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Abstract

Objective: This study harnessed cross-sectional data
from the National Health and Nutrition Examination Sur-
vey (NHANES) 2017–March 2020 to examine the relation-
ship betweenmenopausal status and depression amongU.S.
women.

Methods: Data from NHANES 2017–March 2020
were used for this cross-sectional analysis. Robust statis-
tical approaches, including univariate and multivariate lo-
gistic regression, were applied, and subgroup analyses were
conducted to assess the stability of the findings.

Results: Women with premature ovarian insufficiency
(POI) and early menopause showed a higher likelihood of
depression compared with non-menopausal women (POI:
odds ratio (OR) = 1.59, 95% confidence interval (95% CI)
= 1.07–2.35; Early menopause: OR = 1.71, 95% CI = 1.06–
2.76). Among these groups, women whose age at last deliv-
ery was under 35 years demonstrated an ever greater vulner-
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ability to depression (POI: OR = 1.62, 95% CI = 1.07–2.43;
Early menopause: OR = 1.83, 95% CI = 1.11–3.02). In
postmenopausal women, moderate-intensity activity (≥150
minutes per week) was associated with increased odds of
depressive symptoms (Overall moderate-to-vigorous phys-
ical activity: OR = 1.9, 95% CI = 1.08–3.34; moderate-
to-vigorous recreational activity: OR = 2.17, 95% CI =
1.06–4.44). This association was not statistically signif-
icant among postmenopausal women engaging in insuffi-
cient moderate-intensity physical activity.

Conclusion: These findings support a significant asso-
ciation between POI and early menopause and depression
in U.S. women, particularly among those whose age at last
delivery was below 35 years.
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Introduction

Menopause constitutes a critical phase in the senes-
cence of the female reproductive system [1]. This physi-
ological transition not only marks the end of reproductive
capacity but is also characterized by a progressive decline in
the functionality of the hypothalamic-pituitary-ovarian axis
[2]. Menopause is clinically categorized into three groups
based on age at onset: primary ovarian insufficiency (POI),
occurring before 40 years [3,4]; premature menopause, oc-
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curring from 40–45 years [5,6]; and menopause, occurring
after 45 years [5]. This classification is clinically relevant,
as these subtypes exhibit significant differences in depres-
sion risk. As ovarian function declines, estrogen levels
decrease sharply, affecting multiple physiological systems
through intricate neuroendocrine pathways, with particu-
larly pronounced effects on the central nervous system [7].
Understanding this process is essential for elucidating the
pathophysiology of menopausal depression [8].

In recent years, accumulating evidence has under-
scored a significant association between estrogen fluctua-
tions and depressive symptoms in women [8]. Mood disor-
ders and depressive symptoms observed in perimenopausal
women may be linked to neuroplasticity alterations in-
duced by declining estrogen levels [9]. At the molecular
level, estrogen plays a crucial role in neuronal survival and
synaptic plasticity by modulating the expression of brain-
derived neurotrophic factor within the hippocampus [10].
It also contributes directly to mood regulation by influenc-
ing the serotonergic system [11]. Notably, recent epige-
netic research suggests that estrogenmay impact depression
pathogenesis through DNA methylation and other epige-
netic modifications, offering a theoretical basis for the de-
velopment of novel biomarkers [12]. Neuroimaging stud-
ies further support these findings: functional magnetic res-
onance imaging (MRI) reveals significant changes in func-
tional connectivity within the prefrontal cortex and limbic
system, while structural MRI indicates a reduction in gray
matter volume in regions critical for emotional regulation
[13,14].

However, the relationship between estrogen and
depressive symptoms is more complex than previously
thought. Contrary to expectations, the Danish National Co-
hort Study found that hormone replacement therapy may
increase the risk of depression in perimenopausal women,
particularly during the early phases of treatment [15]. This
paradox suggests that the straightforward “estrogen de-
ficiency theory” may be overly reductive. Recent ge-
netic studies reveal that polymorphisms in estrogen receptor
genes (such as ERα and ERβ) are associated with suscep-
tibility to depression in females, indicating that individual
genetic backgrounds may modulate estrogen’s psychologi-
cal effects [16]. A Mendelian randomization analysis from
the Guangzhou Biobank reported no significant association
between genetically predicted estrogen levels and depres-
sive symptoms [17], challenging traditional causal assump-
tions. Furthermore, longitudinal data from the Study of
Women’s Health Across the Nation indicate testosterone
variations may independently affect the emotional well-
being in menopausal women [18]. Collectively, these find-

ings support adopting amore comprehensive perspective on
the interplay between sex hormones and mental health.

Despite advances in elucidating the biological mecha-
nisms underlying menopausal depression, substantial gaps
persist in clinical translation. Existing studies predomi-
nantly rely on hormone test data sourced from specialized
medical institutions, posing challenges for implementation
in primary care settings. In addition, most risk assessment
models do not incorporate readily accessible clinical indi-
cators, such as age at menopause. Most critically, there
is an absence of differentiated assessment tools tailored to
populations with diverse socioeconomic backgrounds and
lifestyles.

Using nationally representative cross-sectional data
from the National Health and Nutrition Examination Sur-
vey (NHANES) 2017–March 2020, this study systemati-
cally evaluates the relationship between menopausal status
and depressive symptoms, while also examining the mod-
ifying effects of specific factors—including age at last de-
livery, body mass index (BMI), poverty income ratio (PIR),
and physical activity during work and leisure—on this rela-
tionship. Although cross-sectional designs cannot establish
causality, our stringent control for multiple confounders
and comprehensive sensitivity analyses provide robust epi-
demiological evidence to inform the development of risk
assessment tools based on clinically practical indicators.

Methods

Data Sources

The dataset used in this study was obtained from
the NHANES, a nationally representative survey adminis-
tered by the National Center for Health Statistics (NCHS)
under the Centers for Disease Control and Prevention
(CDC). Data were accessed and downloaded from the of-
ficial NHANES website (https://wwwn.cdc.gov/nchs/nhan
es/). The NHANES employs a complex, stratified, multi-
stage probability cluster sampling design, selecting approx-
imately 5000 noninstitutionalized U.S. individuals annu-
ally. A computer-assisted interview collected sociodemo-
graphic, health, and nutritional information, while physical
examinations and biological tests were performed in Mo-
bile Examination Centers. The dataset used in this study
included information collected from 2017 to March 2020,
representing the most recent available survey cycle. Data
collection for the 2019–2020 cycle was halted in March
2020 due to the COVID-19 pandemic. Consequently, data
from March 2019–2020 were combined with the 2017–
2018 cycle.
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Fig. 1. The flow chart of the study. NHANES, National Health and Nutrition Examination Survey.

Before data collection, the NHANES protocol was ap-
proved by the National Center for Health Statistics Insti-
tutional Review Board, and written informed consent was
obtained from all participants.

Study Population

Men and individuals under 18 years of age were ex-
cluded to focus on the relationship between menopausal
status and depression. Menopausal status was determined
using the NHANES Reproductive Health Questionnaire
(RHD043), which asked, “What is the reason you have/SP
have not had a period in the past 12 months?” Participants
were first classified as premenopausal or postmenopausal
based on their responses. Postmenopausal women were
then categorized into three groups according to their age
at menopause: POI, early menopause, and menopause. Ex-
clusion criteria included current pregnancy, breastfeeding,
recent childbirth, bilateral oophorectomy, hysterectomy, or
recent usage of female hormones (e.g., estrogen or proges-
terone).

Depression was assessed using the Patient Health
Questionnaire 9 (PHQ-9), a comprehensive nine-item de-
pression screening tool. Participants reported the frequency
of depressive symptoms experienced over the previous two

weeks using response options of “not at all”, “a few days”,
“more than half the time”, and “almost every day”. Each
item was scored from 0 to 3, yielding a total score from 0
to 27. Scores of 0–4 indicated normal mental health, while
scores≥5 indicated depression [19]. Fig. 1 presents the in-
clusion and exclusion criteria for the study population.

