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Purpose: To evaluate the association between depression and age of natural menopause in American women.

Patients and Methods: This cross-sectional study utilized eight cycles of the National Health and Nutrition Examination Survey
(NHANES) conducted from 2005 to 2023. We assessed depression using the Patient Health Questionnaire-9 (PHQ-9). We obtained
ANM information from the Reproductive Health questionnaire. We screened menopausal women between the ages of 40 and 70 years,
excluding those with surgical menopause. We used multivariable logistic regression models to investigate the association between
depression and ANM. Additionally, we conducted subgroup analyses and interaction tests.

Results: A total of 4732 women were included, and the mean age of natural menopause was 47.9 + 6.8 years. Of these, 1123 (23.7%)
were classified as early menopause, 2971 (62.8%) as normal menopause, and 638 (13.5%) as late menopause. Preliminary analysis
showed a positive association between PHQ-9 score and the risk of early menopause (OR = 1.11, 95% CI = 1.06-1.16). After full
adjustment in multivariate logistic regression, it was estimated that each one-unit increase in the PHQ-9 score was associated with
a 7% increased risk of early menopause (OR = 1.07, 95% CI = 1.02-1.12). After classifying depression into three grades: no, mild, and
severe, it was found that, compared with American women without depression, the risk of early menopause increased significantly.
American women with major depression had an increased risk of early menopause (OR = 2.49, 95% CI = 1.10-5.63). In College or
above (OR = 1.10, 95% CI = 1.02-1.19), PIR<1 (OR = 1.10, 95% CI = 1.04-1.16), Current smoker (OR = 1.12, 95% CI = 1.00-1.24),
the positive association between depression and early menopause was more significant.

Conclusion: In this cross-sectional study, the severity of depression in American women was positively correlated with the risk of
early menopause. This suggests that women should pay more attention to their mental health and actively manage depression. For
women with depression, early intervention and treatment may help improve their reproductive health and delay menopause.
Keywords: depression, ANM, early menopause, National Health and Nutrition Examination Survey.

Introduction

Natural menopause is defined as 12 consecutive months of amenorrhea without an apparent cause, characterized by the
natural cessation of menstruation unrelated to pharmacological treatments or surgical procedures.' Natural menopause is
the end of a woman’s reproductive life when ovarian function is lost, reproductive hormones stop secretion, and fertility
is irreversibly lost.? The age at natural menopause (ANM) generally ranges from 45 to 55 years, with menopause
occurring before the age of 45 referred to as early menopause.” Women experiencing early menopause may face risks
comparable to those associated with premature ovarian insufficiency,’ including an increased risk of dementia,®
osteoporosis,® type 2 diabetes,” and cardiovascular disease.® Furthermore, women of childbearing age generally tend
to postpone their intentions to bear children.” Consequently, ANM serves as a crucial determinant of women’s future
health status. Predicting ANM, particularly earlier menopause, allows women to take proactive steps in managing their
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long-term health. While factors such as genetics, environmental conditions, and lifestyle play a critical role in
determining ANM, emerging evidence suggests that mental health, particularly depression, may also exert a significant
influence.

Depression is a prevalent mental disorder characterized by a persistent negative mood, diminished interest and
attention, and is accompanied by somatic symptoms and cognitive function changes.'® According to the World Health
Organization, depression affects over 300 million individuals globally, accounting for 4.4% of the total population, and is

the leading cause of disability and suicide worldwide."!

Depression is associated with transitions in the female
reproductive aging cycle and fluctuations in ovarian hormone levels.'> Recent research has advanced our understanding
of the complex interplay between depression and female reproductive health. For instance, a prospective cohort study of
North American pregnancy planners found that women with a history of major depressive symptoms were 80% more
likely to experience irregular menstrual cycles during follow-up.'? In a cross-sectional study examining depression and
infertility, moderate-to-severe depressive states were independently associated with an increased risk of infertility, with
this association partially mediated through lipoprotein cholesterol levels.'* During assisted reproductive technology
treatment, scores of depression and anxiety among pregnant women were negatively correlated with treatment
outcomes.'> In a prospective cohort study of women with breast cancer, incident breast cancer patients with a history
of depression were at significantly increased risk for all-cause death and late-stage breast cancer death.'® However, its
specific effects on the age at menopause remain inadequately studied. Given the increasing prevalence of depression,
understanding its relationship to age at natural menopause is essential for mitigating potential risks associated with
women’s health.

Existing literature offers preliminary insights into the relationship between depression and menopause. Most studies
have focused on depression as a concomitant symptom of menopause rather than investigating its role as a contributing
factor to an earlier age at natural menopause. Therefore, the primary aim of this study was to investigate the relationship
between depression and ANM in a large sample of US women. By uncovering this potential association, the findings aim
to support healthcare professionals in more effectively managing the mental and physical health of female patients.

Materials and Methods
Study Design and Participants

The National Health and Nutrition Examination Survey (NHANES) is a series of nationally representative, cross-
sectional surveys aimed at assessing the health and nutritional status of individuals in the United States. Participants
are systematically selected from various regions to ensure diverse demographic representation. The survey results were
used to determine the prevalence of major diseases and disease risk factors to aid in epidemiological studies and health
science research. Participants underwent an initial home interview to provide socio-demographic, medical, and family
history information. Subsequently, they visited mobile examination centers for comprehensive health assessments,
including anthropometric measurements, blood pressure evaluation, and laboratory testing. Previous publications detailed
the sampling methods and data collection procedures.'” Ethical approval for NHANES is granted by the National Center
for Health Statistics and Research Ethics Review Committee, adhering strictly to ethical guidelines. Informed consent is
obtained from all participants prior to their inclusion in the survey.

