Thyroid

· See “Fibromyalgia and Chronic Fatigue Syndrome” for abstracts relating these problems to thyroid insufficiency.

· 33% of T4 that enters the circulation, and 25% of swallowed T4 is eventually converted into active T3.  T3 is nearly completely absorbed when swallowed.  Therefore swallowed T3 is 4 times more effective at raising serum T3 levels than T4.  1gr. Armour (9mcg T3 and 39mcg T4) equals about (36+39) or 75mcg T4 orally, and 100mcg T4=25mcg T3.
· Patients receiving TSH-normalizing T4 treatment have plasma T3 levels that are only 80% of those of normal individuals. Escobar-Morreale 1996 quoting Larsen PR, Ingbar SH 1992 The thyroid gland In: Wilson JD, Foster DW (eds) Williams’ Textbook of Endocrinology. Saunders, Philadelphia, pp 357-488)
· The calculated maintenance dose of T4, which is associated with a normal TRH response, is 2.08 mug/day/kg of body weight. Maeda 1976.  (Therefore the average 70kg person needs 140mcg T4!-most get 100mcg or less.--HHL)

· “Normal” TSH and free T4 do not determine existence or non-existence of hypothyroidism or of response to thyroid replacement. 139 people with normal blood tests but hypothyroid symptoms responded very well to thyroid supplementation. See Skinner below.

· “In the future, it is likely that the upper limit of the serum TSH euthyroid reference range will be reduced to 2.5 mIU/L because >95% of rigorously screened normal euthyroid volunteers have serum TSH values between 0.4 and 2.5 mIU/L.” (Spencer and Demers NACB report )
· Patients on suppressive doses (TSH <0.01to 0.6mU/L) of T4 have total T4 levels 50% greater than controls, but total T3 levels were identical to controls, and there was only a small difference in symptoms and cardiac parameters.  Shapiro 1997
· Thyrotropin (TSH) promotes both the conversion of T(4) to T(3) and metabolism of rT(3) into T(2) in nonthyroidal tissues via enhancement of the same monodeionase.  Kabadi 2006 (Therefore using T4 to lower TSH levels assures that there will be less conversion of T4 to T3 than in the normal euthyroid state.  An explanation for why T4 replacement therapy without T3 is not adequate.—HHL)

· “restoration of serum TSH to the reference range by T4 alone may constitute inadequate hormone replacement.” (Tigas, 2000)

· Serum free T3 >  3pg/ml is associated with lowest incidence of severe atherosclerosis compared with lower values. (Thus levels greater than 3pg/ml may represent a physiological optimum.) Auer 2003
· Muscle breakdown occurs only with free T3 and free T4 levels several times upper limit of reference range.  It resolves when treatment raises TSH to 0.01 and lowers free T3 and free T4 to top of ref. range Riis 2005
· LT4 therapy given at a dose sufficient to reduce TSH to 0.27-0.005 microIU/ml and maintain normal serum values of free triiodothyronine (FT3) and free thyroxine (FT4) did not cause bone loss in pre or post-menopausal women. Appetecchia 2005

· T3 has been shown to increase energy needs by activating ion pumping across membranes, substrate cycling, and protein synthesis. Regulation of basal metabolic rate also involves uncoupling substrate oxidation from ATP synthesis. (Lebon 2001)
· Therefore, we believe that the fT3 concentration peak (but not the trough level) is the decisive stimulus to suppress TSH. (Siegmund 2004)
· With T4 therapy of sublinical hypothyroidism, TSH must be suppressed below ref. range to lower cholesterol c/w untreated controls. (Franklyn 1993)
· Toft advocated “TSH normalization” in the past but has changed his tune (BMJ editorial 2003) “The other difficulty in interpreting serum TSH concentrations is to decide what value should be aimed for in patients taking thyroxine replacement. It is not sufficient to satisfy the recommendations of the American Thyroid Association by simply restoring both serum T4 and TSH concentrations to normal, as in our experience most patients feel well only with a dose resulting in a high normal free T4 and low normal TSH concentration, and those patients with continuing symptoms despite “adequate” doses of thyroxine may be slightly under­replaced. Some patients achieve a sense of wellbeing only if free T4 is slightly elevated and TSH low or undetectable. The evidence that this exogenous form of subclinical hyperthyroidism is harmful is lacking in comparison to the endogenous variety associated with nodular goitre, and it is not unreasonable to allow these patients to take a higher dose if T3 is unequivocally normal.” BMJ 
· Kratsch 2005: Attempt to redefine RRs with carefully screened population of healthy blood donors. No symptom questionnaires. 95% TSH range for the most carefully screened group: 0.04-3.77mIU/L,  free T4 range: 0.99--1.6 ng/dL (most labs report 0.8-1.7),  free T3 range: 2.6-4.4 pg/mL. Most labs 2.3-4.2)  Median Free T4 for males- 1.32 ng/dL. Median free T4 for females 1.2 ng/dL. Median free T3 for males 3.4 pg/ml, Median free T3 for females 3.1 pg/ml. Median TSH for males and females were 1.35 and 1.42. Notice that the free hormone ranges have higher lower limits than reported by most laboratories. Many, many symptomatic “normals” have free T4 below 0.99! The upper range is lower than usual RR for free T4 but a bit higher for free T3. Question remains—On what basis can one claim that every person within the 2.5 to 97.5 percentile range quoted by any given laboratory is therefore “normal”? What if they are low in the range (say at the 5th percentile and are symptomatic?

· Takeda 2009: 1000 Japanese subjects, FT4 reference range 1.03-1.66.ng/dL.
· Gonzales 2004 FT4 0.84-1.42 (same as Kratsch, Takeda, but shifted 0.2 leftward)
· Völzke 2005: 95% TSH range 0.25-2.12 mIU/L 
· Re 1976, reduced cortisol levels cause increased TSH (1.6 to 3). Higher cortisol levels suppress TSH.
· Wawrzyn 2000 Organ specific hyperthyroidism may occur with “normal” blood tests—by extension so could organ-specific hypothyroidism. Diagnosis and treatment must be clinical.

· Childhood accidental ingestion of 18grams of levothyroxine—no complications with activated charcoal and propranolol treatment (Mandel 1989)

· Higher testosterone levels increase T4 to T3 conversion (Bisschop 2006). Higher insulin cortisol and insulin levels inhibit conversion (Hidal, 1988)

· Substances that maintain sulfhydryl groups in the reduced state, such as reduced glutahione and NADPH, support T4-to-T3 conversion in the liver. PTU competes with reduced glutathione for a non-catalytic site on the deiodinase enzyme. (Jennings AS 1979).

· 2.5% of elderly have low FT4 and inappropriately normal TSH due to some resetting of hypothalamic or pituitary response. How many more have a partial resetting with a low-normal FT3? (Lewis, 1991)

· TSH levels go up with age (Surks, 2007), yet the TSH response to a given low FT4 level goes down with age (Carle 2007). Therefore all adults must be prone to increasing thyroid insufficiency with age.

· 21.9% of patients with TFT’s within the reference ranges were found to have inappropriately low TSH indices indicating pituitary dysfunction (Jostel 2009)

· Many patients gain significant amounts of weight after treatment for hyperthyroidism, indicating that conventional TSH-guided thyroid replacement is inadequate treatment. (Brunova, 2003, Jansson 1993)

· Subclinical hyperthyroidism not associated with any adverse outcome in pregnancy (Casey 2006)

· RT3 has direct adverse effects on cellular metabolism even in absence of T3. Mechanism unknown. (Okamoto 1997).

· TSH should not be used to diagnose hypothyroidism (Wheatland 2010)

· Patients with a low but unsuppressed TSH (0.04-0.4) had no increase in cardiovascular disease, dysrythmias, or fracures. (Flynn 2010).

· Gastro-epophageal reflux is an early sign of hypothyroidism (Savina, 2006)

Abdullatif HD, Ashraf AP. Reversible subclinical hypothyroidism in the presence of adrenal insufficiency.  Endocr Pract. 2006 Sep-Oct;12(5):572.

OBJECTIVE: To describe 3 different scenarios of reversible hypothyroidism in young patients with adrenal insufficiency. METHODS: We present 3 case reports of patients with adrenal insufficiency--one with delayed puberty, the second with type 1 diabetes and poor weight gain, and the third with hypoglycemia-related seizures and glucocorticoid deficiency--who had biochemical evidence of hypothyroidism. RESULTS: Our first patient (case 1) initially had a mildly elevated thyrotropin (thyroid-stimulating hormone or TSH) level and a normal free thyroxine (FT4) level that, on follow-up assessment, had progressed to persistent mild elevation of TSH and low FT4 concentration. The other 2 patients (cases 2 and 3) had low FT4 and mildly elevated TSH values at the time of diagnosis of adrenal insufficiency. In all 3 patients, the results of thyroid function tests normalized with use of physiologic doses of adrenal hormone replacement therapy, without thyroid hormone replacement. All 3 patients remained euthyroid after 4, 3, and 1 year of follow-up, respectively. CONCLUSION: These observations add insights into the complexities of the thyroadrenal interactions. These examples are important because thyroid hormone replacement in the setting of adrenal insufficiency could be unwarranted.

Abraham G, Milev R, Stuart Lawson J. T3 augmentation of SSRI resistant depression. J Affect Disord. 2006 Feb 14; [Epub ahead of print] 


PURPOSE OF STUDY: To investigate whether the addition of triiodothyronine (T3) helps relieve depressive symptoms in non-hypothyroid major depressive disorder patients who failed to respond to an adequate course of standard SSRI antidepressant treatments. METHODS: Patients who fulfilled the DSM-IV criteria for non-psychotic major depression, able to give informed consent, and failed to show satisfactory antidepressant response after a minimum of six weeks adequate treatment were recruited. To enter the study their Hamilton Depression (17-item HAMD) score had to be 18 or more, thyroid-stimulating hormone (TSH) value within the normal range, and a normal thyrotropin releasing hormone-stimulation test (TRH-ST). All patients continued taking the same SSRI which they had been taking before they entered the study. At the completion of TRH-SH they were all started on 25 mug of T3 and the dose was increased to 50 mug within a week when tolerated; they continued the combination of T3 and the SSRI for a minimum of three weeks. RESULTS: Twelve patients, comprising eight females and four males, entered the study. One female patient withdrew during the first week of side effects, eleven patients completed the trial. The patients ranged from 26 to 77 years of age, with the mean age for males and females being 52.3 and 45.1 years, respectively. Five patients were taking sertraline (mean dose=130 mg/day) and 4 were taking citalopram (mean dose=50 mg/day), two were on fluvoxamine (150 mg/day) and one patient was on 40 mg of paroxetine. The women took a mean daily dose of 40.6 mug of T3 for a mean duration of 3.75 weeks, while the men were on a mean daily dose of 43.8 mug of T3 for 3.5 weeks. T3 augmentation was associated with a statistically significant drop (p<.003) in the mean HAMD at end of the three weeks compared to baseline scores. Five patients (42%) showed >/=50% improvement on HAMD scores, with three achieving full remission (HAMD scores</=7) at the end of the study. There were no reliable differences between responders and non-responders in baseline HAMD scores, number of previous antidepressant trials, gender or Deltamax TSH. CONCLUSION: T3 augmentation resulted in improvement of mood scores. The responders' rate of 42% in our study is comparable to the response rates reported using T3 or lithium to augment tricyclic antidepressants or other combination strategies used to treat resistant depression. Even though one patient withdrew prematurely due to side effects, the remaining 11 patients tolerated the addition of T3 very well. With the availability of T3, a viable, safe, inexpensive and effective augmentation treatment, the recent trend of replacing T3 with other novel strategies appears unwarranted.

Ain KB, Pucino F, Shiver TM, Banks SM. Thyroid hormone levels affected by time of blood sampling in thyroxine-treated patients. Thyroid 1993 Summer;3(2):81-5. 


Patients receiving exogenous levothyroxine are reported to have higher total and free serum thyroxine levels than euthyroid controls. This may be an artifact of the serum collection time. We explored the effect of collection time on serum levels of thyroid hormones in outpatients receiving levothyroxine for replacement therapy (26 patients) or suppression of thyrotropin (25 patients). Blood samples, obtained during regular clinic visits (random samples) and at more than 22 h from ingestion of levothyroxine (trough samples), were assayed for total and free thyroxine, triiodothyronine, and thyrotropin. Four athyreotic patients on levothyroxine therapy had serial blood sampling over 24 h. Compared to corresponding trough samples, random samples had elevated total thyroxine levels in patients receiving replacement (8.1 +/- 1.2%, mean +/- SE, p = 0.0001) and in patients undergoing suppression (8.8 +/- 1.6%, p = 0.0001). Free thyroxine was increased by 12.7 +/- 2.6% (p = 0.0003) and 14.5 +/- 2.3% (p = 0.0001), respectively, compared with trough samples. Thyrotropin levels were 18.9 +/- 6.8% (p = 0.003) lower in patients receiving replacement and triiodothyronine levels showed small or no changes. Time-course analysis showed that free and total thyroxine levels remained significantly elevated above baseline for 9 and 5 h, respectively, after a levothyroxine dose. In conclusion, there is a transient increase in thyroid hormone levels for 9 h after an oral levothyroxine dose. Accurate assessment of thyroid hormone levels in patients receiving levothyroxine therapy should take this into account. This has greatest significance in selecting minimal levothyroxine dosages for suppression of thyrotropin. (TSH was more suppressed during peaks, but does some of this extra suppression last for another 18 hours?  Is the hypothalamic-pituitary axis very sensitive to these transient elevations of T4 during T4 replacement therapy—and therefore overly suppressed?—HHL) (and why should we be selecting “minimal levothyroxine dosages for suppression of thyrotropin?  Don’t we treat patient’s signs and symptoms?—HHL)

Alexopoulou O, Beguin C, De Nayer P, Maiter D.  Clinical and hormonal characteristics of central hypothyroidism at diagnosis and during follow-up in adult patients. Eur J Endocrinol. 2004 Jan;150(1):1-8.

OBJECTIVE: We studied the clinical and hormonal profiles of patients with central hypothyroidism (CH), the adequacy of levothyroxine (L-T4) treatment and the influence of other pituitary hormone replacement therapies. METHODS: We reviewed medical records of 108 adult patients with child-onset (CO; n=26) or adult-onset (AO; n=82) CH. RESULTS: At diagnosis, the most frequently reported symptoms were fatigue and headaches in AO patients, and growth retardation in CO patients. Serum TSH was normal in a majority of CH patients, low in 8% and elevated in 8%. Serum free thyroxine (fT(4)) was usually reduced, but remained within the low normal range in 28% of the study population (mostly CO patients). Similarly, serum total T(4) (tT(4)), total triiodothyronine (tT(3)) and free T(3) (fT(3)) were found to be within the normal range in significant subsets of patients. Interestingly, the clinical and biochemical characteristics of CH patients with normal f/t T(4) levels were not different from those of the patients with low fT(4) values. The thyroid hormonal profile was not influenced by gender, etiology or by the number of hormone deficiencies. At last evaluation, the mean dose of L-T(4) was 1.6+/-0.5 microg/kg/day and was negatively correlated to current age (P<0.001) but positively correlated to the number of hormone deficiencies (P<0.05). Treatment suppressed TSH in 75% of the patients, induced normal fT(4) in 94%, but normal fT(3) in only 49% of them. Male GH-treated patients and estrogen-treated females needed a higher L-T(4) dose compared with non-treated patients. CONCLUSIONS: fT(4) is clearly the best indicator of CH, but remains in the low normal range in a significant subset of patients, especially in those with CO disease. Adequacy of therapy is mostly reflected by the combination of upper normal fT(4) and low normal fT(3) levels. Pituitary hormone replacement therapy may require an adjustment of T(4) treatment, as female patients under estrogen treatment and male patients under GH treatment will need a higher T(4) dose in order to remain in the euthyroid range.

Alkemade A, Vuijst CL, Unmehopa UA, Bakker O, Vennström B, Wiersinga WM, Swaab DF, Fliers E. Thyroid hormone receptor expression in the human hypothalamus and anterior pituitary. J Clin Endocrinol Metab. 2005 Feb;90(2):904-12.

In the present study, we describe for the first time the distribution of thyroid hormone receptor (TR) isoforms in the human postmortem hypothalamus and anterior pituitary using immunocytochemistry. We used a set of polyclonal antisera raised against the specific isoforms of the human TR. The distribution of TR alpha 1, alpha 2, beta 1, and beta 2 was studied in consecutive sections of six hypothalami and pituitaries. Staining intensity showed strong interindividual variation but was consistently present in the infundibular nucleus, paraventricular nucleus, and supraoptic nucleus. In addition, strong TR immunoreactivity was observed in the anterior pituitary. Neuropeptide Y and proopiomelanocortin mRNA-positive cells in the infundibular nucleus, which were studied in three other hypothalami, appeared not to express TRs, and thus, the neurons expressing TRs in the human mediobasal hypothalamus remain to be characterized.

Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow individual variations in serum T(4) and T(3) in normal subjects: a clue to the understanding of subclinical thyroid disease. J Clin Endocrinol Metab. 2002 Mar;87(3):1068-72.

High individuality causes laboratory reference ranges to be insensitive to changes in test results that are significant for the individual. We undertook a longitudinal study of variation in thyroid function tests in 16 healthy men with monthly sampling for 12 months using standard procedures. We measured serum T(4), T(3), free T(4) index, and TSH. All individuals had different variations of thyroid function tests (P < 0.001 for all variables) around individual mean values (set points) (P < 0.001 for all variables). The width of the individual 95% confidence intervals were approximately half that of the group for all variables. Accordingly, the index of individuality was low: T(4) = 0.58; T(3) = 0.54; free T(4) index = 0.59; TSH = 0.49. One test result described the individual set point with a precision of +/- 25% for T(4), T(3), free T(4) index, and +/- 50% for TSH. The differences required to be 95% confident of significant changes in repeated testing were (average, range): T(4) = 28, 11-62 nmol/liter; T(3) = 0.55, 0.3--0.9 nmol/liter; free T4 index = 33, 15-61 nmol/liter; TSH = 0.75, 0.2-1.6 mU/liter. Our data indicate that each individual had a unique thyroid function. The individual reference ranges for test results were narrow, compared with group reference ranges used to develop laboratory reference ranges. Accordingly, a test result within laboratory reference limits is not necessarily normal for an individual. Because serum TSH responds with logarithmically amplified variation to minor changes in serum T(4) and T(3), abnormal serum TSH may indicate that serum T(4) and T(3) are not normal for an individual. A condition with abnormal serum TSH but with serum T(4) and T(3) within laboratory reference ranges is labeled subclinical thyroid disease. Our data indicate that the distinction between subclinical and overt thyroid disease (abnormal serum TSH and abnormal T(4) and/or T(3)) is somewhat arbitrary. For the same degree of thyroid function abnormality, the diagnosis depends to a considerable extent on the position of the patient's normal set point for T(4) and T(3) within the laboratory reference range. 

Anselmo J, Refetoff S. Regression of a large goiter in a patient with resistance to thyroid hormone by every other day treatment with triiodothyronine. Thyroid. 2004 Jan;14(1):71-4.

Resistance to thyroid hormone (RTH) is a syndrome of reduced responsiveness to thyroid hormone caused, in the majority of cases, by mutation in the thyroid hormone receptor (TR) beta gene. Partial compensation through increase synthesis and secretion of thyroid hormone is mediated through TSH and results in thyroid gland enlargement. Goiters are of variable size but are recalcitrant to surgical treatment, and tend to recur. We describe a 17-year-old girl with a very large goiter cosmetically unacceptable to the patient. She was the index case of a large Azorean family harbouring the TRbeta mutation R243Q. Complete goiter regression was achieved without significant side effects by administration of L-T3 every other day. The required dose of 250 microg suppressing TSH to values below 0.1 mU/L was derived by titration. Supraphysiological doses of L-T3 can be given safely as long-term treatment of goiter in patients RTH.
Appelhof BC, Fliers E, Wekking EM, Schene AH, Huyser J, Tijssen JG, Endert E, van Weert HC, Wiersinga WM. Combined therapy with levothyroxine and liothyronine in two ratios, compared with levothyroxine monotherapy in primary hypothyroidism: a double-blind, randomized, controlled clinical trial. J Clin Endocrinol Metab. 2005 May;90(5):2666-74. Epub 2005 Feb 10. 


Controversy remains about the value of combined treatment with levothyroxine (LT4) and liothyronine (LT3), compared with LT4 alone in primary hypothyroidism. We compared combined treatment with LT4 and LT3 in a ratio of 5:1 or 10:1 with LT4 monotherapy. (They reduced the 100mcg dose to 75mcg and replace that 25mcgs of T4 with either 15 or 7.5mcgs of T3—thus with an oral T3/T4 efficacy ratio of 3.3/1, the first group received a greater amount of thyroid hormone, the second group about the same.--HHL). We conducted a double-blind, randomized, controlled trial in 141 patients (18-70 yr old) with primary autoimmune hypothyroidism, recruited via general practitioners. Inclusion criteria included: LT4 treatment for 6 months or more, a stable dose for 6 wk or more, and serum TSH levels between 0.11 and 4.0 microU/ml (mU/liter). Randomization groups were: 1) continuation of LT4 (n = 48); 2) LT4/LT3, ratio 10:1 (n = 46); and 3) LT4/LT3, ratio 5:1 (n = 47). Subjective preference of study medication after 15 wk, compared with usual LT4, was the primary outcome measure. Secondary outcomes included scores on questionnaires on mood, fatigue, psychological symptoms, and a substantial set of neurocognitive tests. Study medication was preferred to usual treatment by 29.2, 41.3, and 52.2% in the LT4, 10:1 ratio, and 5:1 ratio groups, respectively (chi2 test for trend, P = 0.024). This linear trend was not substantiated by results on any of the secondary outcome measures: scores on questionnaires and neurocognitive tests consistently ameliorated, but the amelioration was not different among the treatment groups. Median end point serum TSH was 0.64 microU/ml (mU/liter), 0.35 microU/ml (mU/liter), and 0.07 microU/ml (mU/liter), respectively [ANOVA on ln(TSH) for linear trend, P < 0.01]. Mean body weight change was +0.1, -0.5, and -1.7 kg, respectively (ANOVA for trend, P = 0.01). Decrease in weight, but not decrease in serum TSH was correlated with increased satisfaction with study medication. Of the patients who preferred combined LT4/LT3 therapy, 44% had serum TSH less than 0.11 microU/ml (mU/liter). Patients preferred combined LT4/LT3 therapy to usual LT4 therapy, but changes in mood, fatigue, well-being, and neurocognitive functions could not satisfactorily explain why the primary outcome was in favor of LT4/LT3 combination therapy. Decrease in body weight was associated with satisfaction with study medication. (and decrease in body weight is a really, really good thing, right?—HHL)

Appetecchia M. Effects on bone mineral density by treatment of benign nodular goiter with mildly suppressive doses of L-thyroxine in a cohort women study. Horm Res. 2005;64(6):293-8. Epub 2005 Nov 1.

OBJECTIVES: Thyroid diseases and their treatment may influence the osseous system. The influence that prolonged suppressive L-thyroxine (LT4) therapy may have on inducing subclinical hyperthyroidism on bone metabolism is still a matter of debate. The aim of the present study was to assess the effects of chronic LT4 treatment at mildly inhibiting serum thyroid-stimulating hormone (TSH) doses on bone mineral density (BMD) and biochemical bone remodeling markers in a cohort of women with benign nodular goiter, and to verify the efficacy of the treatment on nodule size. SUBJECTS AND STUDY DESIGN: A total of 200 euthyroid Caucasian women with nodular goiter (age 52.1 +/- 9; 80 pre- and 120 postmenopausal) were enrolled: 96 had been treated with LT4 for at least 3 years and a matched group of 104 had untreated goiter. LT4 therapy was given at a dose sufficient to reduce TSH under the lower limit of the normal range (0.27-4.20 microIU/ml) without suppressing it below the limit of assay sensitivity (0.005 microIU/ml) and maintaining normal serum values of free triiodothyronine (FT3) and free thyroxine (FT4). The adequacy of the dose was evaluated on the basis of serum TSH levels. The osteopenic effect of LT4 treatment was evaluated directly by total body and lumbar spine dual-energy X-ray absorptiometry (DEXA) and indirectly by biochemical parameters (alkaline phosphatase, osteocalcin, calcium, parathyroid hormone) at the baseline and throughout the follow-up. The efficacy of LT4 schedule on thyroid nodule size was assessed on the basis of the ultrasonographic evaluation. RESULTS: Mineralometric data showed no significant difference between BMD values for treated and untreated patients in both pre- and postmenopausal status. In all patients, serum markers of bone turnover were in the normal range, with no differences in the treated and control groups. The TSH concentrations were significantly lower in treated than in untreated patients (p < 0.0001); FT3 and FT4 were in the normal range for all patients. Evaluation of nodule size during follow-up showed a reduction of > or = 30% in 32 of 96 treated patients (33.3%) versus none in those untreated, whilst nodule size remained unmodified in 60 treated patients (62.5%) versus 35 (33.6%) in those untreated, and an increase in nodule size and/or development of new nodules was found in 4 treated patients (4.2%) versus 69 of the 104 untreated patients (66.3%). CONCLUSIONS: This study suggests that at slightly suppressing TSH doses, LT4 therapy has no adverse effects on BMD in both pre- and postmenopausal women, while having an efficacy on nodule size comparable with that reported using an LT4 schedule able to maintain TSH near or below the assay sensitivity limit. 

Auer J, Berent R, Weber T, Lassnig E, Eber B. Thyroid function is associated with presence and severity of coronary atherosclerosis. Clin Cardiol. 2003 Dec;26(12):569-73. 


BACKGROUND: Overt hypothyroidism has been found to be associated with cardiovascular disease. Moreover, subclinical hypothyroidism is a strong indicator of risk for aortic atherosclerosis and myocardial infarction. HYPOTHESIS: We hypothesized that variation of thyroid function within the normal range may influence the presence and severity of coronary atherosclerosis. METHODS: We studied a total of 100 consecutive men and women (59 men, 41 women, age 63.7 +/- 11.0 years) who underwent coronary angiography. Blood was tested for serum thyrotropin concentrations and for free tri-iodothyronine and free thyroxine concentrations. In addition to the assessment of thyroid function, conventional risk factors for coronary artery disease (CAD), clinical characteristics, serum lipid levels, fasting total homocysteine, and angiographic results of coronary artery assessment were obtained. Two experienced cardiologists blinded to clinical and laboratory data reviewed the cinefilms. The severity of CAD was scored as 0 for those with smooth normal epicardial coronary arteries, 0.5 for plaquing (< 50% diameter stenosis), and 1, 2, or 3 for those with single-, double-, or triple-vessel epicardial coronary artery stenosis of > 50%, respectively. RESULTS: The severity of CAD was scored as 0, 0.5, 1, 2, and 3 in 14, 26, 25, 22, and 13 patients, respectively. Higher levels of serum-free thyroid hormone concentrations were associated with decreased severity of coronary atherosclerosis. Serum-free tri-iodothyronine was 2.99 +/- 0.33 pg/ml in patients with a CAD severity score of 0 to 1 and 2.74 +/- 0.49 pg/ml in patients with CAD severity scores of 2 and 3 (p < 0.01). Moreover, serum-free thyroxine concentrations showed a trend toward higher levels in patients with CAD severity score 0 to 1 compared with patients with CAD severity scores 2 and 3 (11.65 +/- 1.87 pg/ml vs. 10.9 +/- 2.3 pg/ml; p = 0.09). Higher levels of serum thyrotropin concentrations were associated with increased severity of coronary atherosclerosis (1.37 +/- 1.02 mU/l vs. 1.98 +/- 2.13 mU/l in patients with CAD severity score 0 to 1 versus CAD severity scores 2 and 3; p = 0.049). When grouped into three subsets according to their serum free tri-iodothyronine levels (< 2.79, 2.8 to 3.09, and +/- 3.1 pg/ml), the prevalence of CAD scores 2 and 3 was significantly higher in the subset of patients with low serum free tri-iodothyronine levels (48.5%) than in the subsets of patients with medium or high tri-iodothyronine concentrations (32.25 and 25%, respectively, p for trend < 0.05). CONCLUSION: These data in patients referred for coronary angiography suggest that variation of thyroid function within the statistical normal range may influence the presence and severity of coronary atherosclerosis.

Bachinskiĭ PP, Gutsalenko OA, Naryzhniuk ND, Sidora VD, Shliakhta AI. [Action of the body fluorine of healthy persons and thyroidopathy patients on the function of hypophyseal-thyroid the system] Probl Endokrinol (Mosk). 1985 Nov-Dec;31(6):25-9.

Altogether 123 persons were examined: 47 healthy persons, 43 patients with thyroid hyperfunction and 33 with thyroid hypofunction. It was established that prolonged consumption of drinking water with a raised fluorine content (122 +/- 5 mumol/l with the normal value of 52 +/- 5 mumol/l) by healthy persons caused tension of function of the pituitary-thyroid system that was expressed in TSH elevated production, a decrease in the T3 concentration and more intense absorption of radioactive iodine by the thyroid as compared to healthy persons who consumed drinking water with the normal fluorine concentration. The results led to a conclusion that excess of fluorine in drinking water was a risk factor of more rapid development of thyroid pathology. Indicators of the fluorine content in daily urine provide most of the information on changes of the fluorine amount in the body.

Baisier WV, Hertoghe J, Eeckhaut W,  Thyroid Insufficiency. Is TSH Measurement the Only Diagnostic Tool? J Nutr Environ Med Jun;10(2):105-113

Purpose: To evaluate and compare laboratory indices of thyroid function. Design: Practice-based retrospective study of patients' records. Materials and Methods: The records of all hypothyroid patients seen in a private practice in Antwerp, Belgium, between May 1984 and July 1997 were reviewed. Only records with insufficient data were excluded; 832 patients were included in the study. Of these, 287 could also be followed during replacement therapy. Results: A score of 8 main symptoms of hypothyroidism, serum thyroxine radioimmunoassay (T4-RIA), serum T4-RIA/thyroid binding globulin (TBG), 24 h urine free triiodothyronine (T3) were considered before and after treatment. The score of these 8 main symptoms is a reliable expression of their illness in 97% of hypothyroid patients. 24 h urine free T3 correlates better with the clinical status of hypothyroid patients (R2 = 0.30) than serum T4-RIA (R2 = 0.12), and even better than T4-RIA/TBG (R2 = 0.19). Other investigators were unable to find any correlation between serum thyroid stimulating hormone (TSH) or serum free T4 and thyroid symptoms. The dosage of natural desiccated thyroid (NDT) has a correlation with 24 h urine T3 of R2 = 0.50. Conclusions: In this study symptoms of hypothyroidism correlate best with 24 h urine free T3. (Assumedly, serum free T3 would also correlate better with clinical status than serum free T4 or TSH.-HHL)

Baisier WV, Hertoghe J, Eeckhaut W,  Thyroid Insufficiency. Is Thyroxine the Only Valuable Drug? J Nutr Environ Med 2001 Sept;11(3):159 - 166

Purpose: To evaluate the efficacy of a drug containing both liothyronine and thyroxine (T3 + T4) in hypothyroid patients who were treated, but not cured, with thyroxine (T4 alone). Design: Practice-based retrospective study of patients' records. Materials and Methods: The records of 89 hypothyroid patients, treated elsewhere with thyroxine but still with hypothyroidism, seen in a private practice in Antwerp, Belgium, were compared with those of 832 untreated hypothyroid patients, over the same period of time (May 1984-July 1997). Results: The same criteria were applied to both groups: a score of eight main symptoms of hypothyroidism and the 24 h urine free T3 dosage. The group of 89 patients, treated elsewhere with T4, but still complaining of symptoms of hypothyroidism, did not really differ from the group of untreated hypothyroid patients as far as symptoms and 24 h urine free T3 were concerned. A number of these patients were followed up during treatment with natural desiccated thyroid (NDT): 40 T4 treated patients and 278 untreated patients. Both groups responded equally favourably to NDT. Conclusions: Combined T3 + T4 treatment seems to be more effective than treatment with T4 alone in hypothyroid patients.

Barnes, B.O. and L. Galton, Hypothyroidism: The Unsuspected Illness. New York: Harper and Row, 1976.

Barnes, B. Basal temperature verses basal metabolism, J Am Med Assoc. 119 (1942): 1072-74.

Bartalena L, Martino E, Pacchiarotti A, Grasso L, Aghini-Lombardi F, Buratti L, Bambini G, Breccia M, Pinchera A. Factors affecting suppression of endogenous thyrotropin secretion by thyroxine treatment: retrospective analysis in athyreotic and goitrous patients.  J Clin Endocrinol Metab. 1987 Apr;64(4):849-55.

Factors affecting TSH suppression by L-T4 administration were retrospectively evaluated in 452 patients: 180 who were athyreotic after total thyroidectomy and remnant radioiodine ablation for differentiated thyroid carcinoma and 272 with nontoxic diffuse or nodular goiter. All patients were considered clinically euthyroid. TSH secretion was assessed by iv TRH stimulation testing. The T4 dose associated with an undetectable basal serum TSH level and no increase in serum TSH after TRH administration (suppressive dose) averaged 2.7 +/- 0.4 (SD) micrograms/kg body weight (BW)/day in athyreotic patients and 2.1 +/- 0.3 micrograms/kg BW/day in goitrous patients (P less than 0.001) .(That’s 189mcg/day and 147mcg/day respectively for a 70kg person-the difference represents non-suppressible thyroid hormone production by the gland--HHL) The 25th-75th percentile intervals were 2.5-2.9 micrograms/kg BW/day for athyreotic patients and 1.9-2.3 micrograms/kg BW/day for goitrous patients. The suppressive dose of T4 was dependent in both groups on patient age, younger patients needing higher doses than older patients. The duration of treatment also proved to be an important parameter, since in both groups the percentage of patients with suppressed TSH secretion increased if TRH testing was carried out after at least 6 months after the initiation of therapy. Serum total T4, total T3, free T3 (FT3), free T4 (FT4) index, and FT3 index values did not differ in the two groups and were significantly higher (P less than 0.001) than in normal subjects. Mean serum FT4 was significantly higher in athyreotic patients than in goitrous patients with suppressed TSH secretion.(WHY?) Among athyreotic patients with suppressed TSH secretion, 24% had elevated serum FT4 and FT3, and 47% had elevated serum FT4 alone. Of goitrous patients with suppressed TSH secretion, 20% had elevated serum FT4 and FT3, and 27% had elevated serum FT4 alone. On the other hand, 35% of athyreotic patients and 14% of goitrous patients whose TSH secretion was not suppressed had elevated serum FT4. Serum sex hormone-binding globulin concentrations were measured in 3 groups of goitrous women. Values above normal limits were found in 13/26 patients (50%) with high serum FT4 and FT3, in 4/30 patients (13%) with elevated serum FT4 alone, and in 1/25 patients (4%) with normal FT4 and FT3. In conclusion: TSH suppression requires daily doses of T4 between 2.5 and 2.9 micrograms/kg BW in athyreotic patients and between 1.9 and 2.3 micrograms/kg BW in goitrous patients, with appropriate adjustments in relation to the age of the patient; Assessment of the adequacy of treatment should not be carried out before 6 months after the institution of therapy. (This study shows that the thyroid gland cannot be completely suppressed—it continues to make thyroid hormones even when TSH is completely suppressed by exogenous hormone--HHL)

Bauer MS, Whybrow PC, Winokur A. Rapid cycling bipolar affective disorder. I. Association with grade I hypothyroidism. Arch Gen Psychiatry. 1990 May;47(5):427-32. 


Thirty patients with rapid cycling bipolar affective disorder were studied prospectively to assess presence and severity of thyroid hypofunction. Seven (23%) were classified as having grade I hypothyroidism, while 8 (27%) had grade II and 3 (10%) had grade III abnormalities. This prevalence of grade I hypothyroidism is significantly greater than that reported in studies of unselected bipolar patients during long-term treatment with lithium carbonate, although only 63% of this sample of rapid cycling patients was taking lithium carbonate or carbamazepine. The association of rapid cycling with grade I hypothyroidism cannot be accounted for by lithium carbonate use or by the preponderance of women among rapid cycling patients. These findings (1) indicate that hypothyroidism during bipolar illness is a risk factor for the development of rapid cycling, and (2) leads to the hypothesis that a relative central thyroid hormone deficit occurring in bipolar patients predisposes to a rapid cycling course.

Becerra A, Bellido D, Luengo A, Piedrola G, De Luis DA. Lipoprotein(a) and other lipoproteins in hypothyroid patients before and after thyroid replacement therapy. Clin Nutr. 1999 Oct;18(5):319-22. 


AIMS: To analyse the influence of thyroid hormones on serum lipoprotein(a) (Lp(a)) concentration and other lipid parameters, and hence potentially on coronary artery disease (CAD) risk. METHODS: Thirty-six patients with hypothyroidism and 165 age-matched control euthyroid subjects were evaluated in a cross- sectional study, determining thyroid function tests and fasting serum lipids and lipoproteins. In a follow-up study for those hypothyroid patients the same determinations were repeated after normalization of thyroid state by levothyroxine (L-T(4)) replacement therapy. Patients needing other treatments were excluded. At baseline, patients with hypothyroidism had significantly higher levels of Lp(a), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), apolipoprotein (apo) A-I and apo B, and a higher TC/high-density lipoprotein cholesterol (HDL-C) ratio than control subjects. RESULTS: Severity of the hypothyroid state, expressed by serum thyroid-stimulating hormone, was correlated with serum levels of Lp(a), LDL-C, and TC (r= 0.64, 0.52, 0.49, P= 0.005, P= 0.033, P= 0. 048, respectively). The pretreatment Lp(a) levels were also correlated with those of posttreatment Lp(a)(r= 0.68, P= 0.002). All patients, who presented basal Lp(a) levels higher than 30 mg/dl, showed a decrease in Lp(a) concentrations by L-T(4)therapy, and these normalized in eight cases (22.2%). Euthyroid state gave rise to a significant reduction of serum Lp(a) by 32.3%, of LDL-C by 22. 8%, of TC by 17%, of apo A-I by 9.6%, and of apo B by 9.3%. After L-T(4)therapy, CAD risk, expressed as TC/HDL-C ratio, decreased by 19.9%. CONCLUSIONS: These results show that hypothyroidism is associated not only with elevated serum levels of LDL-C but also with elevated serum Lp(a) concentrations. Lp(a) levels may be at least partially modulated by thyroid hormone-dependent mechanisms, thus increasing the risk of developing premature atherosclerosis in hypothyroid state, that might be reduced by L-T(4)therapy.

Beck-Peccoz P, Amr S, Menezes-Ferreira MM, Faglia G, Weintraub BD. Decreased receptor binding of biologically inactive thyrotropin in central hypothyroidism. Effect of treatment with thyrotropin-releasing hormone. N Engl J Med. 1985 Apr 25;312(17):1085-90.

Previous studies have suggested that certain cases of idiopathic central hypothyroidism of hypothalamic origin may result from the secretion of biologically inactive thyrotropin. To investigate this possibility and to define the mechanism of defective hormone action, we measured the adenylate cyclase-stimulating bioactivity (B) and receptor-binding (R) activity of purified immunoreactive serum thyrotropin (I) from seven patients with hypothalamic hypothyroidism. We found a strikingly decreased R/I ratio (less than 0.15) in patients as compared with controls (0.6 to 2.7) and a similarly decreased B/I ratio (less than 0.2 vs 2.8 to 5.6). After acute injection of thyrotropin-releasing hormone (TRH, 200 micrograms intravenously), the R/I ratio increased in two of three patients, but the B/I ratio became normal in only one. After administration of TRH for 20 to 30 days, an increase in immunoreactive serum thyrotropin was observed in all patients. Moreover, both ratios returned to normal in all but one patient, who had apparent desensitization. The increase in the amount and bioactivity of secreted thyrotropin after long-term TRH therapy resulted in enhanced secretion of serum thyroid hormones in all patients studied. We conclude that in certain cases of hypothalamic hypothyroidism, secreted thyrotropin lacks biologic activity because of impaired binding to its receptor; TRH treatment can correct both defects. These data suggest that TRH regulates not only the secretion of thyrotropin but also its specific molecular and conformational features required for hormone action.

Bemben DA, Winn P, Hamm RM, Morgan L, Davis A, Barton E. Thyroid disease in the elderly. Part 1. Prevalence of undiagnosed hypothyroidism. J Fam Pract. 1994 Jun;38(6):577-82.

BACKGROUND. The purpose of this study was to examine the prevalence of previously unrecognized hypothyroidism in elderly patients. METHODS. The study was conducted in a primary care geriatrics clinic. Three hundred seventy elderly patients (287 women, 83 men) between 60 and 97 years of age were included in the study. Medical records of patients were reviewed retrospectively. Serum thyroid-stimulating hormone (TSH), free thyroxine (T4), height, weight, demographic variables, clinical signs and symptoms of hypothyroidism, history of thyroid diseases and treatment with thyroid medications, comorbidities, and current medications were obtained from the medical records. Patients who had both elevated TSH levels (5.0 to 14.9 microU/mL) and normal free T4 levels (0.7 to 2.0 ng/dL) met the criteria for "subclinical hypothyroidism." The criteria for "overt hypothyroidism" were TSH levels > or = 15 microU/mL and low free T4 levels (< 0.7 ng/dL). RESULTS. At the initial visit to the clinic, 18.1% of the patients (62 female and 5 male) had an established history of past or current thyroid disease. Another 20 women (5.4%) had a history of thyroid surgery. Of the remaining 283 patients with no history of thyroid disease, 14.6% of the women and 15.4% of the men had subclinical hypothyroidism. Overt hypothyroidism was discovered and subsequently treated in two female patients and one male patient (1.0% and 1.3%, respectively). Thyroid status was not significantly related to age group (60 to 64 years; 65 to 74; 75 to 84; 85 and older). Comorbidities typically associated with hypothyroidism were no more prevalent in hypothyroid patients than in euthyroid patients. CONCLUSIONS. We found a high prevalence of newly diagnosed subclinical hypothyroidism in both elderly male and female patients. Thyroid status was not related to age or to coexisting diseases. The clinical significance of treating subclinical hypothyroidism merits investigation.  PMID: 8195731(Yet we know that older persons have a much weaker TSH response to low FT4 levels (Carle 2007), therefore the incidence of suboptimal thyroid levels is much, much higher than 15%-HHL)

Bengel FM, Nekolla SG, Ibrahim T, Weniger C, Ziegler S, Schwaiger M. Effect of thyroid hormones on cardiac function, geometry, and oxidative metabolism assessed noninvasively by position emission tomography and magnetic resonance imaging. J Clin Endocrinol Metab 2000;85:1822-7.

Hypothyroidism reduced cardiac oxygen consumption, increases peripheral resistance and reduces contractility.  These findings explain the worsening of heart failure in hypothyroid patients with preexisting heart disease.

Bianchi R, Mariani G, Molea N, Vitek F, Cazzuola F, Carpi A, Mazzuca N, Toni MG.  Peripheral metabolism of thyroid hormones in man. I. Direct measurement of the conversion rate of thyroxine to 3,5,3'-triiodothyronine (T3) and determination of the peripheral and thyroidal production of T3. J Clin Endocrinol Metab. 1983 Jun;56(6):1152-63.

We describe here a new method for the direct measurement of the conversion rate of T4 to T3 in man. The metabolic study was performed in 23 subjects: 13 healthy controls, 7 T4-treated hypothyroids, and 3 sick euthyroid patients. The experimental protocol involved the simultaneous iv bolus injection of [125I]T4 and [131I]T3, and the use of Sephadex G-25 column chromatography to determine the plasma concentrations of [125I]T4, [131I]T3, and [125I]T3 newly formed through 5'-monodeiodination of labeled T4 in the peripheral tissues. The T4 and T3 kinetic parameters were determined by noncompartmental analysis. The conversion rate of T4 to T3 was computed by a method based on the precursor-product relationship, using the [131I]T3 disappearance curve for correcting the concentrations of newly formed [125I]T3 (convolution method). The conversion rate of T4 to T3 was 0.2541 +/- 0.0125 (mean +/- SEM) in the control group and was significantly reduced (0.1283 +/- 0.0204; P less than 0.001) in the sick euthyroid patients, while it was slightly, though not significantly, increased in the T4-treated patients (0.2932 +/- 0.0220). A close agreement was found between the values for the conversion rate obtained by the convolution approach and those derived from the ratio between the serum concentrations of [125I]T3 and [125I]T4 at equilibrium. The conversion rates obtained by the convolution approach were also in good agreement with the values estimated from the molar ratio between the turnover rates of T3 and T4. In the control group, 72.0 +/- 3.6% of the circulating T3 was produced by 5'-monodeiodination of T4 in the peripheral tissues, and 28.0 +/- 3.6% of the circulating T3 derived from direct thyroidal secretion. The sick euthyroid patients showed a significantly smaller proportion of circulating T3 deriving from peripheral conversion of T4 (52.5 +/- 3.9%; P less than 0.025).

Biondi B, Palmieri EA, Fazio S, Cosco C, Nocera M, Sacca L, Filetti S, Lombardi G, Perticone F.  Endogenous subclinical hyperthyroidism affects quality of life and cardiac morphology and function in young and middle-aged patients. J Clin Endocrinol Metab. 2000 Dec;85(12):4701-5. 

To determine the clinical impact of endogenous subclinical hyperthyroidism, specific symptoms and signs of thyroid hormone excess and quality of life were assessed in 23 patients (3 males and 20 females; mean age, 43 +/- 9 yr) and 23 age-, sex-, and lifestyle-matched normal subjects by using the Symptoms Rating Scale and the Short Form 36 Health Survey questionnaires. Because the heart is one of the main target organs of the thyroid hormone, cardiac morphology and function were also investigated by means of standard 12-lead electrocardiogram (ECG), 24-h Holter ECG, and complete Doppler echocardiography. Stable endogenous subclinical hyperthyroidism had been diagnosed in all patients at least 6 months before the study (TSH, 0.15 +/- 0.1 mU/L; free T(3), 6.9 +/- 1.1, pmol/L; free T(4), 17.2 +/- 2.3, pmol/L). (Reference ranges  free T3, 4.0 –9.2 pmol/L; free T4, 7.7–20.6 pmol/L) Fifteen patients were affected by multinodular goiter, and eight patients by autonomously functioning thyroid nodule. The mean Symptoms Rating Scale score (9. 8 +/- 5.5 vs. 4.3 +/- 2.2, P: < 0.001) and both the mental (36.1 +/- 9.5 vs. 50.0 +/- 8.5, P: < 0.001) and physical (42.6 +/- 8.0 vs. 55. 6 +/- 4.1, P: < 0.001) component scores of Short Form 36 Health Survey documented a significant prevalence of specific symptoms and signs of thyroid hormone excess (palpitations, nervousness, tremor, heat intolerance, and sweating-HHL) and notable impairment of quality of life in patients. Holter ECG showed a higher prevalence of atrial premature beats in endogenous subclinical hyperthyroid patients than in the controls, but the difference was not statistically significant, although the average heart rate was significantly increased in the patients (P: < 0.001). An increase of left ventricular mass (162 +/- 24 vs. 132 +/- 22 g, P: < 0.001) due to the increase of septal (P: = 0.025) and posterior wall (P: = 0.004) thickness was observed in patients. Systolic function was enhanced in patients as shown by the significant increase of both fractional shortening (P: = 0.005) and mean velocity of heart rate-adjusted circumferential fiber shortening (P: = 0.036). The Doppler parameters of diastolic function were significantly impaired in the patients as documented by the reduced early to late ratio of the transmitral flow velocities (P: < 0.001) and the prolonged isovolumic relaxation time (P: = 0.006). These data indicate that endogenous subclinical hyperthyroidism has a relevant clinical impact and that it affects cardiac morphology and function. Moreover, they suggest that treatment of persistent endogenous subclinical hyperthyroidism should be considered also in young and middle-aged patients to attenuate specific symptoms and signs of thyroid hormone excess, ameliorate the quality of life, and avoid the consequences to the heart of long exposure to a mild excess of thyroid hormone.

Bisschop PH, Toorians AW, Endert E, Wiersinga WM, Gooren LJ, Fliers E. The effects of sex-steroid administration on the pituitary-thyroid axis in transsexuals. Eur J Endocrinol. 2006 Jul;155(1):11-6.

OBJECTIVE: Estrogen and androgen administration modulate the pituitary-thyroid axis through alterations in thyroid hormone-binding globulin (TBG) metabolism, but the effects of sex steroids on extrathyroidal thyroxine (T4) to triiodothyronine (T3) conversion in humans are unknown. DESIGN AND METHODS: We studied 36 male-to-female and 14 female-to-male euthyroid transsexuals at baseline and after 4 months of hormonal treatment. Male-to-female transsexuals were treated with cyproterone acetate (CA) 100 mg/day alone (n = 10) or in combination with either oral ethinyl estradiol (or-EE) 100 microg/day (n = 14) or transdermal 17beta-estradiol (td-E) 100 microg twice a week (n = 12). Female-to-male transsexuals were treated with i.m. testosterone 250 mg twice a week. A t-test was used to test for differences within groups and ANOVA with post hoc analysis to test for differences between the groups. RESULTS: Or-EE increased TBG (100 +/- 12%, P < .001) and testosterone decreased TBG (-14 +/- 4%, P = 0.01), but free T4 did not change. Td-E and CA did not affect TBG concentrations. TSH was not different between groups at baseline or after treatment. CA decreased T3/T4 ratios (-9 +/- 3%, P = 0.04), suggesting that T4 to T3 conversion was lower. Testosterone increased T3/T4 ratios (30 +/- 9%, P = 0.02), which probably reflects higher T4 to T3 conversion. CONCLUSION: Oral but not transdermal estradiol increases TBG, whereas testosterone lowers TBG. Testosterone increases T3/T4 ratios. Estradiol does not affect T3/T4 ratios, irrespective of the route of administration.

Brajkovich IE, Mashiter K, Joplin GF, Cassar J. Serum T4, T3, and TSH levels in primary hypothyroidism during replacement therapy with thyroxine. Metabolism. 1983 Aug;32(8):745-7.


Forty-five patients with primary hypothyroidism were studied during the first 4 to 36 months of replacement therapy with thyroxine. All became clinically euthyroid (23 patients while taking 0.1 mg/d, 14 patients while taking 0.15 mg/d, 7 patients while taking 0.2 mg/d, and 1 patient while taking 0.25 mg/d) over a period of three to six months. The patients were then divided for data analysis into two groups. Group I had normal serum T3 levels, normal (or elevated) serum T4 levels, and normal serum TSH levels. Group II had normal serum T3 levels, normal (or elevated) serum T4 levels, but high serum TSH levels. Group II was subdivided further into a group of 13 patients (group IIa) whose dose of thyroxine was deliberately increased until the serum TSH level was normalized; five of these patients became clinically and biochemically hyperthyroid. Group IIb consisted of eight patients with normal serum T3 and T4 levels and high serum TSH levels who were followed up without attempting to normalize their serum TSH levels. None became thyrotoxic, and their serum TSH levels showed little change. These findings suggest that serum TSH levels alone are not adequate to assess the required dose of thyroxine replacement therapy.
Britto-Fioretti AM, Furlanetto RP, Paiva ER, Kunii IS, Silva MR, Maciel RM. Thyroid suppression test with a single oral dose of levothyroxine in the diagnosis of functional thyroid autonomy. Endocr Pract. 1999 Nov-Dec;5(6):330-6. 


OBJECTIVE: To propose a modified form of thyroid suppression test with use of a single oral dose of levothyroxine (35 mg/kg). METHODS: After a baseline scintigram, 23 patients with nodular goiter suspected of autonomous function (warm or hot nodules, subnormal or undetectable thyrotropin levels, or both findings) and 14 normal subjects underwent a repeated scintigram 4 days after administration of levothyroxine. We evaluated triiodothyronine (T(3)), free thyroxine, and thyrotropin before and on the first, second, third, fourth, and seventh days after administration of the individualized dose of levothyroxine. RESULTS: The 99th percentile of postsuppression uptake in normal subjects was determined, and an uptake >12.4%, a 131 I concentration restricted to the nodule, or both factors were adopted as the criteria for diagnosis of an autonomously functioning thyroid nodule. Twelve patients were considered to have autonomously functioning nodules, and 11 patients were considered to have nonautonomous nodules. Baseline thyrotropin levels in patients with autonomous nodules did not differ significantly from those in patients with nonautonomous nodules. No signs or symptoms of toxicity were detected during the test, but all study subjects had increased free thyroxine values, and seven had high levels of T(3). CONCLUSION: The thyroid suppression test with 35 mg/kg of levothyroxine is an effective method for the diagnosis of an autonomously functioning thyroid nodule, is nontoxic, and avoids the inaccurate use of the medication occasionally observed with T(3). Even sensitive methods of thyrotropin determination cannot replace this test in the evaluation of autonomous thyroid function.

Bruckert E, Giral P, Chadarevian R, Turpin G. Low free-thyroxine levels are a risk factor for subclinical atherosclerosis in euthyroid hyperlipidemic patients. J Cardiovasc Risk. 1999 Oct;6(5):327-31.

BACKGROUND: Patients displaying overt and subclinical hypothyroidism have more cardiovascular risk factors. Consequently, they are more likely to develop atherosclerosis and cardiovascular diseases. OBJECTIVE: To analyze whether low free-thyroxine levels (FTL) would also be associated with atherosclerosis in euthyroid patients. METHODS: We selected a group of 1434 healthy euthyroid male patients without known histories of thyroid disease and with levels of thyroid-stimulating hormone values within the normal range (mean 1.70+/-0.76 mUl/l, range 0.13-4.01 mUl/l). Mean age of these patients who had been referred for assessment of hyperlipidemia was 44.6 years and mean FTL was 14.25+/-3.06 pmol/l. (RR:10.3-23.2 pmol/L)  We divided the population according to the degree of atherosclerosis in the carotid arteries. RESULTS: Mean age, body mass index, systolic blood pressure, cigarettes/day, blood level of glucose, cholesterol levels, and fibrinogen levels were significantly higher for the patients with atherosclerotic lesions whereas mean FTL was lower for patients with carotid atherosclerosis (P = 0.0002). The relationship between FTL and carotid atherosclerosis was independent from the following cardiovascular risk factors: age, hypertension, amount of excess weight, cholesterol level, fibrinogen level, smoking status, and presence versus absence of diabetes mellitus. CONCLUSIONS: Low FTL (lower third of reference range-HHL) is a risk factor for atherosclerosis in male euthyroid hyperlipidemic patients.
Brunova J, Bruna J, Joubert G, Koning M. Weight gain in patients after therapy for hyperthyroidism. S Afr Med J. 2003 Jul;93(7):529-31.

OBJECTIVE: To determine the prevalence of obesity following therapy for hyperthyroidism and to assess the contributing factors associated with an undesirable weight gain. DESIGN: A retrospective analysis was undertaken of clinical records for 160 hyperthyroid patients attending an endocrine clinic in Bloemfontein (1994-2001). RESULTS: Of the 160 patients, 143 had Graves' disease and 17 patients had multinodular goitre. Most of our patients (N = 147) were treated with radioiodine, 10 patients with carbimazole and 3 patients had thyroidectomy. The median weight gain 6 months after therapy was 5.0 kg, after 12 months 9.0 kg, and after 24 months 12 kg, whereafter body mass stabilised. Before therapy 27.5% of patients had a body mass index (BMI) of < 22 kg/m2, 29.4% were overweight (BMI > 25 kg/m2) and 19.3% were obese (BMI > 30 kg/m2). Two years after treatment only 8.7% of patients had a BMI of < 22 kg/m2, 27.5% had a BMI > 25 kg/m2, and 51.3% had become obese. The main factors associated with weight gain 24 months after therapy were poor control of thyroid function on replacement therapy, diagnosis of Graves' disease and need for thyroxine replacement. CONCLUSION: This study has shown a large increase (32%) in the prevalence of obesity following treatment for hyperthyroidism. The main weight gain was during the first 2 years after therapy. The main factors contributing to excessive weight gain were need for replacement therapy and poor control of thyroid function.

Bunevicius R, Kazanavicius G, Zalinkevicius R, Prange AJ Jr. Effects of thyroxine as compared with thyroxine plus triiodothyronine in patients with hypothyroidism. N Engl J Med. 1999 Feb 11;340(6):424-9.

