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ORIGINAL STUDY

Accelerated progression of waist-to-hip ratio but not body mass index
associated with lower socioeconomic position: a cohort study of
nonobese early postmenopausal Chinese women

Gary K.K. Chung, MPH,1 Ruby H.Y. Yu, PhD,2 Jean Woo, MD,2 Francisco T.T. Lai, PhD,1

Roger Y. Chung, PhD,1 Eng-Kiong Yeoh, MBBS,1 and Suzanne C. Ho, PhD1

Abstract
Objective: Menopausal changes are linked to increase in body fat mass and central fat distribution; nonetheless,

the impact of socioeconomic position on such changes has rarely been examined. This cohort study assessed the
temporal associations of socioeconomic position with changes in body mass index (BMI) and waist-to-hip ratio
(WHR) among early postmenopausal women.

Methods: Between 2002 and 2004, 518 Hong Kong Chinese women aged 50 to 64 and within 10 years since
menopause were recruited and followed up at 3 and 5 years. Weight, height, and waist and hip circumferences were
measured by trained interviewers at baseline and follow-up interviews. Socioeconomic positions including
educational attainment, economic activity status and household income level, and other baseline demographic
characteristics, lifestyle behaviors, and mental health status were collected based on a structured questionnaire. In
total, 287 and 267 women with no general and abdominal obesity, respectively, at baseline were included in multiple
regression analyses.

Results: Mean intrapersonal increases in BMI and WHR between baseline and 5-year interview were 0.46 kg/m2

and 2.80%, respectively. Women with no secondary education were 75% more likely to have a greater than-mean
WHR increase than their more educated counterparts (P¼ 0.039). Also, having no secondary education (P¼ 0.041)
and being a homemaker (P¼ 0.034) had accelerated surge in WHR. Nonetheless, baseline socioeconomic positions
were not significantly associated with BMI changes.

Conclusions: Socioeconomic patterning was observed for the progression of WHR among nonobese Chinese
women soon after menopause. Early postmenopausal stage may be a critical window for prevention of abdominal
obesity among women with a lower educational attainment.

Key Words: Body mass index – Chinese – Cohort studies – Postmenopausal – Socioeconomic position –
Waist-to-hip ratio – Women.

M
enopausal transition is a critical period for changes
in body composition among midlife women.1,2

Although weight gain may be attributed to chro-
nological aging rather than menopause, menopause per se has

been independently associated with a substantial increase in
fat mass, especially the visceral adipose tissue, and thus a
central fat distribution,3,4 plausibly due to changes in genetic
expressions and the decreasing level of female sex hormones.5

Previous research also demonstrated that, when compared to
premenopausal women, postmenopausal women had a five-
fold risk of having abdominal obesity, as measured by waist-
to-hip ratio (WHR), after adjustment for body mass index
(BMI).6 Therefore, obesity, especially abdominal obesity, is
one of the major public health challenges among women who
become menopausal.

In addition to the general effect of physiological changes
during menopause, differential exposures to exogenous social
determinants may lead to different rates of menopausal
changes in body composition among individual women.5

Given the gene-environment interaction with obesity, socio-
economic disadvantages, as well as the associated poorer
lifestyle behaviors, could potentially affect the progression
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of obesity.7 Interestingly, there is consistent evidence show-
ing that women, as compared with men, tend to be more
vulnerable to the influence of socioeconomic disadvantages
(such as being less educated, unemployed, or less skilled and
having lower income) on obesity. Previous systematic
reviews provided evidence of a stronger socioeconomic pat-
terning of obesity among women in developed world
regions,8-10 whereas studies on recent trends of socioeco-
nomic inequality in obesity also revealed more apparent
disparities in obesity prevalence among women relative to
men.11-14 Although the mechanisms for the observed sex
difference are not completely understood, the impact of
socioeconomic disadvantages on the progression of obesity
among women during early postmenopausal years plausibly
play a part and hence deserve more research attention.

