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Abstract 
Infertility is one of the most common problems in gynecology with medical, economic, and 
psychological implications. Thyroid dysfunction was identified as one of the contributing factors to 
infertility in women. Normal thyroid function is essential for the maintenance of hormonal regulation 
and optimal reproductive health. The ovarian reserve (OR), defined as the number of oocytes 
remaining in the ovaries representing a woman's reproductive capacity, is also a critical aspect of a 
woman's reproductive potential. The aim of this study is to investigate the association between 

thyroid-stimulating hormone (TSH) levels and ovarian reserve (OR) markers in euthyroid infertile 
women attending the Misurata National Center for Diagnosis and Treatment of Infertility in Misurata, 
Libya. This retrospective study included 174 women under the age of 40, excluding those with thyroid 
abnormalities or other significant health conditions, such as polycystic ovarian syndrome, 
endometriosis, hyperprolactinemia, and a history of ovarian surgery. Hormonal parameters such as 
Anti-Müllerian hormone (AMH), TSH, follicle-stimulating hormone (FSH), and estradiol were 
assessed. Pearson correlation analysis and linear regression were performed to explore relationships 
between TSH and OR markers. Results revealed a mean age of 30.54±5.07 years, mean serum TSH 
of 1.89±0.86 mIU/L, and a mean AMH of2.01±1.88 ng/mL. Pearson correlation analysis indicated 
no significant linear relationship between TSH levels and either of the studied OR markers (AMH: r 
= 0.002, FSH: r = 0.025, and estradiol: r = -0.009) (p > 0.05). Furthermore, participants' 
categorization based on TSH levels (<2.5 vs. ≥2.5 mIU/L) demonstrated no statistically significant 
differences in AMH, FSH, or estradiol levels. On the other hand, a statistically significant negative 
correlation (r = -0.23, p = 0.003) was found between age and AMH levels, indicating that OR declines 
with advancing age. In conclusion, this study suggests that TSH levels are not predictive of OR in 
euthyroid infertile females, as no association was observed between TSH levels and OR markers. In 
contrast, age was distinguished as a key factor influencing the AMH levels. These findings suggest 
that TSH evaluation in euthyroid females may have limited value when assessing OR, whereas age 
should be considered as a critical factor in patient counseling and planning reproductive treatment 
strategies. Further research is required to clarify the relationship between TSH and OR markers 

among women with intact thyroid function 
Keywords. Anti-Müllerian Hormone, Follicle-stimulating Hormone, Infertility, Ovarian Reserve, 
Thyroid-stimulating Hormone. 

 

Introduction 

Infertility is one of the most common problems in gynecology with medical, economic, and psychological 

implications. According to the World Health Organization (WHO), infertility is defined as the inability to 

achieve pregnancy after one year of regular, unprotected intercourse [1]. According to the WHO 2023 reports, 
1 in 6 adults in the world experience infertility attributed to various factors [2]. Thyroid dysfunction is one 

of the contributing factors to infertility in women [3,4]. The significance of thyroid hormones (TH) in the 

female reproductive system has been well established, particularly with the discovery of thyroid-stimulating 

hormone (TSH) and TH receptors (TR-α1 and TR-β1) on the surface of oocyte and ovarian cells [4]. These 

play essential roles in folliculogenesis, fertilization, embryogenesis, implantation, and the maintenance of 
pregnancy [5]. Due to the distribution of TSH receptors in ovarian granulosa cells and uterine endometrium 

normal TSH levels, particularly levels less than 2.5 mIU/L, were presented with better pregnancy outcomes 

in women seeking assisted reproductive treatment [6,7] and elevated serum TSH has been associated with 

lower rates of clinical pregnancy in females at reproductive age [8] Moreover, oocytes have surface receptors 

for THs, which have been found to influence the actions of FSH and luteinizing hormone (LH) through steroid 

biosynthesis. Consequently, thyroid conditions such as hypothyroidism and subclinical hypothyroidism 
(SH) can disrupt menstrual regularity and ovarian state [9]. Additionally, thyroid autoimmunity (TAI) has 

also been associated with infertility and early pregnancy loss; however, the exact mechanisms of this effect 

are not clear [9,10]. Therefore, normal thyroid function is essential for supporting reproductive health. 

