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ARTICLE INFO ABSTRACT

Keywords: Thyroxine-binding globulin (TBG) is the liver-synthesized and estrogen-upregulated major plasma carrier of
Thyroxine-binding globulin thyroid hormones with an affinity binding greater for T4 than T3. It is known that pregnancy, a physiologic state
EStrOgenS_ of estrogen-driven elevation of serum TBG, raises the requirement of L-T4 dose in hypothyroid women, espe-
Thyrotropin cially those with no residual thyroid function. Similar increased requirement was reported for postmenopausal

Levothyroxine therapy

women during estrogen therapy. One known cause of relative hyperestrogenemia, gynecomastia and acquired
Refractory hypothyroidism 4 8 Py yp 8 8y’ q

TBG excess is liver disease, but very rarely chronic liver disease is mentioned as a cause of increased L-T4
requirement. One hypothyroid man with cirrhosis-associated gynecomastia and increased serum levels of both
estradiol and TBG was reported recently. His requirement of L-T4 was no longer increased after liver trans-
plantation. We now report the case of a man with primary hypothyroidism under stable replacement therapy
with L-T4 until exposure to an exogenous cause of hyperestrogenemia caused increased L-T4 requirement as-
sociated to TBG excess. In addition to increased TBG, the high levels of estrogens had caused the appearance of
gynecomastia. We fully corrected primary hypothyroidism upon eliminating his exposure to the source of es-
trogens. Hyperestrogenism can be a cause of increased L-T4 requirement through the rise of circulating levels of
TBG also in man with no residual thyroid function.

hence, they are not investigated. This practice may or may not be ef-
fective.

1. Introduction

Primary hypothyroidism is a common endocrine disorder with an
approximate prevalence and incidence of 5% and 250,100,000 per year
in adults [1,2]. Hypothyroidism is managed by general practitioners
and specialists [3]. Therapy is based on daily administration of oral
levothyroxine (L-T4) [3], with monitoring relying on periodic assays of
serum thyrotropin (TSH) [3]. The target serum TSH for adults is re-
commended to be < 4.12 mU/L [3].

Around 20% of primary hypothyroid patients have undertreated (or
refractory) thyroid failure, namely TSH above target levels despite
adequate doses of L-T4 [4]. Refractory hypothyroidism requires a
thorough diagnostic work-up [4]. However, because of the common
practice of trying to bring down serum TSH levels by increasing the
daily dose of L-T4, some patients do not come to observation and,

An increased requirement of L-T4 may derive from gastro-intestinal
disorders, co-ingestion of medicines/supplements that impair the in-
testinal absorption of L-T4 or that increase its catabolism, or from in-
creased urinary loss of thyroid hormone [4,5]. Typical examples are
celiac disease, simultaneous therapy with calcium salts or carbama-
zepin, pregnancy and nephrotic syndrome [4,5]. Whatever the cause,
the increased requirement of L-T4 concerns most frequently patients
with no residual thyroid function, because no endogenous output of
thyroid hormone can compensate the impaired intestinal absorption or
the increased catabolism/loss of the exogenous hormone.

Here we report one man with no residual thyroid function, in whom
the increased requirement of L-T4 was associated with increased serum
levels of thyroxine-binding globulin (TBG), which is the liver-
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Table 1
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Exemplary summary of evidence for the upregulation of serum TSH and TBG by estrogens, and for increased thyroid hormone binding by increased levels of thyroid
hormone plasma carriers, with subsequent increased requirement of levothyroxine therapy during hyperestrogenic states.”

Author (ref.)

Comment

Hall R, Scanlon MF [7]
Kratzsch J et al. [8]
Panesar et al. [9]

Bocos-Terraz et al. [10]
Glinoer et al. [11]

Kutluturk F et al. [12]
Sriphrapradang C et al. [13]
Kim M et al. [14]

Benvenga S et al. [15]

Benvenga S et al. [16]

Alexander EK et al. [17]

Arafah BM [18]

Burr M et al. [19]

Heufelder AE et al. [20]

Pohlenz J et al. [21]

Benvenga S et al. [22]

Trimarchi F et al. [23]

Moreira RM et al. [24,25]

Liu SR et al. [26]

Kimura N et al. [27]

Schomburg L [28]

Especially in the pre-menstrual phase of the cycle, women show a greater TSH response to TSH-releasing hormone (TRH) compared to
men. The TSH response to TRH is enhanced by estrogens, both in women under oral contraceptives and in men being treated with
estrogens.