Existing literature on socioeconomic disadvantages and
obesity among midlife women around menopause is scarce
and limited. Most relevant studies adopted a cross-sectional
design and were conducted among Western populations,
which supported a higher level of obesity,15 abdominal
fat,16 metabolic syndrome,17 and unhealthy lipid profiles,18

among postmenopausal women in poverty as compared with
their wealthier counterparts. The sole relevant 12-year cohort
study of midlife women, the Study of Women’s Health Across
the Nation in the United States, also showed a temporal
association of socioeconomic disadvantages, especially in
terms of low educational attainment, with obesity-related
outcomes such as subclinical cardiovascular diseases and
metabolic syndrome.19,20 To the best of our knowledge, there
is no relevant research on obesity, let alone a longitudinal
study, in developed Asian settings for comparisons of these
findings. In light of this, the present cohort study aimed to
examine the impacts of socioeconomic position on the intra-
personal changes in BMI and WHR over follow-up years
among early postmenopausal Chinese women at risk of
developing obesity in Hong Kong, an advanced Asian econ-
omy which had undergone rapid socioeconomic development
since the mid-20th century.21

METHODS

Study population and sampling methods
From 2002 to 2004, 518 Chinese women aged 50 to

64 years and within 10 years since menopause (defined as
12 months since the cessation of the last menses) were
recruited for face-to-face interview and clinical assessment,
with a response rate of 62.5% out of 829 invited women, into
a cohort study on cardiovascular health of Hong Kong
midlife women.22,23 Random telephone dialing based on
the residential telephone directory was adopted and at least
six attempts were made at different times of the week before
a woman was replaced. The woman with the most recent
birthday was selected in case of having more than one
eligible member in a household. Women with surgical
menopause, cardiovascular diseases, and severe medical
conditions (eg, cancer and renal failure) were excluded.
All women provided written informed consent, and the study

was approved by the Ethics Committee of the Chinese
University of Hong Kong.

After recruitment, 10 women were further excluded due to
postmenopausal bleeding. In total, 508 women were success-
fully recruited at baseline, and were followed up at year 3 (T1)
and year 5 (T2),24 of which 412 eligible women who had at
least completed both baseline and T2 interviews were
included in the study sample (Fig. 1). As the present study
focused on potential differences between education groups
among women at risk for general obesity or abdominal
obesity, women with general or abdominal obesity at baseline
were excluded separately. Therefore, two subsamples on BMI
and WHR (N¼ 287 and 267, respectively) were included
for analyses.

Data collection
Baseline data on demographic and socioeconomic charac-

teristics, lifestyle behaviors, and mental health statuses were
collected using a structured questionnaire and used as the
independent baseline predictors, whereas obesity measures,
as the time-varying dependent variables, were examined
by anthropometric measurements over the three waves
of interviews.

Baseline predictors
Socioeconomic position

Educational attainment was classified into ‘‘no secondary
education’’ and ‘‘at least secondary education,’’ since uni-
versal secondary education had yet been achieved in Hong
Kong by the time our sampled women were born before the
1970s.25 The economic activity status was grouped into
‘‘homemaker’’ or ‘‘employed.’’ Household income was
assessed by responses to a question with six ordinal options
ranging from less than HK$5,000 to more than HK$99,999,
and then regrouped into binary variables at the median income
level of HKD$20,000.

Demographic characteristics
Age, as a continuous variable, was measured by the differ-

ence between the date of interview and the date of birth. Years
since menopause was also estimated based on the time of the
last menses. Marital status was grouped into ‘‘married’’
(including cohabitation) or ‘‘nonmarried’’ (including never
married, widowed, divorced, and separated), whereas history
of pregnancy was assessed by a question with binary (yes/
no) options.