In the same regard, one of the most important aspects of a woman's reproductive potential is the ovarian 

reserve (OR). OR is the number of oocytes remaining in the ovary representing a woman's reproductive 
capacity [11]. OR testing can also provide valuable information about the time to menopause, and other 

conditions and symptoms related to estrogen disequilibrium [12]. Each woman has an inherited number of 

ovarian follicles, which gradually decrease with age, resulting in poor reproductive outcomes [13]. Women 

with diminished ovarian reserve (DOR), defined by a reduced reproductive potential with an inadequate 

response to ovarian stimulation, are more likely to face challenges such as decreased fertility, early 

menopause, higher miscarriage rates, and suboptimal responses to ovarian stimulation during assisted 
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reproductive treatments [14]. These conditions can severely alter the reproductive health of these women, 

emphasizing the importance of OR evaluation as a part of routine infertility assessment and exploring factors 

that may contribute to DOR.   
Clinical estimation of OR is based on specific markers, including hormone levels and ultrasound 

measurements; low levels of anti-Müllerian hormone (AMH), a reduced antral follicular count (AFC), and 

elevated levels of FSH represent low OR. AMH, which is a glycoprotein secreted by granulosa cells of pre-
antral and early antral follicles, serves as a reliable marker for assessing OR. Studies have shown that AMH 

concentrations correlate strongly with oocyte yield after ovarian stimulation, thus it is suitable for predicting 

bad, good, and even excessive ovarian stimulation during IVF preparation [10,14,15]. Although AMH levels 

naturally decline with age, recent reports have shown a global rise in the prevalence of DOR. although its 

precise causes remain poorly understood, many factors can contribute to DOR, such as initial ovarian 
reserve, certain conditions such as endometriosis, endocrine disorders, ovarian surgeries, and medications 

as chemotherapeutics [13, 16].  

Like other reproductive aspects in women, OR has been found to be affected by thyroid dysfunction. 

According to several studies, thyroid abnormalities are associated with lower OR, as THs regulate 

reproductive hormones and support follicular development. Thyroid conditions such as hypothyroidism, SH, 

and TAI have been associated with low OR markers [9,17, 18]. A number of studies have presented 
hypothyroidism as one of the most common medical conditions associated with primary ovarian failure and 

lower serum AMH levels. In one study conducted in the Misurata National Center for Diagnosis and 

Treatment of Infertility, Libya, hypothyroidism has been presented as one of the most common medical 

conditions (31.1% of the cases) associated with primary ovarian failure among infertile women less than 40 

years old, indicating a strong relationship between thyroid dysfunction and OR [19]. Consistent findings 

were reported by Eman M Abbas et al. from the College of Medicine, University of Baghdad, in a study 
involving 88 Iraqi women of reproductive age [20]. Likewise, higher normal fT4 concentrations were 

associated with better OR markers, and lower fT4 concentrations correlated with reduced AMH levels in one 

big study that involved 4,933 infertile women undergoing assisted reproductive technology (ART) in China 

[21]. Similarly, infertile women with low AMH had significantly higher TSH levels in comparison to those 

with normal AMH levels in two different studies conducted in Nepal and Tehran, Iran involved 80 and 134 
infertile women, respectively [22,23]. These studies suggest a connection between normal thyroid function 

and maintaining a good OR in women of reproductive age.  

Although the link between OR and thyroid dysfunction has been extensively investigated by numerous 

researchers, as previously stated, fewer studies have explored the correlation between TSH levels and OR 

markers in women without prior thyroid disorder. One retrospective analysis has illustrated the association 

between TSH and AMH in 1,396 infertile females aged between 20 and 45 years. Furthermore, using a 
second-degree polynomial regression, the researchers identified TSH = 2.88 mIU/L as an inflection point, 

where AMH levels were highest. [24] These findings align with the results of another study that involved 225 

euthyroid infertile women, which showed that those with TSH <3.0 μIU/mL had significantly higher AMH 

levels compared to those with TSH ≥3.0 μIU/mL (p = 0.03), which supports the potential benefit of thyroxine 

supplementation for women with TSH ≥3.0 μIU/mL [9]. On the contrary, different results have been observed 

by some other researchers; for example, no significant correlation was found between AMH and thyroid 
function in two different studies in Turkey and China. They involved 198 and 496 infertile women at 

childbearing age, respectively [25,26]. 

Due to the limited number of studies on the relationship between TSH and OR markers in euthyroid infertile 

women and the inconsistent findings across existing studies' results, further investigations in this area 

should be conducted in order to clarify this association. The evidence suggesting that high-normal levels of 
TSH were linked to adverse effects on ovarian stimulation and poor pregnancy outcomes in infertile women 

raises the possibility that comparable serum TSH levels may be associated with lower AMH concentrations, 

implying that an association between TSH and OR markers may exist even in women with intact thyroid 

function. Therefore, an association between TSH serum levels and OR markers in euthyroid infertile women 

of reproductive age at the Misurata National Center for Diagnosis and Treatment of Infertility was 

hypothesized. Additionally, age may differentially influence hormonal profiles in women and was therefore 
anticipated to be an important determinant of major hormone levels.  Accordingly, the aim of this study was 

to examine the relationship between TSH levels and OR markers in euthyroid infertile women of reproductive 

age seeking treatment at the Misurata National Center for the diagnosis and treatment of infertility. 