Median serum TSH in 108 females under oral contraceptives was 1.56 mU/L, but it was 1.29 mU/L (—17.3%) in 66 females not using oral
contraceptives.

Serum TSH increases progressively during gestation. For instance, median (5th-95th percentiles) in the first, second and third trimester
reported by Panesar et al. (9) are 0.8 (0.03-2.30), 1.10 (0.03-3.10) and 1.30 (0.13-3.50). The corresponding levels reported by Bocos-Terraz
et al. (10) are 0.92 (0.03-2.65), 1.12 (0.12-2.64) and 1.29 (0.23-2.56). Glinoer et al. (11) reported TSH levels of 0.75 = 1.0, 1.05 *+ 1.0,
1.29 = 1.0 mU/L (mean * SD), parallelling increases in TBG levels (21.2 = 7.4, 28.5 * 9.8 and 31.5 * 7.4 mg/L).

Higher serum levels of TSH in females compared to males. For instance, in a well-characterized, disease-free population, Kim et al. (14)
found that median (2.5th-95th percentile) serum TSH levels of females aged 20-39 years were 2.49 (0.75-7.90), greater than 2.23
(0.70-6.50) of age-matched males.

Two regularly menstruating women with Hashimoto's thyroiditis were treated with approximately 1.5 ug/kg body weight/day L-T4. Under
this replacement therapy, they had TSH levels consistently > 3 mU/L (and sometimes above target levels) during mid-cycle coinciding
with high levels of E2, but consistently lower serum levels during the follicular and luteal phases of menstrual cycle, coinciding with
much lower E2 levels. In one patient, prior to L-T4 therapy, TSH was 19.7 mU/L (mid-cycle), but it was 13.2 mU/L upon repeating the
assay 19 days later (early follicular phase).

A 10-year-old boy with congenital adrenal hyperplasia and associated hyperplastic testicular adrenal rests had high serum concentrations
of E2 (> 440 pmol/L), basal and TRH-stimulated TSH (12-16 mU/L, peak of 34 mU/L) and PRL. Serum E2 correlated directly with PRL
(r = 0.98) and TSH (r = 0.85). Upon dexamethasone therapy, E2 (< 40 pmol/L), TSH (1.8 mU/L) and PRL returned progressively normal
The increased requirement for T4 (or exogenous LT4) occurs as early as 4-6 weeks of pregnancy. Such requirements gradually increase
through 16-20 weeks of pregnancy, and thereafter plateau until time of delivery. There is a parallelism between this increased
requirement and the increase of serum TBG during gestation. Serum TBG increases a few weeks after conception and reaches a plateau
during midgestation.

Study on 25 postmenopausal women with hypothyroidism treated with L-T4 (for replacement purposes in 18/25) who received conjugated
estrogens in a daily oral dose of 0.625 mg for 48 weeks. Serum TBG and TSH increased during estrogen therapy. Particularly, TSH
increased from 0.9 + 1.1 to 3.2 = 3.1 mU/L, and the peak time of TSH and TBG coincided (12th week). Serum TSH increased to more
than 7 mU/L in approximately 40% of the L-T4 replaced women, and their dose of L-T4 was therefore increased.

Inherited TBG abnormalities have X-linked transmission. In 14 males with hereditary excess of TBG and 44 heterozygotic females, there
were three instances of hypothyroidism.

In a series of 29 consecutive patients with familial dysalbuminemic hyperthyroxinemia (FDH), 2 patients (7%) had hypothyroidism
(postablative hypothyroidism), and in both patients hypothyroidism was undertreated. Seven of the 29 patients (24%) had either diffuse
or nodular goiter not due to Hashimoto's thyroiditis. Unfortunately, serum TSH levels (reference values 0.4-7.0 mU/L) were given for the
whole cohort (in which there were the 2 hypothyroid patients and the single hyperthyroid patient). Nevertheless, mean serum TSH levels were
5.2 + 8.3 mU/L, that may suggest lower availability of thyroid hormones for tissues (including the thyrotrops) and somewhat higher 24-h
daily secretion of TSH, with subsequent induction of diffuse or nodular goiter.

Familial dysalbuminemic hyperthyroxinemia (FDH) was detected in a 5-month-old boy with congenital hypothyroidism who had a
blood TSH level of 479 mU/L but normal serum T4 and higher than normal T3 levels. Thyroid hormone substitution began at 5 weeks of age
when T4 and T3 concentrations were below normal. Until the age of 5 months, treatment with L-T4 was suboptimal on the basis of high
serum TSH levels despite above-normal T4 levels.