Lifestyle behaviors
Smoking status was categorized as ‘‘ever smokers’’

(including current smokers and past smokers) and ‘‘never
smokers,’’ whereas alcohol use was grouped into ‘‘regular
drinkers’’ (once a week or more) and ‘‘nonregular drinkers.’’
Daily dietary total energy intake, as a continuous variable,
was estimated by a food frequency questionnaire validated in
Chinese women.22,23 In addition, women who reported fre-
quent engagement in a given sport or exercise were deemed
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‘‘physically active,’’ or otherwise ‘‘physically inactive.’’22

Sleep duration was categorized as a binary variable using
‘‘6 hours per day’’ as the cut-off.26

Mental health status
Depressive symptoms during the past week were ‘assessed

with the 20-item Center for Epidemiological Studies Depres-
sion Scale given its high reliability and validity in a range of
populations.27 Women scoring 16 or above out of the 60 were
considered having high depressive symptoms.24 Stress level
over the last month was also estimated using the 10-item
Perceived Stress Scale (PSS). PSS score was treated as a
continuous variable as PSS is not a diagnostic instrument and
has no predefined threshold for high perceived stress.28

Dependent variables
Obesity measures over the follow-up period

Anthropometric measurements at baseline and follow-up
interviews were made by trained interviewers according to
the study protocol. Height was measured to the nearest 0.5 cm
with women barefoot, back against a wall, heels together, and
eyes looking straight ahead, whereas weight was measured to
the nearest 0.1 kg in light clothing using beam balance
scales.22 In addition, waist circumference was measured to
the nearest 0.5 cm over the abdomen at the smallest diameter
between the costal margin and iliac crest and with women
breathing out gently, using a standard tape measure, whereas
hip circumference was measured to the nearest 0.5 cm at
the level of the greater trochanters with the tape kept

Eligible women invited
(N = 829)

Non-response to invitation
(N = 311)

Eligible women recruited 
at baseline
(N = 518)

Exclusion due to 
postmenopausal bleeding

(N = 10)

Eligible women enumerated 
at baseline
(N = 508)

Eligible women enumerated 
at T1

(N = 430)

Eligible women enumerated 
both at T1 and at T2

(N = 393)

Eligible women enumerated 
at T2 but not at T1

(N = 19)

Study sample
(N = 412)

Sub-sample 1 for women without
general obesity at baseline

(N = 287)

Sub-sample 2 for women without
abdominal obesity at baseline

(N = 267)

Exclusion due to 
general obesity at baseline

(N = 125)

Exclusion due to 
abdominal obesity at baseline

(N = 145)

Exclusion due to 
loss to follow-up at T2

(N = 37)

FIG. 1. Flowchart of the study from recruitment to analysis.
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horizontal.22 Two readings were recorded for each measure
and their average value was used. BMI, calculated as weight
in kilograms divided by height in meters squared with a cut-
off BMI of 25 kg/m2, was adopted as the measure of general
obesity29; WHR, calculated as the ratio of waist circumfer-
ence to hip circumference with a threshold of 85%, was
employed as an index of abdominal obesity.30 Baseline
general and abdominal statues were also used as predictors
of obesity outcomes.

Statistical analysis
Descriptive statistics of the basic characteristics of women

in separate subsamples for analyses on general and abdominal
obesity were presented as mean with standard deviation for
continuous variables and count data with percentages for
categorical variables. Graphic illustration was used to depict
the progression of mean BMI and WHR over the follow-up
period, stratified by socioeconomic position.

In addition to univariate analyses, multivariable analyses
between socioeconomic positions and intrapersonal changes
in BMI and WHR were conducted separately, with adjust-
ments for baseline age, years since menopause, marital status,
history of pregnancy, dietary total energy intake, physical
activity level, sleep duration, depression, stress, and either
general or abdominal obesity status depending on the outcome
obesity measure. Smoking and alcohol use were not included
for confounding control due to their low prevalence (<5%)
among sampled women. To assess the effects of baseline
socioeconomic positions on the progression of obesity mea-
sures, two analytical approaches were adopted to reflect both
relative and absolute differences. First, we calculated the
changes in BMI and WHR between baseline and T2 of each
woman, and then adopted the mean values of intrapersonal
changes as the cut-offs of binary outcome variables (ie,
‘‘lower-than-mean’’ and ‘‘greater-than-mean’’ changes).
Therefore, we employed separate multiple binary logistic
regressions to assess whether the baseline socioeconomic
positions are associated with increased odds of having a
greater-than-mean intrapersonal changes in BMI and WHR,
respectively, over the study period. As for the second analyti-
cal approach, baseline socioeconomic position and all other
potential confounders, together with their interaction terms
with follow-up year (measured as the difference of the dates of
follow-up interviews from that at baseline), were included in
separate linear mixed-effects regression models on time-
varying BMI and WHR, with a random intercept for individ-
ual women due to the longitudinal cohort design. The b

coefficient of each interaction term represents the absolute
difference between the corresponding baseline predictor sta-
tuses in the annual changes in BMI or WHR. Taking BMI
change as an example, if the b coefficient of the interaction
term between having no secondary education and follow-up
year is 0.1, that means the change in BMI per follow-up year
among women with no secondary education is 0.1 kg/m2

higher than that among their better educated counterparts.
As linear mixed-effects regression can accommodate missing

data due to loss to follow-up at any particular survey year, we
additionally conducted a sensitivity analysis on all women
with available data at baseline, T1 and T2 to ensure the
robustness of our results.

Data analyses were conducted using statistical software R
3.4.0 and all statistical tests were two-tailed with a signifi-
cance level of P< 0.05.

RESULTS

Characteristics of the study population
Profiles of both subsamples were highly comparable, with a

mean age of 56 years and slightly more than one-third of
women with no secondary education (Table 1). Specifically,
for the baseline obesity measures, 25.1% of women without
general obesity at baseline were abdominally obese, whereas
19.5% of those without abdominal obesity at baseline were
generally obese. The mean intrapersonal increases in BMI and
WHR between baseline and T2 were 0.46 kg/m2 and 2.80%,
respectively.

Trends of obesity measures by socioeconomic position
In general, both obesity measures increased over follow-up

time, with a sharper continuous surge in mean WHR (Fig. 2).
The extent of increase in mean BMI over time was similar
between socioeconomic groups. As for mean WHR, disparity
between socioeconomic groups was negligible at baseline;
however, the extent of increase was substantially higher
among women with no secondary education and slightly
higher among homemakers. In addition, despite surges in
BMI and WHR between baseline and T1, the rising trend
became less pronounced for WHR and leveled off for BMI
between T1 and T2.

Baseline predictors of obesity progression over the follow-
up period

Results from binary logistic regression showed that women
with no secondary education were 75% more likely to have a
greater-than-mean intrapersonal WHR change (odds ratio¼
1.75; 95% confidence interval [CI]¼ 1.03-2.99) when com-
pared with their better educated counterparts; nonetheless,
such an educational patterning did not apply to BMI change
(Table 2). No significant associations were found for other
socioeconomic predictors with both obesity measures.

Linear mixed-effects regression analysis showed that
women with no secondary education (b ¼ 0.227; 95% CI¼
0.009-0.444) and homemakers (b ¼ 0.247; 95% CI¼ 0.020-
0.475), as well as those with general obesity at baseline (b ¼
0.384; 95% CI¼ 0.129-0.639, data not shown), were inde-
pendently associated with a faster increase in WHR over the
follow-up time (Table 3). Again, baseline socioeconomic
position did not significantly predict disparities in BMI
changes. Sensitivity analysis on all women with available
data at baseline, T1 and T2 showed highly consistent patterns
(see Table, Supplemental Digital Content 1, http://links.lww.
com/MENO/A536, which shows the results of sensitivity anal-
ysis on all women with available data at baseline, T1 and T2).
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DISCUSSION
Longitudinal data on socioeconomic patterning of the

progression of obesity measures among early postmenopausal
women are scarce, both worldwide and among Chinese
women. Our findings showed a more apparent increase in
mean WHR than that in mean BMI among women during
early postmenopause, which echoed previous research on the
independent effect of menopause on central fat distribution
rather than on weight gain.3 Although socioeconomic posi-
tions were not significant predictors of BMI changes, the
progression of WHR was socioeconomically patterned espe-
cially in terms of educational attainment, with a faster
increase among women with no secondary education; and
also homemakers. Moreover, women with general obesity at
baseline had an accelerated progression of WHR.

Our particularly interesting finding is that educational
attainment exerted an independent impact on the progression
of WHR even in the midlife of the early postmenopausal
women, which lent support to the plausible influence of
socioeconomic disadvantages on menopausal changes in body
composition and fat distribution. In the existing literature,
three main mechanisms, namely the materialist, behavioral,
and psychosocial pathways, have been proposed to explain
socioeconomic inequality in health. As the observed temporal
associations of lower educational attainment with the pro-
gression of WHR remained significant after adjustments for
baseline lifestyle factors and mental health statuses, the
materialist pathway (ie, financial inaccessibility to tangible

material conditions including healthy food, decent shelter,
and healthcare and social services) may be the main driver of
the accelerated progression of WHR among these midlife
women with a lower educational attainment. Previous
research on the independent effect of deprivation of basic
necessities of life on abdominal obesity but not on general
obesity31 also supported the potential role of material con-
ditions in central fat distribution among the Asian population.

Apart from the three major pathways, the lifecourse per-
spective could have also played a role in the educational
patterning of abdominal obesity.32,33 Adverse exposures in
earlier life may have set a trajectory to affect individual health
outcomes in the midlife. Notably, educational attainment does
not only proxy one’s socioeconomic position in adulthood but
is also regarded as an indicator of early-life socioeconomic
circumstances because it captures the transition from child-
hood socioeconomic status determined by their parents to
their own socioeconomic status achieved in early adulthood.34

Given that universal free education had not been provided by
the Hong Kong Government until 1978,35 our sampled
women who were born around the 1950s generally had lower
opportunities for secondary education when compared to
men under the overt gender bias and hence only girls with
a more affluent family background could afford to receive
better education back then.36 Therefore, educational attain-
ment may be a particularly important socioeconomic indicator
among women under the context of Hong Kong as it is more
reflective of their early-life living standards. Moreover, under

TABLE 1. Baseline characteristics of respondents in separate subsamples

BMI <25 kg/m2 at baseline (N¼ 287) WHR <85% at baseline (N¼ 267)

Mean�SD or N (%) Mean�SD or N (%)

Socioeconomic position
Educational attainment, % primary level or below 108 (37.6) 93 (34.8)
Economic activity status, % homemaker 193 (67.2) 185 (69.3)
Household income, % < HKD$20,000 155 (54.8)a 151 (57.0)b

Demographic characteristics
Age, y 56.11� 3.18 56.21� 3.26
Years since menopause, y 5.01� 2.67 5.15� 2.64
Marital status, % married/cohabitating 224 (78.0) 213 (79.8)
Ever pregnant, % 265 (92.3) 248 (92.9)

Lifestyle behaviors
Ever smokers, % 7 (2.4) 6 (2.2)
Regular drinkers, % 9 (3.1) 11 (4.1)
Dietary total energy intake, kcal/d 1,368.34� 427.48 1,360.15� 439.98
Physically inactive, % 128 (44.6) 119 (44.6)
Sleep duration, % <6 h/d 76 (26.5) 73 (27.3)

Mental health statuses
CES-D score, % �16 55 (19.2) 48 (18.0)
PSS score 11.51� 6.99 11.55� 6.76

Obesity measures
BMI �25 kg/m2 N/A 52 (19.5)
WHR �85% 72 (25.1) N/A
Mean intrapersonal BMI change between baseline and T2, kg/m2 0.46� 1.58 N/A
Mean intrapersonal WHR change between baseline and T2, % N/A 2.80� 4.66

Mean follow-up time
Baseline to T1, y 3.23� 0.38 3.22� 0.38
Baseline to T2, y 5.20� 0.42 5.21� 0.43

BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale; PSS, Perceived Stress Scale; WHR, waist-to-hip ratio.
aMissing data: 4.
bMissing data: 2.
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the patriarchal culture among Asia populations, women of
lower social status tend to have restricted access to household
resources in a family.36 This may in part explain why house-
hold income level had minimal impact on menopausal
changes in body compositions and did not attenuate the effect
of educational attainment as observed in our study.

Apart from the educational patterning, it is also worth
noting that baseline general obesity predicted a faster increase
in WHR among early postmenopausal women. Menopausal
changes in female sex hormones, notably the decline in
estrogen and thus the relative hyperandrogenemia, have been
a major contributor to the redistribution of fat from gynoid to
an android pattern.5 Estrogens promote the deposition of fat in
the subcutaneous tissue via genomic action with transcription
factors for regulating gene expression and also via nonge-
nomic action by activating specific receptors on the cell
membrane.5 Although the level of estrogen decreases pro-
gressively during the menopausal transition, the ovary

continues to secrete androgens which promote the accumula-
tion of abdominal fat.4,37 Decline in the hepatic production of
sex hormone–binding globulin around menopause also con-
tributes to an increased level of free androgen, leading to
relative hyperandrogenemia.38 Therefore, given these mech-
anisms via menopause-induced hormonal changes, general
obesity at baseline may provide a greater reserve of total body
fat to be redistributed and hence accumulated at the abdomi-
nal cavity over time.5

These hormonal effects related to menopause may also
explain the more evident surge in obesity measures over the
earlier follow-up period and subsequent leveling-off observed
in this study. Given that the levels of sex hormones become
more stabilized with years since menopause,39 their impact on
body composition and central fat distribution among older
postmenopausal women is not likely as strong as that during
early postmenopausal years. This finding may echo previous
studies supporting menopause as one of the critical life stages
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FIG. 2. Trends of body mass index (BMI) and waist-to-hip ratio (WHR) by socioeconomic position.
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for obesity development, in particular abdominal obesity,
among women.3,4,6

Based on our results, Chinese women with a lower educa-
tional attainment, associated with an accelerated progression
of WHR during early postmenopausal years, are anticipated to
be more susceptible to cardiometabolic events in the near
future, given that abdominal obesity, rather than general
obesity, is particularly associated with insulin resistance,
dyslipidemia, metabolic syndrome, and cardiovascular dis-
eases among midlife and older women in developed Asian
settings.40 Since the difference in WHR by education groups
was negligible among nonabdominally obese women at base-
line, the early postmenopausal stage could be a critical
window for prevention targeted to apparently healthy midlife
women with a lower educational attainment. To further
alleviate abdominal obesity and its associated cardiometa-
bolic disease burden among women in the long run, continu-
ous improvement in women’s early-life living conditions and
education opportunities through tackling the intergenerational
poverty cycle and gender biases may be another important
policy direction. Moreover, the differential patterning of the
progressions of BMI and WHR urged distinctive strategies for
the prevention of general and abdominal obesity, especially
given that, relative to nonobese postmenopausal women, an

excess risk of all-cause mortality was found among those with
normal weight and abdominal obesity but a reduced risk was
found among those with general obesity without abdominal
obesity.41 Therefore, further research on the mediating mech-
anisms specifically linking socioeconomic position to central
fat distribution is warranted.

The present study has several strengths. Temporal sequence
could be established because of our cohort design that used
baseline variables to predict intrapersonal changes in obesity
measures over follow-up years. Comprehensive confounding
adjustments, including a range of demographic and socioeco-
nomic characteristics, lifestyle behaviors, and mental health
statuses, were employed. Also, we restricted our sample to
women with no general or abdominal obesity at baseline.
Because people being obese before midlife may be more
genetically susceptible to obesity42 and more likely to actively
control their obesity conditions,43 the impact on obesity of
menopausal changes per se would have been distorted if obese
women at baseline were included in the analyses. With
the specific focus on apparently healthy nonobese midlife
Chinese women aged 50 to 64 years and within 10 years of
menopause, our results on an accelerated progression of
WHR among women with a lower educational attainment
could be better applied to this homogeneous group of early

TABLE 2. Effects of baseline socioeconomic position on the odds of having greater-than-mean changes in body mass index and waist-to-hip
ratio between baseline and T2 based on logistic regressions

Having an intrapersonal BMI change >0.46 kg/m2 Having an intrapersonal WHR change >2.80%