In our investigation of the link between depression and ANM, we utilized NHANES survey data spanning eight
cycles from 2005 to 2020 and from 2021 to 2023. According to previous studies,'® our study focused on menopausal
women aged 40 to 70. Excluding those without Patient Health Questionnaire-9 (PHQ-9) score, those without age at
menopause data, and those who had undergone surgical menopause (eg, hysterectomy and bilateral oophorectomy). We
collected participants’ information on demographics, health-related lifestyle, and medical history. Missing covariate data
were addressed using multiple imputations. Ultimately, our study included 4732 participants. We illustrated the selection
process for study participants in Figure 1. Our analyses exclusively relied on publicly accessible data, and ethical

approval was not required for this investigation.
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Female participants from NHANES 2005-
2020 and 2021-2023

(n=44981)
Age outside of 40-70
! Exclude (n=31473)
Remaining participants
(n=13508)
Had menstrual period in the
Exclude> past 12 months
4 (n=32876)
Remaining participants
(n=8063)
Missing age of menopause
Exclude»| or depression data
4 (n=784)
Remaining participants
(n=11321) The reasons for menopause
o were hysterectomy, and
! Excluder 4 iateral oophorectomy
(n=4898)

Participants in the final analysis
(n=4732)

Figure | Flowchart of the participant selection from NHANES 2007-2020 and 2021-2023.

Measurement of ANM

The age of natural menopause was assessed based on responses in the reproductive health questionnaire. To answer the
question “Had regular periods in past 12 months” (variable named RHQO031), Participants who answered “No” and
“Menopause” in the “Reason not having regular periods” (variable name RHDO043) were identified as menopausal
women. According to the question “Had a hysterectomy?” (Variable name is RHD280), “Had both ovaries removed?”
Responses (variable named RHQ305) divided participants into either natural or surgical menopause. The Age of natural
menopause was determined based on the answer to the question “Age at last menstrual period” (variable named
RHQO060). Participants were divided into Early menopause (< 45 years), Normal menopause (45 to 54 years), and
Late menopause (>55 years) according to ANM. "’

Measurement of Depression

The PHQ-9 depression scale assessed depression. This validated self-report instrument assesses nine questions about
depressive symptoms in the past two weeks and encompasses psychiatric issues such as sadness, difficulty sleeping,
fatigue, and difficulty concentrating.?® Scores on the nine items of the PHQ-9 Depression scale range from 0 (not at all)
to 3 (almost every day), with total scores ranging from 0 to 27. We defined a total score of >10 as indicative of
depression.?' The severity of depressive symptoms was classified as follows: no depression (< 10 points), moderate
depression (10-15 points), and severe depression (> 15 points).

Covariates

Based on previous studies, our study considered variables that may confound the association between depression and
ANM. Data included demographic characteristics (age, race/ethnicity, education, marital status, and family poverty to
income ratio (PIR)), lifestyle factors (smoking, alcohol drinking, and body mass index (BMI)), clinical features
(hypertension, hypercholesterolemia, and diabetes), and reproductive factors (age at menarche and parity). Race was
categorized as non-Hispanic white, non-Hispanic black, Mexican American, and other races. The level of education was
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classified as less than high school, high school graduate, and college or above. Marital status was divided into unmarried,
married/cohabitating, separated/divorced/widowed. PIR assesses income levels by dividing household (or individual)
income by the poverty line. The PIR was divided into <1 and > 1. Smoking status was categorized as never, former, or
current. The drinking status was divided into ”1-5 times/year” and 5+ times/year” groups. BMI was divided into 3
categories: normal (< 25), overweight (25-30), and obese (=30). Clinical features of hypertension, hypercholesterolemia,
and diabetes were determined from questionnaire data and physical examination. According to the question ”Ever told
you had high blood pressure” (variable named BPQ020) ”Now taking prescribed medicine” Hypertension was deter-
mined by the response (variable named BPQO050A) and the mean of three measurements of systolic/diastolic blood
pressure from the physical examination data (systolic blood pressure > 130 mm Hg and/or diastolic blood pressure >
80 mm Hg indicates hypertension). According to the questions ”Doctor told you - high cholesterol level” (variable named
BPQO080) and ”Now taking prescribed. “medicine” (variable BPQ100D) answers and physical examination data on low-
density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) (LDL-C > 160 mg/dL; TC > 240 mg/dL indicates
hypercholesterolemia) to determine hypercholesterolemia. Diabetes was determined based on the response to the
question, “Doctor told you have diabetes” (variable named DIQ010). The age of menarche was calculated from her
responses to the reproductive health questionnaire (the variable was named RHQO010). Based on the question ”Age when
first menstrual period occurred” The answer determines the age of menarche. Related variables can be defined to the
corresponding module by the variable name.

