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Purpose: To compare thyroid function in patients with premature ovarian insufficiency (POI) with control women of reproductive age 
and to look into the potential association between thyroid function and metabolic markers in POI patients.
Patients and Methods: This cross-sectional case-control study enrolled 227 initially diagnosed POI patients and 232 controls with 
regular menstrual periods, all aged 20–40 years. Serum levels of thyroid hormones were compared between the two groups. In women 
with POI, further correlation analysis of thyroid function with sex hormones and metabolic markers was conducted.
Results: Women with POI exhibited higher serum concentrations of free triiodothyronine (FT3) (4.43 ± 0.55 pmol/L vs 4.22 ± 0.48 
pmol/L, P < 0.001), free thyroxine (FT4) (14.07 [12.93, 15.37] pmol/L vs 13.11 [12.31, 13.87] pmol/L, P < 0.001), and a higher 
proportion of thyrotropin (TSH) ≥ 2.5 mIU/L (22.47% vs 15.09%, P = 0.043) than controls, with all values remaining within the 
normal reference range. Elevated serum levels of FT3 and FT4 were positively associated with POI. In POI patients, weak positive 
correlations of blood glucose with both FT3 and FT4 were observed, whereas no significant associations were found with other 
metabolic markers.
Conclusion: This study indicated that higher levels of thyroid hormones, with statistically significant but clinically subtle differences 
within normal ranges, were positively associated with POI. In women with POI, thyroid hormone levels also showed a weak positive 
correlation with blood glucose. Further investigation is needed to clarify the clinical significance of these findings.
Keywords: premature ovarian insufficiency, thyroid hormones, metabolic markers, correlation

Introduction
Premature ovarian insufficiency (POI) is a clinical condition defined as ovarian function loss before the age of 40,1 which 
is characterized by menstrual disorders (amenorrhea or oligomenorrhea), low estradiol levels, and elevated gonadotropin 
levels.2,3 The prevalence of POI has been increasing during the last 20 years, with an overall prevalence of 3.5% among 
women globally and 5.3% in developing countries.4 Numerous studies have shown that POI could result in a variety of 
implications on physical and psychological health,3 as well as the quality of life,5 owing to early deprivation of estrogen 
levels. Approximately 90% of POIs have an unestablished etiology, which may include genetic, iatrogenic, and 
autoimmune factors. A proportion of 4–30% of POI cases is thought to be caused by autoimmune diseases, of which 
thyroid-related diseases possibly have the strongest correlation with POI.6,7

Thyroid hormones, as commonly acknowledged, possess a diverse array of physiological functions and play 
a fundamental role in the endocrine system, along with occupying a pivotal position in the regulation of material and 
energy metabolism. Overt thyroid dysfunction is widely recognized to negatively affect female reproductive health.8–10 

Reduced ovarian reserve, menstrual abnormalities, and infertility may result from serious thyroid dysfunction due to 
direct and indirect interactions with the hypothalamic-pituitary-ovarian (HPO) axis and reproductive organs.11 Compared 
with the control group, Goswami et al found that POI patients experienced significantly higher rates of clinical thyroid 
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dysfunction.12 A Mendelian randomization study found that genetically predicted celiac disease was associated with 
a 16% increased risk of POI, with hypothyroidism mediating 13.46% of this effect.13 Subclinical hypothyroidism (SCH) 
may also impair female fertility, and there is a probability that it will progress to overt hypothyroidism.14 A case-control 
study by Zhang et al reported decreased free triiodothyronine (FT3), and free thyroxine (FT4) levels alongside increased 
thyrotropin (TSH) in POI patients compared to controls.15 Given the heterogeneous observations in the limited literature, 
the potential association between thyroid function and POI requires further clarification. Besides, some studies have 
shown a correlation between thyroid function and certain metabolic diseases.16,17 Our previous research indicates that the 
prevalence of abnormal metabolism in glucose, lipids, and renal function may be higher among patients with POI 
compared to healthy controls.18 Despite these findings, there is still a lack of clarity regarding the specific association 
between thyroid function and the metabolism of POI patients, which is an important area for future research.

