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The Effect of Estrogens on Thyroid Function

· Estrogens exert a general depressive effect on thyroidal function in humans

· Estrogen does not alter the disposal rate of thyroid hormones in a steady state but increases degradation of T4 in hyperthyroidism

· Administration of conjugated estrogens results in a significant increase in serum rT3
· Estrogen (dienoestrol) directly affects the thyroid gland decreasing T4 output causing a feedback response from the pituitary.

· Oral estrogens or pregnancy increase serum TBG concentrations by increasing the glycosylation of TBG slowing TBG clearance

· Estrogen administration induces a steady-state level with stable, high T4, T3 andT4-TBG and normal levels of free T4 and free T3.

Thyroid cells contain estrogen receptors. Thyroid size varies during the menstrual cycle and is largest at midcycle.
 Estrogens exert a general depressive effect on thyroidal function in humans.  Examples include the induction of hypothyroidism in patients with treated myxedema, spontaneous amelioration of thyrotoxicosis during pregnancy, clinical improvement and decreased degradation rate of T4 in patients with hyperthyroidism and decreased T4 degradation in patients with prostatic carcinoma. 

Estrogen does not alter the disposal rate of thyroid hormones in a steady state, although other reports have demonstrated that estrogens may induce a slight but significant decrease of T4 turnover in euthyroid subjects
 and a marked increase in patients with hyperthyroidism.
, 41  Estradiol depresses 5’ deiodinase type 1 activity in the rat liver and stimulates 5’ deiodinase type 1 activity in the rat pituitary. 
 

Administration of conjugated estrogens results in a significant increase in serum rT3 whereas serum T3, T4, and TBG concentrations only gradually increased.
  Pharmacological doses of estrogens (dienestrol) partially inhibit release of T4  iodine and non- T4  iodine  in normal euthyroid subjects, creating a marginal elevation in TSH.
 Such a finding suggests that estrogen directly affects the thyroid gland, causing a feedback response from the pituitary.  Previous studies had demonstrated that smaller doses of estrogens likewise show an increase in TSH suggesting a direct effect on the thyroid gland.
 One study by Zaninovich, et al suggested that pharmacological doses of the estrogen dienoestrol partly inhibited the thyroidal secretion in patients with hyperthyroidism.  This effect occurred in thyroid gland function independent of the pituitary and TSH as measured by increased serum levels of TSH and decreased radiolabeled iodine release from the thyroid.
  This evidence was corroborated by another study cited by the authors where estrogens induced a significant decrease in thyroidal production of T4, which was attributed to a direct inhibition of the thyroid gland. 

Other studies discussed by Zaninovich et al have demonstrated post-estrogen increase in serum TSH after treatment with contraceptive steroids and during pregnancy.  However, other researchers have found a post-estrogen depression of thyroidal release and a decrease in serum TSH pointing to an estrogenic effect on the pituitary.  

Estrogens can reduce the utilization of T4 in the absence of a functioning thyroid gland, such as in patients with myxedema  or during thyrotoxicosis factitia and such findings may be due to the influence of estrogens on serum binding of thyroid hormones.
 

Hyperestrogenicity, due to either exogenous administration or increased endogenous production, is followed by an increase in the thyroxine-binding globulin capacity. In another study by Zaninovich et al investigated 12 patients with hepatic cirrhosis and hyperestrogenicity.
Patients with liver cirrhosis showed an increase in TBG capacity in association with estrogen treatment although the response was lower than in nine normal subjects.  Therefore, in cirrhosis the site of TBG production, the liver, does not function at its maximum capacity. T4  turnover appears to remain normal in the presence of  an increased TBG activity, possibly due to decreased distribution space of T4, such as decreased liver portion in cirrhosis.
Serum free T4 in cirrhosis was higher in cirrhosis patients.  

Estrogen impairs the liver by causing intrahepatic cholestasis.

In animals and man, estrogen administration does not appear to alter basal or TRH stimulated TSH levels in the euthyroid state.
,
  In the hypothyroid rat however, pharmacological doses of estradiol appear to augment the effect of thyroid hormone replacement to suppress TSH-( and -( mRNA levels.
  These studies suggest that pharmacologic doses of estrogen may alter TSH-subunit gene expression through the same or a similar response element as thyroid hormone.  

There is a 50% to 75% increase in serum T4 and T3  in the first trimester of pregnancy due to a two-fold increase in tTBG binding capacity caused by increased estrogen.
  Oral estrogens or pregnancy increase serum TBG concentrations primarily by increasing the glycosylation of TBG, which slows TBG clearance.
, 
  This effect does not occur with transdermal estrogens.
 