Statistical Analysis

Integrating the study data from 2005 to 2023, according to the sampling method of NHANES, 19-year sampling weights
were formulated for the subsequent analysis. Baseline characteristics were analyzed with the use of mean and standard
deviation (SD) describing continuous variables. Meanwhile, categorical variables are reported as sample counts and
weighted percentages. Differences between the three categories of ANM were compared using the Wilcoxon rank-sum
test for continuous variables and the Rao-Scott chi-square test for categorical variables. Weighted logistic regression
analysis was performed to examine the relationship between depression and ANM, with odds ratios (ORs) and 95%
confidence intervals (Cls) calculated. Three models were developed: Model 1 (unadjusted), Model 2 (adjusted for
demographic factors including age, race, education level, marital status, poverty-to-income ratio (PIR), and BMI), and
Model 3 (fully adjusted for additional lifestyle and clinical variables such as smoking, alcohol consumption, hyperten-
sion, hypercholesterolemia, age of menarche with diabetes, and number of parity). Subgroup analyses stratified by
education level, PIR, cigarette smoking, and alcohol drinking were performed under the fully adjusted model. In addition,
interaction analyses were performed to assess potential interactions between each subgroup and early menopause. All
statistical analyses were performed with the use of R software, version 4.3.3. A two-sided P value of less than 0.05
indicated statistical significance.

Results

NHANES Participant Characteristics

A total of 4732 participants were included in the analysis spanning 2005-2023. Among them, 1123 (23.7%) experienced early
menopause, 2971 (62.8%) underwent normal menopause, and 638 (13.5%) had late menopause. Table 1 lists the baseline
characteristics of participants stratified by ANM. The mean age of natural menopause of the included participants was 47.9 +
6.8 years, and the mean PHQ-9 score was 3.4 + 4.3. For the early, normal, and late menopause groups, the mean ANM was
38.0 = 5.3 years, 49.8 + 2.6 years, and 56.2 + 1.5 years, respectively. Most participants identified as Non-Hispanic White
(71.6%), had the highest education level of college or above (62.2%) and reported a poverty-to-income ratio (PIR) greater than
1 (87.7%). Significant differences in education level and poverty-to-income ratio (PIR) were observed among the three
menopausal groups (P < 0.001). Women in the early menopausal group were more likely to be smokers (25.0%) and heavy
drinkers (6.1%) and report severe depressive symptoms (5.4%) compared to their normal or late menopausal counterparts (all
P <0.001). Women with late menopause were more likely to have never smoked (59.7%) and to drink less alcohol (98.6%)
(both P < 0.001). Significant differences in race, education level, PIR, smoking, drinking, and depression were found among
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Table 1 Characteristics of Participants in Three Age at Natural Menopause Categories

Characteristic Total Age at Natural Menopause P value
Early Normal Late
(< 45 years old) | (45-54 years old) | (= 55 years old)

Overall 4732 (100.0%) 1123 (23.7%) 2971 (62.8%) 638 (13.5%)

Age (years) 589 + 6.6 56.1 + 8.1 59.0+58 63.1 + 4.1 <0.001

Race/ethnicity, n (%) <0.001
Non-Hispanic White 1989 (71.6%) 464 (69.9%) 1204 (70.7%) 321 (78.2%)
Non-Hispanic Black 1000 (10.5%) 288 (13.9%) 578 (9.6%) 134 (8.6%)

Mexican American 649 (5.4%) 157 (5.4%) 428 (5.9%) 64 (3.2%)
Other 1094 (12.6%) 214 (10.8%) 761 (13.8%) 119 (10.0%)

Education level, n (%) <0.001
Less than high school 1092 (13.3%) 340 (20.5%) 651 (11.9%) 101 (7.6%)

High school or equivalent 1085 (24.5%) 288 (28.4%) 657 (23.6%) 141 (22.4%)
College or above 2555 (62.2%) 495 (51.1%) 1663 (64.5%) 397 (70.0%)

Marital status, n (%) 0.6
Never married 436 (6.5%) 107 (6.5%) 279 (7.0%) 50 (4.2%)
Married/Living with partner 2644 (65.3%) 609 (66.8%) 1482 (67.3%) 313 (66.3%)
Widowed/Divorced/Separated 4652 (28.3%) 407 (26.7%) 328 (10.1%) 73 (9.5%)

PIR, n (%) <0.001
<l 976 (12.3%) 281 (16.7%) 603 (11.8%) 92 (7.6%)
>| 3756 (87.7%) 842 (83.3%) 2368 (88.2%) 546 (92.4%)

BMI (kg/m?), n (%) 0.10
Normal (<25) 1187 (28.4%) 250 (25.2%) 793 (30.3%) 144 (25.4%)

Overweight (25-30) 1367 (29.1%) 319 (28.4%) 861 (29.4%) 187 (29.2%)
Obese (230) 2178 (42.5%) 554 (46.5%) 1317 (40.3%) 307 (45.4%)

Cigarette smoking, n (%) <0.001
Never smoker 2796 (56.4%) 595 (48.6%) 1798 (58.6%) 403 (59.7%)

Former smoker 1121 (27.3%) 250 (26.4%) 701 (26.8%) 170 (31.3%)
Current smoker 815 (16.3%) 278 (25.0%) 472 (14.6%) 65 (9.1%)

