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Thyroid function on
reproductive system

• Thyroid hormone receptor (THR) is expressed in ovary,
including cells of the epithelium, oocytes, and granulosa
cells.

Thyroid hormone and
female reproductive
system

Dosiou C. Thyroid 2020; 30. DOI: 10.1089/thy.2019.0382

• THR, deodinases, thyroid hormone (TH) transporters
are expressed in oocytes, endometrium, placenta, and
fetal tissues.
• Thyroid hormone (TH) plays critical role in implantation
and early fetal development through action on placenta
and endometrium, including regulation of invasiveness of
extravillous trophoblast.
• TH has synergistic action with FSH to promote
granulosa cell proliferation, enhancement of invasive
potential of the extravillous trophoblast through effect o
matrix metalloproteinase expression, and enhancement
of endometrial receptivity during the window of
implantation

Thyroid hormone and
female reproductive
system

• Effect of thyroid hormones on other hormones and
growth factors
• Sex steroids
• Leptin, corticosterone, growth hormone, insulin-like growth
factor 1, and prolactin
• Kisspeptin
• Effect of thyroid hormones on ovarian morphophysiology
• Folliculogenesis and ovulation
• Luteogenesis
• Thyroid dysfunction and ovarian cysts
• Effect of thyroid hormones on the uterus and uterine
tube
• Effect of thyroid hormones on the uterus during
gestation
• Effect of thyroid hormones on placental
morphophysiology
• Effects of thyroid hormones on trophoblastic cells in vitro

Silva JF et al. Biol Reproduction 2018; 99: 907-921

Thyroid hormone and
female reproductive
system

Silva JF et al. Biol Reproduction 2018; 99: 907-921

Thyroid autoantibody,
hypothyroidism, and
hyperthyroidism and
female infertility

The risk of infertility associated with autoimmune thyroid disease
(AITD)
Reference

Thyroid
antibody

Infertility Control description
cause

nSg

nCs

RR (95% CI)

P

Wilson et al. Roussev
et al.
Geva et al.
Kutteh et al.
Kaider et al.
Reimand et al.
Poppe et al.
Janssen et al.
All studies pooled*

Tm+Tg
Tm+Tg
Tm+Tg
TPO+Tg
TPO+Tg
Tm
TPO
TPO + Tg

OD
I,OD,E
I,T
I,OD,T,E
I,OD,E
I,OD,E
All causes
OD (PCOS)

8/77
5/63
15/80
132/688
51/167
2/108
61/438
47/175
321/1796

11/77
0/15
2/40
29/200
16/109
15/392
8/100
14/168
95/1101

0·7
1·2
3·8
1·3
2·1
0·5
1·7
3·2
2·1

ns
ns
ns
ns
0·02
ns
ns
< 0·0001
< 0·0001

Age-matched postpartum
‘Healthy’ nonpregnant
Age-matched ‘healthy’ nulligravidae
Reproductive aged, parous
Fertile
Unselected population
Age-matched nonpregnant parous
Age-matched, no PCOS

(0·3–1·9)
(0·1–11)
(0·8–17·3)
(0·9 –2·1)
(1·1– 3·9)
(0·1– 2·2)
(0·8 – 3·7)
(1·9 – 5·6)
(1·7– 2·6)

Type of thyroid antibody: Tm, thyroid microsomal; Tg, thyroglobulin; TPO, thyroid peroxidase.
Type of infertility: OD, ovulatory dysfunction; T, tubal disorders; E, endometriosis; I, idiopathic causes; PCOS, polycystic ovarian syndrome.
n, number of women with positive thyroid antibodies in study group (Sg) and controls (Cs).
*Calculated P-value is based on raw figures and not on a systematic meta-analysis.
Poppe K et al. Clinical Endocrinology (2007) 66, 309–321

Association between thyroid autoimmunity (TAI) and IVF/ICSI outcome

D. Unuane, B. Velkeniers / Best Practice & Research Clinical Endocrinology & Metabolism 34 (2020) 101378. https://doi.org/10.1016/j.beem.2020.101378

