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Abstract
Introduction: Thyroid autoimmunity (TAI) is the most common autoimmune disorder. Patients with TAI are usually euthyroid, and the pres-
ence of anti-thyroid peroxidase (anti-TPO) in patients with or without thyroid dysfunction is associated with infertility, recurrent em-
bryo implantation failure, and early pregnancy loss. We aimed to investigate the relationship between low ovarian reserve, pregnancy 
outcomes, and TAI.
Material and methods: This retrospective cohort study was conducted in in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) 
patients between 2010 and 2018.  All patients (n = 1400) for whom thyroid autoantibody testing was requested were detected. A study 
group was formed from patients with anti-TPO positivity (n = 363). The control group (n = 555) comprised euthyroid anti-TPO negative 
patients matched to the study group regarding age and body mass index (BMI).  
Results: Mean serum TSH value was 2.35 ± 1.70 mIU/mL in anti-TPO-positive patients and 1.81 ± 1.2 mIU/mL in controls, and the dif-
ference was significant (p < 0.05). Total dose of gonadotropins used in ovulation induction in anti-TPO-positive and control patients 
were 3000 IU and 2700 IU, respectively, and the difference was statistically significant (p < 0.05). The number of metaphase 2 oocytes 
was significantly lower in the anti-TPO-positive group (p < 0.05). Embryo transfer number and embryo grade were significantly lower in 
the anti-TPO-positive group (p < 0.01). Poor ovarian response was significantly higher in anti-TPO-positive patients (40%) as compared 
to anti-TPO-negative controls (30%) (p < 0.01). Clinical pregnancy rate was significantly lower in the anti-TPO-positive group (29.2%), 
as compared to the antibody-negative group (38.4%) (p < 0.01). 
Conclusions: There are controversial data regarding the impact of antithyroid antibodies on ovarian reserve and pregnancy outcome 
after IVF treatment. The results of this study indicate that there was a relationship between TAI and poor ovarian response, and that 
TAI adversely affects IVF outcomes. Further investigations are required to explore the mechanism behind these effects. (Endokrynol Pol 
2022; 73 (4): 699–705)
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Introduction

Thyroid autoimmunity (TAI) is the most common auto-
immune disorder, with a prevalence 8–14%, and the first 
cause of hypothyroidism in women of reproductive age 
[1, 2]. A wide range of data suggest that TAI is a preva-
lent problem amongst infertile patients [35].  

In TAI, thyroid autoantibodies (TA), mainly thyroid 
peroxidase (TPO) and thyroglobulin (Tg), are formed 
against the thyroid, causing chronic lymphocytic 
thyroiditis, which generally results in the destruction 
and loss of thyroid function. The presence of anti-thy-
roid peroxidase (anti-TPO) in patients with or without 
thyroid dysfunction has been associated with infertility, 

recurrent embryo implantation failure, early pregnancy 
loss, and adverse pregnancy outcomes [6]. 

The relationship between subfertility and TAI 
remains unclear. Increased TA may play a role in pre-
mature ovarian insufficiency, unexplained infertility, 
and recurrent in vitro fertilization IVF failures [7–9]. 
It has been shown that dominant immune responses to 
pro-inflammatory Th1 are linked to recurrent spontane-
ous miscarriages and numerous implantation defects, 
and cytokines including interferon gamma (INFg) are 
related to inflammation and cell-mediated immune re-
sponses that are secreted by Th1 cells and could result 
with thyroid autoimmunity [10, 11]. In infertile women 
with TA, a substantial increase in the endometrial T cell 
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of Medicine. It was approved by the Ethics Committee of the Gazi 
University.
Archive files and the database of patients that applied to Gazi 
University IVF Centre were examined between 2010 and 2018. 
All patients (n = 1400) for whom thyroid autoantibody testing 
was requested were detected. A study group was formed from 
patients with anti-TPO positivity (n = 363). The control group (n 
= 555) comprised euthyroid anti-TPO negative patients matched 
to the study group regarding age and body mass index (BMI). 
None of the patients received levothyroxine (LT4) replacement. 
The study included both primary and secondary infertile patients 
with at least one year of infertility, aged between 20 and 44 years. 
Patients with other endocrine disorders and patients who did not 
have sperm after testicular sperm extraction were excluded from 
the study. The first cycles of patients in our clinic were evaluated. 
Archive files and the database of patient records were examined 
for age, basal antral follicle counts (AFC), and basal hormone 
values on the 2nd–3rd day of menses, thyroid function tests, anti-
TPO, and BMI. The cycle data of the patients including ovarian 
stimulation protocol, hormone levels during ovarian stimulation, 
total dose of ovulation induction, duration of ovulation induction, 
progesterone and luteinizing hormone (LH) value on the day of 
human chorionic gonadotropin (hCG), endometrial thickness 
on the day of hCG, oocyte numbers after ovum pickup, number 
of metaphase II oocytes, grade of embryos, number of embryos 
transferred, and day of embryo transfer were collected from 
the database. 