Alcohol drinking, n (%) <0.001
I-5 drinks/year 4505 (96.3%) 1047 (93.9%) 2837 (96.6%) 621 (98.6%)
5+ drinks/year 227 (3.7%) 76 (6.1%) 134 (3.4%) 17 (1.4%)

Hypertension, n (%) 0.2
No 2432 (56.6%) 574 (57.8%) 1545 (57.3%) 313 (51.9%)

Yes 2300 (43.4%) 549 (42.2%) 1426 (42.7%) 325 (48.1%)

Hypercholesterolemia, n (%) >0.9
No 2343 (50.9%) 540 (50.7%) 1497 (51.2%) 306 (49.9%)

Yes 2389 (49.1%) 583 (49.3%) 1474 (48.8%) 332 (50.1%)

Diabetes, n (%) 0.6
No 3738 (83.5%) 862 (82.2%) 2370 (83.8%) 506 (83.8%)

Yes 994 (16.5%) 261 (17.8%) 601 (16.2%) 132 (16.2%)

Age at menarche (years) 128 + 1.7 127 £ 1.8 128 + 1.7 130+ 1.7 0.058

Parity 3. %17 32 £1.8 3. %17 30 1.6 0.4

Age at natural menopause (years) 479 + 6.8 380+ 53 498 + 2.6 562+ 1.5 <0.001

PHQ-9 score 34+£43 44+49 32+£42 27 +34 <0.001

Depression, n (%) <0.001
No 4186 (91.2%) 951 (87.9%) 2645 (91.6%) 590 (94.7%)

Moderate 309 (5.6%) 88 (6.7%) 190 (5.7%) 31 (3.9%)
Severe 237 (3.2%) 84 (5.4%) 136 (2.7%) 17 (1.4%)

Abbreviations: PIR, ratio of family income to poverty; BMI, body mass index; PHQ-9, Patient Health Questionnaire-9.
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early menopausal, normal menopausal, and late menopausal women (all P < 0.001). No significant differences in marital
status, BMI, hypertension, hypercholesterolemia, diabetes, age at menarche, or parity were observed among the three groups.

Association Between Depression and ANM

Table 2 presents the association between depression and ANM. Multivariate logistic regression analysis showed
that higher PHQ-9 scores were linked to an elevated risk of early natural menopause. In Model 1 (unadjusted),
each standard deviation increase in PHQ-9 score was associated with an 11% higher likelihood of early
menopause (OR = 1.11, 95% CI = 1.06-1.16, P < 0.001). In Model 2 (adjusted for age, race, education level,
marital status, PIR, and BMI), each standard deviation increase in PHQ-9 score was associated with an 8%
increase in premature menopause risk (OR = 1.08, 95% CI = 1.03-1.13, P = 0.002). In Model 3, which fully
adjusted for demographic, lifestyle, and clinical variables (eg, smoking, alcohol consumption, hypertension, and
diabetes), each standard deviation increase in PHQ-9 score corresponded to an 8% greater risk of early menopause
(OR = 1.07, 95% CI = 1.02-1.12, P = 0.014). The degree of depression was categorized into no depression
(reference group), moderate depression, and severe depression. In all three models, severe depression significantly
increased the risk of premature menopause, whereas moderate depression exhibited a nonsignificant effect.
Specifically, in Model 1, compared to the no depression group, an increase of one standard deviation in major
depression was associated with a 310% increased risk of premature menopause (OR = 4.10, 95% CI = 1.99-8.41,
P < 0.001). In Model 2, after adjusting for certain covariates, the risk of premature menopause increased by 187%
(OR =2.87, 95% CI = 1.36-6.07, P = 0.006) for each standard deviation increase in major depression. In Model
3, following full adjustment for covariates, the risk of premature menopause increased by 149% (OR = 2.49, 95%
CI =1.10-5.63, P = 0.029) for each standard deviation increase in major depression. Trend tests for Model 1 and
Model 2 indicated significant differences (Model 1: P < 0.001, Model 2: P = 0.018, Model 3: P = 0.078),
suggesting that the risk of premature menopause increases with the degree of depression.

Subgroup

Table 3 displays the results of the subgroup analyses. In Model 3, with all variables adjusted, subgroup analysis
demonstrated that various characteristics, including education level and cigarette smoking, significantly influenced the
association between depression and early menopause, indicating that these characteristics may moderate the effect of
depression on early menopause (both P < 0.001).

Table 2 Weighted Multivariate Logistic Regression Models of Depression with the Age at Natural
Menopause (Early Versus Late)

Characteristic Model | Model 2 Model 3
OR (95% Cl) | Pvalue | OR (95% CI) | Pvalue | OR (95% CI) | P value

PHQ-9 score .11 (1.06, 1.16) | <0.001 1.08 (1.03, 1.13) 0.002 1.07 (1.02, 1.12) 0.014
Depression

No Reference Reference Reference

Moderate 1.85 (0.90, 3.81) 0.092 1.59 (0.65,3.91) 0.310 1.42 (0.58, 3.43) 0.438

Severe 4.10 (1.99, 8.41) | <0.001 2.87 (1.36, 6.07) 0.006 2.49 (1.10, 5.63) 0.029
P for trend <0.001 0.018 0.078

Notes: Model I: no covariates were adjusted. Model 2: age, race, education level, marital status, PIR and BMI were adjusted.
Model 3: age, race, education level, marital status, PIR, BMI, cigarette smoking, alcohol drinking, hypertension, high cholesterol
levels, diabetes, age at menarche and number of pregnancies were adjusted.