Proposed model of the
link between thyroid
autoimmunity and
infertility
(A) At early stages of thyroid auto- immunity,
thyroid hormone production in response to hCG
stimulation remains intact. Anti-TPO Abs target
TPO antigen on granulosa cells, creating a
hostile local immune microenvironment around
the oocyte. (B) At later stages of thyroid
autoimmunity, there is inadequate thyroidal
response to hCG resulting in suboptimal thyroid
hormone production, which influences ovarian
follicles as well as other reproductive tissues.
This is in addition to local autoimmunity at
the level of the follicle. fT4, free thyroxine; hCG,
human chorionic gonadotropin; TPO Abs, thyroid
peroxidase antibodies.
Dosiou C. Thyroid 2020; 30. DOI: 10.1089/thy.2019.0382

A. Early stages of thyroid autoimmunity
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B. Advanced stages of thyroid autoimmunity
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Local immune reaction
TPO

Anti-TPO Ab

Several theories have been proposed to explain the
relationship of TAI and Adverse Pregnancy Outcomes
1. The presence of circulating thyroid antibodies is not directly related to the pregnancy loss,
but rather represents a marker of an underlying autoimmune imbalance. An imbalance which,
in turn, could explain a greater rejection rate of the foetus.
2. Despite apparent biochemical and clinical euthyroidism, the presence of TAI could be represent
a reduced ability of the thyroid gland to adapt adequately to the necessary changes
associated with pregnancy; due to the reduced functional reserve characteristic of chronic
thyroiditis.
3. Increasing age has been associated with increasing titres of TPO-Ab; that age itself is the risk
factor rather than the TPO-Ab.
• It is most likely that the increased risk of adverse pregnancy outcomes associated with TAI is
of multifactorial origin.
R.K. Dhillon-Smith. Best Practice & Research Clinical Endocrinology & Metabolism, https://doi.org/10.1016/j.beem.2020.101433.

Synopsis of hormonal changes in male and female
thyrotoxicosis and hypothyroidism

Menstrual disturbances associated with
thyrotoxicosis and hypothyroidism

Krassas GE et al. Endocrine Reviews 31: 702–755, 2010

Change in cycle length and amount bleeding

Female
reproductive
system in
hypothyroidism

Ovarian stimulatory syndrome

Menorrhagia, due to estrogen breakthrough bleeding secondary to
anovulation

Decrease metabolic clearance rates of androstenedione and estrone and
increase peripheral aromatization

Summary:
- Girls cause alterations pubertal process, usually delay
- Mature women: abnormal menstrual cycles, especially anovulatory
cycles, and increase in fetal wastage

Prevalence of subclinical hypothyroidism in infertile women
Reference

Prevalence of SCH
in patients

Prevalence of SCH
in controls

SCH defined by

Type

Bohnet et al. (1981)
Gerhard et al. (1991)
Shalev et al. (1994)
Grassi et al. (2001)
Arojoki et al. (2000)
Poppe et al. (2002)
Raber et al. (2003)

11% (20/185)
43%* (80/185)
0·7% (3/444)
4·6% (6/129)
1·3% (4/299)
0·9% (4/438)
34% (96/283)

No controls
No controls
No controls
No controls
2–3%†
<1%
No controls

Basal TSH > 3 mU/l or peak TSH‡ > 15 mU/l
Peak TSH‡ > 20 mU/l
Basal TSH > 4·5 mU/l
Basal TSH > 4·5 mU/l
Basal TSH > 5·5 mU/l
Basal TSH > 4·2 mU/l
Basal TSH > 4 mU/l or peak TSH‡ > 15 mU/l

P
P
R
P
R
P
P

SCH, subclinical hypothyroidism; P, prospective; R, retrospective.
*One in 185 patients had a basal serum TSH > 6 mU/l (0·5%).
†Prevalence in the Finnish population.
‡Peak serum TSH after TRH-stimulation test.