 

Methods 

Study population and design 

This retrospective study was conducted at the Misurata National Center for Diagnosis and Treatment of 

Infertility, Libya, after ethical clearance was obtained from the research and ethics review committee of the 

faculty of pharmacy, Misurata University. The permission to collect data was obtained after official letters 
were approved by the head of the Misurata National Center for Diagnosis and Treatment of Infertility. Medical 

records of infertile women who attended the center for the first time between January 2024 and January 

2025 were reviewed. Revision included age, anthropometric indices, clinical conditions, medication, and 
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surgery history. Only 174 subjects met the eligibility criteria for the study. Women under the age of 40 with 

complete infertility-related data were considered acceptable for inclusion. Exclusion criteria included 

hypothyroidism or any diagnosed thyroid condition, diabetes mellitus, endometriosis, PCOS, 

hyperprolactinemia, history of any ovarian surgery, and recent use of ovulation-stimulating medication. 

Women with a BMI greater than 30 or on L-thyroxine medication were also excluded. Data collected from 

medical files included patients' age, BMI, and laboratory values for AMH, TSH, FSH, and Estradiol.   
 

Statistical analysis 

Data was entered and analyzed using the software Statistical Package for Social Sciences (SPSS) version 

27.0. Pearson’s correlation and simple linear regression model were employed to assess the relationship 

between TSH and OR markers, as well as age and OR markers. Participants were categorized based on their 
TSH levels into two groups: (<2.5 and ≥2.5) mIU/L to determine whether TSH values equal or above 2.5 

mIU/L would have any negative impact on AMH level, as speculated. The Mann-Whitney U test was used to 

determine the statistical significance of the difference between the two groups. Moreover, data were divided 

into 4 distinct groups based on age: 18-25, 26-30, 31-35, and 36-39 years to investigate changes in 

hormonal profiles as women age. The Kruskal-Wallis test was utilized to determine the statistical 

significance of the difference between the 4 groups. A p-value ≤ 0.05 was considered significant. 
 

Results 

General characteristics 

The analysis of the hormonal profile, as shown in (Table1) revealed notable variability within the studied 
population. The mean serum TSH was 1.89±0.86 mlU/L, with values ranging from 0.461 to 4.24 mlU/L, 

and the AMH mean value was 2.01± 1.88 ng/mL, with a broad range (0.01-12.4) ng/mL suggesting the 

presence of individuals with very low OR, as well as others with relatively high reserve which could be due 

to differences in age or reproductive health status. Similarly, the estradiol mean was 60.55±69.28 pg/mL 

with a range (2.5-584.95) pg/mL, while the calculated median value was 51.75 pg/mL. FSH levels, on the 

other hand, show less variability compared to the other reproductive hormones, with a mean value of 
8.62±3.39mIU/L, ranging from 2.59 to 24.88. 

Table 1.  Demographics and hormonal profile results of participants 

Characteristics Number of 

cases 

Mean± SD Maximum Minimum 

Age 174 30.54±5.07 years 39 18 

BMI 174 24.78±3.47 Kg/m² 30 16.1 

TSH 174 1.89±0.86 mIU/L 4.24 0.461 

AMH 174 2.01±1.88 ng/mL 12.4 0.01 

FSH 167 8.62±3.39mIU/L 24.88 2.59 

Estradiol (E2) 166 60.85±69.37pg/mL 584.95 2.5 

 

Correlation Studies 

Investigating the relationship between serum TSH levels and markers of OR  

The results for the relationship investigation between serum TSH levels and markers of OR are shown in 
(Figure 1). Opposite to what was expected, the Pearson correlation analysis (r) shows that TSH does not 

exhibit a linear relationship with either of the OR markers. R values for AMH, FSH, and estradiol are close 

to zero; r = 0.002, 0.025, and -0.009, respectively, and all corresponding p-values are above 0.05, indicating 

no statistically significant association as illustrated in (Figure 1). 
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Figure 1. Relationship between TSH levels and OR markers. (a) AMH, (b) FSH, and (c) estradiol 

 

Furthermore, to determine whether TSH values below or equal to 2.5 mIU/L would have an impact on AMH 

level, as speculated, patients were categorized into two groups based on their serum TSH level, as shown in 

(Table 2).  The Mann-Whitney U test was used to determine the statistical significance of the difference 
between the two groups. 

