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Via its interaction in several pathways, normal thyroid function is important to maintain normal repro-
duction. In both genders, changes in SHBG and sex steroids are a consistent feature associated with hyper-
and hypothyroidism and were already reported many years ago. Male reproduction is adversely affected
by both thyrotoxicosis and hypothyroidism. Erectile abnormalities have been reported. Thyrotoxicosis
induces abnormalities in sperm motility, whereas hypothyroidism is associated with abnormalities in sperm
morphology; the latter normalize when euthyroidism is reached. In females, thyrotoxicosis and hypothy-
roidism can cause menstrual disturbances. Thyrotoxicosis is associated mainly with hypomenorrhea and
polymenorrhea, whereas hypothyroidism is associated mainly with oligomenorrhea. Thyroid dysfunction
has also been linked to reduced fertility. Controlled ovarian hyperstimulation leads to important increases
in estradiol, which in turn may have an adverse effect on thyroid hormones and TSH. When autoimmune
thyroid disease is present, the impact of controlled ovarian hyperstimulation may become more severe,
depending on preexisting thyroid abnormalities. Autoimmune thyroid disease is present in 5–20% of
unselected pregnant women. Isolated hypothyroxinemia has been described in approximately 2% of preg-
nancies, without serum TSH elevation and in the absence of thyroid autoantibodies. Overt hypothyroidism
has been associated with increased rates of spontaneous abortion, premature delivery and/or low birth
weight, fetal distress in labor, and perhaps gestation-induced hypertension and placental abruption. The links
between such obstetrical complications and subclinical hypothyroidism are less evident. Thyrotoxicosis during preg-
nancy is due to Graves’ disease and gestational transient thyrotoxicosis. All antithyroid drugs cross the placenta and
may potentially affect fetal thyroid function. (Endocrine Reviews 31: 702–755, 2010)
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I. Introduction

T wo comprehensive review articles on thyroid function
and reproductive health were published in Endocrine

Reviews more than a decade ago (1, 2). In the first ar-
ticle, entitled “Thyroid Hormone and Male Gonadal
Function,” Jannini et al. (1) concluded that “the classic
assumption that adult male gonad is unresponsive to
thyroid hormone is no longer tenable; the seminiferous
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Abbreviations: AITD, Autoimmune thyroid diseases; ART, assisted reproduction tech-
nology; ATD, antithyroid drugs; CH, congenital hypothyroidism; CI, confidence inter-
val; CMI, carbimazole; COH, controlled ovarian hyperstimulation; DE, delayed ejacu-
lation; DHEA, dehydroepiandrosterone; E2, estradiol; ED, erectile dysfunction; FT3, free
T3; FT4, free T4; GD, Graves’ disease; Gn, gonadotropin(s); GTT, gestational transient
thyrotoxicosis; hCG, human chorionic Gn; HG, hyperemesis gravidarum; HSD, hypo-
active sexual desire; hypo-T4, hypothyroxinemia; ID, iodine deficiency; IVF, in vitro
fertilization; KI, potassium iodide; LT4, levothyroxine; MMI, methimazole; OD, ovula-
tory dysfunction; OH, overt hypothyroidism; OHSS, ovarian hyperstimulation syn-
drome; PCOS, polycystic ovary syndrome; PE, premature ejaculation; PPTD, postpartum
thyroid dysfunction; PRL, prolactin; PTU, propylthiouracil; R-I131, radioiodine; SCH,
subclinical hypothyroidism; SCHT, subclinical hyperthyroidism; TBG, T4-binding glob-
ulin; TBII, thyrotropin-binding inhibitory Ig; TG, thyroglobulin; TG-Abs, TG autoanti-
bodies; TH, thyroid hormone(s); Th-Abs, thyroid autoantibodies; TPO, thyroid perox-
idase; TPO-Abs, TPO autoantibodies; TR, thyroid receptor; TR-Abs, TSH-receptor
antibodies; TS-Ab, thyroid-stimulating antibody.
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Azione	sinergica	degli	OT	con	FSH		
OT:	esercitano	effetti	stimolatori	

diretti	sulla	funzione	delle	
cellule	della	granulosa,	come	
la	differenziazione	
morfologica	e	la	formazione	
del	recettore	LH/hCG	

Aghajanova,	2009	

Zona	pellucida:	bersaglio	
di	AbTg,		AbTPO	

Condivisione	di	Ag	tra	
oocita	e	tiroide	

Monteleone,	2010	 Stavreus,	2012	

A	livello	endometriale	sono	
presenti	recettori	per	ormoni	
tiroidei	e	TSH	ed	aumentano	
nella	fase	recettiva	

OT:	ruolo	fondamentale	durante	
l’impianto	e	i	primi	stages	dello	
sviluppo	embrionale	



Cambiamenti	ormonali	nella	donna	ipotiroidea	
SHBG	 ↓	

E2	 ↓	

Estrone	 ↓	

Produzione	estrogeni	 N	o	↓	

Clearance	estrogeni	e	androgeni	 ↓	

E2	libero	 N	

Testosterone	 ↓	

Androstenedione	 ↓	

Testosterone	libero	 ↓	

Conversione	testo!androstenedione	 ↑	

Progesterone	 N	o	↓	

LH	 N	

FSH	 N	↓	

Dopo	stimolo	con	GnRH	

LH	 ↓	

FSH	 ↓	

Le	alterazioni	del	metabolismo	
steroideo	scompaiono	al	ripristino	
dell’eutiroidismo.	

Redmond	GP	2004,	Longcope	C	1990,	Gallagher	TF	1966,	Gordon	GG	1977,	
Larsen	PR	1998	

La	disfunzione	tiroidea	può	determinare	la	
presenza	di:	
-  Cicli	anovulatori	
-  Difetti	della	fase	luteinica	
-  Elevazione	dei	livelli	di	PRL	
-  Alterazione	degli	ormoni	sessuali	

Aumento	della	subfertilità/infertilità	



Roma,	8-11	novembre	2018	

	

Ipotiroidismo	e	fertilità 

Hypothyroid women with TSH concentrations 
≥15 mIU/L have a high rate of irregular menses 
(68%) compared with a 12% rate of menstrual 
irregularities reported by euthyroid women.  

Krassas GE et al, Clin Endocrinol (Oxf). 1999;50(5):655–659 
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variables were evaluated using Pearson’s F2 or 
Fisher’s exact test. Pearson and (or) Spearman’s 
correlation test was used to investigate the asso-
ciation between two continuous variables. A p-val-
ue < 0.05 was considered statistically significant.

Results

Demographic, hormonal and pelvic ultrasonog-
raphy data of all three groups are summarized in 
Table I. The three groups were similar with regard 
to age, height, body mass index (BMI), age at men-
arche and number of children (p > 0.05 for all). 

We found differences among groups in TSH, 
fT3, fT4, TPOAb and TgAb concentrations (Table I). 

Post hoc tests were performed to determine which 
groups differ. According to their results, there was 
a statistically significant difference among groups 
in TPOAb (OH-SCH, p = 0.002; OH-CG, p < 0.001; 
SCH-CG, p < 0.001) and TSH (OH-SCH, p < 0.001; 
OH-CG, p < 0.001; SCH-CG, p = 0.009). TgAb 
concentrations were not different between OH  
and SCH groups, but comparison of OH and SCH 
with CG showed statistical significance (OH-CG,  
p < 0.001; SCH-CG, p = 0.01). Free T3 concentra-
tions were significantly different between only 
OH and CG groups (OH-SCH, p = 0.345; OH-CG, 
p = 0.03; SCH-CG, p = 0.092). Additionally, fT4 
concentrations were significantly different when 

Table I. Demographic, hormonal and pelvic ultrasonography parameters of the study population

Parameter OH
(n = 21)

SCH
(n = 21)

CG
(n = 32)

P-value
(ANOVA)

P-value 
(post-hoc)

Age [years] 35.4 ±5.9 34.2 ±4.7 32.0 ±5.1 0.06

Weight [kg] 72.4 ±13.9 67.8 ±17.4 63.9 ±11.4 0.10

Height [cm] 162.1 ±6.6 162.2 ±5.7 161.2 ±5.0 0.78

BMI [kg/m2] 27.6 ±5.7 25.8 ±6.8 24.5 ±3.9 0.13

Waist [cm] 91.4 ±14.6 85.6 ±16.1 83.8 ±13.0 0.17

TPOAb (< 115 IU/ml) 281.9 ±119.6 152.0 ±190.9 17.8 ±7.7 < 0.001 a: p = 0.002*

b: p < 0.001*

c: p < 0.001*

TgAb (< 34 IU/ml) 265.8 ±154.6 170.5 ±154.9 20.3 ±5.2 < 0.001 a: p = 0.08*

b: p < 0.001*

c: p = 0.01*

TSH (0.27–4.2 µU/ml) 12.1 ±3.4 4.5 ±2.0 2.0 ±1.1 < 0.001 a: p < 0.001*

b: p < 0.001*

c: p = 0.009*

fT3 (2.1–4.4 pg/ml) 1.8 ±0.3 2.2 ±0.1 2.9 ±0.3 0.03 a: p = 0.345*

b: p = 0.03*

c: p = 0.092*

fT4 (0.8–2.7 ng/dl) 0.7 ±0.2 1.1 ±0.1 1.1 ±0.1 0.016 a: p < 0.001*

b: p < 0.001*

c: p = 0.665*

Age at menarche [years] 12.8 ±1.2 13.0 ±1.2 12.7 ±1.4 0.08

Number of children 2.5 ±1.0 2.4 ±1.1 2.4 ±1.0 0.09

FSH (1.4–9.9 mIU/ml) 9.5 ±13.4 9.1 ±7.3 5.9 ±2.2 0.25

LH (2.4–12.6 mIU/ml) 10.8 ±9.7 10.6 ±7.2 8.4 ±7.3 0.18

E2 (12.5–166 pg/ml) 99.4 ±134.1 103.4 ±109.9 144.8 ±119.8 0.09

Mean AMH concentration 
[ng/ml]

1.5 ±1.3 1.8 ±2.2 2.1 ±1.4 0.19

Total AFC 12.8 ±8.6 12.5 ±4.8 11.6 ±3.8 0.80

Bold p-values indicate statistically significant differences (p < 0.05). TPOAb – anti-thyroid peroxidase antibodies, TgAb – anti-thyroglobulin 
antibodies, TSH – thyroid-stimulating hormone, FSH – follicle-stimulating hormone, LH – luteinizing hormone, E2 – estradiol, AMH – anti-
Müllerian hormone, AFC – antral follicle count, pairwise comparison shortcuts; OH-SCH = a, OH-CG = b, SCH-CG = c, *Post hoc analysis 
was performed only on p < 0.05 values.
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Evaluation of ovarian reserve in women with overt  
or subclinical hypothyroidism

Ferit Kerim Kucukler1, Umit Gorkem2, Yasin Simsek3, Ramazan Kocabas4, Serdar Guler1

A b s t r a c t

Introduction: Thyroid dysfunction is among the most common autoimmune 
disorders in women of reproductive age. Previous studies have shown the 
association between autoimmune thyroid disease (AITD) and infertility.  
Anti-Müllerian hormone (AMH) is secreted by granulosa cells and is a useful 
marker for assessment of ovarian reserve. In the present study, we sought to 
evaluate the ovarian reserves of women with autoimmune thyroid disorder 
by measurement of AMH values. 
Material and methods: This prospective study included women with new-
ly diagnosed AITD aged between 20 and 40 years. Patients were divided 
into three groups: subclinical hypothyroidism (SCH, n = 21), overt hypothy-
roidism (OH, n = 21) and controls (CG, n = 32). Study parameters includ-
ed serum free T4, free T3, thyroid-stimulating hormone, anti-thyroglobulin, 
anti-thyroid peroxidase antibodies, follicle-stimulating hormone, luteinizing 
hormone, estradiol and AMH concentrations measured in the early follicular 
phase. Antral follicle count (AFC) was assessed with ultrasound. Body mass 
index (BMI) and waist circumference of the patients were noted. 
Results: No significant difference was found among SCH, OH and CG in 
regard to ovarian reserves measured by AMH values (p = 0.19) and AFC  
(p = 0.80). A significant negative correlation was found between AMH and 
BMI (r = –0.382, p = 0.001). Anti-Müllerian hormone and waist circumfer-
ence (r = –0.330, p = 0.004) were also negatively correlated. 
Conclusions: Although AMH values were not significantly different among 
groups, AMH values were lower in OH and SCH patients, indicating a possi-
ble need for close monitoring of these patients. 

Key words: anti-Müllerian hormone, autoimmune thyroid disease, fertile 
women.

Introduction

Thyroid diseases are the most common autoimmune diseases among 
women during reproductive age. Prevalence of subclinical and overt hy-
pothyroidism is 4–10% and 0.1–2% respectively in this population [1–3]. 
Presence of thyroid hormone receptors on oocytes suggests that thy-
roid hormones may influence ovarian functions [4]. It is well known that 
disturbances of the menstrual cycle are increased as much as 3-fold in 
Hashimoto thyroiditis [4]. In addition, the majority of data suggest that 
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that AMH concentrations were inversely correlat-
ed with TSH concentration (despite normal TSH 
concentrations) in infertile women of reproductive 
age [31]. Our study showed no significant rela-
tionship between TSH and AMH concentrations. 
Tuten et al. found that AMH concentration was 
significantly higher in 32 premenopausal women 
with Hashimoto thyroiditis compared to controls, 
whereas they found no significant difference in 
antral follicle count [32]. The reason for this result 
was that their study included many patients with 
PCOS, who have more antral follicles than patients 
without PCOS, and presence of more follicles leads 
to secretion of more AMH. In our study, patients 
with PCOS were not included, since this may 
cause increased AMH concentrations. 

Patients with hypothyroidism may have alter-
ations in time of the menstrual cycle and amount 
of bleeding because of the estrogen breakthrough 
bleeding and decrease in coagulation factors such 
as factor VII, VIII, IX and XI [33, 34]. Krassass re-
ported in his review that the most common men-
struation disorder was oligomenorrhea rather 
than amenorrhea in patients with hypothyroid-
ism [4]. Likewise, we found that oligomenorrhea 
was the most common menstrual disorder in 
all groups. We found no significant difference in 
menstrual irregularities among groups. The low 
incidence of menstrual disorders in other studies 
may be due to the early establishment of the di-
agnosis of hypothyroidism before clinical manifes-
tations become apparent. 