Treatment protocol
Standardized ovarian stimulation regimens, including long 
gonadotropin-releasing hormone (GnRH) agonist, microdose 
flare-up, and GnRH antagonist protocols, were applied to patients 
with regard to age and ovarian reserve status. Ovarian response 
was monitored by hormonal and ultrasonographic measure-
ments to adjust gonadotropin doses. All follicle measurements 
were performed using an Aloka SSD-1000 (Japan) with a 5 MHz 
transvaginal probe by one of the two authors for each case (M.E., 
A.E.). When at least two follicles reached a mean diameter of 18 
mm, recombinant hCG (Ovitrelle; Serono, Italy) was injected to 
induce ovulation and oocyte retrieval was performed after 36 hours, 
under general anaesthesia. Oocytes were routinely retrieved from 
the affected ovary under general anaesthesia. The ICSI procedure 
was performed for all retrieved metaphase II oocytes. Embryo 
transfer (ET) was performed 2–3 days after oocyte retrieval for 
high- or good-quality embryos (grade I [high quality]: embryos 
with equal blastomere and no observed cytoplasmic fragmentation; 
grade II [good quality]: embryos with equal blastomere and < 20% 
fragmentation of the cytoplasm) under transabdominal ultrasound 
guidance by using a flexible catheter (Wallace; Irvine Scientific, 
Santa Ana, CA). The number of transferred embryos were deter-
mined depending on patients’ age and embryo quality. ET were 
performed on the 3rd–5th day after ovum pick-up under ultraso-
nographic guidance. Patients received transvaginal micronized 
progesterone (Progestan-Koçak, Turkey) 200 mg three times daily 
until a pregnancy test was performed 12 days after ET. A clinical 
pregnancy was confirmed by increasing b-hCG concentrations 
and sonographic evidence of intrauterine gestational sac after ET. 
Clinical pregnancy was identified when a gestational sac or 
a foetus was observed by ultrasonography. Live birth was de-
fined as the delivery of a viable foetus of ≥ 23 weeks’ gestation. 
Miscarriage was defined as pregnancy loss before the 20th week of 
pregnancy or 500 g of the foetus. Poor ovarian responder patients 
were defined as women having at least two of the following three 
criteria: (i) advanced maternal age ≥ 40 years or any other risk 
factor for the poor ovarian response; (ii) a previous poor ovarian 
response (cycles cancelled or ≤ 3 oocytes retrieved with a conven-
tional protocol); and (iii) an abnormal ovarian reserve test (AFC 
< 5–7 follicles or AMH< 0.5–1.1 ng/mL) according to the ESHRE 
Bologna Criteria [18].  

population correlated with hypersecretion of INFg has 
been reported compared to controls without anti-thyroid 
antibodies. In women with TA, the cytokines that activate 
Th cells could negatively affect fertility and pregnancy 
success [12, 13].

T cells (CD3+/CD4+) that were expressing cytokines 
like serum tumour necrosis factor (TNF)/interleukin 10 
(IL-10) were significantly higher in women with thyroid 
autoimmunity, which suggests that activated T cells 
in the uteri of women with TA that secrete cytokines 
could interfere with pregnancy outcome [14, 15]. These 
findings suggest that TA are not necessarily abnormal 
pathogenic antibodies but serve as peripheral markers 
of abnormal T-cell function, which are responsible for 
pregnancy loss [12].