Thyroid hormone antibodies (THAb) directed against T3 and T4 of both the IgM and IgG class were detected in two twins. At age 10
months, a rise in TSH occurred in both infants and measurement of THAb at the same time revealed the appearance of IgM-T4 and IgG-T4
and an increase in IgG-T3 levels in twin 1 (permanent congenital hypothyroidism), and with a slight increase of IgM-T4 and IgG-T4 levels
and appearance of IgM-T3 in twin 2 (transient congenital hypothyroidism). Daily dose of L-T4 had to be progressively increased in twin
1. In twin 2, L-T4 was started and then withdrawn. It was restarted on month 10 and then progressively increased, though not as much as in
twin 1.

A case of primary hypothyroidism was reported in a 68-yr-old patient with Waldenstrém's disease. His thyroid failure was accompanied by
an abnormal, greatly elevated binding of thyroid hormones in the gamma-globulin fraction. The thyroid gland was normal at
autopsy. The binding of the thyroid hormones by circulating IgM and IgG, which reduced T4 and T3 availability for their metabolic action
at the tissue level, could have contributed to the clinical picture.

The thyrotrops have estrogen receptors, though not as abundant as other anterior pituitary cell types. Isolated hemipituitaries from
ovariectomized (OVX) rats have decreased basal TSH release and tend to have reduced TRH-stimulated TSH release compared to
control female rats. In OVX rats, increasing serum estrogen levels within the physiological range increase both basal and TRH-stimulated
TSH release as well as PRL release. (24). Neuromedin B (NB), a bombesin-like peptide, inhibits TSH release. TSH release from isolated
hemipituitaries of OVX rats is significantly reduced in the presence of low dose of NB. However, pituitary glands from hyperestrogenized
rats (OVX + estradiol benzoate) require a higher dose of NB to inhibit TSH release (24).

The spontaneous and TRH-induced release of TSH in vitro from rat anterior pituitary cells, and pituitary TSH content are increased by T3
compared to vehichle. Estradiol benzoate (EB) inhibits the effect of T3 on TSH release in vitro. Application of T3 in vitro prevented the
release of TSH in response to TRH. EB dose-dependently relieved the inhibitory effect of T3 on TRH-induced TSH release in vitro. TRH
release from mediobasal hypothalamus was increased by EB and inhibited by T3 or progesterone. EB prevented the inhibitory effect of T3
on TRH release.

Treatment of GH3 cells with E2 increased TRH receptor mRNA activity. E2 up-regulates the TRH receptors of the pituitary cells at the
mRNA level by increasing both the transcription rate and stability.

TRH is inactivated by the TRH-degrading ectoenzyme, a TRH-specific metallopeptidase. Compared with male rats, only about one-third of
the enzymatic activities and the messenger RNA levels were detected in the anterior pituitary of female rats. In vivo and with GH3 cells in
vitro, E2 effectively counteracted the increase in enzymatic activity induced by T3, whereas neither testosterone nor progesterone
showed any significant effects.

2 Literature from references 7-23 concerns humans, while literature from references 24-28 is experimental and concerns animals.
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synthesized and estrogen-upregulated major plasma transporter of
thyroid hormones. Serum TBG levels were elevated, similar to those
observed in pregnant women, an increase that was driven by exposure
to exogenous estrogens. This patient complements another gyneco-
mastic patient we have reported recently [6], in whom the cause for
hyperestrogenism was endogenous (liver cirrhosis). That patient also
had no residual thyroid function.

2. Case report

A 35-yr old man was referred to us because of bilateral gyneco-
mastia that started to appear about 6 months earlier. History and
physical examinations were irrelevant except for changes in dietary
habits and total thyroidectomy for multinodular goiter, so that he was
on replacement doses of L-T4 (100 pg/d). The dietary changes consisted
in increased consumption of veal meat from a local farm, which later on
was found to illicitly use dietary estrogens in animal feeds.