There have been several studies reporting that 
BMI and AMH concentration did not show a sig-
nificant correlation [35, 36], whereas a significant 
negative correlation was demonstrated in some 
others [37]. In our study, we found a  significant 
negative correlation between BMI, waist circum-
ference and AMH concentration. Therefore, in our 
opinion control of body weight may be important 
in preservation of ovarian reserves. 

Our study had several limitations. First, the ef-
fect of thyroid autoimmunity on ovarian functions 
might have been inadequately assessed since we 
included patients with newly diagnosed overt and 
subclinical hypothyroidism. Moreover, ovarian 
functions might have been found to decrease with 
increasing time from diagnosis. The low number 
of patients is among the limitations of this study. 

In conclusion, we found no significant differ-
ence between patients with overt or subclinical 
hypothyroidism and control in regard to ovarian 
reserves measured by serum AMH concentration 
and total AFC. However, the lower AMH concen-
tration found in OH and SCH patients may be 
suggestive for close follow-up of these patients. 
Further, larger prospective studies are needed to 
confirm these findings. 
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Figure 1 Flowchart for final study population selection. 

* Excluded due to multicystic ovaries, difficult to visualize or absent ovary 
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Conclusions: We found that lower FT3 and TPOAb positivity are associated with a lower AFC in 
women with diminished ovarian reserve or unexplained infertility. 
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Figure 5 Plots show the association of day 3 FSH with the antral follicle count as the 

predicted mean count (black lines) with 95% confidence interval (grey area) as modelled 

using the whole dataset for for women within the lowest 10% of FT3, TgAb positive or 

TPOAb positive women (all shown by continuous lines) or the highest 10% of FT3, TgAb 

negative or TPOAb positive women (dotted lines). All analyses were adjusted for age, BMI, 

smoking, ethnicity and infertility cause. 
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Introduction

Undiagnosed and untreated thyroid disease can be a cause for 

infertility as well as sub-fertility. Both these conditions have 

important medical, economical, and psychology implications in 

our society. Thyroid dysfunction can affect fertility in various 

ways resulting in anovulatory cycles, luteal phase defect, high 

prolactin (PRL) levels, and sex hormone imbalances. Therefore, 

normal thyroid function is necessary for fertility, pregnancy, 

and to sustain a healthy pregnancy, even in the earliest days 

after conception. Thyroid evaluation should be done in any 
woman who wants to get pregnant with family history of 
thyroid problem or irregular menstrual cycle or had more 
than two miscarriages or is unable to conceive after 1 year 
of unprotected intercourse. The comprehensive thyroid 
evaluation should include T

3
, T

4
, thyroid stimulating hormone 

(TSH), and thyroid autoimmune testing such as thyroid 
peroxidase (TPO) antibodies, thyroglobin/antithyroglobin 
antibodies, and thyroid stimulating immunoglobulin (TSI). 
Thyroid autoimmune testing may or may not be included in 
the basic fertility workup because the presence of thyroid 
antibodies doubles the risk of recurrent miscarriages in 
women with otherwise normal thyroid function.[1-3]

Prevalence of hypothyroidism in the reproductive age group 
is 2–4% and has been shown to be the cause of infertility and 
habitual abortion.[4,5] Hypothyroidism can be easily detected 
by assessing TSH levels in the blood. A slight increase in 
TSH levels with normal T

3
 and T

4
 indicates subclinical 

hypothyroidism whereas high TSH levels accompanied 
by low T

3
 and T

4
 levels indicate clinical hypothyroidism.[6] 

Subclinical hypothyroidism is more common. It can cause 
anovulation directly or by causing elevation in PRL. It is 
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Context: Prior studies examining associations between subclinical hypothyroidism and antithyroid
antibodies with early pregnancy loss and live birth suggest mixed results and time to pregnancy
(TTP) has not been studied in this patient population.

Objective: This study sought to examine associations of prepregnancy TSH concentrations and
thyroid autoimmunity with TTP, pregnancy loss, and live birth among women with proven fecun-
dity and a history of pregnancy loss.

Design and Setting: This was a prospective cohort study from a large, randomized controlled trial
that took place at four medical centers in the United States.

Patients or Other Participants: Healthy women, ages 18–40 y, who were actively attempting to
conceive and had one or two prior pregnancy losses and no history of infertility were eligible for
the study.

Intervention: There were no interventions.

Main Outcome Measure: TTP, pregnancy loss, and live birth.

Results: Women with TSH ! 2.5 mIU/L did not have an increased risk of pregnancy loss (risk ratio,
1.07; 95% confidence interval [CI], 0.81–1.41) or a decrease in live birth rate (risk ratio, 0.97; 95%
CI, 0.88–1.07) or TTP (fecundability odds ratio, 1.09; 95% CI, 0.90–1.31) compared with women with
TSH !2.5 mIU/L after adjustment for age and body mass index. Similar findings were observed for
women with thyroid autoimmunity and after additional adjustment for treatment assignment.

Conclusions: Among healthy fecund women with a history pregnancy loss, TSH levels ! 2.5 mIU/L
or the presence of antithyroid antibodies were not associated with fecundity, pregnancy loss, or
live birth. Thus, women with subclinical hypothyroidism or thyroid autoimmunity can be reassured
that their chances of conceiving and achieving a live birth are likely unaffected by marginal thyroid
dysfunction. (J Clin Endocrinol Metab 101: 2358–2365, 2016)
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compared with 10–13% for anti-TPO and 9–14% for
anti-TG reported) (17). Overall, women with antithyroid
antibodies did not have a higher risk of any pregnancy loss
(RR, 0.90; 95% CI, 0.61–1.33) and did not have a lower
live birth rate (RR, 1.04; 95% CI, 0.90–1.20), after ad-
justing for age and BMI, compared with women without
antibodies. After additional adjustment for treatment as-
signment, no differences were noted between the two

groups. Similar results were noted among women who
became pregnant during this study for both pregnancy loss
(RR, 0.85; 95% CI, 0.59–1.22) and live birth (RR, 1.04;
95% CI, 0.94–1.16; Table 2).

Furthermore, among women with only one previous
loss, those with TSH at least 2.5 mIU/L were not at higher
risk of having any pregnancy loss (RR, 1.13; 95% CI,
0.80–1.6) compared with TSH less than 2.5 mIU/L (Table

Table 1. Demographics and Baseline Characteristics by TSH Levels and Presence of Antithyroid Antibodies Among
Women with Normal fT4 (0.7–1.85 ng/dL) in the EAGeR Trial

Characteristics, N (%)

Total TSH fT4 , 0.7–1.85 mIU/L
Antithyroid Antibodies (Presence of
Anti-TPO or Anti-TG Antibodies)

<2.5 >2.5
P
Value Negative Positive

P
Value

n 1193 884 303 1018 168
TSH 2.1 ! 1.3 1.5 ! 0.5 3.6 ! 1.5 ".001 1.9 ! 0.9 2.9 ! 2.2 ".001
fT4 1.1 ! 0.1 1.2 ! 0.1 1.1 ! 0.1 ".001 1.1 (0.1) 1.1 (0.2) .292
Age, y 28.7 ! 4.8 28.8 ! 4.8 28.5 ! 4.7 .37 28.7 ! 4.8 28.8 ! 4.7 .86
BMI, kg/m2 26.3 ! 6.5 25.9 ! 6.2 27.4 ! 7.3 .001 26.1 ! 6.3 27.1 ! 7.4 .08
Race

White 1126 (94.9) 835 (94.5) 291 (96) .28 962 (94.5) 165 (98.2) .04
Others 61 (5.1) 49 (5.5) 12 (4) 56 (5.5) 3 (1.8)

Educationa

! High school 160 (13.5) 122 (13.8) 38 (12.5) .58 144 (14.2) 16 (9.5) .10
# High school 1026 (86.5) 761 (86.2) 265 (87.5) 873 (85.8) 152 (90.5)

Household income (annual)
" $100 000 474 (40) 348 (39.4) 126 (41.6) .77 398 (39.1) 72 (42.9) .30
$75 000-$99 999 144 (12.1) 110 (12.5) 34 (11.2) 124 (12.2) 21 (12.5)
$40 000-$74 999 175 (14.8) 136 (15.4) 39 (12.9) 155 (15.2) 21 (12.5)
$20 000-$39 999 302 (25.5) 221 (25) 81 (26.7) 267 (26.3) 36 (21.4)
! $19 999 91 (7.7) 68 (7.7) 23 (7.6) 73 (7.2) 18 (10.7)

Employeda

Yes 868 (75.7) 632 (74.4) 236 (79.7) .06 741 (75.5) 125 (76.2) .85
No 278 (24.3) 218 (25.6) 60 (20.3) 240 (24.5) 39 (23.8)

Time from last loss to randomization
! 4 mo 629 (53.8) 460 (52.8) 169 (56.9) .49 544 (54.2) 87 (53) .31
5–8 mo 214 (18.3) 163 (18.7) 51 (17.2) 179 (17.8) 35 (21.3)
9–12 mo 96 (8.2) 70 (8) 26 (8.8) 80 (8) 17 (10.4)
#12 mo 230 (19.7) 179 (20.5) 51 (17.2) 201 (20) 25 (15.2)

No. of previous pregnancies,
not including lossesa

0 506 (42.6) 363 (41.1) 143 (47.2) .12 429 (42.1) 76 (45.2) .76
1 421 (35.5) 315 (35.6) 106 (35) 364 (35.8) 57 (33.9)
2 239 (20.1) 191 (21.6) 48 (15.8) 208 (20.4) 31 (18.5)
3 21 (1.8) 15 (1.7) 6 (2) 17 (1.7) 4 (2.4)

Number of previous live birthsa

0 550 (46.3) 392 (44.3) 158 (52.1) .01 463 (45.5) 86 (51.2) .36
1 430 (36.2) 321 (36.3) 109 (36) 374 (36.7) 57 (33.9)
2 207 (17.4) 171 (19.3) 36 (11.9) 181 (17.8) 25 (14.9)

Smoking in past year
Never 1033 (87.8) 764 (87.1) 269 (89.7) .46 880 (87) 153 (92.7) .08
" 6 times/wk 83 (7.1) 64 (7.3) 19 (6.3) 76 (7.5) 5 (3)
Daily 61 (5.2) 49 (5.6) 12 (4) 55 (5.4) 7 (4.2)

Alcohol consumption in past year
Often 26 (2.2) 16 (1.8) 10 (3.3) .13 21 (2.1) 5 (3) .22
Sometimes 369 (31.5) 285 (32.7) 84 (28) 325 (32.3) 43 (25.9)
Never 777 (66.3) 571 (65.5) 206 (68.7) 659 (65.6) 118 (71.1)

Values are mean ! SD or n (%) as indicated.
a Data on covariates were missing for education (n $ 1), income (n $ 1), employment (n $ 41), time from last loss to randomization (n $ 18),
smoking (n $ 10), and alcohol (n $ 15).
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Introduction. The aim of this study was to estimate the significance of TSH, thyroid peroxidase antibody (TPOAb), and mild
(subclinical) hypothyroidism in women fromThe Danish General Suburban Population Study (GESUS) on the number of children
born, the number of pregnancies, and the number of spontaneous abortions.Methods. Retrospective cross sectional study of 11254
women participating in GESUS. Data included biochemical measurements and a self-administrated questionnaire. Results. 6.7%
had mild (subclinical) hypothyroidism and 9.4% prevalent hypothyroidism. In women with mild hypothyroidism TPOAb was
significantly elevated and age at first child was older compared to controls. TSH and TPOAb were negatively linearly associated
with the number of children born and the number of pregnancies in the full cohort in age-adjusted andmultiadjusted models. TSH
or TPOAb was not associated with spontaneous abortions. Mild (subclinical) hypothyroidism was associated with a risk of not
having children and a risk of not getting pregnant in age-adjusted and multiadjusted models. Prevalent hypothyroidism was not
associated with the number of children born, the number of pregnancies, or spontaneous abortions. Conclusion. Impaired fertility
is associated with TSH, TPOAb, and mild (subclinical) hypothyroidism in a Danish population of women.

1. Introduction

Through the last twenty years, the knowledge on thyroid
disease during pregnancy has rapidly expanded. It is well
documented that women with overt hypothyroidism during
pregnancy have an increased risk of pregnancy loss and
adverse pregnancy outcome [1–3], but the consequences of

subclinical hypothyroidism and the significance of concomi-
tant thyroid peroxidase antibodies (TPOAb) are debated [4–
6]. Subclinical hypothyroidism is a condition in which a
slightly raised thyroid stimulating hormone (TSH) signal is
representing an early, mild thyroid failure [7].

The persistency of mild (subclinical) hypothyroidism
may differ according to ethnicity and age; however, TSH
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Table 1: Characteristics of women inThe Danish General Suburban Population Study (GESUS).

All Mild (subclinical) hypothyroidism
No yes !-value" (%) 11254 (100) 8770 758

Age 56.3 (45.5–66.2) 55.4 (44.8–65.6) 55.6 (44.9–65.9) 0.43
Menopause, yes (%) 7129 (63.4) 5405 (61.6) 463 (61.1) 0.77
TSH, mU/L 1.8 (1.2–2.6) 1.7 (1.2–2.3) 4.6 (4.1–5.5) <0.001
Total T3, nmol/L 1.6 (1.5–1.9) 1.7 (1.5–1.9) 1.6 (1.5–1.8) 0.38
Free T4, pmol/L 15 (14–17) 15 (14–17) 14 (13–15) <0.001
TPOAb, U/mL 13 (20–32) 19 (12–27) 28 (15–699) <0.001
Body mass index (BMI), kg/m2 25.3 (22.6–28.8) 25.2 (22.5–28.7) 25.5 (22.8–29.2) 0.06
Smoker, yes (%) 1899 (16.9) 1527 (17.5) 66 (8.7) <0.001
Prevalent hypothyroidism, yes (%) 922 (9.4) NA NA
Prevalent hyperthyroidism, yes (%) 391 (4.2) NA NA
Diabetes mellitus, yes (%) 576 (5.1) 392 (4.5) 40 (5.3) 0.31
Antihypertensive medication, yes (%) 2457 (21.8) 1816 (20.7) 140 (18.5) 0.14
Cholesterol lowering medication, yes (%) 1510 (8.5) 1096 (12.5) 91 (12.0) 0.69
Contraception, yes (%) 953 (8.5) 772 (8.8) 66 (8.7) 0.93
Income below EUR 60,000 C 4744 (43.7) 3588 (42.4) 292 (40.1) 0.25
Unemployment, yes (%) 6284 (55.8) 3690 (42.1) 318 (42.0) 0.95
Education, no (%) 1713 (15.2) 1291 (14.7) 95 (12.5) 0.57
Age at 1st child born 25 (22–28) 25 (22–28) 25 (22–29) 0.02
No children born," (%) 1171 (10.5) 897 (10.3) 98 (13.0) 0.02
No pregnancies," (%) 952 (8.5) 733 (8.4) 77 (10.2) 0.09
Spontaneous abortion, yes (%) 2261 (21) 1747 (20.8) 149 (20.6) 0.87
For continuous variables: median (interquartile range).
For SCH, ! value: Chi-square for categorical comparisons and ranksum or Kruskal-Wallis test for continuous comparisons.