 

Table 2. Comparison of OR parameters across TSH groups. 

Statistics TSH<2.5 mIU/L TSH ≥ 2.5 mIU/L p-value 

Number/percent 134/77 40/23 - 

AMH (Mean± SD) CV% (1.99± 1.98) 99.5% (2.1± 1.49) 70.95% - 

AMH Median (IQR) 1.45(1.46) 1.65 (2.16) > 0.05 

FSH mIU/L Median (IQR) 8.09 (3.56) 7.75 (2.84) > 0.05 

Estradiol pg/mL Median (IQR) 51.6 (36.77) 54.95 (35.7) > 0.05 

 

This comparative analysis revealed no statistically significant difference between the two groups in terms of 

any of the studied hormones. The mean and median AMH in women with a TSH level≥ 2.5 were slightly 
higher than those of the other group; however, as stated, this difference was found statistically insignificant. 

Similarly, results of the other OR markers were comparable in both groups, where the median of FSH was 

8.09 mIU/L in the first group compared to 7.75 mIU/L in the second group, while the median value for 

estradiol was 51.6 pg/mL in the low TSH group and 54.95 pg/mL in the second group, without a statistically 

significant difference. Thus, it appears that classifying participants by TSH level did not show statistically 
significant differences in the reproductive hormones within the studied sample. The comparison of AMH 

levels across the groups is visualized in the boxplot in (Figure 2), where the lower TSH group showed a lower 

median value, with a relatively narrower interquartile range (IQR). Moreover, several outliers were observed 

in the first group compared to the other group, where no extreme values were observed. 

 

 
Figure 2. Boxplot representation of AMH levels across TSH groups (<2.5 vs ≥2.5 mIU/L) 
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2. Investigating the association between age, OR markers, and TSH 

Correlations between age and the OR markers, as well as between age and TSH, were analyzed; results are 

presented in (Table 3).  

 

Table 3. Pearson correlation analysis of age vs AMH, FSH, Estradiol, and TSH levels 

Correlated Variables Pearson Correlation (r) p-value 

Age vs. AMH (ng/mL) -0.23 0.003 (<0.05) 

Age vs. FSH (mIU/mL) 0.037 > 0.05 

Age vs. Estradiol (pg/mL) 0.181 0.02 (<0.05) 

Age vs. TSH (mIU/L) -0.096 > 0.05 

 
The correlation analysis confirms the expected and well-documented effect of age on AMH. There is a 

statistically significant negative correlation between age and AMH level indicated by the negative r (-0.23) 

and the low p-value (< 0.003). (Figure 3) shows a linear regression line fitted to data having a negative slope, 

which further confirms the negative correlation between age and AMH levels. However, the low coefficient of 

determination (R² =0.051) indicates considerable variability in the data, meaning that age alone explains 
about 5 % of the variance in AMH levels in the studied cohort. Moreover, Weak positive correlations were 

observed between age and FSH and estradiol, r = 0.37 and 0.18, respectively; however, only estradiol shows 

statistical significance. Regarding TSH levels, no significant correlation was found between age and TSH (r 

= -0.096, p > 0.05). 

 

 
Figure 3. Scatterplot presentation of the linear relationship between age and AMH 

 

 

3. Investigating age-related variations in hormonal profiles 
To further understand age-related variations in hormonal profiles, the sample was divided into four 

categories based on age, and variations in hormonal profiles within the groups were studied (Table4).  The 

Kruskal-Wallis test was utilized to determine the statistical significance of the difference between the 4 

groups. (Figure 4) illustrates the age distribution of participants, with the largest share of participants falling 

within the middle adulthood (26-30) and (31-35) years, while the youngest and the oldest groups each 
accounted for 19.5%.  