Current limited literature suggests that thyroid function may differ between women with POI and controls, and that it 
may also be associated with certain metabolic markers. Therefore, we sought to compare thyroid function between 
women with POI and controls in this study. Additionally, we aimed to investigate the potential correlation between 
thyroid function and metabolic markers specifically in women with POI, which is a key innovative focus of this study.

Materials and Methods
Study Population and Data Collection
This cross-sectional case-control study recruited 227 women with POI aged 20–40 years out of 495 POI patients at the 
Women’s Hospital, School of Medicine, Zhejiang University from January 2017 to January 2024 (The specific sample 
size estimation process is detailed in the Supplementary material). The criteria for a POI diagnosis included: (1) age 
under 40 years at initial diagnosis; (2) oligomenorrhea or amenorrhea lasting at least 4 months; and (3) elevated follicle- 
stimulating hormone (FSH) levels (>25 IU/L) on two separate occasions at least 4 weeks apart.1 Patients with genetic or 
iatrogenic POI and primary amenorrhea were excluded. To increase the comparability of the study, we recruited 232 
control women aged 20–40 years who visited the same hospital for benign gynecologic diseases (predominantly uterine 
fibroids or endometrial polyps) from January 2017 to January 2024. The control group had regular menstrual cycles and 
normal ovarian function, those with ovarian diseases or a history of ovarian surgery were not included.

In both the POI and control groups, women who matched any of the following criteria were excluded: overt thyroid 
diseases, thyroid tumor, history of thyroid surgery, and use of thyroid-related medications within 3 months; consumption 
of traditional Chinese medicine, or drugs that can significantly affect metabolism within 3 months; receipt of hormone 
therapy; endocrine diseases; severe systemic diseases; autoimmune diseases; pregnancy and lactation within 6 months; 
acute and chronic infectious diseases; history of malignant tumor; psychological disorders (The exclusion and inclusion 
process is detailed in the Supplementary Figure).

All patients underwent a standardized investigation at the first visit, which included detailed medical history, physical 
examination, anthropometric evaluation, transvaginal or transabdominal ultrasound, and laboratory tests. In-person 
interviews with qualified medical personnel were conducted to collect reproductive characteristics and menstrual history. 
All individuals’ anthropometric information, such as height, weight, and other measurements, were recorded. Body mass 
index (BMI; kg/m2) is calculated by dividing the weight (kg) by the square of the height (m2). The study protocol was in 
accordance with the Declaration of Helsinki and received approval from the Human Ethics Committee of Women’s 
Hospital, Zhejiang University School of Medicine (No. 20140006). Each participant provided written informed consent.

Thyroid Function, Sex Hormones, and Metabolic Assessment
Following an overnight fast, venous blood was collected from all patients the next morning during their initial visit. 
Serum sex hormone levels in the control group were measured during the early follicular phase of the menstrual cycle. 
All samples were collected and utilized in accordance with the manufacturer’s instructions. Serum TSH, FT3, and FT4 

were measured using Abbott Architect i4000/ISR52244/ISR53344 Automatic Chemiluminescence Analyzer (Abbott 
Diagnostics, Abbott Park, IL, USA). The laboratory reference range for TSH was 0.35–4.94 mIU/L, while for FT3 and 
FT4, the reference ranges were 2.43–6.01 pmol/L and 9.01–19.05 pmol/L, respectively. The diagnostic criteria of SCH 
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comprised a raised serum TSH level in conjunction with a normal FT4 level. The serum levels of FSH, luteinizing 
hormone (LH), and 17β-estradiol (E2) were tested by electrochemiluminescent immunoassay using a Roche Cobas 8000 
e602 Analyzer (Roche Diagnostics, Meylan, France). Serum concentrations of triglycerides (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glucose, hypersensitive 
insulin, creatinine, urea, and uric acid were determined on Abbott Architect C16000/C1600757 Automatic 
Biochemical Analyzer (Abbott Diagnostics, Abbott Park, IL, USA).