ClinicalTrial.gov (NCT01335802), and reported to theDanish
Data Protection Agency.

The study conformed to the principles of the Declaration
of Helsinki. Written consent was obtained from all partici-
pants prior to participation in the GESUS study.

3. Results

Table 1 shows characteristics of women. In total, 758
(6.7%) had mild (subclinical) hypothyroidism, 9.4% preva-
lent hypothyroidism, and 4.2%prevalent hyperthyroidism. In
women with mild hypothyroidism TPOAb was significantly
elevated and age at first child was older compared to controls.
LogTSH and logTPOAb were negatively linearly associated
with the number of children born and number of pregnancies
in the full cohort in age-adjusted and multiadjusted models
(Table 2). logTSH or logTPOAb was not associated with
spontaneous abortions.

Mild (subclinical) hypothyroidism was associated with a
risk of not having children and a risk of not getting pregnant
in age-adjusted and multiadjusted models. Prevalent hypo-
thyroidism was not associated with the number of children
born, the number of pregnancies, or spontaneous abortions
(Table 3).

4. Discussion

In the present study, we showed that with higher TSH levels
the less number of children born and the less number of
pregnancies. Furthermore, with higher TPOAb levels the
less number of children born. Coefficients for logTSH were
higher than for logTPOAb; thus, the effect of TSH seems
higher than for TPOAb. Mild hypothyroidism was also
associated with a higher age of first child born and risk of
not having children and not getting pregnant. TPOAb was
not a significant confounder in the models, and there was no
interaction with age.

This analysis is cross sectional and in a way retrospective
for those women who are now menopausal. Also, for women
who are premenopausal we may not have the life-time full
number of children born, the number of pregnancies, and the
number of spontaneous abortions.

The prevalence of TSH elevations increases with age [9]
while the fertility declines. We only have age of the mother
at the birth of her 1st child. We cannot adjust for age of the
mother at the birth of her 1st child as this only applies for
those who have had children; thus, those with no children
have missing values in that category. We have included the
information in Table 1, and it appears that there is a significant
difference between those with mild hypothyroidism and
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TSH levels in women with thyroid autoimmunity in the
first trimester of pregnancy compared to women without
thyroid autoimmunity and that women with asymptomatic
autoimmune thyroid disease who were euthyroid in early
pregnancy carried a significant risk of developing hypothy-
roidism progressively during gestation, despite a marked
reduction in antibody titers [11].

This retrospective cross sectional study showed that
among women without any history of thyroid disease or anti-
hyperthyroid/antihypothyroid medication 6.7% had mild
(subclinical) hypothyroidism. The prevalence of mild hypo-
thyroidism was comparable to previous studies [24] like
the Colorado study in which 8.5% had subclinical hypothy-
roidism increasing with age [25] explained by the chosen
value of TSH cut-off defining mild hypothyroidism.

The presence of mild hypothyroidism influenced the level
of fT4 within the reference range as fT4 was decreased in
women with mild hypothyroidism. This could be explained
by an increased intracellular deiodination of T4 to T3 in
women with mild hypothyroidism to avoid decreased levels
of active intracellular thyroid hormone concentrations. A
major problem is to determine separate effects of TPOAb
positivity and mild hypothyroidism. We are not able to
determine the status during pregnancy as the present study
is retrospective, but it seems unlikely that TPOAb would
have an effect directly on metabolism and peripheral thyroid
hormone regulated cellular function. However, we cannot
exclude the possibility that the women presenting with mild
hypothyroidism have had a previous normalized TSH level.

This population studywas performed inNaestvedMunic-
ipality eastern Denmark representing a mild iodine defi-
ciency [26]. In Denmark, the iodine intake was stable at a
low level for many years and in 2000, the mandatory iodine
fortification of bread salt and household salt began. Follow-
up studies reported an increase in prevalence of hypothyroid-
ism [27] and TPOAb positivity especially among younger
women [28].

The present study is limited by the fact that all clinical
observations are self-reported questionnaire data. Further-
more, we did not have any information about the numbers
of induced abortions which could influence the data of
child births although it is rarely recommended to induce an
abortion only due to high levels of TSH during first trimester
of pregnancy.

In addition, individuals were classified based on a single
blood test; thus, we cannot distinguish between transient and
permanent TSH elevation; however, Somwaru et al. showed
that subclinical hypothyroidism was persistent in 56% after
4-year follow-up [10]. Finally, due to financial reasons the
GESUS study was designed to invite only 25% of younger
women aged 20–30 years old influencing the distribution of
age.

The strength of our study was the high number of
participants with blood samples of TSH, fT4, tT3, andTPOAb
in 11254 women. Furthermore, for the analyses of mild
(subclinical) hypothyroidism we excluded women with any
self-reported thyroid disease or use of T4/T3 or antithyroid
medication and only compared euthyroid and mild hypothy-
roid women.

5. Conclusion

Taken together, we observed that with higher TSH levels
the less number of children born and the less number of
pregnancies. Furthermore, with higher TPOAb levels the less
number of children born. Mild hypothyroidism was also
associated with a higher age of first child born and risk of
not having children and not getting pregnant. In conclusion,
we observed that impaired fertility is associated with TSH,
TPOAb, and mild (subclinical) hypothyroidism in a Danish
population of women.
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ABSTRACT
The need for treating subclinical hypothyroidism (SCH) in women undergoing assisted reproduction tech-
nology (ART) is under debate. Moreover, it is known that controlled ovarian hyperstimulation (COH) pro-
tocols may impair the thyroidal axis. Therefore, we evaluated if levothyroxine (L-T4) supplementation in
SCH women before undergoing ART positively affects the main reproductive outcomes. We retrospect-
ively analyzed in vitro fertilization (IVF) data of 4147 women submitted to 6545 cycles in a tertiary care
IVF Center (January 2009–December 2014). L-T4 (1.4–2.0 mcg/kg) treatment was offered to all women
with a pre-cycle TSH >2.5 mIU/L before starting COH and main ART outcomes were compared in euthyr-
oid and L-T4-treated women undergoing ART. Among 4147 women, 1074 (26%) were affected by SCH
and were treated with L-T4 before COH was started. No statistically significant differences among L-T4-
treated and euthyroid women group were observed regarding pregnancy rate, respectively, per cycle
(27.67% vs 26.37%; p = .314) and per embryo transfer (30.13% vs 29.17%; p = .489), live birth rate,
respectively, per cycle (21.58% vs 20.38%; p = .304) and per embryo transfer (23.49 vs 22.54%; p = .449)
and the rest of primary and secondary efficacy endpoints. Early L-T4 treatment for infertile women with a
subtle thyroid dysfunction may mitigate and protect from the negative effects of SCH in the setting of
ART, and may preventively overcome also the negative impact of COH on thyroidal axis.
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Background

Adequate thyroid axis function is essential for female normal
fertility. However, thyroid dysfunctions are frequent endocrine
conditions affecting women in their childbearing age [1] with
a prevalence of 0.4–0.5% for the overt and 2–8% for subclin-
ical hypothyroidism (SCH) [2]. It is well recognized that overt
hypothyroidism may result in female infertility and poor
reproductive outcomes [3,4] leading to a general recommenda-
tion that levothyroxine (L-T4) supplementation should be
offered to women attempting pregnancy with overt hypothy-
roidism [5]. Conversely, the effects of SCH on female repro-
duction are less understood and, accordingly, the potential
benefits of L-T4 treatment in this condition remain unclear
[6]. This is mainly due because debate persists around the
exact definition of SCH for women attempting pregnancy and
most of all for those in the setting of assisted reproduction
technology (ART).

It is now accepted that two different TSH thresholds exist to
define SCH for pregnant and nonpregnant women [7]. The clas-
sic definition of SCH, for a nonpregnant/non-attempting preg-
nancy woman, is a serum TSH concentration above 4.5–5.0mIU/
L with a normal FT4. However, given that in pregnancy TSH
levels >2.5mIU/L have been associated with some obstetric and

fetal complications both the Endocrine Society and the American
Thyroid Association guidelines recommend a TSH upper limit
<2.5mIU/L in the first trimester of pregnancy [7,8]. Accordingly,
some advocate using the same threshold also for infertile women
attempting conception given the increased demand of thyroid hor-
mone during pregnancy [9] and to minimize the potential risks
associated with SCH; this generated a prepregnancy definition of
SCH as TSH >2.5mIU/L with a normal FT4 and the question
whether L-T4 supplementation should be started already for
subtler thyroid hypofunctions in attempting pregnancy women.
This approach seems to be particularly adopted in infertile
women undergoing ART because in 46% of unsuccessfully
cycles an underlying thyroid abnormality may be recognized
[10] and an inverse proportion seems to exist between TSH lev-
els and fertilization rate [11]. Furthermore, it is well docu-
mented that the controlled ovarian hyperstimulation (COH)
protocols can alter the thyroidal axis [12,13]; consequently, a
subclinical dysfunctional thyroid could have a lower ability to
adapt to the increased demand for thyroid hormones induced
by COH.

The relevance of a preconception untreated TSH >2.5mIU/L
in infertile patients undergoing ART has been examined in a few
retrospective studies with conflicting results: some studies [14,15]
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ART outcomes. In a relatively recent prospective study, Busnelli
et al. [26] reported that in up to two-thirds of adequately treated
hypothyroid women undergoing ART serum TSH exceeds the
recommended threshold of 2.5 mIU/L suggesting the relevance
of a precocious treatment with L-T4 when prepregnancy TSH is
already >2.5mIU/L.

Some limitations of the study should be recognized. Firstly,
its retrospective, observational design resulted in no randomiza-
tion of the patients to balance their prognosis; accordingly, one
cannot rule out that the possibilities of success would have been
similar even without L-T4 supplementation. Secondly, L-T4
treatment was started only on the basis of a TSH >2.5mUI/L
without considering FT4; thus, the definition of SCH was modi-
fied, as normal FT4 was not used as an inclusion criterion.
Nevertheless, in clinical practice, FT4 is not routinely checked in
pregnant women, because of the limitations of the available
assays, and the elevated TSH level is used to guide treatment.
Finally, the effect of thyroid autoimmunity (TAI), prevalent in
up to 20% of women of childbearing age [27], was not consid-
ered on ART outcomes. However, this could be a minor concern
considering that recent reports mitigate the real effects of TAI
on female fertility outcomes at least in the presence of a normal
thyroid function. In their recent retrospective cohort study
Unuane et al. [28] evaluated the impact of TAI on live birth
delivery in women submitted to IVF/ICSI: compared with
patients without TAI women with TAI and normal prepregnancy
thyroid function had the same cumulative live birth after six
ART cycle. More recently, Negro et al. [29] in their prospective
intervention trial demonstrated that in TAI positive women with
a TSH <2.5mUI/L in the first trimester of pregnancy the mis-
carriage rate was not higher compared with TAI negative
women, independently regardless of L-T4 treatment. Taken
together these two studies underlined that in the presence of a
normal thyroid function the impact of TAI on women fertility is
nowadays questionable. Therefore, in our study, the hypothetical
effect of TAI would have been overcome by L-T4 treatment.

Conclusions

In conclusion, thyroid function assessment in infertile women
scheduled for ART is mandatory and L-T4 treatment should be
offered timely in the presence of a TSH >2.5mUI/L before start-
ing COH to mitigate the effects of hypothyroidism on IVF/
ICSI outcomes.
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secondary endpoints, only the number of embryos transferred
was higher in the L-T4 treated group. However, the meaning of
this isolated result is questionable because the difference is very
small (mean number of embryos transferred: 2.03 and 1.97,
respectively, in treated and euthyroid group) and moreover the
total number of embryos was roughly the same (4 and 3.95,
respectively, in treated and euthyroid group). Thus, an adequate
L-T4 supplementation, started already in presence of subtler thy-
roid dysfunction, may mitigate and protect from the possible
negative effects of a subtle hypothyroidism in the setting of ART.
Our results perfectly agree with those reported in a similar study
in which IVF-ICSI outcomes in women with treated hypothy-
roidism (pre-cycle TSH >2.5mIU/L) were assessed in a more
limited number of cycles [20]. Busnelli et al. compared ART
cycles of 137 women with hypothyroidism treated with L-T4 to
274 euthyroid controls and observed that even though the
treated group had a higher risk of poor response, longer duration
of stimulation, and lower fertilization rate, the relevance of these
differences was mild because, as in our study, the authors did
not find significant differences between the two groups for the
most relevant ART outcomes (pregnancy rate, implantation rate,
and live birth rate) [20].

By contrast, the results of two other similar studies, assessing
ART outcome in women with treated hypothyroidism, are quite
different [18,19]. Kilic et al. [18] reported a lower clinical preg-
nancy rate in a group of 15 women treated with L-T4 because of
hypothyroidism compared with 31 euthyroid women; 42%,
p¼ .021). Scoccia et al. [19] compared 21 women with treated
hypothyroidism and 219 euthyroid controls and documented a
significantly reduced implantation rate, clinical pregnancy rate,
and delivery rate. It must be, however, underlined that in these
studies was not used the stringent pre-cycle TSH threshold above
2.5mIU/L to start L-T4 treatment; accordingly, a proportion of
the women were actually undertreated leading to questionable
conclusions.