Poppe K et al. Clinical Endocrinology (2007) 66, 309–321

Number (%) of patients and type of menstrual disturbance in hypothyroid
patients before and after thyroxine treatment and in normal controls
Normal controls
(n=124)

Hypothyroid patients
(n=171)
Before LT4

n

%

n

%

n

%

12

67.0

17

42.5

8

50

Amenorrhea

-

-

5

12.5

1

6

Polymenorrhea

1

5.5

-

-

-

-

Hypomenorrhea

3

16.5

6

15.0

4

25

Hypermenorrhea/menorrhagia

2

11.0

12

30.0

3

19

18

8.4

40

23.4a

16

9.3

Oligomenorrrhea

Total
a

After LT4

Statiscally significant percentage in comparison with that of normal control; P<0.001

Krassas GE et al., Clin Endocrinol 1999; 50: 655-9

Evaluation of Reproductive Outcome in Infertile Hypothyroid Women on Thyroxine Therapy
Distribution of cases showing the number of pregnancies achieved after different duration of thyroxine therapy in Group A
•
•

•

•

The study is a descriptive cohort study with
72 subjects.
Women between 20 and 40 years of age
with primary or secondary infertility with
hypothyroidism were studied and thyroid
profile including free T3, T4, TSH, and thyroid
antibodies were done.
Thyroxine was given to clinical, subclinical
hypothyroid subjects depending on TSH levels
such that serum TSH levels are maintained <
2.5 mU/L
Finally, reproductive outcome was analyzed in
two groups. Group A included hypothyroid
infertile women who conceived following
thyroxine therapy (N=38). Group B included
hypothyroid infertile women who did not
conceive following thyroxine therapy (N=34).

Duration of infertility until pregnancy after thyroxine therapy

<3
months

3-6
months

6-12
months

>12
months

Number of subjects conceived (n=38)
Number of subjects with clinical hypothyroidism who conceived (n=14)
Number of subjects with subclinical hypothyroidism who conceived (n=24)

3 (7.8)
3

9 (23.6)
2
7

20 (52.6)
7
13

6 (15.7)
5
1

Comparison of infertility duration before and after thyroxine treatment in Group A

Group A (n=38)
Before thyroxine treatment
After thyroxine treatment

Duration of infertility (years)

P

5.20±181
0.5±0.8

0.001

Reproductive outcome in infertile hypothyroid women on thyroxine therapy

Group A (n=38)
Clinical hypothyroidism (n=14)
Subclinical hypothyroidism (n=24)

Wadhwa L et al. J Hum Reprod Sci. 2020 Oct-Dec; 13(4): 272–276.

Frequency (%)
Clinical pregnancies (non-miscarriage)

Miscarriages

11 (78.5)
23 (96.1)

3 (21.4)
1 (3.8)

Prevalence of hypothyroidism in infertile women and evaluation of response of
treatment for hypothyroidism on infertility
Methods
A total of 394 infertile women visiting the infertility clinic for the first time were investigated for thyroid stimulating hormone (TSH)
and prolactin (PRL). Infertile women with hypothyroidism alone or with associated hyperprolactinemia were given treatment for
hypothyroidism with thyroxine 25–150 μg.

Results
Of 394 infertile women, 23.9% were hypothyroid (TSH > 4.2 μIU/ml). After treatment for hypothyroidism, 76.6% of infertile women
conceived within 6 weeks to 1 year. Infertile women with both hypothyroidism and hyperprolactinemia also responded to treatment
and their PRL levels returned to normal.

Conclusion
Measurement of TSH and PRL should be done at early stage of infertility check up rather than straight away going for more costly
tests or invasive procedures. Simple, oral hypothyroidism treatment for 3 months to 1 year can be of great benefit to conceive in
otherwise asymptomatic infertile women.
Verma I et al. Int J Appl Basic Med Res. 2012 Jan-Jun; 2(1): 17–19.