TA were measurable in the follicular fluid in all 
women with TAI and may cause oocyte damage due to 
cytotoxicity in the follicle, negatively affecting fertilization 
and development. It has also been reported that oocyte 
fertilization, formation of grade A embryos, and pregnan-
cy rates were lower and early miscarriage rate was higher, 
in women with TAI as compared to controls [16]. 

Cross-reactivity of TA with extra-thyroid sites might 
contribute to infertility. Binding of TA to extra-thyroid 
antigens was reported previously by Matalon et al., who 
[17] showed that anti-TG were localized in the placenta 
in the presence of intact thyroid histology, suggesting 
possible cross-reactivity with placental antigens. 

Decreased ovarian reserve is an indicator of ovarian 
aging, and the infertility rate increases with age. The Eu-
ropean Society of Human Reproduction and Embryol-
ogy (ESHRE) has suggested screening for anti-TPO in 
women with unknown causes of premature ovarian 
failure (POF) [18]. It was previously shown that levels 
of anti-Mullerian hormone (AMH) were substantially 
lower than those of controls in women with TAI [19]. 
However, it was also reported that there was no sig-
nificant difference between normal and low ovarian 
reserve with regard to TA status [20, 21]. For that reason, 
more evidence is needed to demonstrate the association 
between the ovarian reserve and TAI. 

In this study, we aimed to investigate the relation-
ship between low ovarian reserve as manifested by poor 
response to ovarian stimulation, as defined according to 
the Bologna Criteria and TAI. Our secondary aim was 
to evaluate pregnancy outcomes in in vitro fertilization 
(IVF)/intracytoplasmic sperm injection (ICSI) cycles 
with regard to TAI status.

Material and methods

Study design and population
This retrospective cohort study was conducted on IVF/ICSI patients 
between 2010 and 2018 at the IVF Centre Gazi University Faculty 
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In total 482 patients were excluded. Comparison of 
demographic features and cycle characteristics of 
the anti-TPO-positive and -negative patients are shown 
in Table 1. There was no significant difference in mean 
age, mean BMI, and mean basal AFC between groups. 
Mean serum TSH value was 2.35 ± 1.70 mIU/mL in 
anti-TPO-positive patients and 1.81 ± 1.2 mIU/mL in 
controls, and the difference was significant (p < 0.05). 
Total dose of gonadotropins used in ovulation induction 
in anti-TPO-positive and control patients were 3000 
IU and 2700 IU, respectively, and the difference was 
statistically significant (p < 0.05). Cycle characteristics 
such as duration of ovulation induction, maximum E2 
level, LH, and progesterone levels were not statistically 
different between groups (p > 0.05).

The number of oocytes collected and the number 
of metaphase 2 oocytes were significantly lower in 
the anti-TPO-positive group (p < 0.05). Embryo transfer 
number and embryo grade were significantly lower in 
the anti-TPO-positive group (p < 0.01). There was no 
statistically significant difference between the groups 
in terms of embryo transfer day (p > 0.05).

Poor ovarian reserve was observed in 33.7% of 
the cycles. The difference between age and AFC data 
of groups with and without poor ovarian response is 
shown in Table 2. Poor ovarian response was signifi-
cantly higher in the anti-TPO-positive patients (40%) 
as compared to controls (30%) (p < 0.01). 

Clinical pregnancy rate was significantly lower in 
the anti-TPO-positive group (29.2%) as compared to 
control group (38.4%) (p < 0.01). Sixty-eight per cent of 
pregnancies seen in the first evaluation were singleton 
pregnancies. The ongoing pregnancy rate was also sig-
nificantly lower in the anti-TPO positive group (20.4%) 
as compared to controls (26.5%) (p < 0.05). The miscar-

Serum measurements
All biochemical assays were performed in the biochemistry labo-
ratory of Gazi University Medical Hospital, and the chemilumi-
nescence method was used by an autoanalyzer (Roche Analytics 
E170 Immunology Analyzer, Roche Diagnostics, Switzerland). 
Cut-off limits for normal levels were defined as 0–5.61 IU/mL for 
anti-TPO and 0.38–5.33 mIU/L for thyroid-stimulating hormone 
(TSH). Follicle-stimulating hormone (FSH) levels were measured by 
chemiluminescent immunometric assay with intra-assay and inter-
assay coefficients of variation of 2.6% and 3.3%, respectively, 
and oestradiol (E2) levels were measured by competitive immu-
noassay with intra-assay and inter-assay coefficients of variation 
of 2.3% and 2.4%, respectively (Abbot Laboratories, Illinois, USA). 
Serum AMH measurement was not available in our hospital before 
2019, so AMH was not used for the assessment of ovarian reserve. 