The effects of SCH on female reproductive function have
been recently reviewed in a meta-analysis [23] in which a higher

risk of maternal and fetal adverse outcomes were reported: com-
pared with euthyroid pregnant women, pregnant women with
SCH were at higher risk for pregnancy loss (relative risk [RR]
2.01 [confidence interval (CI) 1.66–2.44]), placental abruption
(RR 2.14 [CI 1.23–3.70]), premature rupture of membranes
(RR 1.43 [CI 1.04–1.95]), and neonatal death (RR 2.58
[CI 1.41–4.73]). In this meta-analysis, authors included 18 cohort
studies: in 6 of 18 SCH was defined as a TSH >2.5mIU/L.
These observations reinforce the Endocrine Society and the
American Thyroid Association recommendation of a TSH upper
limit <2.57mIU/L in the first trimester of pregnancy with a
timely L-T4 treatment when TSH is above this limit.
Furthermore, a recent retrospective cohort study [24] evaluating
the effects of L-T4 on pregnancy outcomes in women with TSH
>2.5mIU/L found that L-T4 treatment significantly reduced the
risks of a low birth weight and low Apgar score.

Thus, considering the negative impact of a TSH >2.5mIU/L
on female reproductive outcomes, current recommendations
include treating with L-T4 to optimize the preconception TSH
value to <2.5mIU/L also for the infertile women [25]. As here
documented, this approach seems to be particularly recom-
mended for the infertile women with subtle TSH elevation
undergoing ART in which an early L-T4 treatment may prevent-
ively overcome also the negative impact of COH on thyroidal
axis. Several studies have reported an impairment of thyroid
function during COH [12,13] reflected by an increase in serum
TSH. This thyroid dysfunction mainly develops during the
gonadotropin treatment phase [26] and seems to be attributable
to the supraphysiological estrogen levels which in turn lead to an
elevated hepatic synthesis of thyroid-binding globulin (TBG).
Consequently, circulating binding sites for the T4 rise resulting
in a decrease of free T4 (FT4). As serum FT4 levels decrease,
serum TSH levels increase through the classical
hypothalamo–pituitary–thyroid feedback mechanism. A normally
functioning thyroid can face this increased demand for thyroid
hormones, whereas a subclinical dysfunctioning gland may have
a compromised ability of adaptation, which can result in worse

Table 3. ART outcomes in treated hypothyroid and euthyroid women.

Outcome L-T4 treated women Euthyroid women p Value

Retrieved oocytes (n) 9.93 ± 5.44 10.08 ± 5.68 .605
Mature oocytes (n) 8.64 ± 5.10 8.72 ± 5.27 .818
M2 oocytes post denuding 7.28 ± 4.37 7.35 ± 4.53 .985
Fertilized oocytes (n) 4.11 ± 2.20 4.04 ± 2.23 .295
Fertilization rate (%) 69.78% 70.25% .387
Cycles with failed fertilization 81 (5.04%) 283 (5.73%) .316
Total number of embryos (n) 4.02 ± 2.16 3.95 ± 2.21 .198
Transferred embryos (n) 2.03 ± 0.82 1.97 ± 0.85 .022
Embryo implantation rate (%) 13.09% 14.15% .122
Clinical pregnancy rate/cycle [n (%)] 445 (27.67%) 1302 (26.37%) .314
Clinical pregnancy rate/embryo transfer 445 (30.13%) 1302 (29.17%) .489
Miscarriage rate/pregnancy [n (%)] 80 (17.98%) 241 (18.51%) .832
Pregnancy termination for fetal anomaly 5 (1.12%) 17 (1.31%) 1.000
Ectopic pregnancies 9 (0.56%) 27 (0.55%) 1.000
Live birth rate/cycle [n (%)] 347 (21.58%) 1006 (20.38%) .304
Live birth rate/embryo transfer [n (%)] 347 (23.49%) 1006 (22.54%) .449
Gestational age (weeks)
Singleton birth 38.8 ± 2.0 38.6 ± 2.4 .354
Twin births 35.6 ± 2.0 35.3 ± 2.5 .809
Triplets births 29.3 ± 3.8 30.9 ± 3.0 .553

Birth weight (kg)
Singleton birth 3142 ± 601 3087 ± 574 .267
Twin births 2275 ± 448 2240 ± 536 .509
Triplets births 1206 ± 585 1408 ± 665 .498
Total number of children delivered 427 1263
Neonatal anomalies 4 (0.94%) 20 (1.58%) .478

Values are expressed as mean ± SD or number (percentage of category) unless otherwise noted.
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were tailored on an individual basis according to the patient’s
age, serum hormonal levels, and antral follicle count.
Transvaginal ultrasonography, estradiol, and progesterone deter-
minations were performed during hyperstimulation cycle. When
at least three follicles with a mean diameter >18mm were
observed, 250mcg of recombinant human chorionic gonado-
tropin (hCG) (Ovitrelle; Merck Serono) was administered sub-
cutaneously. Oocyte retrieval was performed transvaginal 36 h
after hCG injection. Embryo transfer was performed 48 to 84 h
after oocyte collection. Luteal phase was supported in all patients
with vaginal progesterone (Crinone 8%; Merck Serono or
Prometrium; Rottapharm, Monza, Italy). Serum hCG was
assessed two weeks after embryo transfer and then every 48 h
until a value over 1.000 mIU was detected and a vaginal ultra-
sound was scheduled 4weeks after the embryo transfer.

Clinical pregnancy was defined a pregnancy as visualization
of one or more gestational sacs or definitive clinical signs of
pregnancy. It includes ectopic pregnancy as defined by The
International Committee for Monitoring Assisted Reproductive
Technology (ICMART) and the World Health Organization
(WHO) Revised, Glossary on ART Terminology, 2009 [22]. The
implantation rate was calculated as the ratio between the number
of gestational sacs identified at this time and the number of
embryos transferred. Miscarriage rate and ectopic pregnancies,
per clinical pregnancy, were defined as the proportion of patients
who failed to continue development before 23 weeks of gestation
in all clinical pregnancies. Live birth was defined as the delivery
of a fetus with signs of life after 23 completed weeks of gesta-
tional age. Fertilization rate was calculated as the percentage of
two-pronuclei oocytes obtained divided by the number of
oocytes inseminated or injected.

Outcome measures

The primary clinical endpoints were the in vitro fertilization out-
comes: clinical pregnancy rate and live birth rate per started
cycle and per embryo transfer. Miscarriage rate, ectopic pregnan-
cies, fetal, neonatal anomalies, and live birth deliveries were con-
firmed through direct patient or referral doctor report. Neonatal
data were confirmed at 28 after delivery (perinatal period).

Secondary efficacy endpoints included the numbers of
retrieved, mature and fertilized oocytes, the fertilization rate, the
total number of obtained embryos, and the implantation rate.
The gestational age and birth weight in singleton, twin, and trip-
lets pregnancies were also assessed.

Statistical analysis

Data were described as number and percentage, or mean and
standard deviation, as appropriated.

Differences between the two groups were explored with
Wilcoxon test or chi-square test, as appropriated. A p< .05 was
considered as significant.

All analysis was performed with Stata13 (Stata Corp. 2013.
Stata Statistical Software: Release 13; Stata Corp LP, College
Station, TX).

Results

In 1074 of 4147 women (26%) basal TSH levels were >2.5 mUI/
L (3.37 ± 1.28; p< .001 vs euthyroid) and according to our study
protocol were treated with L-T4 before COH was started.

Table 1 depicts the baseline characteristics of the two study
groups at the start of the COH protocol. After adequate L-T4
supplementation, TSH levels were similar in treated and in
euthyroid groups. Both groups were also comparable in age dis-
tribution, anti-M€ullerian hormone (AMH) levels and antral fol-
licle count (AFC); only body mass index (BMI) and FSH were
significantly higher among L-T4 treated women.

Infertility diagnoses were distributed roughly similarly
between the two groups regarding diminished ovarian reserve,
combined female and male infertility factors, unexplained infer-
tility, altered ovulation, genetic factors, and pure male infertility
factor (defined as a total progressive motile sperm count
<12.48! 106 in rough semen; Table 2).

The primary and secondary efficacy endpoints measures are
summarized in Table 3. All parameters considered were similar
with no statistically significant differences among two groups;
only the number of transferred embryos was higher in the
treated group. 1353 deliveries were observed and 1029 were sin-
gle (76.05%), 311 (22.99%) twins, and 13 (0.96%) triplets. In
treated and not treated group there was 269 and 760 singleton,
76 and 235 twins, 2 and 11 triplets pregnancy, respectively;
gestational age, as well as birth weight for these three different
categories of births, did not differ significantly (Table 3).
No significant differences were found in the rate of anomalies.

Discussion

In this retrospective study, we have compared the principal IVF-
ICSI outcomes in a group of euthyroid (pre-cycle TSH <2.5
mIU/L) infertile women and in a group of infertile women with
a subtle thyroid dysfunction (pre-cycle TSH >2.5mIU/L) in
which L-T4 treatment was rapidly started to optimize thyroidal
function before to be submitted to ART. To our knowledge, this
study evaluated the L-T4 effects on the larger number of infertile
women submitted to ART. The principal finding was that no sig-
nificant differences emerged between the two groups regarding
the primary clinical endpoints, that is, clinical pregnancy rate,
miscarriage rate, and live birth rate. When we considered

Table 1. Baseline characteristics of treated hypothyroid and euthyroid women
included in the study.

Parameters L-T4 treated women Euthyroid women p Value

No. of patients/cycles 1074/1608 3073/4937 –
Age (years) 35.6 ± 3.3 35.6 ± 3.4 .914
BMI (kg/m2) 22.5 ± 3.5 22.1 ± 3.2 <.001
TSH (mIU/mL) 1.43 ± 0.69 1.52 ± 0.52 .544
FSH 7.53 ± 2.79 7.34 ± 2.75 .009
AMH (ng/mL) 2.52 ± 3.22 2.69 ± 5.09 .846
Total AFC (n) 8.68 ± 6.97 8.72 ± 6.86 .836

Values are expressed as mean ± SD.

Table 2. Infertility diagnosis in treated hypothyroid and euthyroid women.

Etiology L-T4 treated women Euthyroid women p Value

Male factor 841 (52.30%) 2411 (48.84%) .016
Diminished ovarian reserve 178 (11.07%) 520 (10.53%) .546
Tubal factor 180 (11.19%) 669 (13.55%) .015
Combined male/female factor 179 (11.13%) 558 (11.30%) .892
Unexplained 107 (6.65%) 320 (6.48%) .816
Endometriosis 80 (4.98%) 324 (6.56%) .023
Combined female factors 23 (1.43%) 60 (1.22%) .521
Altered ovulation 20 (1.24%) 69 (1.40%) .711
Genetic 0 6 (0.12%) .347

Values are expressed as number (percentage of category). Numbers and related
percentages refer to cycles.
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to FSH, whereas juvenile or adult Sertoli cells do not
(Griswold et al. 1977). The factor(s) that control(s) the de-
velopmental shift of Sertoli cells from a proliferative to
nonproliferative state during postnatal life has attracted
considerable research interest. An extensive body of lit-
erature indicates that thyroid hormone plays a key role in
this process and is critically involved in establishing the
adult Sertoli cell population. In this review, we discuss the
ability of thyroid hormone to regulate key cell cycle pro-
teins within neonatal mouse Sertoli cells, particularly the
cyclin-dependent kinase inhibitors (CDKIs) p27Kip1 and
p21Cip1, with an emphasis on recent developments in this
area that have provided new mechanistic insights into the
way in which the cessation of Sertoli cell proliferation
occurs during development.

Thyroid hormone regulates early Sertoli cell development

Early work indicated that thyroid hormone was not a major
regulator of the adult testis (Barker and Klitgaard 1952;
Oppenheimer et al. 1974). Nevertheless, a critical devel-
opment was the report that thyroid hormone receptors are
present in high quantities in neonatal Sertoli cells, indicat-
ing that the developing Sertoli cell and testis may be an
important thyroid hormone target, even though the adult
testis is less dependent (Palmero et al. 1988; Jannini et al.
1990). For example, hypothyroidism in the neonatal rat im-
pairs testicular growth, germ cell maturation, seminiferous
tubule lumen formation, and other developmental events
(Palmero et al. 1989; Francavilla et al. 1991; De Franca et al.
1995; Maran et al. 2001). Despite the inhibitory effects of
hypothyroidism on testicular development, rat pups that are
made hypothyroid by the administration of the goitrogen
6-propyl-2-thiouracil (PTU) from birth to day 25 postnatal

and then allowed to recover back to a euthyroid state have
increases in adult testis size and daily sperm production
(DSP) of 80% and 140%, respectively, compared with con-
trol animals (Cooke et al. 1991; Cooke and Meisami 1991).
These surprising and counterintuitive findings that neonatal
hypothyroidism increases adult testis size and DSP, despite
the known inhibitory effects on the testis during the period
of hypothyroidism, have stimulated research in many labo-
ratories directed toward establishing the mechanisms of the
transient hypothyroidism effect on the developing testis.

Van Haaster et al. (1992) and others (Joyce et al. 1993)
have established that hypothyroidism prolongs Sertoli cell
proliferation, thus leading to an increased adult Sertoli cell
population and subsequent increases in adult testis size and
DSP following neonatal hypothyroidism. These findings
suggest that thyroid hormone normally induces Sertoli cells
to stop proliferating. Subsequently, several laboratories have
shown that the biologically active thyroid hormone, 3,5,3′-
triiodo-L-thyronine (T3), can decrease Sertoli cell prolifer-
ation and stimulate maturation in vitro, indicating that T3
has direct effects on Sertoli cells (Cooke et al. 1994; Jannini
et al. 1995; Palmero et al. 1995b; Arambepola et al. 1998a,
1998b). Thus, T3 normally terminates Sertoli cell prolif-
eration and stimulates the functional maturation of these
cells (Fig. 1). In contrast, hypothyroid animals have an ex-
tended period of Sertoli cell proliferation, which results in
an increased number of Sertoli cells. After recovery from
hypothyroidism, these animals have a larger adult Sertoli
cell population, which leads to increased numbers of germ
cells through an unknown mechanism (Brinster 2002). The
overall result is an increase in adult testis size, Sertoli cell
number, and DSP in animals following neonatal hypothy-
roidism, regardless of the inhibitory effects on the testis
during the period when the animal is hypothyroid (Palmero
et al. 1989; Francavilla et al. 1991; Maran et al. 2001).