Ovulatory menstrual cycles

Female
reproductive
system in
thyrotoxicosis

Oligo-or amenorrhea is common
LH, FSH, estrogen levels increase
Elevated sex-hormone binding globulin (SHBG)
Decrease metabolic clearance rate of testosterone
and estradiol
Increase peripheral aromatization of androgen to
estrogen

Menstrual disturbance in 46 thyrotoxic female patients and 18
normal controls
Thyrotoxic
patients

Normal control

Type of menstrual disturbance

n

%

n

%

Hypomenorrhea
Polymenorrhea
Oligomenorrhea
Hypermenorrhea

24
15
5
2

52.0
32.5
11.0
4.5

3
1
12
2

16.5
5.5
67.0
11.0

Krassas GE et al. Clin Endocrinol 1994; 40: 641-644

Therapy of thyroid
dysfunction in female
infertility

Thyroid screening before and during pregnancy
2017 Guideline of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During
Pregnancy and the Postpartum

All patients seeking pregnancy, or newly pregnant, should undergo clinical
evaluation. If any of the following risk factors are identified, testing for serum TSH is
recommended:
1. A history of hypothyroidism/hyperthyroidism or current symptoms/signs of thyroid dysfunction
2. Known thyroid antibody positivity or presence of a goiter
3. History of head or neck radiation or prior thyroid surgery
4. Age >30 years
5. Type 1 diabetes or other autoimmune disorders
6. History of pregnancy loss, preterm delivery, or infertility
7. Multiple prior pregnancies (>2)
8. Family history of autoimmune thyroid disease or thyroid dysfunction
9. Morbid obesity (BMI >40 kg/m2)
10.Use of amiodarone or lithium, or recent administration of iodinated radiologic contrast
11.Residing in an area of known moderate to severe iodine insufficiency

Alexander EK et al. THYROID 27, 3, 2017. DOI: 10.1089/thy.2016.0457

As part of the subfertility
work-up in women

Algorithm for workup and
management of thyroid disorders
in women of subfertile couples
starting an ART procedure

Measure TSH and
TPOAb/TgAb1

TSH >4.0 mIU/L1/2

TSH 2.51-4.0 mIU/L1

TSH 0.30-2.50mIU/L

TSH <0.3 mIU/L2

If treated, adapt LT4 dose 4 weeks before starting OS3

2021 European Thyroid
Association Guideline on Thyroid
Disorders prior to and during
Assisted Reproduction

Measure
FT3 and FT4
TAI +

TAI Normal

Iniitiate LT4 and
control TSH before
starting OS3

Check TSH after
OS*

Check TSH after
OS if treated
with LT4*

Routine
care

Increased/decreased

Postpone ART and
perform endocrine
work-up

1If not possible for local terms, then measure TgAb in case TSH >2.5 mIU/L and negative TPOAb/look for sonographic criteria of TAI if
available. 2Or above/below the reference range of the assay for non-pregnant women or institutional population-specific values. 3LT4 dose
depending on baseline TSH level and body weight; start 25 μg when TSH 2.51–4.0 mIU/L → target TSH <2.5 mIU/L. #Decide to treat on
a case-by-case basis (cf text for details). *In case of pregnancy, the day of the second/confirmatory hCG measurement. TAI, thyroid
autoimmunity; TgAb, thyroglobulin antibodies; TPOAb, thyroid peroxidase antibodies; LT4, levothyroxine; hCG, human chorionic gonadotropin; OS,
ovarian stimulation; ART, assisted reproductive technology.
Poppe K et al. Eur Thyroid J 2020;9:281–295. DOI: 10.1159/000512790

Therapy of hypothyroid in in pregnancy
2017 Guideline of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During
Pregnancy and the Postpartum

o In hypothyroid women treated with LT4 who are planning pregnancy, serum
TSH should be evaluated preconception, and LT4 dose adjusted to achieve a
TSH value between the lower reference limit and <2.5 mU/L.
o Hypothyroid patients receiving LT4 treatment with a suspected or confirmed
pregnancy should independently increase their dose of LT4 by 20%–30% and
urgently notify their caregiver for prompt testing and further evaluation. One
means of accomplishing this is to administer two additional tablets weekly of
the patient’s current daily LT4 dosage.