Outcome measures
The primary outcome measure was comparison of AFC and total 
number of oocytes collected as measures of poor ovarian reserve 
with TAI. The secondary outcome measure was a comparison of 
clinical pregnancy rates (CPR), miscarriage rates, and live birth rates 
(LBR) with regard to thyroid autoantibody status. 

Statistical analysis
SPSS version 22 was used for statistical analysis. Data were assessed 
with descriptive statistical methods [mean ± standard deviation 
(SD)]. The variables were evaluated using visual (histograms, prob-
ability plots) and analytical methods (Kolmogorov-Smirnov test) 
to determine whether they were normally distributed. Normally 
distributed parametric data was compared with Student’s t-test. 
The Mann-Whitney U test was performed for comparison of non-
normally distributed metric data. The chi-square test or Fischer’s 
exact test was used to analyse the difference between categorical 
data. Multivariate logistic regression analysis was used to determine 
the effect of variables to predict poor ovarian response and ongoing 
pregnancy. P-value was considered significant at < 0.05.

Results

Of the 1400 patients admitted to our centre for in 
vitro fertilization treatment, 363 were anti-TPO posi-
tive and 555 were anti-TPO negative patients (Fig. 1). 

Figure 1. Flow-chart of the study. anti-TPO — anti-thyroid peroxidase

Excluded patients (n = 482)
•  other endocrine disorders
•  patients who do not have sperm 
    after testicular sperm extraction

Control group
Anti-TPO negative patients 

(n = 555)

Study group
Anti-TPO positive patients 

(n = 363)

All patients
(n = 1400)
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riage rate was comparable in patients with anti-TPO 
positivity at 10.4% and controls, at 13.5%. 

Binary multivariate logistic regression analysis was 
done to assess the effects of variables in the prediction 
of poor response to ovarian stimulation and ongoing 
pregnancy. When female age, mean basal AFC, total 
gonadotropin dose, TSH levels, and anti-TPO positivity 
were analysed together in multivariate logistic regres-
sion, all parameters except total gonadotropin dose 
were independent and significant factors in predict-
ing ovarian response (Tab. 3). When factors including 
female age, mean basal AFC, total gonadotropin dose, 
TSH levels, and anti-TPO positivity were analysed 
together in multivariate regression analysis to predict 
ongoing pregnancy, all parameters except the presence 
of TSH level were independent and significant factors 
to predict ongoing pregnancy (Tab. 4). 

Discussion 

In this study, the relationship between TAI and low 
ovarian reserve manifesting as poor response to ovar-
ian stimulation and pregnancy outcome in IVF was 
assessed, and it was found that poor response to ovar-

ian stimulation was frequent in anti-thyroid-positive 
IVF patients and that the ongoing pregnancy rate was 
especially low in anti-TPO-positive patients. This study 
indicates that TAI is associated with poor response to 
ovarian stimulation as a measure of poor ovarian re-
serve and poor IVF outcome. 

There are controversial data with regard to the im-
pact of TA on ovarian reserve and pregnancy outcome 
after IVF treatment. In a meta-analysis of studies up 
to 2015, Busnelli et al. [22] investigated the impact 
of TAI on IVF/ICSI outcome, and TAI was associated 
with lower live birth rate and higher miscarriage rate. 
The impact of TAI on ovarian reserve was not assessed 
in this meta-analysis, but the numbers of oocytes, a mea-
sure of ovarian response, were not different between 
patients with TAI and controls [22]. Association of TAI 
with measures of ovarian reserve including basal FSH, 
AFC, and AMH were assessed in several studies with 
different conclusions [5, 19, 23–29]. In our study, basal 
FSH and AFC were comparable between groups, and in 
concordance with these results, Korevaar and Tuten et al. 
found that basal AFC was not associated with TA positiv-
ity [5, 23]. Bahri et al. assessed anti-TPO status with AMH 
quartiles and found that women in the lowest AMH 