Four months and just a few days before our observation, serum TSH
was 4.4 and 5.7 mU/L, T4 11.2 and 12.5 pg/dl, T3 142 and 153 ng/dl,
respectively (corresponding reference ranges: 0.30-5.5 mU/L, 5.4-11.0
ug/dl and 80-170 ng/dl). These data contrasted with serum levels
measured before the appearance of gynecomastia (TSH = 1.2-2.8 mU/
L, T4 = 8.7-9.5 pg/dl, T3 = 92-108 ng/dl). At observation, serum free
thyroxine (FT4) and free triiodothyronine (FT3) were normal (15.7 pg/
ml [n.v. 9-19] and 3.2 pg/ml [n.v. 2.0-4.2]). The discrepancy between
total thyroid hormones (increased) and free thyroid hormones
(normal), led us to suspect elevated circulating TBG. Indeed, serum TBG
was high (45 pg/ml; reference range 12-30 [men], 15-36 [nonpregnant
women]). Upon stopping the consumption of veal meat, gynecomastia
progressively disappeared, and biochemical indices progressively nor-
malized. Approximately one year after observation, serum TSH, T4, and
TBG progressively fell while maintaining the regimen of 100 pg/d L-T4
(TSH = from 3.8 to 2.7 mU/L, from T4 = 12.0 to 10.2 pg/dl, and
TBG = from 41 to 27 pg/ml).

3. Discussion

Summarized in Table 1 is evidence for the upregulation of both
serum TSH and TBG by estrogens, and for enhanced thyroid hormone
binding by elevated levels of thyroid hormone plasma carriers, with
subsequent requirement for increased daily of L-T4 during hyperestro-
genic states [7-28]. Serum TSH is also upregulated by the cold en-
vironment and, therefore, cold months but not in all individuals. For
instance, in the Northern hemisphere, persons aged > 80 years have a
TSH reference interval of 0.55-5.12 mU/L (males) or 0.52-5.20 mU/L
(females) in September, but 0.61-6.20 mU/L (males) or 0.58-6.28 mU/
L (females) in January. However, in the 21-40 years age band (which
applies to our patient), there are no seasonal fluctuations in TSH, as the
reference interval varies from 0.56 to 4.23 in August to 0.57-4.47 mU/L
in February (males) or 0.53-4.31 in August to 0.54-4.55 mU/L in
February (females) [29].

Approximately 50% of hypothyroid premenopausal women or
postmenopausal women being treated with exogenous L-T4 need to
increase dosing during pregnancy or simultaneous therapy with oral
conjugated estrogens [17,18,30]. In postmenopausal women with L-T4
treated hypothyroidism who received conjugated estrogens, serum TSH
increased to more than 7 mU/L in 7/18 (39%), so that their dose of L-T4
had to be increased [18]. Androgen therapy in L-T4 treated hy-
pothyroid women with breast cancer decreases both TBG and require-
ment of L-T4 dose [31].

The incremental increase of L-T4 dosing depends, in part, on the
etiology of the hypothyroidism. There is a greater likelihood that dose
increase will be required in hypothyroid pregnant women without
functional thyroid tissue (e.g., due to radioablation, surgery) in com-
parison with patients with non-atrophic Hashimoto's thyroiditis
[17,32]. The increased requirements for T4 (or exogenous L-T4) occurs
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as early as 4-6 weeks of pregnancy [17]. Such requirement gradually
increases through 16-20 weeks of gestation, and thereafter plateaus
until time of delivery. There is a parallelism between this increased
requirement and the increase of serum TBG during gestation. Serum
TBG increases a few weeks after conception and reaches a plateau
during midgestation [33]. At plateau, circulating TBG has increased by
two-to threefold, and such increase is due to the estrogen-induced sti-
mulation of both TBG liver-synthesis and TBG sialylation [34,35]. Es-
trogen up-regulation and androgen down-regulation of TBG [36] has
been observed also in men, whereas progestins exert no regulation [37].
Concerning liver disease, increased serum levels of TBG are considered
to be secondary to both leakage from damaged hepatocytes and
synthesis from regenerating hepatocytes [38-43].

4. Conclusion

In summary, taking into account the other male patient described
recently [6], we have provided evidence for increased serum TSH (and
associated increased requirement of L-T4 dosing) in two gynecomastic
male hypothyroid patients under L-T4 replacement therapy with no
residual thyroid function (because of either total thyroidectomy or
atrophic Hashimoto's thyroiditis), and with acquired elevation of serum
TBG (due to exogenous or endogenous exposure to estrogens). How-
ever, based on literature [6,24-28], a contribution to the increased
serum TSH may come from a direct, TBG-unrelated effect of the es-
trogens on the hypothalamus-pituitary-thyroid axis. Because either
autoimmune or post-thyroidectomy hypothyroidism is relatively
common, and so is chronic liver disease, their coexistence may not be
rare. In patients with such coexistence, surveillance for possible un-
dertreated hypothyroidism is suggested.
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