Alexander EK et al. THYROID 27, 3, 2017. DOI: 10.1089/thy.2016.0457

L-thyroxine therapy in pregnancy with hypothyroidism
• Overt hypothyroidism in pregnancy: double the dose of levothyroxine
compared with those treated for subclinical disease.
• Subclinical hypothyroidism during pregnancy
• Baseline TSH up to 4.2 mIU/l: levothyroxine doses (1 mg/kg/day)
• Baseline TSH 4.2–10 mIU/l: 1.42 mg/kg/day
• When treating women with subclinical hypothyroidism with steady doses of
levothyroxine based on their baseline TSH levels, 79, 82 and 90% of women
with baseline TSH 2.5–5.0 mIU/l, 5.0–8.0 mIU/l and higher than 8.0 mIU/ l,
respectively, reached euthyroidism with respective levothyroxine doses of 50,
75 and 100 mg/day

Männistö T. Expert Rev Endocrinol Metab 2013;8:537-547

In case of hyperthyroidism in a man or woman seeking pregnancy

Diagnostic and
therapeutic
algorithm for a
man or a woman
with
hyperthyroidism
seeking fertility

Complete medical history and laboratory evaluation of the couple

Per-conception counseling

Treat early, ideally before planning of pregnancy to restore euthyroidism
(target: normal or high-normal FT4 concentration

Medical therapy

Ablative therapy (RAI, surgery)
Avoid RAI in women seeking
fertility, who do not use methods
of contraception

Mintziori G et al. J Endocrinol Invest 2016. DOI 10.1007/s40618-016-0452-6

Therapy of hyperthyroidism in pregnancy
2017 Guideline of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During
Pregnancy and the Postpartum

o PTU is recommended through 16 weeks of pregnancy
o Receiving MMI is switched to PTU as early as possible
o Initial doses of ATDs during pregnancy are as follows: MMI, 5–30 mg/d (typical dose in average
patient 10–20 mg); CM, 10–40 mg/d; and PTU, 100–600 mg/d (typical PTU dose in average
patient 200–400mg/d).
o When shifting from MMI to PTU, a dose ratio of approximately 1:20 should be used (e.g.,
MMI 5mg/d = PTU 50 mg twice daily).
o FT4/ TT4 and TSH should be monitored every 4 weeks.
o The lowest effective dose of MMI or PTU, targeting maternal serum FT4/TT4 at the upper
limit or moderately above the reference range.

Alexander EK et al. THYROID 27, 3, 2017. DOI: 10.1089/thy.2016.0457

Birth defect associated with ATD
MMI
•
•
•
•
•
•
•
•
•

Aplasia cutis
Choanal atresia
Esophageal atresia
Omphalocele
Urinary tract malformations
Eye defects
Ventral septal defects
Dysmorphic facies
Athelia (absence of one or both of
nipples)
• Developmental delay

PTU
• Pre-auricular sinus/fistula and cysts
• Urinary tract abnormalities in males

Breastfeeding has been shown to be safe in mothers taking ATDs in appropriate doses. MMI and PTU
both appear in breast milk in very small concentrations
Nguyen CT et al., Clinical Diabetes and Endocrinology (2018) 4:4 https://doi.org/10.1186/s40842-018-0054-7

Summary:

1. Thyroid hormone act widely in reproductive organs
2. Frequency of infertility among women with thyroid disorders is relatively high
3. Thyroid autoimmunity, hypothyroidism and hyperthyroidisms are associated with female infertility
4. Adequate therapy of thyroid disorders may be increased probability of conception