Table 1. Comparison of demographic features and cycle characteristics of the anti-thyroid peroxidase (anti-TPO)-positive 
patients with control patients 

anti-TPO (–) (n = 555) anti-TPO (+) (n = 363) p-value

Age* 32.1 ± 5.6 32.5 ±5.1 0.26

BMI* 24.9 ± 4.5 25.1 ± 4.68 0.14

TSH* [mIU/L] 1.81 ± 1.2 2.35 ± 1.70 < 0.05

AFC 9.23 ± 5.2 8.6 ± 4.76 0.06

Number of total oocytes retrieved* 10.9 ± 8.5 9.3 ± 8.1 < 0.05

Basal FSH* [IU/L] 7.62 ± 4.6 7.61 ± 6.8 0.82

Total dose of ovulation induction 
[median (minimum–maximum)]# 3000 (2100–4350) 2700 (2050–3525) < 0.05

Duration of ovulation induction [day]* 10.8 ± 2.6 10.5 ± 2.7 0.16

Maximum E2* [pg/mL] 1726 ± 1196 1863 ± 1383 0.12

LH value on the day of hCG* 2.03 ± 1.55 2.29 ± 2.11 0.07

Progesterone value on the day of hCG* 0.71 ± 0.49 0.74 ± 0.49 0.43

Endometrium thickness on the day of hCG* 10.7 ± 2.7 10.4 ± 2.4 < 0.05

*Data are given as mean ± standard deviation (SD). #Data are given as median (minimum–maximum); BMI — body mass index; TSH — thyrotropin; 
FSH — follicle‑stimulating hormone; AFC — antral follicle counts; E2 — oestradiol; LH — luteinizing hormone; hCG — human chorionic gonadotropin (p < 0.05 was 
considered significant)

Table 2. The difference of age and antral follicle counts (AFC) between poor and non-poor groups

Poor ovarian response group Non-poor ovarian response group p-value

Age* 35.2 ± 5.5 30.8 ± 4.7 < 0.05

AFC* 4.8 ± 2.1 10.7 ± 4.5 < 0.05

*Data are given as mean ± standard deviation (SD)
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quartiles had higher levels of anti-TPO [25]. It was found 
that in a premenopausal population of women < 40 years 
of age, AMH levels were lower as compared to healthy 
controls, and according to the multiple regression 
analysis, even after age adjustment, TAI significantly 
and independently affected AMH levels [19]. 

The current study differed from others that as-
sessed ovarian reserve in relation to TA status, by 
using ovarian response to ovarian stimulation rather 
than indirect measures of ovarian reserve, such as 
basal hormones. In our study, although basal FSH 
and AFC were comparable in patients with or without 
TAI, poor response to ovarian stimulation was frequent 
in TA-positive IVF patients, and TAI was independently 
associated with poor response to ovarian stimulation on 
logistic regression. The impact of TA status in the IVF 
population has been assessed in a few studies [21, 30, 
31]. It was found that the response to recombinant FSH 
(r-FSH) was significantly poorer in anti-TPO-positive 
than in anti-TPO-negative women and in the an-
ti-TPO-positive group [30]. In our study, measures of 
response to ovarian stimulation such as total dose of 
gonadotropins in ovulation induction were higher. In 
contrast to our findings, Ke et al. recently reported in 
an IVF population in which the prevalence of dimin-
ished ovarian reserve, which was defined as basal FSH 
levels >12 IU/L, in women with positive and negative 
TAI was not significantly different [21].

The relationship between TAI and IVF outcome has 
piqued researchers’ interest. Anti-TPO antibodies are 

thought to represent a general immune response, result-
ing in infertility and complications during early preg-
nancy. There exists evidence between thyroid hormone 
disorders — either thyroid deficiency or the presence of 
TA — and early pregnancy complications. Vissenberg et 
al., in a review, concluded that the presence of anti-TPO 
negatively influences folliculogenesis, spermatogenesis, 
fertilization rates, embryo quality, and pregnancy rates 
[1]. We found that clinical and ongoing pregnancy rates 
were significantly lower in the anti-TPO-positive group 
(29.2%), as compared to controls. In concordance with 
our study, in a systematic review and meta-analysis of 
studies comparing the impact of TAI on IVF/ICSI out-
come, it was found that women with positive TAI had 
a lower live birth rate (LBR), a higher miscarriage rate, 
and a similar clinical pregnancy rate, a similar number 
of oocytes, fertilization rate, and implantation rate [22]. 
However, the miscarriage rate was similar between 
groups in our study. 

In contrast with previous meta-analyses showing 
increased miscarriage rates and/or decreased LBR in 
TAI-positive women overall, in a recent systematic 
review and meta-analysis of 14 studies, it was reported 
that clinical pregnancy and miscarriage rates were not 
different with regard to the presence of thyroid auto-
immunity. There was no significant difference in LBR 
per cycle or LBR per clinical pregnancy in euthyroid 
women [32]. These results were consistent with stud-
ies by Ke et al. and Leiva et al., who found no relation 
with TAI and pregnancy outcome after IVF [21, 33]. As 

Table 3. The effects of variables in the prediction of poor response to ovarian stimulation on multivariate logistic regression 
analysis

Variable OR 95% CI p-value

Age 1.14 1.1–1.2 < 0.001

Basal AFC 0.83 0.8–0.9 < 0.001

Total gonadotropin dose 0,10 1 NS

TSH level 1.1 1.01–1.2 < 0.05

Anti‑TPO positivity  1.6 1.1–2.3 < 0.001

OR — odds ratio; CI — confidence interval; AFC — antral follicle counts; TSH — thyrotropin; anti‑TPO — anti‑thyroid peroxidase; NS — non significant

Table 4. The effects of variables in the prediction of ongoing pregnancy on multivariate logistic regression analysis

Variable OR 95% CI p-value

Age 0.96 0.9–1 < 0.05

Basal AFC 1.1 1.0–1.1 < 0.001

Total gonadotropin dose 1 1–1 < 0.05

TSH level 1.1 0.9–1.2 NS

Anti‑TPO positivity 0.7 0.5–0.9 < 0.05

OR — odds ratio; CI — confidence interval; AFC — antral follicle counts; TSH — thyrotropin; anti‑TPO — anti‑thyroid peroxidase; NS — non significant
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described by Venables et al. [32], discrepancies between 
the meta-analyses could be explained by the inclusion of 
recent studies and the use of strict criteria including ana-
lysing outcomes, in studies that were strictly limited to 
euthyroid women and restricted analyses to papers that 
reported female age. However, after adjusting associated 
variables like age in multi-logistic regression analysis, 
the presence of TAI was still a significantly important 
factor that predicted ongoing pregnancy in the current 
study. Hypothyroidism rather than the presence of TAI 
could be the reason for poor pregnancy outcome. In 
a meta-analysis of clinical studies that assess the effect of 
LT4 supplementation on pregnancy outcomes in women 
with subclinical hypothyroidism and TAI undergoing 
IVF/ICSI, Rao et al. found no significant associations of 
LT4 treatment with the clinical pregnancy rate, LBR, or 
preterm birth rate. Patients receiving LT4 supplementa-
tion had a significantly decreased miscarriage rate with 
regard to those receiving a placebo or no treatment. 
A further subgroup analysis showed that LT4 supple-
mentation did not improve the miscarriage rates among 
patients with subclinical hypothyroidism or TAI [34].

A major limitation of this study is the retrospective 
design, with difficulty in accessing data and a potential 
for bias in these records. 

Conclusion

The results of this study indicate that there is a relation-
ship between TAI and poor ovarian response, evaluated 
according to the Bologna Criteria. This study also in-
dicates that TAI adversely affects IVF outcomes. These 
results might be useful in informing patients that, with 
the relation of thyroid autoantibodies, a relatively poor 
ovarian response and treatment outcome in IVF cycles 
could result. Randomized controlled studies are needed 
to investigate the mechanism behind these effects. 
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