BACKGROUND: Patients with hypothyroidism are usually treated with thyroxine (levothyroxine) only, although both thyroxine and triiodothyronine are secreted by the normal thyroid gland. Whether thyroid secretion of triiodothyronine is physiologically important is unknown. METHODS: We compared the effects of thyroxine alone with those of thyroxine plus triiodothyronine (liothyronine) in 33 patients with hypothyroidism. Each patient was studied for two five-week periods. During one period, the patient received his or her usual dose of thyroxine. During the other, the patient received a regimen in which 50 microg of the usual dose of thyroxine was replaced by 12.5 microg of triiodothyronine. The order in which each patient received the two treatments was randomized. Biochemical, physiologic, and psychological tests were performed at the end of each treatment period. RESULTS: The patients had lower serum free and total thyroxine concentrations and higher serum total triiodothyronine concentrations after treatment with thyroxine plus triiodothyronine than after thyroxine alone, whereas the serum thyrotropin concentrations were similar after both treatments. Among 17 scores on tests of cognitive performance and assessments of mood, 6 were better or closer to normal after treatment with thyroxine plus triiodothyronine. Similarly, among 15 visual-analogue scales used to indicate mood and physical status, the results for 10 were significantly better after treatment with thyroxine plus triiodothyronine. The pulse rate and serum sex hormone-binding globulin concentrations were slightly higher after treatment with thyroxine plus triiodothyronine, but blood pressure, serum lipid concentrations, and the results of neurophysiologic tests were similar after the two treatments. CONCLUSIONS: In patients with hypothyroidism, partial substitution of triiodothyronine for thyroxine may improve mood and neuropsychological function; this finding suggests a specific effect of the triiodothyronine normally secreted by the thyroid gland.
(Additional info. from paper and comment: Half the patients were on suppressive therapy, average doses were around 150mcg T4.  Average serum free T4 was 2.0, and average TSH was around 0.8.  So these patients were already receiving a fairly high dose of T4 c/w patients receiving only TSH-normalizing T4 doses.  Still, partial substitution of T3 (12.4(g) for T4 (50(g) improved mood and neuropsychological function, suggesting a specific effect of T3 normally secreted by the thyroid gland.  Pulse rate was slightly higher, but BP and serum lipids were similar.  Patients preferred T3 treatment by 10:1, those who preferred T4 alone had felt slightly “nervous” with T3.  Other studies have shown that T3 supplementation relieves depression.  20% of T3 in the rat brain comes via the circulation, so T4 supplementation alone would be insufficient unless peripheral tissues compensate completely for the lack of T3.  Also brain thyroxine down regulates its own conversion to T3.  So supraphysiologic doses of T4 without T3 are possibly depriving the brain of T3.  Absorption of T3 from the gut is nearly 100%, but only 80% for T4. Authors recommend 10(g/day T3 SR plus enough T4--HHL.)
Bunevicius R, Jakubonien N, Jurkevicius R, Cernicat J, Lasas L, Prange AJ. Thyroxine vs thyroxine plus triiodothyronine in treatment of hypothyroidism after thyroidectomy for Graves' disease. Endocrine. 2002 Jul;18(2):129-33.

It was recently demonstrated that treatment with levorotatory thyroxine (T4) plus triiodothyronine (T3) compared with treatment with T4 alone improves psychologic functioning in hypothyroid patients with thyroid cancer or autoimmune thyroiditis. In the present double-blind crossover study, we again compared the effects of combined thyroid replacement vs monotherapy on psychologic function, endocrine function, cardiovascular function, and body composition. The patients were women who were hypothyroid after thyroidectomy for Graves' disease. The substitution of 10 microg of T3 for 50 microg of T4 caused a statistically significant decrease in free T4 concentration but no significant change in T3 or thyroid-stimulating hormone concentration. Symptoms of hypothyroidism and of hyperthyroidism tended to decrease on a standard symptom scale after combined treatment. With combined hormone replacement, mental state tended to improve on some mood scales but not on cognitive tests. We found alterations in left ventricular diastolic function but no change in body composition after the combined treatment regimen. These preliminary findings in a small group of patients with Graves' disease are consistent with earlier findings that thyroid replacement with T4-T3 combination improves mental functioning.

Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thyroid disease prevalence study. Arch Intern Med. 2000 Feb 28;160(4):526-34.

CONTEXT: The prevalence of abnormal thyroid function in the United States and the significance of thyroid dysfunction remain controversial. Systemic effects of abnormal thyroid function have not been fully delineated, particularly in cases of mild thyroid failure. Also, the relationship between traditional hypothyroid symptoms and biochemical thyroid function is unclear. OBJECTIVE: To determine the prevalence of abnormal thyroid function and the relationship between (1) abnormal thyroid function and lipid levels and (2) abnormal thyroid function and symptoms using modern and sensitive thyroid tests. DESIGN: Cross-sectional study. PARTICIPANTS: Participants in a statewide health fair in Colorado, 1995 (N = 25 862). MAIN OUTCOME MEASURES: Serum thyrotropin (thyroid-stimulating hormone [TSH]) and total thyroxine (T4) concentrations, serum lipid levels, and responses to a hypothyroid symptoms questionnaire. RESULTS: The prevalence of elevated TSH levels (normal range, 0.3-5.1 mIU/L) in this population was 9.5%, and the prevalence of decreased TSH levels was 2.2%. Forty percent of patients taking thyroid medications had abnormal TSH levels. Lipid levels increased in a graded fashion as thyroid function declined. Also, the mean total cholesterol and low-density lipoprotein cholesterol levels of subjects with TSH values between 5.1 and 10 mIU/L were significantly greater than the corresponding mean lipid levels in euthyroid subjects. Symptoms were reported more often in hypothyroid vs euthyroid individuals, but individual symptom sensitivities were low. CONCLUSIONS: The prevalence of abnormal biochemical thyroid function reported here is substantial and confirms previous reports in smaller populations. Among patients taking thyroid medication, only 60% were within the normal range of TSH. Modest elevations of TSH corresponded to changes in lipid levels that may affect cardiovascular health. Individual symptoms were not very sensitive, but patients who report multiple thyroid symptoms warrant serum thyroid testing. These results confirm that thyroid dysfunction is common, may often go undetected, and may be associated with adverse health outcomes that can be avoided by serum TSH measurement.

Cappola AR; Fried LP; Arnold AM; Danese MD; Kuller LH; Burke GL; Tracy RP; Ladenson PW  Thyroid status, cardiovascular risk, and mortality in older adults. JAMA. 2006 Mar 1;295(9):1033-41.

CONTEXT: Previous studies have suggested that subclinical abnormalities in thyroid-stimulating hormone levels are associated with detrimental effects on the cardiovascular system. OBJECTIVE: To determine the relationship between baseline thyroid status and incident atrial fibrillation, incident cardiovascular disease, and mortality in older men and women not taking thyroid medication. DESIGN, SETTING, AND PARTICIPANTS: A total of 3233 US community-dwelling individuals aged 65 years or older with baseline serum thyroid-stimulating hormone levels were enrolled in 1989-1990 in the Cardiovascular Health Study, a large, prospective cohort study. MAIN OUTCOME MEASURES: Incident atrial fibrillation, coronary heart disease, cerebrovascular disease, cardiovascular death, and all-cause death assessed through June 2002. Analyses are reported for 4 groups defined according to thyroid function test results: subclinical hyperthyroidism, euthyroidism, subclinical hypothyroidism, and overt hypothyroidism. RESULTS: Individuals with overt thyrotoxicosis (n = 4) were excluded because of small numbers. Eighty-two percent of participants (n = 2639) had normal thyroid function, 15% (n = 496) had subclinical hypothyroidism, 1.6% (n = 51) had overt hypothyroidism, and 1.5% (n = 47) had subclinical hyperthyroidism. After exclusion of those with prevalent atrial fibrillation, individuals with subclinical hyperthyroidism had a greater incidence of atrial fibrillation compared with those with normal thyroid function (67 events vs 31 events per 1000 person-years; adjusted hazard ratio, 1.98; 95% confidence interval, 1.29-3.03). No differences were seen between the subclinical hyperthyroidism group and euthyroidism group for incident coronary heart disease, cerebrovascular disease, cardiovascular death, or all-cause death. Likewise, there were no differences between the subclinical hypothyroidism or overt hypothyroidism groups and the euthyroidism group for cardiovascular outcomes or mortality. Specifically, individuals with subclinical hypothyroidism had an adjusted hazard ratio of 1.07 (95% confidence interval, 0.90-1.28) for incident coronary heart disease. CONCLUSION: Our data show an association between subclinical hyperthyroidism and development of atrial fibrillation but do not support the hypothesis that unrecognized subclinical hyperthyroidism or subclinical hypothyroidism is associated with other cardiovascular disorders or mortality.

Carlé A, Laurberg P, Pedersen IB, Perrild H, Ovesen L, Rasmussen LB, Jorgensen T, Knudsen N. Age Modifies the Pituitary TSH Response to Thyroid Failure. Thyroid. 2007 Feb;17(2):139-44.    

Objective: To investigate the association between serum TSH, total T4 and various patient characteristics when hypothyroidism is diagnosed in a population, and to study how age, sex and serum T4 levels influenced pituitary TSH response. Design: A computer-based register linked to laboratory databases prospectively identified all patients with new, biochemically overt hypothyroidism (n = 685) in an open cohort in Denmark. The diagnosis was verified in each patient, and disease was classified into nosological type. Serum TSH and total T4 were recorded at the time of diagnosis in untreated patients with spontaneous autoimmune hypothyroidism (n = 578). Main outcome: In untreated primary, spontaneous autoimmune hypothyroidism, we observed a four fold difference in average serum TSH levels between the youngest (0-20 years: TSH = 100 mU/l) and the oldest (80+ years: TSH = 24.4 mU/l) group of patients. No age dependent variation was observed in serum total T4. Log TSH showed an inverse linear correlation with age. An inverse linear correlation was present between log TSH and total T4 in both young and old patients, but for all total T4 values we observed lower median serum TSH values in elderly patients. Conclusions: For the same degree of thyroid failure, the serum TSH is lower among the elderly. This is most likely caused by a decrease in the hypothalamic/pituitary response to low serum T4. A certain increase in serum TSH may indicate more severe hypothyroidism in an old than in a young patient, and longer time may be needed after thyroid hormone withdrawal before elderly patients with thyroid cancer reach sufficiently high TSH values to allow for an effective radio-iodine treatment. (By extrapolation, age must reduce the TSH response to ANY level of FT4. Lower TSH means  less T3 secretion by the thyroid and less T4 to T3 conversion in the rest of the body. Aging creates a degree of hypothyroidism in almost everyone, and the decline in TSH response starts in the third decade of life!—HHL)

Carpi A, Toni MG, De Gaudio C. Effect of a single oral dose of L-thyroxine (150 micrograms) on serum thyroid hormone and TSH concentrations in clinically euthyroid goitrous patients. Thyroidology. 1992 Aug;4(2):69-73.

Serum TT4, FT4, TT3, FT3 and TSH, concentrations were measured before and 0.5, 1, 2, 3, 4, 5 hours after a single oral dose of L-T4 (150 micrograms) in 21 clinically euthyroid goitrous patients on a long-term therapy program. The mean basal TT4 concentration, 8.85 +/- 0.52 micrograms/dl (mean +/- se), increased significantly at the second hour (10.04 +/- 0.52 micrograms/dl, p < 0.001) and reached the highest value at the third hour (10.35 +/- 0.55 microgram/dl, p < 0.001). Subsequently the mean serum TT4 concentration remained elevated until the fifth hour (10.20 + 0.60 microgram/dl, p < 0.001). The mean basal value of FT4 concentration, 8.66 +/- 0.40 pg/ml, increased significantly at 30 minutes (9.19 +/- 0.40 pg/ml, p < 0.01) and reached the highest value at the third hour (11.81 +/- 0.56 pg/ml, p < 0.001). (36% increase—HHL) The mean basal serum FT3 concentration, 3.56 +/- 0.10 pg/ml, increased significantly 30 minutes (3.72 +/- 0.11 pg/ml p < 0.05) after L-T4 administration; the mean serum FT3 concentration was significantly higher than the basal level and 1 and 2 hours as well, and reached the highest value at the third hour (3.86 +/- 0.09 pg/ml).(8% increase—HHL) The mean serum TT3 concentration did not show any significant change at any time. The mean basal TSH value (2.73 +/- 0.42 microUI/ml) declined progressively. At 30 minutes it decreased significantly (2.29 +/- 0.38 microUI/ml, p < 0.01) and reached the lowest value at the fifth hour (1.39 +/- 0.26 microUI/ml, (49% decline—HHL) p < 0.001).(ABSTRACT TRUNCATED AT 250 WORDS) PMID: 1285029

Carr D, McLeod DT, Parry G, Thornes HM. Fine adjustment of thyroxine replacement dosage: comparison of the thyrotrophin releasing hormone test using a sensitive thyrotrophin assay with measurement of free thyroid hormones and clinical assessment. Clin Endocrinol (Oxf). 1988 Mar;28(3):325-33. 


Thyroxine replacement therapy for 21 adult patients with primary hypothyroidism was adjusted to the dosage at which each patient had a normal thyrotrophin (TSH) response to thyrotrophin releasing hormone (TRH). Clinical assessment and measurement of TSH (by sensitive immunoradiometric assay), free thyroxine (FT4) and free tri-iodothyronine (FT3) were made at this dosage and at higher and lower doses of thyroxine. Clinical observations, FT3 and FT4 assays were relatively insensitive to small alterations of thyroxine dosage, in contrast to which basal TSH measurements correlated well with TRH responsiveness and were sensitive to fine adjustments of thyroxine dosage.(Study suggests that patients require and feel better with doses of T4 that suppress TSH to at or slightly below the bottom of the reference range.—HHL)

Casey BM, Dashe JS, Wells CE, McIntire DD, Leveno KJ, Cunningham FG. Subclinical hyperthyroidism and pregnancy outcomes.Obstet Gynecol. 2006 Feb;107(2 Pt 1):337-41.    

OBJECTIVE: Subclinical hyperthyroidism has long-term sequelae that include osteoporosis, cardiovascular morbidity, and progression to overt thyrotoxicosis or thyroid failure. The objective of this study was to evaluate pregnancy outcomes in women with suppressed thyroid-stimulating hormone (TSH) and normal free thyroxine (fT(4)) levels. METHODS: All women who presented to Parkland Hospital for prenatal care between November 1, 2000, and April 14, 2003, underwent thyroid screening by chemiluminescent TSH assay. Women with TSH values at or below the 2.5th percentile for gestational age and whose serum fT(4) levels were 1.75 ng/dL or less were identified to have subclinical hyperthyroidism. Those women screened and delivered of a singleton infant weighing 500 g or more were analyzed. Pregnancy outcomes in women identified with subclinical hyperthyroidism were compared with those in women whose TSH values were between the 5th and 95th percentiles. RESULTS: A total of 25,765 women underwent thyroid screening and were delivered of singleton infants. Of these, 433 (1.7%) were considered to have subclinical hyperthyroidism, which occurred more frequently in African-American and/or parous women. Pregnancies in women with subclinical hyperthyroidism were less likely to be complicated by hypertension (adjusted odds ratio 0.66, 95% confidence interval 0.44-0.98). All other pregnancy complications and perinatal morbidity or mortality were not increased in women with subclinical hyperthyroidism. CONCLUSION: Subclinical hyperthyroidism is not associated with adverse pregnancy outcomes. Our results indicate that identification of subclinical hyperthyroidism and treatment during pregnancy is unwarranted. LEVEL OF EVIDENCE: II-2. PMID: 16449121

Cerillo AG, Bevilacqua S, Storti S, Mariani M, Kallushi E, Ripoli A, Clerico A, Glauber M. Free triiodothyronine: a novel predictor of postoperative atrial fibrillation. Eur J Cardiothorac Surg. 2003 Oct;24(4):487-92.

OBJECTIVE: Despite improved perioperative management, atrial fibrillation (AF) after coronary artery bypass grafting (CABG) remains a relevant clinical problem, whose pathogenetic mechanisms remain incompletely explained. A reduced incidence of postoperative AF has been described in CABG patients receiving IV tri-iodothyronine (T3). This study was designed to define the role of thyroid metabolism on the genesis of postoperative AF. METHODS AND RESULTS: Free T3 (fT3), free thyroxine (fT4), and thyroid stimulating hormone were assayed at admission in 107 consecutive patients undergoing isolated CABG surgery. Patients with thyroid disease or taking drugs known to interfere with thyroid function were excluded. A preoperative rhythm other than sinus rhythm was considered an exclusion criterion. Thirty-three patients (30.8%) had postoperative AF. An older age (P=0.03), no therapy with beta-blockers (P=0.08), chronic obstructive pulmonary disease (P=0.08), lower left ventricle ejection fraction (P=0.09) and lower fT3 concentration (P=0.001), were univariate predictors of postoperative AF. On multivariate analysis, low fT3 concentration and lack of beta-blocking therapy were independently related with the development of postoperative AF (odds ratio, OR, 4.425; 95% confidence interval, CI, 1.745-11.235; P=0.001 and OR 3.107; 95% CI 1.087-8.875; P=0.03, respectively). Postoperative AF significantly prolonged postoperative hospital stay (P=0.002). CONCLUSIONS: Low basal fT3 concentration can reliably predict the occurrence of postoperative AF in CABG patients.

Chadarevian R, Bruckert E, Ankri A, Beucler I, Giral P, Turpin G. Relationship between thyroid hormones and plasma D-dimer levels. Thromb Haemost. 1998 Jan;79(1):99-103. 

High serum levels of cholesterol and triglycerides are risk factors for coronary heart disease and are strongly related to several haemostatic parameters. Thyroid disorders are a frequent feature in hyperlipidemic patients and are also associated with a variety of haemostatic abnormalities. Therefore, we analysed the relationships between free T4 (fT4) levels and Factor VII and VIII activities (FVIIc and FVIIc), D-Dimers (DDI) and Plasminogen Activator Inhibitor type 1 (PAI-1), in a group of 472 healthy patients referred for hyperlipidemia. Forty patients were found to have primary hypothyroidism. A negative correlation was found in the whole study population between fT4 and DDI (p = 0.0001, r = -0.21) and the same results were found after exclusion of the patients with fT4 below the normal range (p = 0.0007, r = -0.17). In a multivariate regression analysis, the relationship between DDI and fT4 was independent of age, Body Mass Index (BMI), gender and total cholesterol. Less impressive correlation coefficients were found with FVIIc (r = -0.10), FVIIIc (r = -0.09) and PAI-1 (r = -0.09). These results suggest that fT4 may play a physiological role in the regulation of the haemostatic equilibrium in hyperlipidemic patients and that low levels of fT4 are associated with a hypercoagulable state. (so is low free testosterone, therefore preventative medicine should stress optimal thyroid and testosterone levels!-HHL)

Chen YC; Chen SA; Chen YJ; Chang MS; Chan P; Lin CI   Effects of thyroid hormone on the arrhythmogenic activity of pulmonary vein cardiomyocytes. J Am Coll Cardiol 2002 Jan 16;39(2):366-72.   

OBJECTIVES: This study was conducted to investigate the effects of thyroid hormone on the electrophysiological characteristics of pulmonary vein (PV) cardiomyocytes. BACKGROUND: Hyperthyroidism is an important etiology of paroxysmal atrial fibrillation (AF). Pulmonary veins are known to initiate paroxysmal AF. METHODS: The action potential and ionic currents were investigated in single rabbit PV and atrial cardiomyocytes with (hyperthyroid) and without (control) incubation of L-triiodothyronine using the whole-cell clamp technique. RESULTS: Compared with the control cardiomyocytes, hyperthyroid PV and atrial cardiomyocytes had shorter action potential duration. Hyperthyroid PV cardiomyocytes had faster beating rates (1.82 +/- 0.13 Hz vs. 1.03 +/- 0.15 Hz, p < 0.005) and a higher incidence of delayed after depolarization (beating: 92% vs. 6%, p < 0.0001; non-beating: 45% vs. 3%, p < 0.005). However, only hyperthyroid PV beating cardiomyocytes had a higher incidence of early after depolarization (46% vs. 0%, p < 0.0001). The ionic current experiments showed that hyperthyroid PV beating cardiomyocytes had larger densities of overall slow inward (2.72 +/- 0.21 pA/pF vs. 2.07 +/- 0.19 pA/pF, p < 0.05), overall transient outward (1.39 +/- 0.21 pA/pF vs. 0.48 +/- 0.08 pA/pF, p < 0.001) and steady state outward currents (0.78 +/- 0.06 pA/pF vs. 0.58 +/- 0.04 pA/pF, p < 0.05) on depolarization and larger transient inward (0.021 +/- 0.004 pA/pF vs. 0.005 +/- 0.001 pA/pF, p < 0.001) on repolarization. By contrast, the hyperthyroid PV non-beating cardiomyocytes had larger densities of overall transient outward (1.01 +/- 0.14 pA/pF vs. 0.37 +/- 0.07 pA/pF, p < 0.001), steady state outward (0.61 +/- 0.06 pA/pF vs. 0.44 +/- 0.04 pA/pF, p < 0.05) and transient inward currents (0.011 +/- 0.002 pA/pF vs. 0.003 +/- 0.001 pA/pF, p < 0.05). CONCLUSIONS: Thyroid hormone changes the electrophysiological activity of the PV cardiomyocytes. Increased automaticity and enhanced triggered activity may increase the arrhythmogenic activity of PVs in hyperthyroidism.
Chernow B, Burman KD, Johnson DL, McGuire RA, O'Brian JT, Wartofsky L, Georges LP. T3 may be a better agent than T4 in the critically ill hypothyroid patient: evaluation of transport across the blood-brain barrier in a primate model. Crit Care Med. 1983 Feb;11(2):99-104.

Thyroid hormone transport across the blood brain barrier in hypothyroid patients is clinically important yet poorly understood. To study this question, 200 micrograms of thyroxine (T4), 100 micrograms of 3,5,3'-triiodothyronine (T3) and 100 micrograms of 3,3',5'-triiodothyronine (reverse T3) were administered separately to 3 baboons, first iv and at a later date intrathecally (IT). Six animals were used. Three received the iv injections and three received the IT injections. In each of the 18 experiments, cerebrospinal fluid (CSF) and serum specimens were collected serially for 6 h after injection. Mean maximal elevations from baseline in CSF iodothyronine levels were 100 +/- 10 ng/dl after iv T4, 3921 +/- 293 ng/dl after iv T3 and 31 +/- 17 ng/dl after iv reverse T3. When given IT in the same dosages, the mean maximal increases in serum iodothyronine concentrations were: 1670 +/- 600 ng/dl for T4, 806 +/- 405 ng/dl for T3, and 210 +/- 43 ng/dl for reverse T3. In every animal studied, rapid bidirectional transfer of T3 from serum to CSF and CSF to serum occurred, whereas iv T4 resulted in delayed minimal increments in CSF T4 concentration. Isotopic experiments were also performed and the results analyzed using a kinetic model. When 125I-T3 was given iv, the equilibrium point in CSF was observed within 90 min with 1.7% of the administered dose/L able to be counted in CSF at any moment in time. When labeled T4 was given iv, only 0.6% of the administered dose/L was counted in CSF and the equilibrium point was not reached until 360 min. These data suggest: (a) T4, T3, and reverse T3 are all capable of bidirectional transfer across the blood brain barrier, (b) T3 may be a better agent than T4 in treating patients with myxedema coma because T3 crosses more rapidly and more completely from serum to CSF. (This info. combined with the reduction in T3 transport across the BBB that occurs with age explains why manymiddle-aged persons with depression benefit from T3 supplementation.—HHL)

Chiamolera MI, Wondisford FE. Minireview: Thyrotropin-releasing hormone and the thyroid hormone feedback mechanism. Endocrinology. 2009 Mar;150(3):1091-6. 

Thyroid hormone (TH) plays a critical role in development, growth, and cellular metabolism. TH production is controlled by a complex mechanism of positive and negative regulation. Hypothalamic TSH-releasing hormone (TRH) stimulates TSH secretion from the anterior pituitary. TSH then initiates TH synthesis and release from the thyroid gland. The synthesis of TRH and TSH subunit genes is inhibited at the transcriptional level by TH, which also inhibits posttranslational modification and release of TSH. Although opposing TRH and TH inputs regulate the hypothalamic-pituitary-thyroid axis, TH negative feedback at the pituitary was thought to be the primary regulator of serum TSH levels. However, study of transgenic animals showed an unexpected, dominant role for TRH in regulating the hypothalamic-pituitary-thyroid axis and an unanticipated involvement of the thyroid hormone receptor ligand-dependent activation function (AF-2) domain in TH negative regulation. These results are summarized in the review. (TRH primarily controlled by T4-to-T3 conversion in tanycytes by D2 in the lining of third ventricle—HHL) PMID: 19179434

Chopra IJ. Clinical review 86: Euthyroid sick syndrome: is it a misnomer? J Clin Endocrinol Metab. 1997 Feb;82(2):329-34.

Alterations in thyroid function tests are very common in patients with NTI. Multiple, complex, and incompletely understood mechanisms are involved in these abnormalities. Knowledge of these abnormalities is necessary to avoid errors in the diagnosis of thyroid disease. Measurement of serum TSH, free T4, and free T3 levels by direct equilibrium dialysis/RIA methods probably yield most useful (accurate) information in the setting of NTI. Patients with low free T4 by these methods and normal or low TSH have secondary hypothyroidism. This may be due to NTI per se, drugs administered for treatment of NTI, or associated pituitary or hypothalamic disease; the latter consideration may require evaluation of cortisol reserve, PRL, and/or gonadotropins. A serum TSH level above 20-25 microU/mL probably reflects primary hypothyroidism; accompanying findings of goiter, low free T4, and positive antithyroid antibodies help establish the diagnosis. An elevated serum concentration of rT3 argues against hypothyroidism. Studies have demonstrated no discernible benefit of treatment of NTI patients with T4. Some studies have shown a few benefits of treatment with T3 in selected cases, but much more needs to be learned. There is no evidence of harm by treatment of NTI patients with up to replacement doses of T3. As some NTI patients may indeed be hypothyroid, the term ESS should be replaced with NTIS.

Chubb SA, Davis WA, Davis TM. Interactions among thyroid function, insulin sensitivity, and serum lipid concentrations: the Fremantle diabetes study. J Clin Endocrinol Metab. 2005 Sep;90(9):5317-20. Epub 2005 Jun 28.

CONTEXT: Recent observations in healthy subjects showed that insulin resistance modifies the relationship between serum cholesterol and thyroid function. OBJECTIVE: The aim of the study was to determine whether insulin sensitivity modifies the association between thyroid dysfunction and lipid parameters in diabetic patients. DESIGN: This is a cross-sectional study. SETTING: This is a community-based observational study. PATIENTS: One hundred seventeen females with type 2 diabetes who were not taking oral hypoglycemic therapy, insulin, or lipid-lowering therapy participated in the study. INTERVENTION: Serum TSH, insulin, total and high-density lipoprotein cholesterol, and triglycerides were measured. MAIN OUTCOME MEASURES: Age-adjusted multiple linear regression analysis of serum lipid concentrations and derived parameters, as functions of serum TSH and homeostasis model assessment-derived insulin sensitivity (HOMA-S), were measured. RESULTS: The relationship among serum lipid concentrations, serum TSH, and HOMA-S was significantly modified by an interaction term ln(TSH)*ln(HOMA-S). In three-dimensional graphs, there were strong positive associations between TSH and lipid parameters with adverse cardiac risks at low insulin sensitivity that were absent at higher insulin sensitivity. The effect was strongest for lipid risk factors associated with insulin resistance. CONCLUSIONS: The interaction between thyroid function and insulin sensitivity is an important contributor to diabetic dyslipidemia and may justify T4 replacement in some patients.(with TSH less than 10 as per the full article.—HHL)

Cimmino M, Mion F, Goglia F, Minaire Y, Géloën A. Demonstration of in vivo metabolic effects of 3,5-di-iodothyronine. J Endocrinol. 1996 May;149(2):319-25.


The objective of the present study was to test in vivo the metabolic effects of 3,5-di-iodothyronine (3,5-T2) in unanesthetized and unrestrained male Sprague-Dawley rats. Amino acid and lipid metabolisms were investigated by breath tests using as tracers the 13C-carboxyl-labeled molecules of leucine, alpha-ketoisocaproic acid (KIC) and octanoic acid, in four different groups of rats: hypothyroid animals (receiving propylthiouracil (PTU) and iopanoic acid), hypothyroid animals treated with either a daily i.p. injection of 3,5-T2 (25 micrograms/100 g body weight), or tri-iodothyronine (T3) (1 microgram/100 g body weight), and control euthyroid animals receiving equivalent volumes of the vehicle solutions. Energy expenditure was measured by continuous monitoring of O2 consumption and CO2 production in these different groups. Daily energy expenditure was decreased by 30% in PTU-treated rats. The chronic treatments with 3,5-T2 and T3 restored daily energy expenditure to the control level. 13CO2 recovered in breath following the i.v. injection of octanoic acid-[1-13C] was decreased in hypothyroid animals compared with control animals (P < 0.05) and restored to control values by T3 and 3,5-T2 treatments. The 13CO2 recovered in breath after i.v. injection of leucine-[1-13C] was increased in PTU-treated compared with control animals (P < 0.05). Chronic treatment with either 3,5-T2 or T3 restored 13CO2 to control values. Excretion of 13CO2 recovered in breath following the i.v. injection of KIC-[1-13C] was increased in PTU-treated compared with control animals. Chronic treatments with either 3,5-T2 or T3 did not restore KIC decarboxylation. These results suggest that 3,5-T2 exerts metabolic effects on energy expenditure, on both lipid beta-oxidation and leucine metabolism in hypothyroid rats. We conclude that 3,5-T2 is a metabolically active iodothyronine.

Clark CD, Bassett B, Burge MR. Effects of kelp supplementation on thyroid function in euthyroid subjects. Endocr Pract. 2003 Sep-Oct;9(5):363-9. 


OBJECTIVE: To study the effects of ingestion of two different doses of supplemental kelp on the thyroid function of healthy euthyroid subjects. METHODS: We conducted a double-blind prospective clinical trial involving 36 healthy euthyroid subjects, who were randomly assigned to receive placebo (4 alfalfa capsules per day), low-dose kelp (2 kelp capsules (3.4mg I HHL) and 2 alfalfa capsules per day), or high-dose kelp (4 kelp capsules per day)(6.8mg I HHL) for 4 weeks. Thyrotropin (thyroid-stimulating hormone or TSH), free thyroxine, and total triiodothyronine were assessed at weeks 0, 4, and 6. Response to thyrotropin-releasing hormone stimulation, urinary iodine excretion, and basal metabolic rate were determined at weeks 0 and 4. RESULTS: TSH concentrations did not differ significantly between week 0 and week 4 in the placebo group (P = 0.16) but increased significantly in both the low-dose kelp (P = 0.04) and high-dose kelp (P = 0.002) groups. Free thyroxine concentrations decreased slightly but significantly after 4 weeks of placebo but were unchanged in the low-dose and the high-dose kelp groups. In contrast, total triiodothyronine levels did not differ significantly after 4 weeks of placebo or low-dose kelp therapy but were significantly decreased after high-dose kelp therapy (P = 0.04). Similarly, the thyrotropin-releasing hormone stimulation test showed no significant change in poststimulation TSH after 4 weeks in the placebo or low-dose kelp groups but revealed a significantly increased response after high-dose kelp therapy (P = 0.0002). The 24-hour urinary iodine excretion showed dose-dependent increases in the two kelp study groups. Basal metabolic rate did not change significantly in any study group during the 4-week study period. All thyroid laboratory values returned to baseline 2 weeks after cessation of kelp supplementation, except for TSH in the high-dose kelp group, which was significantly decreased. CONCLUSION: Short-term dietary supplementation with kelp significantly increases both basal and poststimulation TSH. These findings corroborate previous studies on the effects of supplemental iodide given to euthyroid subjects for a similar period. Further studies are needed to determine whether long-term kelp supplementation would cause clinically significant thyroid disease. (Assumption—in New Mexico most subjects were iodine deficient.  Restoration of iodine has paradoxical effects initially, suppressing the release of thyroid hormones resulting in high TSH, but the improved body store results in a lower TSH when supplementation stops.  Most likely the TSH would drop with long-term supplementation.-HHL)

Clyde PW, Harari AE, Getka EJ, Shakir KM. Combined levothyroxine plus liothyronine compared with levothyroxine alone in primary hypothyroidism: a randomized controlled trial. JAMA. 2003 Dec 10;290(22):2952-8.

CONTEXT: Standard therapy for patients with primary hypothyroidism is replacement with synthetic thyroxine, which undergoes peripheral conversion to triiodothyronine, the active form of thyroid hormone. Within the lay population and in some medical communities, there is a perception that adding synthetic triiodothyronine, or liothyronine, to levothyroxine improves the symptoms of hypothyroidism despite insufficient evidence to support this practice. OBJECTIVE: To evaluate the benefits of treating primary hypothyroidism with levothyroxine plus liothyronine combination therapy vs levothyroxine monotherapy. DESIGN, SETTING, AND PATIENTS: Randomized, double-blind, placebo-controlled trial conducted from May 2000 to February 2002 at a military treatment facility that serves active duty and retired military personnel and their family members. The trial included a total of 46 patients aged 24 to 65 years with at least a 6-month history of treatment with levothyroxine for primary hypothyroidism. INTERVENTION: Patients received either their usual dose of levothyroxine (n = 23) or combination therapy (n = 23), in which their usual levothyroxine dose was reduced by 50 micro g/d and substituted with liothyronine, 7.5 micro g, taken twice daily for 4 months. MAIN OUTCOME MEASURES: Scores on a hypothyroid-specific health-related quality-of-life (HRQL) questionnaire, body weight, serum lipid levels, and 13 neuropsychological tests measured before and after treatment. RESULTS: Serum thyrotropin levels remained similar and within the normal range in both treatment groups from baseline to 4 months. Body weight and serum lipid levels did not change. The HRQL questionnaire scores improved significantly in both the control group (23%; P<.001) and the combination therapy group (12%; P =.02), but these changes were statistically similar (P =.54). In 12 of 13 neuropsychological tests, outcomes between groups were not significantly different; the 1 remaining test (Grooved Peg Board) showed better performance in the control group. CONCLUSION: Compared with levothyroxine alone, treatment of primary hypothyroidism with combination levothyroxine plus liothyronine demonstrated no beneficial changes in body weight, serum lipid levels, hypothyroid symptoms as measured by a HRQL questionnaire, and standard measures of cognitive performance. (Other possible conclusions—the original dose of T4 was too low; T3 is only 3x or less potent in effect as T4; or they needed iodine too.  They should have just added the T3 to the current dose!  Notice they did not ask patients which regimen they preferred—a more sensitive and important measure. --HHL)

Coindre JM, David JP, Rivière L, Goussot JF, Roger P, de Mascarel A, Meunier PJ. Bone loss in hypothyroidism with hormone replacement. A histomorphometric study. Arch Intern Med. 1986 Jan;146(1):48-53.
   

To determine the influences of hormone replacement on bone tissue in primary hypothyroidism, a histomorphometric study on undecalcified transiliac bone specimens was performed before treatment in ten patients, during the first month of treatment in 16 patients, and after more than six months of treatment in 15 patients. There were no obvious clinical or biologic signs of excessive replacement therapy. Before treatment, trabecular resorption surfaces were lower and bone cortical thickness was increased. From as early as the first month of treatment, trabecular resorption surfaces and cortical porosity were higher than normal but cortical thickness was still increased. After more than six months of treatment there was a significant loss of trabecular (decreased trabecular bone volume) and cortical (normal mean cortical width; increased porosity) bone with hyperremodeling (increased trabecular resorption surfaces and trabecular osteoid surfaces). This osteoporosis is similar to that observed in hyperthyroidism. (Restoration of thyroid hormone induces increased bone turnover. If the patient is in a bone-losing state, any increase in thyroid hormone increases the rate of bone loss.-HHL)

Cole DP, Thase ME, Mallinger AG, Soares JC, Luther JF, Kupfer DJ, Frank E. Slower treatment response in bipolar depression predicted by lower pretreatment thyroid function. Am J Psychiatry. 2002 Jan;159(1):116-21. 


OBJECTIVE: Because treatment of the depressed phase of bipolar disorder is a clinical challenge and hypothyroidism is known to be associated with depression, the authors examined the relationship between pretreatment thyroid values and response to antidepressant treatment. It was hypothesized that subjects with lower thyroid function, even within the normal range, would have a poorer response to initial treatment. METHOD: The subjects were 65 patients in the depressed phase of bipolar I disorder who were enrolled in a larger ongoing study. A panel of thyroid measures, including thyroid-stimulating hormone (TSH), thyroxine, triiodothyronine resin uptake, and free thyroxine index (FTI), were determined before initiation of algorithm-guided treatment. The effect of each thyroid measurement on time to remission was estimated by using the Cox proportional hazards model. RESULTS: Both lower values of FTI and higher values of TSH were significantly associated with longer times to remission, i.e., slower response to treatment. Outcomes were relatively poor unless patients had FTI values above the median and TSH values below the median. Patients with this optimal profile experienced remission 4 months faster than the remainder of the study group. CONCLUSIONS: This study provides further evidence that patients with bipolar disorder are particularly sensitive to variations in thyroid function within the normal range. Our results suggest that nearly three-quarters of patients with bipolar disorder have a thyroid profile that may be suboptimal for antidepressant response. It remains to be seen whether pharmacological enhancement of thyroid function will facilitate recovery from bipolar depression.

Cooke RG, Joffe RT, Levitt AJ. T3 augmentation of antidepressant treatment in T4-replaced thyroid patients. J Clin Psychiatry. 1992 Jan;53(1):16-8. 


BACKGROUND: Clinicians may not consider using the thyroid hormone liothyronine sodium (levorotary isomer of triiodothyronine [T3]) for augmentation of antidepressant drugs in depressed patients who are also receiving the precursor hormone levothyroxine (levorotary isomer of thyroxine [T4]) for thyroid disease. We now report on the successful use of T3 augmentation therapy in seven of nine depressed patients who were also receiving T4 for thyroid disease. METHOD: Following an earlier single case report, we prescribed T3 augmentation therapy for eight depressed patients who had not responded to an adequate antidepressant drug trial and who were receiving T4 therapy for thyroid disease. T3 was prescribed in open-label fashion, and response was judged by the clinician, whose assessment was supplemented by the use of standardized rating scales. RESULTS: Seven of the nine patients were judged to respond to T3 augmentation. CONCLUSION: These results are consistent with a report of differential effects for T3 versus T4 augmentation in depressed patients free of thyroid disease. The results have implications for the treatment of depression in the presence of thyroid disease and for the mechanism of thyroid hormone potentiation of antidepressants. 

Cooper-Kazaz R, Apter JT, Cohen R, Karagichev L, Muhammed-Moussa S, Grupper D, Drori T, Newman ME, Sackeim HA, Glaser B, Lerer B. Combined treatment with sertraline and liothyronine in major depression: a randomized, double-blind, placebo-controlled trial. Arch Gen Psychiatry. 2007 Jun;64(6):679-88.


BACKGROUND: Antidepressant treatments that achieve a higher remission rate than those currently available are urgently needed. The thyroid hormone triiodothyronine may potentiate antidepressant effects. OBJECTIVE: To determine the antidepressant efficacy and safety of liothyronine sodium (triiodothyronine) when administered concurrently with the selective serotonin reuptake inhibitor sertraline hydrochloride to patients with major depressive disorder. DESIGN: Double-blind, randomized, 8-week, placebo-controlled trial. SETTING: Outpatient referral centers. PATIENTS: A total of 124 adult outpatients meeting unmodified DSM-IV criteria for major depressive disorder without psychotic features. INTERVENTIONS: Patients were randomized to receive sertraline hydrochloride (50 mg/d for 1 week; 100 mg/d thereafter) plus liothyronine sodium (20-25 microg/d for 1 week; 40-50 microg/d thereafter) or sertraline plus placebo for 8 weeks. MAIN OUTCOME MEASURES: The primary outcome measure was categorical response to treatment (> or =50% decrease in scores on the 21-item Hamilton Rating Scale for Depression from baseline to study end point). Remission rate (final Hamilton Rating Scale for Depression score, < or =6) was a secondary outcome measure. RESULTS: Intent-to-treat Hamilton Rating Scale for Depression response rates were 70% and 50% in the sertraline-liothyronine and sertraline-placebo groups, respectively (P = .02; odds ratio, 2.93; 95% confidence interval, 1.23-7.35); remission rates were 58% with sertraline-liothyronine and 38% with sertraline-placebo (P = .02; odds ratio, 2.69; 95% confidence interval, 1.16-6.49). Baseline T(3) values were lower in patients treated with sertraline-liothyronine who had remissions than in those without remissions (t(48) = 3.36; P<.002). Among patients treated with sertraline-liothyronine, remission was associated with a significant decrease in serum thyrotropin values (F(1,73) = 4.00; P<.05). There were no significant effects of liothyronine supplementation on frequency of adverse effects. CONCLUSIONS: These results demonstrate enhancement of the antidepressant effect of sertraline by concurrent treatment with liothyronine without a significant increase in adverse effects. The antidepressant effect of liothyronine may be directly linked to thyroid function.

Crowley WF Jr, Ridgeway EC, Bough EW et al. Noninvasive evalua​tion of cardiac function in hypothyroidism: response to gradual thy​roxine replacement. N Engl J Med 1997:296:1-6.

Left ventricular performance was studied in 15 patients with severe, primary hypothyroidism (mean serum total thyroxine of 0.8 mug per 100 ml and serum thyrotropin of 160 muU per milliliter). Pretreatment systolic-time intervals were characterized by prolongation of the pre-ejection period (delta PEP = +30) and reduction of the left ventricular ejection period (delta LVET = -23) with a resultant increase in the PEP/LVET ratio (0.47). Nine of 14 patients demonstrated pericardial effusions. These abnormalities were reversed with physiologic thyroxine replacement. Further reductions of the delta PEP and PEP/LVET ratio occurred with supraphysiologic doses (200 to 300 mug per day). During therapy, delta PEP was inversely correlated with serum thyroxine (P less than 0.001) and directly correlated with serum thyrotropin (P less than 0.001). Thus physiologic thyroid hormone replacement, appropriately adjusted to need, appears necessary in hypothyroidism for optimal left ventricular function.

Czernichow P, Wolf B, Fermanian J, Pomarede R, Rappaport R. Twenty-four hour variations of thyroid hormones and thyrotrophin concentrations in hypothyroid infants treated with L-thyroxine. Clin Endocrinol (Oxf). 1984 Oct;21(4):393-7. 


The 24 hour plasma profile of T4, FT4, T3 and TSH was measured in a group of infants treated for congenital hypothyroidism with an oral aqueous preparation of L-T4 (5-7.5 micrograms/kg) given as a single dose at 0800 h. Mean basal plasma T4 was 8.4 +/- 2.0 micrograms/dl (mean +/- SD) and remained constant during the study while mean serum FT4 increased significantly from 1.64 +/- 0.50 ng/dl to a maximum of 2.08 +/- 0.63 ng/dl 4 h after medication. Plasma T3 decreased significantly from 241 +/- 48 ng/dl to 202 +/- 36 ng/dl 6 h after drug administration. Finally, plasma TSH decreased significantly from a mean of 24.2 +/- 18.8 microU/ml to 14.8 +/- 10.5 microU/ml 6 h later. Therefore during treatment of congenital hypothyroidism with L-T4 no specific schedule for T4 sampling is required. However, TSH determination 4 to 8 h after medication could slightly underestimate mean levels. In addition, any attempt to monitor treatment by FT4 determination should take into consideration variations of plasma values in the hours following L-T4 absorption.

Dagre AG, Lekakis JP, Papaioannou TG, Papamichael CM, Koutras DA, Stamatelopoulos SF, Alevizaki M. Arterial stiffness is increased in subjects with hypothyroidism. Int J Cardiol. 2005 Aug 3;103(1):1-6.

BACKGROUND: The association between hypothyroidism and increased vascular resistance, arterial wall thickening and endothelial dysfunction is well recognized. The aim of the present study was to examine if hypothyroid subjects have increased arterial stiffness, a risk factor for cardiovascular morbidity and mortality. METHODS: Sixty-five subjects (59 females and 6 males) with normal thyroid function or hypothyroidism of varying degree were investigated by radial artery applanation tonometry and pulse wave analysis, for evaluation of arterial stiffness. RESULTS: Serum TSH values were positively correlated with central systolic blood pressure (r=0.258, p=0.037), central pulse pressure (r=0.316, p=0.010), augmentation pressure (r=0.299, p=0.015) and negatively with reflection time index (RTI), which indicates the pressure wave velocity (r=-0.311, p=0.012). Hypothyroid patients presented higher central systolic pressure and pulse pressure, higher augmentation pressure and lower RTI, indicating increased arterial stiffness in these subjects. RTI was independently related to age, central systolic pressure and TSH. Mild changes of arterial stiffness were observed even in subjects with TSH range 2.01-4.0 muU/ml suggesting that this group may have an early stage of mild thyroid failure. CONCLUSIONS: Hypothyroidism, even in the subclinical stage, is associated with changes in arterial stiffness. The observed abnormalities in arterial stiffness may have detrimental effects on left ventricular function and coronary perfusion in hypothyroid subjects.

Danese MD, Powe NR, Sawin CT Ladenson PW Screening for mild thyroid failure in the periodic health examination: a decision and cost​ effective analysis. JAMA 1996:276:285-92.

Cost effectiveness of screening for mild thyroid failure compares favorably with other generally-accepted medical practices, especially in elderly women.

de Jong FJ, Peeters RP, den Heijer T, van der Deure WM, Hofman A, Uitterlinden AG, Visser TJ, Breteler MM. The association of polymorphisms in the type 1 and 2 deiodinase genes with circulating thyroid hormone parameters and atrophy of the medial temporal lobe. J Clin Endocrinol Metab. 2007 Feb;92(2):636-40.

CONTEXT: Thyroid function has been related to Alzheimer disease (AD) and neuroimaging markers thereof. Whether thyroid dysfunction contributes to or results from developing AD remains unclear. Variations in the deiodinase type 1 (DIO1) and type 2 (DIO2) genes that potentially alter thyroid hormone bioactivity may help in elucidating the role of thyroid function in AD. OBJECTIVE: We investigated the association of recently identified polymorphisms in the DIO1 (D1a-C/T, D1b-A/G) and DIO2 (D2-ORFa-Gly3Asp, D2-Thr92Ala) genes with circulating thyroid parameters and early neuroimaging markers of AD. DESIGN AND PARTICIPANTS: The Rotterdam Scan Study is a population-based cohort study among 1,077 elderly individuals aged 60-90 yr. MAIN OUTCOME MEASURES: DIO1 and DIO2 polymorphisms and serum TSH, free T4, T3, and reverse T3 (rT3) levels were determined in 995 nondemented elderly, including 473 persons with assessments of hippocampal and amygdalar volume on brain magnetic resonance imaging. RESULTS: Carriers of the D1a-T allele had higher serum free T4 and rT3, lower T3, and lower T3/rT3. The D1b-G allele was associated with higher serum T3 and T3/rT3. The DIO2 variants were not associated with serum thyroid parameters. No associations were found with hippocampal or amygdalar volume. CONCLUSION: This is the first study to report an association of D1a-C/T and D1b-A/G polymorphisms with iodothyronine levels in the elderly. Polymorphisms in the DIO1 and DIO2 genes are not associated with early magnetic resonance imaging markers of AD. This suggests that the previously reported association between iodothyronine levels and brain atrophy reflects comorbidity or nonthyroidal illness rather than thyroid hormones being involved in developing AD.

De Lean A, Labrie F. Sensitizing effect of treatment with estrogens on TSH response to TRH in male rats. Am J Physiol. 1977 Sep;233(3):E235-9. 


Daily administration of estradiol benzoate (10 microgram/100 g body wt) to intact male rats led to a twofold increase of the plasma TSH (thyroid-stimulating hormone) response to thyrotropin-releasing hormone (TRH) after 4 and 7 days of treatment whereas the basal plasma TSH level was not affected. The basal plasma PRL concentration and the PRL response to TRH were both markedly increased by estrogen treatment. The TSH pituitary content remained unchanged, whereas the PRL pituitary content increased in parallel with the effect on PRL secretion. Treatment with estrogens for 1 wk sensitized the TSH secretory response to low doses of TRH (10 ng), whereas no significant effect on the response was found at high doses of the neurohormone. The present data show that the stimulatory effect of estrogens on the TSH response to TRH is due to true sensitization of the thyrotrophs to the action of the neurohormone, whereas that on prolactin secretion can result partly from increased pituitary prolactin content.(A similar effect in humans would explain fatigue and depression after menopause—reduction in TSH secretion and therefore in thyroid hormone secretion, and this a relative secondary hypothyroidism non-detectable by TSH screening.—HHL)

Deam DR, Campbell DG, Ratnaike S. Effect of oral intake of thyroxine on results of thyroid function tests in patients receiving thyroid replacement therapy. Med J Aust. 1983 Oct 15;2(8):374-6.

To investigate the effect of orally administered thyroxine on thyroid function tests, serial thyroid function tests were performed in 29 patients receiving maintenance thyroxine replacement therapy. The results showed that plasma thyroxine levels rose significantly in most subjects after an oral dose of thyroxine. The patients who had the largest rise had high basal levels and were taking a higher mean replacement dose of thyroxine. This increase may move a patient's thyroxine level from within the reference range to the abnormal range if blood is taken soon after thyroxine ingestion.

Demers LM, Spencer CA. Laboratory medicine practice guidelines: laboratory support for the diagnosis and monitoring of thyroid disease. Clin Endocrinol (Oxf). 2003 Feb;58(2):138-40. 


“In the future, it is likely that the upper limit of the serum TSH euthyroid reference range will be reduced to 2.5 mIU/L because >95% of rigorously screened normal euthyroid volunteers have serum TSH values between 0.4 and 2.5 mIU/L.”
Dietrich JW, Brisseau K, Boehm BO. [Absorption, transport and bio-availability of iodothyronines] Dtsch Med Wochenschr. 2008 Aug;133(31-32):1644-8.

The frequently prescribed classical thyroid hormones (iodothyronines) are critical dose drugs with a narrow therapeutic index. Nowadays the mechanisms of their absorption, which takes place predominantly in the jejunum and ileum, have only partly been elucidated. Bioavailability of iodothyronines whose kinetics is subject to enterohepatic circulation, is about 70 %. Several factors influence their absorption including nutrients, drugs and concomitant diseases. After being absorbed only a small fraction of thyroid hormones circulates freely in plasma, whereas the greater portion is bound to plasma proteins. This binding, too, may be influenced by numerous factors; alterations by certain diseases and physiological conditions may lead to ambiguities in differential diagnosis. Intracellular accumulation of iodothyronines is accomplished by at least ten different active and energy-dependent transporters with variable tissue distribution. Particularly in critical illness (non-thyroidal illness syndrome) alterations of protein binding and membrane transport are common. In therapy of hypothyroid patients different brand-name products lack bioequivalence and thus requiring subsequent monitoring of thyroid status after treatment has been changed among different brand-name versions. PMID: 18651367

Dimitriadis G, Mitrou P, Lambadiari V, Boutati E, Maratou E, Panagiotakos DB, Koukkou E, Tzanela M, Thalassinos N, Raptis SA. Insulin action in adipose tissue and muscle in hypothyroidism. J Clin Endocrinol Metab. 2006 Epub 2006 Sep 26.

BACKGROUND: Although insulin resistance in thyroid hormone excess is well documented, information on insulin action in hypothyroidism is limited. METHODS: To investigate this, a meal was given to 11 hypothyroid (HO; aged 45 +/- 3 yr) and 10 euthyroid subjects (EU; aged 42 +/- 4 yr). Blood was withdrawn for 360 min from veins (V) draining the anterior abdominal sc adipose tissue and the forearm and from the radial artery (A). Blood flow (BF) in adipose tissue was measured with 133Xe and in forearm with strain-gauge plethysmography. Tissue glucose uptake was calculated as (A-V)glucose(BF), lipoprotein lipase as (A-V)Triglycerides(BF), and lipolysis as [(V-A)glycerol(BF)]-lipoprotein lipase. RESULTS: The HO group had higher glucose and insulin levels than the EU group (P < 0.05). In HO vs. EU after meal ingestion (area under curve 0-360 min): 1) BF (1290 +/- 79 vs. 1579 +/- 106 ml per 100 ml tissue in forearm and 706 +/- 105 vs. 1340 +/- 144 ml per 100 ml tissue in adipose tissue) and glucose uptake (464 +/- 74 vs. 850 +/- 155 micromol per 100 ml tissue in forearm and 208 +/- 42 vs. 406 +/- 47 micromol per 100 ml tissue in adipose tissue) were decreased (P < 0.05), but fractional glucose uptake was similar (28 +/- 6 vs. 33 +/- 6% per minute in forearm and 17 +/- 4 vs. 14 +/- 3% per minute in adipose tissue); 2) suppression of lipolysis by insulin was similar; and 3) plasma triglycerides were elevated (489 +/- 91 vs. 264 +/- 36 nmol/liter.min, P < 0.05), whereas adipose tissue lipoprotein lipase (42 +/- 11 vs. 80 +/- 21 micromol per 100 ml tissue) and triglyceride clearance (45 +/- 10 vs. 109 +/- 21 ml per 100 ml tissue) were decreased in HO (P < 0.05). CONCLUSIONS: In hypothyroidism: 1) glucose uptake in muscle and adipose tissue is resistant to insulin; 2) suppression of lipolysis by insulin is not impaired; and 3) hypertriglyceridemia is due to decreased clearance by the adipose tissue.

Eftekhari MH, Simondon KB, Jalali M, Keshavarz SA, Elguero E, Eshraghian MR, Saadat N Effects of administration of iron, iodine and simultaneous iron-plus-iodine on the thyroid hormone profile in iron-deficient adolescent Iranian girls. Eur J Clin Nutr. 2006 Apr;60(4):545-52.

OBJECTIVE: To investigate whether iron supplementation can improve thyroid hormone function in iron-deficient adolescent girls. DESIGN: A double-blind randomized intervention study. SETTING: The study was performed from 2002 through 2003 in the Islamic Republic of Iran. SUBJECTS: 103 iron-deficient non-anaemic girls who fulfilled all inclusion criteria were included, and 94 subjects successfully completed the study. INTERVENTIONS: Patients were randomly assigned to one of four groups and treated with a single oral dose of 190 mg iodine plus 300 mg ferrous sulphate 5 times/week (n=24), 300 mg ferrous sulphate 5 times/week (n=23), a single oral dose of 190 mg iodine (n=25), or a placebo (n=22) for 12 weeks. RESULTS: All groups were comparable at baseline. After the intervention, there was a significant increase in ferritin and transferrin saturation in the iron+iodine group (17.6 vs 8.7 microg/dl, and 18.8 vs 7.2%, respectively, P<0.001 for both) and in the iron group (P<0.001 for both). Urinary iodine doubled in the iron+iodine group and in the iodine group (P<0.001 for both). Thyroid indices tT4, tT3 and T3RU increased and reverse RT3 decreased in the iron+iodine group (10 vs 8.9 microg/dl, P< 0.001; 143 vs 138 microg/dl, P<0.05; 32.3 vs 28.4%, P<0.001 and 24.8 vs 44.2 ng/dl, P<0.001, respectively) and in the iron group. These two groups did not differ for any of the four indices, but both differed significantly from the iodine and placebo groups. CONCLUSIONS: Our results indicate that improvement of iron status was accompanied by an improvement in some indices of thyroid hormones.

Ehrmann DA, Weinberg M, Sarne DH. Limitations to the use of a sensitive assay for serum thyrotropin in the assessment of thyroid status. Arch Intern Med. 1989 Feb;149(2):369-72.


In the majority of clinical settings, a suppressed serum thyrotropin (s-TSH) level determined by the new sensitive assays is diagnostic of thyrotoxicosis. This has led to its proposed use as a screen for thyroid disease. However, s-TSH may be suppressed in conditions other than thyrotoxicosis. We retrospectively reviewed s-TSH measurements made in a large heterogeneous population to determine in which settings a suppressed value could potentially lead to misdiagnosis. We found that a suppressed s-TSH level was useful in making the diagnosis of autonomous thyroid function and in the assessment of thyroid hormone replacement therapy in patients with primary, but not central, hypothyroidism. Hyperthyroidism caused by either intrinsic thyroid disease or thyroid hormone administration accounted for 83% (111/134) of suppressed values; however, central hypothyroidism, nonthyroidal illness, acute psychiatric illness, or the administration of medication was responsible for this finding in 17% (23/134). While a suppressed s-TSH level is generally excellent in the diagnosis of pituitary suppression by thyroid hormone, in specific clinical settings, a suppressed s-TSH level may be seen in the absence of thyroid hormone excess. The limitations of its use as a first-line screen in those conditions must be recognized. (The author refers to the extreme cases where the TSH is below the RR. This leaves the likelihood that there is an even higher percentage of cases where the TSH is inappropriately low but still within the RR. These would be identified by clinical criteria and by relatively low FT4 levels within the RR. It is likely that this mild-moderate seconday hypothryoidism is common.—HHL)
Eisenberg M, Samuels M, DiStefano JJ 3rd. L-T4 bioequivalence and hormone replacement studies via feedback control simulations. Thyroid. 2006 Dec;16(12):1279-92. 


FDA Guidance for testing bioequivalence of levothyroxine (L-T(4)) preparations has been challenged by several groups, based on multiple issues. The efficacy of single versus combined hormone therapy also is receiving additional scrutiny. To examine these concerns, we developed a new nonlinear feedback system simulation model of whole-body regulation mechanisms involving dynamics of T(3), T(4), TSH, plasma protein binding, extravascular regulatory enzyme systems, and the hypothalamic-pituitary-thyroid axis, all quantified from human data. To address bioequivalence, we explored how to best account for varying and unmeasured endogenous T(4) following dosing with exogenous oral L-T(4) in euthyroid volunteers in required pharmacokinetic (PK) studies, by simulating various dosing scenarios and developing a new and simple correction method. We computed and assessed dosing error effects and baseline corrections using simulator-predicted endogenous T(4) level variations, due to actual closed-loop effects, and compared these with approximate corrections computed directly from PK data. Predicted dose-responses were quite linear, and for constant baseline, 7-day half-life, and our new formula-correction methods, we established some bounds on bioequivalent dosages. Simulated replacement after thyroidectomy required 141 microg L-T(4) only to normalize T(3) tissue levels and 162 microg L-T(4) to normalize plasma T(3) levels. A combined dose of approximately 103 microg L-T(4) plus approximately 6 microg T(3) ( approximately 18:1 ratio) was needed to normalize both plasma T(3) and T(4) and average tissue T(3) levels. However, simulated average tissue T(3) levels were normalized with standard L-T(4)-only therapy, and plasma T(3) levels were still within the normal range. We suggest a simple and more accurate correction for endogenous T(4) in PK studies. Current standard L-T(4)-only treatment is supported for routine replacement needs.