Never the less, except for transient alterations in free T4, after estrogen administration a new steady-state level will be achieved with stable, high T4 and T3 levels and T4-TBG complexes, but normal levels of free T4 and free T3.
Androgens and Thyroid Function

Androgen administration induces changes in serum transport and peripheral metabolism of thyroid hormones opposite changes elicited by estrogens. Hypothyroidism is associated with a decrease in the metabolic clearance rate of androstenedione and estrone and increase in peripheral aromatization. Peripheral aromatization of androgens into estrogens decreased when euthyroidism was attained in previously hypothyroid women.
  

In spontaneous hyperthyroidism, increased conversion of testosterone and androstenedione to estrogen is thought to result from a direct effect of thyroid hormone on androgen metabolism in both men and women.
  This effect appears to be predominantly due to the conversion of androstenedione to estrogens rather than on testosterone since thyroid hormone enhance binding of circulating testosterone.  Previous animal and human studies have demonstrated that the level of thyroid function controls the level of  5(-reductase and 11 oxido-reductases.

The administration of androgens, which lower the concentration of serum TBG, have no effect on free T4.
,
  Yet, in hypothyroid women undergoing breast cancer treatment, administration of L-T4 therapy and androgens results in a rise in serum free T4 and a decrease in the serum TSH concentration requiring a lower dose of T4.
  Apparently, the thyroid can not adapt to the decreased TBG induced by androgens.  

Previous studies cited by Ylostalo et al have demonstrated higher estrogen levels has been found in women with hyperthyroidism and spontaneous hyperthyroidism has been connected with increased conversion of testosterone and androstenedione to estrogens.  This conversion is peripheral due to the direct effect of thyroxine on androgen metabolism.  In the present study, there was a decrease in serum testosterone levels during thyroxine treatment, yet changes in serum 17(-estradiol were insignificant as this hormone is almost exclusively an ovarian product and unaffected by the effect of thyroxine on androgen metabolism.  Thyroxine treatment did not affect serum FSH or LH levels. 

The Relationship of Thyroid Hormone with Menstrual Disturbances, OCP use and HRT.

· In hyperthyroidism, reduction in menstrual flow is the primary menstrual abnormality

· In hypothyroidism, menstrual abnormalities are more severe ranging from anovulation to metrorrhagia or menorrhagia.

· Thyroid hormone synergizes with FSH to exert direct stimulatory effects on granulosa cell differentiation

· Thyroid hormone antagonizes the estrogenic down-modulation of ER( mRNA leading to over production of neuropeptides (CCK and preproenkephalin)

· Thyroid hormone replacement therapy may be effective for treatment of luteal phase defect with subclinical hypothyroxinemia

· OCPs appear to increase the rate of maturation of the hypothalamic-pituitary-ovarian axis.

· fT4 is the test of choice in assessing the functional thyroid status of women taking oral contraceptive drugs

· HRT in  postmenopausal women does not appear to interfere with specific thyroid treatment

Menstrual disturbances may accompany clinical alterations in thyroid function.  In most cases, a disturbance in the menstrual cycle is not the presenting feature of thyroid disease although thyroid hormone treatment results in a prompt response.  

In hyperthyroidism, the most frequent menstrual abnormality is a moderate to marked reduction in menstrual flow.  Cycles may be anovulatory as determined by endometrial biopsy and urinary pregnandiol.  In many cases, treatment of hyperthyroidism will result in a return to the normal menstrual pattern, sometimes before euthyroidism is achieved.  

Menstrual abnormalities may be more severe in hypothyroidism than hyperthyroidism, ranging from anovulation to metrorrhagia or menorrhagia.  There is a strong suspicion that dysfunctional uterine bleeding and/or amenorrhea and anovulation in hypothyroidism is due to defective secretion of luteinizing hormone in the face of at least some follicle-stimulating hormone secretion.

In turn, some authors have reported defective interaction between thyroid hormone and follicle stimulating hormone.  In order to accomplish differentiation during follicular maturation, the granulosa cell must be able to interact with multiple signals, including thyroid hormone, in a synchronized manner.  Thyroid hormone synergizes with FSH to exert direct stimulatory effects on granulosa cell differentiation at an effective dose within the physiologic range of human plasma (in vitro studies).  Thus, thyroid hormone may amplify the effect of FSH on granulosa cell maturation.  