Univariate model Adjusted modela Univariate model Adjusted modelb

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Socioeconomic position
Primary education level or below 0.79 (0.48-1.28) 0.336 1.26 (0.75-2.12) 0.379 1.71 (1.03-2.84) 0.039 1.75 (1.03-2.99) 0.039
Homemaker 1.06 (0.65-1.75) 0.807 1.23 (0.70-2.15) 0.469 1.20 (0.71-2.03) 0.487 1.34 (0.76-2.37) 0.316
Household income <HKD$20,000 1.32 (0.82-2.12) 0.254 0.75 (0.45-1.24) 0.264 1.03 (0.63-1.68) 0.902 0.93 (0.55-1.58) 0.800

BMI, body mass index; CI, confidence interval; OR, odds ratio; WHR, waist-to-hip ratio.
aAdjusted for baseline age, years since menopause, marital status, history of pregnancy, dietary total energy intake, physical activity level, sleep duration,
depression, stress, and abdominal obesity status.
bAdjusted for baseline age, years since menopause, marital status, history of pregnancy, dietary total energy intake, physical activity level, sleep duration,
depression, stress, and general obesity status.

TABLE 3. Effects of baseline socioeconomic position on annual changes in body mass index and waist-to-hip ratio over the follow-up period
based on linear mixed-effects models

BMI change, kg/m2 WHR change, %

Univariate modela Adjusted modelb Univariate modela Adjusted modelc

b (95% CI)d P b (95% CI)d P b (95% CI)d P b (95% CI)d P

Socioeconomic position �
follow-up year
Primary education level
or below

0.025 (-0.037-0.088) 0.428 0.022 (-0.043-0.087) 0.500 0.209 (-0.001-0.418) 0.052 0.227 (0.009-0.444) 0.041

Homemaker 0.023 (-0.041-0.087) 0.490 0.036 (-0.033-0.104) 0.310 0.219 (0.005-0.432) 0.045 0.247 (0.020-0.475) 0.034
Household income
<HKD$20,000

0.015 (-0.046-0.077) 0.626 -0.004 (-0.067-0.060) 0.912 -0.013 (-0.217-0.191) 0.900 -0.089 (-0.303-0.125) 0.414

BMI, body mass index; CI, confidence interval; WHR, waist-to-hip ratio.
aVariables included the corresponding socioeconomic position, follow-up year, and their interaction term.
bAdjusted for baseline age, years since menopause, marital status, history of pregnancy, dietary total energy intake, physical activity level, sleep duration,
depression, stress, abdominal obesity status, and their corresponding interaction terms with follow-up year.
cAdjusted for baseline age, years since menopause, marital status, history of pregnancy, dietary total energy intake, physical activity level, sleep duration,
depression, stress, general obesity status, and their corresponding interaction terms with follow-up year.
db coefficient of the corresponding interaction term between socioeconomic position and follow-up year.
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postmenopausal women. There are, however, several caveats
as well. First, because this cohort study was not designed
based on a priori hypothesis on socioeconomic position and
obesity, the sample size may not be adequate and therefore our
findings should be interpreted with caution. Nonetheless, our
observed consistent and significant associations of education
level with WHR based on the two analytical approaches may
suggest that the educational patterning is strong enough to be
detected in a relatively small sample size. Second, residual
confounding may exist due to differences in genetic compo-
sition, supplement use, and treatment-seeking behaviors,
despite comprehensive adjustments for potential confounders.
Last, because this study specifically focused on nonobese
early postmenopausal Chinese women, our finding could not
be generalized to women already with general or abdominal
obesity before the postmenopausal stage and women at other
life stages or of other ethnic groups.

CONCLUSIONS
The progression of WHR, rather than that of BMI, was

socioeconomically patterned among Chinese women during
early postmenopausal years in Hong Kong. Lower educa-
tional attainment, which partly reflects early-life adverse
conditions, may exert an independent latent effect on meno-
pausal changes in body composition and thus central fat
distribution. Our results suggested the potential value in
targeting early postmenopausal women with a lower educa-
tional attainment for prevention of abdominal obesity and
related cardiometabolic events.
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