Fig. 1 Illustration of the effects of thyroid hormone on testis
development. In euthyroid rodents, Sertoli cells proliferate through
the first 2 postnatal weeks. Transient neonatal hyperthyroidism
results in a precocious cessation of Sertoli cell proliferation, leading
to a smaller adult Sertoli cell population compared with euthyroid
controls. In contrast, transient neonatal hypothyroidism lengthens the
proliferative period and therefore increases the adult Sertoli cell

population. Since Sertoli cells support a fixed number of germ cells,
the changes in Sertoli cell number directly affect the capacity to
support germ cells and the ultimate magnitude of sperm production.
Therefore, the overall effects of transient neonatal hyper- or
hypothyroidism result in decreases and increases in testis size,
respectively, attributable to the changes in adult somatic and germ cell
populations
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changes in proteolytic degradation rather than transcrip-
tional regulation (Weissman 1997; Hershko and Ciechanover
1998; Bornstein et al. 2003). Protein degradation in eu-
karyotes is predominately through the ubiquitylation of
target proteins, which serves to identify these proteins for
proteosomal breakdown. Both p27Kip1 and p21Cip1 are spe-
cifically targeted for ubiquitylation degradation (Carrano
et al. 1999; Sutterluty et al. 1999; Nakayama et al. 2000;
Bornstein et al. 2003) primarily by the ubiquitin E3 ligase,
SCFSKP2 (Yu et al. 1998; Nakayama et al. 2000). SCFSKP2

is a multiple subunit complex composed of the proteins
Skp1/Cul1/Cdc53, Rbx/Roc1, and the F-box protein Skp2
(Nakayama et al. 2000). Skp2 contains the substrate-spe-
cific motifs that function to identify phosphorylated p27Kip1

and p21Cip1 and thus induce the ubiquitylation of p27Kip1

and p21Cip1 by the recruitment of the rest of the SCFSkp2

complex (Yu et al. 1998; Carrano et al. 1999). However,
Skp2 expression levels are transient through the cell cycle,
accumulating just prior to the G1 to S transition and then
dissipating at the M phase (Willems et al. 1996), and there-
fore the rate-limiting step in p27Kip1 and p21Cip1 degrada-
tion is the accumulation of Skp2. This leads to a situation in
which Skp2 concentrations are inversely correlated with
p27Kip1 and p21Cip1 levels, so that when Skp2 increases at
the G1 transition, p27Kip1 and p21Cip1 levels decline be-
cause of increased proteosomal degradation, resulting in the
progression of the cell cycle (Zhang et al. 1995; Carrano et al.
1999; Sutterluty et al. 1999).

The significance of Skp2 in regulating the cell cycle can
be seen in transgenic mice with null mutations within the
Skp2 gene. Skp2 knockout (Skp2KO) mice are viable, with
a 30% reduction in body weight compared with wild-type
littermates (Nakayama et al. 2000). At the cellular level,
Skp2KOs show an accumulation of p27Kip1 and cyclin E
leading to the development of polyploid nuclei and multiple
centrosomes (Nakayama et al. 2000). This nuclear pheno-
type is absent in double-mutant mice lacking both Skp2 and
p27Kip1, suggesting that the sustained elevation of p27Kip1

levels is necessary for the development of the endoreplica-
tion condition (Nakayama et al. 2004) and demonstrating
the key role of Skp2 in the regulation of normal p27Kip1

degradation. From these data, we have hypothesized that,
because of the critical role of p27Kip1 and p21Cip1 in the
development of the testis and in establishing Sertoli cell
number, Skp2KO mice would have significantly smaller
testis weights and adult Sertoli cell number because of the
increased p27Kip1 (and possibly increased p21Cip1) levels in
these animals. Consistent with this hypothesis, preliminary
analyses in our laboratory have shown that testis weights
(Fig. 3) and DSP are reduced 80% and 85%, respectively, in
4-month-old Skp2KO mice compared with wild-type mice
(D.R. Holsberger and P.S. Cooke, unpublished). Sertoli cell
numbers in these mice have not yet been determined, but we
anticipate that the reduction in DSP in Skp2KOmice will be
reflective of a smaller Sertoli cell population. We are ac-
tively conducting experiments to determine whether the T3
effect on Sertoli cell proliferation occurs through Skp2,
which causes secondary changes in p27Kip1 and p21Cip1

(Fig. 4).

Thyroid hormone effects on Sertoli cell development are
mediated through thyroid hormone receptor alpha 1

T3 exerts its biological actions on target organs through
thyroid hormone receptors (TR). Two genes, c-erbAα and
c-erbAβ, encode for TRs, and as a result of alternative

Fig. 3 Loss of critical cell cycle proteins alters adult testis size.
Whole-mount photograph of testes from 4-month-old wild-type (a),
p27Kip1 and p21Cip1 double-knockout (b) and Skp2 knockout (c)
mice. Scale Bar 5 mm

Fig. 4 Model for the inhibition of neonatal Sertoli cell proliferation
by thyroid hormone. Thyroid hormone may inhibit Skp2 activity to
regulate Sertoli cell proliferation. Suppression of Skp2 function by T3
may occur either directly (1) or indirectly through other targets that
may lie upstream of Skp2 (2), leading to the accumulation of p27Kip1

and p21Cip1 and subsequent withdrawal from the cell cycle. Other
proteins may be targets of T3 andmodulate p27Kip1 and p21Cip1 levels
(3), or actions on these putative T3 targets could inhibit Sertoli cell
proliferation through effects on cell cycle proteins that do not involve
p27Kip1, p21Cip1, or Skp2 (4). Known pathways are represented by
solid arrows, and other potential interactions are denoted by dashed
arrows.
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Abstract More than a decade of research has shown that
Sertoli cell proliferation is regulated by thyroid hormone.
Neonatal hypothyroidism lengthens the period of Sertoli
cell proliferation, leading to increases in Sertoli cell num-
ber, testis weight, and daily sperm production (DSP) when
euthyroidism is re-established. In contrast, the neonatal
Sertoli cell proliferative period is shortened under hyper-
thyroid conditions, but the mechanism by which thyroid
hormone is able to negatively regulate Sertoli cell prolif-
eration has been unclear. Recent progress in the under-
standing of the cell cycle has provided the opportunity to
dissect the molecular targets responsible for thyroid-hor-
mone-mediated effects on Sertoli cell proliferation. In this
review, we discuss recent results indicating a critical role for
the cyclin-dependent kinase inhibitors (CDKI) p27Kip1 and
p21Cip1 in establishing Sertoli cell number, testis weight,
and DSP, and the ability of thyroid hormone to modulate
these CDKIs. Based on these recent results, we propose a
working hypothesis for the way in which thyroid hormone
regulates the withdrawal of the cell cycle by controlling
CDKI degradation. Finally, although Sertoli cells have been
shown to have two biologically active thyroid hormone
receptor (TR) isoforms, TRα1 and TRβ1, experiments with

transgenic mice lacking TRα or TRβ illustrate that only
one TR mediates thyroid hormone effects in neonatal Ser-
toli cells. Although significant gaps in our knowledge still
remain, advances have been made toward appreciation of
the molecular sequence of events that occur when thyroid
hormone stimulates Sertoli cell maturation.

Keywords Sertoli cells . Proliferation . Thyroid hormone .
Thyroid hormone receptor . Cyclin-dependent kinase
inhibitors

Introduction

Sertoli cell number in the testis establishes the upper limit of
sperm production because each Sertoli cell supports a rel-
atively fixed number of germ cells. Therefore, the regula-
tion of Sertoli cell proliferation and the factors controlling
the establishment of the adult population are important. In
the indifferent fetal gonad, the SRY gene initiates gonadal
somatic cell differentiation toward the Sertoli cell pathway
(for a review, see Mackay 2000). Sertoli cells proliferate
actively for the remainder of fetal life and into the postnatal
period. Once Sertoli cell proliferation ceases, the adult
population is established, and no further mitogenesis
occurs. Despite similarities in overall Sertoli cell develop-
ment in various mammals, the length and pattern of
proliferation varies by species. For example, Sertoli cell
proliferation in rats and mice terminates by about day 16
postnatally, whereas Sertoli cell proliferation in larger
species can continue for up to several years postnatally
(Orth 1982; Cortes et al. 1987; Joyce et al. 1993; Marshall
and Plant 1996; Sharpe et al. 2000).

Follicle-stimulating hormone (FSH) from the pituitary is
a primary regulator of Sertoli cell proliferation, as shown by
knockout studies in which the loss of FSH or FSH receptor
markedly decreases adult Sertoli cell populations (Kumar
et al. 1997; Krishnamurthy et al. 2000). However, the ces-
sation of neonatal Sertoli cell proliferation in vivo occurs
despite continual FSH exposure (Kirby et al. 1992). Like-
wise, cultured neonatal Sertoli cells proliferate in response
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species can continue for up to several years postnatally
(Orth 1982; Cortes et al. 1987; Joyce et al. 1993; Marshall
and Plant 1996; Sharpe et al. 2000).

Follicle-stimulating hormone (FSH) from the pituitary is
a primary regulator of Sertoli cell proliferation, as shown by
knockout studies in which the loss of FSH or FSH receptor
markedly decreases adult Sertoli cell populations (Kumar
et al. 1997; Krishnamurthy et al. 2000). However, the ces-
sation of neonatal Sertoli cell proliferation in vivo occurs
despite continual FSH exposure (Kirby et al. 1992). Like-
wise, cultured neonatal Sertoli cells proliferate in response
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Steroidogenic Function in the Adult Rat after Neonatal 
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ABSTRACT 
Administration of the goitrogen, 6-propyl-2-thiouracil (PTU), to 

suckling rat DUDS from birth through day 24 postpartum as a 0.1% 
solution in the mother’s drinking water increases adult testis size and 
sperm production by about 80% and 140%, respectively, without af- 
fecting peripheral testosterone levels. The objectives of this study were 
to determine whether adult Leydig cell numbers were altered in PTU- 
treated rats and whether the steroidogenic function of these cells was 
normal. The number of Leydig cells per testis at 180 days increased by 
69% in PTU-treated compared to control rats, whereas the average 
Leydig cell volume declined by about 20%. Steroidogenic function 
assessed in isolated adult Leydig cells decreased after neonatal PTU 
treatment. LH-stimulated testosterone production was reduced by 55% 

in Leydig cells from treated rats, commensurate with a 50% decline in 
the number of hCG-binding sites in these cells. The difference in 
steroidogenic potential was even more striking after incubations with 
saturating concentrations of steroid substrate, SB(R)-hydroxycholes- 
terol; Leydig cells from treated males produced 73% less testosterone 
than controls. Therefore, this decrease in testosterone production may 
be partially due to a reduction in the numbers of LH receptors, but 
also reflects the impaired steroidogenic potential of these cells. These 
results clearly show that the dramatic increase in adult Leydig cell 
number after neonatal PTU treatment is counterbalanced by a per- 
manent decline in Leydig cell steroidogenic function, producing no net 
change in peripheral testosterone levels. (Endocrinology 132: 2417- 
2420,1993) 

T HE GROWTH and functional maturation of the testis 
are under endocrine control. However, these processes 

have been difficult to study in viva because of the number 
and complex interaction of the hormonal signals involved. 
Recently, an animal model has been described that dramat- 
ically alters both the size and function of the testis and 
produces well defined changes in hormone levels (1, 2). In 
this model, neonatal hypothyroidism induced by treatment 
with 6-propyl-2-thiouracil (PTU) has been shown to increase 
the size of the testis and other reproductive organs in adult 
rats (1). The 80% enlargement of the testis results from 
combined increases in the numbers of germ cells and Sertoli 
cells (3, 4), which together produce a 140% increase in daily 
sperm production compared to that in untreated control 
animals (5). However, the peripheral levels of testosterone 
in the adult rat are unaffected by neonatal hypothyroidism 
(1, 2, 6). In addition, PTU treatment suppresses the levels of 
FSH and LH throughout adulthood (2). Therefore, the ob- 
served increases in testis size and the numbers of germ and 
Sertoli cells must result from other changes in endocrine or 
paracrine factors. 

The effects of neonatal hypothyroidism on the structure 
and function of adult Leydig cells have not been described. 
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In light of the information presented above, three alternative 
outcomes can be formulated: 1) normal levels of peripheral 
testosterone could signify that, in contrast to germ and Sertoli 
cells, Leydig cell number and testosterone production are 
unchanged in the adult PTU-treated rat; 2) Leydig cell num- 
bers rise, but testosterone levels do not change, because 
increased synthesis is offset by increased peripheral metab- 
olism; and 3) Leydig cell numbers rise, but testosterone levels 
do not change, because steroidogenic output by individual 
Leydig cells is lowered. In the present study, Leydig cell 
number and steroidogenic function were measured to dis- 
criminate among these opposing hypotheses. 

Materials and Methods 

Animals and treatment 

A detailed description of the treatment regimen has been previously 
published (1, 6). In brief, newborn male Sprague-Dawley rats (SASCO, 
Omaha, NE) were made hypothyroid by suckling from mothers that 
were given 0.1% (wt/vol) PTU in their drinking water. Maternal break- 
down of PTU is negligible, and the molecule is transferred intact through 
the milk (7). The duration of the treatment was from birth to the time 
of weaning at 24 days postpartum. Cherry-flavored Kool-Aid was also 
added to the drinking water (l%, wt/vol) to counteract the unpalatable 
taste of the PTU. Both diet and regular sugar-sweetened Kool-Aid were 
used in separate replications of the experiment, because the two for- 
mulations produced equivalent results in previous studies (1, 2). Control 
rats suckled from mothers that were supplied with water containing 1% 
Kool-Aid without PTI-J. The animals were killed by asphyxiation with 
CO> at 180 days of age. The animal protocol was approved by the 
Institutional Animal Care and Use Committee of the Rockefeller Uni- 
versity (Protocol 91200). 

2417 
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Conclusion: “..the dramatic increase in adult Leydig cell after neonatal PTU treatment is 
counterbalanced by a permanent decline in Leydig cell steroidogenic function”. 
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Localization of TR genes during development in
human testis

To investigate the regional expression of TR genes in hu-
man testis during development, we used in situ hybridiza-
tion. A hybridization signal with specific TR!1 (Fig. 5) and
TR!2 (data not shown), was apparent in prepubertal testis
obtained from a subject of 26 months and localized in the
seminiferous epithelium but not in interstitium. In particular,
focal cytoplasmatic precipitates were detected in Sertoli cells,
but not in germ cells of seminiferous cords. In contrast, the
TR" specific oligo did not hybridize to any region of the
prepubertal testis, compared to the hybridization signal
found in the SKN-N-SH cells, used as positive control (data
not shown).

Discussion

We demonstrated for the first time that human testis, a
tissue previously considered virtually devoid of TRs and
unresponsive to thyroid hormones, expresses exclusively
TR!, but not TR", from fetal life to adulthood. The expression
of TR! is confined to Sertoli cells and is ontogenetically
regulated.

The presence of two distinct genes encoding TRs suggests
that both are important for the T3-signaling pathway. How-
ever, the ! and " forms are expressed in a distinct, but often
overlapping pattern, suggesting that they may mediate both
individual and common functions (18). In fact, there are few
tissues in which only one TR form is expressed (19, 20).

The unique expression of TR! in human testis, its local-
ization in Sertoli cells, and its progressive decrease from fetal
to adulthood parallels that of rat gonad, a tissue in which we
demonstrated the localization of TR!1 and TR!2 in prenatal,
perinatal, and prepubertal Sertoli cells and the absence of
TR" (6, 21). Thus, the growing number of results obtained
with testicular tissues of hypo- and hyperthyroid rodents
may be of value for humans. Furthermore, human testis, like

prepubertal rat testis, can be considered an excellent model
for studying the role of TR!, because of the absence of other
TR forms.

The ontogenetic pattern of TR! expression in human testis
herein described may explain the abnormalities of the male
reproductive function accompanying the hyposecretion of
thyroid hormones in prepubertal age. In fact, several well-
controlled studies on boys have demonstrated that juvenile
hypothyroidism can be associated with precocious sexual
development (for review, see Ref. 1). This precocity is char-
acterized by enlargement of the testes, in the absence of
activation of the hypotalamus-pituitary-gonadal axis, with-
out autonomous androgen hypersecretion and virilization
that, for this reason, has been termed “pseudopseudo pre-
cocious puberty” (22). Up to 59 cases of prepubertal hypo-
thyroidism have been reported in boys (1, 21), and more than
75% had testicular size measurement compatible with mac-
roorchidism. Testicular biopsies showed a predominance of
the tubular compartment, characterized by an early onset of
spermatogenesis. This could be due to the high levels of FSH
found in this condition (23, 24) and/or to the lack of thyroid
hormone action during the period of maximal expression of
TR!1.

Our study demonstrates that human testis expresses TR!1
even in adulthood, although at low levels, when the !2/!1
ratio reaches its maximum. Additional studies on the spa-
tiotemporal distribution of TR coactivators and corepressors
(25) in human testis are needed to elucidate whether these
levels are sufficient to mediate an action of thyroid hormones
in the adult gonadal tissue. However, clinical reports suggest
that this is not the case. In fact, when reviewing clinical
literature, it is clear that the male reproductive function is not
substantially affected when hyper- or hyposecretion of thy-
roid hormone occurs after puberty (1).

The role of non-T3-binding isoform TR!2 in many tissues
and in the testis, both in humans and rodents, is not clear, but

FIG. 5. Localization of TR! mRNAs by
in situ hybridization. The biotinylated
oligos used in Fig. 2 have been hybrid-
ized with testis sections from a patient
of 26 months. SC, Sertoli cells; GC,
germ cells; I, interstitium. Original
magnification, !100.
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individual and common functions (18). In fact, there are few
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for studying the role of TR!, because of the absence of other
TR forms.
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reproductive function accompanying the hyposecretion of
thyroid hormones in prepubertal age. In fact, several well-
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hypothyroidism can be associated with precocious sexual
development (for review, see Ref. 1). This precocity is char-
acterized by enlargement of the testes, in the absence of
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out autonomous androgen hypersecretion and virilization
that, for this reason, has been termed “pseudopseudo pre-
cocious puberty” (22). Up to 59 cases of prepubertal hypo-
thyroidism have been reported in boys (1, 21), and more than
75% had testicular size measurement compatible with mac-
roorchidism. Testicular biopsies showed a predominance of
the tubular compartment, characterized by an early onset of
spermatogenesis. This could be due to the high levels of FSH
found in this condition (23, 24) and/or to the lack of thyroid
hormone action during the period of maximal expression of
TR!1.

Our study demonstrates that human testis expresses TR!1
even in adulthood, although at low levels, when the !2/!1
ratio reaches its maximum. Additional studies on the spa-
tiotemporal distribution of TR coactivators and corepressors
(25) in human testis are needed to elucidate whether these
levels are sufficient to mediate an action of thyroid hormones
in the adult gonadal tissue. However, clinical reports suggest
that this is not the case. In fact, when reviewing clinical
literature, it is clear that the male reproductive function is not
substantially affected when hyper- or hyposecretion of thy-
roid hormone occurs after puberty (1).

The role of non-T3-binding isoform TR!2 in many tissues
and in the testis, both in humans and rodents, is not clear, but
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testis mRNAs obtained at different ages. An XhoI-EcoRI
cDNA fragment corresponding to the last 600 nt of the TR!1
sequence was first used to probe the testicular mRNAs ob-
tained from fetuses of 17 and 23 weeks of gestation, from
18-month-old patients, or pooled samples from three subjects
(38-, 42-, and 52-yr-old; Fig. 3, top, A, B, C, and D, respec-
tively). The 6-kb band signal corresponding to !1 was more
intense in the 17 weeks of gestation testis and it dramatically
decreased throughout development, being faintly detectable
in the adult testis, as observed by RT-PCR.

Using an EcoRI- EcoRI cDNA corresponding to the last 600
nt of the TR!2 sequence, the same Northern membrane was
rehybridized to study the expression pattern of the TR!2
isoform (Fig. 3, middle). The 3.2-kb band signal corresponding
to !2 followed the expression pattern of the !1 isoform, show-
ing maximal expression at 17 weeks of gestation and a sharp
decrease during development and after birth.

To make a direct comparison of the expression of both the
isoforms, a full-length cDNA probe corresponding to the
complete TR! sequence was used. A ratio between the in-
tensity of the signal from TR!2 and TR!1 was obtained, nor-
malizing for the GAPDH signal (Fig. 4). The expression pat-
tern from this experiment further confirms the results
obtained by using the specific !1 and !2 probes and under-
lines the expression trend of both the isoforms. When eval-
uating the ratios between the intensities from !2 and !1, it is
interesting to observe that at 17 and 23 weeks of gestation the
ratio is 2.6 and 3.2, respectively, and it further increases after
birth, being 4.2 at 18 months and 12.0 at adulthood.

Expression of TR" in human testis

To investigate TR" expression, a preliminary RT-PCR anal-
ysis was performed on RNAs extracted from fetal testes of 17
weeks of gestation and from pooled samples from three
subjects (38-, 42-, and 52-yr-old). As reported in Fig. 2 (bot-

tom), TR" expression was absent at both ages. Because it was
possible that this receptor could have been expressed late in
fetal life or during prepubertal age, the same mRNAs used
for ! expression were hybridized using a full-length cDNA
probe specific for the TR" sequence. As shown in Fig. 3 (third
panel) no signals were obtained at any age studied, compared
to the SK-N-SH cell line (positive control), which gave a 10-kb
signal corresponding to TR".

FIG. 2. Expression of various TR isoform mRNAs in human testis
during development and adulthood. Semiquantitative RT-PCR anal-
ysis of fetal (17 weeks of gestation) and adult (a pool of mRNAs
extracted from testes of patients 38, 42, and 52 yr of age) human testis.
The cDNA transcribed from 2 #g total RNA from testes or SK-N-SH
cells (positive control) was used as a template for the PCR amplifi-
cation of TR!1, TR!2, TR", and h"-actin, used as internal control.

FIG. 3. Expression of various TR isoform mRNAs in human testis
during development and adulthood. Representative Northern blot
of 10 #g of poly(A)! RNA extracted from fetal (lane A, 17 weeks of
gestation; lane B, 23 weeks of gestation) and postnatal human
testis (lane C, 18 months after birth; lane D, a pool of testes from
patients 38, 42, and 52 yr of age). Samples were separated on a
denaturing gel, blotted on nylon filters, and hybridized with the
cDNA fragments corresponding to the indicated TR or with a hu-
man GAPDH probe to assess their integrity and concentration. Ten
micrograms of human neuroblastoma SK-N-SH cells Poly(A)! RNA
have been used as positive control. The size of the different mRNAs
are also shown. The figure is representative of three separate
experiments.

FIG. 4. TR!1 and TR!2 expression and ratio during and after devel-
opment. Expression of TR!1 (F) and TR!2 (f) mRNAs in fetal (17 and
23 weeks after coitum, a.c., respectively), postnatal (18 months after
birth, a.b.), and adult human testis (a pool of testes from patients 38,
42, and 52 yr of age). Autoradiographs of Northern blots performed
with the full-length TR! cDNA have been scanned, and densitometric
values of specific bands corresponding to the TR!1 and TR!2 mRNAs
were normalized to that of GAPDH control probe. The TR!2/TR!1 ratio
(Œ) was also plotted.

THYROID HORMONE RECEPTORS IN HUMAN TESTIS 3455

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/85/9/3453/2660714 by U
niversità degli S

tudi di B
rescia user on 22 O

ctober 2018

Ontogenetic Pattern of Thyroid Hormone Receptor
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ABSTRACT
We studied the spatiotemporal distribution of thyroid hormone

nuclear receptors (TRs) !1 and !2 and " messenger RNA (mRNA)
levels in normal human testicular tissue during development and in
adulthood. Nonpathological specimens from five aborted fetuses (17
and 23 weeks of gestation, three and two cases, respectively) and from
four patients undergoing orchiectomy (18 months old and 38-, 42-, and
52-yr-old, respectively) were analyzed by Northern blot, semiquan-
titative RT-PCR amplification using DNA sequences or specifically
designed primers for the TR isoforms, and in situ hybridization.

By using PCR amplification, we found that TR!1 and TR!2 are both
expressed at different levels in fetal and adult testis. At all ages TR!2
is found at higher levels. Northern analysis showed hybridization
signals corresponding to the expression of TR!2 and TR!1 in a ratio
that increased from 2.6 at 17 weeks of gestation to 12.0 in adulthood.
In fact, the expression of TR!1 dramatically decreased throughout
development, being faintly detectable in the adult testis. Expression

of TR" was not detected at any age studied. This finding was further
confirmed by PCR, which did not amplify TR" either in fetal or in adult
testis mRNAs. In situ hybridization studies showed the absence of
TR" and that TR!1 and TR!2 colocalized in Sertoli cells of prepubertal
testis, whereas germ and interstitial cells appeared devoid of TR
mRNA signals.

From these results it can be concluded that the human testis
exclusively expresses TR!, which is localized in Sertoli cells, TR"

being always undetectable. Fetal and prepubertal ages represent the
period of maximal expression of TR!1 and TR!2. The !2/!1 ratio rises
dramatically after development. These results confirm a critical win-
dow for the action of thyroid hormone in human testis, in the period
of maximal expression of T3 binding isoform TR!1, and may account
for the macroorchidism without virilization occurring when hypose-
cretion of thyroid hormones occurs before puberty. (J Clin Endocrinol
Metab 85: 3453–3457, 2000)

THYROID HORMONES play an important role in the
growth, development, and metabolism of mammalian

tissues, and their excess or deficiency affects many organs
and systems. However, controversy exists regarding the im-
pact of iodothyronines on human male reproduction (1). This
is due to the apparent clinical irrelevance of signs and symp-
toms related to male gonadal function during hypo- and
hypersecretion of thyroid hormones, to the paucity of well-
controlled clinical studies, to the fact that thyroid diseases are
more common in females than in males, and, finally, to the
demonstration that the adult male gonad of experimental
animals is metabolically unresponsive to thyroid hormones
(2). Furthermore, the c-erbA!2 sequence (TR!2), which en-
codes a thyroid hormone receptor (TR) isoform that does not
bind the hormone (3) but exerts a dominant negative effect
on the action of other TR isoforms (4), has been cloned from

a human adult testis cDNA library (5), suggesting that this
tissue is unresponsive to thyroid hormones. However, in
prepubertal rat, we showed the presence of nuclear-binding
activity for thyroid hormones (6), due to the expression of the
TR!1 messenger RNA (mRNA) (7), and a growing amount of
evidence (8–11) demonstrates that prepubertal testis is a
target organ for iodothyronines.

mRNA of other TR forms and isoforms that bind T3 (TR!1,
TR"1, and TR"2) have never been probed in human testis. We
now study the expression pattern of different TR forms and
isoforms in fetal, prepubertal, and adult human testis, show-
ing the exclusive presence of !1 and !2 isoforms, localized
within the seminiferous epithelium in Sertoli cells, expressed
at different levels during and after development, the " form
being virtually absent at all studied ages.

Materials and Methods
Subjects

Human fetal testes were obtained from five prostaglandin abortions
at 17 weeks (three cases) and 23 weeks (two cases) of gestation with the
permission of the Committee of Clinical Investigation. The ages of the
fetuses were estimated from the menstrual history and from the mea-
surements of fetal size, and samples from fetuses of the same gestational
age were pooled. Postnatal human testicular tissues from four patients
of various ages (18 months old and 38-, 42-, and 52-yr-old, respectively)
were obtained at surgery for testis or prostate cancer. The patients had
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Differential Regulation Of Steroidogenic Enzyme
Genes by TR! Signaling in Testicular Leydig Cells

Eunsook Park,* Yeawon Kim,* Hyun Joo Lee, and Keesook Lee

Hormone Research Center, School of Biological Sciences and Technology, Chonnam National University,
Gwangju, Republic of Korea

Thyroid hormone signaling has long been implicated in mammalian testicular function, affecting
steroidogenesis in testicular Leydig cells. However, its molecular mechanism is not well under-
stood. Here, we investigated the molecular action of thyroid hormone receptor-! (TR!) on mouse
testicular steroidogenesis. TR!/thyroid hormone (T3) signaling differentially affected the expres-
sion of steroidogenic enzyme genes, mainly regulating their promoter activity. TR! directly reg-
ulated the promoter activity of the cytochrome P450 17!-hydroxylase/C17–20 lyase gene, elevating
its expression in the presence of T3. TR! also indirectly regulated the expression of steroidogenic
enzyme genes, such as steroidogenic acute regulatory protein and 3"-hydroxysteroid dehydro-
genase, by modulating the transactivation of Nur77 on steroidogenic enzyme gene promoters
through protein-protein interaction. TR! enhanced Nur77 transactivation by excluding histone
deacetylases from Nur77 in the absence of T3, whereas liganded TR! inhibited Nur77 transactiva-
tion, likely due to interfering with the recruitment of coactivator such as the steroid receptor
coactivator-1 to Nur77. Together, these findings suggest a role of TR!/T3 in testicular steroido-
genesis and may provide molecular mechanisms for the differential regulation of steroidogenic
enzyme genes by thyroid hormone. (Molecular Endocrinology 28: 822–833, 2014)

T hyroid hormone plays a role in the development,
growth, and function of many organs and tissues in-

cluding the testis. In the testis, levels of thyroid hormone
are changed during early development, affecting testicu-
lar maturation and function (1). Thyroid hormone regu-
lates the proliferation and differentiation of testicular Ser-
toli and Leydig cells. For example, neonatal transient
hypothyroidism induced by treatment with 6-propyl-2-
thiouracil increases the number of testicular cells includ-
ing Sertoli and germ cells, and consequently increases the
production of sperm (2). In addition, neonatal-prepuber-
tal transient hypothyroidism causes a delay in the differ-
entiation of precursors into Leydig cells, whereas hyper-
thyroidism accelerates the differentiation of precursor
cells and the proliferation of adult-type Leydig cells (3).

The action of thyroid hormone in target tissues is me-
diated by thyroid hormone receptors (TRs). TRs belong
to the family of nuclear receptors (NRs) and are ligand-
dependent transcription factors. There are 2 TR isoforms,
TR! and TR", which are encoded by separate genes,
THRA and THRB, respectively (4). TR! and TR" have
very similar structures, consisting of an N-terminal trans-
activation domain, a central DNA-binding domain, and a
C-terminal ligand-binding domain. TRs regulate gene ex-
pression by binding to thyroid response elements (TREs)
in the promoter region of target genes as TR homodimer
or heterodimers with retinoic X receptors (5). The bind-
ing of ligands to TRs changes the conformation of NRs,
reverses silencing, and induces transcriptional activation
that releases corepressors and recruits coactivators. This
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including MA-10 and TM3, and primary Leydig cells
(Figure 1B).

Leydig cells in the testis express steroidogenic enzyme
genes and produce testosterone in response to LH/cAMP
signaling from the pituitary. To mimic physiological con-
ditions, we treated cultured Leydig cells with cAMP and
explored the effects of thyroid hormone on steroidogen-
esis. The effects of thyroid hormone on cAMP-induced
expression of steroidogenic enzyme genes were first as-
sessed at their mRNA and protein levels by incubating
MA-10 Leydig cells with or without T3 (100 nM) in the
presence of cAMP for 0–24 hours. Northern blot analysis
revealed that T3 treatment resulted in an increase of the
P450c17 mRNA levels, whereas 3!-HSD mRNA levels
were decreased by T3. On the other hand, mRNA levels of

StAR were increased until 4 hours and mRNA levels of
P450scc were increased until 8 hours, both of which were
decreased thereafter by T3 treatment (Figure 1C, top).
Interestingly, the mRNA levels of Nur77, one of the ma-
jor transcription factors that regulate the expression of
steroidogenic enzyme genes in Leydig cells, were in-
creased by T3 treatment. As expected, quantitative real-
time PCR analysis of mRNA levels at 8 hours treatment of
T3 in the presence of cAMP revealed that T3 treatment
significantly increased mRNA levels of P450c17,
P450scc, and Nur77, whereas it decreased mRNA levels
of StAR and 3!-HSD (Figure 1C, bottom). Western blot
analyses showed a similar T3 effect on the protein levels of
steroidogenic enzymes, although the effects were less
prominent and time delayed (Figure 1D, top). At 24 hours
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Figure 1. Differential effects of thyroid hormone on the expression of steroidogenic enzyme genes in Leydig cells. A, Expression of TR"1 in the
testis. TR"1 expression was determined by immunohistochemistry using anti-TR"1 antibody in adult mouse testes. Positive signals were detected in
Leydig cells (arrows) and germ cells. The section for negative control was incubated with normal IgG prior to incubation with the secondary
antibody (magnification, !400). B, Expression of TR" in Leydig cell lines and mouse primary Leydig cells. Extracts of various Leydig cell lines were
subjected to Western blot analysis. Extracts of MA-10 cells overexpressing TR" and 293T human kidney cells were used as a positive and negative
control, respectively (top). TR" expression in mouse primary Leydig cells was analyzed by RT-PCR. TR" expression plasmid was included as a
positive control (bottom). LaminB and !-actin expression was used as a loading control. C–E, Effect of thyroid hormone on cAMP-induced
expression of steroidogenic enzyme genes. C and D, The mouse Leydig cell line MA-10 was cultured overnight in medium containing 5% charcoal-
stripped serum. Cells were cotreated with 8Br-cAMP (0.5 mM) and T3 (100 nM) and were harvested at different time points. C, Total RNAs (20 #g)
were analyzed by Northern blot analyses with steroidogenic enzyme (P450C17, StAR, 3!-HSD, and P450scc) and Nur77 cDNA probes (top). The
mRNA levels of steroidogenic enzyme genes, Nur77 and TR", were analyzed by quantitative real-time PCR with cells treated with 8Br-cAMP and T3

for 8 hours (bottom). D, Total cell extracts (120 #g of protein) were subjected to Western blot analysis for the protein levels of steroidogenic
enzymes and Nur77 (top). The protein levels of steroidogenic enzyme genes in cells, which were treated with 8Br-cAMP and T3 for 24 hours, were
quantified by Image J software (bottom). E, Primary Leydig cells were cultured and cotreated with 8Br-cAMP and T3 for 8 hours as in panel C.
mRNA levels of steroidogenic enzyme genes, Nur77 and TR", were analyzed by quantitative real-time PCR. F, Effect of thyroid hormone on cAMP-
induced testosterone production. Culture media of MA-10 and primary Leydig cells, which were treated with 8Br-cAMP and T3 for 48 hours, were
analyzed for testosterone levels by RIA. In panels A, B, and C (top) and D (top), data are representative of 3 independent experiments. In panels C
(bottom), D (bottom), E, and F, values represent means " SEM of 3 independent experiments. *, P # .05; **, P # .01; ***, P # .001.
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Background: Abnormalities of spermatogenesis are associated with numerous diseases and aging. The objective
of this study was to investigate the impact of hypothyroidism on human spermatogenesis and different sperm
function tests.
Methods: Twenty-five hypothyroid men and 15 normal individuals were investigated. Semen analysis, fructose
and acid phosphatase measurements, teratozoospermia index (TZI), and acridine orange test were determined
before and 6–9 months after the initiation of treatment with levothyroxine.
Results: Morphology is the only sperm parameter that differs significantly between hypothyroid patients and
controls ( p < 0.0001). After treatment, morphology improved significantly ( p < 0.001). Motility was also decreased
before treatment in comparison with controls, and improved after treatment. However, the difference was not
significant. TZI correlated with free thyroxine.
Conclusions: Hypothyroidism has an adverse effect on human spermatogenesis. Morphology is the only sperm
parameter that is significantly affected. Motility may also be affected, but further studies regarding this are
needed. Screening for thyroid dysfunction in males who present with a defect in spermatogenesis is strongly
recommended, and if hypothyroidism is noted, the response to thyroid hormone should be evaluated before
initiating other treatments.

Introduction

Hyper- and hypothyroidism are the main thyroid
diseases that may have an adverse effect on male re-

production. While the effects of those two entities on female
gonadal function are well established (1–5), a few uncon-
trolled studies with controversial results exist regarding the
impact of these diseases on male reproductive function.
There are mainly two reasons for this: (a) thyroid diseases are
more common in females than in males, and (b) signs and
symptoms related to male gonadal function might be ob-
scured by the systemic effects of hypothyroidism.

Recently, it has been reported that hypothyroidism in
males is associated with erectile dysfunction and that treat-
ment of thyroid dysfunction restores erectile function (6).

The aim of this controlled, prospective study was to in-
vestigate the effect of hypothyroidism on sperm quality and
composition, and also on different sperm parameters such as
fructose (FR), acid phosphatase, teratozoospermia index (TZI),
and acridine orange test (AOT) in hypothyroid male patients
before and after attainment of euthyroidism. Similar data,

to the best of our knowledge, have not been published
previously.

Materials and Methods

Patients

Thirty-five male patients (mean age 44.1! 13.7, range
18–65 years), all attending the thyroid outpatient clinic of
Panagia General Hospital (Thessaloniki, Greece), were re-
cruited for the study; 3 refused to participate, 4 did not attend
the final appointment, and 3 did not produce sperm at their
initial visit, making the total number 25. Twenty of those were
married with children, one married without children, and
four unmarried. None of the patients had any serious illnesses
in the past year nor were taking any medication on a per-
manent basis. Eleven out of 25 were smokers ($20 cigarettes
daily), and all had normal alcohol consumption. Moreover, no
patient had any known fertility problem, and semen analysis
was performed in all patients for the first time. Free testos-
terone (FTesto) and prolactin (PRL) were normal in all pa-
tients and controls. All patients were clinically hypothyroid,
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Acridine orange test (AOT)

AOT was used to distinguish between spermatozoa with
native DNA (green fluorescence) and single-stranded DNA
(orange-red fluorescence) as a marker for abnormal chro-
matin condensation. Aliquots of 10mL volume were spread
over a clean microscope slides and allowed to air dry. The
slides were fixed in Carnoy’s solution (1:3 glacial acetic
acid=absolute methanols) for 2 hours. Slides were then
stained in AO (CI 46005; Sigma Chemical, St Louis, MO) at 2.5
pH for 5 minutes at room temperature in the dark in an alu-
minium foil–covered 500-mL glass container. After staining,
the slides were gently rinsed with deionized water, mounted
using phenylenediamine mounting medium, and examined
under a fluorescence microscope (Leitz, Oberkochen, Ger-
many) equipped with a 490-nm excitation filter and 530-nm
barrier. About 200 spermatozoa from each slide were assessed
in 10 individual fields for the presence of orange-red fluo-
rescence. Sperm with normal condensed DNA revealed a
distinct green fluorescent color, whereas sperm heads dis-
playing a fluorescent spectrum varying from yellow-green to
red were considered as denatured (12).

Statistical analysis

All data were analyzed using the statistical package SPSS
(version 12.0; SPSS Inc., Chicago, IL). All results are reported
as median and range. The Mann–Whitney test was used for
comparisons between groups. The Wilcoxon Signed rank test
was used to test the effect of therapy on sperm analysis pa-
rameters. Associations between the studied parameters were
explored using Spearman’s rank order correlation coefficient.
In all cases, a two-tailed p-value less than 0.05 was considered
significant.

Results

Nine (36%) of the hypothyroid patients had normal mor-
phology spermatozoa that was significantly less ( p< 0.0001)
than controls [14 (93%)] (Fig. 1). After thyroid hormone
treatment 19 (76%) of the hypothyroid patients had sperma-
tozoa normal in morphology ( p< 0.001) when compared with
pretreatment findings (Fig. 1). No difference was found be-
tween posttreatment findings and controls. There was a ten-
dency for motility to be improved after treatment (25%
to 35%), but this finding was not significant. We also found
that TZI correlated significantly with FT4 levels at baseline
(r¼" 0.49, p< 0.01) (Fig. 2). Fructose correlated significantly
with motility at baseline in controls (r¼ 0.79, p< 0.001). Re-
garding controls, no significant difference was found in
morphology (27% vs. 29%) and motility (31% vs. 30%) be-
tween the first sample and second sample in the six individ-
uals investigated.

Discussion

The role of thyroid hormone in testicular development and
function has received much attention because of the report
that functional thyroid hormone receptors are present in high
quantities in neonatal Sertoli cells (13–15). These findings
changed the classical view of the testis as a thyroid hormone
unresponsive organ, suggesting that thyroid hormone could
have direct effects on testis. The above data together with the
reported high levels of expression of functional triiodothyro-
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The Impact of Thyroid Disease on Sexual Dysfunction in Men and
Women

Andrew T. Gabrielson, BA, Rita A. Sartor, BA, and Wayne J. G. Hellstrom, MD, FACS

ABSTRACT

Background: Individually, thyroid disease and sexual dysfunction are common conditions that can have a
detrimental effect on quality of life. Recent reports have documented an increased prevalence of sexual
dysfunction among patients with thyroid disorders. As such, it is important for sexual medicine physicians to be
primed on the presentation of patients with overlying sexual and thyroid dysfunction to allow for proper
management.

Aim: To review the available literature exploring the relationship between thyroid disease and sexual dysfunction
in men and women.

Methods:A PubMed review of existing clinical and pre-clinical studies from 1978 through 2018 was performed.

Main Outcome Measures: The prevalence, symptomatology, pathophysiology, diagnosis and management of
patients with sexual dysfunction in the setting of thyroid disease were reviewed.

Results:The prevalence of sexual dysfunction in patients with hypothyroid (59e63% and 22e46% in men and
women, respectively) and hyperthyroidism (48e77% and 44e60% in men and women, respectively) has been
estimated in select populations. Both hypothyroidism and hyperthyroidism were strongly associated with erectile
and ejaculatory dysfunction: hypothyroidism with delayed ejaculation, hyperthyroidism with pre-mature ejac-
ulation. Hypothyroidism and hyperthyroidism have been reported to impair libido in men and women; however,
evidence of hypothyroidism’s impact on male libido is mixed. Hypothyroid and hyperthyroid women demon-
strated impairments in desire, arousal/lubrication, orgasm, satisfaction, and pain during intercourse. Mecha-
nistically, hypothyroidism and hyperthyroidism exert effects on circulating sex hormone levels through peripheral
and central pathways and can indirectly provoke psychiatric and autonomic dysregulation that can impair sexual
function. Correction to euthyroid state was associated with dramatic resolution of sexual dysfunction in both
male and female patients with hypothyroidism or hyperthyroidism.