Another mechanism is though to be the binding of thyroid hormone to specific nuclear receptors of thyroid hormone responsive target cells.  For example, T3 receptors are present in the follicle at various stages of development, particularly early in development (porcine tissue study).  Consequently, the frequent occurrence of menstrual disturbances seen with hypo- or hyperthyroidism may represent a direct consequence of inadequate thyroid hormone availability at the granulosa cell followed by diminished responsiveness to FSH.  

Because serum thyroid hormone levels become elevated under unfavorable environmental circumstances such as food deprivation and cold exposure, thyroid hormones have been proposed to dampen estrogenic induction of the metabolically expensive process of sexual reproduction. Estrogen normally up-regulates the mRNA of reproductively relevant neuropeptides (CCK and preproenkephalin) and down regulates ER( mRNA.  Thyroid hormone antagonizes the estrogenic down-modulation of ER( mRNA within the medial preoptic nucleus and ventromedial nucleus of the hypothalamus.

Amenorrhea can be associated with hypothyroidism and the treatment of thyroid disorder can restore the menstrual cycle.  Hypothalamic functional amenorrhea may also be associated with low thyroid function without the presence of clinically determined hypothyroidism.  However, thyroid therapy has not been found justifiable without evidence of hypothyroidism (5) In a study of amenorrheic patients with low-normal thyroid function, treatment consisted of thyroxine:  50(g daily for three months, followed by 100 (g daily for three months.  Thyroxine treatment increased fT4 and FTI values.  In both the treatment and control groups, the menstrual cycle was restored or at least a single menstruation appeared in a large proportion of the patients.  However, the differences between the thyroxine treatment and control groups were not so apparent that thyroxine treatment could be considered justified in hypothalamic functional amenorrhea with low normal thyroid function.
   

One study demonstrated that serum levels of free and total T3 and total T4 in patients with weight loss amenorrhea were significantly lower than those in normally cycling women.  The induction rate of ovulation by clomiphene citrate (SERM) in these patients increased in parallel with the augmentation of serum T3 levels.  These findings suggest that an adequate serum level of thyroid hormone is one of the important factors responsible for the successful induction of ovulation by clomiphene citrate.  Thyroid hormone replacement therapy was found to be a very effective of the treatment of luteal phase defect associated with subclinical hypothyroxinemia as both the short luteal phase and insufficient circulating levels of P4 during the luteal phase are remarkably improved (A decrease in the level of circulating P4 is the best characterized expression of luteal phase defect).
  

Women on oral contraceptives have been studied revealing that basal and TRH-stimulated TSH release increased following use of OCPs.  Yet sex steroid concentrations found in oral contraceptives by far surpass conditions of physiological exposure.  Similarly, characteristics of episodic TSH secretion appear not to vary throughout the menstrual cycle.
 In a study of 100 girls at various postmenarchial times, the low serum levels of estradiol and progesterone during the first four years after the menarche stimulate the spontaneous secretion of TSH and also its secretion after TRF, whereas the high serum levels of the ovarian steroids in older adolescents reduce the amount of TSH secreted by the pituitary.  As the adolescent girl grows older, the sensibility of the hypophysis to releasing hormones is reduced.  The sensibility of the adolescent pituitary, ovary and thyroid during the luteal phase of the first menstrual cycle after oral contraceptives have been discontinued after 3-24 months use is the same in girls who have taken oral contraceptive for 24 months or longer as it is in girls who are five to six years after menarche and have not taken oral contraceptives.
  Thus, OCPs appear to increase the rate of maturation of the hypothalamic-pituitary-ovarian axis.

In regard to assessing thyroid function in women taking OCPs, the free thyroxine index does not uniformly compensate for estrogen-induced elevations in total serum thyroxine concentrations.  Therefore, the free serum thyroxine is the test of choice in assessing the functional thyroid status of women taking oral contraceptive drugs.
  

In turn, the basal episodic and TRH-stimulated TSH secretion is not markedly influenced by replacement of estrogen and progesterone to hypogonadal (menopausal) women.  Therefore, ovarian sex steroids are not critically involved in the neuroendocrine regulation of TSH secretion in women.
  However, these findings are in conflict with previous studies that estrogen exposure has been found to increase TSH secretion suggesting that estrogens have a direct stimulatory effect on the thyroid and hormone release.  Such differences may at least be partially reconciled by heterogeneities in the studied populations. In addition, TSH secretion has been recognized as episodic and circadian in nature.  Therefore, the value of a single TSH frequently utilized in previous investigations may be questioned.  