Covariates

Covariates included demographic variables
(race/ethnicity, age, education level, and PIR) and
health-related factors, such as BMI, alcohol consumption,
diabetes [20], hypertension, smoking status, physical
activity, fertility status, and physiological indicators
(hemoglobin, high-density lipoprotein cholesterol [HDL-
C], total cholesterol [TC], and triglycerides [TG]).

Educational attainment was categorized as: (1) less
than high school, (2) high school or equivalent, and (3)
college or above. PIR was classified as low income (PIR
≤1.3), middle income (1.3 < PIR ≤ 3.5), and high in-
come (PIR >3.5) [21]. BMI categories followed standard
definitions: underweight (BMI <18.5), average weight
(18.5 ≤ BMI < 25), overweight (25 ≤ BMI < 30), and
obese (≥30) [22]. Alcohol consumption was categorized as
never drinker, light-to-moderate drinker (females <1 stan-
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dard drink/day), or heavy drinker (females ≥1 standard
drink/day) [23].

Smoking status was categorized as: (1) never smoker
(smoked <100 cigarettes in lifetime); (2) former smoker
(smoked>100 cigarettes in lifetime but not currently smok-
ing); and (3) current smoker (smoked >100 cigarettes in
lifetime and currently smoking) [23].

Physical activity [24] was parsed into two categories:
physical activity and sedentary behavior. According to the
World Health Organization (WHO) guidelines on Physical
Activity and Sedentary Behavior [25], individuals who par-
ticipated in 150–300 minutes of moderate-intensity phys-
ical activity, 75–150 minutes of vigorous-intensity physi-
cal activity, or an equivalent combination of moderate- and
vigorous-intensity activities per week were deemed to have
met the recommended physical activity levels. Conversely,
individuals who did not achieve these thresholds were cat-
egorized as insufficiently active.

Participants were categorized into groups such as
moderate-vigorous work activity insufficient (MVWA)
(<150 min/week), moderate-vigorous recreational activity
short (MVRA) (<150 min/week), adequate MVWA (≥150
min/week), and adequate MVRA (≥150 minutes/week)
based on self-reported data regarding the number of days
and duration (in minutes) of moderate or vigorous exercise.
Additionally, the threshold for insufficient walking/biking
was defined as engaging in these activities for less than
150 minutes per week, as determined by self-reported data
on the number of days and duration. Those failing to
meet this criterion were classified as having inadequate lev-
els of walking/biking. Furthermore, sedentary (SB) time
was categorized into two groups (≥480 min/day and <480
min/day) based on self-reported estimates of daily passive
sitting time [26].

Statistical Analysis

Continuous variables with normal distribution were
presented asmean± standard deviation (SD), while skewed
continuous variables were summarized as median (in-
terquartile range, IQR). Categorical variables were ex-
pressed as frequencies and percentages. To assess differ-
ences among groups, we employed chi-square or Fisher’s
exact tests for categorical variables, one-way Analysis of
Variance (ANOVA) for normally distributed continuous
variables, and the Kruskal–Wallis H test for skewed con-
tinuous variables.

Potential confounders were adjusted based on: (1)
prior evidence in the literature; (2) statistical significance (p
< 0.05) in univariate analyses; and (3) a substantial change
(>10%) in effect size during covariate screening.

Missing data were addressed using a tailored ap-
proach. Categorical variables were handled by treating
missing values as a separate category to preserve dataset
integrity, while continuous variables were imputed using
the k-nearest neighbors (kNN) algorithm to maintain their
distributional properties, with the mean value calculated
from the 10 nearest neighbors. Variables with missing data,
listed in descending order of missingness, included age at
first delivery (48.03%), age at last delivery (47.42%), gesta-
tion times (25.24%), parturition times (25.06%), infertility
(20.4%), PIR (13.03%), HDL-C (6.67%), TG (6.96%), TC
(6.60%), education level (6.57%), hypertension (6.39%),
hemoglobin (4.22%), diabetes (4.15%), SB (0.75%), BMI
(1.21%), age at menarche (0.67%), MVWA (0.21%), and
walking/bicycling (0.21%). The overall extent of missing-
ness ranged from 0.2% to 48.03%, with reproductive his-
tory variables showing clinically significant missingness
exceeding 25%, a critical consideration given the study’s
focus on menopausal status.

A multifactorial stepwise logistic regression analysis
was conducted, with depression as the dependent variable
and menopausal status as the primary independent variable.
Both unadjusted and multivariate-adjusted models were fit-
ted. The likelihood of depression was expressed as an odds
ratio (OR) with standard error and a 95% confidence inter-
val (95% CI). Subgroup analyses were performed stratify-
ing for age at last delivery, BMI, PIR, MVWA, and MVRA
using stratified logistic regression models. The interac-
tion term “menopausal status × stratified variables” was
included in the multivariate regression framework. Cate-
gorical variables were coded as dummy variables, and the
statistical significance of the interaction terms was assessed
using Wald tests. Both subgroup and interaction analyses
were adjusted for potential confounders. Collinearity was
assessed using the variance inflation factor, and the analysis
revealed no evidence of collinearity among the covariates
(see Supplementary Table 1).

A two-tailed alpha value of 0.05 was considered sta-
tistically significant. Analyses were performed using R
software (version 4.3.1, The R Foundation for Statisti-
cal Computing, Vienna, Austria; http://www.R-project.o
rg) and Free Statistics software (version 1.8, Beijing Fen-
gruikelin Medical Technology Co., Ltd., Beijing, China;
https://app.clinicalscientists.cn/).
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Table 1. Baseline characteristics of study patients.

Variables
Total Premenopause POI Early menopause Postmenopause

Statistic p value
n = 2817 n = 1757 n = 133 n = 111 n = 816

Age, mean (SD), y 43.6 ± 16.8 33.7 ± 10.2 43.2 ± 17.1 60.1 ± 9.9 62.8 ± 8.6 1606.177 <0.001
Race/ethnicity, n (%) 28.798 0.004

Mexican American 368 (13.1) 248 (14.1) 18 (13.5) 16 (14.4) 86 (10.5)
Other Hispanic 304 (10.8) 184 (10.5) 20 (15) 11 (9.9) 89 (10.9)
Non-Hispanic White 880 (31.2) 517 (29.4) 49 (36.8) 40 (36) 274 (33.6)
Non-Hispanic Black 748 (26.6) 464 (26.4) 34 (25.6) 35 (31.5) 215 (26.3)
Other Race 517 (18.4) 344 (19.6) 12 (9) 9 (8.1) 152 (18.6)

Education level, n (%) 167.841 <0.001
Less than high school 447 (15.9) 224 (12.7) 26 (19.5) 28 (25.2) 169 (20.7)
High school or equivalent 584 (20.7) 305 (17.4) 48 (36.1) 32 (28.8) 199 (24.4)
College or above 1601 (56.8) 1054 (60) 49 (36.8) 51 (45.9) 447 (54.8)
NA 185 (6.6) 174 (9.9) 10 (7.5) 0 (0) 1 (0.1)

PIR, n (%) 17.484 0.042
≤1.3 832 (29.5) 547 (31.1) 50 (37.6) 30 (27) 205 (25.1)
1.3–3.5 888 (31.5) 549 (31.2) 40 (30.1) 38 (34.2) 261 (32)
>3.5 730 (25.9) 443 (25.2) 26 (19.5) 26 (23.4) 235 (28.8)
NA 367 (13.0) 218 (12.4) 17 (12.8) 17 (15.3) 115 (14.1)