 

 
Figure 4. Age distribution of participants 
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Table 2. Hormonal characteristics across age groups 

Age (years) 18-25 26-30 31-35 36-39 p-value 

AMH median (IQR) 1.85 (2.62) 1.63 (2.08) 1.38(1.46) 1.025 (1.53) 0.008 (<0.05) 

FSH median (IQR) 8.13 (2.23) 7.615 (3.87) 8.08 (3.12) 7.71 (4.3) > 0.05 

Estradiol median (IQR) 51.04 (26.14) 52.05 (37.21) 48.04 (35.65) 54.73 (41.66) > 0.05 

TSH median (IQR) 1.68 (1.46) 1.55 (1.09) 1.78 (1.07) 1.74 (1.35) > 0.05 

 
The highest median value was observed in the youngest age group (18–25), and the lowest was in the oldest, 

with a p-value less than 0.05. This clearly demonstrates that AMH levels significantly decline with age, 

aligning with expected ovarian aging patterns and supporting the role of AMH as an OR marker. In regard 

to the other hormones, variations in FSH, Estradiol, and TSH levels were found statistically insignificant as 

all p-values were > 0.05, suggesting that medians remain relatively stable across these distinct age groups. 
which is clinically expected as critical hormonal changes usually occur later in the reproductive lifespan. 

 

 
Figure 4. Boxplots representation of hormonal profiles among the reproductive age groups 

 

(Figure 4) features box and whiskers representation of hormonal profiles among the reproductive age groups, 

with distinct colors assigned to each hormone. The AMH boxplots, depicted in blue, show a notable decline 

in levels from the youngest age group (18-25) to the oldest (36-39) as previously stated. Although the FSH 

profile, represented as yellow boxplots, maintains relatively stable levels across the age groups, a slight 

increase is observed in the oldest group, which suggests a potential diminished ovarian function. Estradiol, 
shown in green, displays comparable levels across all age groups, with few outliers in the oldest group 

indicating some fluctuation of ovarian activity. Lastly, the red boxes represent TSH hormonal levels, which 

exhibit a slight upward trend with age, particularly pronounced in the oldest age group; however, median 

and IQR are considered comparable in all groups. Overall, the decline in AMH with age is the most 

pronounced variation among all studied hormones across the different age cohorts. 
 

Discussion 

Although correlation results and categorization according to TSH cut off (2.5 mIU/L) did not support our 

hypothesis that high-normal TSH levels would be associated with lower AMH concentrations, they were 
similar to the findings of other retrospective studies with comparable sample size. For example, the study 

conducted by Wu J et al. (2021), r value (0.03) with p value (0.50), there was a very weak and non-significant 

correlation between the two variables [26]. Similarly, Demirci T et al. (2020) reported no correlation between 

AMH and TSH (r ≈ 0, p > 0.05), which means that minor changes in thyroid function did not affect AMH 

[25]. On the other hand, studies with large sample sizes and prospective designs showed opposite results. 

One example is the case–control study comparing infertile women to fertile controls that found a negative 

correlation between AMH and TSH; the correlation coefficient was -0.361 with a p value of 0.036, indicating 
a statistically significant negative correlation [27]. Additionally, the study by Muge Halici et al. (2023), which 

included a total of 1,396 women aged 20–45 years, reported similar findings [24]. The discrepancy between 

results is likely attributable to differences in sample size, study design, and age distribution.   
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The statistically significant negative correlation between age and AMH indicates that as women in this 

sample get older, their OR decline, which is consistent with the physiological aging of the ovaries.  The 

strength of the correlation is not strong, possibly due to the age of the tested sample, as all participants are 

less than 40 years old and therefore expected to retain relatively good reproductive function. This 

interpretation is supported by the nonsignificant weak positive correlation observed between age and FSH 

levels. Moreover, the significant weak positive correlation between estradiol and age may reflect the reported 
physiological fluctuations or compensatory activation of the hypothalamic-pituitary-ovarian axis as a 

response to OR decline even in women under the age of 40 [28]. 
No significant correlation was observed between TSH and age in our sample, which might be due to the 

younger age range of subjects, as age-related decline in thyroid function becomes more pronounced at later 

ages. These findings align with [26], whereas [24] reported a significant variation with age (p = 0.038) in a 
slightly different population (age 20-45). Importantly, all studies demonstrate a decline in AMH with age, 

making it a crucial determinant of women's reproductive capacity in euthyroid infertile women under 40 

years, whereas TSH level may be of limited value in this context. A major limitation of our study was the 

retrospective design and the lack of some important measurements, such as AFC and TAI analysis. Future 

research with larger samples and a prospective design is strongly recommended in order to clarify the 

relationship between AMH and TSH among euthyroid infertile women. 
  

Conclusion 

The study concluded that TSH levels are not predictive of OR in euthyroid infertile females, as no association 

was observed between TSH levels and OR markers. In contrast, age was identified as a key factor influencing 
the AMH levels. These findings suggest that TSH evaluation in euthyroid females may have limited value 

when assessing OR, whereas age should be considered as a critical factor in patient counseling and planning 

reproductive treatment strategies. Further research is required to clarify the relationship between TSH and 

OR markers among women with intact thyroid function. 
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