Abbreviations: OR, Odds Ratio, 95% Cl, 95% confidence interval, PHQ-9, Patient Health Questionnaire-9.
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Table 3 Subgroup Analysis for the Associations Between Depression and the
Age at Natural Menopause (Early Versus Late)

Subgroup OR (95% CI) P value | P for Interaction
Education level <0.001
Less than high school 1.01 (0.95, 1.08) 0.8
High school or equivalent 1.06 (0.98, 1.15) 0.12
College or above 1.10 (1.02, 1.19) 0.017
PIR 0.071
<l 1.10 (1.04, 1.16) 0.001
>| 1.06 (1.00, 1.12) 0.045
Cigarette smoking 0.001
Never smoker 1.05 (0.99, I.11) 0.13
Former smoker 1.07 (1.00, 1.16) 0.060
Current smoker 1.12 (1.00, 1.24) 0.043
Alcohol drinking -k
1-5 drinks/year 1.07 (1.01, 1.12) 0.017
5+ drinks/year ¥ ¥

Notes: Adjusted for age, race, education level, marital status, PIR, BMI, cigarette smoking, alcohol
drinking, hypertension, high cholesterol levels, diabetes, age at menarche and number of pregnancies.
*The model failed because of the small sample size.

Abbreviations: OR, Odds Ratio; 95% Cl, 95% confidence interval; PIR, ratio of family income to
poverty; BMI, body mass index; PHQ-9, Patient Health Questionnaire-9.

Discussion

This large cross-sectional study identified a significant association between depression and an increased risk of early
menopause compared to late menopause. Additionally, the relationship appeared to be influenced by factors such as
education level, PIR, smoking status, and cigarette smoking.

The most common endocrine abnormality in depressed patients is overactivity of the hypothalamic-pituitary-adrenal
(HPA) axis.”*> The HPA axis is significantly activated in depressed states, resulting in increased release of
Adrenocorticotropin, resulting in elevated glucocorticoid levels in the body. Glucocorticoids inhibit the function of the
hypothalamic-pituitary-ovarian (HPO) axis and interfere with the normal secretion of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH). After being treated with glucocorticoids, primary rat granulosa cells regulate the
mechanism of steroid production through BMP-Smad signaling, leading to a decrease in the secretion of estradiol
induced by FSH in the cell.?> A drop in estrogen levels can lead to follicular dysplasia, decreased sensitivity of the
ovaries to gonadotropins, and an overall decline in ovarian function. Depression is often accompanied by increased levels
of pro-inflammatory factors such as IL-6, TNF-0, and CRP, leaving the body in a chronic, low-grade state of systemic
inflammation. Long-term chronic inflammation can adversely affect tissues and organs and may lead to decreased ovarian
reserve and the development of ovarian fibrosis.?**> It was found that TNF-a -/- mice had increased granulosa cell
proliferation and decreased oocyte apoptosis, and had higher follicular reserve than WT mice.?® Similarly, IL-1a and IL-
1B-KO mice exhibited higher serum anti-Mullerian hormone than WT mice, accompanied by decreased apoptosis
signaling in the mouse ovaries.”’ In addition, hormonal changes in a depressed state may further amplify the negative
effects of the HPA axis and inflammation, creating a vicious cycle that leads to accelerated decline in ovarian function
and early menopause.

Our findings confirm that women with depression face a significantly higher risk of early menopause, aligning with
results from prior studies. In a study of 2232 menopausal women, the prevalence of suicidal ideation was found to vary
with age at menopause (30.0% for POI, 12.7% for early menopause, and 8.0% for natural menopause).”® These results
support the possibility that depression may affect a woman’s age of menopause through multiple pathways, while also
revealing the possibility that women with POI are at higher risk for mental health. The association between medicated
depression and early menopause was greatest among women who experienced natural menopause before age 40 (OR =
6.6, 95% CI 0.7-58.9), and among women who reported a history of medicated depression for more than 3 years (OR =
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4.0, 95% CI = 1.3—-12.0). This is the first study to show a link between self-reported history of medicated depression and
early menopause.”” Exposure to chronic psychosocial stress, such as lower income, higher perceived stress and negative
attitudes towards menopause, is associated with increased psychological and physical symptoms and earlier onset of
menopause (before age 45).°

Moreover, our results suggest an association between lower educational attainment, lower PIR, and early menopause,
aligning with findings from previous studies.’’ >* Women with higher levels of education had higher scores on the
menopausal quality of life assessment. Low socioeconomic status and inadequate living conditions can disrupt an
individual’s psychological homeostasis and health management, thereby increasing the risk of chronic diseases.”