Escobar-Morreale HF, Obregon MJ, Escobar del Rey F, Morreale de Escobar G.   Replacement therapy for hypothyroidism with thyroxine alone does not ensure euthyroidism in all tissues, as studied in thyroidectomized rats. J Clin Invest. 1995 Dec;96(6):2828-38. 


We have studied whether, or not, tissue-specific regulatory mechanisms provide normal 3,5,3'-triiodothyronine (T3) concentrations simultaneously in all tissues of a hypothyroid animal receiving thyroxine (T4), an assumption implicit in the replacement therapy of hypothyroid patients with T4 alone. Thyroidectomized rats were infused with placebo or 1 of 10 T4 doses (0.2-8.0 micrograms per 100 grams of body weight per day). Placebo-infused intact rats served as controls. Plasma and 10 tissues were obtained after 12-13 d of infusion. Plasma thyrotropin and plasma and tissue T4 and T3 were determined by RIA. Iodothyronine-deiodinase activities were assayed using cerebral cortex, liver, and lung. No single dose of T4 was able to restore normal plasma thyrotropin, T4 and T3, as well as T4 and T3 in all tissues, or at least to restore T3 simultaneously in plasma and all tissues. Moreover, in most tissues, the dose of T4 needed to ensure normal T3 levels resulted in supraphysiological T4 concentrations. Notable exceptions were the cortex, brown adipose tissue, and cerebellum, which maintained T3 homeostasis over a wide range of plasma T4 and T3 levels. Deiodinase activities explained some, but not all, of the tissue-specific and dose related changes in tissue T3 concentrations. In conclusion, euthyroidism is not restored in plasma and all tissues of thyroidectomized rats on T4 alone. These results may well be pertinent to patients on T4 replacement therapy.

Escobar-Morreale HF, del Ray FE, Obregon MJ, de Escobar GM. Only the combined treatment with thyroxine and triiodothyronine ensures euthyroidism in all tissues of the thyroidectomized rat. Endocrinology 1996;137:2490-502.

We have recently shown that it is not possible to restore euthyroidism completely in all tissues of thyroidectomized rats infused with T4 alone. The present study was undertaken to determine whether this is achieved when T3 is added to the continuous sc infusion of T4. Thyroidectomized rats were infused with placebo or T4 (0.80 and 0.90 microgram/100 g BW.day), alone or in combination with T3 (0.10, 0.15, or 0.20 microgram/100 g BW.day). Placebo-infused intact rats served as euthyroid controls. Plasma and 12 tissues were obtained after 12 days of infusion. Plasma TSH and plasma and tissue T4 and T3 were determined by RIA. Iodothyronine deiodinase activities were assayed using cerebral cortex, pituitary, brown adipose tissue, liver, and lung. Circulating and tissue T4 levels were normal in all the groups infused with thyroid hormones. On the contrary, T3 in plasma and most tissues and plasma TSH only reached normal levels when T3 was added to the T4 infusion. The combination of 0.9 microgram T4 and 0.15 microgram T3/100 g BW.day resulted in normal T4 and T3 concentrations in plasma and all tissues as well as normal circulating TSH and normal or near-normal 5'-deiodinase activities. Combined replacement therapy with T4 and T3 (in proportions similar to those secreted by the normal rat thyroid) completely restored euthyroidism in thyroidectomized rats at much lower doses of T4 than those needed to normalize T3 in most tissues when T4 alone was used. If pertinent to man, these results might well justify a change in the current therapy for hypothyroidism.

Additional info. from paper: The thyroid gland produces both T4 and T3.  It makes sense to replace both.  Plasma T3 levels in patients receiving T4 treatment are only 80% of those of normal individuals.  Supraphysiologic levels of T4 are needed to restore normal T3 levels in thyroidectomized rats.  A T4/T3 ratio of 6:1 was found to be most effective in rats.  Addition of small amount T3 decreases T4 needed by 50%.  The thyroid production of hormones in humans is 101(g T4 and 6(gT3 (16:1 by weight).  Total T3 production/day including conversion is 26(g.  Restoring TSH and T4 to normal levels with T4 alone might not ensure normal T3 concentrations in all tissues.  Residence time of T4 in man is 13days, compared to 2.5days for T3.—HHL  

Escobar-Morreale HF, Botella-Carretero JI, Gomez-Bueno M, Galan JM, Barrios V, Sancho J. Thyroid hormone replacement therapy in primary hypothyroidism: a randomized trial comparing L-thyroxine plus liothyronine with L-thyroxine alone.  Ann Intern Med. 2005 Mar 15;142(6):412-24. 


BACKGROUND: Substituting part of the dose of l-thyroxine with small but supraphysiologic doses of liothyronine in hypothyroid patients has yielded conflicting results. OBJECTIVE: To evaluate combinations of L-thyroxine plus liothyronine in hypothyroid patients that match the proportions present in normal secretions of the human thyroid gland. DESIGN: Randomized, double-blind, crossover trial. SETTING: Academic research hospital. PARTICIPANTS: 28 women with overt primary hypothyroidism. INTERVENTION: Crossover trial comparing treatment with l-thyroxine, 100 microg/d (standard treatment), versus treatment with L-thyroxine, 75 microg/d, plus liothyronine, 5 microg/d (combination treatment)(1:5 substitution), for 8-week periods. All patients also received L-thyroxine, 87.5 microg/d, plus liothyronine, 7.5 microg/d (add-on combination treatment)(1.67:1 substitution), for a final 8-week add-on period. MEASUREMENTS: Primary outcomes included serum thyroid hormone levels, results of quality-of-life and psychometric tests, and patients' preference. Multiple biological thyroid hormone end points were studied as secondary outcomes. RESULTS: Compared with standard treatment, combination treatment led to lower free thyroxine levels (decrease, 3.9 pmol/L [95% CI, 2.5 to 5.3 pmol/L]), slightly higher serum levels of thyroid-stimulating hormone (increase, 0.62 mU/L [CI, 0.01 to 1.23 mU/L]), and unchanged free triiodothyronine levels. No improvement was observed in the other primary and secondary end points after combination treatment, with the exception of the Digit Span Test, in which the mean backward score and the mean total score increased slightly (0.6 digit [CI, 0.1 to 1.0 digit] and 0.8 digit [CI, 0.2 to 1.4 digits], respectively). The add-on combination treatment (1:1.67 substiution) resulted in overreplacement. Levels of thyroid-stimulating hormone decreased by 0.85 mU/L (CI, 0.27 to 1.43 mU/L) and serum free triiodothyronine levels increased by 0.8 pmol/L (CI, 0.1 to 1.5 pmol/L) compared with standard treatment; 10 patients had levels of thyroid-stimulating hormone that were below the normal range. Twelve patients preferred combination treatment, 6 patients preferred the add-on combination treatment, 2 patients preferred standard treatment, and 6 patients had no preference (P = 0.015). LIMITATIONS: Treatment with L-thyroxine, 87.5 microg/d, plus liothyronine, 7.5 microg/d, was an add-on regimen and was not randomized. CONCLUSIONS: Physiologic combinations of L-thyroxine plus liothyronine do not offer any objective advantage over l-thyroxine alone, yet patients prefer combination treatment. (And how they feel is the best test of how the hormone is actually working! Notice too that this study found that the T3/T4 strength ratio was about midway between 5 and 2; so let’s call it 3.5. -HHL)

Escobar-Morreale HF, Serrano-Gotarredona J, Villar LM, Garcia-Robles R, Gonzalez-Porque P, Sancho JM, Varela C. Methimazole has no dose-related effect on the serum concentrations of soluble class I major histocompatibility complex antigens, soluble interleukin-2 receptor, and beta 2-microglobulin in patients with Graves' disease. Thyroid. 1996 Feb;6(1):29-36. 


Soluble class I major histocompatibility antigens (sHLA), beta 2-microglobulin (beta 2-M), and soluble interleukin-2 receptor (sIL-2R), are secreted by B and T lymphocytes upon activation, and have been used as markers of immune activation in several diseases. Thirty-two Graves' disease patients were randomly assigned to three methimazole (MMI) regimens of treatment: (1) low-dose, starting with 45 mg/day, and lowering the dose thereafter to maintain normal serum thyroid hormones; (2) MMI 60 mg/day + levothyroxine, and (3) MMI 30 mg/day + levothyroxine. Serum sHLA, beta 2-M, sIL-2R, TSH receptor antibodies (TSH-R Ab), T3, and free T4 (fT4) were measured at diagnosis and at weeks 4, 12, and 24 (end of treatment). Patients were followed-up after treatment for at least 24 weeks (24 to 89). At diagnosis, serum levels of sIL-2R, beta 2-M, sHLA, and TSH-R Ab were elevated. Serum sIL-2R, beta 2-M, sHLA, and TSH-R Ab decreased with treatment. No effect of the varying MMI regimens on these parameters was observed. Soluble IL-2R correlated positively with T3, fT4, beta 2-M, sHLA, and TSH-R Ab. Statistically significant, but weak, correlations (r < 0.35) were observed between beta 2-M, sHLA, and TSH-R Ab, between beta 2-M, T3, and fT4, and between TSH-R Ab and T3. Recurrence rates were not associated either with the MMI regimen or any of the parameters studied, with the exception of elevated initial TSH-R Ab levels. Serum sHLA, beta 2-M, and sIL-2R are increased in untreated Graves' disease, and decrease during treatment. No MMI dose-related differences were observed in these parameters, and in the recurrence rate. Unfortunately, sHLA, beta 2-M, and sIL-2R were not useful predictors of prolonged remission after MMI treatment.

Evered D, Young ET, Ormston BJ, Menzies R, Smith PA, Hall R. Treatment of Hypothyroidism: A Reappraisal of Thyroxine Therapy.  British Medical Journal, 1973, 3, 131-134

Twenty-two subjects with hypothyroidism have been studied in detail before and during replacement therapy with L-thyroxine (T4). All subjects were stabilized on the minimum dose of T-4 which was necessary to suppress their serum thyroid-stimulating hormone (TSH) concentration to normal, and on this dose most subjects had a normal or impaired TSH response to thyrotrophin releasing hormone (TRH). The daily dose of T-4 required to suppress TSH was 0.1 mg (13 subjects), 0.15 mg (six subjects), and 0.2 mg (three subjects). It was shown that all subjects were euthyroid on these doses and, using a range of thyroid function tests, that they were normal in all respects when compared with a group of euthyroid controls, with the exception of a smaIl group who had a marginally raised serum triiodo-L-thyronine (T-3) concentration. It has been shown that those subjects who required the larger doses of T- 4 had a more advanced degree of thyroid failure than those who were stabilized on 0.1 mg T-4 daily. It is concluded that conventional doses of T-4 (0.2-0.4 mg daily) are often associated with subclinical hyperthyroidism.(Seminal paper advocating decreasing usual doses of 200-400mcg down to TSH-normalizing doses of 100-200mcg, and the use of T4 only based on the fact that symptoms improved, some parameters were equal to controls, and serum T3 levels were elevated above controls. The T3 was measured by an early assay which must have been erroneous, as we know today that total and free T3 often remain mid-normal even when T4 is supernormal.  Furthermore, we know that non-complete TSH suppression with T4 therapy does not have the deleterious effects of hyperthyroidism that these authors feared.—HHL)

Faber J; Galloe AM. Changes in bone mass during prolonged subclinical hyperthyroidism due to L-thyroxine treatment: a meta-analysis. Eur J Endocrinol 1994 Apr;130(4):350-6.

L-Thyroxine (L-T4) in the treatment of thyroid disease resulting in reduced serum thyrotropin (TSH) has been associated with reduced bone mass and thus the potential risk of premature development of osteoporosis. However, several recent studies have failed to show such a detrimental effect. These disagreements are probably due to only a small number of patients taking part in each study, decreasing the change of finding significant differences and increasing the risk of missing a real difference (type 1 and 2 errors, respectively). We therefore performed a meta-analysis on the available papers (N = 13), in which bone mass was measured in the distal forearm, femoral neck or lumbar spine in a cross-sectional manner in women with suppressed serum TSH due to L-T4 treatment and in a control group. The women were divided according to their pre- and postmenopausal state, because preserved estrogen production plays a protective role against irreversible bone loss. Based on the number of measurements performed on the different sites of the skeleton, a theoretical bone composed of 30.4% distal forearm, 28.8% femoral neck and 40.8% lumbar spine could be constructed in premenopausal women (441 measurements). A premenopausal woman at an average age of 39.6 years and treated with 164 micrograms L-T4/day for 8.5 years, leading to suppressed serum TSH, had 2.67% less bone mass than controls (NS), corresponding to an excess annual bone loss of 0.31% after 8.5 years of treatment (NS). The risk of not detecting an excess bone loss of at least 1% per year (type 2 error) was p < 0.15.(ABSTRACT TRUNCATED AT 250 WORDS) (Q: How much was the TSH suppressed? Completely undetectable? Any correction for Vit D or Vit K levels in any of these studies—not. Bone loss begins in women at age 30—probably due to hormone deficiency: GH, testosterone, Vit D, and progesterone. Anything that increases metabolic rate will increase the bone loss if there is a hormone or substrate deficiency.—HHL.) 

Faglia G, Bitensky L, Pinchera A, Ferrari C, Paracchi A, Beck-Peccoz P, Ambrosi B, Spada A. Thyrotropin secretion in patients with central hypothyroidism: evidence for reduced biological activity of immunoreactive thyrotropin. J Clin Endocrinol Metab. 1979 Jun;48(6):989-98. 


TSH concentration was measured in plasma before and after TRH administration (200 micrograms, iv) in 89 patients with documented hypothyroidism consequent to various hypothalamic-pituitary disorders. Basal plasma TSH was less than 1.0 microI/ml in 34.8%, between 1.0-3.6 microU/ml in 40.5% and slightly elevated (3.7-9.7 microU/ml) in 24.7% of the cases. The plasma TSH response to TRH was absent in 13.5%, impaired in 16.8%, normal in 47.2%, and exaggerated in 22.5% of the cases, with delayed and/or prolonged pattern of response in 65% of the cases. The dilution curves of several plasmas drawn before and after TRH were parallel to those obtained with TSH standard preparation. After gel filtration, the elution pattern of TRH-stimulated plasmas from 4 patients did not show any major difference from that of pooled plasmas from normal subjects given TRH or from that of patients with primary hypothyroidism. Plasma TSH values determined by cytochemical bioassay on both basal and TRH-stimulated samples of 5 patients were markedly lower than those obtained by RIA. The serum T3 response to TRH was absent or low in 40 out of 53 patients in whom it was evaluated. The administration of T3 (100 micrograms/day for 3 days) or dexamethasone (3 mg/day for 5 days) respectively suppressed or reduced both basal and TRH-induced plasma TSH levels. Two patients became hypothyroid shortly after pituitary surgery in spite of basal and TRH-induced plasma TSH levels similar to or higher than those before surgery. Though thyroid atrophy due to chronic understimulation could explain the low T3 response to TRH in secondary hypothyroidism, it is difficult to reconcile thyroid understimulation with normal or increased plasma TSH unless the immunoreactive material has low biological activity. Present data suggest that several patients with hypothyroidism consequent to hypothalamic-pituitary diseases secrete a material which is immunologically similar to pituitary standard TSH and responds to stimulatory and suppressive agents in a manner similar to normal TSH but has low or absent biological activity. Thus, hypothyroidism due to insufficient TSH stimulation can be termed central hypothyroidism and can be due 1) to pituitary insufficiency (secondary hypothyroidism), 2) to a hypothalamic defect (tertiary hypothyroidism), or 3) to the secretion of biologically inactive TSH.

Ferrari C, Paracchi A, Parisio E, Codecasa F, Mucci M, Boghen M, Gerevini G, Rampini P. Serum free thyroid hormones in different degrees of hypothyroidism and in euthyroid autoimmune thyroiditis. Acta Endocrinol (Copenh). 1987 Apr;114(4):559-64. 
    

Serum total and free T4 and T3, thyroxine-binding globulin (TBG) and TSH, basal and 20, 30 and 60 min after TRH (200 micrograms, iv), were evaluated in 125 hypothyroid patients (38 with severe, 23 with mild, and 64 with subclinical hypothyroidism), in 35 euthyroid subjects with autoimmune thyroiditis, and in 51 healthy controls. T4/TBG and T3/TBG ratios were also calculated. A significant decrease in all indices of thyroid function except for T3 occurred simultaneously with a significant increase in basal and TRH-stimulated TSH levels from healthy subjects to subclinical hypothyroids, from subclinical to mild and from mild to severe hypothyroids; euthyroid patients with autoimmune thyroiditis did not differ from healthy subjects. All severe hypothyroid patients had low T4 as well as free T4 (FT4), free T3 (FT3), T4/TBG and T3/TBG ratios, but among mild and subclinical hypothyroids direct determination of FT4 and FT3 proved to be a better index of thyroid function than determination of T4 and T3 even after correction for TBG levels. FT4 was the most commonly abnormal index (19 of 23 subjects with mild and 14 of 64 with subclinical disease). Regression analysis showed that FT4, T4/TBG ratio, T4, and FT3 had a significant inverse correlation with TSH in hypothyroid patients. Discriminant analysis showed that among the thyroid parameters, FT4 is the variable which discriminates best between control subjects and the 3 groups of hypothyroid patients. These data extend previous reports and in a large series of patients confirm the biological meaning and the clinical value of direct measurement of serum free thyroid hormones in hypothyroidism.(ABSTRACT TRUNCATED AT 250 WORDS)

Fernandes JK, Klein MJ, Ater JL, Kuttesch JF, Vassilopoulou-Sellin R. Triiodothyronine supplementation for hypothalamic obesity.  Metabolism. 2002 Nov;51(11):1381-3. 


Patients with suprasellar lesions develop profound hypothalamic obesity and listlessness with no effective treatment. We added triiodothyronine (T(3)) supplementation in 3 such patients and present their response. All had previous nutritional counseling without benefit. All were treated for diabetes insipidus (DI) and hypopituitarism; serum free thyroxine (T4) level was normal. A 24-year-old woman (pineal tumor and astrocytoma) had weight gain (4.7 kg/yr for 3 years), cold intolerance, fatigue, dry skin, and constipation; after T(3), she lost 14 kg over 27 months and reported overall improvement. Her bone mineral density also improved. A 10.6-year-old boy (optic glioma) was gaining 6 kg/yr for 4 years; after T(3) supplement, he lost 4.3 kg over 11 months. A 12-year-old girl (mixed germ cell tumor) had weight gain (8.3 kg/yr for 3 years) and listlessness; after T(3), she lost 8.1 kg over 16 months and had improved alertness. All patients were asymptomatic despite supraphysiologic T(3) levels. We suggest that T(3) may serve as a simple and effective supplement, which can promote weight loss and improve the well being of these patients with hypothalamic obesity. (Perhaps normalizing T4 concentrations with T4 supplementation may not be sufficient; must give T3 also.-HHL)

Ferretti E, Persani L, Jaffrain-Rea ML, Giambona S, Tamburrano G, Beck-Peccoz P. Evaluation of the adequacy of levothyroxine replacement therapy in patients with central hypothyroidism.J Clin Endocrinol Metab. 1999 Mar;84(3):924-9.

As there are few data on the evaluation of the adequacy of levothyroxine (L-T4) therapy in patients with central hypothyroidism (CH), a prospective study was performed to assess the accuracy of various parameters in the follow-up of 37 CH patients. Total and free thyroid hormones, TSH, and a series of clinical and biochemical indexes of peripheral thyroid hormone action have been evaluated off and on L-T4 therapy. Samples were taken before the daily administration of L-T4. In all patients off therapy, clinical hypothyroidism and low levels of free T4 (FT4) were observed, whereas values of FT3, total T4, and total T3 were below the normal range in 73%, 57%, and 19% of cases, respectively. Most of the indexes of thyroid hormone action were significantly modified after L-T4 withdrawal and exhibited significant correlation with free thyroid hormone levels. During L-T4 replacement therapy, 32 patients had circulating levels of FT4 and FT3 and indexes within the normal range with a mean L-T4 daily dose of 1.5 +/- 0.3 microg/kg BW. Despite normal serum FT4, 3 patients had borderline high values of FT3 and a clear elevation of serum-soluble interleukin-2 receptor concentrations, suggesting overtreatment. Low or borderline low FT4/FT3 levels indicated undertreatment in 2 patients. The clinical parameters lack the required specificity for the diagnosis or follow-up of CH patients. The L-T4 daily dose should be established, taking into account the weight, the age, and the presence of other hormone deficiencies or pharmacological treatment of CH patients. In conclusion, our results indicate that the diagnosis of CH is reached at best by measuring TSH and FT4 concentrations. In the evaluation of the adequacy of L-T4 replacement therapy, both FT4 and FT3 serum levels together with some biochemical indexes of thyroid hormone action are all necessary to a more accurate disclosure of over- or undertreated patients.

Fish LH, Schwartz HL, Cavanaugh J, Steffes MW, Bantle JP, Oppenheimer JH. Replacement dose, metabolism, and bioavailability of levothyroxine in the treatment of hypothyroidism. Role of triiodothyronine in pituitary feedback in humans. N Engl J Med. 1987 Mar 26;316(13):764-70. 

A change in the formulation of the levothyroxine preparation Synthroid (Flint) in 1982 prompted us to reevaluate the replacement dose of this drug in 19 patients with hypothyroidism. The dose was titrated monthly until thyrotropin levels became normal. The mean replacement dose (+/- SD) was 112 +/- 19 micrograms per day, significantly less (P less than 0.001) than the dose of an earlier formulation--169 +/- 66 micrograms per day--used in a similar study (Stock JM, et al. N Engl J Med 1974; 290:529-33). The fractional gastrointestinal absorption of a tablet of the current formulation is 81 percent, considerably higher than the earlier estimate of 48 percent. Using high-performance liquid chromatographic analysis, we found that the current tablet contains the amount of thyroxine stated by the manufacturer. By measuring the bioavailability of the earlier type of tablet in five patients, we inferred that the strength of the previous tablet had been overestimated. In the present study, the thyrotropin levels of patients on replacement therapy returned to normal when serum triiodothyronine concentrations were not significantly different from those of controls (122 vs. 115 ng per deciliter [1.87 vs. 1.77 nmol per liter]), but when serum thyroxine levels were significantly above those of controls (11.3 vs. 8.7 micrograms per deciliter [145 vs. 112 nmol per liter], P less than 0.001). These findings suggest the possibility that in humans, serum triiodothyronine may play a more important part than serum thyroxine in regulating the serum thyrotropin concentration.

Flynn RW, Macdonald TM, Jung RT, Morris AD, Leese GP. Mortality and vascular outcomes in patients treated for thyroid dysfunction. J Clin Endocrinol Metab. 2006 Jun;91(6):2159-64. Epub 2006 Mar 14. 


CONTEXT: There are limited studies describing mortality and morbidity in patients treated for hyperthyroidism, and no data exist for people with treated hypothyroidism. OBJECTIVE: The objective of the study was to describe all-cause mortality and vascular mortality and morbidity in patients after treatment for hyperthyroidism and hypothyroidism. DESIGN: This was a population-based cohort study from 1994 to 2001. SETTING: The study was conducted in Tayside, Scotland. PATIENTS: All patients were treated for thyroid dysfunction. INTERVENTION(S): Event rates among patients with thyroid dysfunction were compared with rates in the general population. We measured standardized mortality ratio and standardized incidence ratio (SIR). MAIN OUTCOME MEASURE(S): The primary outcome was all-cause mortality. The secondary outcome was serious vascular event, the composite end point of nonfatal myocardial infarction, nonfatal stroke, or vascular death. RESULTS: There were 15,889 primary hypothyroid and 3,888 hyperthyroid patients. There were 3,116,719 patient-years of follow-up in 524,152 subjects in the general population. No increase was found in all-cause mortality or serious vascular events in patients with treated hypothyroidism or hyperthyroidism. Nonfatal ischemic heart disease [SIR 1.23, 95% confidence interval (CI) 1.10-1.36] and dysrhythmias (SIR 1.32, 95% CI 1.11-1.57) were increased in treated hypothyroidism when adjusted for age, sex, diabetic status, and previous vascular disease. In treated stabilized hyperthyroidism, only the risk of dysrhythmias was increased (SIR 2.71, 95% CI 1.63-4.24). Risk of heart failure or cerebrovascular disease was not increased in either patient group. CONCLUSIONS: We found no increase in all-cause mortality in subjects with treated thyroid disease. However, there was increased risk of cardiovascular morbidity in patients with treated primary hypothyroidism and dysrhythmias in treated hyperthyroidism. (Perhaps indicating that standard T4 treatment protocols result in undertreatment.  Serum free T3 levels have been closely associated with degree of atherosclerosis, and we know that T4 therapy does not improve T3 levels substantially.—HHL)

Flynn RW, Bonellie SR, Jung RT, MacDonald TM, Morris AD, Leese GP. Serum thyroid-stimulating hormone concentration and morbidity from cardiovascular disease and fractures in patients on long-term thyroxine therapy. J Clin Endocrinol Metab. 2010 Jan;95(1):186-93. 

CONTEXT: For patients on T(4) replacement, the dose is guided by serum TSH concentrations, but some patients request higher doses due to adverse symptoms. OBJECTIVE: The aim of the study was to determine the safety of patients having a low but not suppressed serum TSH when receiving long-term T(4) replacement. DESIGN: We conducted an observational cohort study, using data linkage from regional datasets between 1993 and 2001. SETTING: A population-based study of all patients in Tayside, Scotland, was performed. PATIENTS: All patients taking T(4) replacement therapy (n = 17,684) were included. MAIN OUTCOME MEASURES: Fatal and nonfatal endpoints were considered for cardiovascular disease, dysrhythm ias, and fractures. Patients were categorized as having a suppressed TSH (<or=0.03 mU/liter), low TSH (0.04-0.4 mU/liter), normal TSH (0.4-4.0 mU/liter), or raised TSH (>4.0 mU/liter). RESULTS: Cardiovascular disease, dysrhythmias, and fractures were increased in patients with a high TSH: adjusted hazards ratio, 1.95 (1.73-2.21), 1.80 (1.33-2.44), and 1.83 (1.41-2.37), respectively; and patients with a suppressed TSH: 1.37 (1.17-1.60), 1.6 (1.10-2.33), and 2.02 (1.55-2.62), respectively, when compared to patients with a TSH in the laboratory reference range. Patients with a low TSH did not have an increased risk of any of these outcomes [hazards ratio: 1.1 (0.99-1.123), 1.13 (0.88-1.47), and 1.13 (0.92-1.39), respectively]. CONCLUSIONS: Patients with a high or suppressed TSH had an increased risk of cardiovascular disease, dysrhythmias, and fractures, but patients with a low but unsuppressed TSH did not. It may be safe for patients treated with T(4) to have a low but not suppressed serum TSH concentration. PMID: 19906785

Franklyn JA, Daykin J, Betteridge J, Hughes EA, Holder R, Jones SR, Sheppard MC. Thyroxine replacement therapy and circulating lipid concentrations. Clin Endocrinol (Oxf). 1993 May;38(5):453-9. 


OBJECTIVE: Hypothyroidism is a common disorder and while the association of overt hypothyroidism with hypercholesterolaemia is clear, the effect upon lipids of the minor abnormalities of thyroid function often found in those receiving T4 replacement therapy is unclear. The aim of the present studies was to define in those with hypothyroidism the effect upon circulating lipids of subtle changes in thyroid status, indicated by serum TSH values below or above the normal range. DESIGN: (i) Prospective study of short-term T4 treatment of those with subclinical hypothyroidism. (ii) Cross-sectional study of long-term T4 treatment, comparing non-T4 treated controls and T4 treated patients with serum TSH values either below or within the normal range. PATIENTS: Short-term T4 therapy was examined in 11 post-menopausal females with subclinical hypothyroidism (high TSH, normal free T4) studied before therapy and 6 weeks after T4 at incremental doses (50, 100, 150 micrograms/day). Long-term T4 treatment for hypothyroidism was investigated in 105 females on therapy for at least 1 year compared with 105 controls matched for age and menopausal status. MEASUREMENTS: Fasting levels of total cholesterol, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol and HDL subfractions were determined in patients and controls. RESULTS: (i) T4 treatment of subjects with subclinical hypothyroidism resulted in reductions in total and LDL cholesterol with increasing T4 dose (P < 0.001). Comparison of lipid results pretreatment with those when TSH was restored to normal revealed no significant difference in lipids; in contrast, comparison of lipids in those with normal TSH compared with the same subjects when TSH was suppressed revealed reductions in total and LDL cholesterol. (ii) Long-term T4 treatment was associated with a reduction in total and LDL cholesterol measurements in those over 55 years receiving suppressive doses of T4 but no significant difference in lipids in those with normal serum TSH compared with non-T4 treated controls. CONCLUSION: Effects of T4 upon lipid measurements suggest that patients with subclinical hypothyroidism should receive replacement therapy. Doses of T4 which suppress TSH to below normal may have a more significant influence upon lipids than doses of T4 which restore TSH to the normal range.

Fraser WD, Biggart EM, O'Reilly DS, Gray HW, McKillop JH, Thomson JA. Are biochemical tests of thyroid function of any value in monitoring patients receiving thyroxine replacement? Br Med J (Clin Res Ed). 1986 Sep 27;293(6550):808-10. 


To establish their role in monitoring patients receiving thyroxine replacement biochemical tests of thyroid function were performed in 148 hypothyroid patients studied prospectively. Measurements of serum concentrations of total thyroxine, analogue free thyroxine, total triiodothyronine, analogue free triiodothyronine, and thyroid stimulating hormone, made with a sensitive immunoradiometric assay, did not, except in patients with gross abnormalities, distinguish euthyroid patients from those who were receiving inadequate or excessive replacement. These measurements are therefore of little, if any, value in monitoring patients receiving thyroxine replacement. To stop doing thyroid function tests in these cases would result in considerable savings nationally in the cost of reagents in laboratories using commercial kits.

Friedman M, Miranda-Massari JR, Gonzalez MJ. Supraphysiological cyclic dosing of sustained release T3 in order to reset low basal body temperature. P R Health Sci J. 2006 Mar;25(1):23-9. 
 

The use of sustained release tri-iodothyronine (SR-T3) in clinical practice, has gained popularity in the complementary and alternative medical community in the treatment of chronic fatigue with a protocol (WT3) pioneered by Dr. Denis Wilson. The WT3 protocol involves the use of SR-T3 taken orally by the patient every 12 hours according to a cyclic dose schedule determined by patient response. The patient is then weaned once a body temperature of 98.6 degrees F has been maintained for 3 consecutive weeks. The symptoms associated with this protocol have been given the name Wilson's Temperature Syndrome (WTS). There have been clinical studies using T3 in patients who are euthyroid based on normal TSH values. However, this treatment has created a controversy in the conventional medical community, especially with the American Thyroid Association, because it is not based on a measured deficiency of thyroid hormone. However, just as estrogen and progesterone are prescribed to regulate menstrual cycles in patients who have normal serum hormone levels, the WT3 therapy can be used to regulate metabolism despite normal serum thyroid hormone levels. SR-T3 prescription is based exclusively on low body temperature and presentation of symptoms. Decreased T3 function exerts widespread effects throughout the body. It can decrease serotonin and growth hormone levels and increase the number of adrenal hormone receptor sites. These effects may explain some of the symptoms observed in WTS. The dysregulation of neuroendocrine function may begin to explain such symptoms as alpha intrusion into slow wave sleep, decrease in blood flow to the brain, alterations in carbohydrate metabolism, fatigue, myalgia and arthralgia, depression and cognitive dysfunction. Despite all thermoregulatory control mechanisms of the body and the complex metabolic processes involved, WT3 therapy seems a valuable tool to re-establish normal body functions. We report the results of 11 patients who underwent the WT3 protocol for the treatment of CFS. All the patients improved in the five symptoms measured. All patients increased their basal temperature. The recovery time varied from 3 weeks to 12 months.

Gammage MD, Parle JV, Holder RL, Roberts LM, Hobbs FD, Wilson S, Sheppard MC, Franklyn JA. Association between serum free thyroxine concentration and atrial fibrillation. Arch Intern Med. 2007 May 14;167(9):928-34. 

BACKGROUND: Previous studies have suggested that minor changes in thyroid function are associated with risk of atrial fibrillation (AF). Our objective was to determine the relationship between thyroid function and presence of atrial fibrillation (AF) in older subjects. METHODS: A population-based study of 5860 subjects 65 years and older, which excluded those being treated for thyroid dysfunction and those with previous hyperthyroidism. Main outcome measures included tests of thyroid function (serum free thyroxine [T(4)] and thyrotropin [TSH]) and the presence of AF on resting electrocardiogram. RESULTS: Fourteen subjects (0.2%) had previously undiagnosed overt hyperthyroidism and 126 (2.2%), subclinical hyperthyroidism; 5519 (94.4%) were euthyroid; and 167 (2.9%) had subclinical hypothyroidism and 23 (0.4%), overt hypothyroidism. The prevalence of AF in the whole cohort was 6.6% in men and 3.1% in women (odds ratio, 2.23; P<.001). After adjusting for sex, logistic regression showed a higher prevalence of AF in those with subclinical hyperthyroidism compared with euthyroid subjects (9.5% vs 4.7%; adjusted odds ratio, 2.27; P=.01). Median serum free T(4) concentration was higher in those with AF than in those without (1.14 ng/dL; interquartile range [IQR], 1.05-1.27 ng/dL [14.7 pmol/L; IQR, 13.5-16.4 pmol/L] vs 1.10 ng/dL; IQR, 1.00-1.22 ng/dL [14.2 pmol/L; IQR, 12.9-15.7 pmol/L]; P<.001), and higher in those with AF when analysis was limited to euthyroid subjects (1.13 ng/dL; IQR, 1.05-1.26 ng/dL [14.6 pmol/L; IQR, 13.5-16.2 pmol/L] vs 1.10 ng/dL; IQR, 1.01-1.21 ng/dL [14.2 pmol/L; IQR, 13.0-15.6 pmol/L]; P=.001). Logistic regression showed serum free T(4) concentration, increasing category of age, and male sex all to be independently associated with AF. Similar independent associations were observed when analysis was confined to euthyroid subjects with normal TSH values. CONCLUSIONS: The biochemical finding of subclinical hyperthyroidism is associated with AF on resting electrocardiogram. Even in euthyroid subjects with normal serum TSH levels, serum free T(4) concentration is independently associated with AF.

García-G C, López-Bojorquez LN, Nuñez J, Valverde-R C, Orozco A. 3,5-diiodiothyronine in vivo maintains euthyroidal expression of type 2 iodothyronine deiodinase, growth hormone, and thyroid hormone receptor {beta}1 in the killfish. Am J Physiol Regul Integr Comp Physiol. 2007 May 23; [Epub ahead of print]


Until recently, 3,5-T2 has been considered an inactive by-product of T3 deiodination. However, studies from several laboratories have shown that 3,5-T2 has specific, non-genomic effects upon mitochondrial oxidative capacity and respiration rate that are distinct from those due to T3. Nevertheless, little is known about the putative genomic effects of 3,5-T2. We have previously shown that hyperthyroidism induced by supra-physiological doses of 3,5-T2 inhibits hepatic iodothyronine deiodinase type 2 (D2) activity and lowers mRNA levels in the killifish in the same manner as T3 and T4, suggesting a pre-translational effect of 3,5-T2. The question remains as to whether 3,5-T2 would have effects under conditions similar to those that are physiological for T3. To this end intact killifish were rendered hypothyroid by administering methimazole. Groups of hypothyroid animals simultaneously received 30 nM of either T3, rT3, or 3,5-T2. Under these conditions we expected that, if it were bioactive, 3,5-T2 would mimic T3 and thus reverse the compensatory up-regulation of D2 and TRbeta1 and down-regulation of GH that characterize hypothyroidism. Our results demonstrate that 3,5-T2 is indeed bioactive, reversing both hepatic D2 and GH responses during a hypothyroidal state. Furthermore, we observed that 3,5-T2 and T3 recruit two distinct populations of transcription factors to typical palindromic and DR4 thyroid hormone response elements. Taken together, these results add further evidence to support the notion that 3,5-T2 is a bioactive iodothyronine.

Gartner R, Gasnier BC, Dietrich JW, Krebs B, Angstwurm MW.  Selenium supplementation in patients with autoimmune thyroiditis decreases thyroid peroxidase antibodies concentrations.J Clin Endocrinol Metab. 2002 Apr;87(4):1687-91. 


In areas with severe selenium deficiency there is a higher incidence of thyroiditis due to a decreased activity of selenium-dependent glutathione peroxidase activity within thyroid cells. Selenium-dependent enzymes also have several modifying effects on the immune system. Therefore, even mild selenium deficiency may contribute to the development and maintenance of autoimmune thyroid diseases. We performed a blinded, placebo-controlled, prospective study in female patients (n = 70; mean age, 47.5 +/- 0.7 yr) with autoimmune thyroiditis and thyroid peroxidase antibodies (TPOAb) and/or Tg antibodies (TgAb) above 350 IU/ml. The primary end point of the study was the change in TPOAb concentrations. Secondary end points were changes in TgAb, TSH, and free thyroid hormone levels as well as ultrasound pattern of the thyroid and quality of life estimation. Patients were randomized into 2 age- and antibody (TPOAb)-matched groups; 36 patients received 200 microg (2.53 micromol) sodium selenite/d, orally, for 3 months, and 34 patients received placebo. All patients were substituted with L-T(4) to maintain TSH within the normal range. TPOAb, TgAb, TSH, and free thyroid hormones were determined by commercial assays. The echogenicity of the thyroid was monitored with high resolution ultrasound. The mean TPOAb concentration decreased significantly to 63.6% (P = 0.013) in the selenium group vs. 88% (P = 0.95) in the placebo group. A subgroup analysis of those patients with TPOAb greater than 1200 IU/ml revealed a mean 40% reduction in the selenium-treated patients compared with a 10% increase in TPOAb in the placebo group. TgAb concentrations were lower in the placebo group at the beginning of the study and significantly further decreased (P = 0.018), but were unchanged in the selenium group. Nine patients in the selenium-treated group had completely normalized antibody concentrations, in contrast to two patients in the placebo group (by chi(2) test, P = 0.01). Ultrasound of the thyroid showed normalized echogenicity in these patients. The mean TSH, free T(4), and free T(3) levels were unchanged in both groups. We conclude that selenium substitution may improve the inflammatory activity in patients with autoimmune thyroiditis, especially in those with high activity. Whether this effect is specific for autoimmune thyroiditis or may also be effective in other endocrine autoimmune diseases has yet to be investigated.

Gerald S. Levey. Hypothyroidism: A Treacherous Masquerader. Acute Care Medicine May, 1984, pgs 34-36.

Gewirtz GR, Malaspina D, Hatterer JA, Feureisen S, Klein D, Gorman JM. Occult thyroid dysfunction in patients with refractory depression. Am J Psychiatry. 1988 Aug;145(8):1012-4. 


Assessment of metabolic rate was useful in evaluating refractory depression in six of 15 women. Five of the six had normal levels of T3 and T4; however, each had an elevated thyrotropin-stimulating hormone level or a low metabolic rate. The depressions responded to medication with thyroid hormone.

Gitlin M, Altshuler LL, Frye MA, Suri R, Huynh EL, Fairbanks L, Bauer M, Korenman S. Peripheral thyroid hormones and response to selective serotonin reuptake inhibitors. J Psychiatry Neurosci. 2004 Sep;29(5):383-6. 


OBJECTIVE: To examine the relation between baseline measurements of thyroid function and response to selective serotonin reuptake inhibitors (SSRIs) and to consider the effect of these antidepressants on thyroid hormone levels. METHODS: Nineteen subjects with major depression, but without a history of thyroid treatment or lithium treatment, were treated openly with either sertraline or fluoxetine in a university- affiliated tertiary care hospital. Hamilton Depression Rating Scale (Ham-D) scores were measured before and after treatment. Clinical Global Impressions (CGI) scores were measured at study end. Thyroid data, consisting of values for thyroid-stimulating hormone (TSH), triiodothyronine (T(3), measured by radioimmunoassay [RIA]), thyroxine (T(4), measured by RIA) and free T(4), were collected before and after treatment. Complete thyroid data were available for 17 subjects. Data were collected during 1997-1999. RESULTS: Baseline TSH correlated strongly with response to treatment as measured by change in Ham-D scores (r = 0.64, p = 0.003). Low TSH values correlated with greater improvement in depressive symptoms. Thyroid hormone levels decreased with treatment, but these decreases did not correlate with clinical improvement. CONCLUSION: Baseline thyroid function, as measured by serum TSH, may predict a patient's response to antidepressant treatment with SSRIs. Optimal thyroid function, beyond simply being within the normal laboratory values, may be necessary for an optimal response to antidepressants.

Goglia F. Biological effects of 3,5-diiodothyronine (T(2)). Biochemistry (Mosc). 2005 Feb;70(2):164-72.

This article is principally intended to describe the facts concerning the actions of 3,5-diiodothyronine (T(2)). Until recent years, T(2), because of its very low affinity for thyroid hormone receptors (THR), was considered an inactive metabolite of thyroid hormones (TH) (thyroxine (T(4)) and triiodo-L-thyronine (T(3))). Several observations, however, led to a reconsideration of this idea. Early studies dealing with the biological activities of this iodothyronine revealed its ability to stimulate cellular/mitochondrial respiration by a nuclear-independent pathway. Mitochondria and bioenergetic mechanisms seem to be major targets of T(2), although outside the mitochondria T(2) also has effects on carriers, ion-exchangers, and enzymes. Recent studies suggest that T(2) may also affect the transcription of some genes, but again the underlying mechanisms seem to be different from those actuated by T(3). The accumulated evidence permits the conclusion that the actions of T(2) do not simply mimic those of T(3) but instead are specific actions exerted through mechanisms that are independent of those actuated by T(3) and do not involve THR.

González-Sagrado M, Martín-Gil FJ. Population-specific reference values for thyroid hormones on the Abbott ARCHITECT i2000 analyzer. Clin Chem Lab Med. 2004 May;42(5):540-2.

Reliable reference ranges are important in the interpretation of laboratory data, and it is incumbent on each laboratory to verify that the ranges they use are appropriate for the patient population they serve. The objective of this study was to determine population-specific reference ranges for thyroid stimulating hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3) and total triiodothyronine (TT3) on the Abbott ARCHITECT 12000 analyzer. For this study, we used human serum samples collected from a population in Castilla y León, Spain. Serum samples were collected from 304 individuals (male, n = 151; female, n = 153; age 12-94 years) representing outpatients (n=100), hospitalized patients (n = 104) and apparently healthy subjects (n = 100). Individuals taking any medications, with a history of thyroid disorder, or severe non-thyroidal illness were excluded from the study. For healthy subjects, the following reference intervals were determined: TSH, 0.51-5.95 mlU/l; fT4, 0.84-1.42 ng/dl (10.77- 18.21 pmol/l); fT3, 1.48-3.37 pg/ml (2.27-5.18 pmol/l); and TT3, 0.65-1.46 ng/ml (1.00-2.24 nmol/l). In this group, TSH and fT4 showed significant differences between men and women, but fT3 and TT3 did not. Conversely, fT3 and TT3 showed significant age-related differences, but TSH and fT4 did not. Within the outpatient group, no significant differences were seen between men and women for any of the hormones, but age-related differences were significant for fT3 and TT3. Within the hospitalized patient group, significant differences between men and women were found for TSH only, and age-related differences were significant for TSH, fT3 and TT3. Our findings are basically in accordance with previously published results for fT3, TT3 and TSH, but for fT4 our results differ from other data in the literature. This highlights the need for laboratories to confirm that the reference ranges they use are appropriate for the population they serve. PMID: 15202791

Gordon MB, Gordon MS. Variations in adequate levothyroxine replacement therapy in patients with different causes of hypothyroidism. Endocr Pract. 1999 Sep-Oct;5(5):233-8.

OBJECTIVE: To compare the levothyroxine replacement dose in 181 patients with various causes of hypothyroidism. METHODS: We analyzed the dose of levothyroxine used in the following five patient groups: (1) 37 patients with hypothyroidism after radioiodine therapy for Graves' thyrotoxicosis who were receiving a stable (for at least 4 years) replacement dose (mean time after 131 I therapy, 11.3 years); (2) 36 patients with Hashimoto's hypothyroidism (chronic autoimmune thyroiditis with a goiter or positive test results for antithyroid antibodies); (3) 36 patients with central hypothyroidism; (4) 36 patients with hypothyroidism after near-total thyroidectomy and 131 I therapy for thyroid carcinoma with negative total-body 131 I scans who were euthyroid when receiving levothyroxine; and (5) 36 patients with atrophic thyroiditis (no goiter and negative test results for antithyroid antibodies). Adequacy of levothyroxine replacement dose was defined as a normal thyrotropin level and clinical euthyroidism in patients with primary hypothyroidism and a serum free thyroxine index in the upper half of the normal range in conjunction with clinical euthyroidism in patients with central hypothyroidism. RESULTS: The mean (+/- standard error of the mean) replacement dosage of levothyroxine (mg/kg per day) in patients with atrophic thyroiditis (1.26 +/- 0.07) was lower (P<0.05) than in patients with Hashimoto's hypothyroidism (1.59 +/- 0.07) and those with hypothyroidism after radioiodine therapy (1.56 +/- 0.05). These doses, in turn, were lower (P<0.01) than those in patients with central hypothyroidism (1.88 +/- 0.10) or euthyroid thyroid carcinoma (2.08 +/- 0.07). In a separate analysis, the levothyroxine dose in 43 patients with hypothyroidism after 131 I treatment was evaluated serially over time. The mean levothyroxine dosage increased from 0.87 +/- 0.12 at 6 months after 131 I therapy to 1.57 +/- 0.09 at 7 years (P<0.001). The serum thyrotropin concentration (in mU/mL) during levothyroxine therapy in patients with central hypothyroidism (0.31 +/- 0.08) was lower (P<0.01) than in patients with hypothyroidism after 131 I therapy (1.69 +/- 0.37), Hashimoto's hypothyroidism (1.39 +/- 0.20), atrophic thyroiditis (1.86 +/- 0.22), and euthyroid thyroid carcinoma (1.48 +/- 0.26). CONCLUSION: The levothyroxine replacement dose varies with the cause of the hypothyroidism. PMID: 15251659

Gow SM, Caldwell G, Toft AD, Seth J, Hussey AJ, Sweeting VM, Beckett GJ. Relationship between pituitary and other target organ responsiveness in hypothyroid patients receiving thyroxine replacement. J Clin Endocrinol Metab. 1987 Feb;64(2):364-70.

This study was undertaken to compare the sensitivity of the thyrotrophs to that of other tissues to T4 treatment in hypothyroid patients. To do so, we measured serum total and free thyroid hormones and TSH, in addition to several serum markers of peripheral tissue response to thyroid status, in 21 hypothyroid patients treated with 50-micrograms increments of T4 to a maximum of 200 micrograms daily (group I) and in 104 clinically euthyroid patients receiving a long term constant replacement dose (group II). In group I patients, dose-dependent increases (P less than 0.05) in serum glutathione S-transferase, sex hormone-binding globulin, and angiotensin-converting enzyme occurred, whereas serum T4-binding globulin, creatine kinase, and creatinine levels decreased (P less than 0.05). In both patient groups, abnormally high levels of glutathione S-transferase, sex hormone-binding globulin, angiotensin-converting enzyme, alanine aminotransferase, and gamma-glutamyl transferase were found in some patients during treatment. One or more of these biochemical abnormalities suggestive of hyperthyroidism occurred in 15 (71%) group I patients and 27 (26%) group II patients. These were associated with an undetectable serum TSH (less than 0.1 microU/ml) and raised free T4 concentrations in 13, and raised free T3, T4, and T3 concentrations in only 8, 6, and 1 group I patients, respectively. In group II patients, they were more closely associated with an undetectable TSH (67%) or raised free T4 (85%) level than with raised concentrations of free T3 (33%), T4 (26%), or T3 (0%). The use of high sensitivity TSH assays will permit more accurate adjustment of T4 replacement and minimize abnormalities in peripheral tissue biochemistry indicative of overtreatment.(Implication—If TSH is detectable and FT4 is not above RR, biochemical changes of hyperthyroidism are unlikely. However, several of the biochemical indices (Glutathione S-transferase, SHBG, ALT, GGT) are produced in the liver, and with oral therapy the liver experiences excessive thyroid hormone due to the first-pass effect. Liver-related tests are therefore not representative of thyroid hormone effects in the rest of the body with oral dosing.—HHL)
Greenspan FS, Rapoport B. 1991 Tests of thyroid function. In: Greenspan FS, ed. Basic and clinical endocrinology, 3rd ed. London: Appleton & Lange, Prentice Hall International; 211.

“The ultimate test of whether a patient is experiencing the effects of too much or to little thyroid hormone is not the measurement of hormone concentration in the blood but the effect of thyroid hormones on the peripheral tissues”

Grozinsky-Glasberg S, Fraser A, Nahshoni E, Weizman A, Leibovici L. Thyroxine-triiodothyronine combination therapy versus thyroxine monotherapy for clinical hypothyroidism: meta-analysis of randomized controlled trials. J Clin Endocrinol Metab. 2006 Jul;91(7):2592-9. Epub 2006 May 2. 


CONTEXT: In some patients symptoms of hypothyroidism persist despite therapy with T(4). OBJECTIVE: The objective of the study was to compare the effectiveness of T(4)-T(3) combination vs. T(4) monotherapy for the treatment of clinical hypothyroidism in adults. DATA SOURCES: PubMed, EMBASE, LILACS, and the Cochrane Central Register of Controlled Trials (CENTRAL) databases were searched in September 2005. References of all included trials were scanned for additional studies. We put no restrictions on language, year of publication, or publication status. STUDY SELECTION: All randomized trials that compared the effectiveness of T(4)-T(3) combination vs. T(4) monotherapy for the treatment of clinical hypothyroidism in adults were included. DATA EXTRACTION: The data were extracted by two independent reviewers. DATA SYNTHESIS: We included 11 studies, in which 1216 patients were randomized. No difference was found in the effectiveness of combination vs. monotherapy in any of the following symptoms: bodily pain [standardized mean difference (SMD) 0.00, 95% confidence interval (CI) -0.34, 0.35], depression (SMD 0.07, 95% CI -0.20, 0.34), anxiety (SMD 0.00, 95% CI -0.12, 0.11), fatigue (SMD -0.12, 95% CI -0.33, 0.09), quality of life (SMD 0.03, 95% CI -0.09, 0.15), body weight, total serum cholesterol, triglyceride levels, low-density lipoprotein, and high-density lipoprotein. Adverse events did not differ between regimens. CONCLUSIONS: T(4) monotherapy should remain the treatment of choice for clinical hypothyroidism.(You do a meta-analysis of 11 badly-designed studies, most of which had the same flaws, and you get the wrong answer.  There just is no substitute for careful individualized clinical adjustment of T3 and T4 for each patient.—HHL) 

Gursoy A, Ozduman Cin M, Kamel N, Gullu S. Which thyroid-stimulating hormone level should be sought in hypothyroid patients under L-thyroxine replacement therapy? Int J Clin Pract. 2006 Jun;60(6):655-9.

We sought to determine whether relationships exist between level of thyroid-stimulating hormone (TSH) suppression and cardiovascular risk parameters such as plasma homocysteine, C-reactive protein (CRP), fibrinogen, D-dimer and serum cholesterol in patients taking L-thyroxine-replacement therapy (LT4-RT). Four hundred and two hypothyroid patients under LT4-RT were cross-sectionally evaluated. Patients were grouped according to their achieved TSH (mIU/l) levels under LT4-RT on an arbitrary manner. Those patients having a TSH value 0.4-2 were defined as group 1 (n = 154), a TSH level of 2 to less than 5.5 were defined as group 2 (n = 176) and a TSH level of 5.5 to less than 20 with a normal free T3 and free T4 level were defined as group 3 (n = 72). The three groups of patients were also compared with overt hypothyroid patients (n = 71) and healthy controls (n = 97). Homocysteine levels (micromol/l) were significantly different between the three groups (10.4 +/- 4 for group 1, 11.3 +/- 3.7 for group 2 and 13.5 +/- 4.7 for group 3; p < 0.01 for all groups). Significant differences in CRP (mg /l) levels were present between the three groups (2.6 +/- 2.6 for group 1, 3.3 +/- 2.9 for group 2 and 4.8 +/- 4.1 for group 3; p < 0.01 for all groups). Univariate analysis showed that both homocysteine and CRP levels significantly correlated with free T4 and TSH level (p < 0.01 for both groups). No statistically significant differences were noticed in respect to fibrinogen and d-dimer levels between three groups. In examining the effect of LT4-RT on lipid parameters, a tendency towards beneficial effects without achieving statistical significance was observed. Practically speaking, a target TSH level of less than 2 might be advisable to lower CRP levels and homocysteine levels, and possibly lipid parameters.

Guldiken S, Demir M, Turgut B, Altun BU, Arikan E, Kara M. Global fibrinolytic capacity in patients with subclinical hypothyroidism. Endocr J. 2005 Jun;52(3):363-7. 


Subclinical hypothyroidism (SH) represents the earliest stages of hypothyroidism but the benefits of detecting and treating SH are not well known. The aim of this study was to evaluate the alterations in global fibrinolytic capacity (GFC), which indicates the overall fibrinolytic activity, in patients with SH. The study group comprised of 15 patients with SH and 15 healthy controls. The GFC was significantly lower in patients with SH than in control group (p<0.002). This result suggests a relative hypercoagulable state in SH.

Hak AE, Pols HAP, Visser TJ, et al. Subclinical hypothyroidism is an independent risk factor for atherosclerosis and myocardial infarction in elderly women: the Rotterdam Study. Ann Intern Med. 2000; 132:270-78.
BACKGROUND: Overt hypothyroidism has been found to be associated with cardiovascular disease. Whether subclinical hypothyroidism and thyroid autoimmunity are also risk factors for cardiovascular disease is controversial. OBJECTIVE: To investigate whether subclinical hypothyroidism and thyroid autoimmunity are associated with aortic atherosclerosis and myocardial infarction in postmenopausal women. DESIGN: Population-based cross-sectional study. SETTING: A district of Rotterdam, The Netherlands. PARTICIPANTS: Random sample of 1149 women (mean age +/- SD, 69.0 +/- 7.5 years) participating in the Rotterdam Study. MEASUREMENTS: Data on thyroid status, aortic atherosclerosis, and history of myocardial infarction were obtained at baseline. Subclinical hypothyroidism was defined as an elevated thyroid-stimulating hormone level (>4.0 mU/L) and a normal serum free thyroxine level (11 to 25 pmol/L [0.9 to 1.9 ng/dL]). In tests for antibodies to thyroid peroxidase, a serum level greater than 10 IU/mL was considered a positive result. RESULTS: Subclinical hypothyroidism was present in 10.8% of participants and was associated with a greater age-adjusted prevalence of aortic atherosclerosis (odds ratio, 1.7 [95% CI, 1.1 to 2.6]) and myocardial infarction (odds ratio, 2.3 [CI, 1.3 to 4.0]). Additional adjustment for body mass index, total and high-density lipoprotein cholesterol level, blood pressure, and smoking status, as well as exclusion of women who took beta-blockers, did not affect these estimates. Associations were slightly stronger in women who had subclinical hypothyroidism and antibodies to thyroid peroxidase (odds ratio for aortic atherosclerosis, 1.9 [CI, 1.1 to 3.6]; odds ratio for myocardial infarction, 3.1 [CI, 1.5 to 6.3]). No association was found between thyroid autoimmunity itself and cardiovascular disease. The population attributable risk percentage for subclinical hypothyroidism associated with myocardial infarction was within the range of that for known major risk factors for cardiovascular disease. CONCLUSION: Subclinical hypothyroidism is a strong indicator of risk for atherosclerosis and myocardial infarction in elderly women. (Comment: 1149 women selected randomly, 10.8% had subclinical hypothyroidism.  Odds ratio for aortic athersclerosis (assessed by lat. radiograph of spine) was 1.7 and for myocardial infarction-2.3.  Subclinical hypothyroidism defined as TSH>4.0mU/L in the presence of normal free thyroxine.  No relationship found between thyroid autoantibodies and atherosclerotic disease.  Thyroid hormones are known to inhibit platelet aggregation and relax smooth muscle.—HHL)  
Hamilton MA, Stevenson LW Fonarow GC, et al. Safety and hemo​dynamic effects of intravenous triiodothyronine in advanced conges​tive heart failure. Am J Cardiol 1998;81:443-7.

Hamilton MA, Stevenson LW, Fonarow GC, Steimle A, Goldhaber JI, Child JS, Chopra IJ, Moriguchi JD, Hage A. Safety and hemodynamic effects of intravenous triiodothyronine in advanced congestive heart failure. Am J Cardiol. 1998 Feb 15;81(4):443-7.

Most patients with advanced congestive heart failure have altered thyroid hormone metabolism. A low triiodothyronine level is associated with impaired hemodynamics and is an independent predictor of poor survival. This study sought to evaluate safety and hemodynamic effects of short-term intravenous administration of triiodothyronine in patients with advanced heart failure. An intravenous bolus dose of triiodothyronine, with or without a 6- to 12-hour infusion (cumulative dose 0. 1 5 to 2.7 microg/kg), was administered to 23 patients with advanced heart failure (mean left ventricular ejection fraction 0.22 +/- 0.01). Cardiac rhythm and hemodynamic status were monitored for 12 hours, and basal metabolic rate by indirect calorimetry, echocardiographic parameters of systolic function and valvular regurgitation, thyroid hormone, and catecholamine levels were measured at baseline and at 4 to 6 hours. Triiodothyronine was well tolerated without episodes of ischemia or clinical arrhythmia. There was no significant change in heart rate or metabolic rate and there was minimal increase in core temperature. Cardiac output increased with a reduction in systemic vascular resistance in patients receiving the largest dose, consistent with a peripheral vasodilatory effect. Acute intravenous administration of triiodothyronine is well tolerated in patients with advanced heart failure, establishing the basis for further investigation into the safety and potential hemodynamic benefits of longer infusions, combined infusion with inotropic agents, oral triiodothyronine replacement therapy, and new triiodothyronine analogs. (Comment: Many illnesses are associated with low T3 levels.  Administration of T3 in patients with advanced heart failure was well-tolerated.  Cardiac output increased and SVR decreased in those receiving the largest dose.  Low T3 levels worsen contractility, increase susceptibility to arrhythmias, and contribute to mortality in patients with HF despite normal thyroxine and TSH levels.—HHL)
Hansen PS, Brix TH, Sorensen TI, Kyvik KO, Hegedus L. Major genetic influence on the regulation of the pituitary-thyroid axis: a study of healthy Danish twins. J Clin Endocrinol Metab. 2004 Mar;89(3):1181-7. 


Intraindividual variation is smaller than the interindividual variation in serum TSH, free T(4), and free T(3) concentrations. This suggests that each individual may have a genetically determined thyroid function set-point. A representative sample of self-reported healthy twin pairs was identified through the Danish Twin Registry. A total of 284 monozygotic (MZ), 286 dizygotic same-sex (DZ), and 120 opposite-sex (OS) twin pairs were investigated. A classical twin study was performed. After adjustment for age, sex, and other covariates, the intraclass correlations of serum TSH, free T(4), and free T(3) were calculated. To elucidate the relative importance of hereditary and environmental factors on the variation of these hormone levels, quantitative genetic modeling was used. The intraclass correlations were consistently higher for MZ twin pairs than for DZ twin pairs. Regression analysis suggested that iodine intake played a small but significant role for the concentration of serum TSH and free T(4), whereas cigarette smoking was without influence. In quantitative genetic modeling, the heritability (with 95% confidence intervals) accounted for 64% (57-70%) of the variation in serum TSH concentration and 65% (58-71%) and 64% (57-70%), for the concentrations of free T(4) and free T(3), respectively. Genetic factors play a substantial role in controlling the pituitary-thyroid axis, indicating that each individual has a genetically determined thyroid function set-point. Whether this is of importance when treating individuals in whom pituitary-thyroid function has been disrupted by, e.g. hypo- or hyperthyroidism, remains to be clarified.

Harada A, Kojima A, Tsukui T, Onaya T, Yamada T, Ikejiri K, Yukimura Y. Pituitary unresponsiveness to thyrotropin-releasing hormone in thyrotoxic patients during chronic anti-thyroid drug therapy and in rats previously treated with excess thyroid hormone. J Clin Endocrinol Metab. 1975 Jun;40(6):942-8.

In an attempt to study pituitary-thyroid feedback control in thyrotoxic patients, TRH tests were performed in 10 thyrotoxic patients who were treated for varying intervals with propylthiouracil. Plasma TSH was undetectable before and after administration of 500 mug TRH in 7 patients (euthyroid or hypothyroid) after therapy for 1 to 4 months. Also, plasma TSH was undetectable before and after TRH in 3 patients who had been euthyroid for at least 6 months. To explore this abnormality, rats were made thyrotoxic by administering large doses of thyroxine or desiccated thyroid for 3 to 28 days. Discontinuation of thyroid hormone administration was followed by a significant but temporary fall of plasma thyroxine and triiodothyronine concentration below control levels. Duration of the low plasma thyroxine and triiodothyronine concentration was longer with the prolonged administration of thyroid hormone. Despite low plasma thyroxine and triiodothyronine concentrations, plasma TSH was below normal before and after administration of TRH. This unresponsiveness of the pituitary to TRH may be comparable to that found in thyrotoxic patients receiving antithyroid drugs for a certain period. Since this pituitary unresponsiveness to TRH in rats is due to a depletion of pituitary TSH content, it is suggested that depletion of pituitary TSH in thyrotoxic patients during antithyroid therapy is the cause of pituitary unresponsiveness to TRH.

Hatterer JA, Kocsis JH, Stokes PE. Thyroid function in patients maintained on lithium. Psychiatry Res. 1988 Dec;26(3):249-57. 


To determine the clinical significance of thyroid function abnormalities in patients maintained on lithium, the authors evaluated the relationships of thyroid function tests to clinical response to lithium and side effects from lithium in 20 outpatients meeting DSM-III criteria for major affective disorder. No significant relationships were found between baseline thyroid function tests and clinical response. Thyroxine (T4) and triiodothyronine uptake ratio (T3UR) within the normal range were found to be associated with complaints of lethargy and cognitive impairment. Thirteen subjects were followed prospectively for 6 months with monthly evaluations of affective state, side effects, and occurrence of relapse. Thyroid function tests were repeated at the final visit. Final and mean T3 levels within the normal range were found to be significantly lower in patients who relapsed, and mean T3 level was inversely correlated with affective state as measured by mean scores on the Hamilton Rating Scale for Depression and the Young Mania Rating Scale.

Heemstra KA, Hamdy NA, Romijn JA, Smit JW.  The effects of thyrotropin-suppressive therapy on bone metabolism in patients with well-differentiated thyroid carcinoma. Thyroid. 2006 Jun;16(6):583-91. 


Patients with differentiated thyroid carcinoma (DTC) are commonly treated long-term with thyrotropin (TSH)- suppressive thyroxine replacement therapy resolving in a state of subclinical hyperthyroidism. The relationship between subclinical hyperthyroidism and osteoporosis is not clear. In this review, we systematically selected and analyzed 21 studies addressing this issue. Although multiple methodological differences between studies prevented a structured meta-analysis, our data suggest that postmenopausal women with subclinical hyperthyroidism are most at risk, whereas no increased risk was observed in men and premenopausal women. Based on these findings we believe that measurement of bone mineral density is recommended in postmenopausal women with DTC starting TSH suppressive therapy. This should be subsequently regularly measured to enable timely intervention with bone protective agents.

Hennemann G, Docter R, Visser TJ, Postema PT, Krenning EP.  Thyroxine plus low-dose, slow-release triiodothyronine replacement in hypothyroidism: proof of principle. Thyroid. 2004 Apr;14(4):271-5. 


Studies in hypothyroid rats show that, when infused with a combination of thyroxine (T4) plus triiodothyronine (T3) to normalize thyrotropin (TSH), euthyroidism in all organs is only ensured when T(4) and T(3) are administered in a ratio as normally secreted by the rat thyroid. As substitution with T(4)-only results in an abnormal serum T(4)/T(3) ratio, it is also possible that in humans, euthyroidism does not exist at the tissue level in many organs, considering that iodothyronine metabolism in the human and the rat share many similar mechanisms. Recent reports in which cognitive function and well-being are compared in patients with primary hypothyroidism substituted with T(4)-only versus substitution with T(4) plus T(3) result in controversial findings in that either positive or no effects were found. In all these studies T(3) was used in the plain form that results in nonphysiologic serum T(3) peaks. In these studies it is suggested that substitution with T(3 )should preferably be performed with a preparation that slowly releases T(3) to avoid these peaks. In the study reported here we show that treatment of hypothyroid subjects with a combination of T(4) plus slow-release T(3) leads to a considerable improvement of serum T(4) and T(3) values, the T(4)/T(3) ratio and serum TSH as compared to treatment with T(4)- only. Serum T(3) administration with slow-release T(3) did not show serum peaks, in contrast to plain T(3).

Hidal JT, Kaplan MM. Inhibition of thyroxine 5'-deiodination type II in cultured human placental cells by cortisol, insulin, 3', 5'-cyclic adenosine monophosphate, and butyrate. Metabolism. 1988 Jul;37(7):664-8.

The regulation of conversion of thyroxine (T4) to 3,5,3'-triiodothyronine (T3) by the type II iodothyronine deiodinating pathway was studied in normal human placental cells cultured from the chorionic membrane. T4 5'-deiodination was measured in cell sonicates after intact cells were incubated with test agents for 24 to 48 hours. Stimulation of T4 5'-deiodination occurred to a similar degree after depriving cells of thyroid hormone in serum-free medium and in medium containing 10% calf serum. Cortisol at 10 to 100 nmol/L in serum-free medium inhibited T4 5'-deiodination up to 36%, and 1 to 100 nmol/L of insulin inhibited deiodination up to 50%. Dibutyryl-cyclic AMP (dbcAMP) inhibited deiodination, but this appeared to result from the inhibitory effects of butyrate. Addition to the culture media of 8-bromo-cAMP, cholera toxin, and theophylline each caused partial inhibition of T4 5'-deiodination, strongly suggesting an inhibitory effect of raised intracellular cAMP. Neither alpha- nor beta-adrenergic agonists had any effect when added to the culture medium, nor did glucagon or cysteamine. These results demonstrate a complex, multihormonal control of human placental type II iodothyronine deiodination, and suggest that changes in the activity of this pathway may result in altered intracellular, and conceivably circulating, T3 concentrations in states of cortisol excess and marked hyperinsulinism. The factor that regulates type II deiodination via cAMP remains to be identified.

Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, Braverman LE. Serum TSH, T(4), and thyroid antibodies in the United States population (1988 to 1994): National Health and Nutrition Examination Survey (NHANES III). J Clin Endocrinol Metab. 2002 Feb;87(2):489-99. 


NHANES III measured serum TSH, total serum T(4), antithyroperoxidase (TPOAb), and antithyroglobulin (TgAb) antibodies from a sample of 17,353 people aged > or =12 yr representing the geographic and ethnic distribution of the U.S. population. These data provide a reference for other studies of these analytes in the U.S. For the 16,533 people who did not report thyroid disease, goiter, or taking thyroid medications (disease-free population), we determined mean concentrations of TSH, T(4), TgAb, and TPOAb. A reference population of 13,344 people was selected from the disease-free population by excluding, in addition, those who were pregnant, taking androgens or estrogens, who had thyroid antibodies, or biochemical hypothyroidism or hyperthyroidism. The influence of demographics on TSH, T(4), and antibodies was examined. Hypothyroidism was found in 4.6% of the U.S. population (0.3% clinical and 4.3% subclinical) and hyperthyroidism in 1.3% (0.5% clinical and 0.7% subclinical). (Subclinical hypothyroidism is used in this paper to mean mild hypothyroidism, the term now preferred by the American Thyroid Association for the laboratory findings described.) For the disease-free population, mean serum TSH was 1.50 (95% confidence interval, 1.46-1.54) mIU/liter, was higher in females than males, and higher in white non-Hispanics (whites) [1.57 (1.52-1.62) mIU/liter] than black non-Hispanics (blacks) [1.18 (1.14-1.21) mIU/liter] (P < 0.001) or Mexican Americans [1.43 (1.40-1.46) mIU/liter] (P < 0.001). TgAb were positive in 10.4 +/- 0.5% and TPOAb, in 11.3 +/- 0.4%; positive antibodies were more prevalent in women than men, increased with age, and TPOAb were less prevalent in blacks (4.5 +/- 0.3%) than in whites (12.3 +/- 0.5%) (P < 0.001). TPOAb were significantly associated with hypo or hyperthyroidism, but TgAb were not. Using the reference population, geometric mean TSH was 1.40 +/- 0.02 mIU/liter and increased with age, and was significantly lower in blacks (1.18 +/- 0.02 mIU/liter) than whites (1.45 +/- 0.02 mIU/liter) (P < 0.001) and Mexican Americans (1.37 +/- 0.02 mIU/liter) (P < 0.001). Arithmetic mean total T(4) was 112.3 +/- 0.7 nmol/liter in the disease-free population and was consistently higher among Mexican Americans in all populations. In the reference population, mean total T(4) in Mexican Americans was (116.3 +/- 0.7 nmol/liter), significantly higher than whites (110.0 +/- 0.8 nmol/liter) or blacks (109.4 +/- 0.8 nmol/liter) (P < 0.0001). The difference persisted in all age groups. In summary, TSH and the prevalence of antithyroid antibodies are greater in females, increase with age, and are greater in whites and Mexican Americans than in blacks. TgAb alone in the absence of TPOAb is not significantly associated with thyroid disease. The lower prevalence of thyroid antibodies and lower TSH concentrations in blacks need more research to relate these findings to clinical status. A large proportion of the U.S. population unknowingly have laboratory evidence of thyroid disease, which supports the usefulness of screening for early detection.

Hoskins, Roy G., The Biology of Schizophrenia. New York: W W Norton & Co., Inc., 1946, 110.

Hussein WI, Green R, Jacobsen DW Faiman C. Normalization of hyperhomocysteinemia with L-thyroxine in hypothyroidism. Ann Intern Med 1999 Sep 7;131(5):348-51.

Treatment of hypothyroidism reduced homocysteine levels by –15.4 to –1.8(mol/L corresponding to a difference of 44%.  Thyroid hormones affect folate metabolism and folate is required for the remethylation of homocysteine to methionine.  An increase in plasma homocysteine of 5(mol/L confers a 40% increase in relative risk of coronary disease. (JAMA 1995:274:1049-1057)

Iervasi G, Molinaro S, Landi P, Taddei MC, Galli E, Mariani F, L'abbate A, Pingitore A.  Association between increased mortality and mild thyroid dysfunction in cardiac patients. Arch Intern Med. 2007 Jul 23;167(14):1526-32.

BACKGROUND: The effects of subclinical thyroid dysfunction on cardiac outcome are not well defined. METHODS: To assess the relationship between mild thyroid dysfunction and the incidence of death in cardiac patients, we evaluated 3121 cardiac patients. Cardiac and overall deaths were considered. Four groups were defined: euthyroidism, subclinical hypothyroidism (SCH), subclinical hyperthyroidism (SCT), and low triiodothyronine syndrome (low T(3)). RESULTS: After mean follow-up of 32 months, there were 65 and 140 cardiac and overall deaths (3.4% and 7.3%), respectively, in euthyroidism, 15 and 27 (7.2% and 13.0%) in SCH, 8 and 9 (8.2% and 9.2%) in SCT, and 59 and 119 (6.5% and 13.1%) in low T(3). Survival rates for cardiac death were lower in SCH, SCT, and low T(3) than in euthyroidism (log-rank test; chi(2) = 19.46; P < .001). Survival rates for overall death were lower in SCH and low T(3) than in euthyroidism (log-rank test; chi(2) = 26.67; P < .001). After adjustment for several risk factors, hazard ratios (HRs) for cardiac death were higher in SCH (HR, 2.40; 95% confidence interval [CI], 1.36-4.21; P = .02), SCT (HR, 2.32; 95% CI, 1.11-4.85; P = .02), and low T(3) (HR, 1.63; 95% CI, 1.14-2.33; P = .007) than in euthyroidism; HRs for overall death were higher in SCH (HR, 2.01; 95% CI, 1.33-3.04; P < .001) and low T(3) (HR, 1.57; 95% CI, 1.22-2.01; P < .001) but not in SCT. CONCLUSION: A mildly altered thyroid status is associated with an increased risk of mortality in patients with cardiac disease.

Iqbal A, Figenschau Y, Jorde R. Blood pressure in relation to serum thyrotropin: the Tromso study. J Hum Hypertens. 2006 Oct 5; [Epub ahead of print] 


It appears to be an association between hypothyroidism and hypertension. However, the relation between thyroid function and blood pressure within the normal serum thyrotropin (TSH) range is uncertain. In the fifth Tromso study, which is a population-based health survey, serum TSH and blood pressure were measured. This gave us the opportunity to test the hypothesis of a relation between serum TSH and blood pressure within the normal serum TSH range. In all 5872 subjects (2623 male subjects) not using blood pressure or thyroxine medication were included in the present study. Within the normal serum TSH range (0.20-4.00 mIU/l), there was a significant and positive relation between serum TSH and both systolic and diastolic blood pressure. Within this range, and adjusted for age, body mass index and smoking status, the systolic blood pressure was 1.4 mm Hg and the diastolic 1.6 mm Hg higher in male subjects in the highest versus those in the lowest serum TSH quartile. The corresponding differences in the female subjects were 4.0 and 2.7 mm Hg, respectively. When dividing this cohort in those with systolic (>160 mm Hg) and diastolic (>95 mm Hg) hypertension, serum TSH was higher in the hypertensive subjects, but the differences were only statistically significant for diastolic hypertension (serum TSH 1.88+/-0.82 versus 1.69+/-0.74 mIU/l for male subjects, and 1.79+/-0.78 versus 1.63+/-0.75 mIU/l for female subjects, P<0.05). In conclusion, there is a modest, but significant positive association between serum TSH and blood pressure within the normal serum TSH range.

Iverson JF, Mariash CN. Optimal free thyroxine levels for thyroid hormone replacement in hypothyroidism. Endocr Pract. 2008 Jul-Aug;14(5):550-5.

OBJECTIVE: To determine whether a difference exists in the free thyroxine level required to achieve a normal thyrotropin (thyroid-stimulating hormone or TSH) level between patients with primary hypothyroidism and euthyroid control subjects and compare the free thyroxine levels in patients with primary and secondary hypothyroidism receiving thyroid hormone replacement. METHODS: We retrospectively assessed TSH and free thyroxine values in 58 patients with primary hypothyroidism and 78 euthyroid control subjects for whom screening thyroid function tests had been performed. From the medical records, we also obtained free thyroxine values for 23 patients with central hypothyroidism receiving stable levothyroxine replacement therapy. RESULTS: The mean free thyroxine level was significantly higher in patients with primary hypothyroidism than in euthyroid control subjects (1.36 +/- 0.201 ng/dL versus 1.10 +/- 0.155 ng/dL, respectively; P<or=.0001), whereas the corresponding mean TSH concentrations did not differ significantly (1.60 +/- 1.183 mIU/L versus 1.73 +/- 0.792 mIU/L; P = .46). The mean free thyroxine value was also significantly higher in the patients with central hypothyroidism in comparison with that in the euthyroid control subjects (1.31 +/- 0.278 ng/dL versus 1.10 +/- 0.155 ng/dL, respectively; P<or=.0001), and no significant difference was noted between the patients with primary and central hypothyroidism (1.36 ng/dL versus 1.31 ng/dL; P = .60). CONCLUSION: Patients with hypothyroidism require a higher level of serum free thyroxine to achieve a normal TSH value in comparison with euthyroid control subjects. This finding suggests that patients with central hypothyroidism should be treated to achieve free thyroxine levels in the upper part of the reference range.

Jamieson A, Semple CG. Successful treatment of Graves disease in pregnancy with Lugol's iodine. Scott Med J. 2000 Feb;45(1):20-1. 


We report a case of Grave's disease in pregnancy complicated by intolerance of standard antithyroid drug therapy. We describe the success of prolonged use of organic iodine as a primary treatment prior to surgical intervention.

Jansson S, Berg G, Lindstedt G, Michanek A, Nyström E. Overweight--a common problem among women treated for hyperthyroidism. Postgrad Med J. 1993 Feb;69(808):107-11.

We sent out a questionnaire to 112 women treated for diffuse toxic goitre 2-5 years earlier to evaluate the prevalence of problems with overweight after the disease. Of 87 responders, about 50% (irrespective of surgical or radioiodine treatment) reported weight problems, and we randomly selected 40 of these women (20 with and 20 without reported weight problems) for a clinical follow-up (32 appearing). At the follow-up examination (mean 4 years after treatment for hyperthyroidism), 27 women had a higher weight than their estimated premorbid weight. The weight gain correlated with the estimated premorbid body mass index (BMI; P < 0.005), indicating that excess weight gainers may have had a premorbid problem now exaggerated in the post-hyperthyroid period. However, many women with a BMI within the limits stated to be ideal (21-25 kg/m2) also showed dramatic increases in weight. In contrast, the average middle-aged woman in our region did not appear to have gained in weight during a corresponding time period as judged from a longitudinal population study. Women with reported weight problems (mean weight increase 15.6%, n = 16) did not differ from women without (mean weight increase 6.7%, n = 16) as regards pretreatment hormone levels, method of treatment, (change of) smoking habits or post-treatment levothyroxine administration, or in serum concentrations of thyroid hormones, thyrotrophin, cortisol, procollagen-III-peptide, cholesterol, HDL cholesterol or triglycerides. Women with hyperthyroidism should be informed about the risk of gaining weight after therapy and given early support as to dietary and lifestyle change.

Jellinger PS. Acquired hypothyroidism after switching from thyroid USP to levothyroxine. Clin Cornerstone. 2005;7 Suppl 2:S22-4.

Jennings AS, Ferguson DC, Utiger RD. Regulation of the conversion of thyroxine to triiodothyronine in the perfused rat liver. J Clin Invest. 1979 Dec;64(6):1614-23.

This study was undertaken to determine what factors control the conversion of thyroxine (T(4)) to triiodothyronine (T(3)) in rat liver under conditions approximating those found in vivo. Conversion of T(4) to T(3) was studied in the isolated perfused rat liver, a preparation in which the cellular and structural integrity is maintained and that can perform most of the physiologic functions of the liver. The perfused liver readily extracted T(4) from perfusion medium and converted it to T(3). Production of T(3) by the perfused liver was a function of the size of the liver, the uptake of T(4) by the liver, and the presence of T(4)-5'-deiodinase activity. Production of T(3) was increased by increasing the uptake of T(4) by liver, which could be accomplished by increasing the liver size, by increasing the perfusate T(4) concentration, or by decreasing the perfusate albumin concentration. These changes occurred without altering the conversion of T(4) to T(3). The liver had a large capacity for extracting T(4) and for T(4)-5'-deiodination to T(3), which was not saturated at a T(4) concentration of 60 mug/dl. Production of T(3) was decreased by inhibiting hepatic T(4)-5'-deiodinase with propylthiouracil, which decreased T(3) production by decreasing the conversion of T(4) to T(3). Propylthiouracil did not alter hepatic T(4) uptake.Fasting resulted in a progressive decrease in hepatic T(4) uptake to 42% of control levels by the 3rd d of fasting; this was accompanied by a proportionate decrease in T(3) production. The rate of conversion of T(4) to T(3) did not change during fasting. When T(4) uptake in 2-d-fasted rat livers was raised to levels found in fed rats by increasing the perfusate T(4) concentration from 10 to 30 mug/dl, T(3) production returned to normal. Again, no change in the rate of conversion of T(4) to T(3) was observed.These results indicate that the decreased hepatic T(3) production during fasting primarily results from decreased hepatic uptake of T(4), rather than from changes in T(4)-5'-deiodinase activity. Thus, these studies have delineated a new mechanism that functions independently of enzyme quantity or activity whereby production of T(3) from T(4) is regulated.

Jennings PE, O'Malley BP, Griffin KE, Northover B, Rosenthal FD. Relevance of increased serum thyroxine concentrations associated with normal serum triiodothyronine values in hypothyroid patients receiving thyroxine: a case for "tissue thyrotoxicosis". Br Med J (Clin Res Ed). 1984 Dec 15;289(6459):1645-7.


Fifteen patients receiving standard thyroxine replacement therapy (100-200 micrograms daily) for primary hypothyroidism and who had persistently raised free thyroxine concentrations in their serum were investigated to see whether the dose being given was too high. In addition to the usual thyroid hormone assays systolic time intervals (which indicate left ventricular contractility) were calculated as accurate reflectors of tissue thyroid activity. All patients showed the expected increased free and total thyroxine concentrations; but mean total and free concentrations of triiodothyronine (freeT3 range 3-9pmol/L, subjects ranged from 3.9-7.7) were normal, while reverse triiodothyronine values were raised. Mean systolic time intervals were significantly reduced as compared with normal and fell within the thyrotoxic range. Seven patients subsequently had their doses of thyroxine reduced by 50 micrograms daily and were reinvestigated one month later. All showed significant falls in circulating thyroxine and triiodothyronine concentrations and an increase in mean systolic time intervals to the normal range. In patients receiving thyroxine replacement therapy for primary hypothyroidism a raised serum thyroxine concentration may indicate tissue thyrotoxicosis and should prompt a reduction of the thyroxine dose.(The “tissue thyrotoxicosis” refers ONLY to the conduction system of heart and the pituitary gland. These tissues convert T4 to T3 more actively than others. Other tissues (liver, kidney, skeletal muscle) rely more on serum T3. There is no substitute for balanced T3/T4 replacement that mimics thyroid gland secretion.-HHL)

Jonklaas J, Davidson B, Bhagat S, Soldin SJ. Triiodothyronine levels in athyreotic individuals during levothyroxine therapy.JAMA. 2008 Feb 20;299(7):769-77.

CONTEXT: Thyroidal production of triiodothyronine (T3) is absent in athyreotic patients, leading to the suggestion that T3 deficiency may be unavoidable during levothyroxine (LT4) therapy. However, trials evaluating therapy with combined LT4 and T3 have failed to demonstrate any consistent advantage of combination therapy. OBJECTIVE: To determine whether T3 levels in patients treated with LT4 therapy were truly lower than in the same patients with native thyroid function. DESIGN, SETTING, AND PATIENTS: A prospective study conducted in the General Clinical Research Center, Georgetown University Medical Center, Washington, DC, between January 30, 2004, and June 20, 2007, of 50 euthyroid study participants aged 18 to 65 years who were scheduled for total thyroidectomy for goiter, benign nodular disease, suspected thyroid cancer, or known thyroid cancer. Following thyroidectomy, patients were prescribed LT4. Patients with benign thyroid disease and thyroid cancer were treated to achieve a normal and suppressed serum thyroid-stimulating hormone (TSH) level, respectively. The LT4 dose was adjusted as necessary postoperatively to achieve the desired TSH goal. MAIN OUTCOME MEASURE: Thyroxine (tetraiodothyronine [T4]), T3, and TSH levels were measured twice preoperatively and twice postoperatively. RESULTS: By the end of the study, there were no significant decreases in T3 concentrations in patients receiving LT4 therapy compared with their prethyroidectomy T3 levels (mean, 127.2 ng/dL; 95% confidence interval [CI], 119.5-134.9 ng/dL vs 129.3 ng/dL; 95% CI, 121.9-136.7 ng/dL; P = .64). However, free T4 concentrations were significantly higher in patients treated with LT(4) therapy (mean, 1.41 ng/dL; 95% CI, 1.33-1.49 ng/dL) compared with their native free T4 levels (1.05 ng/dL; 95% CI, 1.00-1.10 ng/dL; P < .001). Serum TSH values of 4.5 mIU/L or less were achieved in 94% of patients by the end of the study. The T3 concentrations were lower in the subgroup of patients whose therapy had not resulted in a TSH level of 4.5 mIU/L or less (P < .001). CONCLUSION: In our study, normal T3 levels were achieved with traditional LT4 therapy alone in patients who had undergone near-total or total thyroidectomy, which suggests that T3 administration is not necessary to maintain serum T3 values at their endogenous prethyroidectomy levels.

Jorde R, Waterloo K, Storhaug H, Nyrnes A, Sundsfjord J, Jenssen TG. Neuropsychological function and symptoms in subjects with subclinical hypothyroidism and the effect of thyroxine treatment. J Clin Endocrinol Metab. 2006 Jan;91(1):145-53. 

OBJECTIVE: Our objective was to examine the relation between neuropsychological function and subclinical hypothyroidism (SHT), defined as serum TSH of 3.5-10.0 mIU/liter and normal serum free T4 and free T3 levels, and to study the effect of T4 supplementation. SUBJECTS: A total of 89 subjects (45 males) with SHT and 154 control subjects (72 males) were recruited from a general health survey (the fifth Tromsø study). Sixty-nine of those with SHT were included in a placebo-controlled, double-blind intervention study with T4 medication for 1 yr. MAIN OUTCOME MEASURES: We used fourteen tests of cognitive function, Beck Depression Inventory, General Health Questionnaire, and a questionnaire on hypothyroid symptoms. RESULTS: The mean +/- sd serum TSH in the SHT and control group were 5.57 +/- 1.68 and 1.79 +/- 0.69 mIU/liter, respectively. There were no significant differences in cognitive function and hypothyroid symptoms between the two groups, but those with SHT scored significantly better than the controls on the GHQ-30. At the end of the intervention study, serum TSH in the T4 group (n = 36) and the placebo group (n = 33) were 1.52 +/- 1.51 and 5.42 +/- 1.96 mIU/liter, respectively. T4 substitution had no effect on any of the parameters measured. CONCLUSION: In subjects with SHT where the serum TSH level is in the 3.5-10.0 mIU/liter range, there is no neuropsychological dysfunction, and compared with healthy controls, there is no difference in symptoms related to hypothyroidism.

Jostel A, Ryder WD, Shalet SM. The use of thyroid function tests in the diagnosis of hypopituitarism: definition and evaluation of the TSH Index. Clin Endocrinol (Oxf). 2009 Oct;71(4):529-34

SUMMARY Background: TSH secretion in hypopituitary patients may be decreased due to TSH deficiency, but it remains also under feedback inhibition by fT4. We propose a TSH Index (TSHI) as 'fT4-adjusted TSH', that corrects for any physiological TSH suppression, in order to provide a true estimate of pituitary thyrotrope function and any pathological pituitary suppression. Methods: 9519 TFTs (Bayer Immuno-1(R)) in 4064 patients of our institution were examined, including 444 patients investigated for hypopituitarism. Based on the physiological log-linear relationship between fT4 and TSH, we estimated the amount of feedback-induced change in logTSH per change in fT4, which allowed the extrapolation of logTSH to a fixed fT4 of 0, defining the TSH Index. TSH Indices were compared with other measures of pituitary function. Results: Feedback inhibition was estimated to cause a 0.1345 decrease in logTSH[mU/L] per 1pmol/L increase in fT4 concentration, i.e. TSHI=logTSH+0.1345xfT4. Patients with lower peak stimulated GH and cortisol concentrations had significantly lower TSHI (p<0.0001). TSH Indices measured before pituitary stimulation tests predicted highly significantly the risk of test failure (p=0.0002). 21.9% of all potential fT4-TSH combinations within the current reference ranges were identified as abnormal on the basis of the TSHI. Conclusion: The TSH Index provides an accurate estimate of the severity of pituitary dysfunction in hypopituitary patients based on simple TFTs. It predicts the probability of pituitary stimulation test failure, and extends the diagnosis of TSH deficiency into areas of the normal TFT reference ranges.  PMID: 19226261

Kabadi UM. Thyrotropin dysregulation during a non-thyroidal illness: transient hypothalamic hypothyroidism? J Endocrinol Invest. 2001 Mar;24(3):178-82.

Both the basal TSH concentration and the TSH response to iv TRH administration are noted to be decreased at the peak of an acute critical illness. Moreover, an impaired release from hypothalamus has been documented in rats with uncontrolled diabetes, suggesting hypothalamic dysfunction in a non-thyroidal illness. However, the exact inference and mechanism of this impaired TSH secretary pattern is not well defined in humans during a non-thyroidal illness. Therefore, this study assessed hypothalamic pituitary thyroid axis by determination by T4, T3, and T3 resin uptake prior to and TSH concentrations, prior to, as well as following, iv TRH administration at an interval of 30 min up to 2 hours on three successive mornings during a severe, critical, fatal illness in five previously known euthyroid subjects. TSH response to iv TRH administration was expressed as a maximal absolute change (delta TSH) and a cumulative response (CR TSH), calculated as the sum of changes from the basal level at each specific time period for up to 120 min. Serum T4, T3 and TSH concentrations on day 1 of the TRH administration were significantly lower than normal values as well as the values documented previously in the same individuals prior to hospitalization. T3 resin uptake was increased simultaneously. Moreover, serum T4, T3, and T3 resin uptake remained significantly unaltered on three successive days of iv TRH administration. However, basal serum TSH rose significantly with a parallel TSH response to iv TRH administration, as reflected by a progressive rise in delta TSH as well as CR TSH over this three-day period, with normalization of the TSH responses by the third day. Therefore, impaired TSH secretary pattern and altered thyroid hormone concentrations noted in subjects with acute critical illness may be attributed to the presence of a transient hypothalamic hypothyroidism.

Kabadi UM. Role of thyrotropin in metabolism of thyroid hormones in nonthyroidal tissues. Metabolism. 2006 Jun;55(6):748-50. 

T(4) conversion into T(3) in peripheral tissues is the major source of circulating T(3). However, the exact mechanism of this process is ill defined. Several in vitro studies have demonstrated that thyrotropin facilitates deiodination of T(4) into T(3) in liver and kidneys. However, there is a paucity of in vitro studies confirming this activity of thyrotropin. Therefore, this study was conducted to examine the influence of thyrotropin on thyroid hormone metabolism in nonthyroidal tissues. We assessed T(4), T(3), reverse T(3) (rT(3)), and T(3) resin uptake (T(3)RU) responses up to 12 hours at intervals of 4 hours in 6 thyroidectomized female mongrel dogs rendered euthyroid with LT(4) replacement therapy before and after subcutaneous (SC) administration of bovine thyrotropin (5 U) on one day and normal saline (0.5 mL) on another in a randomized sequence between 08:00 and 09:00 am. Euthyroid state after LT(4) replacement was confirmed before thyrotropin administration. Serum T(4), T(3), rT(3), and T(3)RU all remained unaltered after SC administration of normal saline. No significant alteration was noted in serum T(3)RU values on SC administration of thyrotropin. However, serum T(3) rose progressively reaching a peak at 12 hours with simultaneous declines being noted in both serum T(4) and rT(3) concentrations (P < .05 vs prethyrotropin values for all determinations). The changes after SC administration were significantly different (P < .001) in comparison to those noted on SC administration of normal saline. Thyrotropin may promote both the conversion of T(4) to T(3) and metabolism of rT(3) into T(2) in nonthyroidal tissues via enhancement of the same monodeiodinase.  (Therefore using T4 to suppress TSH assures that there will be less conversion of T4 to T3 than in the normal euthyroid state.  An explanation for why T4 replacement therapy without T3 is not adequate.—HHL)

Kabadi MU. Role of thyrotropin in triiodothyronine generation in hypothyroidism. Thyroidology. 1993 Aug;5(2):41-7.

Most of the circulating T3 is generated by monodeiodination of T4 in extrathyroidal tissue with only minor contribution by the thyroid gland. Since T3 is the main active thyroid hormone and TSH is the major modulator of its synthesis and release by the thyroid gland, TSH may also play a significant role in synthesis and release of T3 by the peripheral tissues as documented in recent in vitro animal studies. However, the data regarding its influence on T4 metabolism in humans is lacking. Hypothyroidism may provide an appropriate environment for assessing the influence of TSH in synthesis and release of T3 by the extrathyroidal tissues, since circulating T3 is almost totally derived via peripheral conversion of T4, and serum TSH varies from subnormal levels in central hypothyroidism to a wide range of supernormal concentration in the primary variety. This study determined the relationship between serum TSH concentration and T3 and T4 ratio, a reliable index of conversion of T4 into T3 in peripheral tissues, in 75 subjects with hypothyroidism including both the primary and the central types. Serum T3 was significantly higher (p < 0.001) in primary hypothyroidism (1.48 +/- 0.13 mM/l) in comparison with the central type (0.71 +/- 0.09 mM/l) despite almost equally low serum T4 concentration in both groups. In primary hypothyroidism, T3:T4 ratio (0.026 +/- 0.0012) was significantly higher (p < 0.01) than normal (0.017 +/- 0.0010) along with supernormal TSH (71 +/- 6.4 mU/L) concentration prior to initiation of LT4 replacement therapy and normalized (0.015 +/- 0.0008) on achieving euthyroid state with correction of serum TSH level (3.8 +/- 0.3 mU/L).

Kabadi UM. Serum T3 and reverse T3 concentrations: indices of metabolic control in diabetes mellitus. Diabetes Res. 1986 Oct;3(8):417-21.

Several previous studies have reported that serum T3 and reverse T3 (rT3) concentrations are altered in uncontrolled diabetes mellitus and their normalization occurs when euglycemia is achieved. Therefore, this study was undertaken to examine the usefulness of serum T3 and rT3 levels as indices of metabolic control in diabetes mellitus. Serum T3, rT3, T4, Free T4, TSH and T3 resin uptake were determined in 18 normal subjects and 35 patients with newly discovered diabetes mellitus before initiation of therapy and reassessed after normalization of glycosylated hemoglobin (HbA1) concentration. These thyroid hormone concentrations were compared to the well established parameters of metabolic control such as fasting plasma glucose (FPG), peak plasma glucose (PPG), area under the curve of the oral glucose tolerance test (sigma G), 24 hr urinary glucose level (UG), HbA1 as well as glycosylated protein (GlyPr) and glycosylated albumin (GlyAlb) concentrations. Serum T4, T3RU, Free T4 and TSH concentrations in patients with diabetes mellitus prior to treatment were not significantly different from normal subjects and were not significantly correlated with any of the parameters of diabetic control. Serum T3 was significantly lower and serum rT3, significantly higher in diabetic patients prior to treatment as compared to normal subjects and both T3 and rT3 normalized in 20 patients studied when adequate metabolic control was achieved as reflected by normalization of HbA1 (less than 8.2%). Furthermore, significant negative and positive correlations were noted between parameters of metabolic control and serum T3 and rT3 levels respectively. Therefore, this study demonstrates that serum T3 and rT3 may be reliable indices of metabolic control in diabetes mellitus.

Kalsbeek A, Fliers E, Franke AN, Wortel J, Buijs RM. Functional connections between the suprachiasmatic nucleus and the thyroid gland as revealed by lesioning and viral tracing techniques in the rat. Endocrinology. 2000 Oct;141(10):3832-41.


Frequent blood sampling via intraatrial cannula revealed daily rhythms of TSH and thyroid hormones in both male and female Wistar rats. Thermic ablation of the biological clock, i.e. the suprachiasmatic nucleus (SCN), eliminated the diurnal peak in circulating TSH and thyroid hormones. In addition, SCN lesions produced a clear decrease of 24-h mean T4 concentrations. A more pronounced effect of SCN-lesions on thyroid hormones, as opposed to TSH, suggested routes of SCN control additional to the neuroendocrine hypothalamopituitary-thyroid axis. Retrograde, transneuronal virus tracing was used to identify the type and localization of neurons in the central nervous system that control the autonomic innervation of the thyroid gland. In the spinal cord and brain stem, both the sympathetic and parasympathetic motorneurons were labeled. By varying the postinoculation survival time, it was possible to follow the viral infection as it proceeded. Subsequently, the pseudorabies virus (PRV) infected neurons in several brain stem cell groups, the paraventricular nucleus of the hypothalamus (PVN) and the central nucleus of the amygdala (second order labeling). Among PRV-infected neurons in the PVN were TRH-containing cells. Third order neurons were found in several hypothalamic cell groups, among which was the SCN. Therefore, we propose that the SCN has a dual control mechanism for thyroid activity by affecting neuroendocrine control of TSH release on the one hand and the autonomic input to the thyroid gland on the other.

Klein I, Ojamaa K. The cardiovascular system in hypothyroidism. In: Braverman LE, Utiger RD, eds. Werner & Ingbar's the thyroid: a fun​damental and clinical text. 8th ed. Philadelphia: Lippincott Williams & Wilkins, 2000:777-82.

Klemperer JD, Klein IL, Ojamaa K, Helm RE, Gomez M, Isom OW, Krieger KH. Triiodothyronine therapy lowers the incidence of atrial fibrillation after cardiac operations. Ann Thorac Surg. 1996 May;61(5):1323-7; discussion 1328-9.

BACKGROUND. Cardiopulmonary bypass results in a euthyroid sick state, and recent evidence suggests that perioperative triiodothyronine (T3) supplementation may have hemodynamic benefits. In light of the known effects of thyroid hormone on atrial electrophysiology, we investigated the effects of perioperative T3 supplementation on the incidence of postoperative arrhythmias. METHODS. One hundred forty-two patients with depressed left ventricular function (ejection fraction < 0.40) undergoing coronary artery bypass grafting were randomized to either T3 or placebo treatment groups in a prospective, double-blind fashion. Triiodothyronine was administered as a 0.8 micrograms/kg intravenous bolus at the time of aortic cross-clamp removal followed by an infusion of 0.113 micrograms.kg-1.h-1 for 6 hours. Patients were monitored for the development of arrhythmias during the first 5 postoperative days. RESULTS. The incidence of sinus tachycardia and ventricular arrhythmias were similar between groups. Triiodothyronine-treated patients had a lower incidence of atrial fibrillation (24% versus 46%; p = 0.009), and fewer required cardioversion (0 versus 6; p = 0.012) or anticoagulation (2 versus 10; p = 0.013) during hospitalization. Six patients in the T3 group versus 16 in the placebo group required antiarrhythmic therapy at discharge (p = 0.019). CONCLUSIONS. Perioperative T3 administration decreased the incidence and need for treatment of postoperative atrial fibrillation.
Knudsen N, Laurberg P, Rasmussen LB, Bulow I, Perrild H, Ovesen L, Jorgensen T. Small differences in thyroid function may be important for body mass index and the occurrence of obesity in the population. J Clin Endocrinol Metab. 2005 Jul;90(7):4019-24. 

CONTEXT: Increasing prevalence of overweight in the population is a major concern globally; and in the United States, nearly one third of adults were classified as obese at the end of the 20th century. Few data have been presented regarding an association between variations in thyroid function seen in the general population and body weight. OBJECTIVE: The aim of this study was to investigate the association between thyroid function and body mass index (BMI) or obesity in a normal population. DESIGN: A cross-sectional population study (The DanThyr Study) was conducted. PARTICIPANTS: In all, 4649 participants were investigated, and 4082 were eligible for these analyses after exclusion of subjects with previous or present overt thyroid dysfunction. MAIN OUTCOME MEASURES: The study examined the association between category of serum TSH or serum thyroid hormones and BMI or obesity in multivariate models, adjusting for possible confounding. RESULTS: We found a positive association between BMI and category of serum TSH (P < 0.001) and a negative association between BMI and category of serum free T(4) (P < 0.001). No association was found between BMI and serum free T(3) levels. The difference in BMI between the groups with the highest and lowest serum TSH levels was 1.9 kg/m(2), corresponding to a difference in body weight of 5.5 kg among women. Similarly, the category of serum TSH correlated positively with weight gain during 5 yr (P = 0.04), but no statistically significant association was found with weight gain during 6 months (P = 0.17). There was an association between obesity (BMI > 30 kg/m(2)) and serum TSH levels (P = 0.001). CONCLUSIONS: Our results suggest that thyroid function (also within the normal range) could be one of several factors acting in concert to determine body weight in a population. Even slightly elevated serum TSH levels are associated with an increase in the occurrence of obesity.

Kong WM, Sheikh MH, Lumb PJ, Naoumova RP, Freedman DB, Crook M, Dore CJ, Finer N. A 6-month randomized trial of thyroxine treatment in women with mild subclinical hypothyroidism. Am J Med. 2002 Apr 1;112(5):348-54. 


PURPOSE: The role of thyroxine replacement in subclinical hypothyroidism remains unclear. We performed a 6-month randomized, double-blind, placebo-controlled trial to evaluate the effects of thyroxine treatment for mild subclinical hypothyroidism, defined as a serum thyroid-stimulating hormone level between 5 to 10 microU/mL with a normal serum free thyroxine level (0.8-1.6 ng/dL). SUBJECTS AND METHODS: We randomly assigned 40 women with mild subclinical hypothyroidism who had presented to their family practitioners to either thyroxine treatment (n = 23; 50 to 100 microg daily) or placebo (n = 17). Health-related quality of life (Hospital Anxiety and Depression scale, 30-item General Health Questionnaire), fasting lipid profiles, body weight, and resting energy expenditure were measured at baseline and 6 months. RESULTS: The most common presenting symptoms were fatigue (n = 33 [83%]) and weight gain (n = 32 [80%]). At presentation, 20 women (50%) had elevated anxiety scores and 22 (56%) had elevated scores on the General Health Questionnaire. Thirty-five women completed the study. There were no significant differences in the changes from baseline to 6 months between women in the thyroxine group and the placebo group for any of the metabolic, lipid, or anthropometric variables measured, expressed as the mean change in the thyroxine group minus the mean change in the placebo group: body mass index, -0.3 kg/m(2) (95% confidence interval [CI]: -0.9 to 0.4 kg/m(2)); resting energy expenditure, -0.2 kcal/kg/24 h (95% CI: -1.3 to 1.0 kcal/kg/24 h); and low-density lipoprotein cholesterol, -4 mg/dL (95% CI: -23 to 15 mg/dL). There was a significant worsening in anxiety scores in the thyroxine group (scores increased in 8 of 20 women and were unchanged in 2 of 20) compared with the placebo group (scores increased in 1 of 14 women and were unchanged in 6 of 14; P = 0.03). CONCLUSIONS; We observed no clinically relevant benefits from 6 months of thyroxine treatment in women with mild subclinical hypothyroidism.(Patients were given 50mcg of T4 initially, this was doubled to 100 if TSH remained >5.  So this is another example of the undertreatment of thyroid insufficiency—giving a subreplacement dose that “normalizes” the TSH but does not elevate either free T4 for free T3 to the upper part of the reference range.—HHL)
Kratzsch J, Fiedler GM, Leichtle A, Brügel M, Buchbinder S, Otto L, Sabri O, Matthes G, Thiery J. New reference intervals for thyrotropin and thyroid hormones based on National Academy of Clinical Biochemistry criteria and regular ultrasonography of the thyroid. Clin Chem. 2005 Aug;51(8):1480-6.


BACKGROUND: The aim of our present study was to establish new reference intervals for thyrotropin (TSH) and thyroid hormones based on National Academy of Clinical Biochemistry (NACB) criteria and regular thyroid ultrasonography. We also assessed the effect of potentially confounding factors to modulate the limits of these intervals. METHODS: We investigated 870 apparently healthy persons and excluded, step by step, those with a family history of thyroid disease, pathologic thyroid ultrasonography results, and increased anti-thyroid peroxidase or anti-thyroglobulin antibodies. Accordingly, only 453 of the 870 persons in the entire group were finally included as reference collective. We measured serum concentrations of TSH, total and free thyroxine (T(4) and FT(4)), and total and free triiodothyronine (T(3) and FT(3)) of the whole and the reference collective on the ELECSYS system assays (Roche Diagnostics) and calculated the 2.5th and 97.5th percentiles for comparison. RESULTS: The calculated lower limit for TSH differed significantly between the reference intervals for healthy persons with an assessed normal thyroid gland vs the nonselected group of healthy blood donors. Age was the only independent factor and was significantly inversely associated with TSH (P <0.0001). Use of oral contraceptives was a significant predictor for variation in T(4) concentrations (P <0.001). Age and oral contraceptives were independently associated with T(3) variations (P <0.05). For FT(4) vs FT(3) variation, gender and (inversely) age (P <0.01) were independent modulating factors. CONCLUSIONS: The selection of healthy persons according to NACB criteria combined with sonographic confirmation of a normal thyroid gland provide a valid basis for the reference interval for TSH. Factors indicating a preclinical disease state, such as family history, pathologic ultrasonography result, or increased anti-thyroid peroxidase and anti-thyroglobulin antibodies, can be associated with normal hormone concentrations. Additionally, patient age and gender as well as use of contraceptives should be considered in diagnostic evaluation of thyroid diseases.(No assessment of symptoms. 47.9% had subclinical thyroid disease by serum testing plus ultrasound. 95% TSH range for the most carefully screened group: 0.04-3.77mIU/L, 95% free T4: 1.0-1.6 ng/dL,most labs report 0.7-1.7,  95% free T3: 2.6-4.4 pg/mL. Most labs 2.3-4.2)  Notice that free hormone ranges have higher lower limits. Many current “normals” have free T4 below 1.0! The upper range is lower for free T4 but a bit higher for free T3—HHL)

Kraus RP, Phoenix E, Edmonds MW, Nicholson IR, Chandarana PC, Tokmakejian S. Exaggerated TSH responses to TRH in depressed patients with "normal" baseline TSH. J Clin Psychiatry. 1997 Jun;58(6):266-70. 


BACKGROUND: Subclinical hypothyroidism (elevated thyroid-stimulating hormone [TSH] with normal thyroid hormone levels) can present with depression. This may be confirmed by an exaggerated TSH response to thyrotropin-releasing hormone (TRH) on the TRH stimulation test (TRH-ST). The objective of this study was to determine the prevalence of exaggerated TRH-ST results in a sample of depressed patients with "high-normal" screening TSH levels. METHOD: Depressed patients with TSH levels of 3.00-5.50 mIU/L underwent a TRH-ST. After baseline TSH was drawn, TRH 400 micrograms was injected intravenously, and TSH samples were drawn at +20 min, +30 min, and +40 min postinjection. A rise in TSH after TRH (peak value minus baseline) of > 25 mIU/L represented an exaggerated TSH response. RESULTS: Twenty-three (38%) of 60 patients had an exaggerated TSH response to TRH. The 38% prevalence is significantly (Chi 2 = 59.65, df = 1, p < .001) greater than the 6% prevalence of positive TRH-ST results reported in the euthyroid general population. The prevalence of positive TRH-ST results was not attributable to differential patterns of psychotropic or thyroid hormone treatment. Unexpected observations were a lack of correlation in TSH levels week to week (r = .17, N.S.) and a lack of correlation between screening TSH value and subsequent TRH-ST results (r = .28, N.S.). CONCLUSION: Subtle thyroid underfunction may be contributing to depression in some patients with TSH in the upper half of the range usually considered normal. If so, then the TRH-ST may be more sensitive in identifying this than measurement of TSH alone.

Krugman LG, Hershman JM, Chopra IJ, Levine GA, Pekary E, Geffner DL, Chua Teco GN. Patterns off recovery of the hypothalamic-pituitary-thyroid axis in patients taken of chronic thyroid therapy. J Clin Endocrinol Metab. 1975 Jul;41(1):70-80.


To determine the patterns of recovery of the hypothalamic-pituitary-thyroid axis following long-term thyroid hormone therapy, TRH tests were performed on 8 euthyroid nongoitrous patients, 5 euthyroid goitrous patients, and 5 hypothyroid patients while they were taking full doses of thyroid hormone and 3, 7, 10, 14, 17, 21, 28, 35, 42, 49, and 56 days after stopping it. Serum TSH, T3, and T4 were measured before and at multiple intervals over a 4-h period after giving 500 mug TRH iv. In euthyroid non-goitrous patients, the mean duration of suppressed TSH response to TRH (maximum deltaTSH less than 8 muU/ml) was 12 +/- 4 (SE) days after stopping thyroid hormone and the mean time to recovery of normal TSH response to TRH (maximum deltaTSH greater than 8 muU/ml) was 16 +/- 5 days. None of the euthyroid nongoitrous patients ever hyperresponded to TRH; their average maximal deltaTSH was 24.5 +/- 2.2 muU/ml. Serum T4 fell below normal in 4 euthyroid non-goitrous patients, reaching lowest values at 4 to 28 days. While serum T4 was low, deltaTSH was subnormal. Normal increments of T4 and T3 after TRH occurred at 19 +/- 5 and 22 +/- 6 days, respectively. In the 5 goitrous patients, patterns of recovery of pituitary and thyroid function assessed by the same parameters were much less consistent. In the 5 hypothyroid patients, the mean duration of suppressed basal TSH and suppressed deltaTSH was 13 +/- 3 days; mean time to attain a supranormal basal TSH (greater than 8 muU/ml) was 16 +/- 4 days and to reach a supranormal deltaTSH (greater than 38 muU/ml) after TRH was 29 +/- 8 days. Following prolonged thyroid therapy in euthyroid patients, recovery of normal TSH responsiveness to TRH preceded recovery of the normal T3 and T4 response to TRH by 3 to 6 days. Basal serum TSH may be used to differentiate euthyroid from hypothyroid patients 35 days after withdrawal of thyroid therapy; the response to TRH does not improve this differentiation.

Krupsky M, Flatau E, Yarom R, Resnitzky P. Musculoskeletal symptoms as a presenting sign of long-standing hypothyroidism. Isr J Med Sci. 1987 Nov;23(11):1110-3. 


Muscle and joint pains and/or weakness are not usually stressed as central symptoms in hypothyroidism. Two cases of long-standing hypothyroidism presenting with prominent myopathic symptoms are described. The first patient presented with a 12-year history of proximal myopathy, arthropathy and skin abnormalities, and florid primary myxedema was diagnosed. No evidence for a systemic autoimmune process was found. The second patient had been treated with irradiation to the neck 23 years before admission and presented with clinical and laboratory signs of both proximal myopathy and hypothyroidism. Thyroid hormone replacement resulted in a complete recovery of all the musculoskeletal symptoms, with reversion to normal of the very high muscle enzyme levels in both patients. The cases presented illustrate that hypothyroidism can lead to the development of a variety of muscular, rheumatic and dermatologic syndromes easily confused with dermatomyositis or other collagen diseases.

Kung AW, Pang RW, Janus ED. Elevated serum lipoprotein(a) in subclinical hypothyroidism. Clin Endocrinol (Oxf). 1995 Oct;43(4):445-9. 


OBJECTIVES: Asymptomatic lymphocytic thyroiditis and subclinical hypothyroidism are associated with increased risk for coronary artery disease. The present study aimed at evaluating serum lipoprotein(a)(Lp(a)), measured as apo(a), and other lipid parameters in 32 subjects with asymptomatic subclinical hypothyroidism. SUBJECTS: Thirty-two Chinese subjects with asymptomatic subclinical hypothyroidism were compared to 96 age and sex-matched healthy controls. RESULTS: Subclinical hypothyroid patients had higher (P < 0.005) apo(a), total triglyceride (TG), total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) but lower (P < 0.05) high density lipoprotein cholesterol (HDL-C) levels compared with sex and age-matched controls (apo(a) 296 (48-1650) vs 182 (19-1952 U/l), geometric mean (range); TG 1.86 +/- 0.94 vs 1.33 +/- 0.74 mmol/l (mean +/- SD); TC 6.10 +/- 1.17 vs 5.42 +/- 1.13 mmol/l; LDL-C 4.10 +/- 1.00 vs 3.49 +/- 0.96 mmol/l; HDL-C 1.15 +/- 0.40 vs 1.34 +/- 0.40 mmol/l, respectively). APo A-I and apo B were also higher than controls (1.96 +/- 0.48 vs 1.48 +/ 0.29 g/l and 1.44 +/- 0.42 vs 1.05 +/- 0.29 g/l, respectively). Total cholesterol/HDL ratio and LDL/HDL ratio were also elevated in these subjects (5.77 +/- 1.96 vs 4.28 +/- 1.19 and 3.89 +/- 1.41 vs 2.79 +/- 0.97, respectively, both P < 0.0005). Individual analysis revealed that 16 (50%) subjects had hyperlipoproteinaemia (TC > 5.2 mmol/l in 10; TC > 5.2 mmol/l and TG > 2.3 mmol in six) as compared to 21(20.8%) in the control group (P < 0.005). Subjects with TSH > or = 11.0 mIU/l had significantly higher TC/HDL and LDL/HDL ratios. A significant correlation was observed between TSH levels and TC/HDL ratios (r = 0.455, P < 0.01). CONCLUSIONS: Subclinical hypothyroidism is associated not only with elevated LDL-cholesterol levels and low HDL-cholesterol levels but also with elevated lipoprotein (a). This may further increase the risk development of atherosclerosis.

Kvetny J, Heldgaard PE, Bladbjerg EM, Gram J. Subclinical hypothyroidism is associated with a low-grade inflammation, increased triglyceride levels and predicts cardiovascular disease in males below 50 years. Clin Endocrinol (Oxf). 2004 Aug;61(2):232-8. 


OBJECTIVE: Mild thyroid failure is associated with an increased risk for development of atherosclerosis, but whether subclinical hypothyroidism is related to risk for cardiovascular disease is controversial. The purpose of the present study was to examine a possible association between subclinical hypothyroidism and cardiovascular disease. DESIGN: Cross-sectional study of a general population. PATIENTS: Twelve hundred and twelve subjects, men and women, between 20 and 69 years old without thyroid disease not treated with drugs interfering with thyroid function or analysis of TSH were included. MEASUREMENTS: Clinical signs of cardiovascular disease based on a questionnaire and medical records and laboratory analysis of lipids, atherothrombotic risk markers, C-reactive protein and TSH. RESULTS: The main findings were a high incidence of subclinical hypothyroidism (19.7%) in a general population. Subclinical hypothyroidism was associated with higher concentrations of triglycerides and C-reactive protein. Below 50 years of age cardiovascular disease was more frequent in males with subclinical hypothyroidism compared to euthyroid males. Subclinical hypothyroidism was a predictor of cardiovascular disease in males below 50 years with an odds ratio of 3.4 (95% confidence interval 1.6-6.8) for developing cardiovascular disease compared to euthyroid age-matched males. CONCLUSION: Our study demonstrates that patients with subclinical hypothyroidism have increased levels of triglycerides and signs of low-grade inflammation (raised C-reactive protein levels) and that subclinical hypothyroidism might be a risk factor for development of cardiovascular disease in younger males.

Langdahl BL, Loft AG, Eriksen EF, Mosekilde L, Charles P. Bone mass, bone turnover and body composition in former hypothyroid patients receiving replacement therapy. Eur J Endocrinol. 1996 Jun;134(6):702-9.


The aim of the present cross-sectional study was to disclose whether long-term thyroxine replacement therapy (TRT) in primary hypothyroidism causes osteopenia. We compared 36 adult biochemically and clinically euthyroid patients who had received TRT for more than 5 years (mean 13 years) for primary hypothyroidism with 80 sex- and age-matched normal controls. Height, body weight and lean body mass were similar, but the patients had 21% higher fat body mass (p = < 0.01) than their controls. Furthermore, compared to controls the patients had 29% higher serum thyroxine (T4) and 31% higher serum free T4 index (FT4I) levels (p < 0.001), whereas serum triiodothyronine (T3) and FT3I levels were both reduced by 7% (p < 0.05). In the patients, serum TSH was reduced significantly (p < 0.001). No significant differences were observed between patients and normals in regional or total bone mineral content or bone mineral density levels, apart from 20% higher lumbar bone mineral content among the premenopausal patients (p < 0.05). Surprisingly, the mean serum calcium level was slightly elevated (2.38 +/- 0.08 vs 2.33 +/- 0.07 mmol/l, p < 0.001), serum phosphate decreased (1.13 +/- 0.19 vs 1.23 +/- 0.16 mmol/l, p < 0.01) and 24-h renal calcium excretion was reduced by 19% (p < 0.05). No changes were observed in serum magnesium, intact parathyroid hormone or calcitriol. The biochemical markers of bone resorption (serum carboxyterminal telopeptide of type I collagen, renal excretion of hydroxyproline, pyridinoline and deoxypyridinoline) and formation (serum levels of carboxyterminal propeptide of type I procollagen, osteocalcin and total and bone alkaline phosphatase) were similar in the two groups. We conclude that long-term thyroxine replacement therapy in primary hypothyroidism does not exert a negative effect on bone mass or alter bone turnover.

Lanni A, Moreno M, Lombardi A, de Lange P, Silvestri E, Ragni M, Farina P, Baccari GC, Fallahi P, Antonelli A, Goglia F. 3,5-diiodo-L-thyronine powerfully reduces adiposity in rats by increasing the burning of fats. FASEB J. 2005 Sep;19(11):1552-4. Epub 2005 Jul 12.


The effect of thyroid hormones on metabolism has long supported their potential as drugs to stimulate fat reduction, but the concomitant induction of a thyrotoxic state has greatly limited their use. Recent evidence suggests that 3,5-diiodo-L-thyronine (T2), a naturally occurring iodothyronine, stimulates metabolic rate via mechanisms involving the mitochondrial apparatus. We examined whether this effect would result in reduced energy storage. Here, we show that T2 administration to rats receiving a high-fat diet (HFD) reduces both adiposity and body weight gain without inducing thyrotoxicity. Rats receiving HFD + T2 showed (when compared with rats receiving HFD alone) a 13% lower body weight, a 42% higher liver fatty acid oxidation rate, appoximately 50% less fat mass, a complete disappearance of fat from the liver, and significant reductions in the serum triglyceride and cholesterol levels (-52% and -18%, respectively). Thyroid hormones and thyroid-stimulating hormone (TSH) serum levels were not influenced by T2 administration. The biochemical mechanism underlying the effects of T2 on liver metabolism involves the carnitine palmitoyl-transferase system and mitochondrial uncoupling. If the results hold true for humans, pharmacological administration of T2 might serve to counteract the problems associated with overweight, such as accumulation of lipids in liver and serum, without inducing thyrotoxicity. However, the results reported here do not exclude deleterious effects of T2 on a longer time scale as well as do not show that T2 acts in the same way in humans.(The human thyroid gland makes T2 and there are enzymes that convert rT3 to T2. T2 is present in Armour dessicated thyroid.—HHL)

Larsen PR. Thyroid-pituitary interaction: feedback regulation of thyrotropin secretion by thyroid hormones. N Engl J Med. 1982 Jan 7;306(1):23-32.

Larsen PR, Frumess RD. Comparison of the biological effects of thyroxine and triiodothyronine in the rat. Endocrinology. 1977 Apr;100(4):980-8.
 

To compare the biological effects of thyroxine (T4) and triiodothyronine (T3), the results of varying the production rates of T3 and T4 independently were evaluated. In one set of experiments, the responses of hypothyroid rats to thyroid hormones were measured in terms of weight gain, hepatic mitochondrial alpha-glycerophosphate dehydrogenase (alphaGPD) and serum TSH. T4 was given with, and without, 6-n-propylthiouracil (PTU) and alphaGPD activity paralleled, and could completely be accounted for, by the effect of the quantities of the T3 produced. The direct role of T3 production in the maintenance of hepatic alphaGPD activity was supported by finding normal serum T3 and alphaGPD activities, but reduced T4, in rats on low iodine diet for 2 months. Only after 4 months of iodine deficiency was alphaGPD reduced in the presence of a normal serum T3. These results suggest that T4 per se plays minimal role in this system. In contrast, there were significant effects of T4 administration on stimulation of weight gain and suppression of TSH release in hypothyroid animals which were not due to the T3 produced by peripheral conversion. While T3 given parenterally was about tenfold more potent than T4 in acute suppression of TSH, PTU retreatment did not alter the acute decrease in TSH after T4 which lasted for at least 22 h, as opposed to less than 7 h for T3. Despite the direct effect of T4 on TSH suppression, acute reduction in T3 in normal rats resulted in an elevation of serum TSH even though serum T4 concentrations were unchanged or even increased at this time. The results indicate that the thyrotroph, unlike the hepatocyte, can respond acutely to both increases and decreases in either T3 or T4 production. The differential sensitivities of various tissues to T3 and T4 indicate that the relative potencies of these two hormones must be defined experimentally in terms of a specific biological effect.    

Lebon V, Dufour S, Petersen KF, Ren J, Jucker BM, Slezak LA, Cline GW, Rothman DL, Shulman GI. Effect of triiodothyronine on mitochondrial energy coupling in human skeletal muscle. J Clin Invest. 2001 Sep;108(5):733-7. 


The mechanism underlying the regulation of basal metabolic rate by thyroid hormone remains unclear. Although it has been suggested that thyroid hormone might uncouple substrate oxidation from ATP synthesis, there are no data from studies on humans to support this hypothesis. To examine this possibility, we used a novel combined (13)C/(31)P nuclear magnetic resonance (NMR) approach to assess mitochondrial energy coupling in skeletal muscle of seven healthy adults before and after three days of triiodothyronine (T(3)) treatment. Rates of ATP synthesis and tricarboxylic acid (TCA) cycle fluxes were measured by (31)P and (13)C NMR spectroscopy, respectively, and mitochondrial energy coupling was assessed as the ratio. Muscle TCA cycle flux increased by approximately 70% following T(3) treatment. In contrast, the rate of ATP synthesis remained unchanged. Given the disproportionate increase in TCA cycle flux compared with ATP synthesis, these data suggest that T(3) promotes increased thermogenesis in part by promoting mitochondrial energy uncoupling in skeletal muscle. (Subjects were given 100mcg T3 twice daily for 3 days. T3 levels at baseline 93, 12 hours after last dose were 552ng/dL (85-205ng/dL). Whole body oxygen consumption increased 17%.  This same mechanism must occur within the physiological range as higher thyroid hormone levels increase body temperature and calorie consumption.—HHL)

Leese GP, Jung RT, Guthrie C, Waugh N, Browning MC. Morbidity in patients on L-thyroxine: a comparison of those with a normal TSH to those with a suppressed TSH. Clin Endocrinol (Oxf). 1992 Dec;37(6):500-3.

OBJECTIVE: Patients on L-thyroxine with a 'suppressed' TSH (< 0.05 mU/l) were compared to those in whom TSH was detectable but not elevated (0.05-4.0 mU/l), with regard to morbidity data. DESIGN: Biochemical data from Tayside Thyroid Register was matched to hospital admissions data obtained from Health Board Statistics. PATIENTS: The patients were identified from those registered on the computerized Tayside Register. MEASUREMENTS: Serum T4 and TSH assays, clinical assessment scores, and admission records with regard to ischaemic heart disease, overall fractures, fractured neck of femur and breast carcinoma. RESULTS: Over one year, 1180 patients on thyroxine replacement had clinical and biochemical assessment; 59% had a suppressed TSH and 38% 'normal' TSH. Patients with a suppressed TSH exhibited higher median serum thyroxine levels (146 nmol/l, range 77-252 vs 119 nmol/l, 58-224; P < 0.001). Patients under the age of 65 years on L-thyroxine had an increased risk of ischaemic heart disease compared to the general population (female 2.7 vs 0.7%, P < 0.001; male 6.4 vs 1.7%, P < 0.01), but the risk was no different between those with suppressed and normal TSH. There was no increase in risk for overall fracture, fractured neck of femur or breast carcinoma in those on thyroxine with suppressed or normal TSH. CONCLUSION: Patients under the age of 65 years on L-thyroxine had an increased risk of ischaemic heart disease. There was no excess of fractures in patients on L-thyroxine even if the TSH is suppressed. (The increase in ischaemic heart disease suggests long-standing inadequate thyroid replacement on T4 even with high-RR total T4 levels.-HHL)
Lewis GF; Alessi CA; Imperial JG; Refetoff S Low serum free thyroxine index in ambulating elderly is due to a resetting of the threshold of thyrotropin feedback suppression. J Clin Endocrinol Metab 1991 Oct;73(4):843-9.

Subnormal free T4 index (FT4I) values (less than 80) with inappropriately normal serum TSH concentrations that could not be attributed to illness or drugs were found in 2.5% of ambulating elderly clinic patients. Six such individuals (three men and three women, aged 68.8 +/- 4.8 yr) were selected for their persistent thyroid test abnormalities and were sex and age matched to six subjects (67.7 +/- 4.9 yr) with normal FT4I (greater than 90) and TSH levels. The former also had low serum total T4 (TT4) and rT3 (TrT3) concentrations, but total T3 (TT3) and basal TSH values were normal and did not differ between the groups. Responses of ACTH, LH, FSH, TSH, and PRL to stimulation with CRH, GnRH, and TRH showed no differences between the two groups, indicating that the normal TSH concentration, inappropriate for the low FT4I level, is not due to generalized hypothalamic or pituitary dysfunction. Administration of 3 g iopanoic acid (IOP) daily for 3 days produced significant increases in the TT4 and TrT3 concentrations to the same degree in both groups. Also, in both groups the IOP-induced suppression of T4 to T3 conversion in the pituitary gland provoked similar increases in basal TSH (280 +/- 47% and 288 +/- 33%) and TSH secretion in response to TRH (173 +/- 7% and 156 +/- 13%). These results indicate that the low FT4I is not the consequence of reduced pituitary TSH reserve. In addition, evidence for normal thyroid gland reserve and the secretion of TSH of normal biological activity was obtained by comparing the acute iodothyronine responses to TRH-induced TSH release in both groups. It is concluded that the normal serum TSH concentration, inappropriate for the low FT4I value in some elderly subjects, is due to an apparent resetting of the thyroid hormone feedback regulation threshold of TSH secretion. It may, in turn, be the result of enhanced pituitary conversion of T4 to T3 or increased T4 uptake by the thyrotrophs.

Liel Y. Preparation for radioactive iodine administration in differentiated thyroid cancer patients. Clin Endocrinol (Oxf). 2002 Oct;57(4):523-7. 


OBJECTIVE: Because in recent years the practice of TSH suppression has changed, and thyroxine doses have been reduced significantly in the treatment of patients with low-risk differentiated thyroid cancer, the goal of this study was to determine the time needed to attain a target TSH level (of 30 mIU/l) following levothyroxine withdrawal in patients treated with thyroxine according to current guidelines, in anticipation of radioactive iodine (RAI) administration. DESIGN: Observational study. PATIENTS: Thirteen consecutive patients with differentiated thyroid cancer on suppressive doses of levothyroxine planned for RAI administration. Five of the patients received cholestyramine in an attempt to facilitate TSH recovery. MEASUREMENTS: Serum TSH, free-T3 and free-T4, at 3-4-day intervals. RESULTS: In 13 patients on suppressive doses of thyroxine, on 15 separate occasions, baseline TSH levels were between 0.01 and 0.4 mIU/l. The mean interval required to reach the target TSH concentration of at least 30 mIU/l was 17 days (95% CI 15-19; range 11-28 days). Cholestyramine had no effect on the rate of TSH recovery. Once TSH concentration became detectable, it increased exponentially; and once it reached the upper limit of normal, it rarely took more than 10 days to attain target level. CONCLUSIONS: Attaining target TSH level before radioactive iodine administration requires a considerably shorter time than is currently recommended. Reducing preparation time might improve patients' acceptance of the procedure.(It took an average of 12 days for the TSH to reach the upper limit of normal.—HHL)

Liewendahl K, Helenius T, Lamberg BA, Mahonen H, Wagar G. Free thyroxine, free triiodothyronine, and thyrotropin concentrations in hypothyroid and thyroid carcinoma patients receiving thyroxine therapy. Acta Endocrinol (Copenh). 1987 Nov;116(3):418-24. 


Free thyroxine (FT4) and free triiodothyronine (FT3) concentrations in serum were measured by direct equilibrium dialysis methods in patients receiving thyroxine replacement or suppression therapy. Four of 50 hypothyroid patients euthyroid on replacement therapy (mean thyroxine dose 120 micrograms/day) had supranormal FT4 concentrations, whereas the FT3 concentrations were normal in all. Forty-one of 56 operated thyroid carcinoma patients on suppressive therapy (mean thyroxine dose 214 micrograms/day) had raised FT4 concentrations, whereas the FT3 concentrations were elevated in only one patient. There was a large difference in mean FT4 values for hypothyroid and thyroid carcinoma patients (17.2 vs 29.5 pmol/l), whereas the difference in mean FT3 values was small (5.0 vs 6.1 pmol/l), suggesting a decreased peripheral conversion of T4 to T3 with increasing concentrations of FT4. (Due to lack of TSH, Kabadi 2006-HHL).  Serum TSH concentrations, as determined by an immunoradiometric assay, varied from less than 0.02 to 11.9 mU/l in treated hypothyroid patients; 21 patients (42%) had values outside the reference limits. As a single test, serum TSH is therefore not very useful for the assessment of adequate thyroxine dosage in patients with primary hypothyroidism. In thyroid carcinoma patients, the TSH concentrations were less than 0.18 mU/l; 45 patients had values less than 0.02 mU/l indicating sufficient suppression of TSH secretion in the majority of cases. On the basis of these results we recommend the combination of FT3 and TSH tests for monitoring thyroxine replacement and suppression therapy. FT4 appears less useful than FT3 for this purpose even if special reference values were adopted for each patient group.

Lopez Alvarez MB, Hawkins F, Rigopoulou D, Martinez G, Jodar E, Estenoz J, Ortuno B, Arnaiz F. [The risk factors and bone mineral density in women on long-term levothyroxine treatment] Med Clin (Barc). 1999 Jan 30;112(3):85-9. 


BACKGROUND: It is controversial if the long-term treatment with thyroid hormone given at substitutive or suppressive doses has a negative effect on bone metabolism. In previous reports the lack of ultrasensitive TSH assays and densitometers with adequate precision, and the heterogeneity of the patients analyzed could explain these discordant results. PATIENTS AND METHODS: We have assessed bone mineral density (BMD) in 43 premenopausal and 53 postmenopausal women, who underwent near total thyroidectomy and I-131 ablation due to differentiated thyroid cancer, that have been followed up (mean duration, 75.5 months) with suppressive thyroid hormone treatment (mean dose, 170 micrograms) in our hospital. Patients with history of hyperthyroidism were excluded. lumbar BMD (L2-L4) and BMD in three different sites of hip were measured (dual X-ray densitometry) to determine the contribution of several clinical and risk factors associated with thyroid hormone therapy given to BMD. RESULTS: We have not found significant decrease in BMD at spine or hip when patients were compared with healthy, age and sex matched. Age (inverse correlation) and weight (direct correlation) were the variables mostly influencing BMD). Histologic type of thyroid neoplasia, doses of thyroid hormones, thyroid hormone levels and duration of follow-up, were not associated with changes in BMD. A decrease in calcium intake in postmenopausal and less physical activity in premenopausal women were related with a decreased lumbar BMD. CONCLUSIONS: During long-term treatment of female patients with thyroid hormones, other risk factors should be studied in order to prevent possible loss of bone mass.

Lum SM, Nicoloff JT, Spencer CA, Kaptein EM. Peripheral tissue mechanism for maintenance of serum triiodothyronine values in a thyroxine-deficient state in man.  J Clin Invest. 1984 Feb;73(2):570-5. 


The present study was undertaken to define the source of endogenous triiodothyronine (T3) production responsible for maintaining serum T3 levels in euthyroid subjects with depressed serum thyroxine (T4) values. After withdrawal from 4 wk of exogenous T3 administration, a 22% decline in serum T3 values (from 129 +/- 6 to 99 +/- 4 ng/dl) was observed in six euthyroid subjects, despite a twofold reduction in serum T4 concentrations (from 7.5 +/- 0.5 to 3.2 +/- 0.5 micrograms/dl). This was accompanied by a nearly twofold increase in serum T3/T4 ratio values (17 +/- 1 to 29 +/- 6) but no significant alteration in reverse T3/T4 ratio values. This phenomenon did not appear to be thyroid stimulating hormone (TSH) dependent, since base-line serum TSH values were subnormal. Nor was it dependent on changes in thyroid gland function, since a blunted T3 response to exogenous bovine TSH occurred and pharmacologic doses of iodide did not influence the phenomenon. The finding in three athyreotic subjects that serum T3/T4 ratio values increased from 14 +/- 1 on T4 therapy (mean serum T4, 9.6 +/- 0.8 micrograms/dl and T3, 132 +/- 8 ng/dl) to 40 +/- 2 after withdrawal from 2 wk of T3 administration (serum T4 1.2 +/- 0.1 micrograms/dl and T3 46 +/- 3 ng/dl) provided direct evidence that an alteration in peripheral thyroid hormone metabolism was probably responsible for these findings previously observed in euthyroid subjects. The results of this study support the possible existence in euthyroid man of a peripheral tissue autoregulatory mechanism for maintaining serum T3 values in states of T4 deficiency. Whether this process involves an alteration in the efficiency of T4 to T3 conversion or the rate of T3 clearance is presently unknown.  End of paper:   “The discovery of these multiple systems for sustaining circulating T3 levels underscores the physiologic importance placed on the precise control of circulating T3 concentrations in man.”
Maeda M, Kuzuya N, Masuyama Y, Imai Y, Ikeda H. Changes in serum triiodothyronine, thyroxine, and thyrotropin during treatment with thyroxine in severe primary hypothyroidism. J Clin Endocrinol Metab. 1976 Jul;43(1):10-7. 

Studies were performed on 40 patients with severe primary hypothyroidism, during treatment with varying doses of T4. Therapy was initiated with 50 mug/day and was continued for at least 2 months. Subsequent repeated increases of 25 mug/day were continued for at least 2 months until the serum TSH level was less than 10 muU/ml. Measurements of serum T4 and T3, RT3U, and serum TSH were carried out at monthly intervals. TRH tests were performed after TSH levels of less than 10 muU/ml had been attained and the dose of T4 had been maintained for at least 2 months. In most of the samples obtained during treatment with various doses of T4 (50-175 mug/day), serum T4 concentrations were within the normal range, even when patients were receiving only 50 mug/day of T4; however, approximately 60% of the samples had subnormal T3 concentrations. Fifty per cent of the samples had elevated TSH concentrations despite normal T4 levels, while only 7% of the samples with normal T3, as well as T4, levels had slightly elevated TSH concentrations. Similar relationships were observed between serum TSH and free T4 indices and free T3 indices. Among patients with serum TSH levels of less than 10 muU/ml, none showed subnormal T4 concentrations, while subnormal T3 concentrations were found in some of them. Hyper-response to TRH was noted in patients with subnormal T3 levels, and normal responses were observed in patients with normal T3 and T4 concentrations. These data indicate that, during the treatment of hypothyroidism with T4, 1) normal basal TSH correlates better with normal serum T4 and T3 than with normal T4 alone, 2) the response of TSH to TRH is supranormal in patients with subnormal T3 levels, in spite of normal basal TSH and T4, and 3) the calculated maintenance dose of T4, which is associated with a normal TRH response, is 2.08 mug/day/kg of body weight. (The average 70kg person needs 140mcg T4!-most get 100mcg or less--HHL)

Maia AL, Kim BW, Huang SA, Harney JW, Larsen PR. Type 2 iodothyronine deiodinase is the major source of plasma T3 in euthyroid humans. J Clin Invest. 2005 Sep;115(9):2524-33. 

The relative roles of the types 1 and 2 iodothyronine deiodinases (D1 and D2) in extrathyroidal 3,5,3'-triiodothyronine (T3) production in humans are unknown. We calculated the rate of thyroxine (T4) to T3 conversion by intact cells transiently expressing D1 or D2 at low (2 pM), normal (20 pM), and high (200 pM) free T4 concentrations. Deiodinase activities were then assayed in cell sonicates. The ratio of T3 production in cell sonicates (catalytic efficiency) was multiplied by the tissue activities reported in human liver (D1) and skeletal muscle (D2). From these calculations, we predict that in euthyroid humans, D2-generated T3 is 29 nmol/d, while that of D1-generated T3 is 15 nmol/d, from these major deiodinase-expressing tissues. The total estimated extrathyroidal T3 production, 44 nmol/d, is in close agreement with the 40 nmol T3/d based on previous kinetic studies. D2-generated T3 production accounts for approximately 71% of the peripheral T3 production in hypothyroidism, but D1 for approximately 67% in thyrotoxic patients. We also show that the intracellular D2-generated T3 has a greater effect on T3-dependent gene transcription than that from D1, which indicates that generation of nuclear T3 is an intrinsic property of the D2 protein. We suggest that impairment of D2-generated T3 is the major cause of the reduced T3 production in the euthyroid sick syndrome.

Mandel SH, Magnusson AR, Burton BT, Swanson JR, LaFranchi SH. Massive levothyroxine ingestion. Conservative management. Clin Pediatr (Phila). 1989 Aug;28(8):374-6.

The clinical course of a 29-month-old girl who was referred for evaluation after ingesting ninety 0.2-mg tablets of levothyroxine is reported. Despite an initial thyroxine (T4) level of 282 micrograms/dl and a triiodothyronine (T3) level of 1,837 ng/dl at 48 hours postingestion, her symptoms were mild and included irritability, vomiting, tremor, and tachycardia. Treatment was limited to activated charcoal and propranolol. Thyroid hormone levels fell to normal by 13 days postingestion. The child's clinical course was benign. Even after massive acute ingestions of levothyroxine, children's symptoms are usually mild and may be controlled with propranolol. This conservative approach should be considered before expensive and potentially dangerous therapies are undertaken.

Mariotti S, Barbesino G, Caturegli P, Bartalena L, Sansoni P, Fagnoni F, Monti D, Fagiolo U, Franceschi C, Pinchera A. Complex alteration of thyroid function in healthy centenarians. J Clin Endocrinol Metab. 1993 Nov;77(5):1130-4. 

Several changes in thyroid function have been described in the elderly and largely attributed to concomitant nonthyroidal illness. The extent to which aging per se contributes to these changes remains to be elucidated, and scanty data are available in extremely old subjects. The present study was designed to focus on thyroid function during physiological aging, taking advantage of two groups of selected aged individuals: group A of healthy centenarians (n = 41; age range, 100-110 yr) and group B including healthy elderly subjects selected by the criteria of the EURAGE SENIEUR protocol (n = 33; age range, 65-80 yr). Control groups included 98 healthy normal adult subjects (group C; age range, 20-64 yr) and 52 patients with miscellaneous nonthyroidal illness (group D; age range, 28-82 yr). Our previous report of a low prevalence of thyroid autoantibodies in centenarians was confirmed and extended by the finding of a similar low autoantibody prevalence in the highly selected healthy elderly population of group B. Subclinical primary hypothyroidism was found in 3 (7.3%) centenarians, and their data were excluded from further statistical evaluation. No significant difference was found in the median serum free T4 levels of groups A-C. Median (and range) serum free T3 (FT3) was lower in centenarians [3.67 pmol/L (2.3-5.5)] than in group B [5.22 pmol/L (3.4-6.1)] and group C [5.38 pmol/L (2.9-8.4); P < 0.0001 vs. both groups]. Similarly, the median serum TSH level of centenarians [0.97 mU/L (< 0.09 to 2.28)] was lower than those in groups B [1.17 mU/L (0.53-2.74)] and C [1.7 mU/L (0.4-4.8); P < 0.0001 vs. both groups]; moreover, serum TSH was also significantly (P < 0.01) lower in group B than in group C. Both serum FT3 and TSH concentrations showed a significant inverse correlation (r = -0.634; P < 0.0001 and r = -0.377; P < 0.0001, respectively) with age. Median serum FT3 in centenarians was lower than that in group D patients [4.61 pmol/L (2.15-6.6); P < 0.0001]. In contrast, median serum rT3 in centenarians [0.40 nmol/L (0.20-0.77)], although higher than those in groups B [0.24 nmol/L (0.15-0.37); P < 0.0001] and C [0.22 nmol/L (0.05-0.46); P < 0.0001], was significantly lower than that in group D [0.60 nmol/L (0.13-2.08); P < 0.0001]. In conclusion, thyroid function appears to be well preserved until the eighth decade of life if healthy subjects are studied, whereas a reduction of serum FT3 is observed in extreme aging.(ABSTRACT TRUNCATED AT 400 WORDS)

Mastorakos G, Doufas AG, Mantzos E, Mantzos J, Koutras DA.  T4 but not T3 administration is associated with increased recurrence of Graves' disease after successful medical therapy. J Endocrinol Invest. 2003 Oct;26(10):979-84. 


TSH has been incriminated in Graves' disease for increasing the production of antibodies against TSH receptor (TRAb). It has been, therefore, suggested that T4 administration after successful antithyroid drug (ATD) treatment may indirectly decrease the production (of TSH, and therefore) of TRAb and, therefore, the frequency of recurrence of hyperthyroidism. To study the role of T4 and T3 on the recurrence rate of Graves' disease 108 patients with Graves' disease (22 males, age: 49.8 +/- 14.3 yr, mean +/- SD, and 86 females, age: 41.7 +/- 12 yr) were followed-up for 24 months after successful treatment with ATD (carbimazole). During the follow-up period, patients daily received either 100 microg T4 or 25 microg T3 or placebo after random and double-blinded assignment into three groups. They were evaluated trimonthly up to 12 months and at 24 months. Plasma TRAb levels were measured at the beginning and at 12 months. At 12 months of the follow-up period, 14 out of 33 (42.4%), 6 out of 38 (15.8%), and 9 out of 37 (24.3%) patients receiving T4, T3 and placebo, respectively, recurred. Recurrence rate of T4-treated patients was statistically higher than that of the T3-treated patients or controls (p < 0.05). At the beginning of the follow-up period patients who were going to recur had significantly higher TRAb levels and goiter weight than patients who were not (p < 0.05). At 24 months of the follow-up period, from the patients who did not drop out of the study, none out of 11 (0%), 2 out of 19 (10.5%) and 1 out of 12 (8.3%) receiving T4, T3 and placebo, respectively, recurred. We conclude that T4 administration after successful ATD treatment of Graves' disease is associated with increased recurrence of hyperthyroidism as compared to the T3 or placebo administration. High TRAb levels and goiter weight at the end of ATD treatment may hint at recurrence. (25mcg T3 suppressed TSH and TRAb better than 100mcg T4—HHL)

Meier CA, Maisey MN, Lowry A, Müller J, Smith MA. Interindividual differences in the pituitary-thyroid axis influence the interpretation of thyroid function tests. Clin Endocrinol (Oxf). 1993 Jul;39(1):101-7.

OBJECTIVE: We investigated interindividual differences in the shape, slope and setpoint of the pituitary-thyroid axis (PTA) in normal persons. Based on these physiological data we propose a novel bivariate concept for the interpretation of thyroid function tests which is less biased by interindividual differences in the PTA than the currently used univariate approach. DESIGN: In two separate trials (A and B), healthy volunteers were given small, increasing doses of T3 (7.5-45 micrograms/day orally) over 5 days. The regulation characteristics of the individual PTAs and the effects of age and gender were assessed by general linear regression models. In addition, serum samples were collected from normal persons to establish the proposed bivariate approach for the interpretation of thyroid function tests. SUBJECTS: The regulatory characteristics of the PTA were determined in a total of 21 normal volunteers (eight females, 13 males; age 24-49 years). Single blood samples were collected from 257 normal volunteers. The participants had no history of pituitary or thyroid disease. MEASUREMENTS: Free and total thyroid hormone and TSH concentrations were determined in the serum. All samples from one person were analysed in the same assay in duplicate. RESULTS: A log-linear relationship between T3 and TSH was found to describe best the individual PTA (multiple r = 0.96). However, significant differences in the setpoint (P < 0.001) and to a lesser degree in the slope (P < or = 0.05) of the PTA were detected; this variability was not dependent on age or gender. Since these findings invalidate the assumptions on which the current univariate interpretation of thyroid function tests is based, we propose a novel model for the evaluation of thyroid function tests derived from the experimentally determined shape and average slope of the PTA. CONCLUSIONS: The presence of significant age and gender-independent interindividual variations in the setpoint of the pituitary-thyroid axis raises conceptual problems with the current approach for interpreting thyroid function tests. An easy to use graphical bivariate representation of the normal ranges for thyroid function tests is presented and exemplified by the thyroid hormone and TSH measurements in a large reference population. This concept should improve the diagnostic accuracy in the borderline-normal, and particularly subclinical hypothyroid region of these hormone measurements.

Meier C, Beat M, Guglielmetti M, Christ-Crain M, Staub JJ, Kraenzlin M. Restoration of euthyroidism accelerates bone turnover in patients with subclinical hypothyroidism: a randomized controlled trial. Osteoporos Int. 2004 Mar;15(3):209-16. 

This study evaluated the effect of physiological l-thyroxine (L-T4) treatment on bone metabolism in patients with subclinical hypothyroidism. Sixty-six women with subclinical hypothyroidism (TSH 11.7 +/- 0.8 mIU/l) were randomly assigned to receive L-T4 or placebo for 48 weeks. Sixty-one of 66 patients completed the study. Individual L-T4 replacement (mean dosage 85.5 +/- 4.3 microg/day) was performed targeting euthyroid thyroid-stimulating hormone (TSH) levels. The primary outcome measure was 24- and 48-week change in markers of bone formation (total and bone alkaline phosphatase [ALP, bone ALP], osteocalcin [OC]) and resorption (pyridinoline [PYD] and deoxypyridinoline [DPD], C-terminal cross-linking telopeptide type I [CTX]). Secondary outcomes were 48-week changes in bone mineral density (BMD) of the lumbar spine and hip, measured by dual-energy X-ray absorptiometry. Compared with placebo, l-thyroxine ( n=31) resulted in significant activation of bone turnover. Overall, a significant treatment effect was observed for DPD (between-group difference 16.0%; 95%CI, 10.9 to 21.1), CTX (29.9%; 95%CI, 23.3 to 36.5), and bone ALP (13.2%; 95%CI, 6.6 to 19.7) after 24 weeks. At the end of the study, lumbar BMD in the both treatment groups differed by 1.3% (95%CI, -2.9 to 0.5) with lower levels in l-thyroxine treated women. Significant difference in BMD between groups was also observed at the trochanter. We conclude that physiological l-thyroxine treatment accelerates bone turnover reflecting early activation of bone remodeling units in the initial replacement of subclinical hypothyroidism. The observed bone loss could be interpreted as an adaptive mechanism on decreased bone turnover in preexistent hypothyroidism, and not as l-thyroxine-induced clinically important bone loss. However, long-term studies are needed to confirm this assumption.(This may explain many things. The low thyroid hormone levels of many women prevent bone loss by reducing metabolic activity including bone turnover. Just restoring thyroid hormone levels to physiological levels increases bone loss! So if you’re going to optimize thyroid hormone levels, you ‘d better optimize Vit. D, Vit K, testosterone, progesterone, DHEA, and even GH!—HHL)

Meier C, Staub JJ, Roth CB, Guglielmetti M, Kunz M, Miserez AR, Drewe J, Huber P, Herzog R, Muller B. TSH-controlled L-thyroxine therapy reduces cholesterol levels and clinical symptoms in subclinical hypothyroidism: a double blind, placebo-controlled trial (Basel Thyroid Study). J Clin Endocrinol Metab. 2001 Oct;86(10):4860-6. 


This study evaluated the effect of physiological, TSH-guided, L-thyroxine treatment on serum lipids and clinical symptoms in patients with subclinical hypothyroidism. Sixty-six women with proven subclinical hypothyroidism (TSH, 11.7 +/- 0.8 mIU/liter) were randomly assigned to receive L-thyroxine or placebo for 48 wk. Individual L-thyroxine replacement (mean dose, 85.5 +/- 4.3 microg/d) was performed based on blinded TSH monitoring, resulting in euthyroid TSH levels (3.1 +/- 0.3 mIU/liter). Lipid concentrations and clinical scores were measured before and after treatment. Sixty-three of 66 patients completed the study. In the L-thyroxine group (n = 31) total cholesterol and low density lipoprotein cholesterol were significantly reduced [-0.24 mmol/liter, 3.8% (P = 0.015) and -0.33 mmol/liter, 8.2% (P = 0.004), respectively]. Low density lipoprotein cholesterol decrease was more pronounced in patients with TSH levels greater than 12 mIU/liter or elevated low density lipoprotein cholesterol levels at baseline. A significant decrease in apolipoprotein B-100 concentrations was observed (P = 0.037), whereas high density lipoprotein cholesterol, triglycerides, apolipoprotein AI, and lipoprotein(a) levels remained unchanged. Two clinical scores assessing symptoms and signs of hypothyroidism (Billewicz and Zulewski scores) improved significantly (P = 0.02). This is the first double blind study to show that physiological L-thyroxine replacement in patients with subclinical hypothyroidism has a beneficial effect on low density lipoprotein cholesterol levels and clinical symptoms of hypothyroidism. An important risk reduction of cardiovascular mortality of 9-31% can be estimated from the observed improvement in low density lipoprotein cholesterol. (Mean dose of 85mcg was a sub-replacement dose that lowered TSH from 12 to 3, raised FT4 from low-normal to mid-normal, and actually lowered FT3 from low-normal to lower-normal. This study illustrates well the inadequacy of TSH-normalizing T4 therapy.—HHL)

Meier C, Trittibach P, Guglielmetti M, Staub JJ, Müller B. Serum thyroid stimulating hormone in assessment of severity of tissue hypothyroidism in patients with overt primary thyroid failure: cross sectional survey. BMJ. 2003 Feb 8;326(7384):311-2.

In patient with hypothryoidism and TSH>20, FT4 and T3 level correlated very well with measures of tissue thyroid effects, whereas TSH levels showed no correlation. “Therefore, the biological effects of thyroid hormones at the peripheral tissues—and not TSH concentrations—reflect the clinical severity of hypothyroidism. A judicious initiation of thyroxine treatment should be guided by clinical and metabolic presentation and thyroid hormone concentrations (free thyroxine) and not by serum TSH concentrationsz.”
Mercuro G, Panzuto MG, Bina A, Leo M, Cabula R, Petrini L, Pigliaru F, Mariotti S. Cardiac function, physical exercise capacity, and quality of life during long-term thyrotropin-suppressive therapy with levothyroxine: effect of individual dose tailoring. J Clin Endocrinol Metab. 2000 Jan;85(1):159-64.

As recently claimed, TSH-suppressive therapy with L-T4 may have adverse effects on the heart, but these results have not been consistently confirmed. We assessed cardiac function by clinical, echocardiographic, and ergometabolic criteria in 19 patients (16 women and 3 men) receiving long term L-T4 at a fixed daily dose ranging from 1.8-4.0 microg/kg. The results showed significant alterations in several cardiac parameters suggestive of subclinical hyperthyroidism. In particular, intraventricular septum thickness (10.0+/-1.4 vs. 8.1+/-1.1 mm), left ventricular posterior wall thickness (9.4 1.5 vs. 8.1+/-1.1 mm), end-diastolic dimension (47+/-4 vs. 44+/-3 mm), and left ventricular mass index (102+/-15 vs. 75+/-15 g/m2) were significantly increased compared to values in age- and sex-matched euthyroid controls. Exercise tolerance (expressed as maximal tolerated workload; 102+/-14 vs. 117+/-12 watts), maximal VO2 achieved at peak exercise (maximum VO2, 17.3+/-3.3 vs. 21.9+/-2.5 mL/min x kg), and anaerobic threshold (expressed as a percentage of VO2max, 46.5+/-8.4 vs. 56.2+/-6.6) were significantly reduced in L-T4-treated patients. The L-T4 dose was then reduced to the minimal amount able to keep the serum TSH concentration at 0.1 mU/L or less (a little less?-HHL) in 7 patients who were reevaluated 6 months after the initial study. This individual tailoring of the TSH-suppressive L-T4 dose was in all cases associated with normalization of all echocardiographic and ergometabolic parameters. In conclusion, our findings show that abnormalities of heart morphology associated with impaired exercise performance occur as a consequence of long term therapy with fixed TSH-suppressive doses of L-T4, but that these abnormalities improve or disappear after careful tailoring of TSH-suppressive therapy.

Midgley JE, Gruner KR. Effects of age and health on the euthyroid reference ranges for serum free thyroxine and free triiodothyronine. Nuklearmedizin. 1985 Apr;24(2):57-65. 


Age-related trends in serum free thyroxine (FT4) and free triiodothyronine (FT3) concentrations were measured in 7248 euthyroid subjects (age-range 3 months to 106 years). 5700 were patients referred to hospitals for investigation of suspected thyroid dysfunction, but who were diagnosed euthyroid. 1548 were healthy blood donors (age-range 18-63 years) with no indication of thyroid dysfunction. FT4 concentrations were little affected by the age, the sex or the state of health of the subjects in either group. Serum FT3 concentrations were significantly affected by both age and health factors. The upper limit of the euthyroid reference range for young subjects up to 15 years was about 20% higher (10.4 pmol/l)(=6.75pg/ml) than for adult subjects older than 25 years (8.8 pmol/l) (=5.7pg/ml). The change in the upper limits typical of young subjects to that typical of adults occurred steadily over the decade 15-25 years. After this age, little further change occurred, especially in healthy subjects. Additionally, the lower limit of the euthyroid range for FT3 was extended by the inclusion in the reference group of patients referred to hospitals. Compared with the lower limit of the FT3 range for healthy subjects (5 pmol/l)(3.25pg/ml), the corresponding limit for referred subjects (young or adult) was 3.5-3.8 pmol/l. (/15.4=0.23ng/dL=2.3 to 2.47pg/ml) Broadening of the FT3 reference range was probably brought about by a significant number of patients in the hospital-referred group with the "low-T3 syndrome" of mild non-thyroidal illness. Accordingly, FT3 was inferior to FT4 in the discrimination of hypothyroidism, as FT4 was unaffected by this phenomenon. (OR the referred patients were hypothyroid as indicated by their low T3 levels!  The 20% decline from age 15 to 25—is it good for us?  I think not.—HHL)

Monzani F, Caraccio N, Kozakowa M, Dardano A, Vittone F, Virdis A, Taddei S, Palombo C, Ferrannini E.  Effect of levothyroxine replacement on lipid profile and intima-media thickness in subclinical hypothyroidism: a double-blind, placebo- controlled study. J Clin Endocrinol Metab. 2004 May;89(5):2099-106. 


Subclinical hypothyroidism (sHT) is associated with dyslipidemia and enhanced cardiovascular risk. We assessed carotid artery intima-media thickness (IMT, high-resolution ultrasonography) and lipoprotein profile in 45 sHT patients (aged 37 +/- 11 yr) at baseline and after 6 months of randomized, placebo-controlled L-T(4) replacement. In comparison with 32 age- and sex-matched controls, sHT patients had elevated total and low-density lipoprotein (LDL) cholesterol and ApoB levels (P = 0.002, P = 0.0007, and P = 0.01, respectively) and higher mean-IMT values (P < 0.0001). In stepwise regression analysis, mean-IMT was positively related (r(2) = 0.71, P < 0.0001) to age, TSH, and LDL cholesterol. L-T(4) replacement significantly reduced both total and LDL cholesterol (P < 0.0001 for both) and mean-IMT (by 11%, P < 0.0001). The decrement in IMT was directly related to the decrements of both total cholesterol and TSH (P = 0.02 and P = 0.0001, respectively). We conclude that early carotid artery wall alterations are present in sHT patients. Whether such IMT increase is related to an early atherosclerotic involvement of the arterial wall cannot be clearly decided on the basis of the present results. However, the fact that L-T(4) replacement therapy was able to improve both the atherogenic lipoprotein profile and intima-media thickening suggests that lipid infiltration of arterial wall may represent a major mechanism underlying IMT increase in subclinical hypothyroidism.

Morreale de Escobar G, Obregon MJ, Escobar del Rey F. Is neuropsychological development related to maternal hypothyroidism or to maternal hypothyroxinemia? J Clin Endocrinol Metab. 2000 Nov;85(11):3975-87.

Several recent publications have drawn attention to the role of the thyroid hormone status of the mother on the future neuropsychological development of the child. The screening of pregnant women for clinical or subclinical hypothyroidism based on second trimester elevated maternal TSH values has been proposed. Here, we have summarized present epidemiological and experimental evidence strongly suggesting that conditions resulting in first trimester hypothyroxinemia (a low for gestational age circulating maternal free T4, whether or not TSH is increased) pose an increased risk for poor neuropsychological development of the fetus. This would be a consequence of decreased availability of maternal T4 to the developing brain, its only source of thyroid hormone during the first trimester; T4 is the required substrate for the ontogenically regulated generation of T3 in the amounts needed for optimal development in different brain structures, both temporally and spatially. Normal maternal T3 concentrations do not seem to prevent the potential damage of a low supply of T4, although they might prevent an increase in circulating TSH and detection of the hypothyroxinemia if only TSH is measured. Hypothyroxinemia seems to be much more frequent in pregnant women than either clinical or subclinical hypothyroidism and autoimmune thyroid disease, especially in regions where the iodine intake of the pregnant woman is inadequate to meet her increased needs for T4. It is proposed that the screening of pregnant women for thyroid disorders should include the determination of free T4 as soon as possible during the first trimester as a major test, because hypothyroxinemia has been related to poor developmental outcome, irrespective of the presence of high titers of thyroid autoantibodies or elevated serum TSH. The frequency with which this may occur is probably 150 times or more that of congenital hypothyroidism, for which successful screening programs have been instituted in many countries. (This paper calls into question the use of Armour thyroid and other T3-dominant thyroid regimens in women of child-bearing age, however I have not seen this recommendation elsewhere.—HHL)

Moruzzi P, Doria E, Agostoni PG. Medium-term effectiveness of L-thyroxine treatment in idiopathic dilated cardiomyopathy. Am J Med. 1996 Nov;101(5):461-7. 


BACKGROUND: In dilated cardiomyopathy, short-term administration of L-thyroxine (100 micrograms/ day) improves cardiac and exercise performance without changing the heart's adrenergic sensitivity. The aim of this study was to test the medium-term (3 months) efficacy of L-thyroxine (10 patients) compared with placebo (10 patients) and to find out whether later effects are obtainable. METHODS: Echocardiographic parameters in the control state and during acute changes of left ventricular afterload, cardiopulmonary exercise test, and hemodynamic parameters, including cardiac beta 1 responses to dobutamine, were obtained before and at the end of treatment. RESULTS: Significant (P < 0.05) changes were observed only with the active drug. After L-thyroxine, patients did not show evidence of chemical hyperthyroidism, despite the increase in thyroxine and the reduction in thyroid-stimulating hormone plasma levels. Cardiac performance improved, as shown by the increase in the left ventricular ejection fraction and rightward shift of the slope of the relation left ventricular ejection fraction/end-systolic stress. Resting cardiac output increased, and the left ventricular diastolic dimensions and systemic vascular resistances decreased. The responses of cardiac output and heart rate to dobutamine infusion were also enhanced. Functional capacity markedly improved, together with an increase in peak exercise cardiac output. CONCLUSION: L-thyroxine does not lose its beneficial effects on cardiac and exercise performance on medium-term administration and does not induce adverse effects. In addition to the short-term study, the left ventricular diastolic dimensions were decreased. An upregulation of beta 1 receptors might explain the cardiac response to dobutamine.

Mortoglou A, Candiloros H. The serum triiodothyronine to thyroxine (T3/T4) ratio in various thyroid disorders and after Levothyroxine replacement therapy. Hormones (Athens). 2004 Apr-Jun;3(2):120-6. 


In order to examine the significance of differences in the triiodothyronine/thyroxine (T3/T4) ratio in the achievement of euthyroidism and in different thyroidal diseases, we studied 1050 subjects: 233 were euthyroid (Eu), 239 hypothyroid (Hypo) with initial TSH levels >15 mU/L, 273 hypothyroid on substitution therapy with L-thyroxine alone and TSH values of 0.35-3.5 mU/L, (hypoRx), 236 hyperthyroid (hyper) and 69 in the acute phase of subacute thyroiditis De Quervain's (DQ). The ratio of T3/T4 was calculated using the conventional values. Results: The values of T3/T4 ratio in the various categories were: Eu= 15.89, Hypo= 24.12, hyper= 19.57, hypoRx= 13.42, DQ= 15.16. The T3/T4 ratio was lower in the hypoRx group than in the EU group (P <0.001), although neither TSH values nor T3 values showed any differences between these two groups, whereas T4 levels were significantly higher in the hypoRx group (Eu= 7.99+/-1.46, hypoRx = 9.11+/-1.58, P< 0.001). The T3/T4 ratio in the DQ group was comparable to that of the Eu group, but significantly lower than the hyper group (P=0.95 between Eu and DQ, P<0.001 between DQ and hyper). Conclusions: These findings indicate that in hypothyroid patients, L-T4-replacement that is sufficient to maintain a normal serum TSH is accompanied by a serum T4 that is higher than in normal individuals and may not result in an appropriately normal serum T3 concentration. In Thyrotoxicosis, a ratio of total T3/T4 >18.9 suggests Graves' disease or toxic multinodular goiter whereas T3/T4 <16 suggests thyroiditis (subacute or silent).

Mosekilde L, Melsen F. Morphometric and dynamic studies of bone changes in hypothyroidism. Acta Pathol Microbiol Scand [A]. 1978 Jan;86(1):56-62. 


Bone biopsies were performed after tetracycline double-labelling by transfixing the right iliac crest in fourteen hypothyroid patients. The bone changes in cortical and trabecular bone were determined by simple measurement and point counting on decalcified and undecalcified stained sections and compared to normal controls and to sex and age matched hyperthyroid patients. The amount of trabecular bone and the cortical porosity were unchanged in the hypothyroid patients compared to normal controls, whereas the mean cortical thickness was increased. The amount of osteoid and the length of the osteoid seams were normal, whereas the mean width of the osteoid seams was decreased. The linear calcification rate in cancellous bone was decreased, as were the active calcification surfaces (tetracycline-labelled) and the percentage of osteoid covered surfaces active in mineralization. The osteoclastic resorption surfaces were unchanged in trabecular bone, whereas the osteoclastic activity in cortical bone was decreased. The osteocytic osteolysis was normal. The bone changes in hypothyroidism were opposite to the changes in hyperthyroidism characterized by a very low bone turn-over with a reduced osteoid apposition and bone mineralization rate, an inactive osteoclastic resorption in trabecular bone and a decreased osteoclastic resorption in cortical bone.(Hypothyroidism is associated with a thickening of cortical bone—of course this does not make hypothyroidism a good thing, nor does it make the loss of some of that cortical thickness with the restoration of hormones a bad thing!—HHL)

Murray JS, Jayarajasingh R, Perros P. Lesson of the week: Deterioration of symptoms after start of thyroid hormone replacement. BMJ. 2001 Aug 11;323(7308):332-3. 

Patients with hypothyroidism whose symptoms do not improve or worsen when treated with T4 may have adrenal insufficiency.

Nagayama I, Yamamoto K, Saito K, Kuzuya T, Saito T. Subject-based reference values in thyroid function tests. Endocr J. 1993 Oct;40(5):557-62. 


To evaluate the diagnostic value of subject-based reference values in thyroid function tests, we compared intra-individual and inter-individual variation. Five specimens were collected over a period of 2 weeks from each of 47 normal subjects, 29 women and 18 men, aged 20-47 yrs. T4, FT4, T3, and FT3 were assayed by RIA, and TSH by a sensitive immunoradiometric assay. One-way ANOVA for each test was statistically significant for a main subject effect, indicating that the subjects differed in their personal mean values for the thyroid function tests (T4, P < 0.01; FT4, P < 0.05; T3, P < 0.01; FT3, P < 0.05; TSH, P < 0.01). The ratio value (intra- over inter-individual variation) was T4, 0.41; FT4, 0.60; T3, 0.53; FT3, 0.63; TSH 0.36. The data indicate that conventional reference values are insensitive when compared to subject-based reference intervals in assessing the thyroid status of a given subject. Reactivity of the thyroid to the stimulation of endogenous TSH was assessed by the ratio delta FT 3/delta TSH in TRH stimulation tests. A positive correlation between basal FT3 and delta FT3/delta TSH (r = 0.566, P < 0.05) indicates that the thyroid with higher reactivity to TSH secretes more daily thyroid hormone. Negative correlation between basal TSH and delta FT3/delta TSH (r = -0.536, P < 0.05) means that a subject with lower reactivity of the thyroid needs a higher basal TSH level to compensate. The thyroid reactivity to TSH may be an important determinant for the individuality of the pituitary-thyroid axis.

Nakamura T, Nomura J. [Adjunctive thyroid hormone therapy and comparison between responders and non-responders] Nippon Rinsho. 1994 May;52(5):1291-6. 


We review the theory and practice of adjunctive thyroid hormone therapy. Moreover, serum levels of thyroxine (T4), 3,5,3'-triiodothyronine (T3) and 3,3',5'-triiodothyronine (rT3) were examined in 8 depressed patients who did not maximally benefit from conventional antidepressant therapy. Four of the 8 depressed patients showed significant clinical improvement after thyroid hormone was added to their ongoing antidepressant drugs. T4 and rT3 levels prior to thyroid hormone supplementation were significantly lower in responders than in nonresponders, although within normal range. Furthermore, all of the patients who had both their rT3 levels less than 200 pg/ml and T4 levels less than 7 micrograms/dl responded to thyroid hormone treatment. These data suggest that lower T4 and rT3 levels can predict the treatment response to thyroid hormone supplementation in depressed patients.

Neeck G, Riedel W. Thyroid function in patients with fibromyalgia syndrome. J Rheumatol. 1992 Jul;19(7):1120-2.

Thyroid function was tested in 13 female patients with primary fibromyalgia syndrome (FS) and 10 healthy age matched controls by intravenous injection of 400 micrograms thyrotropin-releasing hormone (TRH). Basal thyroid hormone levels of both groups were in the normal range. However, patients with primary FS responded with a significantly lower secretion of thyrotropin and thyroid hormones to TRH, within an observation period of 2 h, and reacted with a significantly higher increase of prolactin. Total and free serum calcium and calcitonin levels were significantly lower in patients with primary FS, while both groups exhibited parathyroid hormone levels in the normal range.

Nikrodhanond AA, Ortiga-Carvalho TM, Shibusawa N, Hashimoto K, Liao XH, Refetoff S, Yamada M, Mori M, Wondisford FE. Dominant role of thyrotropin-releasing hormone in the hypothalamic-pituitary-thyroid axis. J Biol Chem. 2006 Feb 24;281(8):5000-7. 

Hypothalamic thyrotropin-releasing hormone (TRH) stimulates thyroid-stimulating hormone (TSH) secretion from the anterior pituitary. TSH then initiates thyroid hormone (TH) synthesis and release from the thyroid gland. Although opposing TRH and TH inputs regulate the hypothalamic-pituitary-thyroid axis, TH negative feedback is thought to be the primary regulator. This hypothesis, however, has yet to be proven in vivo. To elucidate the relative importance of TRH and TH in regulating the hypothalamic-pituitary-thyroid axis, we have generated mice that lack either TRH, the beta isoforms of TH receptors (TRbeta KO), or both (double KO). TRbeta knock-out (KO) mice have significantly higher TH and TSH levels compared with wild-type mice, in contrast to double KO mice, which have reduced TH and TSH levels. Unexpectedly, hypothyroid double KO mice also failed to mount a significant rise in serum TSH levels, and pituitary TSH immunostaining was markedly reduced compared with all other hypothyroid mouse genotypes. This impaired TSH response, however, was not due to a reduced number of pituitary thyrotrophs because thyrotroph cell number, as assessed by counting TSH immunopositive cells, was restored after chronic TRH treatment. Thus, TRH is absolutely required for both TSH and TH synthesis but is not necessary for thyrotroph cell development.

Nozaki H, Funahashi H, Sato Y, Imai T, Oike E, Kato M, Takagi H. [Study of hormone replacement therapy following total thyroidectomy in thyroid cancer--with special reference to the analysis of thyroid hormone peripheral effects, using indirect calorimetry] Nippon Geka Gakkai Zasshi. 1991 Dec;92(12):1700-7.

Peripheral effects of thyroid hormones were examined using an indirect calorimetry in 18 patients with thyroid cancer before and after total thyroidectomy. Peripheral effects of exogenous thyroid hormones in TSH-suppression therapy after thyroidectomy were also studied. The subjects were maintained without hormone replacement for 3 weeks after total thyroidectomy. The ratio of resting energy expenditure to basal energy expenditure (REE/BEE) was determined before operation, before hormone replacement, and 1 and 5 weeks after the beginning of replacement, and the values were compared with changes in the blood thyroid hormone levels. Positive correlations were observed between the changes in endogenous thyroid hormone levels before and after total thyroidectomy and those in REE/BEE (free T3 vs. REE/BEE; r = 0.756, p less than 0.01), suggesting that evaluation of REE/BEE is clinically useful as an index of peripheral effects of thyroid hormones. Five weeks after the beginning of hormone replacement, T4 and free T4 were slightly range, and no enhancement of energy metabolism was noted. From these findings, the post-operative TSH suppression therapy carried out at our department is considered to be justifiable also from the viewpoint of energy metabolism.(TSH suppression with T4 does not produce hypermetabolism as would TSH suppression due to endogenous hormone production. HHL)
Okamoto R, Leibfritz D. Adverse effects of reverse triiodothyronine on cellular metabolism as assessed by 1H and 31P NMR spectroscopy. Res Exp Med (Berl). 1997;197(4):211-7.

Effects of 3,3',5'-triiodothyronine (rT3) in connection with 3,3',5-triiodothyronine (T3) on 3T3 cells were studied in vitro by means of 1H and 31P NMR spectroscopy. In the cells incubated with 5 nM T3 for 3 h at pH 7.4, the ATP/ADP ratio was elevated from 6.9 to 8.4, whereas it was reduced to 6.1 in cells incubated with rT3. When the cells were incubated at pH 6.7, the ATP/ADP ratio was reduced to 6.6 and 5.2 at 1 and 2 h, respectively. In the presence of 5 nM of T3, however, the ratio was maintained above the control level. A 1-h preincubation with rT3 dramatically augmented the reductions caused by elevated acidity. These reductions were completely reversed when the cells were incubated with T3. PMID: 9440139 From conclusion: However, our results may indicate that rT3 itself has adverse biological effects, at higher acidity in particular, although its mechanism of action remains to be clarified.
O'Leary PC, Feddema PH, Michelangeli VP, Leedman PJ, Chew GT, Knuiman M, Kaye J, Walsh JP. Investigations of thyroid hormones and antibodies based on a community health survey: the Busselton thyroid study. Clin Endocrinol (Oxf). 2006 Jan;64(1):97-104.

OBJECTIVE: Overt or subclinical thyroid dysfunction is common within the community, yet the significance of subtle anomalies in thyroid function tests remains contentious. The aims of this study were to: (a) establish reference intervals for serum-free thyroxine (FT4), thyroid-stimulating hormone (TSH) and thyroid antibodies (antithyroperoxidase, TPOAb and antithyroglobulin, TgAb) in the Busselton community of south-western Western Australia; and (b) determine the prevalence of thyroid hormone anomalies in this community. SUBJECTS AND DESIGN: In 1981, 2115 adults residing in Busselton participated in a cross-sectional health survey that involved blood collection and a questionnaire on lifestyle and general health history. MEASUREMENTS: Serum samples were analysed for FT4, TSH, TPOAb and TgAb by immunochemiluminescent assays. RESULTS: Based on standard statistical approaches and using guidelines recommended by the National Academy of Clinical Biochemistry (NACB), reference intervals were derived for each analyte: 9-23 pmol/l for FT4,(0.70-1.78ng/dL) 0.4-4.0 mIU/l (TSH), < 35 KIU/l (TPOAb) and < 55 KIU/l (TgAb). The prevalence of elevated thyroid antibodies was 12.4% among subjects without a history of thyroid disease and is more common in women than in men. Elevated thyroid antibody levels were observed at both extremes of TSH abnormality, but were more commonly increased when TSH levels were above 4.0 mIU/l (63% subjects) than for those with TSH levels 0.4-4.0 mIU/l (7.8% subjects). CONCLUSIONS: This study establishes the prevalence of antibodies to thyroperoxidase and thyroglobulin in a community-based sample and reference intervals for free T4 and TSH. When the NACB decision limits are applied to older men or women, there is a markedly increased number with 'elevated' autoantibody levels compared to sex- and age-specific reference intervals. PMID: 16402936

Ongphiphadhanakul B, Puavilai G, Rajatanavin R. Effect of TSH-suppressive doses of levothyroxine on bone mineral density in Thai women. J Med Assoc Thai. 1996 Sep;79(9):563-7. 

Thyroid hormone stimulates both osteoblast and osteoclast. However, the effect on osteoclast exceeds that of osteoblast resulting in a decrease in bone mass. TSH-suppressive doses of levothyroxine (L-T4) with otherwise normal thyroid function, so-called subclinical hyperthyroidism, has been reported to cause a reduction in bone mass. However, the sites of bone loss vary among studies. Moreover, the effect of menopausal status on thyroid-hormone-induced bone loss is inconclusive. Ethnic and geographical differences may modify the skeletal response to thyroid hormone. In the present study, we looked at the effect of TSH-suppressive doses of L-T4 on bone mineral density (BMD) in Thai pre- and post-menopausal women. Subjects consisted of 27 Thai females aged between 23-79 years. Eighteen were premenopausal and nine were postmenopausal. All were attending the Thyroid Clinic at Ramathibodi Hospital and had been on at least 150 micrograms/day of L-T4 for the treatment of nodular thyroid diseases for more than 2 years with at least one TSH value during the follow-up period in the suppressive range. None of the subjects had a previous history of Graves' disease. BMD was determined by dual-energy X-ray absorptiometry. Data of 54 age-matched healthy controls were used for comparison. BMD values were converted to Z-scores before analyses. Data were expressed as mean +/- SEM. Compared to controls, postmenopausal women on long-term L-T4 had decreased BMD at anteroposterior spine (-0.69 +/- 0.20 vs 0.05 +/- 0.17, P < 0.01), femoral neck (-0.61 +/- 0.35 vs 0.18 +/- 0.24, P < 0.05), femoral trochanter (-0.64 +/- 0.37 vs 0.13 +/- 0.22, P < 0.05) but not at Ward's triangle. In contrast to the findings in postmenopausal women. there was no significant difference of BMD compared to controls in premenopausal women at the lumbar spine, Ward's femoral neck or femoral trochanter. We conclude that Thai postmenopausal women on long-term TSH-suppressive doses of L-T4 have reduced BMD at various skeletal sites which may increase fracture risks. TSH-suppressive doses of thyroid hormone should only be prescribed when appropriate and no longer than necessary to minimize this adverse effect of excessive doses of thyroid hormone on bone. (TSH-suppressive means “Not Detectable” or <0.01, and can include any amount of over-replacement, whereas no problems have been found with TSHonly partially suppressed.--HHL)

Ooka H, Shinkai T. Effects of chronic hyperthyroidism on the lifespan of the rat. Mech Ageing Dev. 1986 Feb;33(3):275-82.

The life durations of hypo- and hyperthyroid Wistar rats were measured under clean conventional conditions. The amount of exogenous T4 (thyroxine), which is sufficient to elevate T4 levels in the blood, decreased with age. The rats which were made hypothyroid by the neonatal T4 treatment had a longer lifespan than control. The lifespans of hyperthyroid rats, to which T4 solutions were given as drinking water during either the first or the second half of the life period, were shorter than control. The life-shortening effect of T4 was not detected when T4 was administered to already aged animals. These results indicate that the effect of T4 administration is not due to the direct promotion of the diseases which cause the death, but to the acceleration of aging during the young or middle-aged period. (Depends HOW hyperthyroid there were!  Unfortunately, we can’t compare this data with human parameters.—HHL)

Ortega E, Pannacciulli N, Bogardus C, Krakoff J. Plasma concentrations of free triiodothyronine predict weight change in euthyroid persons. Am J Clin Nutr. 2007 Feb;85(2):440-5.    

BACKGROUND: Factors that influence energy metabolism and substrate oxidation, such as thyroid hormones (THs), may be important regulators of body weight. OBJECTIVE: We investigated associations of THs cross-sectionally with obesity, energy expenditure, and substrate oxidation and prospectively with weight change. DESIGN: Euthyroid, nondiabetic, healthy, adult Pima Indians (n = 89; 47 M, 42 F) were studied. Percentage body fat (%BF) was measured by using dual-energy X-ray absorptiometry; sleeping metabolic rate (SMR), respiratory quotient, and substrate oxidation rates were measured in a respiratory chamber. Thyroid-stimulating hormone (TSH), free thyroxine (T(4)), free triiodothyronine (T(3)), and leptin concentrations were measured in fasting plasma samples. RESULTS: TSH, but neither free T(3) nor free T(4), was associated with %BF and leptin concentrations (r = 0.27 and 0.29, respectively; both: P <or= 0.01). In multiple regression analyses adjusted for age, sex, fat mass, and fat-free mass, free T(3) was a positive predictor of SMR (P = 0.02). After adjustment for age, sex, %BF, and energy balance, free T(3) was a negative predictor of 24-h respiratory quotient (P < 0.05) and a positive predictor of 24-h lipid oxidation rate (P = 0.006). Prospectively, after an average follow-up of 4 +/- 2 y, the mean increase in weight was 3 +/- 9 kg. Baseline T(3) concentrations were associated with absolute and annual percentage of changes in weight (r = -0.27, P = 0.02, and r = -0.28, P = 0.009, for the age- and sex-adjusted associations, respectively). CONCLUSIONS: In euthyroid Pima Indians, lower free T(3) but not free T(4) concentrations were an independent predictor of SMR and lipid oxidation and a predictor of weight gain. This finding indicates that control of T(4)-to-T(3) conversion may play a role in body weight regulation.

Park KW Dai HB, Ojamaa K, Lowenstein E, Klein I, Sellke FW. The direct vasomotor effect of thyroid hormones on rat skeletal muscle resistance arteries. Anesth Analg 1997;85:734-8.

Parle JV; Maisonneuve P; Sheppard MC; Boyle P; Franklyn JA  Prediction of all-cause and cardiovascular mortality in elderly people from one low serum thyrotropin result: a 10-year cohort study. Lancet 2001 Sep 15;358(9285):861-5. 

BACKGROUND: Low serum thyrotropin, in combination with normal concentrations of circulating thyroid hormones, is common, especially in elderly people and in individuals with a history of thyroid disease. We aimed to assess the long-term effects of subclinical hyperthyroidism on mortality. METHODS: We did a population-based study of mortality in a cohort of 1191 individuals not on thyroxine or antithyroid medication. All participants were aged 60 years or older. We measured concentration of thyrotropin in serum at baseline in 1988-89. We recorded vital status on June 1, 1999, and ascertained causes of death for those who had died. We compared data for causes of death with age-specific, sex-specific, and year-specific data for England and Wales. We also compared mortality within the cohort according to initial thyrotropin measurement. RESULTS: During 9733 person-years of follow-up, 509 of 1191 people died, the expected number of deaths being 496 (standardised mortality ratio [SMR] 1.0, 95% CI 0.9-1.1). Mortality from all causes was significantly increased at 2 (SMR 2.1), 3 (2.1), 4 (1.7), and 5 (1.8) years after first measurement in those with low serum thyrotropin (n471). These increases were largely accounted for by significant increases in mortality due to circulatory diseases (SMR 2.1, 2.2, 1.9, 2.0, at years 2, 3, 4, and 5 respectively). Increases in mortality from all causes in years 2-5 were higher in patients with low serum thyrotropin than in the rest of the cohort (hazard ratios for years 2, 3, 4, and 5 were 2.1, 2.2, 1.8, and 1.8, respectively). This result reflects an increase in mortality from circulatory diseases (hazard ratios at years 2, 3, 4, and 5 were 2.3, 2.6, 2.3, 2.3), and specifically from cardiovascular diseases (hazard ratios at years 2, 3, 4, and 5 were 3.3, 3.0, 2.3, 2.2). INTERPRETATION: A single measurement of low serum thyrotropin in individuals aged 60 years or older is associated with increased mortality from all causes, and in particular mortality due to circulatory and cardiovascular diseases. (NOTE: It’s likely that a given degree of exogenous TSH suppression is not as significant as endogenous TSH suppression.  Unfortunately the authors did not measure free T3 and free T4, so their low TSH group may have included many who were actually hypothyroid.  Unfortunately the authors also don’t state in this abstract just what the TSH levels were.   Notice that mortality was not different by end of study—10 years—HHL)

Pearce CJ, Himsworth RL. Total and free thyroid hormone concentrations in patients receiving maintenance replacement treatment with thyroxine. Br Med J (Clin Res Ed). 1984 Mar 3;288(6418):693-5. 
   

Total and free serum concentrations of thyroxine and triiodothyronine were measured in 122 subjects with hypothyroidism who were clinically well while receiving conventional replacement treatment with thyroxine. In a third of patients concentrations of total and free thyroxine were raised, often considerably; nevertheless concentrations of total and free triiodothyronine were usually normal. Though significant correlations were obtained between total triiodothyronine concentrations and total thyroxine concentrations (p less than 0.001) and between the triiodothyronine concentrations and free thyroxine concentrations (p less than 0.001) the slope of the line of the regression equation describing these correlations was small, hence large increases in both total and free thyroxine concentrations were accompanied by only modest increases in total and free triiodothyronine concentrations. The presence of total or free thyroxine concentrations above normal in patients taking thyroxine therefore are not necessarily of clinical consequence. In the assessment of adequacy of replacement treatment with thyroxine the most logical combination of in vitro thyroid function test results may be a normal thyrotrophin concentration and normal free triiodothyronine concentration.

Perk M, O'Neill BJ. The effect of thyroid hormone therapy on angiographic coronary artery disease progression. Can J Cardiol. 1997 Mar;13(3):273-6. 


OBJECTIVE: To study the effect of adequacy of thyroid hormone replacement therapy on coronary atherosclerosis. DESIGN: Retrospective cohort study of elderly hypothyroid patients with coexisting coronary artery disease. The association between the adequacy of thyroid replacement and the progression of angiographic coronary artery disease was investigated. Fisher's exact test was used for statistical analysis. SETTING: Coronary angiographies were performed at the Cardiac Catheterization Laboratory of the Victoria General Hospital, Halifax, Nova Scotia, the only tertiary referral centre for Nova Scotia and Prince Edward Island. Information about the past and current thyroid status of the subjects was collected from their family physicians. PATIENTS: Of 4103 patients admitted for coronary angiography during 1992 and 1993, 25 were on thyroid replacement therapy to treat hypothyroidism. Ten patients who underwent more than one coronary arteriography were selected (seven females and three males, mean age 65 +/- 10 years). RESULTS: Of five patients inadequately treated for hypothyroidism, all demonstrated angiographic evidence of coronary atherosclerosis progression. However, five of seven who were treated adequately did not show atherosclerosis progression (P = 0.02, OR = 0.72, 95% CI 1.36 to infinity). Decreasing or maintaining the dose of L-thyroxine at 100 micrograms or less resulted in coronary atherosclerosis progression in six of six patients, whereas five of six patients taking fixed or increasing doses of L-thyroxine 150 micrograms or higher were spared from disease progression (P = 0.015, OR = 0.41, 95% CI 2.4 to infinity). CONCLUSIONS: Angiographic coronary artery disease progression may be prevented by adequate thyroid replacement in hypothyroidism. With the help of modern, sensitive thyroid stimulating hormone assays higher doses of L-thyroxine may be safer and more effective in the atherosclerosis management of this patient population. Thyroid hormones can protect against atherosclerosis, presumably due to their metabolic affects on plaque progression.

Pilo A, Iervasi G, Vitek F, Ferdeghini M, Cazzuola F, Bianchi R. Thyroidal and peripheral production of 3,5,3'-triiodothyronine in humans by multicompartmental analysis. Am J Physiol. 1990 Apr;258(4 Pt 1):E715-26.

Multicompartmental analysis of thyroxine (T4) and 3,5,3'-triiodothyronine (T3) kinetics based on the plasma disappearance curves of the two tracer hormones (J. J. DiStefano III, M. Jang, T. K. Malone, and M. Broutman. Endocrinology 110: 198-213, 1982 and J. J. DiStefano III, T. K. Malone, and M. Jang. Endocrinology 111: 108-117, 1982) was extended to include additional experimental data, namely, the appearance curve in plasma of labeled T3 generated in vivo from precursor T4. Kinetic analysis of data obtained in 14 studies carried out in normal subjects by using a composite six-pool model made it possible to quantify the contributions of the thyroid (3.3 micrograms.day-1.m-2) and the periphery (12.7 micrograms.day-1.m-2) to T3 production. T4 monodeiodination occurred mainly in peripheral tissues rapidly exchanging with plasma (10.7 micrograms T3.day-1.m-2), whereas only 2.0 micrograms T3.day-1.m-2 arose in slowly exchanging tissues. In contrast, if plasma disappearance curves only were analyzed, a value of 10.9 micrograms T3.day-1.m-2 was calculated for peripheral conversion in slowly exchanging tissues; this underscores the need for additional data, such as the [125I]T3 plasma appearance curve for the partition of central and peripheral production of T3.(the mean endogenous production rate of 101μg T4 and 6μg T3in healthy subjects (Pilo et al., 1990) as per Siegmund—HHL).
Pollock MA, Sturrock A, Marshall K, Davidson KM, Kelly CJ, McMahon AD, McLaren EH.  Thyroxine treatment in patients with symptoms of hypothyroidism but thyroid function tests within the reference range: randomised double blind placebo controlled crossover trial. BMJ. 2001 Oct 20;323(7318):891-5. 

OBJECTIVES: To determine whether thyroxine treatment is effective in patients with symptoms of hypothyroidism but with thyroid function tests within the reference range, and to investigate the effect of thyroxine treatment on psychological and physical wellbeing in healthy participants. DESIGN: Randomised double blind placebo controlled crossover trial. SETTING: Outpatient clinic in a general hospital. Participants: 25 patients with symptoms of hypothyroidism who had thyroid function tests within the reference range, and 19 controls. Methods: Participants were given thyroxine 100 microgram or placebo to take once a day for 12 weeks. Washout period was six weeks. They were then given the other to take once a day for 12 weeks. All participants were assessed physiologically and psychologically at baseline and on completion of each phase. MAIN OUTCOME MEASURES: Thyroid function tests, measures of cognitive function and of psychological and physical wellbeing. RESULTS: 22 patients and 19 healthy controls completed the study. At baseline, patients' scores on 9 out of 15 psychological measures were impaired when compared with controls. Patients showed a significantly greater response to placebo than controls in 3 out of 15 psychological measures. Healthy participants had significantly lower scores for vitality when taking thyroxine compared to placebo (mean (SD) 60 (17) v 73 (16), P<0.01). However, patients' scores from psychological tests when taking thyroxine were no different from those when taking placebo except for a poorer performance on one visual reproduction test when taking thyroxine. Serum concentrations of free thyroxine increased and those of thyroid stimulating hormone decreased in patients and controls while they were taking thyroxine, confirming compliance with treatment. Although serum concentrations of free triiodothyronine increased in patients and controls taking thyroxine, the difference between the response to placebo and to thyroxine was significant only in the controls. CONCLUSIONS: Thyroxine (AT ONLY 100mcg/day—HHL) was no more effective than placebo in improving cognitive function and psychological wellbeing in patients with symptoms of hypothyroidism but thyroid function tests within the reference range. Thyroxine did not improve cognitive function and psychological wellbeing in healthy participants.(No surprise here.  A sub-replacement dose of T4 suppressed the TSH and therefore T4 to T3 conversion in the periphery,  didn’t raise serum T3, and didn’t help anyone to feel better.  They should have tried 150mcg at least, or gave a T3/T4 combo like 1 grain of Armour.—HHL)

Poomthavorn P, Mahachoklertwattana P, Ongphiphadhanakul B, Preeyasombat C, Rajatanavin R. Exogenous subclinical hyperthyroidism during adolescence: effect on peak bone mass. J Pediatr Endocrinol Metab. 2005 May;18(5):463-9.

BACKGROUND: Chronic subclinical hyperthyroidism induced by suppressive doses of L-thyroxine (L-T4) therapy, so-called exogenous subclinical hyperthyroidism, may cause diminished bone mass in postmenopausal women. The effect of subclinical hyperthyroidism during childhood and adolescence on peak bone mass, however, has not been evaluated. OBJECTIVE: To determine whether exogenous subclinical hyperthyroidism during adolescence, the period of critical bone mass acquisition, would reduce peak bone mass. PATIENTS AND METHODS: Eighteen female adolescents and young adults with Hashimoto's thyroiditis and euthyroid goiter (aged 22.4 +/- 4.4 years) who had been treated with suppressive doses of L-T4, 127.5 +/- 23.7 microg/day, during adolescence (age at onset of subclinical hyperthyroidism, 14.2 +/- 1.5 years) for 6.3 +/- 3.4 years were enrolled in the study. Twenty-nine healthy female volunteers matched for age, weight, height and body mass index served as the controls. Bone mineral density (BMD) was measured by dual energy X-ray absorptiometry. Results: BMD of the lumbar spine, radius, Ward's triangle and total body were comparable in the two groups. In contrast, BMD of the femoral neck, trochanter and shaft of patients was slightly higher than those of controls. There were no correlations between BMD values and clinical parameters. CONCLUSION: Exogenous subclinical hyperthyroidism during adolescence has no demonstrable detrimental effect on peak bone mass attainment.

Posternak M, Novak S, Stern R, Hennessey J, Joffe R, Prange A, Zimmerman M. A pilot effectiveness study: placebo-controlled trial of adjunctive L-triiodothyronine (T3) used to accelerate and potentiate the antidepressant response. Int J Neuropsychopharmacol. 2007 Mar 13;:1-11 

The aim was to evaluate whether adjunctive T3 can help accelerate the antidepressant response and improve overall outcomes when used under naturalistic conditions. Fifty consecutive psychiatric outpatients diagnosed with major depressive disorder who were initiated on antidepressant therapy were randomized to receive adjunctive T3 or placebo in a double-blind manner over the course of 6 wk. There were no restrictions placed on the selection of antidepressant agent, dosing, ancillary medications, or psychotherapy, and there were few exclusion criteria. A positive response was defined as a >/=50% reduction in Montgomery-Asberg Depression Rating Scale scores. Response rates were higher for the adjunctive T3 cohort compared to the adjunctive placebo cohort after 1 wk (45% vs. 24%) and 2 wk (57% vs. 33%) of treatment. The likelihood of experiencing a positive response at any point over the 6-wk trial was 4.5 times greater in the adjunctive T3 cohort (95% CI 1.3-15.7). The study provides preliminary evidence that T3 can successfully be used in clinical practice to accelerate the antidepressant response and improve overall outcomes. The effectiveness model may be an untapped mechanism for evaluating the value of psychopharmacological agents.

Prinz PN; Scanlan JM; Vitaliano PP; Moe KE; Borson S; Toivola B; Merriam GR; Larsen LH; Reed HL Thyroid hormones: positive relationships with cognition in healthy, euthyroid older men. J Gerontol A Biol Sci Med Sci. 1999 Mar;54(3):M111-6.

BACKGROUND: Although the association of clinical hypothyroidism with cognitive deficits is well known, the cognitive effects of thyroid hormones in euthyroid subjects are less studied and understood. The purpose of this study was to examine thyroid-cognition relationships in healthy, euthyroid older men. METHODS: We examined healthy men (N = 44, mean age = 72), excluding clinically hypothyroid/hyperthyroid or diabetic/hyperglycemic subjects and those with dementia, depression, CNS medications, or recent illness. Plasma samples obtained across a 24-hour period were pooled, then assayed for total thyroxine (TT4), total triiodothyronine (TT3), and T3 resin uptake. Free thyroxine index (FT4I) was calculated. A broad cognitive battery (including the Wechsler Adult Intelligence Scale-Revised [WAIS-R], the Dementia Rating Scale [DRS], and the Rivermead Behavioral Profile [PROFILE]) was administered to all subjects. RESULTS: Regression analyses controlling age and education showed TT4 and FT4I to have significant positive relationships with measures of overall cognition; TT4 accounted for 8% to 12% of the variance in omnibus cognitive measures such as WAIS Performance, WAIS Verbal score, and GLOBAL cognitive scores. CONCLUSIONS: Our findings suggest that within "normal" range of variation in plasma thyroid hormones, TT4 but not T3 positively associates with general cognition in healthy elderly men.

Rack SK, Makela EH. Hypothyroidism and depression: a therapeutic challenge. Ann Pharmacother.2000 Oct;34(10):1142-5.

OBJECTIVE: To describe a patient with longstanding depression and hypothyroidism who had marked mood improvement only after triiodothyronine (T3) was added to her thyroxine (T4) replacement therapy. CASE SUMMARY: A 50-year-old white woman had a long history of depression and documented hypothyroidism since 1991. Despite treatment with T4 with dosages up to 0.3 mg/d, she continued to be depressed, have symptoms of hypothyroidism, and have a persistently elevated thyroid-stimulating hormone concentration. Addition of a low dose of T3 to her regimen resulted in significant mood improvement. DISCUSSION: The relationship between hypothyroidism and depression is well known. It is possible that this patient's long history of depression may have been a consequence of inadequately treated hypothyroidism, due either to poor patient compliance or resistance to T4. Nevertheless, her depression responded to addition of a low dose of T3 to her regimen. This case emphasizes the importance of screening depressed patients for hypothyroidism. Her clinical course also suggests that depression related to hypothyroidism may be more responsive to a regimen that includes T3 rather than to replacement with T4 alone. This is consistent with the observation that T3 is superior to T4 as adjuvant therapy in the treatment of unipolar depression. CONCLUSIONS: Depressed patients should be screened for hypothyroidism. In hypothyroid patients, depression may be more responsive to a replacement regimen that includes T3 rather than T4 alone. Therefore, inclusion of T3 in the treatment regimen may be warranted after adequate trial with T4 alone.

Razvi S, Ingoe LE, McMillan CV, Weaver JU. Health status in patients with sub-clinical hypothyroidism. Eur J Endocrinol. 2005 May;152(5):713-7. 


OBJECTIVE: Sub-clinical hypothyroidism (SCH) is a common disorder. People with this condition may have symptoms which could affect their perception of health. Therefore, the perceived health status of people with SCH was assessed and compared with population-matched norms. DESIGN: A prospective cross-sectional survey. METHODS: Seventy-one adults with SCH, age range 18-64 years were studied. Perceived health status was measured by the Short Form-36 (SF-36) version 2 questionaire, which has been validated in a UK population setting. The SF-36 has eight scales measuring physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional and mental health. Their SF-36 scores were compared with UK normative data after matching for age and sex and are reported as z-scores. RESULTS: Scores of all eight SF-36 scales were significantly lower in people with SCH compared with the normative population. A negative score (compared with zero of the normative population) indicates worse health status. The most significantly impaired aspects of health status were vitality and role limitations due to physical problems (role physical scale) with z-scores (95% confidence intervals) of -1.01 (-0.74 to -1.29) and -0.73 (-0.43 to -1.04) respectively. Thyroid autoimmunity did not influence the results. CONCLUSION: Perceived health status is significantly impaired in people with SCH when compared with UK normative population scores. This needs to be taken into consideration by clinicians when managing patients with this disease. (i.e. people with free thyroid hormone levels in the lower end of the reference range feels worse than those with higher levels.—HHL)

Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU. The beneficial effect of L-thyroxine on cardiovascular risk factors, endothelial function, and quality of life in subclinical hypothyroidism: randomized, crossover trial. J Clin Endocrinol Metab. 2007 May;92(5):1715-23. Epub 2007 Feb 13.

CONTEXT: Subclinical hypothyroidism (SCH) is defined as raised serum TSH levels with circulating thyroid hormones within the reference range. It is uncertain whether treatment of SCH with L-thyroxine improves cardiovascular (CV) risk factors and quality of life. OBJECTIVE: The objective of the study was to assess CV risk factors and patient-reported outcomes after treatment. DESIGN: This was a randomized, double-blind, crossover study of L-thyroxine and placebo. SETTING: The study was conducted with community-dwelling patients. PATIENTS: One hundred patients [mean age (sd) 53.8 (12) yr, 81 females] with SCH [mean TSH 6.6 (1.3) mIU/liter] without previously treated thyroid or vascular disease. INTERVENTION: Intervention consisted of 100 microg L-thyroxine or placebo daily for 12 wk each. MEASUREMENTS: Primary parameters were total cholesterol (TC) and endothelial function [brachial artery flow-mediated dilatation (FMD)], an early marker of atherosclerosis. Patient-reported outcomes were also assessed. RESULTS: L-thyroxine treatment reduced TC (vs. placebo) from 231.6 to 220 mg/dl, P < 0.001; low-density lipoprotein cholesterol from 142.9 to 131.3 mg/dl, P < 0.05; waist to hip ratio from 0.83 to 0.81, P < 0.006; and improved FMD from 4.2 to 5.9%, P < 0.001. Multivariate analysis showed that increased serum free T(4) level was the most significant variable predicting reduction in TC or improvement in FMD. Furthermore, the symptom of tiredness improved on L-thyroxine therapy, but other patient-reported outcomes were not significantly different after correction for multiple comparisons. CONCLUSION: SCH treated by L-thyroxine leads to a significant improvement in CV risk factors and symptoms of tiredness. The CV risk factor reduction is related to the increased level of achieved free T(4) concentration. (TSH was reduced to 0.5 from 5.2, FT4 increase from 1.0 to 1.6ng/dl. FT3 probably declined as shown in many other studies using 100mcg T4. Too small a dose to make a significant clinical difference—but they use it so as to keep the TSH within normal limits..-HHL)

Re RN, Kourides IA, Ridgway EC, Weintraub BD, Maloof F. The effect of glucocorticoid administration on human pituitary secretion of thyrotropin and prolactin. J Clin Endocrinol Metab. 1976 Aug;43(2):338-46.


In order to determine the mechanism by which glucocorticosteroids decrease the serum concentration of thyrotropin (TSH), we studied eight normal subjects before and after they received 16 mg of dexamethasone daily for 2 1/2 days. Serum levels of TSH and prolactin (PRL) were measured in the basal state and in response to the intravenous administration of 200 mug thyrotropin-releasing hormone (TRH); T4, free T4 (fT4), T3, and free T3 (fT3) were measured before TRH injection. Metabolic clearance rates of TSH corrected for body surface area (MCR-TSH/m2) were determined by the method of constant infusion to equilibrium; the production rates of TSH (PR-TSH/m2) were calculated. Dexamethasone produced a decrease in basal TSH from 2.2 to 0.8 muU/ml (P less than 0.02), a statistically insignificant elevation in MCR-TSH/m2 from 25.8 to 34.1 ml/min/m2, and a decrease in PR-TSH/m2 from 79 to 30 mU/day/m2 (P less than 0.01). Peak TSH response to TRH decreased from 16.4 to 5.8 muU/ml (P less than 0.005), as did TSH reserve from 1.58 to 0.54 mU - min/ml (P less than 0.005). Repetitive TRH testing alone did not account for these changes. Basal PRL, peak PRL after TRH, and PRL reserve did not change significantly after dexamethasone administration. Although Basal T4 and fT4 did not change significantly, dexamethasone did decrease T3 from 106 to 61 ng/dl (P less than 0.001) and fT3 from 174 to 76 pg/dl (P less than 0.05). Dexamethasone produced similar changes in patients with various thyroid disorders. In addition, when plasma cortisol was lowered by metyrapone administration in 25 euthyroid patients, the serum TSH concentration rose from 1.6 to 3.1 muU/ml (P less than 0.001). These data indicate that dexamethasone a) suppresses TSH secretion without increasing fT3 and fT4 and b) blunts the TSH, but not the PRL response, to TRH. Hence, one effect of the administration of dexamethasone in high dose is a direct suppression of pituitary TSH secretion. Furthermore, physiologic levels of circulating cortisol also have a suppressive effect on serum TSH.

Ridgway EC, Cooper DS, Walker H, Daniels GH, Chin WW, Myers G, Maloof F. Therapy of primary hypothyroidism with L-triiodothyronine: discordant cardiac and pituitary responses. Clin Endocrinol (Oxf). 1980 Nov;13(5):479-88. 


Cardiac systolic time intervals were studied in ten patients with primary hypothyroidism before and during therapy with increasing doses of oral L-triiodothyronine (L-T3). Therapy was increased sequentially from 10, 20, 25 to 50 microgram of L-T3 daily on a monthly basis. On L-T3, 20 to 25 microgram/day, cardiac systolic time intervals and other peripheral responses to thyroid hormone including serum cholesterol concentration, serum creatine phosphokinase (CPK) activity, and basal metabolic rate had normalized. However, serum thyrotrophin (TSH) levels and peak TSH responses to thyrotrophin-releasing hormone (TRH) remained elevated on these doses of L-T3. As the dose of L-T3 was increased from 20 to 50 microgram/day, mean basal serum TSH levels decreased from 55 to 16 microunits/ml, and the peak TSH response to TRH decreased from 243 to 58 microunits/ml (P less than 0.001) while systolic time intervals did not decrease further. Changing to L-thyroxine (L-T4) therapy at this point resulted in further suppression of TSH secretion, without significantly altering systolic time intervals or the other peripheral responses to thyroid hormone. These data suggest (a) that some biological responses to thyroid hormone were normalized on lower doses of L-T3 than were required to normalize TSH secretion, and (b) that higher doses of L-T3 or substituting L-T4 therapy could suppress TSH secretion further without altering the other peripheral responses to thyroid hormone. (The paper needs review to see when TSH tests were drawn relative to the T3 dosing.  T4 suppresses TSH continuously, whereas TSH rebounds every day several hours after T3 dose.--HHL)
Ridgway EC, Cooper DS, Walker H, Rodbard D, Maloof F. Peripheral responses to thyroid hormone before and after L-thyroxine therapy in patients with subclinical hypothyroidism. J Clin Endocrinol Metab.1981 Dec;53(6):1238-42.


Twenty patients with serum levels of T4 and T3 within the normal range but with elevated serum concentrations of TSH were evaluated before and after treatment with L-T4. This therapy increased serum T4 (5.5 +/- 1.1 to 8.8 +/- 1.8 microgram/dl) and T3 (116 +/- 20 to 137 +/- 28 ng/dl) levels. Cardiac systolic time intervals (STI) were significantly (P less than 0.01) reduced by this therapy. The preejection period (123 +/- 18 to 114 +/- 14 msec; n = 12), the change in preejection period (+17 +/- 17 to +6 +/- 15 msec; n = 12), the ratio of preejection period to left ventricular ejection time (0.412 +/- 0.068 to 0.357 +/- 0.063 msec; n = 12), and the interval from the Q wave of the electrocardiogram to the pulse wave arrival time at the brachial artery (224 +/- 10 to 200 +/- 13 msec; n = 10) were consistently reduced. Cardiac STI were significantly correlated with serum TSH and T4 levels, but not with serum T3 levels. Normalization of serum TSH levels was associated with changes in QKd measurements even in those patients with minimal elevations in serum TSH. These studies demonstrate that patients having the combination of elevated TSH but T4 and T3 levels in the normal range have alterations in STI which can be changed significantly by L-T4 in doses which normalize TSH secretion. These data suggest that such patients have a mild form of primary hypothyroidism. (Interestingly, it is serum T4 that leads to cardiac stimulation and not the serum T3—opposite to what the anti- dessicated thyroid scaremongers assert.-HHL)

Riis AL, Jorgensen JO, Gjedde S, Norrelund H, Jurik AG, Nair KS, Ivarsen P, Weeke J, Moller N. Whole body and forearm substrate metabolism in hyperthyroidism: evidence of increased basal muscle protein breakdown. Am J Physiol Endocrinol Metab. 2005 Jun;288(6):E1067-73. Epub 2005 Jan 18.

Thyroid hormones have significant metabolic effects, and muscle wasting and weakness are prominent clinical features of chronic hyperthyroidism. To assess the underlying mechanisms, we examined seven hyperthyroid women with Graves' disease before (Ht) and after (Eut) medical treatment and seven control subjects (Ctr). All subjects underwent a 3-h study in the postabsorptive state. After regional catheterization, protein dynamics of the whole body and of the forearm muscles were measured by amino acid tracer dilution technique using [15N]phenylalanine and [2H4]tyrosine. Before treatment, triiodothyronine was elevated (6.6 nmol/l) and whole body protein breakdown was increased 40%. The net forearm release of phenylalanine was increased in hyperthyroidism (microg.100 ml(-1).min(-1)): -7.0 +/- 1.2 Ht vs. -3.8 +/- 0.8 Eut (P = 0.04), -4.2 +/- 0.3 Ctr (P = 0.048). Muscle protein breakdown, assessed by phenylalanine rate of appearance, was increased (microg.100 ml(-1).min(-1)): 15.5 +/- 2.0 Ht vs. 9.6 +/- 1.4 Eut (P = 0.03), 9.9 +/- 0.6 Ctr (P = 0.02). Muscle protein synthesis rate did not differ significantly. Muscle mass and muscle function were decreased 10-20% before treatment. All abnormalities were normalized after therapy. In conclusion, our results show that hyperthyroidism is associated with increased muscle amino acid release resulting from increased muscle protein breakdown. These abnormalities can explain the clinical manifestations of sarcopenia and myopathy. In conclusion, our results show that hyperthyroidism is associated with increased muscle amino acid release resulting from increased muscle protein breakdown. These abnormalities can explain the clinical manifestations of sarcopenia and myopathy. (NOTICE: Graves disease patients had freeT3 and free T4 levels several times the upper limit of the reference range and TSH was completely suppressed (<0.002).  Treatment returned TSH to 0.01 mIU and free hormone levels to high normal—and completely eliminated the protein loss.  So only SEVERE hyperthyroidism causes muscle loss!—HHL)

Ripoli A, Pingitore A, Favilli B, Bottoni A, Turchi S, Osman NF, De Marchi D, Lombardi M, L'Abbate A, Iervasi G. Does subclinical hypothyroidism affect cardiac pump performance? Evidence from a magnetic resonance imaging study. J Am Coll Cardiol. 2005 Feb 1;45(3):439-45. 

OBJECTIVES: We sought to assess the effects of subclinical hypothyroidism (SHT) on the cardiac volumes and function. BACKGROUND: The cardiovascular system is one of the principal targets of thyroid hormones. Subclinical hypothyroidism is a common disorder that may represent "early" thyroid failure. METHODS: Thyroid profile was evaluated in 30 females with SHT and 20 matched control subjects. Left ventricular end-diastolic volume (EDV) and end-systolic volume (ESV), stroke volume (SV), cardiac index (CI), and systemic vascular resistance (SVR) were calculated by cardiac magnetic resonance (CMR). Regional greatest systolic lengthening (E1) and greatest systolic shortening (E2) were calculated by tagging CMR. RESULTS: EDV was lower in SHT than in controls (64.3 +/- 8.7 ml/m(2) vs. 81.4 +/- 11.3 ml/m(2), p < 0.001), as well as SV [corrected] (38.9 +/- 7.5 ml/m(2) vs. 52.5 +/- 6.1 ml/m(2), p < 0.001) and CI (2.6 +/- 0.5 l/[min.m(2)] vs. 3.7 +/- 0.4 l/[min.m(2)], p < 0.001). SVR [corrected] was higher in SHT (12.5 +/- 2.5 mm Hg.min/[l.m(2)] vs. 8.6 +/- 1.1 mm Hg.min/[l.m(2)], p = 0.003). The E1 was higher in controls than in SHT at the basal (p = 0.007), equatorial (p = 0.05), and apical (p = 0.008) levels, as well as E2 at the equatorial (p = 0.001) and apical (p = 0.001) levels. All parameters normalized after replacement therapy. A negative correlation between TSH and EDV (p < 0.001), SV (p < 0.001), CI (p < 0.001), and E1 at the apical level (p < 0.001) and a positive correlation between TSH and SVR (p < 0.001) and E2 at the apical level (p < 0.001) were found. CONCLUSIONS: Subclinical hypothyroidism significantly decreased cardiac preload, whereas it increased afterload with a consequent reduction in SV and cardiac output. Replacement therapy fully normalized the hemodynamic alterations.

Rockel M, Teuber J, Schmidt R, Kaumeier S, Hafner H, Usadel KH. [Correlation of "latent hyperthyroidism" with psychological and somatic changes] Klin Wochenschr. 1987 Mar 16;65(6):264-73. 


The study reported here was undertaken to establish the degree to which a person in a preclinical state of hyperthyroidism, with (by definition) euthyroid T3 and T4 levels but suppressed TRH on testing, already exhibits psychological changes and clinical symptoms. Two groups of 20 patients each, with clear clinical and preclinical hyperthyroidism (as defined by laboratory parameters), were studied, as well as a group of 20 controls. The subjects' psychological state of mind was investigated using self-rating scales, including the state-trait-anxiety inventory (STAI), "Befindlichkeits"-Skala (Bf-S'), depression scale (D-S'), and a list of adjectives (EWL-K) with 14 different aspects of affective moods. Cognitive achievements were evaluated using the d2 test. Subjects were examined for somatic symptoms in accordance with Crooks' index of hyperthyroidism. The results clearly showed that typical psychological and somatic changes are already present in preclinical hyperthyroidism, these changes being partly identical with those of definite hyperthyroidism. In both patient groups, a significant increase in anxiety, a sense of not feeling well, and emotional irritability were found, as well as a tendency towards depressiveness, and an increased lack of vitality and activity. Attentiveness and concentration in both patient groups were lower than in the control group. Both patient groups showed the same prevalence of symptoms, such as palpitations, preference of cold over heat, excessive sweating, nervousness, fine digital tremor, and increased heart rate. With regard to the results, the diagnosis "preclinical hyperthyroidism" thus gains importance. Further prospective studies are required to answer the question whether antithyroidal treatment will influence the described psychological and somatic state of patients with preclinical hyperthyroidism. (Contradicts the claim that the improvements seen with TSH-suppressive T4 therapy are due to “thyrotoxic euphoria” as opposed to sufficient replacement.—HHL)

Rees-Jones RW; Larsen PR Triiodothyronine and thyroxine content of desiccated thyroid tablets. Metabolism 1977 Nov;26(11):1213-8.

Triiodothyronine (T3) and thyroxine (T4) were measured by radioimmunoassay in Pronase hydrolysates of four lots each of 1- and 2-grain tablets of desiccated thyroid (Thyroid, Armour) and thyroglobulin (Proloid, Warner-Chilcott). The methodology used was verified by studies of tablets containing known quantities of T4 and T3. One grain of desiccated thyroid contained 12 +/- 1 and 64 +/- 3 microgram (mean +/- SD) of T3 and T4 per tablet, respectively (T4/T3 molar ratio, 4.3). A 1-grain tablet of thyroglobulin contained 16 +/- 2 and 55 +/- 5 microgram of T3 and T4, respectively with a T4/T3 ratio of 2.9. Two-grain tablets generally contained twice the quantity of T3 and T4 in the 1-grain preparations. The variation in T3 and T4 content between the four lots of each tablet strength for each product was 10% or less. These estimates of T3 and T4 content are 1.5- to 2-fold greater than those previously published. This difference probably results from the more sophisticated methodology now available which does not require chromatographic separation of T3 and T4 or iodometry. Using calculations based on published estimates of T4 and T3 absorption and of the T3/T4 potency ratio, it would appear that the T3 content of desiccated thyroid and thyroglobulin provide approximately 39% and 51%, respectively, of the thyromimetic activity of these two medications.(This is the one study, from 1977, quoted in UpToDate to justify not using Armour thyroid on the basis of the variability in its hormone content. Even if true then and even if still true, this small day-to-day variability in no way makes dessicated thyroid unsuitable for replacement especially as it is bioidentical, inexpensive, and provides T3 in addition to T4!!—HHL)

Reuters VS, Buescu A, Reis FA, Almeida CP, Teixeira PF, Costa AJ, Wagman MB, Ferreira MM, de Castro CL, Vaisman M. [Clinical and muscular evaluation in patients with subclinical hypothyroidism] Arq Bras Endocrinol Metabol. 2006 Jun;50(3):523-31.

Some symptoms and signs of hypothyroidism, as well as some laboratory abnormalities, may be present in subclinical hypothyroidism (SH). This study evaluates the prevalence of signs and symptoms of hypothyroidism and skeletal muscle dysfunction in 57 patients with SH compared to 37 euthyroid controls. The participants received a clinical score based on signs and symptoms of hypothyroidism. The muscle strength was estimated by manual testing and chair dynamometer and inspiratory force by manuvacuometer. Thyroid hormones and muscle enzymes were measured. The SH group presented with higher score (p< 0.01), complained about myalgia and weakness more frequently (p< 0.05), and showed strength disability in scapular and pelvic girdles (p< 0.05). The median free T4 serum levels were lower in SH (p< 0.001). These findings suggest that signs and symptoms of thyroid dysfunction may be related to lower levels of FT4 in SH and should be taken into account in the decision of beginning LT4 therapy.
Rodriguez T, Lavis VR, Meininger JC, Kapadia AS, Stafford LF. Substitution of liothyronine at a 1:5 ratio for a portion of levothyroxine: effect on fatigue, symptoms of depression, and working memory versus treatment with levothyroxine alone. Endocr Pract. 2005 Jul-Aug;11(4):223-33. 
    

OBJECTIVE: To attempt to confirm a previous report of superior effectiveness of using two thyroid hormones rather than one hormone to treat hypothyroidism. METHODS: This trial attempted to replicate prior findings, which suggested that substituting 12.5 microg of liothyronine (LT(3)) for 50 microg of levothyroxine (LT(4)) might improve mood, cognition, and physical symptoms in patients with primary hypothyroidism. Additionally, this trial aimed to extend the previous findings to fatigue and to assess for differential effects in subjects with low fatigue and high fatigue at baseline. A randomized, double-blind, two-period, crossover design was used. At an endocrinology and diabetes clinic, 30 adult subjects with primary hypothyroidism stabilized on LT(4) were recruited. Patients randomly assigned to treatment sequence 1 received their standard LT(4) dose in one capsule and placebo in another. Patients assigned to sequence 2 received their usual LT(4) dose minus 50 microg in one capsule and 10 microg of LT(3) in the other. At the end of the first 6 weeks, subjects were crossed over to receive the other treatment. Carryover and treatment effects were assessed by t tests. RESULTS: Of the 30 enrolled study subjects, 27 completed the trial. The mean LT(4) dose was 121 +/- 26 microg/day at baseline. No significant differences in fatigue and symptoms of depression were found between treatments. Measures of working memory were unchanged. During substitution treatment, the free thyroxine index was reduced by 0.7 (P<0.001), total serum thyroxine was reduced by 3.0 microg/dL (P<0.001), and total serum triiodothyronine was increased by 20.5 ng/dL (P = 0.004). CONCLUSION: With regard to the outcomes measured, substitution of LT(3) at a 1:5 ratio for a portion of baseline LT(4) yielded no better results than did treatment with the original dose of LT(4) alone. (Both TSH and symptoms scores increased, indicating that 1:5 substitution resulted in undertreatement. A 3.1 ratio would avoid undertreatment, a lower ratio would increase treatment.—HHL)

Roos A, Linn-Rasker SP, van Domburg RT, Tijssen JP, Berghout A. The starting dose of levothyroxine in primary hypothyroidism treatment: a prospective, randomized, double-blind trial.  Arch Intern Med. 2005 Aug 8-22;165(15):1714-20. 

BACKGROUND: The treatment of hypothyroidism with levothyroxine is effective and simple; however, recommendations for the starting dose vary considerably. To our knowledge, the levothyroxine starting dose has never been studied prospectively. METHODS: We conducted a prospective, randomized, double-blind trial that compared a full starting levothyroxine dose of 1.6 mug/kg with a low starting dose of 25 mug (increased every 4 weeks) in patients with newly diagnosed cardiac asymptomatic hypothyroidism. Safety was studied by documenting cardiac symptoms and events, and efficacy was studied by monitoring thyrotropin and free thyroxine levels and by assessing improvement of signs and symptoms and quality of life. RESULTS: Seventy-five consecutive patients were enrolled, of whom 50 underwent randomization. At baseline, the severity of hypothyroidism and age were comparable in the full-dose (n = 25) vs the low-dose group (n = 25): thyrotropin, 61 vs 48 mIU/L; free thyroxine, 0.56 vs 0.64 ng/dL (7.2 vs 8.2 pmol/L); and age, 47 vs 47 years. No cardiac complaints or events were documented during treatment or at bicycle ergometry at baseline, 12 weeks, or 24 weeks. Euthyroidism was reached in the full-dose vs the low-dose group in 13 vs 1 (4 weeks), 19 vs 3 (8 weeks), 19 vs 9 (12 weeks), 20 vs 14 (16 weeks), 20 vs 18 (20 weeks), and 21 vs 20 (24 weeks) patients (P = .005). However, signs and symptoms of hypothyroidism and quality of life improved at a comparable rate. CONCLUSION: A full starting dose of levothyroxine in cardiac asymptomatic patients with primary hypothyroidism is safe and may be more convenient and cost-effective than a low starting dose regimen.

Roos A, Bakker SJ, Links TP, Gans RO, Wolffenbuttel BH. Thyroid function is associated with components of the metabolic syndrome in euthyroid subjects. J Clin Endocrinol Metab. 2007 Feb;92(2):491-6. Epub 2006 Nov 7. 

CONTEXT: Thyroid disease and the metabolic syndrome are both associated with cardiovascular disease. OBJECTIVE: The aim of this study was to explore the hypothesis that thyroid function, in euthyroid subjects, is associated with components of the metabolic syndrome, including serum lipid concentrations and insulin resistance. METHODS: A total of 2703 adult inhabitants of a middle-sized city in The Netherlands participated in this cross-sectional study. Subjects who were not euthyroid were excluded, as were subjects taking thyroid medication, medication for diabetes, and subjects for whom medication data were not available (n = 1122). Homeostasis model assessment for insulin resistance (HOMA-IR) (mU*mmol/liter2) was calculated as fasting insulin (mU/liter) times fasting glucose (mmol/liter) divided by 22.5. The metabolic syndrome was defined according to National Cholesterol Education Program's Adult Treatment Panel III criteria. RESULTS: After adjustment for age and sex, free T4 (FT4) was significantly associated with total cholesterol [standardized beta (beta) = -0.059; P = 0.014], low-density lipoprotein cholesterol (beta = -0.068; P = 0.004), high-density lipoprotein cholesterol (beta = 0.100; P < 0.001), and triglycerides (beta = -0.102; P < 0.001). Both FT4 and TSH were significantly associated with HOMA-IR (beta = -0.133; P < 0.001 and beta = 0.055; P = 0.024, respectively). Median HOMA-IR increased from 1.42 in the highest tertile of FT4 to 1.66 in the lowest tertile of FT4. FT4 was significantly related to four of five components of the metabolic syndrome (abdominal obesity, triglycerides, high-density lipoprotein cholesterol, and blood pressure), independent of insulin resistance. CONCLUSIONS: We have demonstrated an association between FT4 levels within the normal reference range and lipids, in accordance with the earlier observed association between (sub)clinical hypothyroidism and hyperlipidemia. Moreover, low normal FT4 levels were significantly associated with increased insulin resistance. These findings are consistent with an increased cardiovascular risk in subjects with low normal thyroid function.

Rose SR. Isolated central hypothyroidism in short stature. Pediatr Res. 1995 Dec;38(6):967-73.


Mild hypothyroidism can be difficult to diagnose, particularly when it is caused by deficiency of TSH or TSH-releasing hormone (TRH). Such central hypothyroidism occurs most often in association with growth hormone deficiency (GHD). Isolated central hypothyroidism has been considered rare. The TSH surge test is the most sensitive test currently available for confirming the diagnosis. Results are abnormal in many cases where response to TRH is normal. Short children referred between 1986 and 1994 for evaluation (n = 235, 74 girls; height 2 or more SD below mean for age; no history of radiation therapy) were selected for study. TSH samples were obtained hourly for study of TSH surge (1400-1800 h and 2200-0400 h). Growth hormone (GH) samples were obtained every 20 min (2000-0800 h). GH stimulation tests included arginine, insulin, and L-dopa. Thirty-nine children were found to have GHD (peak GH < or = 7 micrograms/L) and 15 had mild primary hypothyroidism (TSH 5-15 mU/L). Of the remaining 181 children with apparent idiopathic short stature (ISS), 30 had a blunted TSH surge. All 30 had free thyroxine (FT4) in the lowest third of the normal range, consistent with values seen in documented central hypothyroidism. They were 13% of the total group, 16% of the ISS children, and 32% of the ISS children with FT4 in the lowest third of normal. (In comparison, diagnosis of GHD was made in 16% of the total group.) In conclusion, use of a direct FT4 assay to screen short children for possible subtle hypothyroidism (along with other appropriate testing) identifies a subgroup with a one in three possibility of an easily treated cause--isolated central hypothyroidism.

Rose SR, Lustig RH, Pitukcheewanont P, Broome DC, Burghen GA, Li H, Hudson MM, Kun LE, Heideman RL. Diagnosis of hidden central hypothyroidism in survivors of childhood cancer. J Clin Endocrinol Metab. 1999 Dec;84(12):4472-9.

To determine how often central hypothyroidism remains undetected by routine out-patient tests of thyroid hormone, we studied 208 pediatric cancer survivors referred for evaluation because of signs of subtle hypothyroidism or hypopituitarism. Of the 208 (68 females and 140 males), 110 had brain tumors, 14 had other head/neck tumors, 11 had solid tumors remote from head and neck, and 73 had leukemia. Patients were evaluated 1-16 yr (mean, 6.1+/-4.1 yr) after tumor diagnosis. The nocturnal TSH surge and response to TRH were measured. Of 160 patients with free T4 in lowest third of normal, 34% had central hypothyroidism (blunted TSH surge or low/delayed TSH peak or delayed TSH decline after TRH); 9% had central hypothyroidism with mild TSH elevation (mixed hypothyroidism). Another 16% had mild primary hypothyroidism (TSH, 5-15 mU/L). Of 48 with free T4 in the upper two thirds of normal, 14% had central hypothyroidism; 17% had mild primary hypothyroidism. Incidence of central, mixed, and mild primary hypothyroidism 10 yr after tumor diagnosis was significantly related to total cranial radiation dose (P < 0.0001). Of 62 patients with central hypothyroidism, 34% had not developed GH deficiency. TSH surge identified 71%, and response to TRH identified 60% of those with central hypothyroidism. More than half of the slowly growing patients who have received cranial or craniospinal radiation for childhood cancer develop subtle hypothyroidism. In our study group, 92% of patients with central hypothyroidism and 27% with mixed hypothyroidism would have remained undiagnosed using baseline thyroid function tests alone. Both TSH surge and response to TRH must be evaluated to identify all of these patients.

Ross DS; Neer RM; Ridgway EC; Daniels GH. Subclinical hyperthyroidism and reduced bone density as a possible result of prolonged suppression of the pituitary-thyroid axis with L-thyroxine. Am J Med 1987 Jun;82(6):1167-70. 

Spontaneous hyperthyroidism and that due to excessive administration of thyroid hormone result in osteopenia. Bone density was measured in 28 white premenopausal female patients who were taking commonly prescribed suppressive doses of L-thyroxine (mean dose 0.171 +/- 0.035 g) for five or more years. The thyroxine level was 13.5 +/- 2.6 micrograms/dl (normal 8.0 +/- 2.4 micrograms/dl), the free thyroxine index was 4.4 +/- 1.0 (normal 2.4 +/- 0.8), and the triiodothyronine value was 154 +/- 26 ng/dl (normal 132 +/- 32 ng/dl). Basal thyrotropin was undetectable (less than 0.08 microIU/ml) in 23 patients, and thyrotropin measured 20 minutes after thyrotropin-releasing hormone administration was not demonstrable in 13 patients and subnormal in 10 patients. Women who had taken L-thyroxine for 10 or more years (n = 12, age 37 +/- 4 years) had a 9 percent reduction in bone density (0.667 +/- 0.044 g/cm2, p less than 0.01) compared with normal premenopausal age-matched control subjects (n = 56, age 35 +/- 6 years, bone density 0.733 +/- 0.055 g/cm2). It is concluded that prolonged suppressive L-thyroxine treatment may result in mild subclinical hyperthyroidism with adverse effects on bone. Patients requiring suppression of the pituitary-thyroid axis should be given the smallest dose of L-thyroxine necessary to achieve a satisfactory clinical response.(23 of 28 had undetectable TSH—meaning that they could have been over-replaced, indeed average hormone levels were well above the reference range. Studies on women with incomplete suppression of TSH do not show increased bone loss ( unless they are estrogen-deficient in some studies) Many studies show no bone loss at all with moderate TSH suppression. Thyroid hormone increases bone turnover, so if one is deficient in estradiol, testosterone, GH, Vit D, or Vit K one could become more osteopenic on TSH-suppressive thyroid supplementation—HHL). 

Ruotolo G, Dattilo B, Gareri P, La Cava R, Talarico F, De Nardo F, Galasso S, Tancre D, Galasso D. [Evaluation of thyroid function in a group of over-eighty year-old people] Minerva Med. 2005 Dec;96(6):391-5. 


AIM: A number of studies has shown that during aging thyroid presents some structural changes, whilst no data agree about secretory activity. The aim of the present study was to evaluate thyroid function in a group of healthy over-80 years old people vs a group of young subjects. METHODS: This study was performed on 48 old people, 33 women (68.75%) and 15 men (31.25%), mean age 86.38+/-5.20 years old and 43 young subjects, mean age 33.35+/-3.75 years old; all of them were euthyroid and were not affected with any acute or chronic diseases and did not take any drugs which could interfere with thyroid function. A blood sample was taken from each patient, for dosing TT3, TT4, FT3, FT4, TSH, TgAb, TPOAb. RESULTS: The results of the present study show low serum levels of TT3 in healthy over-80 year old people compared to young people, even if serum levels of TT4, FT3, FT4, TSH have no significant changes. CONCLUSIONS: Functional reduction in thyroid activity during aging has not to be considered responsible for senile involution; it is more appropriate to define it as the expression of a metabolic slow down in the elderly. (So, why not give them T3?-HHL)

Saberi M, Utiger RD. Serum thyroid hormone and thyrotropin concentrations during thyroxine and triiodothyronine therapy. J Clin Endocrinol Metab. 1974 Nov;39(5):923-7.

Sajjinanont T, Rajchadara S, Sriassawaamorn N,  Panichkul S. The comparative study of bone mineral density between premenopausal women receiving long term suppressive doses of levothyroxine for well-differentiated thyroid cancer with healthy premenopausal women.  J Med Assoc Thai. 2005 Nov;88 Suppl 3:S71-6.

OBJECTIVE: To compare bone mineral density (BMD) of lumbar spines (LS) and femoral neck (FN) by Dual energy X-ray absorptiometry (DEXA) in premenopausal well-differentiated thyroid carcinoma women S/P total or near total thyroidectomy with a control group and the effect of Levothyroxine (LT4) to BMD between short term and long term treatment. MATERIAL AND METHOD: DEXA were performed at LS (L1-L4) and FN in 22 premenopausal thyroid carcinoma women S/P total or near total thyroidectomy followed by 1-131 ablation and long term suppressive dose LT4 and 22 healthy premenopausal women. RESULTS: Mean BMD of LS and FN were not significantly different between thyroid cancer group and control (LS 1.023 +/- 0.088 VS 0.980 +/- 0.075 g/cm2, p > 0.05, FN 0.800 +/- 0.068 VS 0.770 +/ - 0.061 g/cm2, p > 0.05). Period of time taking suppressive doses LT4 was divided into 3 groups (2-5 6-10 yrs and 11-14 yrs). Mean LS BMD +/- S.D of 2-5 yrs, 6-10 yrs and 11-14 yrs therapy are 1.042 +/- 0.135, 1.004 +/- 0.044 and 1.042 +/- 0.055 respectively (p > 0.05). Mean FN BMD +/- S.D of 2-5 yrs, 6-10 yrs and 11-14 yrs therapy are 0.808 +/- 0.084, 0.781 +/- 0.067 and 0.816 +/- 0.013 respectively (p > 0.05). CONCLUSION: The suppressive doses LT was not the risk factor of osteoporosis. Although, there was no  statistically significant difference of BMD between short and long-term suppressive doses LT groups, the present sample size was not enough to conclude that long-term suppressive doses LT did not decrease BMD.

Salmon D, Rendell M, Williams J, Smith C, Ross DA, Waud JM, Howard JE. Chemical hyperthyroidism: serum triiodothyronine levels in clinically euthyroid individuals treated with levothyroxine. Arch Intern Med. 1982 Mar;142(3):571-3.

We have observed many patients treated with levothyroxine sodium who have elevated serum thyroxine (T4) levels but appear clinically euthyroid. Such patients generally have normal serum triiodothyronine (T3) values. A retrospective review at The Johns Hopkins Hospital, Baltimore, comparing the correlation of T3 and T4 values in levothyroxine-treated patients with that in patients not so treated was carried out from 1977 to 1979. Mean free thyroxine index (FTI) value in 104 levothyroxine-treated patients was 4.70 +/- 0.2 and mean T3 value was 177 +/- 9 ng/dL. In a group of 50 hyperthyroid patients, mean FTI value was 7.26. +/- 0.5, with a mean T3 value of 389 +/- 26 ng/dL. In 71 euthyroid patients, mean FTI value was 2.36 +/- 0.1, with a T3 value of 137 +/- 3 ng/dL. Computed ratios of T3 to FTI and T3 to T4 were significantly lower in the group treated with levothyroxine than in either the hyperthyroid or euthyroid nontreated groups. Levothyroxine-treated patients with high T4 levels but normal T3 levels were clinically euthyroid. Patients not treated with levothyroxine with similarly elevated T4 levels had elevated T3 levels and were clinically hyperthyroid. It is concluded that lower relative T3 levels in levothyroxine-treated patients may explain why these patients appear clinically euthyroid despite elevated T4 values. Serum T3 determination is the procedure of choice for evaluation of levothyroxine-treated individuals. Furthermore, an elevated FTI value in such an individual does not, in itself, dictate need to reduce dosage.
Samuels MH, Schuff KG, Carlson NE, Carello P, Janowsky JS. Health status, psychological symptoms, mood, and cognition in L-thyroxine-treated hypothyroid subjects.Thyroid. 2007 Mar;17(3):249-58.


OBJECTIVE: Many hypothyroid subjects receiving L-thyroxine (L-T4) complain of psychological symptoms or cognitive dysfunction. However, there is limited validated information on these self-reports. DESIGN: Cross-sectional comparison of 20 euthyroid and 34 treated hypothyroid subjects, aged 20-45 years, with normal thyroid-stimulating hormone (TSH) levels. Subjects underwent the following validated measures: Short Form 36 (SF-36); Symptom Checklist 90-Revised (SCL-90-R); Profile of Mood States (POMS); and tests of declarative memory (Paragraph Recall, Complex Figure), working memory (N-Back, Subject Ordered Pointing, Digit Span Backwards), and motor learning (Pursuit Rotor). MAIN OUTCOMES: L-T4-treated subjects had higher mean TSH and free T4 levels, but free triiodothyronine (T3) levels were comparable to controls. L-T4-treated subjects had decrements on SF-36 and SCL-90-R summary scales and subscales. These subjects performed slightly worse on N-Back and Pursuit Rotor tests. Neither TSH nor thyroid hormone levels were associated with performance on psychological or cognitive measures. CONCLUSIONS: This group of L-T4-treated subjects had decrements in health status, psychological function, working memory, and motor learning compared to euthyroid controls. Higher mean TSH levels suggest this may be related to suboptimal treatment, although there were no correlations between TSH levels and outcomes. These findings are limited by potential selection bias, and randomized studies targeting different TSH levels and memory subdomains would clarify these issues.

Saravanan P, Chau WF, Roberts N, Vedhara K, Greenwood R, Dayan CM.  Psychological well-being in patients on 'adequate' doses of l-thyroxine: results of a large, controlled community-based questionnaire study.  Clin Endocrinol (Oxf). 2002 Nov;57(5):577-85. 


OBJECTIVE: Over 1% of the UK population is receiving thyroid hormone replacement with l-thyroxine (T4). However, many patients complain of persistent lethargy and related symptoms on T4 even with normal TSH levels. To date there has been no large study to determine whether this is related to thyroxine replacement or coincidental psychological morbidity. We have therefore attempted to address this issue using a large, community-based study. DESIGN AND PATIENTS: Computerized prescribing records of five general practices were used to identify 961 patients who had been on thyroxine for a minimum of 4 months from a population of 63 000 (1.5%), along with age- and sex-matched controls. All 1922 individuals were sent a two-page questionnaire, made up of the short form of the General Health Questionnaire (GHQ-12), designed to detect minor psychiatric disorders in the community, and a 12-question 'thyroid symptom questionnaire' (TSQ) in the same format. A covering letter explained that we were interested in 'how patients felt on medication' and made no direct reference to thyroxine. MEASUREMENTS: Scores from the GHQ and TSQ were marked for each individual using the GHQ and Likert scoring methods. Patients' latest TSH measurements were obtained from laboratory records. Comparisons were then made on scores for the total GHQ-12, TSQ and individual questions between patients (P) and control (C) groups. Separate analyses were made comparing the patients with a normal TSH (nP) and the control group. RESULTS: Five hundred and ninety-seven (62%) of the patients (P) and 551 (57%) of the controls (C) responded and fully completed at least one of the two questionnaire. Three hundred and ninety-seven responding patients (nP) had a TSH estimation performed in the previous 12 months with the last result being in the local laboratory normal range for TSH (0.1-5.5 or 0.2-6.0 mU/l, according to the assay method used). The responding P, nP and C populations were well matched for age (59.96, 59.73, 59.35 years) and sex (85%, 83%, 87% female). The number of individuals scoring 3 or more on the GHQ-12 (indicating 'caseness') was 21% higher in P than C [185/572 (32.3%) vs. 137/535 (25.6%), P = 0.014] and 26% higher in nP than C [131/381 (34.4%) vs. 137/535 (25.6%), P < 0.005]. Stronger differences were seen with the TSQ scores [C = 187/535 (35.0%), P = 273/583 (46.8%), P < 0.001, P vs. C; and nP = 189/381 (48.6%), P < 0.001, nP vs. C]. Differences existed in chronic drug use and chronic disease prevalence between the control and patient groups, but the differences in GHQ and TSQ scores between the groups remained significant even after correction for these factors as well as age and sex in multiple regression analysis. CONCLUSIONS: This community-based study is the first evidence to indicate that patients on thyroxine replacement even with a normal TSH display significant impairment in psychological well-being compared to controls of similar age and sex. In view of the large numbers of people on thyroxine replacement, we believe that these differences, although not large, could contribute to significant psychological morbidity in a substantial number of individuals.(The explanation—T3 levels remain low—HHL)
Saravanan P, Siddique H, Simmons DJ, Greenwood R, Dayan CM. Twenty-four hour hormone profiles of TSH, Free T3 and free T4 in hypothyroid patients on combined T3/T4 therapy. Exp Clin Endocrinol Diabetes. 2007 Apr;115(4):261-7.


The benefits of using thyroxine (T4) plus triiodothyronine (T3) in combination in thyroid hormone replacement are unproven but many individuals continue to be treated with this regime. When T3 is used alone for hypothyroidism, it results in wide fluctuations of thyroid hormone levels. However, only limited data exists on combined T3/T4 therapy. In this study, we have compared 24-hour profiles of thyroid stimulating hormone (TSH), free T4 (fT4) and free T3 (fT3) and cardiovascular parameters in 10 hypothyroid patients who had been on once daily combined T3/T4 therapy for more than 3 months with 10 patients on T4 alone. Twenty patients, who were part of a larger study, investigating the long-term benefits of combined T3/T4 therapy, were recruited into this sub-study. Over 24-hours, 12 samples were taken for thyroid hormones. Their 24-hour pulse and BP is also monitored on a separate occasion. On T4 alone, a modest 16% rise in fT4 with no change in fT3 was seen in the first 4-hours post-dose. In contrast, on combined treatment, fT3 levels showed a marked rise of 42% within the first 4-hours post-dose (T3/T4:T4=6.24: 4.63 mU/L, p<0.001). Mean exposure to fT3 calculated by area under the curve (AUC) was higher (T3/T4:T4=1148:1062, p<0.0001) on T3. Circadian rhythm of TSH was maintained on both treatments. No difference in pulse or blood pressure over the 24-hours was seen between the groups. Our data suggests that despite chronic combined T3/T4 therapy, wide peak-to-trough variation in fT3 levels persists. Although no immediate cardiovascular effects were seen, the long-term consequences for patients on combined therapy are unknown.

Saravanan P; Visser TJ; Dayan CM. Psychological well-being correlates with free thyroxine but not free 3,5,3'-triiodothyronine levels in patients on thyroid hormone replacement. J Clin Endocrinol Metab. 2006 Sep;91(9):3389-93.

CONTEXT AND OBJECTIVE: An association between mood disorders and overt thyroid dysfunction is well established, but there are few data on the potential for thyroid hormone levels closer to the reference range to correlate with psychological well-being. DESIGN, SETTING, AND PATIENTS: We analyzed the relationship between psychological well-being and free T(4) (fT4), free T(3) (fT3), TSH, and total rT(3) in 697 patients on thyroid hormone replacement therapy at entry to a randomized, controlled trial of combined T(4) and T(3) replacement therapy. All patients were on 100 mug or more T(4). INTERVENTIONS AND MAIN OUTCOME MEASURES: Psychological well-being was assessed with General Health Questionnaire-12 (GHQ-12), Thyroid Symptom Questionnaire, and Hospital Anxiety and Depression Scale. RESULTS: fT(4) and TSH showed a strong correlation with GHQ-12 scores (fT4 - b: -0.16, P = 0.005; TSH - b: 0.663, P = 0.04). No correlations were seen between the GHQ scores and fT3 (b: 0.318, P = 0.275), rT(3) (b: 0.095, P = 0.95), rT(3) to fT4 ratio (b: 71.83, P = 0.09) or fT3 to rT(3) ratio (b: 0.05, P = 0.32). The correlations remained when the data set was limited to patients with TSH in the range 0.3-4.0 mIU/liter. Similar correlations were seen with the Thyroid Symptom Questionnaire, although not with the Hospital Anxiety and Depression Scale scores. CONCLUSIONS: Differences in fT4 and TSH concentration, even within the reference range, may be a determinant of psychological well-being in treated hypothyroid patients although not necessarily with symptoms typical of anxiety or depression.

Savina LV, [Hiatus hernia and gastroesophageal reflux disease as a manifestation of a newly revealed hypothyroidism]. Klin Med (Mosk) 2006;84(2):71-4.

The aim of the study was to reveal hypothyroidism (HT) in patients with hiatus hernia (HH), treated at Russian Centre of Functional Surgical Gastroenterology. The subjects were 64 women: 18--with HH and diffuse or diffuse nodular goiter, 36--with HH, and 10--without endocrine or somatic disease background. The examination included the evaluation of the thyroid and metabolic status, endoscopy, and 24-hour ph-metry. The results show that one of the early signs of HT is HH and gastroesophageal reflux disease. The latter in HT patients is associated with gastrointestinal motor-evacuatory disturbances rather than with  acid exposition in the distal esophagus. PMID:16613012

Sawin CT, Hershman JM, Chopra IJ. The comparative effect of T4 and T3 on the TSH response to TRH in young adult men. J Clin Endocrinol Metab. 1977 Feb;44(2):273-8.

The effect of graded increments of chronically administered oral T4 or T3 on the TSH response to TRH was studied in normal young adult men. The TSH response was assessed in the baseline state and after each increment of each hormone (two weeks at each dose level) using both 30 mug and 500 mug doses of TRH. Each thyroid hormone caused a dose-related decrease in the TSH response to TRH; thus the TSH response could be used as a bioassay for the biologic activity of the thyroid hormones in man. The dose of thyroid hormone that caused a 50% suppression of the TSH response, or the SD50, was not different with either 30 mug or 500 mug of TRH indicating that thyroid hormone suppression of the TSH response is not more easily detected with a small dose of TRH. The mean SD50 for T4 was 115 mug/day, for T3 stopped 2 h before testing the mean SD50 was 29 mug/day, and for T3 stopped 24 h before testing it was 45 mug/day. Using the average SD50 for the two T3 regimens (37 mug/day), the calculated relative potency indicates that oral T3 is 3.3 times as potent as oral T4, a value in reasonable agreement with the value previously estimated with a calorigenic end-point. The mean dose of T4 needed to decrease the TSH response to TRH to below the normal range (max delta TSH of 2 muU/ml) was 150 mug/day; this value is probably more appropriate than the SD50 in the treatment of patients with primary hypothyroidism or goiter and was about the same (160 mug/day) using a peak TSH after TRH of 3 muU/ml as an end-point. Estimation of the SD50 in each subject showed a 2- to 3-fold range with all regimens of thyroid hormones; similarly there was a 2-fold range in the dose of T4 needed to suppress the TSH response to TRH to below the normal range. Further, the difference in the mean SD50 for the two T3 regimens indicates that a single daily dose of oral T3 does not exert a constant biologic effect throughout the day. Thus, because of individual variation and, in the case of T3, because of changing activity during the day a given dose of thyroid hormone may have a widely varying biologic effect. There was also a 3-fold range in the relative potency of T3 to T4 in the four subjects treated with both hormones. This suggests that the therapeutic administration of a fixed ratio of T3 to T4 may have a variable effect from patient to patient. Finally, the serum T4 rose while the serum T3 did not at a dose of T4 that abolished the TSH response to TRH, indicating that circulating T4 is a determinant of TSH secretion in normal man. (It is also known that increasing doses of T4 do not raise T3 levels further due to the suppression of TSH which is needed to stimulate T4 to T3 conversion.-HHL)

Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach P, Wilson PW, Benjamin EJ, D'Agostino RB. Low serum thyrotropin concentrations as a risk factor for atrial fibrillation in older persons. N Engl J Med. 1994 Nov 10;331(19):1249-52.

BACKGROUND. Low serum thyrotropin concentrations are a sensitive indicator of hyperthyroidism but can also occur in persons who have no clinical manifestations of the disorder. We studied whether low serum thyrotropin concentrations in clinically euthyroid older persons are a risk factor for subsequent atrial fibrillation. METHODS. We studied 2007 persons (814 men and 1193 women) 60 years of age or older who did not have atrial fibrillation in order to determine the frequency of this arrhythmia during a 10-year follow-up period. The subjects were classified according to their serum thyrotropin concentrations: those with low values (< or = 0.1 mU per liter; 61 subjects); those with slightly low values (> 0.1 to 0.4 mU per liter; 187 subjects); those with normal values (> 0.4 to 5.0 mU per liter; 1576 subjects); and those with high values (> 5.0 mU per liter; 183 subjects). RESULTS. During the 10-year follow-up period, atrial fibrillation occurred in 13 persons with low initial values for serum thyrotropin, 23 with slightly low values, 133 with normal values, and 23 with high values. The cumulative incidence of atrial fibrillation at 10 years was 28 percent among the subjects with low serum thyrotropin values (< or = 0.1 mU per liter), as compared with 11 percent among those with normal values; the age-adjusted incidence of atrial fibrillation was 28 per 1000 person-years among those with low values and 10 per 1000 person-years among those with normal values (P = 0.005). After adjustment for other known risk factors, the relative risk of atrial fibrillation in elderly subjects with low serum thyrotropin concentrations, as compared with those with normal concentrations, was 3.1 (95 percent confidence interval, 1.7 to 5.5; P < 0.001).(if 36 patients on thyroid hormone with TSH <0.01 were excluded, the RR was 3.8. Therefore those with suppressed TSH on thyroid hormone had a lower RR than those with suppressed TSH endogenously. A slightly suppressed TSH of 0.1-0.4 was assoc. with a RR of 1.6 (NS) with or without those on thyroid replacement c/w RR 1 for those with normal TSH.) The 10-year incidence of atrial fibrillation in the groups with slightly low and high serum thyrotropin values was not significantly different from that in the group with normal values. CONCLUSIONS. Among people 60 years of age or older, a low serum thyrotropin concentration is associated with a threefold higher risk that atrial fibrillation will develop in the subsequent decade. Author adds” There was no relation between the serum thyroxine concentration and the later development of atrial fibrillation -- an observation that is probably related to the large variation in serum thyroxine concentrations in the general population and to the variation in cardiac sensitivity to thyroxine.”

Sawin CT, Geller A, Kaplan MM, Bacharach P, Wilson PW, Hershman JM. Low serum thyrotropin (thyroid-stimulating hormone) in older persons without hyperthyroidism. Arch Intern Med.1991 Jan;151(1):165-8.

We studied a large population (n = 2575) of unselected ambulatory persons older than 60 years to determine the prevalence of a low serum thyroid-stimulating hormone (TSH) level, ie, of less than 0.1 mU/L using a sensitive assay, a level suggestive of hyperthyroidism in younger adults. One hundred one persons (3.9%) had a low serum TSH level. About half of them (51/101) were taking thyroid hormone. Of the remainder, 44 were not hyperthyroid did not become so during up to 4 years of follow-up. Forty-one of the 44 euthyroid persons had a serum thyroxine level of less than 129 nmol/L; repeated testing showed a serum TSH level of more than 0.1 mU/L in the three euthyroid persons with a serum thyroxine level of more than 129 nmol/L. Only six were hyperthyroid or became so during the follow-up period; all had a serum thyroxine level of more than 129 nmol/L. Routine clinical examination was not a sensitive indicator of hyperthyroidism and did not permit discrimination from euthyroidism. A low value of serum TSH alone, while it had high sensitivity and specificity for hyperthyroidism, had a low positive predictive value (12%) for this diagnosis; addition of the thyroxine assay raised the predictive value fivefold to 67%. A low value of serum TSH is far more common in older persons than is hyperthyroidism. Low values in euthyroid persons are accompanied by a clearly normal serum T4 concentration (less than 129 nmol/L) or by a serum TSH level of more than 0.1 mU/L on repeated testing. We recommend measurement of the serum TSH thyroid concentration, using a sensitive assay, as the initial step in testing any older person for possible hyperthyroidism. Measurement of the serum T4 concentration or the free T4 index on the same sample would be needed only in the approximately 2% with a serum TSH level of less than 0.1 mU/L; alternatively, the TSH assay in these could be repeated at a later time. PMID: 1985591

Sawka AM, Gerstein HC, Marriott MJ, MacQueen GM, Joffe RT. Does a combination regimen of thyroxine (T4) and 3,5,3'-triiodothyronine improve depressive symptoms better than T4 alone in patients with hypothyroidism? Results of a double-blind, randomized, controlled trial. J Clin Endocrinol Metab. 2003 Oct;88(10):4551-5. 


Some hypothyroid patients receiving levothyroxine replacement therapy complain of depressive symptoms despite normal TSH measurements. It is not known whether adding T(3) can reverse such symptoms. We randomized 40 individuals with depressive symptoms who were taking a stable dose of levothyroxine for treatment of hypothyroidism (excluding those who underwent thyroidectomy or radioactive iodine ablation of the thyroid) to receive T(4) plus placebo or the combination of T(4) plus T(3) in a double-blind manner for 15 wk. Participants receiving combination therapy had their prestudy dose of T(4) dropped by 50%, and T(3) was started at a dose of 12.5 micro g, twice daily. T(4) and T(3) doses were adjusted to keep goal TSH concentrations within the normal range. (Meaning, they did not improve their overall level of thyroid hormone replacement!—HHL) Compared with the group taking T(4) alone, the group taking both T(4) plus T(3) did not report any improvement in self-rated mood and well-being scores that included all subscales of the Symptom Check-List-90, the Comprehensive Epidemiological Screen for Depression, and the Multiple Outcome Study (P > 0.05 for all indexes). In conclusion, the current data do not support the routine use of combined T(3) and T(4) therapy in hypothyroid patients with depressive symptoms. (No, the current data do not support TSH-normalizing thyroid replacement, whether with T4 orT4/T3!—HHL)

Schindel B [Unusual presenting symptoms of hypothyroidism] Harefuah. 1991 Jul;121(1-2):13-5. 

The assumption that hypothyroidism has a typical presentation can lead to error. Although a common disease in adults and easily treated, the diagnosis can be missed for years. Failure to recognize the rare signs and symptoms of hypothyroidism leads to unnecessary morbidity and rarely, even to death, from myxedema coma. We discuss a number of cases which presented over the past few years with less recognized symptoms, such as convulsions, acute psychosis, neuromuscular disturbances and deafness. Other atypical presenting symptoms that have been described include intestinal pseudo-obstruction and bleeding disorders. One should be aware of these varied presentations of hypothyroidism.

Schlote B, Schaaf L, Schmidt R, Pohl T, Vardarli I, Schiebeler H, Zober MA, Usadel KH. Mental and physical state in subclinical hyperthyroidism: investigations in a normal working population. Biol Psychiatry. 1992 Jul 1;32(1):48-56. 


We investigated whether subclinically hyperthyroid individuals selected from a nonpatient working population exhibit similar impairments to those found in studies with patients. Sixteen subclinically hyperthyroid subjects without apparent reason (SH-0) and 15 subclinically hyperthyroid subjects on levothyroxine (SH-T4) were compared with 27 euthyroid controls with respect to signs and symptoms of hyperthyroidism, sleep, depressivity, ability to concentrate, anxiety, and other dimensions of well-being. We found that SH-T4 exhibited significantly higher TT4 levels, TT4/TBG ratios, and more palpitations than controls. Furthermore, they slept less. The SH-0 subjects reported being in a better mood and less touchy than controls. Psychometric results of all groups were within the normal range. A comparison of this study to previous studies reveals that TT4 levels or TT4/TBG ratios may play a crucial role in the development of the predominantly nervous symptoms in subclinical hyperthyroidism. Possible reasons for the discrepancies between results in hospital and nonhospital settings are discussed.(Illustrates that palpitations and poor sleep are sensitive indicators of excessive thyroid hormone.—HHL)

Schneider DL, Barrett-Connor EL, Morton DJ.  Thyroid hormone use and bone mineral density in elderly women. Effects of estrogen. JAMA. 1994 Apr 27;271(16):1245-9.

OBJECTIVE--To determine the effect of long-term use of thyroid hormone on bone mineral density (BMD) in elderly women and the potential mitigating effects of estrogen replacement therapy. DESIGN--Cross-sectional, community-based study. SETTING--Rancho Bernardo, Calif. PARTICIPANTS--A total of 991 white women aged 50 to 98 years who participated in a study of osteoporosis. MAIN OUTCOME MEASURES--Bone mineral density at the ultradistal radius and midshaft radius using single-photon absorptiometry and at the hip and lumbar spine using dual-energy x-ray absorptiometry. RESULTS--A total of 196 women taking thyroid hormone for a mean duration of 20.4 years were compared with 795 women who were not using thyroid hormone. Women taking daily thyroxine-equivalent doses of 200 micrograms or more had significantly lower BMD levels at the midshaft radius and hip compared with those taking less than 200 micrograms. Daily doses of 1.6 micrograms/kg and greater were associated with lower bone mass at all four sites compared with nonuse, whereas doses less than 1.6 micrograms/kg were not associated with lower BMD levels. These associations were independent of age, body mass index, smoking status, and use of thiazides, corticosteroids, and estrogen. Women taking both estrogen and a thyroid hormone dose of 1.6 micrograms/kg or greater had significantly higher BMD levels at all four sites than women taking the same thyroid hormone dose alone. Women taking both thyroid hormone and estrogen had BMD levels comparable with those observed in women taking only estrogen. CONCLUSIONS--Long-term thyroid hormone use at thyroxine-equivalent doses of 1.6 micrograms/kg or greater was associated with significant osteopenia at the ultradistal radius, midshaft radius, hip, and lumbar spine. Estrogen use appears to negate thyroid hormone-associated loss of bone density in postmenopausal women. (As would Vit D and Vit K—in which most people are deficient.—HHL)
Schneider DL, Barrett-Connor EL, Morton DJ. Thyroid hormone use and bone mineral density in elderly men. Arch Intern Med. 1995 Oct 9;155(18):2005-7.

BACKGROUND: Excessive thyroid hormone use reduces bone density in women. Thyroid hormone use is much less common in men, who also have less osteoporosis. We examined bone mineral density in a community-based sample of elderly men who reported long-term thyroid hormone use. METHODS: All 685 white men aged 50 to 98 years from a Southern California community who participated in a study of osteoporosis were examined. Medication use was validated. Height and weight were measured. Bone mineral density was measured at the ultradistal radius and midshaft radius using single photon absorptiometry and at the hip and lumbar spine using dual energy x-ray absorptiometry. RESULTS: Thirty-three men taking a mean thyroxine-equivalent dose of 130 micrograms daily for an average of 15.5 years were compared with 653 nonusers. There were no significant differences in bone density at any site between users and nonusers, before or after controlling for age, body mass index, smoking, thiazide diuretics, and oral corticosteroid use. Bone density also did not differ according to thyroid hormone type, duration of use, or use of suppressive dose adjusted for body weight. CONCLUSIONS: Long-term thyroid hormone use was not associated with adverse effects on bone mineral density in men.
Schwarcz G, Halaris A, Baxter L, Escobar J, Thompson M, Young M. Normal thyroid function in desipramine nonresponders converted to responders by the addition of L-triiodothyronine. Am J Psychiatry. 1984 Dec;141(12):1614-6. 

The results of complete thyroid function testing were normal in four desipramine nonresponders who were converted to responders by addition of L-triiodothyronine (T3). These findings suggest that the effectiveness of T3 is not due to correction of subtle thyroid deficiencies.

Sell MA, Schott M, Tharandt L, Cissewski K, Scherbaum WA, Willenberg HS. Functional central hypothyroidism in the elderly. Aging Clin Exp Res. 2008 Jun;20(3):207-10.

BACKGROUND AND AIMS: Previous studies have shown that blood concentrations of free thyroxin and basal thyroid-stimulating hormone (TSH) decrease during adult life. Suggested mechanisms include reduced thyroid activity resulting from decreased serum TSH concentrations, impairment of peripheral 5'-deiodinase, and an increase in reverse 3,5,3'-triiodothyronine due to non-thyroidal illness. However, testing of pituitary reserves leads to contradictory results and has infrequently been evaluated in studies. METHODS: We investigated whether the response of TSH to thyrotropin-releasing hormone (TRH) is preserved during aging. This was tested in a cohort of 387 subjects aged 13 to 100 years in whom thyroid disease was excluded by normal thyroid ultrasound, normal values for free thyroxin, free triiodothyronin, TSH, and negative thyroid peroxidase antibodies. RESULTS: Serum concentrations of free thyroxin remained almost unchanged, whereas free triiodothyronin and TSH levels were lower in older subjects. In addition, the TSH response to TRH was blunted in older subjects, especially in male individuals. CONCLUSIONS: There is evidence that the decreased thyroid hormone levels observed in aging are due to lower TSH concentrations, and that lower TSH concentrations may be linked to an impaired pituitary activity.

Shapiro LE, Sievert R, Ong L, Ocampo EL, Chance RA, Lee M, Nanna M, Ferrick K, Surks MI. Minimal cardiac effects in asymptomatic athyreotic patients chronically treated with thyrotropin-suppressive doses of L-thyroxine. J Clin Endocrinol Metab. 1997 Aug;82(8): 2592-5. 


Biondi, Fazio, and colleagues recently reported that long term T4 treatment to suppress serum TSH markedly affects cardiac function. T4-treated patients had more symptoms [12.2 +/- 3.9 (+/-SD) vs. 4.2 +/- 2.3 by quantitative questionnaire], higher mean heart rate, increased incidence of atrial extrasystoles, increased interventricular septal thickness and left ventricular mass index (LVMi), and significant diastolic dysfunction. The severity of cardiac abnormalities was highly correlated with scores of a rating scale used for assessing symptoms of thyrotoxicosis. We have duplicated their studies in 17 athyreotic patients (mean age, 45 +/- 10 yr; range, 27-63 yr) without heart disease or hypertension whose dose of T4 was titrated to suppress serum TSH to less than 0.01 microU/mL. The mean duration of T4 treatment was 9.2 +/- 5.4 yr. Controls were healthy volunteers matched for sex and age (+/-3 yr). The mean T4 dose was 2.8 +/- 0.9 micrograms/kg (0.192 +/- 0.058 mg/day). By questionnaire, patients had minimal symptoms, although their symptom score was significantly greater than the control value (4 +/- 3 vs. 2 +/- 1; P < 0.05; maximum score, 36). No differences in mean heart rate or in atrial or ventricular extrasystoles were noted. In patients, indexes of systolic and diastolic function and interventricular septal thickness were similar to control values. The mean LVMi was normal in both groups. However, the mean LVMi in patients (117 +/- 35 g/m2) was higher than that in controls (92 +/- 31; P < 0.05). In conclusion, patients were minimally affected by TSH-suppressive doses of T4. They had few symptoms and no increase in extrasystoles or basal heart rate. Based on current knowledge, the increase in LVMi observed in patients without associated significant systolic or diastolic abnormalities does not have clinical or prognostic importance. Therefore, in the absence of symptoms of thyrotoxicosis, patients treated with TSH-suppressive doses of L-T4 may be followed clinically without specific cardiac laboratory studies.

Shapiro B, Gross MD, Geatti O. L-thyroxine overdose: a case of marked, severe, prolonged, excess ingestion and review of the literature. Thyroidology. 1993 Aug;5(2):61-6.

A case of a man with thyroid cancer who ingested between 0.9 and 3.3 mg l-thyroxine per day for over 10 years (the highest dose for 3 years) is reported. This had been prescribed for suppression of TSH for a well differentiated thyroid cancer. He was essentially asymptomatic and suffered no apparent ill effects from this prolonged and markedly excessive dosage of l-thyroxine. The literature lists a wide range of ill effects from both chronic and acute thyroid hormone overdosage but also records many examples of tolerance to excessive levels of exogenous thyroid hormone. The various circumstances leading to thyroid hormone overdose and potential ill-effects are reviewed.

Shimon I, Cohen O, Lubetsky A, Olchovsky D. Thyrotropin suppression by thyroid hormone replacement is correlated with thyroxine level normalization in central hypothyroidism. Thyroid. 2002 Sep;12(9):823-7. 


We have retrospectively studied 41 patients with hypothalamic-pituitary disease and central hypothyroidism associated with hypopituitarism. Sixteen patients had nonsecreting pituitary macroadenoma, whereas different sellar and suprasellar pathologies affected all other patients. Pretreatment thyrotropin (TSH) level (mean +/- standard error of the mean [SEM]) was 2.04 +/- 0.25 mU/L (normal, 0.4-4), and gradually decreased to 0.51 +/- 0.19 mU/L (range, 0.009-3.38) by treatment with levothyroxine in a mean dose of 86 +/- 6 microg/d. TSH was suppressed by thyroid replacement to less than 0.5 mU/L in 80% of patients. Mean baseline free thyroxine (FT4) was 7.55 +/- 0.51 pmol/L (normal, 11.8-24.6) and gradually increased with thyroid hormone to 15.19 +/- 1.0 pmol/L, whereas total thyroxine (TT4) increased from 57.4 +/- 2.6 to 104.4 +/- 5.0 nmol/L (normal, 77-154). Mean pretreatment total triiodothyronine (TT3) was 1.44 +/- 0.09 nmol/L (normal, 1.1-2.7), and was not altered by treatment. Thyrotropin-releasing hormone (TRH) test was performed in 20 patients before thyroid replacement, and mean baseline and peak TSH levels were 1.33 +/- 0.3 and 7.14 +/- 1.62 mU/L, respectively. In 5 subjects TSH was stimulated to 6 mU/L or more, whereas in 5 others TSH was not affected. Based on linear regression of logarithm (Ln) TSH against FT4, a leftward shift of the TSH/FT4 ratio was demonstrated in patients with central hypothyroidism compared to 17 patients with primary hypothyroidism. Plotting measurements of TSH against FT4 for 6 individuals with central hypothyroidism showed different regression slope for each patient. Suppression of TSH by thyroid replacement to levels below 0.1 mU/L predicted euthyroidism in 92% of cases, compared to 34% when TSH was above 1 mU/L (p < 0.0001). In conclusion, in central hypothyroidism baseline TSH is usually within normal values, and is further suppressed by exogenous thyroid hormone as in primary hypothyroidism, but to lower levels. Thus, insufficient replacement may be reflected by inappropriately elevated TSH levels, and may lead to dosage increment.

Shoman, Mary "Survey: What Are the Worst Symptoms of Thyroid Disease? Patients Speak Out About Their Key Thyroid Symptoms.'' About.com Guide to Thyroid Disease.

Siddique H, Saravanan P, Simmons DJ, Greenwood R, Peters TJ, Dayan CM, Twenty-four hour hormone profiles of TSH, free T3 and free T4 in hypothyroid patients on combined T3/T4 therapy.  Endocrine Abstracts (2004) 7 P229 

Objective: To determine the 24hour thyroid hormone profile on patients with combined T3/T4 therapy. Methods: Two subgroup of patients (10 on combined T3/T4 (study, S) and 10 T4 alone (control, C) were randomly selected from 697 patients who were already involved in WATTS study, after ethical approval. Prior to study entry all patients were on 100micrograms or more of T4. The study group received 10micrograms of T3 in place of 50micrograms of T4 while the T4 dose in the control group remained unchanged. Blood samples were collected for T3, T4 and TSH at 0, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 22, and 24 hours post dose. Summary: Basal free T3 levels were similar between the 2 groups (S:C 4.384:4.69 picamoles per litre, p equals 0.208), but basal mean T4 was lower(S:C 12.05:17.9 picamoles per litre, p less than 0.001) and basal mean TSH was higher(S:C 5.3:1.0 milliunits per litre, p equals 0.01) in the study group. Profiles of all 3 hormones were very stable over the 24hour period on the control group but FreeT3 levels showed a 42% rise within the first 4 hours of medication ingestion and remained higher than the control group for 16 hours. The mean Free T3 levels at 4 hours post dose (S:C 6.24:4.63 picamoles per litre, p equals 0.007)as well as the area under the curve(S:C 1148:1062, p less than 0.0001) were significantly higher in the study group. Conclusions: Despite chronic combined T3/T4 therapy, wide trough to peak variation in Free T3 levels present in patients on combined T3/T4 therapy but not on T4 alone.

Sidora VD, Shliakhta AI, Iugov VK, Kas'ianenko AS, Piatenko VG. [Indices of the pituitary-thyroid system in residents of cities with various fluorine concentrations in drinking water] Probl Endokrinol (Mosk). 1983 Jul-Aug;29(4):32-5.


The thyroid 131I consumption, the hypophyseal thyrotropic hormone content and the blood serum total thyroxin and triiodothyronine concentrations were studied in equal groups of healthy humans and donors, living in two cities with an enhanced or decreased fluorine content in drinking water. Iodine deficiency and adaptive amplification of the hypophyseal-thyroid system, not ensuring an absolute compensation, were found in the citizens, using drinking water with an increased fluorine content, accompanied by an augmented incidence of functional disturbance, which structure remained relatively unchanged.

Siegmund W, Spieker K, Weike AI, Giessmann T, Modess C, Dabers T, Kirsch G, Sanger E, Engel G, Hamm AO, Nauck M, Meng W. Replacement therapy with levothyroxine plus triiodothyronine (bioavailable molar ratio 14:1) is not superior to thyroxine alone to improve well-being and cognitive performance in hypothyroidism. Clin Endocrinol (Oxf). 2004 Jun;60(6):750-7. 


OBJECTIVES: There is evidence from recent controlled clinical studies that replacement therapy of hypothyroidism with T4 in combination with a small amount of T3 may improve the well-being of the patients. As the issue is still the subject of controversial discussion, our study was assigned to confirm the superiority of a physiological combination of thyroid hormones (absorbed molar ratio 14 : 1) over T4 alone with regard to mood states and cognitive functioning. DESIGN AND PATIENTS: After a run-in period with the T4 study medication for 4 weeks, a controlled, randomized, double-blind, two-period (each 12 weeks), cross-over study without washout between the treatment periods was performed in 23 hypothyroid patients (three males, 20 females, age 23-69 years, 21 subjects after surgery/radioiodine, two with autoimmune thyroiditis) to compare the effects of the previous individual T4 dose (100-175 micro g) with a treatment in which 5% of the respective T4 dose was substituted by T3.(5 to 8mcg T4 replaced by 5 to 8mcg T3-HHL) MEASUREMENTS: Standard hormonal characteristics and standardized psychological tests to quantify mood and cognitive performance were measured after the run-in period and at the end of each treatment period. In 12 subjects, the concentration-time profiles of fT3 and fT4 were compared after the last administration of the respective study medication. TSH, fT3 and fT4 were measured with immunological assays. CLINICAL RESULTS: Replacement therapy with T4 and T4/T3 was not different in all steady-state hormonal, metabolic and cardiovascular characteristics except for TSH, which was more suppressed after T4/T3. The efficacy of replacement therapy with the T4/T3 combination was not different from the T4 monotherapy with regard to all psychological test scores describing mood and cognitive functioning of the patients. Mood was even significantly impaired by the T4/T3 combination in eight subjects, with TSH < 0.02 mU/l, compared to patients with normal TSH (Beck Depression Inventory: 8.25 +/- 5.01 vs. 4.07 +/- 5.60, P = 0.026).(That’s 8 patients made hyperthyroid in a group of only 23—this alone could have skewed the overall result! HHL) PHARMACOKINETIC RESULTS: The area under the concentration-time curve (AUC(0-8h)) of fT3 was significantly higher after T4/T3 compared to the T4 monotherapy (42.8 +/- 9.03 pmol x h/l vs. 36.3 +/- 8.50 pmol x h/l, P < 0.05) and was significantly correlated to serum TSH (r(s) = -0.609, P < 0.05). After T4/T3, patients with a history of Graves' disease or autoimmune thyroiditis had significantly higher serum trough levels of fT3 whereas the fT4 concentrations were significantly lower in patients with a nonautoimmune background. CONCLUSION: Replacement therapy of hypothyroidism with T4 plus T3(done just the way we did it!-HHL) does not improve mood and cognitive performance compared to the standard T4 monotherapy. There is even a higher risk of signs of subclinical hyperthyroidism associated with impaired well-being of the patients, which is clearly caused by significant fluctuations in the steady-state fT3 serum concentrations. (By flucuations or by excessive dosing?  Negative subjective effects due to overdosing may have countered positive results in many patients yielding a null result. If these subjects were already on high, TSH-suppressive doses, then the substitution would have made many of them hyperthyroid and thus worsened the quality of life.  I would like to know what their TSH and free T3/T4 levels were before the therapy, and how their pretreatment levels affected their response to the substitution.  Counting apples and oranges alike is not good scientific work.  Thyroid replacement must be individualized, and there is abundant evidence that sufficient replacement and restoration of QOL requires T3 alone or with T4 and TSH-suppressive doses.—HHL)

Silva JE, Larsen PR. Contributions of plasma triiodothyronine and local thyroxine monodeiodination to triiodothyronine to nuclear triiodothyronine receptor saturation in pituitary, liver, and kidney of hypothyroid rats. Further evidence relating saturation of pituitary nuclear triiodothyronine receptors and the acute inhibition of thyroid-stimulating hormone release. J Clin Invest. 1978 May;61(5):1247-59.

Injections of triiodothyronine (T(3)) and thyroxine (T(4)) into chronically hypothyroid rats were used to evaluate the contribution of intracellular T(4) to T(3) conversion to nuclear T(3) in pituitary, liver, and kidney, and to correlate the occupancy of pituitary nuclear T(3) receptors with inhibition of thyroid-stimulating hormone (TSH) release. Injection of a combination of 70 ng T(3) and 400 ng T(4)/100 g body wt resulted in plasma T(3) concentrations of 45+/-7 ng/dl (mean+/-SD) and 3.0+/-0.4 mug/dl T(4) 3 h later. At that plasma T(3) level, the contribution of plasma T(3) to the nuclear receptor sites resulted in saturation of 34+/-7% for pituitary, 27+/-5% for liver, and 33+/-2% for kidney. In addition to the T(3) derived from plasma T(3), there was additional T(3) derived from intracellular monodeiodination of T(4) in all three tissues that resulted in total nuclear occupancy (as percent saturation) of 58+/-11% (pituitary), 36+/-8% (liver), and 41+/-11% (kidney), respectively. The percent contribution of T(3) derived from cellular T(4) added 41% of the total nuclear T(3) in the pituitary which was significantly higher than the contribution of this source in the liver (24%) or the kidney (19%). 3 h after intravenous injection of increasing doses of T(3), the plasma T(3) concentration correlated well with both the change in TSH and the nuclear occupancy, suggesting a linear relationship between the integrated nuclear occupancy by T(3) and TSH release rate. The contribution of intrapituitary T(4) to T(3) conversion to nuclear T(3) was accompanied by an appropriate decrease in TSH, supporting the biological relevance of nuclear T(3). Pretreatment of the animals with 6-n-propylthiouracil before T(4) injection decreased neither the nuclear T(3) derived from intrapituitary T(4) nor the subsequent decrease in TSH.These results indicate that intracellular monodeiodination of T(4) contributes substantially to the nuclear T(3) in the pituitary of the hypothyroid rat, and suggest a linear inverse relationship between nuclear receptor occupancy by T(3) in the pituitary and TSH release rate. The data further indicate that T(4) to T(3) monodeiodination is considerably more important as a source of nuclear T(3) in the pituitary than in the liver and kidney. This provides a mechanism whereby the TSH secretion could respond promptly to a decrease in thyroid secretion (predominantly T(4)) before a decrease in plasma T(3) would be expected to lead to significant metabolic hypothyroidism.

Silva JE, Dick TE, Larsen PR. The contribution of local tissue thyroxine monodeiodination to the nuclear 3,5,3'-triiodothyronine in pituitary, liver, and kidney of euthyroid rats. Endocrinology. 1978 Oct;103(4):1196-207.

The contributions of local T4 monodeiodination and plasma T3 to the nuclear T3 of anterior pituitary, liver, and kidney were measured in euthyroid rats. After injection of [125I]T4, there was a gradual increase in the quantity of plasma [125I]T3 in excess of injected contaminant, which peaked at approximately 12 h after injection and remained a constant fraction of plasma [125I]T4 (2.8 X 10(-3) after that time. In the nuclei of anterior pituitary tissue, there was also a slow increase in locally produced [125I]T3 (in excess of that which could be accounted for by plasma [125I]T3) which appeared to peak at about 16 h after [125I]T4 administration. The ratio of nuclear [125I]T3 generated intracellularly to plasma [125I]T4 was constant at 18 and 24 h after T4 injection and was 13 +/- 2 X 10(-3) in nuclei of pituitary, 2.0 +/- 0.4 x 10(-3) in liver, and 0.47 +/- 0.1 x 10(-3) in kidney (all values are mean +/- SD). This locally generated T3 resulted in a markedly higher nuclear to plasma (N:P) ratio for [125I]T3 than for injected [131I]T3 in the same animals. The N:P ratio for [125I]T3 at equilibrium after injected T4 was 2.4 +/- 0.6, 0.47 +/- 0.09, and 0.10 +/- 0.03 (nanograms of T3 (mg DNA)-1/ng T3 ml-1) in pituitary, liver, and kidney. Comparable values for [131I]T3 N:P ratios were 0.47 +/- 0.14 (pituitary), 0.18 +/- 0.01 (liver), and 0.036 +/- 0.008 (kidney). Using RIA values for plasma T4 and T3 concentrations in these rats and maximal nuclear T3-binding capacities estimated in parallel experiments, the gravimetric quantities of nuclear T3 derived from plasma T3 and from local T4 to T3 monodeiodination were estimated and expressed as the percentage of saturation of T3 receptors. Seventy-eight percent of nuclear T3 receptor sites in anterior pituitary were occupied with one-half of the nuclear T3 derived directly from plasma T3 and the other half from intrapituitary T4 monodeiodination. Local T4 monodeiodination provided only 28% and 14%, respectively, of the nuclear T3 in liver and kidney, and the nuclear receptors of these tissues were about 50% saturated. Since our previous studies have shown that the occupancy of the pituitary nuclear T3 receptors may regulate TSH release, these data provide a mechanism by which TSH secretion could be altered by changes in either plasma T3 or T4, whereas nuclear T3 in liver and kidney is predominantly a function of the plasma T3 concentration.

Skinner GRB, Holmes D, Ahmad A, Davies JA, Benitez J, Clinical Response to Thyroxine Sodium in Clinically Hypothyroid but Biochemically Euthyroid Patients J Nutr Environ Med 2000 Jun;10 (2):115-124

Purpose: To examine clinical response to thyroid replacement therapy in patients considered to be clinically hypothyroid but with normal thyroid biochemistry. Design: Practice-based open intervention study; control group used for baseline laboratory values only. Materials and Methods: Clinical response to thyroxine (T4 only) was examined in 139 patients who were considered hypothyroid by 16 recognized criteria but whose free thyroxine (FT4) and thyroid stimulating hormone (TSH) fell within 95% laboratory reference intervals (133 patients) or whose FT4 or TSH fell within these intervals (6 patients). Patients were treated with 25 mcg day -1 thyroxine sodium for 1 week followed by 50 mcg day -1 for 6 weeks and an increase thereafter of 25 mcg at 6 week intervals until the patient was clinically euthyroid. Clinical response was adjudged by improvement or disappearance of clinical features of hypothyroidism; thyroid chemistry was estimated in 41 patients at 6-12 months following institution of thyroid replacement. Results: There was improvement or disappearance of all 16 clinical features in 30 patients (22%) and in over 12 features in 106 patients (76%), with a decrease in the mean number of clinical features from 13.3 - 0.18 before treatment to 3.0 - 0.23 following treatment over a minimum follow-up period of 6 months. Energy loss and poor memory and concentration were most responsive to treatment while reduction in tongue size and weight gain improved in 57% and 24% of patients respectively. Clinical response correlated with the level of thyroid replacement but not significantly with pre-treatment or post-treatment levels of FT4 and TSH nor with duration of illness or treatment. Conclusions: Clinically hypothyroid but biochemically euthyroid patients had favourable clinical response to thyroid replacement which correlated with the level of thyroid replacement. It is suggested that these findings be examined in a prospective placebo controlled clinical trial. (They treated those with symptoms but “normal” serum TSH and free T4 and BEHOLD, the patients got better!  Lesson—treat the patient, not the test.  I suspect that many of those who responded could have been identified by relatively lowRR free T4 and T3 levels—HHL)
Slawik M, Klawitter B, Meiser E, Schories M, Zwermann O, Borm K, Peper M, Lubrich B, Hug MJ, Nauck M, Olschewski M, Beuschlein F, Reincke M. Thyroid hormone replacement for central hypothyroidism: a randomized controlled trial comparing two doses of thyroxine (T4) with a combination of T4 and triiodothyronine. J Clin Endocrinol Metab. 2007 Nov;92(11):4115-22. 

BACKGROUND: Dosage of T(4) in central hypothyroidism is primarily guided by the free serum T(4) level (fT4). However, the optimum fT4 range is ill defined, and subtle hypothyroidism might be missed using this approach. OBJECTIVES: Our aim was to investigate the effects of a body weight (bw)-adapted T(4) treatment, alone or in combination with T(3), on metabolism, well-being, and cognitive function in comparison to a regimen leading to normal fT4. DESIGN: This was a placebo-controlled trial (double-blind, crossover). PATIENTS: A total of 29 patients (age 52 +/- 2 yr; females/males, 8/21) with hypopituitarism, including TSH deficiency, participated in the study. INTERVENTIONS: Three regimens were compared (5 wk each): "EMPIRICAL-T4," empirical T(4) dosage (1 +/- 0.05 microg/kg bw) leading to normal fT4; BW-ADAPTED-T4 (1.6 microg/kg bw T(4)); and "BW-ADAPTED-T3T4," bw-adapted combination of T(3) and T(4) (ratio of 1:10). RESULTS: BW-ADAPTED-T4 administration increased mean fT4 concentrations to the upper limit of the normal range (peak levels). Compared with EMPIRICAL-T4, BW-ADAPTED-T4 treatment resulted in a lower body mass index (BMI) (29.0 +/- 0.7 vs. 29.5 +/- 0.7 kg/m(2); P < 0.03), lower total cholesterol (198 +/- 9 vs. 226 +/- 7 mg/dl; P < 0.01), and lower low-density lipoprotein (LDL) cholesterol (116 +/- 5 vs. 135 +/- 7 mg/dl; P < 0.01). BW-ADAPTED-T3T4 treatment was associated with additional beneficial effects on ankle reflex time and working memory but resulted in supraphysiological free serum T(3) (fT(3)) levels. LIMITATIONS: Long-term side effects may have been missed. CONCLUSIONS: Using a dose of 1.6 microg/kg bw improved markers commonly associated with central hypothyroidism. This suggests that T(4) dosage based on bw and aiming at fT4 in the upper reference range is superior to titration of T(4) aiming at middle normal fT4 concentrations in those patients. PMID: 17711927 (The authors also stated that FT3 should be in the upper half of the range-HHL)

Smith RN, Taylor SA, Massey JC. Controlled clinical trial of combined triiodothyronine and thyroxine in the treatment of hypothyroidism. Br Med J. 1970 Oct 17;4(5728):145-8.


A double-blind crossover trial of a combined preparation of triiodothyronine and thyroxine (1:4 ratio) compared with thyroxine alone was conducted with 99 patients previously stabilized on. thyroxine as treatment for hypothyroidism. Four patients were excluded during the trial and eight afterwards owing to gross deficiencies in taking the tablets. Of the remaining 87 patients 42 (48%) had no -preference for either medication, 29 (33%) preferred thyroxine alone, and 16 (18%) the combination. A high incidence of unpleasant symptoms was experienced during the two months' treatment with the combined preparation. The serum protein-bound iodine levels were lowered (mean reduction 1·8 μg./100 ml.) on the combination, but the labelled T3-resin sponge uptake values were not altered and remained in the normal range. on both treatments.

Squizzato A, Romualdi E, Piantanida E, Gerdes VE, Büller HR, Tanda M, Bartalena L, Venco A, Ageno W. Subclinical hypothyroidism and deep venous thrombosis. A pilot cross-sectional study. Thromb Haemost. 2007 May;97(5):803-6.


Several in-vivo studies have shown a procoagulant state in both overt and subclinical hyperthyroidism and in subclinical hypothyroidism. Insofar, no clinical studies have ever evaluated the relationship between thyroid dysfunction and clinically deep venous thrombosis (DVT). A pilot cross-sectional study aimed at assessing the frequency of overt and subclinical thyroid dysfunction patients with DVT was carried out. Fifty consecutive adult outpatients with a previous diagnosis of provoked DVT (pDVT), and 50 consecutive adult outpatients with a previous diagnosis unprovoked DVT (unDVT), both of the lower legs, who were followed at the Thrombosis Unit of the University Hospital of Varese, Italy, were enrolled after written informed consent. Fifty subjects, in whom such a diagnosis could be ruled out, served as controls. In each patient serum free thyroxine (FT4), free triiodothyronine (FT3), thyrotropin (TSH), anti-thyroid peroxidase (AbTPO), and anti-thyroglobulin (AbTg) antibodies were assayed. Previously unrecognised subclinical hypothyroidism was diagnosed in seven (14.0%) unDVT patients, one (2%) pDVT patient, and one (2%) control (odds ratio at multivariate analysis, 5.54; 95% confidence interval, 0.6-52.6); one new case of subclinical hyperthyroidism was diagnosed in each group; only one case (in the control group) of clinical overt hyperthyroidism was observed. The prevalence of thyroid autoantibodies, including both euthyroid and subclinical hypothyroid patients, did not differ in the three groups. The results of this pilot study suggest an increased prevalence of subclinical hypothyroidism in patients with unDVT. The clinical relevance of these preliminary findings needs to be addressed in larger prospective studies.

Staub JJ, Althaus BU, Engler H, Ryff AS, Trabucco P, Marquardt K, Burckhardt D, Girard J, Weintraub BD. Spectrum of subclinical and overt hypothyroidism: effect on thyrotropin, prolactin, and thyroid reserve, and metabolic impact on peripheral target tissues. Am J Med. 1992 Jun;92(6):631-42. 


PURPOSE: Subclinical hypothyroidism is found in about 7.5% of females and in about 3% of males. It appears to be a risk factor for atherosclerosis and for coronary heart disease and can affect various other target organs. The morbidity and clinical significance of subclinical hypothyroidism are controversial. Therefore, we evaluated the metabolic impact of progressive thyroid failure in patients with various degrees of hypothyroidism compared with control subjects. PATIENTS AND METHODS: We investigated 86 female patients with the whole spectrum of subclinical hypothyroidism (n = 69) and of overt hypothyroidism (n = 17) and 52 euthyroid women as controls. All subjects underwent full medical and endocrine evaluations (including measurements of thyrotropin [TSH], TSH beta- and alpha-subunits, and prolactin before and after oral administration of thyrotropin-releasing hormone [TRH]) as well as lipid profiles and different tests of peripheral thyroid hormone action. All hypothyroid patients were divided into five categories according to disease severity: grades I to III (subclinical hypothyroidism, with normal thyroxine [T4] levels) and grades IV and V (overt hypothyroidism, with diminished T4). RESULTS: In grade I subclinical hypothyroidism (basal TSH below 6 mU/L), we found significant changes in the clinical index (p less than 0.05), apoprotein A-I level (p less than 0.05), and stimulated prolactin level after oral TRH (p less than 0.001). The findings were similar in grade II (TSH 6 to 12 mU/L). Further changes could be demonstrated in grade III (TSH above 12 mU/L) with a definite elevation of ankle reflex time (p less than 0.001), serum myoglobin level (p less than 0.01), and, to a lesser extent, creatine kinase (p greater than 0.1). The mean low-density lipoprotein cholesterol (LDL-C) level showed an increase of 18%, which was not significant because of marked individual variations (p = 0.15). The frequency of elevated LDL-C levels was definitely higher in patients with grade III disease compared with the controls (42.9% versus 11.4%, p less than 0.05) and with patients with grades I and II disease. Total cholesterol, triglycerides, apoprotein B, and the systolic time intervals (pre-ejection period, corrected for heart rate [PEPc]) were clearly elevated only in overt hypothyroidism (grades IV and V) (p less than 0.01). CONCLUSION: Subclinical hypothyroidism has significant effects on some peripheral target organs at an early stage (grades I and II), but affects LDL-C, skeletal muscle, and myocardial contractility only at a later stage (grades III, IV, and V). Our data of elevated LDL-C in grade III subclinical hypothyroidism provide a likely pathophysiologic explanation for the reported association of coronary heart disease with this syndrome. The impact of increased prolactin secretion, observed in subclinical hypothyroidism, on gonadal function and infertility has yet to be clarified. Therapy with thyroxine should be recommended in at least some patients with subclinical hypothyroidism. Patients with high TSH levels (above 12 mU/L) will require treatment because of the metabolic effects on several target organs. Before treatment is advocated in all patients with subclinical hypothyroidism, the benefits and long-term side effects of thyroid hormone therapy should be clarified by prospective studies in larger groups of patients.

Stern RA; Davis JD; Rogers BL; Smith KE; Harrington CJ; Ott BR; Jackson IM; Prange AJ Jr. Preliminary study of the relationship between thyroid status and cognitive and neuropsychiatric functioning in euthyroid patients with Alzheimer dementia. Cogn Behav Neurol. 2004 Dec;17(4):219-23.

OBJECTIVE: To investigate whether variations within normal ranges of thyroid functioning are related to cognitive and neuropsychiatric functioning in Alzheimer disease (AD). BACKGROUND: Mild alterations of thyroid hormone levels, even in the normal range, are associated with changes in mood and cognitive functioning in older, nondemented adults, and lower concentrations of thyroid hormones have been shown to be associated with an increased risk for cognitive decline. Less is known about the relationship between thyroid hormone levels and cognitive and neuropsychiatric dysfunction in AD. METHOD: Twenty-eight euthyroid patients with AD on donepezil underwent evaluation of thyroid status, including measures of thyroid-stimulating hormone (TSH) and free thyroxine (FT4), and cognitive and neuropsychiatric assessment with the Alzheimer's Disease Assessment Scale, Neuropsychiatric Inventory, and Visual Analog Mood Scales. RESULTS: Correlational analyses indicated statistically significant associations between FT4 concentrations and self-reported feelings of fear and fatigue. Fear and fatigue were negatively correlated with FT4. There were no significant relationships between thyroid hormones and cognition and other depressive and anxiety symptoms. CONCLUSIONS: Results of this preliminary study support a relationship between thyroid status and neuropsychiatric symptoms in euthyroid individuals with AD, with lower concentrations of FT4 associated with fear and fatigue.

Surks MI, Hollowell JG. Age-specific distribution of serum thyrotropin and antithyroid antibodies in the US population: implications for the prevalence of subclinical hypothyroidism. J Clin Endocrinol Metab. 2007 Dec;92(12):4575-82. 

CONTEXT: Measurements from all age groups defined the upper limit of the TSH reference range in National Health and Nutrition Examination Survey III. The TSH median, 97.5 centile and prevalence of subclinical hypothyroidism (SCH), normal serum T(4) and TSH greater than 4.5 mIU/liter, increased progressively with age. Age-adjusted reference ranges would include many people with TSH greater than 4.5 mIU/liter. OBJECTIVE: We determined whether increasing 50 and 97.5 centiles with age resulted from more patients with SCH in populations with normal TSH distribution or whether age-specific population shifts to higher serum TSH might account for these findings. DESIGN/SETTING/PATIENTS: We analyzed TSH, antithyroid antibodies, and TSH frequency distribution curves for specific age deciles in populations without thyroid disease, with or without antithyroid antibodies. RESULTS: Without thyroid disease, 10.6% of 20- to 29-yr-olds had TSH greater than 2.5 mIU/liter, increasing to 40% in the 80+ group, 14.5% of whom had TSH greater than 4.5 mIU/liter. When TSH was greater than 4.5 mIU/liter, the percentage with antibodies was 67.4% (age 40-49 yr) and progressively decreased to 40.5% in the 80+ group. TSH frequency distribution curves of the 80+ group with or without antibodies was displaced to higher TSH, including TSH at peak frequency. The 97.5 centiles for the 20-29 and 80+ groups were 3.56 and 7.49 mIU/liter, respectively. Seventy percent of older patients with TSH greater than 4.5 mIU/liter were within their age-specific reference range. CONCLUSION: TSH distribution progressively shifts toward higher concentrations with age. The prevalence of SCH may be significantly overestimated unless an age-specific range for TSH is used.

Takamatsu J, Majima M, Miki K, Kuma K, Mozai T. Serum ferritin as a marker of thyroid hormone action on peripheral tissues. J Clin Endocrinol Metab. 1985 Oct;61(4):672-6.


Serum ferritin measurements were evaluated as a marker of thyroid hormone action on peripheral tissues. Mean serum ferritin concentrations were not significantly different in euthyroid, thyrotoxic, and hypothyroid subjects due to a wide spread in ferritin levels among individuals. Intraindividual changes in serum ferritin, however, occurred with changing thyroid function. All 18 patients with thyrotoxic Graves' disease had a decrease in serum ferritin levels when they became euthyroid during antithyroid drug therapy. Furthermore, a significant intraindividual correlation between serum levels of ferritin and T4 or T3 was found in 2 patients with thyrotoxic Graves' disease in whom levels were measured serially throughout the course of therapy. Similarly, serum ferritin levels increased in all 12 hypothyroid patients with Hashimoto's disease when euthyroidism was achieved with L-T4 therapy. Administration of 75 micrograms T3 daily for 1 week to 11 euthyroid subjects resulted in a 23-243% (mean +/- SD, 117 +/- 70%) increase in serum ferritin above basal values. In contrast, in 3 patients with thyroid hormone resistance, the same treatment produced rises in serum ferritin concentrations of only 2%, 5%, and 15%. Our data suggest that alterations in thyroid status in a given individual produce changes in serum ferritin levels. Measurement of this protein before and after T3 therapy may prove useful in the diagnosis of thyroid hormone resistance.