Statistical Analysis
To assess normality for continuous variables, the Kolmogorov–Smirnov test was employed. Data are presented as the 
mean ± SD for normal distribution variables or the median (with interquartile ranges; IQR) for non-normal distribution 
variables. To evaluate differences between POI patients and controls, Student’s t-test and Mann–Whitney U-test were 
applied to normally and non-normally distributed continuous variables. Categorical variables were presented as n (%), 
and group comparisons were performed using the Chi-square test. With age and BMI as covariates, unadjusted and 
adjusted binary logistic regression models were developed to investigate the correlation between POI status and thyroid 
function. Further Spearman and Pearson correlation analysis of thyroid function with sex hormones and metabolic 
markers was conducted in the POI group. To control for the confounding effect of BMI, partial correlation analysis was 
employed to assess the associations between thyroid hormones and metabolic markers. Finally, the sex hormones and 
metabolic markers were compared according to the grouping of TSH < 2.5mU/L and TSH ≥ 2.5mU/L. Statistical 
analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA) with P < 0.05 considered statistically 
significant.

Results
General Characteristics and Thyroid Function of POI Patients
The mean age of POI patients was 35.26 ± 5.14 years with a mean amenorrhea age of 34.37 ± 5.33 years. The serum sex 
hormone levels in the POI group were FSH 72.12 ± 34.44 IU/L, LH 39.57 ± 17.11 IU/L, and E2 29.21 (18.35, 130.50) pmol/ 
L. The comparison of thyroid function between women with POI and controls is presented in Table 1. Between POI patients 
and controls, no difference was found in their mean age (35.26 ± 5.14 years vs 34.75 ± 4.97 years, P = 0.288). The mean 
BMI of POI patients was significantly lower than controls (21.34 ± 2.42 kg/m2 vs 21.95 ± 2.66 kg/m2, P = 0.010). Compared 
with controls, the serum levels of FT3 (4.43 ± 0.55 pmol/L vs 4.22 ± 0.48 pmol/L, P < 0.001), FT4 (14.07 [12.93, 15.37] 
pmol/L vs 13.11 [12.31, 13.87] pmol/L, P < 0.001), and the proportion of TSH ≥ 2.5mIU/L (3.52% vs 1.72%, P = 0.043) 
were significantly higher in women with POI, with all values remaining within the normal reference range. Serum TSH 
levels and the SCH proportion between POI patients and controls did not differ significantly (P > 0.05 for both).

Table 1 Comparison of the Thyroid Function Between POI Patients 
and Controls

POI (n = 227) Controls (n = 232) P-value

Age, y 35.26 ± 5.14 34.75 ± 4.97 0.288

BMI, kg/m2 21.34 ± 2.42 21.95 ± 2.66 0.010
TSH, mIU/L 1.67 (1.22, 2.35) 1.51 (1.16, 2.07) 0.142

FT3, pmol/L 4.43 ± 0.55 4.22 ± 0.48 < 0.001
FT4, pmol/L 14.07 (12.93, 15.37) 13.11 (12.31, 13.87) < 0.001
TSH ≥ 2.5mIU/L 51 (22.47%) 35 (15.09%) 0.043
SCH 8 (3.52%) 4 (1.72%) 0.205

Notes: P-value < 0.05 was considered statistically significant. Bold values indicate statisti
cally significant P-values (P < 0.05). 
Abbreviations: BMI, body mass index; TSH, thyroid stimulating hormone; FT3, free 
triiodothyronine; FT4, free thyroxine; SCH, subclinical hypothyroidism.
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Association Between Thyroid Function and POI
Logistic regression analyses were conducted to assess the correlation between thyroid function and POI, as shown in 
Table 2. In the unadjusted model, the serum levels of FT3 and FT4 were found to have a positive correlation with the risk 
of POI. The correlation remained after age and BMI adjustments. However, there was no significant correlation between 
TSH and POI in either the unadjusted or adjusted models.

Correlation of Thyroid Hormones with Sex Hormones and Metabolic Markers in POI 
Patients
Additional correlation analyses were conducted to evaluate the association between thyroid hormones and sex hormones, 
along with metabolic markers. As shown in Table 3, serum levels of glucose (r = 0.176, P = 0.008) were positively 
associated with FT3 levels in the POI group. Age exhibited a negative association with FT3 levels (r = −0.195, P = 0.003). 
Moreover, women with POI who had increased FT4 levels were found to have higher levels of FSH (r = 0.151, P = 0.023) 
and glucose (r = 0.171, P = 0.010).

Table 2 Association of Thyroid Function with POI in Binary Logistic 
Regression Analyses

Unadjusted Model Adjusted Model

OR (95% CI) P-value OR (95% CI) P-value

TSH 1.139 (0.974, 1.330) 0.102 1.160 (0.991, 1.357) 0.065
FT3 2.286 (1.567, 3.333) < 0.001 2.459 (1.668, 3.623) < 0.001
FT4 1.561 (1.366, 1.784) < 0.001 1.553 (1.357, 1.778) < 0.001

Notes: Logistic regression analyses were unadjusted or adjusted for age and BMI, as 
compared with healthy controls. P-value < 0.05 was considered statistically significant. 
Bold values indicate statistically significant P-values (P < 0.05). 
Abbreviations: TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free 
thyroxine.

Table 3 Correlation of Thyroid Hormones with Sex Hormones and 
Metabolic Markers in POI Patients

TSH FT3 FT4

r P r P r P

Age 0.010 0.886 −0.195 0.003 −0.057 0.394

BMI 0.026 0.695 0.078 0.239 −0.115 0.085

FSH 0.000 0.999 0.081 0.223 0.151 0.023
LH 0.034 0.609 0.107 0.107 0.053 0.429

FSH/LH −0.007 0.915 −0.009 0.896 0.052 0.431

E2 0.035 0.599 −0.045 0.499 0.122 0.066
TG 0.024 0.150 0.034 0.606 −0.071 0.288

TC 0.055 0.409 −0.083 0.213 −0.046 0.489

HDL-C −0.058 0.386 0.039 0.555 0.096 0.152
LDL-C 0.069 0.302 −0.074 0.270 −0.061 0.360

Uric acid 0.082 0.221 −0.041 0.544 0.091 0.172

Urea −0.003 0.960 0.037 0.582 −0.034 0.616
Creatinine −0.033 0.621 −0.030 0.655 0.023 0.730

Glucose 0.069 0.305 0.176 0.008 0.171 0.010
Hypersensitive insulin 0.047 0.482 0.030 0.658 −0.046 0.490

Notes: P-value < 0.05 was considered statistically significant. Bold values indicate statistically 
significant P-values (P < 0.05). 
Abbreviations: TSH, thyroid stimulation hormone; FT3, free triiodothyronine; FT4, free 
thyroxine; BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; 
E2, 17β-estradiol; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Comparison of Sex Hormones and Metabolic Markers in POI Patients with Different 
TSH Levels
No significant difference in sex hormones and metabolic markers was observed between the POI subgroups with TSH 
levels ≥ 2.5 mIU/L and < 2.5 mIU/L (Table 4).

Discussion
In this study, women with POI demonstrated higher levels of FT3 and FT4, accompanied by a higher proportion of TSH ≥ 
2.5 mIU/L in comparison to the control group. Elevated serum levels of FT3 and FT4 was found to be associated with 
a higher risk of POI. Additionally, we observed a positive correlation between FT3 and FT4 concentrations and serum 
glucose levels among POI patients. However, there were no significant differences in sex hormone and metabolic 
markers between the POI subgroups with TSH levels ≥ 2.5 mIU/L and those with TSH levels < 2.5 mIU/L.

Thyroid hormones play a crucial role in regulating female reproductive health. TSH, FT3, and FT4 can bind to 
receptors on different ovarian cells and have an impact on follicular growth and ovarian function.19–21 When compared to 
healthy women, women with premature ovarian failure showed a higher prevalence of thyroid dysfunction.12 We 
discovered that POI patients had higher levels of FT3 and FT4 than controls, and that higher FT3 and FT4 were positively 
associated with POI, although the differences were clinically subtle and within normal ranges. Daan et al reported that 
women with POI exhibited increased serum FT4 and comparable TSH levels compared to controls,22 which was 
consistent with our results. However, in a Chinese case-control study designed to assess the correlation between serum 
perfluoroalkyl and polyfluoroalkyl substances and POI, patients with POI showed decreased levels of FT3 and FT4 and an 
increased level of TSH in comparison with controls.15 Since the mean or median levels of TSH, FT3, and FT4 for both 
groups are within the normal reference range, whether this statistical association in our study holds clinical relevance 
requires further investigation through an expanded sample size in future studies. The impact of thyroid hormones on 
ovarian function is complex. It may be influenced by factors such as the level and duration of exposure and the presence 
of thyroid antibodies.2,6,7,23,24 We also discovered that FT4 was positively correlated with FSH. The mechanism might be 

Table 4 Comparison of Sex Hormones and Metabolic Markers in POI Patients 
with TSH ≥ 2.5 mIU/L and TSH < 2.5 mIU/L

TSH ≥ 2.5 mIU/L TSH < 2.5 mIU/L P-value

n 51 176

Age, y 38 (34, 40) 37 (33, 39) 0.089

BMI, k/m2 20.95 (19.62, 22.58) 20.96 (20.40, 22.43) 0.524
FT3, pmol/L 4.50 ± 0.55 4.42 ± 0.55 0.358

FT4, pmol/L 13.52 (12.55, 15.18) 14.14 (12.96, 15.46) 0.171

FSH, IU/L 73.23 ± 32.42 71.80 ± 35.08 0.794
LH, IU/L 43.03 ± 16.48 38.57 ± 17.20 0.101

FSH/LH 1.70 (1.30, 2.33) 1.88 (1.52, 2.37) 0.229
E2, pmol/L 32.86 (18.35, 144.40) 28.55 (18.35, 125.40) 0.557

TG, mmol/L 0.95 (0.75, 1.52) 0.92 (0.71, 1.23) 0.261

TC, mmol/L 4.77 (4.28, 5.43) 4.68 (4.26, 5.18) 0.302
HDL-C, mmol/L 1.43 (1.24, 1.71) 1.52 (1.34, 1.76) 0.089

LDL-C, mmol/L 2.49 (2.07, 2.99) 2.41 (2.05, 2.73) 0.181

Glucose, mmol/L 5.18 (4.96, 5.47) 5.16 (4.97, 5.38) 0.698
Hypersensitive insulin, mU/L 6.30 (4.70, 8.25) 6.30 (5.09, 8.90) 0.326

Creatinine, μmol/L 73.80 (69.20, 79.50) 74.22 (70.03, 79.08) 0.895

Urea, μmol/L 4.33 (3.88, 5.18) 4.48 (3.92, 5.22) 0.693
Uric acid, μmol/L 273.59 ± 52.02 263.58 ± 52.91 0.234

Abbreviations: TSH, thyroid stimulation hormone; BMI, body mass index; FT3, free triiodothyronine; FT4, 
free thyroxine; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, 17 β-estradiol; TG, trigly
cerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro
tein cholesterol.
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that thyroid hormones and FSH promote the proliferation of granulosa cells synergistically to compensate for impaired 
ovarian function.21 However, there is relatively little research currently accessible on the subject of thyroid hormone and 
FSH interactions. Future studies could focus on whether the elevation of FSH has an effect on thyroid hormones.

The presence of SCH is frequently observed in individuals with ovarian dysfunction in clinical practice. SCH has 
a risk of progressing to overt hypothyroidism, especially in individuals with circulating thyroid peroxidase 
autoantibodies,14 which are noticeable in women with POI. Based on our research, SCH was not significantly more 
common among women with POI compared to controls. Multiple studies have shown that SCH was related to 
a decreased ovarian reserve.25,26 However, a large-scale cross-sectional study in Belgium indicated that there were no 
differences in the levels of FT4 and TSH, as well as the occurrence of overt hypothyroidism or SCH, among women with 
low, normal, or high ovarian reserve,27 and similar findings were reported by an Italian research team.28 Owing to the 
limited sample of this study, further research is needed to determine whether SCH will have adverse effects on ovarian 
function and its underlying mechanisms.

TSH is a sensitive indicator for evaluating thyroid function. According to our research, more POI patients than 
controls had TSH levels ≥ 2.5 mIU/L, while further analyses failed to reveal any correlation between TSH and POI as 
well as sex hormones. The atypical thyroid hormone profile observed in our POI group—characterized by concurrent 
elevations in FT3/FT4 and TSH—suggests a dysregulation that warrants deeper mechanistic exploration. Ząbczyńska et al 
discovered that immunoassayed TSH levels may not fully reflect bioactivity, as alterations in TSH glycosylation patterns 
in autoimmune contexts might contribute to a dissociation from circulating thyroid hormone levels.29 Reduced anti- 
Müllerian hormone (AMH) and Antral follicle count (AFC) levels were related to high-normal TSH levels (2.5–4.2 mIU/ 
L), and these effects were particularly pronounced in women with ovulatory dysfunction and unexplained infertility.28 

Thyroid autoimmunity was associated with an increased risk of overt POI in euthyroid women with TSH > 2.5 mIU/L.30 

But a retrospective study reported that there were no differences in AMH, basal FSH, and AFC among the three groups 
with TSH < 2.5, 2.5–4.0, or ≥ 4.0 mIU/L.31 For women in the early stages of pregnancy and those undergoing assisted 
reproductive technology, it is recommended to maintain serum TSH levels below 2.5 mIU/L.32 Despite the findings of 
this study not supporting the utilization of TSH ≥ 2.5 mIU/L as a clinical intervention threshold in all POI patients, the 
low natural pregnancy rate among these individuals suggests a heightened necessity for assisted reproductive techniques. 
Consequently, clinical awareness of potential thyroid function variations and collaboration with endocrinologists for 
accurate diagnosis remain important. For POI patients who have no recent fertility needs and no overt thyroid 
dysfunction, it is also necessary to avoid potential adverse effects of overtreatment.

As a result of hypoestrogenemia, POI is recognized as a risk factor for metabolic abnormalities.33 Since thyroid 
function and glucose metabolism are closely linked,34 both hyperthyroidism and hypothyroidism may increase the risk of 
developing diabetes.16 Our study additionally found that FT3 and FT4 were positively correlated with serum glucose 
levels in POI patients, although the correlation coefficients were weak. Some studies have shown that TSH was positively 
associated with hyperglycemia in euthyroid subjects,35,36 but no significant correlation was found in another study.37 

Luna-Vazquez reported a positive relationship between FT4 and hyperglycemia,38 whereas Pergola et al provided an 
opposite opinion.37 As with our findings, previous studies also demonstrated a positive relationship between FT3 and 
hyperglycemia and insulin resistance.38,39 In conclusion, the effects of thyroid hormones on metabolic metrics are 
enigmatic and complicated. Notably, the positive association in our study (Table 3) contrasts with the lack of significant 
metabolic differences when the POI group was dichotomized by a TSH ≥ 2.5 mIU/L threshold (Table 4). This 
discrepancy implies that the thyroid-metabolism link in POI is likely a continuous spectrum of minor covariation rather 
than a threshold-dependent effect, which may explain the inconsistent results in our study. Consequently, the clinical 
relevance of these observed associations appears limited at present, highlighting the need for future research to confirm 
and extend these preliminary findings.

There are several limitations to our study. First, our study refrained from a deeper examination of thyroid auto
immunity in POI patients owing to the absence of data. Second, detailed markers of ovarian reserve (such as AMH and 
AFC) were not available, limiting our ability to directly correlate thyroid function with quantitative ovarian reserve. 
Third, as a cross-sectional, single-center study, the results may be subject to selection bias and cannot establish causality 
or determine the temporal interaction between thyroid function and POI. Finally, although statistically significant, the 
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observed differences in thyroid hormones and their associations with metabolic markers were weak in magnitude. Future 
multi-center longitudinal studies incorporating autoimmune profiling, detailed ovarian reserve assessment, and repeated 
measurements are warranted to validate and extend our findings.

Conclusion
This study suggested that elevated thyroid hormone levels within normal ranges, despite subtle clinical differences, were 
positively associated with POI, and there was a weak positive correlation between thyroid hormones and blood glucose in 
the POI patients, while the biological and clinical relevance requires further determination. Future studies should 
incorporate more comprehensive data collection and dedicated mechanistic investigations to fully elucidate the complex 
interplay between thyroid function, POI, and metabolic markers.
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