Increased hepatic synthesis of TBG induced by increased estrogens in pregnancy increases circulating thyroid hormones. Similar changes, to a lesser extent, have been reported in women on oral contraceptive treatment.  In postmenopausal women, oral treatment with associated estrogens and progestins in HRT produces a moderate increase in tT4 and TBG levels within the normal range.  The tT4 and TBG concentrations will depend on the dose of estrogen administration and the estrogenic properties of the associated progestin.

In brief, derangements of thyroid function frequently encountered during the peri- and post menopausal years may not primarily relate to the lack of ovarian sex steroids.  Conversely, replacement therapies with ovarian sex steroids may not contribute to thyroid dysfunctions in postmenopausal women.  Therefore, replacement regimens with ovarian steroids may be continued, as they do not interfere with specific thyroid treatment.  

A cross sectional community based study investigated the effect of long-term use of thyroid hormone on bone mineral density in elderly women and the potential extenuating effects of estrogen replacement therapy.  Women taking thyroxine equivalent doses of 200(g or more per day had significantly lower bone mass compared to those taking less than 200 (g daily.  These associations were independent of age, BMI, smoking, use of thiazides, corticosteroids and estrogen.  Women taking both estrogen and thyroid hormone at a dose of 1/6(g/kg body weight or greater had significantly higher BMD than women taking thyroid alone or estrogen alone.  Thus, estrogen appears to negate thyroid hormone-associated loss of bone density in postmenopausal women.
  

Estrogen Uitlity as Therapy for Thyrotoxicosis?


Estrogen depresses thyroidal iodine release in thyrotoxicosis.10
In patients with Grave’s disease and thyrotoxicosis factitia, estrogens decreased the concentration of serum free T4, slowing the fractional turnover and contraction of the distribution space resulting in clinical improvement in most patients. The decreased T4 degradation induced by estrogens in spontaneous and iatrogenic hyperthyroidism is mediated by an increase in T4 binding globulin capacity in the serum.  This effect has been observed clinically in estrogen treatment for carcinoma of the prostate where patients presented signs of hypermetabolism, which were relieved by thyroid replacement therapy.
  In addition, there have been many reports of spontaneous amelioration of hyperthyroidism during pregnancy.  Patient’s with T3 thyrotoxicosis factitia did not respond to estrogen, thus estrogen does not appear to affect the binding of T3.
  

Peripheral aromatization of androgens into estrogens in men with thyrotoxicosis appears to be due to changes in peripheral blood flow rather than direct activity of T4 on aromatase function.  Circulating estradiol levels can be increased in men with thyrotoxicosis, possible as a secondary effect of increased SHBG binding more estrogen.
 The administration of excess T3 for up to 3 weeks to men or women is associated with a marked increase in SHBG.
,
 Because of the increase in SHBG the metabolic clearance rate of estradiol is decreased in thyrotoxicosis.
  However, there is an increase in the excretion of 5(-reduced metabolites and the (:( ratio increases although the mechanism for this is uncertain.
 There is also a marked increase in the excretion of the 2-OH-estrogens and a correlated decrease in the excretion of 16-(-OH estrogens.

The patterns of plasma estrogen in thyrotoxic women with hypomenorrhea were similar to those in euthyroid women, although the levels in the thyrotoxic women were significantly elevated, suggesting that ovulation was still occurring.  Thyrotoxic women with amenorrhea also had markedly elevated plasma estrogen level with a persistence of a sharp peak of estrogen, but without the secondary estrogen rise associated with corpus luteum function suggesting failure of positive feedback on the hypothalamopituitary axis by estrogen resulting in ovulatory failure.  The increased levels of estradiol in thyrotoxicosis may be due to increased ovarian secretion, increased rate of precursor conversion, decreased rate of metabolism, or a combination of factors.

Thyroid Hormones in Breast Disease

Evaluation of breast cyst fluid of 110 women demonstrated levels of fT3, estradiol, progesterone, testosterone 17-OH-progesterone and DHEA-S were high, whereas TSH, fT4, and T4 were low compared to serum.   K+/Na+ ratios greater than 3 in there breast cyst fluid are a predictor of malignant transformation.  fT3 was found to be higher in cysts with K+/Na+ ratios greater than 3 as was estradiol, testosterone 17-OH-progesterone and DHEA-S.  These findings suggest that local T3 production may be a growth factor in fibrocystic breast tissue.  However, fT3 acting to potentiate the action of estrogen cannot be concluded.
   The authors of this study noted that most women with mammary pathology are euthyroid although thyroid disease has been linked with breast cancer and cystic mastopathy. 
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