Takeda K, Mishiba M, Sugiura H, Nakajima A, Kohama M, Hiramatsu S. Evaluated reference intervals for serum free thyroxine and thyrotropin using the conventional outliner rejection test without regard to presence of thyroid antibodies and prevalence of thyroid dysfunction in Japanese subjects. Endocr J. 2009;56(9):1059-66. 

The determination of the reference intervals for serum free thyroxine (FT4) and thyrotropin (TSH) is usually based on central 95 percentile intervals using subjects without detectable antibodies against thyroid peroxidase (TPO) or thyroglobulin (Tg). However, some subjects with extreme data over reference intervals are generally included. The study objective was to evaluate the reference intervals for FT4 and TSH using different outlier tests. 1,007 Japanese subjects screened based on the National Academy of Clinical Biochemistry criteria in the United States participated in this study. Serum FT4, TSH, and TPOand Tg antibodies were measured in all subjects. To make appropriate reference intervals, the Smirnov-Grubbus' outlier test was taken for antibody-free subjects (Ab[-] S-G), and the conventional outlier rejection method rejecting the value out of +/-3 standard deviation was taken for antibody-free subjects (Ab[-] STD) and all subjects (ALSTD), respectively. 12.8% of all subjects had either TPOor Tg antibodies in their serum. The 2.5(th) and 97.5(th) percentiles of reference intervals of serum FT4 (ng/dL) and TSH (mU/L) were 1.03~1.66 and 0.51 approximately 5.14 in (Ab[-] S-G), 1.03 approximately 1.65 and 0.51 approximately 4.57 in (Ab[-] STD) and 1.03 approximately 1.66 and 0.51 approximately 4.67 in (ALSTD), respectively. FT4 in males were significantly and negatively correlated with age, and TSH was significantly and positively correlated with age (P<0.000001 and P<0.00001, respectively). There was a significant difference between the sexes in FT4 (P<0.00001) but not in TSH. The prevalence of hypothyroidism, subclinical hypothyroidism, sublinical hyperthyroidism and hyperthyroidism were 0.2, 3.1, 2.3 and 0.3% (Ab[-] S-G), 0.3, 4.7, 2.3 and 0.3%(Ab[-] STD), and 0.3, 4.3, 2.3 and 0.3% (AL STD), respectively. This finding indicates that the conventional outlier rejection method is both convenient and appropriate to provide reference intervals for serum FT4 and TSH levels without regard to thyroid antibodies using large samples. PMID: 19738362

Thomas SH, Sturgess I, Wedderburn A, Wylie J, Croft DN. J R Coll Physicians Lond. 1990 Oct;24(4):289-91.

Clinical versus biochemical assessment in thyroxine replacement therapy: a retrospective study. A retrospective audit of a thyroid clinic revealed that only 67% of clinical assessments of thyroid status in patients receiving thyroxine replacement therapy were correct. The identification of patients on excessive doses of thyroxine appears to be the most difficult by clinical assessment alone, only 10% of those patients with a suppressed TSH level being identified. This study emphasises the importance of thyroid function tests in the assessment of patients on thyroxine replacement.(So 90% of patients with suppressed TSH were clinically euthyroid. So who is right? The TSH test or the patient and the clinician? I vote for the latter.)

Thyroid Hormones: Positive Relationships with Cognition in Healthy Euthyroid Older Men. J Gerontol: Medical Science 1999; 54A(3):M111-M11G.

BACKGROUND: Although the association of clinical hypothyroidism with cognitive deficits is well known, the cognitive effects of thyroid hormones in euthyroid subjects are less studied and understood. The purpose of this study was to examine thyroid-cognition relationships in healthy, euthyroid older men. METHODS: We examined healthy men (N = 44, mean age = 72), excluding clinically hypothyroid/hyperthyroid or diabetic/hyperglycemic subjects and those with dementia, depression, CNS medications, or recent illness. Plasma samples obtained across a 24-hour period were pooled, then assayed for total thyroxine (TT4), total triiodothyronine (TT3), and T3 resin uptake. Free thyroxine index (FT4I) was calculated. A broad cognitive battery (including the Wechsler Adult Intelligence Scale-Revised [WAIS-R], the Dementia Rating Scale [DRS], and the Rivermead Behavioral Profile [PROFILE]) was administered to all subjects. RESULTS: Regression analyses controlling age and education showed TT4 and FT4I to have significant positive relationships with measures of overall cognition; TT4 accounted for 8% to 12% of the variance in omnibus cognitive measures such as WAIS Performance, WAIS Verbal score, and GLOBAL cognitive scores. CONCLUSIONS: Our findings suggest that within "normal" range of variation in plasma thyroid hormones, TT4 but not T3 positively associates with general cognition in healthy elderly men.

Thyroid Society: http://houston-interweb.com/thyroid/faq/33.html
Tigas S, Idiculla J, Beckett G, Toft A. Is excessive weight gain after ablative treatment of hyperthyroidism due to inadequate thyroid hormone therapy? Thyroid. 2000 Dec;10(12):1107-11. 


There is controversy about the correct dose and form of thyroid hormone therapy for patients with hypothyroidism. Despite restoration of serum thyrotropin (TSH) concentrations to normal, many patients complain of excessive weight gain. We have compared weight at diagnosis of hyperthyroidism with that when euthyroid, evidenced by a stable, normal serum TSH concentration, with or without thyroxine (T4) replacement therapy, in patients treated with an 18-month course of antithyroid drugs (43 patients), surgery (56 patients), or 13I (34 patients) for Graves' disease. In addition, weights were recorded before and after treatment of 25 patients with differentiated thyroid carcinoma by total thyroidectomy, 131I, and long-term T4 suppressive therapy, resulting in undetectable serum TSH concentrations. Mean weight gain in patients with Graves' disease who required T4 replacement therapy following surgery was significantly greater than in those of the same age, sex, and severity of hyperthyroidism rendered euthyroid by surgery (3.9 kg) (p < 0.001) or at the end of a course of antithyroid drugs (4.1 kg) (p < 0.001). Weight gain was similar in those requiring T4 replacement following surgery or 131T therapy (10.4 versus 10.1 kg). In contrast, ablative therapy combined with suppression of TSH secretion by T4 in patients with differentiated thyroid carcinoma did not result in weight gain. The excessive weight gain in patients becoming hypothyroid after destructive therapy for Graves' disease suggests that restoration of serum TSH to the reference range by T4 alone may constitute inadequate hormone replacement. (NOTE: normal TSH with endogenous hormone production prevented weight gain, whereas a normal TSH with exogenous hormone supplementation did not.  It appears from this study and many others that exogenous therapy with T4 and possibly with T3 also requires suppression of TSH to below normal levels, and that this suppression is safe as long as the TSH is between 0.1 and 0.01mU/L.-HHL)

Tjorve E, Tjorve KM, Olsen JO, Senum R, Oftebro H. On commonness and rarity of thyroid hormone resistance: A discussion based on mechanisms of reduced sensitivity in peripheral tissues.Med Hypotheses. 2007 Mar 23; [Epub ahead of print]

Reduced sensitivity to thyroid hormone (TH) in peripheral tissues can occur as defects in TH transport into the cell, intracellular TH metabolism, cytosolic mechanisms, TH entry into the nucleus, thyroxin receptors (TRs) and receptor binding, transcription and post-transcriptional mechanisms. Current literature reveals an extensive list of mutations, drugs, toxins, metabolites and autoimmune antibodies that may impair TH action in the cell, but such impairment may not be picked up by assays of TH and TSH in blood plasma. Substances may induce tissue specific resistance to thyroid hormone (RTH), e.g. by affecting numbers of different TR isoforms. Recent literature also indicates mechanisms by which different conditions, for example, chronic fatigue syndrome (CFS), chronic renal failure (CRF) and nonthyroidal illness, can be accompanied by acquired RTH caused by inhibition of TH metabolism, cell uptake, TR binding and transcription. This prompts us to reassess commonness and rarity of congenital vs. acquired RTH. We hypothesise that observed clinical symptoms of hypothyroidism in chemically euthyroid patients are typically caused by changes in hormonal systems, autoimmune antibodies, metabolites or other substances in the body, leading to reduced sensitivity to TH in peripheral tissues. These changes may be a by-product of other processes and a reversible biological response in the body, and may also result in chronic acquired RTH. Antibodies may prove to be the most common cause of chronic reduction in TH sensitivity. It is argued that the acquired form of RTH, caused by endogenous and exogenous sources, may indeed be more common than the congenital, as in insulin resistance. If acquired RTH exists, then it may not be picked up by blood assays of TH and TSH. An appropriate test to assess TH action in peripheral tissues is therefore greatly desired.
Toft A., Which thyroxine? Thyroid. 2005 Feb;15(2):124-6.    PMID: 15753670

Uzzan B, Campos J, Cucherat M, Nony P, Boissel JP, Perret GY. Effects on bone mass of long term treatment with thyroid hormones: a meta-analysis. J Clin Endocrinol Metab. 1996 Dec;81(12):4278-89. 


Osteoporosis is the main cause of spine and hip fractures. Morbidity, mortality, and costs arising from hip fractures have been well documented. Thyroid hormones (TH) are widely prescribed, mainly in the elderly. Some studies (but not all) found a deleterious effect of suppressive TH therapy on bone mass. These conflicting data raised a controversy as to the safety of current prescribing and follow-up habits, which, in turn, raised major health-care issues. To look for a detrimental effect on bone of TH therapy, we performed a meta-analysis (by pooling standardized differences, using a fixed effect model) of all published controlled cross-sectional studies (41, including about 1250 patients) concerning the impact of TH therapy on bone mineral density (BMD). Studies with women receiving estrogen therapy were excluded a priori, as were studies with a high percentage of patients with postoperative hypoparathyroidism, when no separate data were available. We decided to stratify the data according to anatomical site, menopausal status, and suppressive or replacement TH therapy, resulting in 25 meta-analysis on 138 homogeneous subsets of data. The main sources of heterogensity between studies that we could identify were replacement or suppressive TH therapy, menopausal status, site (lumbar spine, femoral neck, Ward's triangle, greater trochanter, midshaft and distal radius, with various percentages of cortical bone), and history of hyperthyroidism, which has recently been found to impair bone mass in a large epidemiological survey. To improve homogeneity, we excluded a posteriori 102 patients from 3 studies, who had a past history of hyperthyroidism and separate BMD data, thus allowing assessment of the TH effect in almost all 25 subset meta-analyses. However, controls were usually not matched with cases for many factors influencing bone mass, such as body weight, age at menarche and at menopause, calcium dietary intake, smoking habits, alcohol intake, exercise, etc. For lumbar spine and hip (as for all other sites), suppressive TH therapy was associated with significant bone loss in postmenopausal women (but not in premenopausal women), whereas, conversely, replacement therapy was associated with bone loss in premenopausal women (spine and hip), but not in postmenopausal women. (probably indicating that their undertreated hypothyroidism decreased their bone density—HHL)The detrimental effect of TH appeared more marked on cortical bone than on trabecular bone. Only a large long term prospective placebo-controlled trial of TH therapy (e.g. in benign nodules) evaluating BMD (and ideally fracture rate) would provide further insight into these issues.

Toft, A.,  Beckett, G. Thyroid function tests and hypothyroidism. BMJ 2003;326;295-296
“Some patients achieve a sense of wellbeing only if free T4 is slightly elevated and TSH low or undetectable.13 The evidence that this exogenous form of subclinical hyperthyroidism is harmful is lacking in comparison to the endogenous variety associated with nodular goitre,3 and it is not unreasonable to allow these patients to take a higher dose if T3 is unequivocally normal.”

Valente WA, Goldiner WH, Hamilton BP, Wiswell JG, Mersey JH. Thyroid hormone levels after acute L-thyroxine loading in hypothyroidism. J Clin Endocrinol Metab. 1981 Sep;53(3):527-9.

While extrathyroidal conversion of T4 to T3 sustains circulating T3 blood levels in patients receiving maintenance doses of L-T4, the serum T3 rise after the acute administration of large doses of L-T4 may involve an additional mechanism, T3 contamination in L-T4 preparations. L-T4 (1000 micrograms; Synthroid) was given orally to four noncompliant hypothyroid individuals (mean T4, 1.0 micrograms/dl; mean T3, 28 ng/dl). Continuously withdrawn blood sampling revealed a mean rise in serum T4 to 7.7 micrograms/dl at 4 h and a parallel rapid mean rise in serum T3 to 66 ng/dl (136% over baseline) at 4 h. RIA analysis of the experimental batches of Synthroid revealed 0.7-0.9% T3 contamination. Oral administration of 5 or 10 micrograms Cytomel (T3; corresponding to 0.5% and 1% T3 contamination in 1000 micrograms Synthroid) to two of the hypothyroid subjects at a later date resulted in T3 serum elevations 12% and 68% as great as post 1000 micrograms L-T4. To eliminate basal hormone changes between these experiments, a third subject received 7.5 micrograms Cytomel on day 1 (corresponding to the measured T3 contamination in 1000 micrograms Synthroid), followed by 1000 micrograms Synthroid on day 2. Resulting peak T3 levels were identical. In summary, hypothyroid individuals rapidly absorb acute L-T4 loads, with parallel increases in T4 and T3 blood levels. The major source of this T3 elevation is the contaminant in L-T4 preparations. This degree of T3 contamination becomes clinically significant in acute large dose T4 regimens and results in euthyroid levels of T3.

van Doorn J, van der Heide D, Roelfsema F. Sources and quantity of 3,5,3'-triiodothyronine in several tissues of the rat. J Clin Invest. 1983 Nov;72(5):1778-92. 

The local conversion of thyroxine (T4), which is an important source of intracellular 3,5,3'-triiodothyronine (T3) in several rat tissues, has been subject of recent investigations. In the present study the regulation of this phenomenon in vivo was investigated in various peripheral tissues of the rat. Intact euthyroid and radiothyroidectomized (Tx) rats received a continuous intravenous infusion of [125I]T4 and [131I]T3 until isotope equilibrium was attained. In addition to the labeled iodothyronines, Tx rats received a continuous intravenous infusion of 0.2 or 1.0 microgram carrier T4/100 g body wt per d, to create hypothyroid or slightly hypothyroid conditions, respectively. After the animals were bled and perfused the contribution of T3 derived from local conversion of T4 to T3 [Lc T3(T4)] to the total T3 in homogenates from several tissues and subcellular fractions from the liver, kidney, and anterior pituitary gland could be calculated. In all experiments T3 in muscle was derived exclusively from the plasma. In the cerebral cortex and cerebellum, however, most of the intracellular T3 was derived from the intracellular conversion of T4 to T3. It is demonstrated that for hypothyroid rats an increased relative contribution of Lc T3(T4) reduced the loss of total T3 in the brain. This phenomenon was also encountered for the anterior pituitary gland, although in this tissue the proportion of the total tissue T3, contributed by locally produced T3 was considerably lower than the values found for the cerebral cortex and cerebellum in all experiments. The present findings, regarding the source and quantity of pituitary nuclear T3 strongly suggest that both plasma T3 and T4 (through its local conversion into T3) play a role in the regulation of thyrotropin secretion. The contribution of Lc T3(T4) to the total pituitary nuclear T3 was of minor importance in euthyroid rats (approximately 20%), compared with that found for both groups in T4-supplemented athyreotic rats (approximately 40%). The total T3 concentration in the liver decreased from euthyroid to hypothyroid rats and was associated with a decrease in the tissue/plasma T3 concentration gradient. A minor proportion of hepatic T3 was contributed by Lc T3(T4), which in fact decreased significantly from the euthyroid to the hypothyroid state. In contrast to other subcellular fractions from the liver, no Lc T3(T4) could be demonstrated in the nuclear fraction. It is suggested that the liver plays an important role with respect to regulation of the circulating T3 concentration. In the kidney, a very small proportion of the total T3 was derived from locally produced T3 in all experiments (4-7%). As found in the liver, all nuclear T3 appeared to be derived from the plasma. In contrast to the liver, subcellular T3 pools in the kidney seemed to be exchangeable.

van den Beld AW, Visser TJ, Feelders RA, Grobbee DE, Lamberts SW. J Thyroid hormone concentrations, disease, physical function, and mortality in elderly men. Clin Endocrinol Metab. 2005 Dec;90(12):6403-9. 

CONTEXT: Physiological changes in thyroid hormone concentrations might be related to changes in the overall physical function in the elderly. OBJECTIVE: We determined to what extent thyroid hormone concentrations are related to physical function and mortality in elderly men. DESIGN: A longitudinal population study (the Zoetermeer study) was conducted. Mortality was registered in the subsequent 4 yr. PARTICIPANTS: Four hundred three independently and ambulatory living men (aged 73-94 yr) participated. MAIN OUTCOME MEASURES: The study examined the association between serum thyroid hormones and parameters of physical function as well as the association with mortality. METHODS: TSH, free T4 (FT4) total T4, T3, rT3, and T4-binding globulin were measured. Physical function was estimated by the number of problems in activities of daily living, a measure of physical performance score (PPS), leg extensor strength and grip strength, bone density, and body composition. RESULTS: Serum rT3 increased significantly with age and the presence of disease. Sixty-three men met the biochemical criteria for the low T3 syndrome (decreased serum T3 and increased serum rT3). This was associated with a lower PPS, independent of disease. Furthermore, higher serum FT4 (within the normal range of healthy adults) and rT3 (above the normal range of healthy adults) were related with a lower grip strength and PPS, independent of age and disease. Isolated low T3 was associated with a better PPS and a higher lean body mass. Low FT4 was related to a decreased risk of 4-yr mortality. CONCLUSIONS: In a population of independently living elderly men, higher FT4 and rT3 concentrations are associated with a lower physical function. High serum rT3 may result from a decreased peripheral metabolism of thyroid hormones due to the aging process itself and/or disease and may reflect a catabolic state. Low serum FT4 is associated with a better 4-yr survival; this may reflect an adaptive mechanism to prevent excessive catabolism.

van Veenendaal NR, Rivkees SA. Treatment of pediatric Graves' disease is associated with excessive weight gain. J Clin Endocrinol Metab. 2011 Oct;96(10):3257-63. 

Little information is available about changes in body weight and body mass index in children before, during, and after treatment for Graves' disease (GD). OBJECTIVE: Our objective was to examine changes in body weight after treatment for GD in children as related to clinical features. DESIGN: The medical records of 43 pediatric patients with GD [35 girls and eight boys, aged 4.0-18.5 (mean 10.9) yr] were examined. Patients were included if clinical data were available for 1 yr before and after the diagnosis of GD. MAIN OUTCOME MEASURES: Weight, height, body mass index (BMI) z-scores, and thyroid hormone levels were assessed. RESULTS: Overall, patients presented with an average BMI z-score of -0.02 ± 1.05 that was not different from the normal population (P = 0.921) or their premorbid values (P = 0.07). However, in the subset of patients who were initially overweight or obese in the premorbid state, the BMI decreased significantly during the development of hyperthyroidism (P < 0.05). After initiation of treatment, patients gained significant amounts of weight over the first 6 months leading to elevated BMI z-scores (P < 0.0001), and elevations in BMI persisted in about 25% of the patients. CONCLUSION: Excessive weight gain within 6 months of treatment is seen in children treated for GD, and the gain in weight can persist. PMID: 21849528

Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F, Grimley Evans J, Hasan DM, Rodgers H, Tunbridge F, et al. The incidence of thyroid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol (Oxf). 1995 Jul;43(1):55-68. 


BACKGROUND AND OBJECTIVE: The original Whickham Survey documented the prevalence of thyroid disorders in a randomly selected sample of 2779 adults which matched the population of Great Britain in age, sex and social class. The aim of the twenty-year follow-up survey was to determine the incidence and natural history of thyroid disease in this cohort. DESIGN, PATIENTS AND MEASUREMENTS: Subjects were traced at follow-up via the Electoral Register, General Practice registers, Gateshead Family Health Services Authority register and Office of Population Censuses and Surveys. Eight hundred and twenty-five subjects (30% of the sample) had died and, in addition to death certificates, two-thirds had information from either hospital/General Practitioner notes or post-mortem reports to document morbidity prior to death. Of the 1877 known survivors, 96% participated in the follow-up study and 91% were tested for clinical, biochemical and immunological evidence of thyroid dysfunction. RESULTS: Outcomes in terms of morbidity and mortality were determined for over 97% of the original sample. The mean incidence (with 95% confidence intervals) of spontaneous hypothyroidism in women was 3.5/1000 survivors/year (2.8-4.5) rising to 4.1/1000 survivors/year (3.3-5.0) for all causes of hypothyroidism and in men was 0.6/1000 survivors/year (0.3-1.2). The mean incidence of hyperthyroidism in women was 0.8/1000 survivors/year (0.5-1.4) and was negligible in men. Similar incidence rates were calculated for the deceased subjects. An estimate of the probability of the development of hypothyroidism and hyperthyroidism at a particular time, i.e. the hazard rate, showed an increase with age in hypothyroidism but no age relation in hyperthyroidism. The frequency of goitre decreased with age with 10% of women and 2% of men having a goitre at follow-up, as compared to 23% and 5% in the same subjects respectively at the first survey. The presence of a goitre at either survey was not associated with any clinical or biochemical evidence of thyroid dysfunction. In women, an association was found between the development of a goitre and thyroid-antibody status at follow-up, but not initially. The risk of having developed hypothyroidism at follow-up was examined with respect to risk factors identified at first survey. The odds ratios (with 95% confidence intervals) of developing hypothyroidism with (a) raised serum TSH alone were 8 (3-20) for women and 44 (19-104) for men; (b) positive anti-thyroid antibodies alone were 8 (5-15) for women and 25 (10-63) for men; (c) both raised serum TSH and positive anti-thyroid antibodies were 38 (22-65) for women and 173 (81-370) for men. A logit model indicated that increasing values of serum TSH above 2mU/l at first survey increased the probability of developing hypothyroidism which was further increased in the presence of anti-thyroid antibodies. Neither a positive family history of any form of thyroid disease nor parity of women at first survey was associated with increased risk of developing hypothyroidism. Fasting cholesterol and triglyceride levels at first survey when corrected for age showed no association with the development of hypothyroidism in women. CONCLUSIONS: This historical cohort study has provided incidence data for thyroid disease over a twenty-year period for a representative cross-sectional sample of the population, and has allowed the determination of the importance of prognostic risk factors for thyroid disease identified twenty years earlier.

Villar HC, Saconato H, Valente O, Atallah AN. Thyroid hormone replacement for subclinical hypothyroidism. Cochrane Database Syst Rev. 2007 Jul 18;(3):CD003419.    

BACKGROUND: Subclinical hypothyroidism is defined as an elevated serum thyroid-stimulating hormone (TSH) level with normal free thyroid hormones values. The prevalence of subclinical hypothyroidism is 4% to 8% in the general population, and up to 15% to 18% in women who are over 60 years of age. There is considerable controversy regarding the morbidity, the clinical significance of subclinical hypothyroidism and if these patients should be treated. OBJECTIVES: To assess the effects of thyroid hormone replacement for subclinical hypothyroidism. SEARCH STRATEGY: We searched The Cochrane Library, MEDLINE, EMBASE and LILACS. Ongoing trials databases, reference lists and abstracts of congresses were scrutinized as well. SELECTION CRITERIA: All studies had to be randomised controlled trials comparing thyroid hormone replacement with placebo or no treatment in adults with subclinical hypothyroidism. Minimum duration of follow-up was one month. DATA COLLECTION AND ANALYSIS: Two authors independently assessed trial quality and extracted data. We contacted study authors for missing or additional information. MAIN RESULTS: Twelve trials of six to 14 months duration involving 350 people were included. Eleven trials investigated levothyroxine replacement with placebo, one study compared levothyroxine replacement with no treatment. We did not identify any trial that assessed (cardiovascular) mortality or morbidity. Seven studies evaluated symptoms, mood and quality of life with no statistically significant improvement. One study showed a statistically significant improvement in cognitive function. Six studies assessed serum lipids, there was a trend for reduction in some parameters following levothyroxine replacement. Some echocardiographic parameters improved after levothyroxine replacement therapy, like myocardial relaxation, as indicated by a significant prolongation of the isovolumic relaxation time as well as diastolic dysfunction. Only four studies reported adverse events with no statistically significant differences between groups. AUTHORS' CONCLUSIONS: In current RCTs, levothyroxine (T4 only) replacement therapy (to merely “normalize the TSH-HHL) for subclinical hypothyroidism did not result in improved survival or decreased cardiovascular morbidity. Data on health-related quality of life and symptoms did not demonstrate significant differences between intervention groups. Some evidence indicates that levothyroxine replacement improves some parameters of lipid profiles and left ventricular function. (Explanation: TSH-normalizing T4 therapy is ineffective in subclinical hypothryoidism since oral T4 overly suppresses TSH production and therefore T3 production and T4 to T3 conversion. Such patients have a failing thyroid gland and need sufficient T3/T4 doses to eliminate all symptoms yet avoid any evidence of overdosing. It’s called clinical medicine.—HHL) 
Volpato S; Guralnik JM; Fried LP; Remaley AT; Cappola AR; Launer LJ. Serum thyroxine level and cognitive decline in euthyroid older women. Neurology 2002 Apr 9;58(7):1055-61.

BACKGROUND: Clinical and subclinical hypothyroidism is associated with cognitive impairment. OBJECTIVE: This study investigated the association between thyroxine (T(4)) and thyroid-stimulating hormone (TSH) level and change over time in cognitive performance in a sample of older women with normal thyroid gland function. METHODS: T(4) and TSH were measured at baseline in 628 women (> or = 65 years) enrolled in the Women's Health and Aging Study, a community-based study of physically impaired women. Cognitive function was assessed at baseline and after 1, 2, and 3 years, using the Mini-Mental State Examination (MMSE). Incident cognitive decline was defined as a decrease of more than one point/year in MMSE score between baseline and the end of the follow-up. The analysis included 464 subjects with normal thyroid gland function with a baseline and at least one follow-up MMSE. RESULTS: At baseline there was no association between T(4) and TSH level and cognitive function. In longitudinal analysis, adjusting for age, race, level of education, and other covariates, compared with women in the highest T(4) tertile (8.1 to 12.5 microg/dL), those in the lowest tertile (4.5 to 6.5 microg/dL) had a greater decline in MMSE score (-0.25 point/year vs -0.12 point/year; p = 0.04). A total of 95 women (20.5%) had cognitive decline during the study period (mean MMSE decline, 5.5 points). Compared with women in the highest T(4) tertile, those in the lowest tertile had a twofold risk of cognitive decline (adjusted relative risk, 1.97; 95% CI, 1.10 to 3.50). The results were not modified by baseline cognitive and physical function. There was no association between baseline TSH level and change in cognitive function. CONCLUSIONS: In older women, low T(4) levels, within the normal range, were associated with a greater risk of cognitive decline over a 3-year period. Thyroid hormone levels may contribute to cognitive impairment in physically impaired women.

Völzke H, Alte D, Kohlmann T, Lüdemann J, Nauck M, John U, Meng W. Reference intervals of serum thyroid function tests in a previously iodine-deficient area. Thyroid. 2005 Mar;15(3):279-85.


AIM: We undertook the present study to establish reference data for serum thyroid function tests in a previously iodine-deficient area. METHODS: Data from 4298 individuals, 20-79 years of age were available for the present analysis. Thyroid function (thyrotropin [TSH], free triiodothyronine [FT(3)], and free thyroxine [FT(4)]) and serum autoantibodies to thyroperoxidase (anti-TPOAb) were evaluated from blood samples. Thyroid structure and size were measured by ultrasound. RESULTS: A reference population was selected comprising 1488 persons (825 men) by excluding subjects with known thyroid diseases, and with yet unknown thyroid disorders such as goitre, inhomogeneous thyroid pattern, nodules, hypoechogenicity and anti-TPOAb seropositivity. Reference intervals for serum TSH, FT(3), and FT(4) were 0.25-2.12 mIU/L, 3.8-7.0 pmol/L(2.5-4.5 pg/ml), and 8.3-18.9 pmol/L(0.64-14.6pg/), respectively. (Reference serum TSH levels were not comparable to the reference values that were recently established for the U.S. population and most reference values slightly differed from the reference values provided by the manufacturers. CONCLUSIONS: The reference ranges of thyroid function tests in this formerly iodine-deficient region are distinct from the reference ranges that were established in areas with iodine sufficiency. Creating a reference population in the present setting should include thyroid ultrasound in order to exclude yet undiagnosed thyroid disorders.

Wagner RL, Huber BR, Shiau AK, Kelly A, Cunha Lima ST, Scanlan TS, Apriletti JW, Baxter JD, West BL, Fletterick RJ. Hormone selectivity in thyroid hormone receptors. Mol Endocrinol. 2001 Mar;15(3):398-410.

Separate genes encode thyroid hormone receptor subtypes TRalpha (NR1A1) and TRbeta (NR1A2). Products from each of these contribute to hormone action, but the subtypes differ in tissue distribution and physiological response. Compounds that discriminate between these subtypes in vivo may be useful in treating important medical problems such as obesity and hypercholesterolemia. We previously determined the crystal structure of the rat (r) TRalpha ligand-binding domain (LBD). In the present study, we determined the crystal structure of the rTRalpha LBD in a complex with an additional ligand, Triac (3,5, 3'-triiodothyroacetic acid), and two crystal structures of the human (h) TRbeta receptor LBD in a complex with either Triac or a TRbeta-selective compound, GC-1 [3,5-dimethyl-4-(4'-hydroy-3'-isopropylbenzyl)-phenoxy acetic acid]. The rTRalpha and hTRbeta LBDs show close structural similarity. However, the hTRbeta structures extend into the DNA-binding domain and allow definition of a structural "hinge" region of only three amino acids. The two TR subtypes differ in the loop between helices 1 and 3, which could affect both ligand recognition and the effects of ligand in binding coactivators and corepressors. The two subtypes also differ in a single amino acid residue in the hormone-binding pocket, Asn (TRbeta) for Ser (TRalpha). Studies here with TRs in which the subtype-specific residue is exchanged suggest that most of the selectivity in binding derives from this amino acid difference. The flexibility of the polar region in the TRbeta receptor, combined with differential recognition of the chemical group at the 1-carbon position, seems to stabilize the complex with GC-1 and contribute to its beta-selectivity. These results suggest a strategy for development of subtype-specific compounds involving modifications of the ligand at the 1-position.

Walsh JP, Bremner AP, Bulsara MK, O'Leary P, Leedman PJ, Feddema P, Michelangeli V.  Subclinical thyroid dysfunction as a risk factor for cardiovascular disease.  Arch Intern Med. 2005 Nov 28;165(21):2467-72. 


BACKGROUND: There have been few large epidemiological studies examining the association between thyroid dysfunction and cardiovascular disease. In particular, it is uncertain if subclinical hypothyroidism is a risk factor for cardiovascular disease. METHODS: Serum thyrotropin and free thyroxine concentrations were measured in 2108 archived serum samples from a 1981 community health survey in Busselton, Western Australia (Busselton Health Study). In a cross-sectional study, we examined the prevalence of coronary heart disease in subjects with and without subclinical thyroid dysfunction. In a longitudinal study, we examined the risk of cardiovascular mortality and coronary heart disease events (fatal and nonfatal combined) to the end of 2001 (excluding subjects who had coronary heart disease at baseline). RESULTS: In the cross-sectional analysis, subjects with subclinical hypothyroidism (n = 119) had a significantly higher prevalence of coronary heart disease than euthyroid subjects (n = 1906) (age- and sex-adjusted prevalence odds ratio, 1.8; 95% confidence interval, 1.0-3.1; P = .04). In the longitudinal analysis of subjects with subclinical hypothyroidism (n = 101), there were 21 cardiovascular deaths observed compared with 9.5 expected (age- and sex-adjusted hazard ratio, 1.5; 95% confidence interval, 1.0-2.4; P = .08) and 33 coronary heart disease events observed compared with 14.7 expected (age- and sex-adjusted hazard ratio, 1.7; 95% confidence interval, 1.2-2.4; P < .01). The increased risk of coronary heart disease events remained significant after further adjustment for standard cardiovascular risk factors. Subjects with subclinical hyperthyroidism (n = 39) had no adverse outcomes. CONCLUSION: Subclinical hypothyroidism may be an independent risk factor for coronary heart disease.

Walsh JP, Shiels L, Lim EM, Bhagat CI, Ward LC, Stuckey BG, Dhaliwal SS, Chew GT, Bhagat MC, Cussons AJ.  Combined thyroxine/liothyronine treatment does not improve well-being, quality of life, or cognitive function compared to thyroxine alone: a randomized controlled trial in patients with primary hypothyroidism. J Clin Endocrinol Metab. 2003 Oct;88(10):4543-50. 


T(4) is standard treatment for hypothyroidism. A recent study reported that combined T(4)/liothyronine (T(3)) treatment improved well-being and cognitive function compared with T(4) alone. We conducted a double-blind, randomized, controlled trial with a crossover design in 110 patients (101 completers) with primary hypothyroidism in which liothyronine 10 micro g was substituted for 50 micro g of the patients' usual T(4) dose. No significant (P < 0.05) difference between T(4) and combined T(4)/T(3) treatment was demonstrated on cognitive function, quality of life scores, Thyroid Symptom Questionnaire scores, subjective satisfaction with treatment, or eight of 10 visual analog scales assessing symptoms. For the General Health Questionnaire-28 and visual analog scales assessing anxiety and nausea, scores were significantly (P < 0.05) worse for combined treatment than for T(4) alone. Serum TSH was lower during T(4) treatment than during combined T(4)/T(3) treatment (mean +/- SEM, 1.5 +/- 0.2 vs. 3.1 +/- 0.2 mU/liter; P < 0.001), a potentially confounding factor; however, subgroup analysis of subjects with comparable serum TSH concentrations during each treatment showed no benefit from combined treatment compared with T(4) alone. We conclude that in the doses used in this study, combined T(4)/T(3) treatment does not improve well-being, cognitive function, or quality of life compared with T(4) alone. (Again,they substituted only 10mcg T3 for 50mcg T4.  To even maintain thyroid replacement they should have substituted at least 15mcg of T3—not to mention to improve thyroid replacement they should have simply added 10mcg T3 to the current T4 dose—but they didn’t because they convinced that normalizing the TSH is the proper goal of thyroid replacement and they are afraid of upping the dose and suppressing the TSH!—HHL)

Walsh JP, Ward LC, Burke V, Bhagat CI, Shiels L, Henley D, Gillett MJ, Gilbert R, Tanner M, Stuckey BG. Small changes in thyroxine dosage do not produce measurable changes in hypothyroid symptoms, well-being, or quality of life: results of a double-blind, randomized clinical trial. J Clin Endocrinol Metab. 2006 Jul;91(7):2624-30. Epub 2006 May 2. 


CONTEXT: In patients with primary hypothyroidism, anecdotal evidence suggests that well-being is optimized by fine adjustment of T(4) dosage, aiming for a serum TSH concentration in the lower reference range. This has not been tested in a clinical trial. OBJECTIVE: Our objective was to test whether adjustment of T(4) dosage aiming for a serum TSH concentration less than 2 mU/liter improves well-being compared with a serum TSH concentration in the upper reference range. DESIGN: We conducted a double-blind, randomized clinical trial with a crossover design. PARTICIPANTS: Fifty-six subjects (52 females) with primary hypothyroidism taking T(4) (>/=100 microg/d) with baseline serum TSH 0.1-4.8 mU/liter participated. INTERVENTIONS: Each subject received three T(4) doses (low, middle, and high in 25-microg increments) in random order. OUTCOME MEASURES: Outcome measures included visual analog scales assessing well-being (the primary endpoint) and hypothyroid symptoms, quality of life instruments (General Health Questionnaire 28, Short Form 36, and Thyroid Symptom Questionnaire), cognitive function tests, and treatment preference. RESULTS: Mean (+/- sem) serum TSH concentrations were 2.8 +/- 0.4, 1.0 +/- 0.2, and 0.3 +/- 0.1 mU/liter for the three treatments. There were no significant treatment effects on any of the instruments assessing well-being, symptoms, quality of life, or cognitive function and no significant treatment preference. CONCLUSIONS: Small changes in T(4) dosage do not produce measurable changes in hypothyroid symptoms, well-being, or quality of life, despite the expected changes in serum TSH and markers of thyroid hormone action. These data do not support the suggestion that the target TSH range for the treatment of primary hypothyroidism should differ from the general laboratory range.(In this study we see again that T4 monotherapy is inadequate. Even when enough T4 is given to completely suppress the TSH the patients have no S/S of hyperthyroidism!—HHL)

Wardle CA, Fraser WD, Squire CR. Pitfalls in the use of thyrotropin concentration as a first-line thyroid-function test. Lancet. 2001 Mar 31;357(9261):1013-4.

Measurement of thyrotropin concentration alone as a first-line thyroid-function test fails to indicate hypopituitarism in a number of patients. Using a combination of thyrotropin and thyroxine assays, we analysed 56,000 tests for a population of 471,000 over 12 months. 15 patients with clinically unsuspected hypopituitarism were detected, indicating that the occurrence of hypopituitarism might be underestimated. PMID: 11293597

Wartofsky L, Dickey RA. The evidence for a narrower thyrotropin reference range is compelling. J Clin Endocrinol Metab. 2005 Sep;90(9):5483-8. 


Debate and controversy currently surround the recommendations of a recent consensus conference that considered issues related to the management of early, mild, or so-called subclinical hypothyroidism and hyperthyroidism. Intimately related to the controversy is the definition of the normal reference range for TSH. It has become clear that previously accepted reference ranges are no longer valid as a result of both the development of more highly sensitive TSH assays and the appreciation that reference populations previously considered normal were contaminated with individuals with various degrees of thyroid dysfunction that served to increase mean TSH levels for the group. Recent laboratory guidelines from the National Academy of Clinical Biochemistry indicate that more than 95% of normal individuals have TSH levels below 2.5 mU/liter. The remainder with higher values are outliers, most of whom are likely to have underlying Hashimoto thyroiditis or other causes of elevated TSH. Importantly, data indicating that African-Americans with very low incidence of Hashimoto thyroiditis have a mean TSH level of 1.18 mU/liter strongly suggest that this value is the true normal mean for a normal population. Recognition and establishment of a more precise and true normal range for TSH have important implications for both screening and treatment of thyroid disease in general and subclinical thyroid disease in particular.

Wawrzyn H, Hesch RD. [Autonomy of the thyroid gland: is there an "organ hyperthyroidism" of "euthyroid" patients?] Med Klin (Munich). 2000 Aug 15;95(8):421-8.


BACKGROUND: Classic thyrotoxicosis is defined as the clinical syndrome of hypermetabolism that results when concentrations of serum free thyroxine (fT4), serum free triiodothyronine (fT3), or both are increased and serum level of TSH is suppressed. The term of subclinical thyrotoxicosis refers to a usually asymptomatic state associated with normal serum fT4 and fT3 and low serum TSH concentrations. AIM: We describe a new entity of thyrotoxicosis under the term of "organ-selective thyrotoxicosis". This refers to patients with mild clinical symptoms of thyrotoxicosis and with a non-suppressible thyroid toxic adenomas and normal serum concentrations of fT4, fT3 and TSH. PATIENTS AND METHODS: We compared symptoms and clinical signs of thyrotoxicosis with serum levels of fT4, fT3 and TSH in 33 patients with toxic adenomas. These patients were divided into 2 groups, 19 patients had normal concentrations of serum fT3, fT4 and TSH belonging to the group of "organ-selective thyrotoxicosis", 14 patients with subclinical thyrotoxicosis were in the control group. RESULTS: In both groups, mild symptoms of thyrotoxicosis were apparent but there was no significant difference between the 2 groups detectable. Therapeutic options were discussed with the patients referring to their symptoms. We describe 1 case of a female patient, in which we carried out an alcohol obliteration of a single toxic adenoma. CONCLUSION: Biological availability of thyroid hormones in patients with toxic adenomas might be elevated in selected organs although serum levels of fT4, fT3 and TSH are normal. This might be due to an increased production rate of T4 on the one hand and a specific peripheral T4/T3 conversion rate on the other hand. This might lead to an organ-selective thyrotoxicosis in the periphery without concerning the thyrotroph, so that TSH stays within the normal range. Necessity of therapeutic interventions depends on clinical signs and symptoms.  (Likewise there would be organ-specific hypothyroidism with “normal” TSH, FT3, and FT4 levels—and likewise the necessity of therapeutic interventions depends upon clinical signs and symptoms—HHL)
Wekking EM, Appelhof BC, Fliers E, Schene AH, Huyser J, Tijssen JG, Wiersinga WM. Cognitive functioning and well-being in euthyroid patients on thyroxine replacement therapy for primary hypothyroidism. Eur J Endocrinol. 2005 Dec;153(6):747-53.    

OBJECTIVE: Hypothyroidism is associated with neurocognitive impairment. Sparse data suggest that treatment of hypothyroidism, resulting in a return to euthyroidism, may be associated with only partial recovery of overall neurocognitive functioning. The aim of this study was to assess neurocognitive functioning and well-being in euthyroid patients with primary hypothyroidism on adequate thyroxine (T4) treatment. We also investigated whether serum TSH and thyroid antibodies are determinants of neurocognitive functioning and well-being. DESIGN: We assessed neurocognitive functioning and well-being in 141 patients with primary hypothyroidism. METHODS: Neurocognitive test results and scores on questionnaires measuring well-being of 141 patients were compared with the reference values for these tests as published and used in Dutch clinical neuropsychological practice. Assessment of neurocognitive functioning included tests for cognitive or psychomotor speed, attention, working memory as well as learning and memory. Well-being was measured with the Symptom Check List-90 total score and the Rand 36-item Health Survey subscales for 'mental health' and 'vitality'. RESULTS: Patients showed poor performance on various domains of neurocognitive functioning compared with mean standard reference values, especially on a complex attention task and on verbal memory tests. Levels of well-being were significantly lower for patients compared with those of the general population. Neither serum TSH nor thyroid antibodies were determinants of neurocognitive functioning and well-being. CONCLUSION: The results of this study suggest that neurocognitive functioning as well as psychological well-being may not be completely restored in patients with hypothyroidism, despite T4 treatment.

Wennlund A. Variation in serum levels of T3, T4, FT4 and TSH during thyroxine replacement therapy. Acta Endocrinol (Copenh). 1986 Sep;113(1):47-9.


Serum levels of T3, T4, FT4 and TSH were determined in 9 euthyroid patients during 6 h after intake of morning thyroxine replacement medication. Four hypothyroid patients were studied in the same way after the intake of 50 micrograms thyroxine. In the euthyroid patients the FT4 level increased by 31%, while the increase of T4 was 16% and the increase of T3 11%. In the hypothyroid patients levels of T3, T4 and FT4 did not change after ingestion of 50 micrograms thyroxine, while the TSH level was decreased by 30%. It is concluded that during thyroxine replacement therapy hormone analysis must be interpreted in relation to the time of thyroxine administration.

Wesche MF, Tiel-V Buul MM, Lips P, Smits NJ, Wiersinga WM. A randomized trial comparing levothyroxine with radioactive iodine in the treatment of sporadic nontoxic goiter. J Clin Endocrinol Metab. 2001 Mar;86(3):998-1005.

A randomized clinical trial was performed in consecutive patients with sporadic nontoxic nodular goiter to compare efficacy and side effects of iodine-131 ((131)I) therapy with suppressive levothyroxine (L-thyroxine) treatment. Sixty-four patients were randomized after stratification for sex and menopausal age to receive (131)I (4.44 MBq/g thyroid; group A) or suppressive L-thyroxine treatment aiming at TSH values between 0.01 and 0.1 mU/L (group B). The main outcome measurements after 2 yr were goiter size by ultrasound, serum thyroid function tests, markers of bone turnover, and bone mineral density (BMD). Fifty-seven patients completed the trial. Goiter size was reduced after 2 yr by 44% in group A and by 1% in group B (P< 0.001). Nonresponders (goiter reduction <13%) were 1 of 29 patients in group A and 16 of 28 patients in group B (P = 0.00001). In responders, goiter reduction in group A (46%) was greater than in group B (22%; P< 0.005). In group A, 45% of patients developed hypothyroidism. In group B, 10 patients experienced thyrotoxic symptoms, requiring discontinuation of treatment in 2 (in 1 because of atrial fibrillation). Markers of bone formation and bone resorption increased significantly in group B, related to a mean decrease of 3.6% of BMD at the lumbar spine after 2 yr (from 1.09 +/- 0.22 to 1.05 +/- 0.23 g/cm(2); P< 0.001), both in pre- and postmenopausal women. No changes in BMD were observed in group A. In conclusion, (131)I therapy is more effective and better tolerated than L-thyroxine treatment in patients with sporadic nontoxic goiter. Suppressive L-thyroxine treatment results in significant bone loss.(Here it is clear the the TSH was not completely suppressed. The question remains whether the greater bone loss in the thyroxine group was due to that group having too much, or the Iodine group having too little thyroid hormone. Plus it is not known whether Vit D and K optimization would prevent such increased bone loss.—HHL). 

Wheatland R. Should the TSH test be utilized in the diagnostic confirmation of suspected hypothyroidism? Med Hypotheses. 2010 Nov;75(5):458-63. 

Hypothyroidism is an insidious disease that manifests a great number of non-specific symptoms. The prompt, accurate diagnosis of hypothyroidism will improve the quality of life for patients while controlling healthcare costs. Therefore, it is crucial that the protocol for diagnosing hypothyroidism has been properly evaluated. Its methods must be the best available to ensure that the resulting diagnoses will be as reliable as possible. When a patient presents with signs and symptoms of hypothyroidism and a medical history indicating hypothyroidism, a TSH test result is frequently utilized to assist in the diagnostic confirmation of hypothyroidism. In these circumstances, not only is performing the TSH test a waste of resources, utilizing the result will lead to a decrease in diagnostic certainty. The TSH test should not be utilized in the diagnostic confirmation of hypothyroidism because the diagnostic accuracy of the TSH test in confirming hypothyroidism is unknown, several aspects of the TSH test indicate its poor diagnostic utility and thyroid hormone trial therapy is the best method for achieving diagnostic certainty. Diagnostic confirmation of suspected hypothyroidism should be accomplished by evaluating the patient's response to a trial administration of thyroid hormone supplements. If the patient's chronic symptoms are relieved soon after beginning thyroid hormone supplements, it is very likely that the treatment is compensating for hypothyroidism. PMID: 20471181

Winter WE, Signorino MR. Review: molecular thyroidology. Ann Clin Lab Sci. 2001 Jul;31(3):221-44.

Novel disorders involving aberrations of the hypothalamic-pituitary-thyroid gland-thyroid hormone axis have been described in the last 5 to 10 years. The following topics are addressed: molecular mutations causing central hypothyroidism (isolated autosomal recessive TRH deficiency; autosomal recessive TRH-receptor inactivating mutations; TSH beta-subunit bio-inactivating mutations; Pit-1 mutations; Prop1 mutations; high molecular weight bio-inactive TSH); defects in response to TSH (mutations in the TSH receptor: TSH receptor gain-of-function mutations; TSH receptor loss-of-function mutations); defects in thyroid gland formation: transcription factor mutations (TTF-2 and Pax8); defects in peripheral thyroid hormone metabolism (defective intrapituitary conversion of T4 to T3; hemangioma consumption of thyroid hormone); and defects in tissue response to thyroid hormone (generalized thyroid hormone resistance, selective pituitary thyroid hormone resistance). While molecular diagnosis of such conditions is rarely indicated for clinical management, knowledge of the molecular mechanisms of these diseases can greatly enhance the clinical laboratory scientist's ability to advise clinicians about appropriate thyroid testing and to interpret the complex and sometimes confusing results of thyroid function tests.

Woeber KA. Levothyroxine therapy and serum free thyroxine and free triiodothyronine concentrations. J Endocrinol Invest. 2002 Feb;25(2):106-9. 


Although the normal thyroid gland secretes both levothyroxine (L-T4) and levotriiodothyronine (L-T3), normalization of serum TSH with L-T4-replacement therapy alone in hypothyroidism is generally believed to result in a normal serum L-T3 and to reflect a euthyroid state. However several recent studies suggest that this may not be the case. Accordingly, the relationship between serum free L-T4 and free L-T3 was examined in 20 normal individuals (group A) and in 53 patients with chronic autoimmune thyroiditis, 18 with normal TSH on no L-T4-replacement (group B), and 35 with normal TSH on L-T4-replacement therapy for hypothyroidism (group C). Data were analyzed by applying a one-way analysis of variance with correction for multiple comparisons. Serum TSH values were very similar among the 3 groups. In groups A and B, mean serum free T4 and free T3 were very similar. In group C, the mean free T4 (16+/-2 pmol/l) was significantly higher than the values in groups A (14+/-1) and B (14+/-2) (p<0.001) and the mean free T3 lower (4.0+/-0.5 pmol/l vs 4.2+/-0.5, NS and 4.4+/-0.5, p<0.02). Consequently, the mean molar ratio of free T4 to free T3 was significantly higher in group C than the ratios in groups A and B (p<0.0001), despite very similar TSH values. These findings indicate that in hypothyroid patients L-T4-replacement, that is sufficient to maintain a normal serum TSH, is accompanied by a serum free T4 that is higher than that in untreated euthyroid patients or normal individuals and may not result in an appropriately normal serum free T3 concentration.

Woeber KA. Thyrotoxicosis and the heart. N Engl J Med. 1992 Jul 9;327(2):94-8.

Many patients with thyrotoxicosis have clinical features that reflect the effects of excess thyroid hormone on the cardiovascular system. Thyrotoxicosis can aggravate preexisting cardiac disease and can also lead to atrial fibrillation, congestive heart failure, or worsening of angina pectoris. In elderly patients, these cardiac manifestations may dominate the clinical picture and warrant the measurement of the serum thyrotropin concentration. In the absence of preexisting cardiac disease, treatment of thyrotoxicosis usually results in a return of normal cardiac function.

Wren, J. C. Thyroid function and coronary atherosclerosis. J Geriatr Soc. 1968 Jun; 16(6):696-704.

Wren, JC.  Symptomatic atherosclerosis: prevention or modification by treatment with dessicated thyroid.  J Geriatric Soc. 1971; 19 (1): 7-22

To determine the possible effects of thyroid therapy on the course of atherosclerosis, 347 patients (173 males and 174 females) were selected for a five-year study.  The atherosclerosis was symptomatic in 132 patients (mean age 64.5 years) and assymptomatic in 215 (mean age 54.7).  The assymptomatic patients were considered high risks, however, because of the presence of one or more of the following: nonspecific ECG abnormality, arterial hypertension, diabetes, or hypercholesterolemia.  Of the total group, approximately 9 percent (31 of 347) were hypothyroid by laboratory tests; the remainder were euthyroid. All patients were treated with dessicated thyroid in physiological dosage (2 grains).  Substantial clinical improvement was measurable in a significant number of patients in both groups.  The mean serum level of total cholesterol was reduced by 22.2 per cent.  A more favorable ECG pattern was observed in 14 per cent.  Cardiovascular morbidity was less than predicted.  Eleven deaths (mean age of patients, 75) occurred during the study; in 10 of these cases there had been one or more symptomatic episodes before treatment.  The mortality rate was 58 percent of the expected rate for a matching population as drawn from the New Jersey Life Tables, and 44 per cent of the expected rate as drawn from the U.S. Life Tables.  Thyroid therapy deserves a more extensive trial as a possible means of modifying or preventing the effects of atherosclerosis.

Yamada M, Mori M. Mechanisms related to the pathophysiology and management of central hypothyroidism. Nat Clin Pract Endocrinol Metab. 2008 Dec;4(12):683-94.

Central hypothyroidism (CH) is defined as hypothyroidism due to insufficient stimulation of the thyroid gland by TSH, for which secretion or activity can be impaired at the hypothalamic or pituitary levels. Patients with CH frequently present with multiple other pituitary hormone deficiencies. In addition to classic CH induced by hypothalamic-pituitary tumors or Sheehan syndrome, novel causes include traumatic brain injury or subarachnoid hemorrhage, bexarotene (a retinoid X receptor agonist) therapy, neonates being born to mothers with insufficiently controlled Graves disease, and lymphocytic hypophysitis. Growth hormone therapy, which may be used in children and adults, is now also recognized as a possible cause of unmasking CH in susceptible individuals. In addition, mutations in genes, such as TRHR, POU1F1, PROP1, HESX1, SOX3, LHX3, LHX4 and TSHB, have been associated with CH. The difficulty in making a clear diagnosis of CH is that the serum TSH levels can vary; values are normal in most cases, but in some might be low or slightly elevated. Levels of endogenous T(4) in serum might also be subnormal. Appropriate doses of levothyroxine for T(4) replacement therapy have not been confirmed, but might need to be higher than presently used empirically in patients with CH and should be adjusted according to age and other hormone deficiencies, to achieve free T(4) concentrations in the upper end of the normal range.

Young JB, Bürgi-Saville ME, Bürgi U, Landsberg L. Sympathetic nervous system activity in rat thyroid: potential role in goitrogenesis.Am J Physiol Endocrinol Metab. 2005 May;288(5):E861-7. Epub 2004 Dec 7.


The role of sympathetic innervation in regulation of thyroid function is incompletely understood. We, therefore, carried out studies in rats utilizing techniques of norepinephrine turnover to assess thyroid sympathetic activity in vivo. Thyroidal sympathetic activity was increased 95% by exposure to cold (4 degrees C), 42% by chronic ingestion of an iodine-deficient diet, and 32% in rats fed a goitrogenic diet (low-iodine diet supplemented with propylthiouracil). In addition, fasting for 2 days reduced sympathetic nervous system activity in thyroid by 38%. Thyroid growth and 125I uptake were also compared in intact and decentralized hemithyroids obtained from animals subjected to unilateral superior cervical ganglion decentralization. Unilateral superior cervical ganglion decentralization led to a reduction in thyroid weight, in 125I uptake by thyroid tissue, and in TSH-induced stimulation of 125I uptake in decentralized hemithyroids. These results suggest that sympathetic activity in thyroid contributes to gland enlargement and may modulate tissue responsiveness to TSH.
Zimmermann MB, Kohrle J. The impact of iron and selenium deficiencies on iodine and thyroid metabolism: biochemistry and relevance to public health. Thyroid. 2002 Oct;12(10):867-78. 


Several minerals and trace elements are essential for normal thyroid hormone metabolism, e.g., iodine, iron, selenium, and zinc. Coexisting deficiencies of these elements can impair thyroid function. Iron deficiency impairs thyroid hormone synthesis by reducing activity of heme-dependent thyroid peroxidase. Iron-deficiency anemia blunts and iron supplementation improves the efficacy of iodine supplementation. Combined selenium and iodine deficiency leads to myxedematous cretinism. The normal thyroid gland retains high selenium concentrations even under conditions of inadequate selenium supply and expresses many of the known selenocysteine-containing proteins. Among these selenoproteins are the glutathione peroxidase, deiodinase, and thioredoxine reductase families of enzymes. Adequate selenium nutrition supports efficient thyroid hormone synthesis and metabolism and protects the thyroid gland from damage by excessive iodide exposure. In regions of combined severe iodine and selenium deficiency, normalization of iodine supply is mandatory before initiation of selenium supplementation in order to prevent hypothyroidism. Selenium deficiency and disturbed thyroid hormone economy may develop under conditions of special dietary regimens such as long-term total parenteral nutrition, phenylketonuria diet, cystic fibrosis, or may be the result of imbalanced nutrition in children, elderly people, or sick patients.

Zulewski H, Müller B, Exer P, Miserez AR, Staub JJ. Estimation of tissue hypothyroidism by a new clinical score: evaluation of patients with various grades of hypothyroidism and controls. J Clin Endocrinol Metab. 1997 Mar;82(3):771-6.


The classical signs and symptoms of hypothyroidism were reevaluated in the light of the modern laboratory tests for thyroid function. We analyzed 332 female subjects: 50 overt hypothyroid patients, 93 with subclinical hypothyroidism (SCH), 67 hypothyroid patients treated with T4, and 189 euthyroid subjects. The clinical score was defined as the sum of the 2 best discriminating signs and symptoms. Beside TSH and thyroid hormones, we measured parameters known to reflect tissue manifestations of hypothyroidism, such as ankle reflex relaxation time and total cholesterol. Classical signs of hypothyroidism were present only in patients with severe overt hypothyroidism with low T3, but were rare or absent in patients with normal T3 but low free T4 or in patients with SCH (normal thyroid hormones but elevated basal TSH; mean scores, 7.8 +/- 2.7 vs. 4.4 +/- 2.2 vs. 3.4 +/- 2.0; P < 0.001). Assessment of euthyroid subjects and T4-treated patients revealed very similar results (mean score, 1.6 +/- 1.6 vs. 2.1 +/- 1.5). In overt hypothyroid patients, the new score showed an excellent correlation with ankle reflex relaxation time and total cholesterol (r = 0.76 and r = 0.60; P < 0.0001), but no correlation with TSH (r = 0.01). The correlation with free T4 was r = -0.52 (P < 0.0004), and that with T3 was r = -0.56 (P < 0.0001). In SCH, the best correlation was found between the new score and free T4 (r = -0.41; P < 0.0001) and TSH (r = 0.35; P < 0.0005). Evaluation of symptoms and signs of hypothyroidism with the new score in addition to thyroid function testing is very useful for the individual assessment of thyroid failure and the monitoring of treatment.