We also found that smoking was strongly associated with a higher risk of early menopause, corroborating previous studies.*®
Tobacco smoke has been shown to impair follicular growth, induce apoptosis, and accelerate ovarian follicle depletion, ultimately
reducing ovarian reserve and advancing menopause onset. Cigarette smoke contains about 4000 substances that fall into a variety
of chemical categories, including polycyclic aromatic hydrocarbons, heavy metals and alkaloids, which are all compounds with
reproductive toxicity.” The toxic substances in cigarette smoke can significantly reduce the level of estrogen in the blood by
affecting estrogen metabolism and inhibiting aromatase activity. Oxidative stress caused by smoking can cause damage to
ovarian tissue through the production of free radicals. There were indications of persistent oxidative stress in ovarian tissue and
undamaged oocytes exposed to tobacco smoke, with significant increases in mitochondrial ROS and lipid peroxidation levels, as
well as CYP2EI detoxes, leading to follicle depletion and oocyte dysfunction.*®

In contrast, we found no effect of age at menarche or parity on the association with premature menopause. An
observational study pooling data from postmenopausal women in the UK, Scandinavia, Australia, and Japan suggested
that early menarche and nulliparity are risk factors for premature menopause.*” Additionally, a study utilizing data from the
UK Biobank indicated that early age at menarche is a risk factor for early menopause.*® The discrepancies between our
findings and previous results may be attributed to differences in sample sizes as well as variations in the populations studied.

The results of this study provide important implications for clinical practice and public health policy. In women’s health
management, mental health should be the focus of early intervention. Interventions that target these high-risk groups, such
as mental health support and mood management, may help delay ovarian decline and reduce the risk of early menopause.

However, this study has several limitations. First, the study population was derived from a specific cohort of women
in the United States, which may limit the generalizability of the findings to other populations. Second, due to the cross-
sectional design of this study, we could not determine whether the self-reported conditions were diagnosed before or after
menopause; further research should employ prospective designs to explore the association between depression and ANM.
Third, the lack of data on reproductive hormone levels such as FSH and AMH in this study prevented an objective
assessment of ovarian function. Additionally, the reliance on self-reported data introduces potential recall bias and
inaccuracies. Future longitudinal studies will help better to reveal the long-term effects of depression on ovarian function
and provide stronger evidence for causal inference. In addition, the geographical scope of the study population can be
expanded to improve the extrapolation of the study results. It is also possible to explore in depth whether other possible
interventions, such as mental health interventions, can be effective in delaying the onset of early menopause.

Conclusion
In this cross-sectional study, the severity of depression in American women was positively correlated with the risk of
early menopause. This suggests that women should pay more attention to their mental health and actively manage
depression. For women with depression, early intervention and treatment may help improve their reproductive health and
delay menopause.

Abbreviations

ANM, age at natural menopause; NHANES, National Health and Nutrition Examination Survey; PHQ-9, Patient Health
Questionnaire-9; PIR, ratio of poverty income; BMI, body mass index; SD, standard deviation; OR, odds ratio; CI, confidence
interval; HPA, hypothalamic-pituitary-adrenal; HPO, hypothalamic-pituitary-ovarian, FSH, follicle-stimulating hormone;
LH, luteinizing hormone; POI, premature ovarian insufficiency.

218 https: International Journal of Women’s Health 2025:17



An et al

Data Sharing Statement
The data that support the findings of this study are available on request from the corresponding author, [ZCMU], upon
reasonable request.

Ethics Approval and Informed Consent
The National Health and Nutrition Examination Survey was approved by the National Center for Health Statistics
Research Ethics Review Board (https://www.cdc.gov/nchs/nhanes/irba98.htm). The patients/participants provided their

written informed consent to participate in this study. The Ethics Committee of the Third Affiliated Hospital of Zhejiang
Chinese Medicine University abandoned the ethical approval of this study because NHANES is a publicly accessible
database.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was funded by the Zhejiang Province Traditional Chinese Medicine Modernization Project (No. 2022ZX011).

Disclosure
No potential conflict of interest was reported by the authors.

References

1. Harlow SD, Gass M, Hall JE, et al. Executive summary of the stages of reproductive aging workshop + 10: addressing the unfinished agenda of
staging reproductive aging. J Clin Endocrinol Metab. 2012;97(4):1159-1168. doi:10.1210/jc.2011-3362

2. Davis SR, Baber RJ. Treating menopause - MHT and beyond. Nat Rev Endocrinol. 2022;18(8):490-502. doi:10.1038/s41574-022-00685-4

3. Davis SR, Pinkerton J, Santoro N, et al. Menopause-biology, consequences, supportive care, and therapeutic options. Cell. 2023;186
(19):4038-4058. doi:10.1016/j.cell.2023.08.016

4. Mishra GD, Davies MC, Hillman S, et al. Optimising health after early menopause. Lancet. 2024;403(10430):958-968. doi:10.1016/S0140-
6736(23)02800-3

5. Karamitrou EK, Anagnostis P, Vaitsi K, et al. Early menopause and premature ovarian insufficiency are associated with increased risk of dementia:
a systematic review and meta-analysis of observational studies. Maturitas. 2023;176:107792. doi:10.1016/j.maturitas.2023.107792

6. Jones AR, Enticott J, Ebeling PR, et al. Bone health in women with premature ovarian insufficiency/early menopause: a 23-year longitudinal
analysis. Hum Reprod. 2024;39(5):1013-1022. doi:10.1093/humrep/deae037

7. Anagnostis P, Christou K, Artzouchaltzi AM, et al. Early menopause and premature ovarian insufficiency are associated with increased risk of type
2 diabetes: a systematic review and meta-analysis. Eur J Endocrinol. 2019;180(1):41-50. doi:10.1530/EJE-18-0602

8. Liu J, Jin X, Chen W, et al. Early menopause is associated with increased risk of heart failure and atrial fibrillation: a systematic review and
meta-analysis. Maturitas. 2023;176:107784. doi:10.1016/j.maturitas.2023.107784

9.Li Q, Yang R, Zhou Z, et al. Fertility history and intentions of married women, China. Bull World Health Organ. 2024;102(4):244-254.
doi:10.2471/BLT.23.289736

10. American Psychiatric Association. DSM-5 Task Force. Diagnostic and Statistical Manual of Mental Disorders. 5th. American Psychiatric
Publishing, Inc; 2022.