Conclusion: By improving awareness of the link between thyroid disease and sexual dysfunction, sexual med-
icine physicians may sooner identify patients whose sexual symptoms may be remedied by treating an underlying
thyroid disorder. Gabrielson AT, Sartor RA, Hellstrom WJG. The Impact of Thyroid Disease on Sexual
Dysfunction in Men and Women. Sex Med Rev 2018;XX:XXX-XXX.

Copyright ! 2018, International Society for Sexual Medicine. Published by Elsevier Inc. All rights reserved.
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INTRODUCTION

Thyroid disease and its impact on sexual function is a his-
torically under-examined issue; however, the last decade has led
to a surge in the number of well-designed population-based and
prospective controlled cohort studies exploring this relationship.
In 1995, Jannini et al1 published the first review relating these 2

disease states, and since that time, there have been over a dozen
studies investigating the impact of thyroid disease on sexual
function. The salience of the current review stems from the fact
that thyroid dysfunction is quite common in the general popu-
lation. Sexual medicine physicians are likely to encounter many
patients with concomitant hypothyroidism or hyperthyroidism,
and as such, must be cognizant of the role that these disease
processes play in sexual health. Furthermore, prompt treatment
of a patient’s thyroid disease may reduce or eliminate the need
for therapies targeting sexual dysfunction. This article will
broadly review thyroid disease, sexual dysfunction, the relation-
ship between the 2 conditions, and the role of treatment at their
inter-section.
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HYPOTHYROIDISM AND SEXUAL DYSFUNCTION

Prevalence
The true prevalence of sexual dysfunction in men and women

with hypothyroidism is unknown, and has been difficult to mea-
sure given the limited number of available studies. 1 Small study
involvingmen presenting with hypothyroidism found that 9 of the
14 (63.4%) patients had sexual dysfunction in the form of hypo-
active sexual desire, PE and DE, and ED.13 Another small study
(n ¼ 44) demonstrated that 63% of hypothyroid subjects had
some form of ED, which was significantly higher than the rate in
healthy controls (34%).14 Another similar study conducted by
Veronelli et al15 showed that 59% of men with hypothyroidism
had ED. Anecdotal evidence has also demonstrated that over 60%
of men with hypothyroidism experience ED.16

On the other hand, the prevalence of hypothyroidism in patients
presenting to clinic with sexual symptoms has been estimated to be
between 0.2e6% in select populations. Slag et al17 reported out-
comes of 401 men diagnosed with ED and found that 20 (5%) of
these men also had co-existing sub-clinical hypothyroidism as
measured by TSH, T3, and T4. A second study, which surveyed
600 men with ED, detected unsuspected hypothyroidism in 36
(6%) patients.18 Another study involving 305 men with idiopathic
infertility found that over 3% of subjects had sub-clinical hypo-
thyroidism and 7.5% of subjects had positive thyroid auto-
antibody titers.19 A study conducted at the Sexual Medicine and
Andrology Unit at the University of Florence (UNIFI) analyzed a
consecutive series of 3,203 heterosexual men presenting for sexual
dysfunction. This study found that 79 (2.5%) men presenting for
signs and symptoms of sexual dysfunction had high TSH levels
indicative of sub-clinical or overt hypothyroidism (>4.5 mU/L).20

Studies have demonstrated a much lower prevalence of co-existing
hypothyroidism and reproductive dysfunction. A study conducted
byKolettis et al21 involving 536men being evaluated for primary or
secondary infertility found that only 1 (0.2%) patient had
concomitant hypothyroidism.

Despite the relatively higher incidence of hypothyroidism in
women, few studies have formally evaluated the prevalence of
FSD in the setting of hypothyroidism. In a study involving 50
women with hypothyroidism, 23 (46%) were found to have FSD
as determined by the validated Female Sexual Function Index
(FSFI) score.22 In another study that enrolled 168 Chinese
women with sub-clinical hypothyroidism, 36 (21.4%) were
found to have FSD as measured by the Chinese version of the
FSFI (score <23.45). In this study, the incidence of decreased
desire was 14.3%, decreased arousal was 17.9%, decreased
lubrication was 21.4%, decreased orgasms was 21.4%, low sexual
satisfaction was 23.2%, and sexual pain was 23.2%.23 The
prevalence of menstrual disturbances in women with hypothy-
roidism has been estimated to be between 25e70%.24 There are
many studies that demonstrate a high prevalence of reproductive
dysfunction (ovulatory dysfunction and infertility) in women
with thyroid disease; however, this is outside of the scope of this
review.25,26

Proposed Mechanisms
The precise mechanism by which hypothyroidism causes

sexual dysfunction is not well characterized; however, several
associated hormonal axes have been implicated. Studies have
demonstrated that thyroid deficiency can exert both direct and
indirect effects on sexual function (Figure 2).

In men, hypothyroidism may cause sexual dysfunction by dis-
rupting regulation of the hypo-thalamic-pituitary-gonadal axis at
the level of the hypo-thalamus and pituitary, leading to reduced
circulating sex hormone levels. Studies have shown that hypo-
thyroidism is associated with decreased concentration of total and
free serum testosterone, as well as sex hormoneebinding globulin
(SHBG) when compared to euthyroid counterparts.15 Levels of
dehydroepiandrosterone (DHEA), DHEA sulfate, and estrogenic
metabolites of DHEA have also been shown to be decreased in
patients with hypothyroidism compared to healthy controls.27

Gonadotropin levels in hypothyroid patients are typically not
elevated, and hypothyroidism has been shown to attenuate lutei-
nizing hormone release in response to exogenous gonadotropin-
releasing hormone.28 This supports the notion that deficiencies
in thyroid hormone cause a hypo-gonadotropic hypo-gonadal
state, which can ultimately drive sexual dysfunction. This mech-
anism is supported by the study conducted byCarani et al,13 which

Figure 2. Schematic demonstrating the hormonal effects of hy-
pothyroidism on sexual dysfunction via inter-actions between the
hypo-thalamic-pituitary-thyroid (HPT) and hypo-thalamic-
pituitary-gonadal (HPG) axes. Sequela of hypothyroidism include:
(1) decreased free and total testosterone, and sex
hormoneebinding globulin (SHBG); (2) disinhibition of prolactin
(PRL) via increased thyrotropin-releasing hormone (TRH), pro-
moting hypo-gonadal hypo-gonadism; and (3) fatigue, mood dis-
orders, and weight gain due to reduced levels of circulating thyroid
hormones. E2 ¼ estriadol; FSH ¼ follicle stimulating hormone;
GnRH ¼ gonadotropin-releasing hormone; LH ¼ luteinizing hor-
mone; T3 ¼ tri-iodothyronine; T4 ¼ thyroxine; TSH ¼ thyroid-
stimulating hormone.
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hypogonadism. The outcome is dysregulated menses in women
and sub-fertility in both men and women. Other issues such as
recurrent pregnancy loss are important consequences of thyroid
abnormalities, but are outside the scope of this review. Depending
on etiology of thyroid hormone deficiency or excess, alterations in
sexual function can be distinct.

The goal of this review is to provide an update on available
studies that explore the relationship between thyroid disease and
sexual dysfunction in men and women. A secondary aim is to
help clinicians identify the link between these 2 disease states,
and understand the importance of timely screening and man-
agement of this patient population.

Table 3. Summary of available studies demonstrating an association between hypothyroidism and sexual dysfunction in men and women

Hypothyroidism

Men

Study Patients Results

Carani et al,13 2005 N ¼ 14 Hypothyroid 9 (63.4%) had ED, HSDD, and DE
1 (7.1%) had PE
All patients had low total T, estradiol, SHBG*

Krassas et al,14 2008 N ¼ 44 Hypothyroid Higher rates of ED in hypothyroid arm compared to controls
(63% vs 34%)*

N ¼ 71 Controls SHIM scores inversely correlated with TSH*
Veronelli et al,15 2006 N ¼ 55 Hypothyroid Higher rates of all forms of ED (IIEF-5) in hypothyroid arm

compared to controls*
N ¼ 109 Controls

Corona et al,20 2012
(UNIFI cohort)

N ¼ 3,203 Men presenting
to sexual medicine clinic

TSH inversely correlated with ED after adjusting for age, smoking,
T level, CDS*

High TSH correlated with moderate to severe HSDD*
Wortsman et al,39 1987 N ¼ 8 Hypothyroid 7 (88%) had Low libido of >1 y duration since diagnosis with

hypothyroidism
Jaya Kumar et al,28 1990 N ¼ 8 Hypothyroid 3 (38%) had Low libido

Women

Study Patients Results

Veronelli et al,40 2009 N ¼ 24 Hypothyroid All FSFI domain scores were lower in the hypothyroid arm
compared to controls*

N ¼ 36 Controls
Atis et al,41 2010 N ¼ 25 Hypothyroid Rates of FSD using FSFI were higher in those with any form of

hypothyroidism compared to controls (55% vs 14.6%)*
N ¼ 25 Sub-clinical hypothyroid
N ¼ 20 Controls

Oppo et al,29 2011 N ¼ 17 Hypothyroid All FSFI domain scores correlated with free T4, inversely
correlated with TSH*

N ¼ 30 Controls
Pasquali et al,42 2013 N ¼ 104 Hypothyroid FSD associated with any form of hypothyroidism (idiopathic,

Hashimoto)*
N ¼ 53 Controls Hypothyroidism associated with decreased desire, arousal,

lubrication, but not overall FSFI score, orgasmic function,
satisfaction, or sexual pain*

Krysiak et al,22 2016 N ¼ 50 Hypothyroid FSFI domain scores were higher in auto-immune hypothyroidism
compared to other forms of hypothyroidism*

N ¼ 18 Controls
Luo et al,23 2018 N ¼ 168 Sub-clinical

hypothyroidism
No increased risk of FSD in sub-clinical hypothyroidism

N ¼ 951 Controls No difference between groups with respect to FSFI domains

CDS ¼ chronic disease score; DE ¼ delayed ejaculation; ED ¼ erectile dysfunction; FSD ¼ female sexual dysfunction; FSFI ¼ Female Sexual Function Index;
HSDD ¼ hypo-active sexual desire disorder; IIEF ¼ International Index of Erectile Function; PE ¼ premature ejaculation; SHBG ¼ sex hormoneebinding
globulin; SHIM ¼ Sexual Health Inventory for Males; T ¼ testosterone; T4 ¼ thyroxine; TSH ¼ thyroid-stimulating hormone; UNIFI ¼ University of Florence.
*Statistically significant, P < 0.05.
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REVIEW

The Impact of Thyroid Disease on Sexual Dysfunction in Men and
Women

Andrew T. Gabrielson, BA, Rita A. Sartor, BA, and Wayne J. G. Hellstrom, MD, FACS

ABSTRACT

Background: Individually, thyroid disease and sexual dysfunction are common conditions that can have a
detrimental effect on quality of life. Recent reports have documented an increased prevalence of sexual
dysfunction among patients with thyroid disorders. As such, it is important for sexual medicine physicians to be
primed on the presentation of patients with overlying sexual and thyroid dysfunction to allow for proper
management.

Aim: To review the available literature exploring the relationship between thyroid disease and sexual dysfunction
in men and women.

Methods:A PubMed review of existing clinical and pre-clinical studies from 1978 through 2018 was performed.

Main Outcome Measures: The prevalence, symptomatology, pathophysiology, diagnosis and management of
patients with sexual dysfunction in the setting of thyroid disease were reviewed.

Results:The prevalence of sexual dysfunction in patients with hypothyroid (59e63% and 22e46% in men and
women, respectively) and hyperthyroidism (48e77% and 44e60% in men and women, respectively) has been
estimated in select populations. Both hypothyroidism and hyperthyroidism were strongly associated with erectile
and ejaculatory dysfunction: hypothyroidism with delayed ejaculation, hyperthyroidism with pre-mature ejac-
ulation. Hypothyroidism and hyperthyroidism have been reported to impair libido in men and women; however,
evidence of hypothyroidism’s impact on male libido is mixed. Hypothyroid and hyperthyroid women demon-
strated impairments in desire, arousal/lubrication, orgasm, satisfaction, and pain during intercourse. Mecha-
nistically, hypothyroidism and hyperthyroidism exert effects on circulating sex hormone levels through peripheral
and central pathways and can indirectly provoke psychiatric and autonomic dysregulation that can impair sexual
function. Correction to euthyroid state was associated with dramatic resolution of sexual dysfunction in both
male and female patients with hypothyroidism or hyperthyroidism.

Conclusion: By improving awareness of the link between thyroid disease and sexual dysfunction, sexual med-
icine physicians may sooner identify patients whose sexual symptoms may be remedied by treating an underlying
thyroid disorder. Gabrielson AT, Sartor RA, Hellstrom WJG. The Impact of Thyroid Disease on Sexual
Dysfunction in Men and Women. Sex Med Rev 2018;XX:XXX-XXX.
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INTRODUCTION

Thyroid disease and its impact on sexual function is a his-
torically under-examined issue; however, the last decade has led
to a surge in the number of well-designed population-based and
prospective controlled cohort studies exploring this relationship.
In 1995, Jannini et al1 published the first review relating these 2

disease states, and since that time, there have been over a dozen
studies investigating the impact of thyroid disease on sexual
function. The salience of the current review stems from the fact
that thyroid dysfunction is quite common in the general popu-
lation. Sexual medicine physicians are likely to encounter many
patients with concomitant hypothyroidism or hyperthyroidism,
and as such, must be cognizant of the role that these disease
processes play in sexual health. Furthermore, prompt treatment
of a patient’s thyroid disease may reduce or eliminate the need
for therapies targeting sexual dysfunction. This article will
broadly review thyroid disease, sexual dysfunction, the relation-
ship between the 2 conditions, and the role of treatment at their
inter-section.
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