BMI, n (%), kg/m2 Fisher <0.001
<18.5 66 (2.3) 50 (2.8) 5 (3.8) 2 (1.8) 9 (1.1)
18.5–25 748 (26.6) 524 (29.8) 23 (17.3) 17 (15.3) 184 (22.5)
25–30 727 (25.8) 418 (23.8) 36 (27.1) 30 (27) 243 (29.8)
≥30 1242 (44.1) 746 (42.5) 67 (50.4) 58 (52.3) 371 (45.5)
NA 34 (1.2) 19 (1.1) 2 (1.5) 4 (3.6) 9 (1.1)

Alcohol consumption, n (%) 189.138 <0.001
Never drinker 396 (14.1) 214 (12.2) 20 (15) 20 (18) 142 (17.4)
Light-to-moderate drinker 450 (16.0) 174 (9.9) 15 (11.3) 32 (28.8) 229 (28.1)
Heavy drinker 1971 (70.0) 1369 (77.9) 98 (73.7) 59 (53.2) 445 (54.5)

Hypertension, n (%) 443.765 <0.001
No 1426 (50.6) 1130 (64.3) 64 (48.1) 29 (26.1) 203 (24.9)
Yes 1211 (43.0) 498 (28.3) 60 (45.1) 79 (71.2) 574 (70.3)
NA 180 (6.4) 129 (7.3) 9 (6.8) 3 (2.7) 39 (4.8)

Diabetes, n (%) Fisher <0.001
No 2291 (81.3) 1538 (87.5) 105 (78.9) 83 (74.8) 565 (69.2)
Yes 409 (14.5) 143 (8.1) 21 (15.8) 24 (21.6) 221 (27.1)
NA 117 (4.2) 76 (4.3) 7 (5.3) 4 (3.6) 30 (3.7)

Smoking status, n (%) 57.941 <0.001
Never smoker 1968 (69.9) 1287 (73.2) 84 (63.2) 67 (60.4) 530 (65)
Current smoker 336 (11.9) 213 (12.1) 22 (16.5) 23 (20.7) 78 (9.6)
Former smoker 513 (18.2) 257 (14.6) 27 (20.3) 21 (18.9) 208 (25.5)

Physical activity
MVWA, n (%), min/week Fisher <0.001

<150 1767 (62.7) 1042 (59.3) 81 (60.9) 78 (70.3) 566 (69.4)
≥150 1044 (37.1) 710 (40.4) 52 (39.1) 33 (29.7) 249 (30.5)
NA 6 (0.2) 5 (0.3) 0 (0) 0 (0) 1 (0.1)

Walking/bicycling, n (%), min/week Fisher 0.006
<150 2532 (89.9) 1560 (88.8) 117 (88) 96 (86.5) 759 (93)
≥150 279 (9.9) 194 (11) 16 (12) 14 (12.6) 55 (6.7)
NA 6 (0.2) 3 (0.2) 0 (0) 1 (0.9) 2 (0.2)

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

1228 Actas Esp Psiquiatr 2025;53(6):1223–1236. https://doi.org/10.62641/aep.v53i6.1998 | ISSN:1578-2735
© 2025 The Author(s). This is an open access article under the CC BY 4.0 license.

Table 1. Continued.

Variables
Total Premenopause POI Early menopause Postmenopause

Statistic p value
n = 2817 n = 1757 n = 133 n = 111 n = 816

MVRA, n (%), min/week 54.676 <0.001
<150 1890 (67.1) 1091 (62.1) 100 (75.2) 90 (81.1) 609 (74.6)
≥150 927 (32.9) 666 (37.9) 33 (24.8) 21 (18.9) 207 (25.4)

SB, n (%), min/day Fisher 0.717
<480 1994 (70.8) 1236 (70.3) 95 (71.4) 82 (73.9) 581 (71.2)
≥480 802 (28.5) 510 (29) 36 (27.1) 28 (25.2) 228 (27.9)
NA 21 (0.7) 11 (0.6) 2 (1.5) 1 (0.9) 7 (0.9)

Depression, n (%) 15.296 0.002
Yes 829 (29.4) 492 (28) 54 (40.6) 44 (39.6) 239 (29.3)
No 1988 (70.6) 1265 (72) 79 (59.4) 67 (60.4) 577 (70.7)

Fertility status
Infertility, n (%) 1295.629 <0.001

Yes 238 (8.4) 185 (10.5) 10 (7.5) 8 (7.2) 35 (4.3)
No 2004 (71.1) 1572 (89.5) 93 (69.9) 45 (40.5) 294 (36)
NA 575 (20.4) 0 (0) 30 (22.6) 58 (52.3) 487 (59.7)

Menarche age, Mean ± SD 12.6 ± 1.8 12.5 ± 1.8 12.3 ± 1.9 12.7 ± 1.8 13.1 ± 1.8 20.543 <0.001
Gestation times, Median (IQR) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.7) 3.0 (2.0, 5.0) 33.321 <0.001
Parturition times, Median (IQR) 2.1 (2.0, 3.0) 2.0 (1.7, 3.0) 2.3 (1.2, 3.1) 2.2 (2.0, 4.0) 3.0 (2.0, 4.0) 47.338 <0.001
Age of first delivery, Median (IQR) 22.0 (20.0,

25.1)
21.9 (20.0,
25.1)

21.1 (19.6,
24.4)

22.0 (20.1, 25.0) 22.0 (20.5,
25.3)

16.180 0.001

Age of last delivery, Mean ± SD 28.6 ± 5.0 28.0 ± 5.1 27.9 ± 5.1 28.9 ± 4.9 29.9 ± 4.6 15.848 <0.001
Menopausal age, Mean ± SD, y 47.4 ± 8.2 30.2 ± 7.2 41.6 ± 1.5 50.9 ± 3.5 1669.298 <0.001
Relevant physiological indicators

Hemoglobin (mg/dL), Mean ± SD 13.2 ± 1.3 13.0 ± 1.4 13.6 ± 1.2 13.5 ± 1.2 13.4 ± 1.2 30.571 <0.001
HDL-C (mg/dL), Mean ± SD 57.2 ± 15.8 56.6 ± 15.4 52.6 ± 12.8 58.1 ± 14.7 59.3 ± 17.0 10.226 <0.001
TC (mg/dL), Mean ± SD 186.3 ± 38.0 178.7 ± 33.5 181.0 ± 35.2 205.0 ± 41.7 201.1 ± 41.6 80.898 <0.001
TG (mg/dL), Median (IQR) 99.0 (69.8,

140.0)
90.0 (63.0,
129.0)

98.2 (74.7,
140.0)

119.2 (81.5,
172.0)

115.0 (84.5,
155.0)

25.810 <0.001

Abbreviations: SD, Standard deviation; IQR, interquartile range; POI, premature ovarian insufficiency; PIR, poverty income ratio; BMI, body mass
index; MVWA,moderate-to-vigorous work activity; MVRA,moderate-to-vigorous recreational activity; SB, Sedentary behavior; HDL-C, high-density
lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides; NA, Not Available.

Results

Baseline Characteristics of the Study Population

The final analysis included 2817 female participants
from the NHANES 2017 to March 2020 cycle, among
whom 829 reported experiencing depression, yielding a
prevalence of 29.43%. Table 1 summarizes participant
characteristics, including demographic factors, lifestyle be-
haviors, comorbidities, reproductive status, and laboratory
test results. The mean age of participants was 43.6 ± 16.8
years, with subgroup-specific mean ages of 33.7 ± 10.2
years (Premenopausal), 43.2 ± 17.1 years (POI), 60.1 ±
9.9 years (Early Menopause), and 62.8 ± 8.6 years (Post-
menopausal). Mean ages at menopause were 30.2 ± 7.2
years (POI), 41.6 ± 1.5 years (Early Menopause), and 50.9
± 3.5 years (Postmenopausal).