11. Smith K. Mental health: a world of depression. Nature. 2014;515(7526):181. doi:10.1038/515180a

12. Stickel S, Wagels L, Wudarczyk O, et al. Neural correlates of depression in women across the reproductive lifespan - an fMRI review. J Affect
Disord. 2019;246:556-570. doi:10.1016/j.jad.2018.12.133

13. Nillni YI, Wesselink AK, Hatch EE, et al. Mental health, psychotropic medication use, and menstrual cycle characteristics. Clin Epidemiol.
2018;10:1073—1082. doi:10.2147/CLEP.S152131

14. Yang Q, Tao J, Xin X, et al. Association between depression and infertility risk among American women aged 18-45 years: the mediating effect of
the NHHR. Lipids Health Dis. 2024;23(1):178. doi:10.1186/s12944-024-02164-3

15. Purewal S, Chapman SCE, van den Akker OBA. Depression and state anxiety scores during assisted reproductive treatment are associated with
outcome: a meta-analysis. Reprod Biomed Online. 2018;36(6):646—657. doi:10.1016/j.rbmo.2018.03.010

16. Liang X, Margolis KL, Hendryx M, et al. Effect of depression before breast cancer diagnosis on mortality among postmenopausal women. Cancer.
2017;123(16):3107-3115. doi:10.1002/cncr.30688

17. Johnson CL, Dohrmann SM, Burt VL, et al. National health and nutrition examination survey: sample design, 2011-2014. Vital Health Stat. 2014;2
(162):1-33.

International Journal of Women’s Health 2025:17 https: 219


https://www.cdc.gov/nchs/nhanes/irba98.htm
https://doi.org/10.1210/jc.2011-3362
https://doi.org/10.1038/s41574-022-00685-4
https://doi.org/10.1016/j.cell.2023.08.016
https://doi.org/10.1016/S0140-6736(23)02800-3
https://doi.org/10.1016/S0140-6736(23)02800-3
https://doi.org/10.1016/j.maturitas.2023.107792
https://doi.org/10.1093/humrep/deae037
https://doi.org/10.1530/EJE-18-0602
https://doi.org/10.1016/j.maturitas.2023.107784
https://doi.org/10.2471/BLT.23.289736
https://doi.org/10.1038/515180a
https://doi.org/10.1016/j.jad.2018.12.133
https://doi.org/10.2147/CLEP.S152131
https://doi.org/10.1186/s12944-024-02164-3
https://doi.org/10.1016/j.rbmo.2018.03.010
https://doi.org/10.1002/cncr.30688

An et al

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Pasokh Z, Seif M, Ghaem H, et al. Age at natural menopause and its determinants in female population of Kharameh cohort study: comparison of
regression, conditional tree and forests. PLoS One. 2024;19(4):¢0300448. doi:10.1371/journal.pone.0300448

Jiao J, Hao J, Hou L, et al. Age at natural menopause and associated factors with early and late menopause among Chinese women in Zhejiang
province: a cross-sectional study. PLoS One. 2024;19(7):¢0307402. doi:10.1371/journal.pone.0307402

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. 2001;16(9):606—613.
doi:10.1046/j.1525-1497.2001.016009606.x

Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: the PHQ primary care study. primary care
evaluation of mental disorders. Patient health questionnaire. JAMA. 1999;282(18):1737-1744. doi:10.1001/jama.282.18.1737

Tichomirowa MA, Keck ME, Schneider HJ, et al. Endocrine disturbances in depression. J Endocrinol Invest. 2005;28(1):89-99. doi:10.1007/
BF03345535

Kashino C, Hasegawa T, Nakano Y, et al. Involvement of BMP-15 in glucocorticoid actions on ovarian steroidogenesis by rat granulosa cells.
Biochem Biophys Res Commun. 2021;559:56—61. doi:10.1016/j.bbrc.2021.04.085

Cui L, Sheng Y, Sun M, et al. Chronic pelvic inflammation diminished ovarian reserve as indicated by serum anti miilerrian hormone. PLoS One.
2016;11(6):e0156130. doi:10.1371/journal.pone.0156130

Briley SM, Jasti S, McCracken JM, et al. Reproductive age-associated fibrosis in the stroma of the mammalian ovary. Reproduction. 2016;152
(3):245-260. doi:10.1530/REP-16-0129

Cui LL, Yang G, Pan J, et al. Tumor necrosis factor a knockout increases fertility of mice. Theriogenology. 2011;75(5):867-876. doi:10.1016/j.
theriogenology.2010.10.029

