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Reproductive epidemiology
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ABSTRACT 

STUDY QUESTION: What is the association between reproductive health history (e.g. age at menarche, menopause, reproductive 
lifespan) with abdominal adiposity in postmenopausal women?

SUMMARY ANSWER: Higher visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) tissue levels were observed among 
women with earlier menarche, earlier menopause, and greater parity.

WHAT IS KNOWN ALREADY: Postmenopausal women are predisposed to accumulation of VAT and SAT. Reproductive health varia
bles are known predictors of overall obesity status in women, defined by BMI.

STUDY DESIGN, SIZE, DURATION: This study is a secondary analysis of data collected from the baseline visit of the Women’s 
Health Initiative (WHI). The WHI is a large prospective study of postmenopausal women, including both a randomized trial and ob
servational study. There were 10 184 women included in this analysis.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Data were collected from a reproductive health history questionnaire, dual- 
energy x-ray absorptiometry scans, and anthropometric measures at WHI baseline. Reproductive history was measured via self- 
report, and included age at menarche, variables related to pregnancy, and age at menopause. Reproductive lifespan was calculated 
as age at menopause minus age at menarche. Statistical analyses included descriptive analyses and multivariable linear regression 
models to examine the association between reproductive history with VAT, SAT, total body fat, and BMI.

MAIN RESULTS AND THE ROLE OF CHANCE: Women who reported early menarche (<10 years) or early menopause (<40 years) had 
the highest levels of VAT. Adjusted multivariable linear regression results demonstrate women who experienced menarche 
>15 years had 23 cm2 less VAT (95% CI: −31.4, −14.4) and 47 cm2 less SAT (95% CI: −61.8, −33.4) than women who experienced menar
che at age 10 years or earlier. A similar pattern was observed for age at menopause: compared to women who experienced meno
pause <40 years, menopause at 50–55 years was associated with 19.3 cm2 (95% CI: −25.4, −13.3) less VAT and 27.4 cm2 (−29.6, 10.3) 
less SAT. High parity (>3 pregnancies) was also associated with VAT and SAT. For example, adjusted beta coefficients for VAT were 
8.36 (4.33, 12.4) and 17.9 (12.6, 23.2) comparing three to four pregnancies with the referent, one to two pregnancies.

LIMITATIONS, REASONS FOR CAUTION: The WHI reproductive health history questionnaire may be subject to poor recall owing to 
a long look-back window. Residual confounding may be present given lack of data on early life characteristics, such as maternal and 
pre-menarche characteristics.
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WIDER IMPLICATIONS OF THE FINDINGS: This study contributes to our understanding of reproductive lifespan, including menar
che and menopause, as an important predictor of late-life adiposity in women. Reproductive health has also been recognized as a 
sentinel marker for chronic disease in late life. Given established links between adiposity and cardiometabolic outcomes, this re
search has implications for future research, clinical practice, and public health policy that makes use of reproductive health history 
as an opportunity for chronic disease prevention.

STUDY FUNDING/COMPETING INTEREST(S): HRB and AOO are supported by the National Institute of Health National Institute of 
Aging (R01AG055018-04). JWB reports royalties from ‘ACSM’S Body Composition Assessment Book’ and consulting fees from the WHI. 
The remaining authors have no competing interests to declare.
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Introduction
Substantial evidence demonstrates that accumulation of abdom
inal adipose tissue is strongly associated with chronic disease 
outcomes (Fox et al., 2007; Porter et al., 2009; Liu et al., 2010; 
Britton et al., 2013; Despr�es and Tchernof, 2013; Shah et al., 2014; 
Abraham et al., 2015; Lalia et al., 2016). Abdominal adipose tissue 
comprised visceral and subcutaneous adipose tissue (SAT). 
Visceral adipose tissue (VAT) is hormonally active fat that accu
mulates when SAT can no longer store nutrients (Despr�es and 
Tchernof, 2013; Abraham et al., 2015). VAT is hypothesized to be 
the driver of many health risks associated with excess adiposity 
via metabolic activity that appears to promote oxidative stress 
and an inflammatory state, and thus the downstream metabolic 
and cardiovascular health consequences (Tchkonia et al., 2002; 
Britton and Fox, 2011; Despr�es and Tchernof, 2013). Prior re
search demonstrates that SAT may be relatively less important 
as a predictor of cardiometabolic disease (Liu et al., 2010). The 
distribution of adipose tissue is also recognized as a key compo
nent of cardiometabolic disease risk. Android fat accumulation 
(around the abdomen and midsection) is recognized as a greater 
risk factor than gynoid fat (around the hips and thighs) (Xu et al., 
2023). The type and distribution of adipose tissue are being in
creasingly recognized as key risk factors for cardiometabolic dis
ease, even more so than traditional metrics such as BMI and 
waist circumference (Baarts et al., 2023).

Given the extant literature highlighting the relationship be
tween abdominal adipose tissue and cardiometabolic disease, 
there is a clear need for research focused on predictors of abdom
inal adiposity. Postmenopausal women are a uniquely high-risk 
group in this regard, as they have a propensity toward VAT accu
mulation (Pradhan, 2014). Prior studies have demonstrated an as
sociation between an increase in VAT and cardiometabolic 
disease risk during the menopausal transition, which has been 
attributed to decreased estrogens and increased androgens (Fox 
et al., 2007; Porter et al., 2009; Liu et al., 2010). Estrogen acts in a 
cardioprotective fashion on vascular endothelial and smooth 
muscle cells to improve arterial response to injury, promote 
reendothelialization, inhibit matrix deposition, and prevent coro
nary artery vasospasm through vasodilation (Shah et al., 2014; 
Lalia et al., 2016). Decreased estrogen levels following menopause 
contribute to hypertension, increased carotid intima-media 
thickness, and coronary artery calcification (Tchkonia et al., 2002; 
Lalia et al., 2016). The change in hormone levels that occurs dur
ing the menopausal transition and postmenopausal period leads 
to dysregulation of lipid metabolism. This contributes to in
creased abdominal adiposity in postmenopausal women (Porter 
et al., 2009). There has also been recent evidence of rising FSH as 
a correlate of increased adiposity in postmenopausal women 
(Mattick et al., 2022).

Reproductive history is increasingly recognized as a risk factor for 
late-life cardiometabolic disease in women (Iorga et al., 2017; Grandi 
et al., 2019). However, the specific pathophysiologic mechanisms 
linking reproductive characteristics and cardiometabolic disease are 
unclear. Adiposity, including VAT accumulation, is a hypothesized 
risk factor in this causal pathway. Factors related to reproductive 
history, such as age at menarche, age at first birth, and parity, have 
been examined previously in relation to obesity measured by BMI or 
waist circumference (Trikudanathan et al., 2013; Abraham et al., 
2015; Bubach et al., 2016; Peters et al., 2016; Pacyga et al., 2019; Mishra 
et al., 2021; Amiri et al., 2023). In this manuscript, we will extend our 
current understanding of the relationship between reproductive 
characteristics and adiposity in postmenopausal women by leverag
ing technological advances that allow for estimation of VAT, SAT, 
android, and gynoid body fat distribution from dual-energy x-ray ab
sorptiometry (DXA) scan (Bea et al., 2022). Furthermore, we will also 
examine whether there are differences in the relationship between 
reproductive health history and abdominal adiposity by race/ethnic
ity. There are known differences in adiposity in women by race/eth
nicity and evidence that the relationship between reproductive 
health and mortality differs in Black and White women (Grandi et al., 
2022). The objective of this study is to examine the association of re
productive history with novel measures of abdominal adipose tissue 
(VAT, SAT) and adipose tissue distribution in a racially and ethni
cally diverse sample of postmenopausal women.

Materials and methods
Study design and population
From 1993 to 1998, the Women’s Health Initiative (WHI) clinical 
trials and observational study recruited postmenopausal women 
aged 50–79 years. In total, 161 808 women were recruited from 40 
clinical centers across the USA (Hays et al., 2003). Three of the clin
ical centers were selected for a WHI sub-study on body composi
tion; all WHI participants enrolled at the centers in Pittsburgh, PA 
(n¼ 3590); Birmingham, AL (n¼ 3665); and Tucson/Phoenix, AZ 
(n¼ 3765) were invited to participate (Chen et al., 2007).

This manuscript describes a secondary analysis of data col
lected from 10 184 postmenopausal women who completed DXA 
scans at WHI baseline. At baseline, women were asked to recall 
variables related to early and mid-life reproductive health. All 
procedures and protocols were approved by the institutional re
view boards at each WHI participating institution and every par
ticipant provided written informed consent.

Measures
Exposures
Reproductive health history

At study baseline, women were asked to complete a comprehen
sive questionnaire on their reproductive health history (Langer 
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et al., 2003; Murphy et al., 2017). Women provided information on 
age at menarche (first menstrual period). Questionnaires col
lected detailed information on number of pregnancies and 
pregnancy-related history, including history of breastfeeding. 
Women were asked about miscarriage or difficulty conceiving 
(defined as ≥ 1 year attempting to become pregnant without con
ception), and for those who indicated difficulty conceiving, rea
sons for infertility (Kabat et al., 2012). All WHI participants were 
postmenopausal, having had a hysterectomy or no menstrual 
bleeding for the previous 6 months [if age ≥56 years] or 12 months 
[if age 50–55 years]. Age at menopause was defined as the age at 
which participants experienced last menstrual bleeding, bilateral 
oophorectomy, or initiation of postmenopausal hormone therapy 
(Hays et al., 2003; Langer et al., 2003; Stefanick et al., 2003). WHI 
also collected information on menopausal symptoms (e.g. hot 
flashes, night sweating) and use of postmenopausal hormone 
therapy (type, duration). Reproductive lifespan was calculated by 
subtracting age at menarche from age at menopause.

Outcomes
The primary outcome variables in this analysis are measures of 
adiposity from DXA scan (total body fat, percent body fat, vis
ceral, and SAT) and anthropometric measures of adiposity. 
Outcome measures from WHI baseline visit were used in 
all analyses.

Measures from DXA

Whole-body scans were used to determine regional and total 
body composition using Hologic QDR2000 and 4500 W scanners. 
The DXA scans produced whole-body measurements of bone 
mineral density, lean mass, and fat mass (Chen et al., 2005). 
Regional adiposity measurements were also available from DXA, 
enabling examination of fat mass in the trunk (neck, chest, ab
dominal area), pelvis, head, neck, arms, and legs. As part of the 
initial WHI study protocol, results from the DXA scans were used 
to assess total and regional amount of body fat in kilograms (kg) 
and percent fat (%), calculated as fat mass divided by body mass 
(Bea et al., 2022). Manufacturer-defined regions of interest (ROI) 
were used to analyze DXA scans using QDR System software ver. 
12.1 (Hologic I 2015). The WHI had comprehensive quality assur
ance plans including standardized protocols for positioning and 
analysis, technicians trained by Hologic, phantom scans for cali
bration by each site (spine, hip, and block calibration), and review 
of machine and technician performance.

Recently, archived WHI DXA scans were re-analyzed to obtain 
measures of abdominal VAT and SAT using Hologic APEX 4.0 
software. As described in the Hologic Operator Manual, VAT and 
SAT were estimated in an abdominal ROI 5 cm in height across 
the full width of the abdomen at approximately the 4th lumbar 
vertebrae, while avoiding the iliac crest and limiting interference 
with soft tissue measures. To estimate VAT and SAT in the ROI, 
lines of demarcation in the abdominal area were aligned on both 
the outer edges of the soft tissue and the visceral cavity area. 
Algorithms were then used to generate values for VAT and SAT 
area (cm2): subtracting the derived SAT value from total abdomi
nal adipose tissue estimate results in an estimate of VAT. The 
measurement approach for VAT and SAT has been validated in 
the WHI in comparison to MRI scans, demonstrating high validity 
and inter-/intra-rater reliability (Bea et al., 2022).

Measures of body fat distribution (regional android and gynoid 
adiposity) were also obtained from Hologic Apex 4.0 software. 
The android region encompasses the lower portion of the torso, 
approximately defined as the area around the waist between the 
middle of the lumbar spine and top of the pelvis, immediately 

superior to iliac crests. The gynoid region encompasses the hip 
and upper thigh region, from the head of the femur to mid-thigh 
(Capers et al., 2016). Individuals with high levels of android fat 
have an ‘apple’ shaped body fat distribution and those with a 
high level of gynoid fat are considered to be ‘pear’ shaped.

Anthropometric measures

At WHI baseline, trained examiners measured height, weight, 
and waist and hip circumferences using standardized protocols 
(Langer et al., 2003). Weight was measured using a balance beam 
scale and height was measured using a wall-fixed stadiometer. 
BMI was calculated from measured height and weight as kilo
grams per meters squared (kg/m2). Waist circumference was 
measured using a tape measure at the midpoint between the last 
floating rib and the upper part of the iliac crest at end expiration.

Covariates
Data on all covariates were collected at WHI baseline. Self-report 
questionnaires were used to assess relevant covariates including 
age, annual family income, educational attainment, tobacco 
smoking (pack years), minutes of recreational physical activity 
per week. The WHI food frequency questionnaire was used to 
measure alcohol intake per week. Participants selected their race 
and ethnicity from researcher-defined categories. Owing to sam
ple size restrictions, in the analysis, we examined three catego
ries of race/ethnicity: non-Hispanic White, non-Hispanic Black, 
and Hispanic/Latina (of any race). We recognize that race in this 
context is a proxy for structural racism, defined as the structures 
and norms patterning societal inequality (Despr�es and Tchernof, 
2013; Abraham et al., 2015).

Statistical analysis
Descriptive statistics were used to examine mean VAT and SAT 
(area in cm2) and fat mass distribution (android, gynoid) by age 
at menarche, age at menopause, physical symptoms of meno
pause, bilateral oophorectomy, hysterectomy, number of preg
nancies, history of miscarriage, and history of breastfeeding 
(>1 month). We further describe the relationship between varia
bles related to self-report infertility or sub-fertility (defined as ≥ 
1 year attempting to become pregnant without conception) with 
mean levels of VAT, SAT, and total body fat.

We then further investigated the role of age at menarche, age 
at menopause, and parity on late-life adiposity and body compo
sition. Linear regression models were used to describe the crude 
and adjusted relationship between age at menarche (<10, 11, 12, 
13, 14, >15 years), age at menopause (<40, 40–44, 45–50, 50–55, 
55–60 years), and parity (0, 1–2, >3 pregnancies) with continuous 
measures of VAT, SAT, total body fat, android fat, gynoid fat, and 
BMI. Beta coefficients from a linear regression model are inter
preted as the magnitude of change in the outcome per unit 
change in the exposure. As an example, for the VAT outcome, in 
models examining the exposure age at menarche (in years), the 
beta coefficient represents the change in VAT comparing women 
who experienced menarche at 11 years compared to <10 years, 
12 years compared to <10 years, 13 years compared to <10 years, 
14 years compared to <10 years, and 15 years compared to 
<10 years. In models examining age at menopause, again using 
VAT as an example, the beta coefficients represent the change in 
VAT among women who went through menopause between age 
40–44 years compared to <40 years, age 45–50 years compared to 
<40 years, age 50–55 years compared to <40 years, and 
55–60 years compared to compared to <40 years. Finally, for par
ity, the referent group was one to two pregnancies, so the beta 
coefficients are interpreted relative to this group (i.e. change in 

1806 | Banack et al.  



VAT for women who had one to two pregnancies compared to 
women with zero pregnancies, change in VAT for women who 
had three to four pregnancies compared to women with one to 
two pregnancies, and change in VAT for women who had five 
pregnancies compared to women with one to two pregnancies).

Analyses were adjusted for baseline covariates age, smoking 
status, race/ethnicity, income, education, WHI trial participation, 
healthy eating index (HEI) diet score, total energy intake, alcohol 
consumption, and physical activity level. We adjusted for WHI 
trial participation to account for differences in baseline charac
teristics between trial and observational study participants (Hays 
et al., 2003; Langer et al., 2003; Stefanick et al., 2003). Confounder 
selection was completed based on theoretical knowledge of exist
ing relationships and prior literature (Lee, 2014). In this analysis, 
we made the decision to adjust for diet score, energy intake, alco
hol consumption, and physical activity level, despite the fact that 
they were measured after (i.e. temporally subsequent to) the ex
posure. VanderWeele’s recent guidance on principles for con
founder selection in epidemiology advises for controlling for 
covariates that are a cause of the exposure, or outcome, or both 
to remove potential confounding effects (VanderWeele, 2019). 
This approach to confounder selection is called the disjunctive 
cause criterion (VanderWeele, 2019). As such, we adjusted for 
diet, alcohol, and physical activity level given their strong associ
ation with the outcome of interest (adiposity).

To assess whether there is a difference in adiposity level 
according to natural menopause or surgical menopause, we 
stratified models according to self-report bilateral oophorectomy 
status. There were 2010 women (20.5%) who reported having had 
a bilateral oophorectomy. Additionally, prior research in the WHI 
has demonstrated differences in adiposity according to race and 
ethnicity. We examined the relationship between age at menar
che, age at menopause, and parity stratified by race/ethnicity 
(non-Hispanic White, non-Hispanic Black, Hispanic). In this strat
ified analysis, we categorized parity as one-two, three-four, or 
five live births owing to an insufficient sample size for women 
who had no term pregnancies.

Finally, we investigated the relationship between length of re
productive lifespan (years) and abdominal adiposity. To assess 
potential for interaction, we included product interaction terms 
for reproductive lifespan x race/ethnicity. Interaction terms were 
included in multivariable-adjusted linear regression models, in
cluding the same covariates as described above.

Results
Among the 10 184 postmenopausal women in the sample, the 
majority (69%) had completed high school or equivalent, were 
married (62%), and had a household income between $35 000 and 
$75 000 (57%). On an average, women in the WHI DXA sub-cohort 
were 62.4 (SD ±7.4) years at baseline. Few women reported cur
rent smoking (8%), but 37% reported former smoking and 55% 
reported never smoking. Mean BMI was 28.2 (SD ±5.9) kg/m2 and 
waist circumference was 85.8 (SD ±13.4) cm. Consistent with 
WHO/CDC criteria, BMI was also examined as a categorical vari
able: 0.8% BMI <18.5, 32.0% BMI 18.5–24.9, 35.1% BMI 25–29.9, 
19.8% BMI 30–34.9, 8.1% BMI 35–39.9, and 4.2% BMI >40 kg/m2. 
Additional information on demographic characteristics of the 
WHI DXA cohort is described in Supplementary Tables S1, S2, 
and S3, overall and stratified by age at menarche and parity. The 
majority of WHI participants reported beginning menses between 
11 and 14 years of age (11 years: 14.9%, 12 years: 25.4%, 13 years: 
28.5%, 14 years: 13.8%). 8.9% of women had never been pregnant, 

2.3% never had a full-term pregnancy, 9.1% had one, 23.1% had 
two, 23.8% had three, 16.0% had four, and 16.8% had five or more 
full-term pregnancies. Average age at menopause was 47.5 years 
(SD¼ 6.9). Of the 10 184 women in the sample, 20.5% reported 
having a bilateral oophorectomy and 48.9% reported having a 
hysterectomy.

In descriptive analyses stratified by reproductive factors, 
women with a younger age at menarche had higher levels of VAT 
(cm2), SAT (cm2), android, and gynoid fat mass (kg) (Table 1). 
Similar relationships were observed for age at menopause. 
Women who experienced menopause early (<40 years) also had 
higher levels of VAT, SAT, android, and gynoid fat compared to 
women who underwent menopause after age 50 years (Table 1). 
Women who reported having bilateral oophorectomy or hyster
ectomy had higher levels of VAT and SAT than those who did not 
have either procedure. There was no consistent relationship be
tween having any physical symptoms of menopause (e.g. hot 
flashes) and adiposity (Table 1). With regard to pregnancy- 
related variables, having a greater number of pregnancies 
resulted in greater VAT, SAT, and fat mass (one pregnancy had 
163.2 cm2 VAT compared to 186.8 cm2 VAT for women with five 
or more pregnancies) (Table 1). There were no marked differen
ces in adiposity variables across variables related to sub-fertility 
or infertility (Table 2). In women who reported reasons for infer
tility, VAT, android fat, and gynoid fat were higher among 
women who experienced infertility related to hormone dysregu
lation or ovulation (e.g. 13.7 cm VAT higher in women who 
reported infertility related to hormones) (Table 2).

In multivariable linear regression analyses, women with a 
younger age at menarche had higher levels of adiposity, includ
ing VAT, SAT, total body fat, android fat, gynoid fat, and BMI 
(Table 3). The relationship appeared consistent across outcomes 
(i.e. different measures of adiposity) and monotonic as each suc
cessive year of menarche is associated with less adiposity up to 
age 15 years. For instance, compared to women who experienced 
menarche at 10 years or younger, women who had their first 
menstrual period at 11, 12, 13, 14, or 15 years had less visceral fat 
(4.7, 14.3, 21.7, 23.0, and 23.0 cm2, respectively) and subcutane
ous fat (18.6, 32.6, 44.4, 49.4, 47.6 cm2, respectively) (Table 3). 
There was evidence of a dose–response decrease in both android 
and gynoid fat distribution in women according to age at menar
che (Table 3). Early menopause (<40 years of age) was associated 
with higher adiposity across all measures of adiposity in adjusted 
linear regression models (Table 4). This relationship appeared 
monotonically decreasing except for a small increase in the high
est category of age at menopause (55–60 years) (Table 4). In mul
tivariable linear regression models examining parity and body 
composition, women with no pregnancies or >3 pregnancies had 
higher VAT, SAT, total body fat, android fat, gynoid fat, and BMI 
(Table 5). Finally, we examined regression models for the rela
tionship between VAT and SAT with age at menarche, age at 
menopause, and parity stratified by self-report category race/ 
ethnicity (Table 6).

Reproductive lifespan is the length of time from menarche to 
menopause. The average reproductive lifespan for all partici
pants was 42.8 years (SD¼ 6.9, range: 14 to 59 years). As depicted 
in Fig. 1a and b, women with short reproductive lifespan had the 
highest levels of VAT; among women who had a reproductive 
span between 30- and 45-year VAT decreased and then increased 
again among those with a reproductive lifespan greater than 
45 years (Fig. 1a). The relationship between SAT and reproductive 
lifespan shows a similar pattern, but without the same sharp in
crease at greater values for reproductive lifespan (Fig. 1b). 
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Table 1. Comparison of women’s reproductive health history variables by visceral adipose tissue (VAT) area (cm2), subcutaneous 
adipose tissue (SAT) area (cm2), android, and gynoid fat (kg) (N¼ 10 184).

VAT area (cm2) SAT area (cm2) Android fat mass (kg) Gynoid fat mass (kg)

Age at menarche (years)
≤9 191.9 (81.6) 456.4 (161.1) 3.11 (1.39) 6.44 (2.10)
10 178.5 (80.6) 409.6 (142.2) 2.76 (1.27) 5.87 (1.90)
11 175.9 (86.0) 399.7 (140.2) 2.71 (1.30) 5.96 (1.88)
12 167.5 (82.7) 383.4 (138.2) 2.55 (1.24) 5.64 (1.76)
13 159.9 (80.6) 369.1 (135.7) 2.43 (1.20) 5.48 (1.76)
14 161.1 (79.4) 366.6 (135.9) 2.42 (1.20) 5.47 (1.80)
15 164.7 (80.9) 367.7 (131.1) 2.42 (1.20) 5.36 (1.74)
16 163.4 (81.8) 374.8 (141.5) 2.47 (1.22) 5.47 (1.88)
>17 158.9 (82.8) 368.7 (141.5) 2.39 (1.20) 5.18 (1.60)

Age at menopause
<40 years 182.6 (82.9) 408.3 (144.2) 2.78 (1.29) 5.89 (1.93)
40–50 years 163.7 (82.1) 378.0 (136.8) 2.50 (1.23) 5.64 (1.80)
>50 years 159.9 (80.2) 370.5 (136.2) 2.44 (1.21) 5.50 (1.76)

Symptoms of menopause
No 167.7 (434.9) 377.5 (142.1) 2.52 (1.26) 5.55 (1.86)
Yes 163.7 (424.7) 379.9 (137.8) 2.51 (1.23) 5.61 (1.79)

Bilateral oophorectomy
No 164.0 (82.2) 1963.1 (721.4) 2.50 (1.24) 5.57 (1.80)
Yes 170.3 (81.2) 2007.9 (705.4) 2.58 (1.22) 5.71 (1.78)

Hysterectomy
No 159.7 (81.7) 369.2 (139.0) 2.43 (1.24) 5.49 (1.79)
Yes 172.8 (82.1) 391.4 (137.1) 2.63 (1.23) 5.72 (1.82)

Number of full-term pregnancies
Never pregnant 157.8 (84.1) 368.3 (138.1) 2.42 (1.26) 5.51 (1.38)
No full-term pregnancies 163.2(82.8) 394.0 (142.4) 2.56 (1.30) 5.73 (1.79)
1 156.8 (80.5) 375.2 (146.2) 2.44 (1.27) 5.65 (1.90)
2 157.0 (81.1) 366.5 (135.6) 2.40 (1.21) 5.49 (1.78)
3 165.3 (81.5) 379.5 (137.3) 2.52 (1.24) 5.63 (1.75)
4 169.0 (79.2) 381.3 (133.7) 2.55 (1.19) 5.63 (1.80)
≥5 186.8 (83.1) 405.8 (140.6) 2.77 (1.26) 5.72 (1.82)

History of miscarriage
No 164.7 (81.6) 378.9 (138.1) 2.51 (1.24) 5.61 (1.81)
Yes 168.1 (83.9) 382.2 (139.6) 2.55 (1.26) 5.64 (1.79)

Breastfeeding (>1 month)
No 163.4 (81.9) 378.4 (138.7) 2.51 (1.26) 5.61 (1.83)
Yes 168.2 (82.3) 381.5 (138.7) 2.54 (1.22) 5.61 (1.79)

Table 2. Comparison of infertility and subfertility reproductive history and visceral adipose tissue (VAT) area (cm2), subcutaneous 
adipose tissue (SAT) area (cm2), and total body fat (kg) among postmenopausal women (N¼ 10 184).

Visceral adipose  
tissue area (cm2)

Subcutaneous adipose  
tissue area (cm2)

Android fat  
mass (kg)

Gynoid fat  
mass (kg)

>1 year to conceive
No 166.4 (82.6) 380.9 (139.2) 2.53 (1.25) 5.61 (1.82)
Yes 163.1 (79.7) 374.3 (135.0) 2.48 (1.19) 5.58 (1.72)
Visit doctor or clinic because you did not 

become pregnant
No 167.9 (80.7) 384.5 (138.2) 2.56 (1.21) 5.66 (1.82)
Yes 161.3 (80.1) 370.9 (134.6) 2.45 (1.19) 5.53 (1.69)
Was a reason found for infertility

No 162.6 (83.1) 370.4 (137.9) 2.47 (1.23) 5.58 (1.74)
Yes 160.3 (80.1) 369.5 (132.5) 2.43 (1.18) 5.50 (1.67)

Reasons for infertility:
Related to hormones or ovulation

No 158.0 (78.0) 396.0 (168.9) 2.37 (1.12) 5.44 (1.63)
Yes 171.7 (95.0) 380.7 (138.8) 2.71 (1.51) 5.83 (1.90)

Related to uterus or fallopian tubes
No 157.5 (81.0) 365.4 (132.2) 2.38 (1.18) 5.41 (1.66)
Yes 164.0 (80.6) 375.7 (136.2) 2.49 (1.21) 5.64 (1.70)

Related to endometriosis
No 162.2 (82.2) 371.7 (137.6) 2.45 (1.22) 5.52 (1.70)
Yes 149.0 (72.8) 357.8 (111.7) 2.27 (0.99) 5.42 (1.57)

Related to partner
No 159.9 (78.7) 368.2 (133.9) 2.42 (1.19) 5.49 (1.70)
Yes 160.5 (85.7) 372.3 (133.7) 2.43 (1.20) 5.52 (1.65)
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Results examining the relationship between reproductive lifespan 
with VAT and SAT according to race/ethnicity are illustrated in  
Fig. 2a and b. There are differences in the quantity of VAT and 
SAT and total body fat and BMI according to length of reproduc
tive lifespan for non-Hispanic white, non-Hispanic Black, and 
Hispanic women (Fig. 2; Supplementary Fig. S1). Non-Hispanic 
white women had the lowest levels of VAT and SAT regardless of 
reproductive lifespan, while Hispanic women appeared to have 
the greatest change in VAT and SAT associated with reproductive 
lifespan. As described in Table 6, the magnitude of the change in 
VAT across categories of age at menarche, age at menopause, and 
parity was largest among Hispanic women, followed by non- 
Hispanic black women and then non-Hispanic white women.

Discussion
Results from the WHI demonstrate that postmenopausal women 
who experience early age at menarche or menopause, high par
ity, and shorter reproductive lifespan had increased levels of one 
or more of abdominal adiposity, most notably higher levels of 
VAT and android fat deposits. This study makes an important 
contribution to our understanding by describing the relationship 
between reproductive history with abdominal adiposity. The pre
sent results specifically highlight the impact of reproductive fac
tors on the type and distribution of abdominal adipose tissue. 

This is an important contribution given the known health risks 
associated with VAT and excess android fat mass.

Existing literature has demonstrated associations between 
early menarche, early menopause, and increased parity with 
obesity defined by BMI (Trikudanathan et al., 2013; Abraham 
et al., 2015; Bubach et al., 2016; Peters et al., 2016; Mishra et al., 
2021; Amiri et al., 2023). There is substantial evidence of a rela
tionship between obesity and cardiovascular disease risk, diabe
tes, cancer, and mortality in women (Zajacova and Ailshire, 2014; 
Arnold et al., 2016; Dhana et al., 2016; Banack et al., 2022). Taken 
together, this information demonstrates that adiposity may be a 
putative mediator between reproductive health history and 
morbidity and mortality in postmenopausal women. The novel 
DXA-derived indices of abdominal adiposity presented in this 
manuscript add to our understanding of these complex relation
ships. The quantity and patterning of adipose tissue have impor
tant health implications: visceral fat and high android fat mass 
are associated with greater cardiometabolic complications than 
subcutaneous fat or gynoid fat mass (Ma et al., 2023). These 
results could have broad implications for primary prevention of 
chronic disease risk in postmenopausal women because visceral 
fat is a modifiable risk factor via diet, exercise, and medication 
(Gepner et al., 2018; Wilding et al., 2021).

In this study, women who experienced early menarche and/or 
early menopause had the highest levels of VAT. Given our 

Table 3. Linear regression results examining the relationship of age at menarche with measures of body composition among 
postmenopausal women (N¼10 184).

Outcome Age (years) Crude β (95% CI) Adjusted� β (95% CI)

VAT (cm2) <10 −ref- −ref-
11 0 − 5.6 (−13.3, −2.10) 0 − 4.7 (−12.8, 3.33)
12 −14.0 (−21.3, −6.75) −14.3 (−21.9, −6.68)
13 −21.6 (−28.8, −14.4) −21.7 (−29.2, −14.1)
14 −20.4 (−28.2, −12.6) −23.0 (−31.3, −14.8)
>15 −17.8 (−25.9, −9.81) −23.0 (−31.4, −14.4)

SAT (cm2) <10 −ref- −ref-
11 −20.4 (−72.1, 11.0) −18.6 (−32.0, −5.15)
12 −36.7 (−117.9, −39.6) −32.6 (−45.3, −19.9)
13 −51.0 (−152.1, −74.6) −44.4 (−57.3, −32.1)
14 −53.5 (−163.7, 79.3) −49.4 (−63.0, −35.7)
>15 −49.9 (−161.3, 73.9) −47.6 (−61.8, −33.4)

Total body fat (kg) <10 −ref- −ref-
11 −0.18 (−0.45, 0.1) −0.18 (−0.47, 0.10)
12 −0.65 (−0.91, −0.40) −0.60 (−0.87, −0.33)
13 −0.93 (−1.19, −0.68) −0.86 (−1.13, −0.60)
14 −0.95 (−1.23, −0.68) −0.87 (−1.16, −0.58)
>15 −1.03 (1.32, −0.75) −1.00 (−1.30, −0.70)

Android fat mass (kg) <10 −ref- −ref-
11 −0.13 (−0.25, −0.014) −0.12 (−0.24, 0.27)
12 −0.29 (−0.40, −0.18) −0.26 (−0.38, −0.15)
13 −0.41 (−0.52, −0.30) −0.37 (−0.49, −0.26)
14 −0.42 (−0.54, −0.30) −0.41 (−0.53, −0.28)
>15 −0.41 (−0.53, −0.29) −0.41 (−0.54, −0.29)

Gynoid fat mass (kg) <10 −ref- −ref-
11 −0.45 (−0.21, 0.12) −0.59 (−0.24, 0.12)
12 −0.37 (−0.53, −0.21) −0.34 (−0.51, −0.171)
13 −0.52 (−0.68, −0.36) −0.49 (−0.65, −0.32)
14 −0.53 (−0.70, −0.36) −0.46 (−0.64, −0.28)
>15 −0.62 (−0.80, −0.45) −0.59 (−0.77, −0.40)

BMI (kg/m2) <10 −ref- −ref-
11 −1.14 (−1.69, −0.59) −1.17 (−1.74, −0.56)
12 −1.96 (−2.48, −1.45) −1.88 (−2.43, −1.34)
13 −2.67 (−3.18, −2.15) −2.56 (−3.09, −2.02)
14 −2.81 (−3.37, −2.25) −2.85 (−3.43, −2.27)
>15 −2.70 (−3.28, −2.13) −2.86 (−3.46, −2.26)

� Models adjusted for age, smoking status, race/ethnicity, WHI trial participation, diet score, total energy intake, alcohol intake, physical activity, 
income, education.
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; Ref, reference category; β, beta coefficient.
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Table 4. Linear regression results examining the relationship of age at menopause with measures of body composition among 
postmenopausal women (N¼10 184).

Stratified results

Outcome Age (years) Crude β (95% CI) Adjusted� β (95% CI)
No bilateral 

oophorectomy Bilateral oophorectomy

VAT (cm2) <40 −ref- −ref- −ref- −ref-
40–44 −12.8 (−19.3, −6.4) −12.1 (−18.9, −5.4) −11.1 (−20.6, −2.65) −10.4 (−21.0, 0.18)
45–50 −22.6 (−28.5, −16.8) −18.8 (−25.0, −12.5) −20.7 (−29.4, −12.0) −4.80 (−15.2, 5.6)
50–55 −25.0 (−30.6, −19.4) −19.3 (−25.4, −13.3) −17.6 (−25.9, −9.2) −16.2 (−27.6, −4.8)
55–60 −16.9 (−23.5, −10.2) −13.3 (−20.5, −6.09) −11.5 (−20.8, −2.1) −7.2 (−27.2, 12.8)

SAT (cm2) <40 −ref- −ref- −ref- −ref-
40–44 −23.2 (−34.0, −12.3) −19.2 (−27.5, −5.13) −12.9 (−28.8, 3.05) −23.3 (−40.7, −5.9)
45–50 −34.6 (−44.5, −24.7) −27.1 (−33.1, −12.6) −26.1 (−40.7, −11.4) −12.4 (−29.5, 4.7)
50–55 −40.0 (−49.5, −30.5) −27.4 (−29.6, −10.3) −21.5 (−35.7, −7.4) −26.8 (−45.6, −8.2)
55–60 −32.0 (−43.3, −20.8) −10.6 (−16.1, 7.48) 0 − 4.7 (−20.4, 11.0) −15.2 (−48.0, 17.6)

Total body fat (kg) <40 −ref- −ref- −ref- −ref-
40–44 −0.41 (−0.64, −0.19) −0.32 (−0.56, −0.08) −0.22 (−0.56, 0.11) −0.36(−0.73, 0.01)
45–50 −0.61 (−0.81, −0.40) −0.48 (−0.70, −0.26) −0.51 (−0.82, 0.20) −0.05 (−0.42, 0.31)
50–55 −0.76 (−0.96, −0.57) −0.52 (−0.73, −0.31) −0.43 (−0.73, −0.13) −0.44 (−0.84, −0.04)
55–60 −0.64 (−0.88, −0.41) −0.17 (−0.43, 0.08) 0.08 (−0.41, 0.25) −0.14 (−0.84, −0.60)

Android fat (kg) <40 −ref- −ref- −ref- −ref-
40–44 −0.21 (−0.31, −0.12) −0.18 (−0.28, −0.08) −0.14 (−0.28, 0.007) −0.20 (−0.35, −0.32)
45–50 −0.31 (−0.40, −0.23) −0.25 (−0.35, −0.16) −0.26 (−0.39, −0.13) −0.79 (−0.24, 0.08)
50–55 −0.36 (−0.45, −0.28) −0.26 (−0.35, −0.17) −0.21 (−0.34, −0.09) −0.24 (−0.41, −0.69)
55–60 −0.29 (−0.39, −0.19) −0.12 (−0.23, −0.02) −0.08 (−0.22, 0.06) −0.10 (−0.40, 0.20)

Gynoid fat (kg) <40 −ref- −ref- −ref- −ref-
40–44 −0.20 (−0.34, −0.06) −0.14 (−290.7, 10.4) −0.09 (−0.30, 0.12) −0.17 (−0.40, 0.07)
45–50 −0.29 (−0.41, −0.16) −0.22 (−362.7, −85.4) −0.25 (−0.44, −0.05) 0.024 (−207.6, 0.26)
50–55 −0.40 (−0.52, −0.28) −0.26 (−393.9, −125.7) −0.22 (−0.41, −0.04) −0.20 (−0.45, 0.05)
55–60 −0.35 (−0.50, −0.21) −0.05 (−0.21, 0.11) −0.002 (−0.21, 0.21) −0.04 (−0.48, 0.41)

BMI (kg/m2) <40 −ref- −ref- −ref- −ref-
40–44 −0.79 (−1.25, −0.31) −0.60 (−1.09, −0.11) −0.53 (−1.21, 0.15) −0.45 (1.21, 0.32)
45–50 −1.31 (−1.73, −0.89) −0.94 (−1.39, −0.49) −1.04 (−1.67, −0.42) 0.06 (−0.69, 0.81)
50–55 −1.49 (−1.89, −1.09) −0.93 (−1.37, −0.50) −0.80 (−1.40, −0.19) −0.54 (−1.36, 0.28)
55–60 −1.12 (−1.60, −0.64) −0.30 (−0.82, 0.21) −0.18 (−0.85, 0.49) 0.29 (−1.15, 1.73)

� Models adjusted for age, smoking status, race/ethnicity, WHI trial participation, hormone therapy use, diet score, total energy intake, alcohol intake, physical 
activity, income, education, parity, sub-fertility.
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; Ref, reference category; β, beta coefficient.

Table 5. Linear regression results examining the relationship of parity (number of full-term pregnancies) with measures of adiposity 
among postmenopausal women (N¼ 10 184).

Outcome Parity� Crude β (95% CI) Adjusted�� β (95% CI)

VAT (cm2) 0 6.26 (−4.47, 17.0) 2.28 (−9.19, 13.7)
1–2 −ref- −ref-
3–4 9.65 (5.91, 13.4) 8.36 (4.33, 12.4)
5 29.8 (25.1, 34.6) 17.9 (12.6, 23.2)

SAT (cm2) 0 25.1 (6.91, 43.4) 21.4 (2.19, 40.6)
1–2 −ref- −ref-
3–4 11.1 (4.74, 17.4) 11.8 (5.05, 18.5)
5 37.0 (28.9, 45.1) 19.1 (10.2, 27.9)

Total body fat (kg) 0 0.34 (−0.04, 0.73) 0.31 (−0.10, 0.71)
1–2 −ref- −ref-
3–4 0.21 (0.08, 0.34) 0.22 (0.08, 0.37)
5 0.55 (0.38, 0.72) 0.33 (0.15, 0.52)

Android fat (Kg) 0 0.15 (−0.013, 0.31) 0.10 (−0.07, 0.27)
1–2 −ref- −ref-
3–4 0.12 (0.07, 0.18) 0.12 (−0.06, 0.18)
5 0.36 (0.28, 0.43) 0.21 (0.13, 0.29)

Gynoid fat (Kg) 0 0.19 (−0.05, 0.43) 0.20 (−0.04, 0.46)
1–2 −ref- −ref-
3–4 0.09 (0.04, 0.17) 0.10 (0.02, 0.19)
5 0.19 (0.08, 0.29) 0.12 (0.04, 0.24)

BMI (kg/m2) 0 0.98 (0.20, 1.76) 0.57 (−0.25, 1.40)
1–2 −ref- −ref-
3–4 0.35 (0.08, 0.62) 0.27 (−0.02, 0.56)
5 1.82 (1.5, 2.16) 0.96 (0.58, 1.34)

� There were 236 women who had no term pregnancies, 3263 who had 1–2 pregnancies, 4090 who had 3–4 pregnancies, and 1698 women who had five 
pregnancies.
�� Models adjusted for age, smoking status, race/ethnicity, WHI trial participation, hormone therapy use, diet score, total energy intake, alcohol intake, 

physical activity, income, education, parity, sub-fertility.
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; Ref, reference category; β, beta coefficient.
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knowledge of the relationship between VAT and cardiometabolic 
disease (Tchkonia et al., 2002; Britton and Fox, 2011; Despr�es and 
Tchernof, 2013), women with early menarche or menopause may 
represent a uniquely high-risk group. In particular, additional 
disease screening and follow-up may be indicated for women 
who experience early menarche and early menopause. The com
bination of early menarche and early menopause may indicate a 
phenotype at increased risk of cardiometabolic disease due, in 
part, to increased visceral adiposity. Android fat mass deposition 
is another particularly high-risk phenotype; central adiposity is 
associated with metabolic abnormalities, chronic disease, and 
mortality risk (Ma et al., 2023). Women who experienced early 
menarche and/or early menopause also had highest levels of an
droid fat. Reproductive health history has historically been 
underutilized in clinical and public health settings as a predictor 
of chronic disease development (Rich-Edwards, 2009; Mishra, 
2010; Lancet, 2023). Further research is warranted that explores 
how information on age at menarche and age at menopause may 
be incorporated into preventive medicine and aging frameworks 
evaluating cardiometabolic risk in older women.

Moreover, our results also demonstrate a relationship be
tween number of pregnancies (parity) and abdominal adiposity. 
Women who had one to two pregnancies had lower levels of VAT 
compared to women who had three, four, or five pregnancies. 
Prior work has demonstrated the importance of obstetrical his
tory for cardiovascular disease prevention (Brown et al., 2018; 
Agarwala et al., 2020; Parikh et al., 2021). In much the same way 

that women with a short reproductive lifespan may represent a 
high-risk phenotype for cardiometabolic disease via accumula
tion of VAT, women with high parity should also be considered 
potentially at-risk. These findings also parallel the American 
Heart Association’s statement on the potential for cardiovascular 
disease prevention among women who experience adverse preg
nancy outcomes (Parikh et al., 2021).

The relationship between parity and abdominal adiposity war
rants further investigation. Parity is associated with higher BMI; 
both pre- and post-pregnancy BMI are higher in multiparous 
women, including long-term weight gain. Research from a 
large Danish cohort demonstrated mean BMI increased from 
23.8 kg/m2 for women with one child to 26.7 kg/m2 for women 
with >5 pregnancies; corresponding with an increase of 
0.62 kg/m2 (BMI units) per additional pregnancy (Iversen et al., 
2018). Our results indicate a stepwise increase in measures of adi
posity, including VAT, SAT, and android fat mass according to par
ity, which is broadly consistent with prior research. Interestingly, 
there was minimal effect of parity on gynoid fat mass.

The present study did not find an increased level of adipose 
tissue among postmenopausal women who reported infertility or 
sub-fertility, in contrast to prior literature that suggests that 
women with obesity and other comorbidities are more likely to 
experience infertility or subfertility (Lau et al., 2022; Murugappan 
et al., 2022; Farland et al., 2023). Cohort effects related to the WHI 
sample population or long recall periods (�30–50 years) may 
have led to a lower reporting of infertility history. However, in 

Table 6. Adjusted linear regression results comparing visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) levels by age 
at menarche, age at menopause, and parity for non-Hispanic white, non-Hispanic black, and Hispanic women.

Non-Hispanic White Non-Hispanic Black Hispanic
β (95% CI)� β (95% CI)� β (95% CI)�

N 7828 1423 703
VAT (cm2)

Mean, SD 161.6, 83.5 177.4, 72.5 185.3, 77.0
Age at menarche <10 −ref- −ref- −ref-

11 −3.20 (−12.7, 6.3) −11.8 (−30.9, 7.42) −2.14 (−33.9, 29.6)
12 −12.8 (−21.8, −3.8) −17.2 (−35.2, 0.87) −32.6 (−62.6, −2.64)
13 −21.7 (−30.6, −12.9) −19.4 (−37.5, −1.28) −28.8 (−58.8, 1.23)
14 −23.6 (−33.2, −13.9) −20.4 (−39.7, −1.10) −27.3 (−59.3, 4.79)
>15 −20.8 (−30.9, −10.7) −27.7 (−47.1, −8.23) −34.1 (−67.8, −0.38)

Age at menopause <40 −ref- −ref- −ref-
40–44 −13.0 (−21.0, −4.98) −6.25 (−20.5, 8.03) −6.39 (−33.6, 20.8)
45–50 −21.0 (−28.3, −13.7) −11.6 (−25.1, 1.94) −3.96 (−29.1, 21.2)
50–55 −19.2 (−26.3, −12.1) −17.8 (−30.8, −4.71) −21.8 (−46.0, 2.47)
55–60 −15.1 (−23.5, −6.68) −6.81 (−23.3, 9.66) 2.54 (−25.9, 30.9)

Parity 1–2 −ref- −ref- −ref-
3–4 7.47 (2.98, 12.0) 10.6 (−0.03, 21.3) 20.9 (2.50, 39.4)
5 15.7 (9.43, 21.9) 19.7 (7.48, 31.9) 43.5 (23.5, 63.5)

SAT (cm2)
Mean, SD 363.5, 131.6 452.7, 151.5 402.7, 127.5
Age at menarche <10 −ref- −ref- −ref-

11 −19.1 (−34.1, −4.11) −16.4 (−55.8, 23.0) −12.4 (−66.0, 41.3)
12 −34.8 (−48.8, −20.6) −17.6 (−54.6, 19.4) −43.4 (−94.1, 7.32)
13 −48.3 (−61.4, −34.2) −27.3 (−64.5, 9.85) −34.9 (−85.7, 15.8)
14 −53.9 (−69.5, −38.6) −34.5 (−74.0, 5.07) −42.0 (−96.2, 12.2)
>15 −49.8 (−65.7, −33.8) −43.2 (−83.1, −3.33) −48.1 (−105.1, 8.9)

Age at menopause <40 −ref- −ref- −ref-
40–44 −17.7 (−30.5, −4.91) −9.09 (−38.0, 19.8) −25.1 (−70.6, 20.4)
45–50 −24.7 (−36.4, −13.0) −26.8 (−54.1, 0.60) 1.38 (−40.6, 43.4)
50–55 −20.7 (−32.0, −9.39) −29.5 (−56.0, −3.09) −38.7 (−79.2, 1.83)
55–60 −8.03 (−21.4, 5.38) 5.56 (−27.7, 38.9) −16.8 (−64.2, 30.7)

Parity 1–2 −ref- −ref- −ref-
3–4 13.8 (6.61, 20.9) 12.9 (−8.893, 34.7) 24.7 (−6.25, 55.7)
5 15.9 (5.99, 25.9) 18.2 (−6.81, 43.2) 61.2 (35.6, 94.8)

� Models adjusted for age, smoking status, race/ethnicity, WHI trial participation, diet score, total energy intake, alcohol intake, physical activity, 
income, education.
Ref, reference category; β, beta coefficient.
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the sub-group of women who reported infertility specifically re
lated to hormone dysregulation or ovulation, there was an in
crease in adipose tissue levels. This is consistent with the 
literature on the relationship between hormone regulation and 
obesity in reproductive endocrine conditions such as polycystic 
ovary syndrome (Sam and Dhillo, 2010; He et al., 2018; Amiri et al., 
2020; Cena et al., 2020).

In analyses stratified by race/ethnicity, Hispanic women and 
non-Hispanic black women had higher levels of VAT and SAT 
than non-Hispanic white women. These findings are consistent 
with prior research in the WHI (Banack et al., 2023) and with the 
broader literature on racial and ethnic differences in levels of ad
iposity in American women as a function of reproductive factors 
(Davis et al., 2009). Prior research has demonstrated that young 
girls who are African-American experience an earlier age at men
arche than those who are White. Early age at menarche has been 
associated with adult BMI in several studies, including an analy
sis linking age at menarche and high adult BMI using Mendelian 
randomization and a longitudinal analysis of nearly 50 years of 
prospective follow-up from a birth cohort study (Pierce and Leon, 
2005; Gill et al., 2018). Potential biological and psychosocial theo
ries underlying this disparity include the intrauterine environ
ment, early-life resources availability, and childhood BMI 
(Reagan et al., 2012). Parous women who are African American or 
Hispanic have higher rates of parity-related weight gain than 
White women and racial disparities in obesity and weight gain in 
the perinatal period have been reported to persist throughout the 

life course for women (Davis et al., 2009). Increased levels of vis
ceral adiposity in Black and Hispanic women in our study repre
sent an important finding for screening and risk stratification, 
highlighting the need for effective interventions in these groups.

The present study has several strengths. Firstly, the study uti
lized a validated approach for obtaining measures of abdominal 
adiposity from DXA scans in a large and diverse sample of 
postmenopausal women. Comprehensive data on reproductive 
history were collected as part of the WHI, an established longitu
dinal cohort of postmenopausal women. Owing to the size of the 
WHI cohort, we were able to assess potential interaction by race/ 
ethnicity and examine stratified results among non-Hispanic 
black, non-Hispanic white, and Hispanic women. There are also 
some limitations to note. The WHI was initially designed as a 
prospective study of chronic disease outcomes in postmeno
pausal women. The study only collected basic information on 
pregnancy-related variables such as breastfeeding. Given this 
manuscript describes a secondary analysis of the WHI data, we 
are limited by the data that was previously collected. The WHI 
reproductive health history questionnaire may be subject to 
measurement error due to recall bias given the length of time be
tween reproductive health exposures and time of data collection. 
However, self-reported reproductive history has been validated 
in prior research and has been shown to be fairly accurate 
(Harville et al., 2019; Jung et al., 2021). Misclassification or mea
surement error may be present given crude and self-report 

Figure 1. Visceral adipose tissue (VAT) and subcutaneous adipose tissue 
(SAT) area (cm2) by according to reproductive lifespan (years).

Figure 2. Visceral adipose tissue (VAT) and subcutaneous adipose tissue 
(SAT) area by reproductive lifespan (years) for non-Hispanic white, non- 
Hispanic black, and Hispanic women. NH, non-Hispanic.
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measures of reproductive health history (e.g. breastfeeding > or 
<1 month). Additionally, residual confounding may be present 
given the lack of measures of body weight or adiposity prior to 
menarche or throughout the reproductive time period, nor meas
ures of early life socioeconomic or psychosocial variables that 
may impact late-life reproductive health and adiposity (Mishra 
et al., 2009).

This study contributes to our understanding of reproductive 
health history and abdominal adiposity in postmenopausal 
women. Future research should examine whether specific repro
ductive health events (e.g. early menarche) represent sentinel 
health events or present an opportunity for risk stratification. 
Greater understanding of the downstream (late-life) clinical con
sequences of reproductive health characteristics would be a tre
mendous step forward for women’s health. The present study 
has implications for research, clinical practice, and public health 
policy in the areas of women’s health and aging. Our results rep
resent an important opportunity to promote healthy aging and 
prevent chronic disease among postmenopausal women through 
harnessing reproductive health history.

Supplementary data
Supplementary data are available at Human Reproduction online.
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