Significant differences were observed across groups
in race/ethnicity, education level, PIR, BMI, alcohol con-
sumption, hypertension, diabetes, smoking status, physi-
cal activity levels, and reproductive factors, including in-
fertility, age at menarche, gestation and parturition times,
and age at first and last delivery (all p < 0.05). The
POI group had a higher proportion of individuals with a
PIR≤1.3 (37.59%) compared to the Postmenopausal group
(25.12%). The Early menopause group had the highest per-
centage of women with a BMI ≥30 (52.25%), and the POI
group reported more instances of heavy drinking (73.68%)
than the other groups. Additionally, the POI group had a
younger age at last delivery (27.9± 5.1 years) compared to
the Postmenopausal group (29.9 ± 4.6 years).
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Table 2. Association of covariates with depression risk.
Variables OR (95% CI) p value

Age 1.001 (0.996~1.006) 0.7375
Race/ethnicity
Mexican American 1 (Reference)
Other Hispanic 1.38 (1~1.91) 0.051
Non-Hispanic White 1.09 (0.84~1.43) 0.51
Non-Hispanic Black 1.04 (0.79~1.36) 0.798
Other Race 0.77 (0.57~1.04) 0.094

Education level
Less than high school 1 (Reference)
High school or equivalent 0.94 (0.73~1.22) 0.658
College or above 0.62 (0.5~0.78) <0.001

PIR
≤1.3 1 (Reference)
1.3–3.5 0.67 (0.55~0.82) <0.001
>3.5 0.43 (0.35~0.54) <0.001

BMI
<18.5 1 (Reference)
18.5–25 0.44 (0.26~0.74) 0.002
25–30 0.68 (0.4~1.14) 0.14
≥30 0.84 (0.51~1.41) 0.515

Alcohol consumption
Never drinker 1 (Reference)
Light-to-moderate drinker 2.15 (1.58~2.94) <0.001
Heavy drinker 1.62 (1.24~2.1) <0.001

Hypertension
No 1 (Reference)
Yes 1.28 (1.08~1.51) 0.004

Diabetes
No 1 (Reference)
Yes 1.57 (1.26~1.96) <0.001

Smoking status
Never smoker 1 (Reference)
Current smoker 2.48 (1.96~3.15) <0.001
Former smoker 1.71 (1.39~2.1) <0.001

Physical activity
MVWA: ≥150 vs <150 1.39 (1.18~1.64) <0.001
walking/bicycling: ≥150 vs <150 1.18 (0.9~1.53) 0.228
MVRA: ≥150 vs <150 0.67 (0.56~0.8) <0.001
SB: ≥480 vs <480 1.19 (1~1.42) 0.053

Fertility status
Infertility: No vs Yes 0.79 (0.59~1.04) 0.097
Menarche age 0.91 (0.87~0.96) <0.001
Gestation times 1.06 (1.02~1.11) 0.007
Parturition times 1.02 (0.98~1.07) 0.283
Age at first delivery 0.94 (0.92~0.96) <0.001
Age at last delivery 0.97 (0.96~0.99) 0.002
Menopausal age 0.97 (0.95~0.98) <0.001

Table 2. Continued.
Variables OR (95% CI) p value

Relevant physiological indicators
Hemoglobin 0.994 (0.934~1.057) 0.8392
HDL-C 0.994 (0.989~1) 0.0336
TC 0.999 (0.997~1.001) 0.2248
TG 1.001 (1~1.002) 0.0171

Abbreviations: CI, confidence interval; OR, Hazard ratios; PIR, poverty
income ratio; BMI, body mass index; MVWA, moderate-to-vigorous
work activity; MVRA, moderate-to-vigorous recreational activity; SB,
Sedentary behavior; HDL-C, high-density lipoprotein-cholesterol; TC,
total cholesterol; TG, triglycerides.

Association Between Menopausal Status and Depression

Depression was classified according to population-
specific PHQ-9 scores, following standard diagnostic cri-
teria. Univariate logistic regression analysis revealed sta-
tistically significant associations between depression and
several factors, including education level, PIR, BMI, alco-
hol consumption, hypertension, diabetes, smoking status,
MVWA,MVRA, menarche age, gestation times, age at first
birth, menopausal age, age at last birth, HDL-C, and TG (all
p < 0.05) (Table 2).

The multifactorial logistic regression results, illustrat-
ing the relationship between menopausal status and de-
pression, are presented in Table 3. The study population
is categorized by menopausal age into four groups: pre-
menopausal, POI, early menopause, and postmenopausal.
In the unadjusted model (Model 1) the POI, early
menopause, and postmenopausal groups showed higher
odds of depression compared with the premenopausal
group—by 76% (OR = 1.76, 95% CI = 1.22–2.52), 69%
(OR = 1.69, 95% CI = 1.14–2.5), and 6% (OR = 1.06,
95% CI = 0.89–1.28), respectively. After stepwise ad-
justment for age, education level, PIR, BMI, alcohol con-
sumption, smoking status, diabetes, hypertension, MVWA,
MVRA, hemoglobin, HDL-C, TC, TG, and fertility sta-
tus (menarche age, gestation times, parturition times, age
at first birth, age at last delivery), a significant association
between menopausal status and depression persisted (POI
group: OR = 1.59, 95% CI = 1.07–2.35; Early menopause
group: OR = 1.71, 95% CI = 1.06–2.76). However, in the
postmenopausal group, the association with depression was
not statistically significant (OR = 1.19; 95% CI: 0.86–1.64;
p = 0.298). The odds ratios between the unadjusted and ad-
justed models remained stable.To account for potential con-
founding variables and evaluate the influence of COVID-19
and missing data on outcome measures, we utilized stan-
dardized adjustment strategies. Sensitivity analyses, incor-
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Table 3. Multivariate regression analysis of the association between menopausal status and depression.

Variables No. n (%) with depression
Model 1 Model 2 Model 3 Model 4 Model 5

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Premenopausal 1757 492 (28) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
POI 133 54 (40.6) 1.76 (1.22~2.52) 0.002 1.65 (1.13~2.41) 0.009 1.56 (1.06~2.3) 0.024 1.62 (1.1~2.39) 0.015 1.59 (1.07~2.35) 0.021
Early menopause 111 44 (39.6) 1.69 (1.14~2.5) 0.009 1.78 (1.13~2.81) 0.013 1.71 (1.07~2.73) 0.024 1.77 (1.11~2.83) 0.017 1.71 (1.06~2.76) 0.027
Postmenopausal 816 239 (29.3) 1.06 (0.89~1.28) 0.501 1.17 (0.86~1.59) 0.314 1.16 (0.85~1.6) 0.344 1.2 (0.87~1.65) 0.273 1.19 (0.86~1.64) 0.298
Trend test 2817 829 (29.4) 1.03 (0.97~1.1) 0.296 1.05 (0.95~1.16) 0.337 1.05 (0.95~1.17) 0.358 1.06 (0.95~1.18) 0.302 1.05 (0.95~1.18) 0.334

Notes:
Model 1: No adjustment.
Model 2: Adjusted for age + education level + PIR.
Model 3: Model 2 + BMI + alcohol consumption + smoking status + diabetes + hypertension + MVWA + MVRA.
Model 4: Model 3 + hemoglobin + HDL-C + TC + TG.
Model 5: Model 4 + menarche age + gestation times + parturition times + age at first delivery + age at last delivery.
Abbreviations: POI, premature ovarian insufficiency; Ref, reference; OR, Hazard ratios; CI, confidence interval.
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Table 4. Subgroup analyses of the association between menopausal status and depression.

Subgroup
Menopausal status

p for trend p for interaction
Premenopause POI Early menopause Postmenopause

Age at last delivery (years) 0.511
<35 1 (Ref) 1.62 (1.07~2.43) 1.83 (1.11~3.02) 1.23 (0.86~1.76) 0.308
≥35 1 (Ref) 1.62 (0.34~7.64) 0.4 (0.03~6.26) 1.19 (0.43~3.27) 0.765

BMI (kg/m2) 0.379
<25 1 (Ref) 0.93 (0.34~2.55) 4.18 (1.23~14.16) 1.95 (0.9~4.2) 0.117
≥25 1 (Ref) 1.75 (1.12~2.72) 1.46 (0.85~2.49) 1.1 (0.76~1.59) 0.652

PIR 0.455
≤1.3 1 (Ref) 1.92 (1.01~3.65) 1.64 (0.65~4.13) 1.26 (0.69~2.3) 0.457
1.3–3.5 1 (Ref) 1.77 (0.86~3.64) 2.14 (0.94~4.89) 1.12 (0.62~2) 0.809
>3.5 1 (Ref) 1.16 (0.44~3.04) 1.58 (0.57~4.34) 0.86 (0.43~1.72) 0.719

MVWA (min/week) 0.192
<150 1 (Ref) 1.55 (0.92~2.6) 0.97 (0.54~1.77) 0.9 (0.6~1.36) 0.513
≥150 1 (Ref) 1.53 (0.83~2.82) 5.35 (2.2~12.99) 1.9 (1.08~3.34) 0.03

MVRA (min/week) 0.864
<150 1 (Ref) 1.42 (0.9~2.25) 1.53 (0.89~2.63) 1 (0.69~1.45) 0.855
≥150 1 (Ref) 1.99 (0.89~4.44) 1.96 (0.65~5.95) 2.17 (1.06~4.44) 0.02

Notes: Adjusted for age, education level, PIR, BMI, alcohol consumption, smoking status, diabetes, hypertension, MVWA, MVRA, hemoglobin,
HDL-C, TC, TG, menarche age, gestation times, parturition times, age at first delivery, and age at last delivery.
Abbreviations: Ref, reference; POI, premature ovarian insufficiency; BMI, body mass index; PIR, poverty income ratio; MVWA, moderate-to-
vigorous work activity; MVRA, moderate-to-vigorous recreational activity.

porating pre-pandemic data from 2017 to 2018 and impu-
tation of missing values, corroborated the robustness of the
primary findings, as elaborated in Supplementary Tables
2–4.

Subgroup Analysis of the Relationship Between
Menopausal Status and Depression

The results of the subgroup analysis are presented in
Table 4. Due to the limited sample sizes in certain BMI
categories, BMI was dichotomized into non-obese (<25
kg/m2) and obese (≥25 kg/m2) for the subgroup analyses
to ensure adequate statistical power while maintaining clin-
ical relevance. age at last deliverybirth was divided into
two groups (≥35 years versus <35 years) according to the
widely recognized clinical definition of “advancedmaternal
age” in obstetrics. This standard threshold helps identify
high-risk groups that warrant closer monitoring. No statis-
tically significant interactions were observed for age at last
birth, BMI, PIR, MVWA, and MVRA (all p for interaction
>0.05).

In the POI group, compared with the Premenopausal
group, the risk of depression was significantly higher
among women with an age at last birth <35 years (OR =
1.62, 95% CI = 1.07–2.43), BMI ≥25 kg/m2 (OR = 1.75,

95% CI = 1.12–2.72), and PIR ≤1.3 (OR = 1.92, 95% CI =
1.01–3.65).

In the Early menopause group, compared with the Pre-
menopausal group, women with an age at last birth <35
years (OR = 1.83, 95% CI = 1.11–3.02), BMI <25 kg/m2

(OR = 4.18, 95% CI = 1.23–14.16) and MVWA ≥150
min/week (OR = 5.35, 95% CI = 2.2–12.99) demonstrated
significantly higher risk of depression.

In the Postmenopausal group, compared with the Pre-
menopausal group, depression risk was significantly higher
among women with MVWA ≥150 min/week (OR = 1.9,
95% CI = 1.08–3.34) and MVRA ≥150 min/week (OR =
2.17, 95% CI = 1.06–4.44, respectively).

Discussion

This study systematically examined the epidemiologi-
cal relationship between menopausal status and depression
in women, using nationally representative cross-sectional
data from the NHANES 2017–March 2020. The findings
reveal a significant positive association between premature
menopause—including POI and early menopause—and de-
pressive symptoms. This association persisted even af-
ter adjusting for numerous potential confounders. Impor-
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tantly, the relationship between early menopausal charac-
teristics and depressive symptoms was more pronounced
among women who completed childbearing before age 35,
suggesting that the reproductive time window may serve
as a key effect modifier. Furthermore, women engaging
in ≥150 minutes of MVWA per week exhibited a higher
risk of depression, whereas this association was not evi-
dent among women with insufficient MVWA. This find-
ing contradicts the conventional notion that “exercise ben-
efits mental health” [27]. Potential explanations may in-
clude work-related stress, adverse environmental condi-
tions, or socioeconomic strain. Given the inherent limi-
tations of cross-sectional designs, these results reflect as-
sociative rather than causal relationships, particularly con-
cerning the dynamic interplay between work-related phys-
ical activity and depressive symptoms. To validate these
preliminary findings and clarify the underlying temporal
and biological mechanisms, future prospective cohort stud-
ies are warranted.

The observed relationship between menopausal status
and depressive symptoms has been examined and partially
validated in previous research. A cross-sectional study con-
ducted by the National Institutes of Health (NIH) Clinical
Research Center similarly found a significant association
between POI and the lifetime risk of major depressive dis-
order [28]. Notably, the NIH study employed a structured
clinical interview based on Statistical Manual of Mental
Disorders (DSM) IV criteria, whereas the current study em-
ployed the PHQ-9 scale to assess the spectrum of depressive
symptoms. This discrepancy in assessment methods may
partly explain the heterogeneity observed across studies.

Two large-scale studies from South Korea provide
cross-cultural references for this research. An analysis
of 2232 postmenopausal women from the Korean Na-
tional Health and Nutrition Examination Survey (2013–
2018) identified an elevated risk of suicidal ideation among
women with POI [29], consistent with the current find-
ings linking early menopause to depressive symptoms. Ad-
ditionally, a Korean national retrospective cohort study
of 945,729 postmenopausal women identified that early
menopause (<40 years) was associated with increased de-
pression risk, whereas late menopause (≥55 years) exerted
a protective effect [30]. While largely concordant with our
results, several notable differences remain. Specifically,
the Korean study focused on clinically diagnosed depres-
sion, whereas the present analysis assessed the full spec-
trum of depressive symptoms. This difference in focus
may affect the direct comparability of effect sizes. More-
over, unlike prior work, this study did not observe a pro-
tective effect of late menopause, possibly due to differ-
ences in threshold definitions. Specifically, this study de-

fined late menopause as occurring at or after 45 years of
age, compared with 55 years or older in the Korean study.
This discrepancy in criteria suggests that the influence of
menopausal age on depressive symptoms may depend on
reaching a critical threshold, with protective effects appear-
ing when menopause is substantially delayed, such as at or
beyond 55 years. This observation has important implica-
tions for future research: investigators examining the rela-
tionship betweenmenopausal age and depressive symptoms
should carefully define inclusion criteria and apply refined
stratification strategies.

The mechanisms linking premature menopause to de-
pression are multifactorial, involving immune, hormonal,
and dietary pathways [31,32]. During the perimenopausal
period, immune cell activity is notably altered, with sex
hormones playing a pivotal role in immune regulation.
This interaction may represent a key pathological pathway
connecting perimenopause to depression [33]. Addition-
ally, early menopause or perimenopause can adversely af-
fect multiple life domains, particularly occupational perfor-
mance and career progression, thereby exacerbating psy-
chological distress and increasing the risk of depression
[34]. Dietary factors also warrant consideration: for in-
stance, high consumption of full-fat dairy products has been
associated with elevated risk of premenopausal depression,
whereas intake of oily fish rich in omega-3 fatty acids may
offer protective benefits. Such dietary components may in-
fluence depression risk indirectly via metabolic and hor-
monal pathways [35].

In contrast to previous studies, our research specifi-
cally examines the influence of age at last delivery on de-
pression risk amongwomen experiencing early menopause,
including those with POI and early menopause. A key find-
ing is that women whose last childbirth occurred before age
35 demonstrated a significantly higher risk of depression
compared to those who are premenopausal. This strongly
indicates that reproductive timing plays a crucial role in
shaping long-termmental health outcomes. Delaying child-
bearing may reduce depression risk, potentially through
prolonged exposure to endogenous hormones, such as the
neuroprotective effects of estrogen, or through socioeco-
nomic mechanisms, including higher educational attain-
ment and economic stability. Conversely, among women
experiencing early menopause or POI, an early age at last
delivery may reflect accelerated reproductive aging and
may intensify stressors such as unmet fertility aspirations or
caregiving responsibilities, particularly in resource-limited
contexts [36]. These results are consistent with the biopsy-
chosocial model, which associates reproductive transitions
with mental health outcomes through both biological mech-
anisms and environmental factors.
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This study further identified that the early cessation of
fertility may intensify the risk of depression through a bidi-
rectional mechanism, wherein psychological stress result-
ing from infertility and early menopause substantially ele-
vates the prevalence of depressive disorders [37,38]. Future
research should investigate whether age at last delivery af-
fects depression risk through variables such as the duration
of hormonal exposure, social support, or economic adapta-
tion.

This study unexpectedly identified an association be-
tween early menopausal women engaging in≥150 minutes
of moderate-to-vigorous work-related physical activity per
week and an elevated risk of depression. This finding stands
in marked contrast to the extensively documented protec-
tive effect of physical activity on mental health reported in
prior research [39]. Several factors may account for this
anomalous observation. Firstly, the relatively small sam-
ple size within this subgroup (n = 52) may have limited the
precision of the effect estimates, although statistical signif-
icance was maintained after multivariate adjustment. More
importantly, the ability to engage in high-intensity work-
related activities among older women may itself reflect un-
derlying socioeconomic disadvantage. Women in this de-
mographic often face greater occupational stress, have ac-
cess to fewer economic resources, and possess lower edu-
cational attainment—factors that collectively represent key
social determinants of depression risk. It is important to
note that work- and leisure-related physical activity fun-
damentally differ in nature: the former is typically char-
acterized by time constraints, limited autonomy, and high
job demands, whereas the latter is more closely associated
with voluntary participation and enjoyment. This qualita-
tive distinction may help explain why the present study’s
findings appear to diverge from established knowledge re-
garding physical activity and mental health. Additionally,
the distinct endocrine changes experienced by women ex-
periencing early menopause may alter their physiological
response to work-related stress, potentially amplifying this
adverse relationship. These findings underscore the need to
consider the interplay between activity type, social context,
and individual characteristics when evaluating the impact
of physical activity on mental health, rather than focusing
solely on activity duration.

Given that this study employed cross-sectional
NHANES data, causal relationships cannot be inferred,
and the potential for reverse causality cannot be excluded.
Moreover, the self-reported nature of physical activity data
introduces the possibility of recall and reporting biases,
which may affect the accuracy and reliability of the results.
Classification of reproductive stages—including POI, early
menopause, and postmenopause—was based exclusively

on self-reported questionnaire data, without biochemical
verification (e.g., follicle-stimulating hormone or estradiol
levels). Although the NHANES 2017–March 2020 cy-
cle did not include hormone measurements, classifying
menopausal status based on self-reported questionnaire data
is consistent with standard practice in large-scale popula-
tion studies on menopausal health [40,41]. Nonetheless,
this limitation could result in non-differential misclassi-
fication bias, particularly for women whose transitional
menopausal status is difficult to self-identify. Furthermore,
missing data for several critical variables, especially those
relating to reproductive history, may have introduced addi-
tional bias. While the k-nearest neighbors (kNN) algorithm
was applied to minimize data loss, it cannot entirely elim-
inate the uncertainty associated with incomplete observa-
tions, potentially affecting the precision and robustness of
the estimated associations.

To address current research limitations, future stud-
ies should employ longitudinal designs with larger sample
sizes and use objective movement-monitoring instruments,
such as accelerometers, to more precisely analyze the re-
lationship between activity intensity and depression risk
across menopausal stages. Furthermore, integrating self-
reported data with biochemical markers can substantially
enhance the accuracy of menopausal status classification,
especially during transitional phases such as POI and early
perimenopause.

Conclusion

In conclusion, this cross-sectional study demonstrates
significant associations between POI, earlymenopause, and
depression, while also highlighting complex relationships
with patterns of physical activity. Given the observational
nature of the NHANES data, these findings should be inter-
preted as indicative of population-level correlations rather
than evidence of causal pathways.

Availability of Data and Materials

In this analysis, public and de-identified data can
be accessed through the CDC National Center for Health
Statistics NHANES database, https://wwwn.cdc.gov/nchs/
nhanes/Default.aspx.

Author Contributions

JJP, JC, LL, and ML contributed to the study concept
and design, data acquisition, and interpretation of results.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx


Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

1234 Actas Esp Psiquiatr 2025;53(6):1223–1236. https://doi.org/10.62641/aep.v53i6.1998 | ISSN:1578-2735
© 2025 The Author(s). This is an open access article under the CC BY 4.0 license.

LL and ML performed the statistical analysis. JJP and JC
drafted the manuscript, while all authors critically revised it
for important intellectual content. All authors approved the
final manuscript and take full responsibility for the integrity
of the data and the accuracy of the analysis.

Ethics Approval and Consent to Participate

This research utilized publicly accessible data from
the NHANES, a program administered by the CDC aimed
at evaluating the health and nutritional status of adults
and children within the United States. The survey imple-
ments a complex, multistage probability sampling design
to achieve a nationally representative sample of the civil-
ian, non-institutionalized U.S. population. The National
Center for Health Statistics research Ethics Review Board
(NCHS ERB) reviewed and approved the study (NCHS
ERB protocols #2018-01). Additionally, all participants
provided written informed consent.

Acknowledgment

Thanks to the NHANES staff and participants, we re-
port no competing financial interests.

Funding

This work was supported by grants from Scien-
tific Research Project of Chengdu Health Committee (No.
2022657) and The First Affiliated Hospital of Chengdu
Medical College (CYFY2021YB03).

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
62641/aep.v53i6.1998.

References

[1] Zhang X, Liu L, Song F, Song Y, Dai H. Ages at menarche and
menopause, and mortality among postmenopausal women. Maturi-
tas. 2019; 130: 50–56. https://doi.org/10.1016/j.maturitas.2019.10.
009.

[2] Dennerstein L, Lehert P, Burger HG, Guthrie JR. New findings from
non-linear longitudinal modelling of menopausal hormone changes.
Human Reproduction Update. 2007; 13: 551–557. https://doi.org/
10.1093/humupd/dmm022.

[3] De Vos M, Devroey P, Fauser BCJM. Primary ovarian insuf-
ficiency. Lancet. 2010; 376: 911–921. https://doi.org/10.1016/
S0140-6736(10)60355-8.

[4] Touraine P, Chabbert-Buffet N, Plu-Bureau G, Duranteau L, Sin-
clair AH, Tucker EJ. Premature ovarian insufficiency. Nature Re-
views. Disease Primers. 2024; 10: 63. https://doi.org/10.1038/
s41572-024-00547-5.

[5] Voorhuis M, Onland-Moret NC, van der Schouw YT, Fauser BCJM,
Broekmans FJ. Human studies on genetics of the age at natural
menopause: a systematic review. Human Reproduction Update.
2010; 16: 364–377. https://doi.org/10.1093/humupd/dmp055.

[6] Langton CR, Whitcomb BW, Purdue-Smithe AC, Sievert LL, Han-
kinson SE, Manson JE, et al. Association of Parity and Breastfeed-
ing With Risk of Early Natural Menopause. JAMA Network Open.
2020; 3: e1919615. https://doi.org/10.1001/jamanetworkopen.2019.
19615.

[7] Voedisch AJ, Dunsmoor-Su R, Kasirsky J. Menopause: A Global
Perspective and Clinical Guide for Practice. Clinical Obstetrics
and Gynecology. 2021; 64: 528–554. https://doi.org/10.1097/GRF.
0000000000000639.

[8] Zhang J, Yin J, Song X, Lai S, Zhong S, Jia Y. The effect of exoge-
nous estrogen on depressive mood in women: A systematic review
andmeta-analysis of randomized controlled trials. Journal of Psychi-
atric Research. 2023; 162: 21–29. https://doi.org/10.1016/j.jpsychir
es.2023.04.002.

[9] Han Y, Gu S, Li Y, Qian X, Wang F, Huang JH. Neuroendocrine
pathogenesis of perimenopausal depression. Frontiers in Psychiatry.
2023; 14: 1162501. https://doi.org/10.3389/fpsyt.2023.1162501.

[10] Chow R, Wessels JM, Foster WG. Brain-derived neurotrophic fac-
tor (BDNF) expression and function in the mammalian reproduc-
tive Tract. Human Reproduction Update. 2020; 26: 545–564. https:
//doi.org/10.1093/humupd/dmaa008.

[11] Hernández-Hernández OT, Martínez-Mota L, Herrera-Pérez JJ,
Jiménez-Rubio G. Role of Estradiol in the Expression of Genes In-
volved in Serotonin Neurotransmission: Implications for Female
Depression. Current Neuropharmacology. 2019; 17: 459–471. https:
//doi.org/10.2174/1570159X16666180628165107.

[12] Guintivano J, Arad M, Gould TD, Payne JL, Kaminsky ZA. Ante-
natal prediction of postpartum depression with blood DNA methy-
lation biomarkers. Molecular Psychiatry. 2014; 19: 560–567. https:
//doi.org/10.1038/mp.2013.62.

[13] Frizell B, Dumas JA. Examining the Relationship Between Neuros-
teroids, Cognition, and Menopause With Neuroimaging Methods.
Current Psychiatry Reports. 2018; 20: 96. https://doi.org/10.1007/
s11920-018-0963-2.

[14] Gibson K, Walsh M, Hynd M, Eisenlohr-Moul T, Walsh E, Bondy
E, et al. The effects of estradiol on subcortical brain volumes in
perimenopausal-onset depression. Journal of Affective Disorders.
2025; 377: 45–52. https://doi.org/10.1016/j.jad.2025.02.068.

[15] Wium-AndersenMK, Jørgensen TSH,HalvorsenAH,Hartsteen BH,
Jørgensen MB, Osler M. Association of Hormone TherapyWith De-
pression During Menopause in a Cohort of Danish Women. JAMA

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.62641/aep.v53i6.1998
https://doi.org/10.62641/aep.v53i6.1998
https://doi.org/10.1016/j.maturitas.2019.10.009
https://doi.org/10.1016/j.maturitas.2019.10.009
https://doi.org/10.1093/humupd/dmm022
https://doi.org/10.1093/humupd/dmm022
https://doi.org/10.1016/S0140-6736(10)60355-8
https://doi.org/10.1016/S0140-6736(10)60355-8
https://doi.org/10.1038/s41572-024-00547-5
https://doi.org/10.1038/s41572-024-00547-5
https://doi.org/10.1093/humupd/dmp055
https://doi.org/10.1001/jamanetworkopen.2019.19615
https://doi.org/10.1001/jamanetworkopen.2019.19615
https://doi.org/10.1097/GRF.0000000000000639
https://doi.org/10.1097/GRF.0000000000000639
https://doi.org/10.1016/j.jpsychires.2023.04.002
https://doi.org/10.1016/j.jpsychires.2023.04.002
https://doi.org/10.3389/fpsyt.2023.1162501
https://doi.org/10.1093/humupd/dmaa008
https://doi.org/10.1093/humupd/dmaa008
https://doi.org/10.2174/1570159X16666180628165107
https://doi.org/10.2174/1570159X16666180628165107
https://doi.org/10.1038/mp.2013.62
https://doi.org/10.1038/mp.2013.62
https://doi.org/10.1007/s11920-018-0963-2
https://doi.org/10.1007/s11920-018-0963-2
https://doi.org/10.1016/j.jad.2025.02.068


Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Actas Esp Psiquiatr 2025;53(6):1223–1236. https://doi.org/10.62641/aep.v53i6.1998 | ISSN:1578-2735
© 2025 The Author(s). This is an open access article under the CC BY 4.0 license.

1235

Network Open. 2022; 5: e2239491. https://doi.org/10.1001/jamane
tworkopen.2022.39491.

[16] Li C, Xie M, Wang W, Liu Y, Liao D, Yin J, et al. Association
Between Polymorphisms in Estrogen Receptor Genes and Depres-
sion in Women: A Meta-Analysis. Frontiers in Genetics. 2022; 13:
936296. https://doi.org/10.3389/fgene.2022.936296.

[17] Yeung SL, Jiang C, Cheng KK, Zhang W, Lam TH, Leung GM, et
al. Genetically predicted 17beta-estradiol, cognitive function and de-
pressive symptoms in women: A Mendelian randomization in the
Guangzhou Biobank Cohort Study. Preventive Medicine. 2016; 88:
80–85. https://doi.org/10.1016/j.ypmed.2016.03.002.

[18] Bromberger JT, Schott LL, Kravitz HM, Sowers M, Avis NE, Gold
EB, et al. Longitudinal change in reproductive hormones and de-
pressive symptoms across the menopausal transition: results from
the Study of Women’s Health Across the Nation (SWAN). Archives
of General Psychiatry. 2010; 67: 598–607. https://doi.org/10.1001/
archgenpsychiatry.2010.55.

[19] Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of
a brief depression severity measure. Journal of General Internal
Medicine. 2001; 16: 606–613. https://doi.org/10.1046/j.1525-1497.
2001.016009606.x.

[20] Liu Y, Geng T, Wan Z, Lu Q, Zhang X, Qiu Z, et al. Associations of
Serum Folate and Vitamin B12 Levels With Cardiovascular Disease
Mortality Among Patients With Type 2 Diabetes. JAMA Network
Open. 2022; 5: e2146124. https://doi.org/10.1001/jamanetworkope
n.2021.46124.

[21] Hu Z, Li Y, Yang Y, Yu W, Xie W, Song G, et al. Serum lipids
mediate the relationship of multiple polyaromatic hydrocarbons on
non-alcoholic fatty liver disease: A population-based study. The Sci-
ence of the Total Environment. 2021; 780: 146563. https://doi.org/
10.1016/j.scitotenv.2021.146563.

[22] Hong F, Habermann TM, Gordon LI, Hochster H, Gascoyne RD,
Morrison VA, et al. The role of body mass index in survival outcome
for lymphoma patients: US intergroup experience. Annals of Oncol-
ogy. 2014; 25: 669–674. https://doi.org/10.1093/annonc/mdt594.

[23] Hou W, Chen S, Zhu C, Gu Y, Zhu L, Zhou Z. Associations between
smoke exposure and osteoporosis or osteopenia in a US NHANES
population of elderly individuals. Frontiers in Endocrinology. 2023;
14: 1074574. https://doi.org/10.3389/fendo.2023.1074574.

[24] Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska
DA, et al. The Physical Activity Guidelines for Americans. JAMA.
2018; 320: 2020–2028. https://doi.org/10.1001/jama.2018.14854.

[25] Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Car-
don G, et al. World Health Organization 2020 guidelines on phys-
ical activity and sedentary behaviour. British Journal of Sports
Medicine. 2020; 54: 1451–1462. https://doi.org/10.1136/bjsports
-2020-102955.

[26] Huang B, Huang Z, Tan J, Xu H, Deng K, Cheng J, et al. The medi-
ating and interacting role of physical activity and sedentary behav-
ior between diabetes and depression in people with obesity in United
States. Journal of Diabetes and its Complications. 2021; 35: 107764.
https://doi.org/10.1016/j.jdiacomp.2020.107764.

[27] Smith PJ, Merwin RM. The Role of Exercise in Management of
Mental Health Disorders: An Integrative Review. Annual Review
of Medicine. 2021; 72: 45–62. https://doi.org/10.1146/annurev-m
ed-060619-022943.

[28] Schmidt PJ, Luff JA, Haq NA, Vanderhoof VH, Koziol DE, Calis

KA, et al. Depression in women with spontaneous 46, XX pri-
mary ovarian insufficiency. The Journal of Clinical Endocrinology
and Metabolism. 2011; 96: E278–E287. https://doi.org/10.1210/jc
.2010-0613.

[29] Ryu KJ, Park H, Jeong Y, Nam S, Jeong HG, Kim T. Age at
Menopause and Suicidal Ideation in Menopausal Women: A Study
of Korea National Health and Nutrition Examination Survey Data.
Journal of Korean Medical Science. 2022; 37: e330. https://doi.org/
10.3346/jkms.2022.37.e330.

[30] Kim H, Jung JH, Han K, Lee DY, Fava M, Mischoulon D, et al.
Ages at menarche and menopause, hormone therapy, and the risk
of depression. General Hospital Psychiatry. 2023; 83: 35–42. https:
//doi.org/10.1016/j.genhosppsych.2023.04.001.

[31] Hong T, Pu D, Wu J. The correlation between primary ovarian insuf-
ficiency, sex hormones and immune cells: a two-stepMendelian ran-
domization study. Frontiers in Endocrinology. 2025; 16: 1456273.
https://doi.org/10.3389/fendo.2025.1456273.

[32] Qiu Z, Huang EYZ, Li Y, Du J, Kan J. Association of dietary
preferences with primary ovarian insufficiency (POI): a mendelian
randomization-based analysis. BMCWomensHealth. 2024; 24: 652.
https://doi.org/10.1186/s12905-024-03488-z.

[33] Priyanka HP, Sharma U, Gopinath S, Sharma V, Hima L, ThyagaRa-
jan S. Menstrual cycle and reproductive aging alters immune reac-
tivity, NGF expression, antioxidant enzyme activities, and intracel-
lular signaling pathways in the peripheral blood mononuclear cells
of healthy women. Brain, Behavior, and Immunity. 2013; 32: 131–
143. https://doi.org/10.1016/j.bbi.2013.03.008.

[34] Geukes M, Anema JR, van Aalst MP, de Menezes RX, Oosterhof
H. Improvement of menopausal symptoms and the impact on work
ability: A retrospective cohort pilot study. Maturitas. 2019; 120: 23–
28. https://doi.org/10.1016/j.maturitas.2018.10.015.

[35] Azarmanesh D, Bertone-Johnson ER, Pearlman J, Liu Z, Carbone
ET. Association of the Dietary Inflammatory Index with Depres-
sive Symptoms among Pre- and Post-Menopausal Women: Find-
ings from the National Health and Nutrition Examination Survey
(NHANES) 2005-2010. Nutrients. 2022; 14: 1980. https://doi.org/
10.3390/nu14091980.

[36] Cocchiaro T, Meneghini C, Dal Lago A, Fabiani C, Amodei M,
Miriello D, et al. Assessment of sexual and emotional distress in
infertile couple: validation of a new specific psychometric tool.
Journal of Endocrinological Investigation. 2020; 43: 1729–1737.
https://doi.org/10.1007/s40618-020-01263-z.

[37] Simionescu G, Doroftei B, Maftei R, Obreja BE, Anton E, Grab D,
et al. The complex relationship between infertility and psychological
distress (Review). Experimental and Therapeutic Medicine. 2021;
21: 306. https://doi.org/10.3892/etm.2021.9737.

[38] XuM, Yin X, Gong Y. Association of premature natural and surgical
menopause with incidence of depression requiring hospitalization: a
prospective cohort study. American Journal of Obstetrics and Gyne-
cology. 2025; 232: 543.e1–543.e17. https://doi.org/10.1016/j.ajog
.2024.11.002.

[39] Tian S, Liang Z, Qui F, Yu Y, Wang C, Zhang M, et al. Optimal ex-
ercise modality and dose to improve depressive symptoms in adults
with major depressive disorder: A systematic review and Bayesian
model-based network meta-analysis of RCTs. Journal of Psychiatric
Research. 2024; 176: 384–392. https://doi.org/10.1016/j.jpsychires
.2024.06.031.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jamanetworkopen.2022.39491
https://doi.org/10.1001/jamanetworkopen.2022.39491
https://doi.org/10.3389/fgene.2022.936296
https://doi.org/10.1016/j.ypmed.2016.03.002
https://doi.org/10.1001/archgenpsychiatry.2010.55
https://doi.org/10.1001/archgenpsychiatry.2010.55
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/jamanetworkopen.2021.46124
https://doi.org/10.1001/jamanetworkopen.2021.46124
https://doi.org/10.1016/j.scitotenv.2021.146563
https://doi.org/10.1016/j.scitotenv.2021.146563
https://doi.org/10.1093/annonc/mdt594
https://doi.org/10.3389/fendo.2023.1074574
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/j.jdiacomp.2020.107764
https://doi.org/10.1146/annurev-med-060619-022943
https://doi.org/10.1146/annurev-med-060619-022943
https://doi.org/10.1210/jc.2010-0613
https://doi.org/10.1210/jc.2010-0613
https://doi.org/10.3346/jkms.2022.37.e330
https://doi.org/10.3346/jkms.2022.37.e330
https://doi.org/10.1016/j.genhosppsych.2023.04.001
https://doi.org/10.1016/j.genhosppsych.2023.04.001
https://doi.org/10.3389/fendo.2025.1456273
https://doi.org/10.1186/s12905-024-03488-z
https://doi.org/10.1016/j.bbi.2013.03.008
https://doi.org/10.1016/j.maturitas.2018.10.015
https://doi.org/10.3390/nu14091980
https://doi.org/10.3390/nu14091980
https://doi.org/10.1007/s40618-020-01263-z
https://doi.org/10.3892/etm.2021.9737
https://doi.org/10.1016/j.ajog.2024.11.002
https://doi.org/10.1016/j.ajog.2024.11.002
https://doi.org/10.1016/j.jpsychires.2024.06.031
https://doi.org/10.1016/j.jpsychires.2024.06.031


Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

Ling Liu, et al. The Relationship Between Menopausal Status and Depression in U.S. Women: Insights from the NHANES
2017–March 2020 Cross-Sectional Study

1236 Actas Esp Psiquiatr 2025;53(6):1223–1236. https://doi.org/10.62641/aep.v53i6.1998 | ISSN:1578-2735
© 2025 The Author(s). This is an open access article under the CC BY 4.0 license.

[40] Mishra GD, Pandeya N, Dobson AJ, Chung HF, Anderson D, Kuh
D, et al. Early menarche, nulliparity and the risk for premature and
early natural menopause. Human Reproduction. 2017; 32: 679–686.
https://doi.org/10.1093/humrep/dew350.

[41] Zhu D, Chung HF, Dobson AJ, Pandeya N, Giles GG, Bruinsma
F, et al. Age at natural menopause and risk of incident cardio-
vascular disease: a pooled analysis of individual patient data. The
Lancet Public Health. 2019; 4: e553–e564. https://doi.org/10.1016/
S2468-2667(19)30155-0.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/humrep/dew350
https://doi.org/10.1016/S2468-2667(19)30155-0
https://doi.org/10.1016/S2468-2667(19)30155-0

	Abstract
	Keywords
	Introduction
	Methods
	Data Sources
	Study Population
	Covariates
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Population
	Association Between Menopausal Status and Depression
	Subgroup Analysis of the Relationship Between Menopausal Status and Depression

	Discussion
	Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