Uri-Belapolsky S, Shaish A, Eliyahu E, et al. Interleukin-1 deficiency prolongs ovarian lifespan in mice. Proc Natl Acad Sci U S 4. 2014;111
(34):12492-12497. doi:10.1073/pnas.1323955111

Ryu KJ, Park H, Jeong Y, et al. Age at Menopause And Suicidal Ideation In Menopausal Women: A Study Of Korea national health and nutrition
examination survey data. J Korean Med Sci. 2022;37(45):¢330. doi:10.3346/jkms.2022.37.e330

Harlow BL, Cramer DW, Annis KM. Association of medically treated depression and ge at natural menopause. Am J Epidemiol. 1995;141
(12):1170-1176. doi:10.1093/oxfordjournals.aje.al17390

Blackson EA, McCarthy C, Bell C, et al. Experiences of menopausal transition among populations exposed to chronic psychosocial stress in the
United States: a scoping review. BMC Women's Health. 2024;24(1):487. doi:10.1186/s12905-024-03329-z

Parazzini F. Determinants of age at menopause in women attending menopause clinics in Italy. Maturitas. 2007;56(3):280-287. doi:10.1016/j.
maturitas.2006.09.003

Pan A, Crowder KD, Cedars MI, et al. Association between neighborhood poverty and ovarian reserve: the ovarian aging study. Menopause.
2024;31(5):372-380. doi:10.1097/GME.0000000000002331

Castelo-Branco C, Bliimel JE, Chedraui P, et al. Age at menopause in Latin America. Menopause. 2006;13(4):706-712. doi:10.1097/01.
gme.0000227338.73738.2d

Huang Z, Shi J, Liu W, et al. The influence of educational level in peri-menopause syndrome and quality of life among Chinese women. Gynecol
Endocrinol. 2020;36(11):991-996. doi:10.1080/09513590.2020.1781081

Audet M, Dumas A, Binette R, et al. Women, weight, poverty and menopause: understanding health practices in a context of chronic disease
prevention. Sociol Health Ilin. 2017;39(8):1412-1426. doi:10.1111/1467-9566.12593

Sun L, Tan L, Yang F, et al. Meta-analysis suggests that smoking is associated with an increased risk of early natural menopause. Menopause.
2012;19(2):126-132. doi:10.1097/gme.0b013e31822419ac

Budani MC, Tiboni GM. Ovotoxicity of cigarette smoke: a systematic review of the literature. Reprod Toxicol. 2017;72:164-181. doi:10.1016/j.
reprotox.2017.06.184

Sobinoff AP, Beckett EL, Jarnicki AG, et al. Scrambled and fried: cigarette smoke exposure causes antral follicle destruction and oocyte
dysfunction through oxidative stress. Toxicol Appl Pharmacol. 2013;271(2):156—167. doi:10.1016/j.taap.2013.05.009

Mishra GD, Pandeya N, Dobson AlJ, et al. Early menarche, nulliparity and the risk for premature and early natural menopause. Hum Reprod.
2017;32(3):679-686. doi:10.1093/humrep/dew350

Ruth KS, Perry JR, Henley WE, et al. Events in early life are associated with female reproductive ageing: a UK biobank study. Sci Rep.
2016;6:24710. doi:10.1038/srep24710

Dovepress
Taylor & Francis Group

International Journal of Women’s Health

Publish your work in this journal

The International Journal of Women’s Health is an international, peer-reviewed open-access journal publishing original research, reports,
editorials, reviews and commentaries on all aspects of women’s healthcare including gynecology, obstetrics, and breast cancer. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-womens-health-journal

. International Journal of Women’s Health 2025:17
220 X inO J


https://doi.org/10.1371/journal.pone.0300448
https://doi.org/10.1371/journal.pone.0307402
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1007/BF03345535
https://doi.org/10.1007/BF03345535
https://doi.org/10.1016/j.bbrc.2021.04.085
https://doi.org/10.1371/journal.pone.0156130
https://doi.org/10.1530/REP-16-0129
https://doi.org/10.1016/j.theriogenology.2010.10.029
https://doi.org/10.1016/j.theriogenology.2010.10.029
https://doi.org/10.1073/pnas.1323955111
https://doi.org/10.3346/jkms.2022.37.e330
https://doi.org/10.1093/oxfordjournals.aje.a117390
https://doi.org/10.1186/s12905-024-03329-z
https://doi.org/10.1016/j.maturitas.2006.09.003
https://doi.org/10.1016/j.maturitas.2006.09.003
https://doi.org/10.1097/GME.0000000000002331
https://doi.org/10.1097/01.gme.0000227338.73738.2d
https://doi.org/10.1097/01.gme.0000227338.73738.2d
https://doi.org/10.1080/09513590.2020.1781081
https://doi.org/10.1111/1467-9566.12593
https://doi.org/10.1097/gme.0b013e318224f9ac
https://doi.org/10.1016/j.reprotox.2017.06.184
https://doi.org/10.1016/j.reprotox.2017.06.184
https://doi.org/10.1016/j.taap.2013.05.009
https://doi.org/10.1093/humrep/dew350
https://doi.org/10.1038/srep24710
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Design and Participants
	Measurement of ANM
	Measurement of Depression
	Covariates
	Statistical Analysis

	Results
	NHANES Participant Characteristics
	Association Between Depression and ANM
	Subgroup

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure

