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Abstract
Objective: To examine the relationship between metabolically healthy and un-
healthy obesity phenotypes and risk of vasomotor symptoms (VMS) in premeno-
pausal women.
Design: Prospective cohort study.
Setting: Middle- aged women in a cohort based on regular health screening 
examinations.
Population: Premenopausal Korean women aged 42– 52 years were recruited and 
were followed up for a median of 4.2 years. The cross- sectional and cohort studies 
comprised 4672 women and 2590 women without VMS at baseline, respectively.
Methods: Adiposity measures included body mass index (BMI), waist circumfer-
ence and percentage body fat. Being metabolically healthy was defined as not having 
any metabolic syndrome components or a homeostasis model assessment of insulin 
resistance of 2.5 or more.
Main outcomes measures: VMS (hot flushes and night sweats) assessed using the 
questionnaire.
Results: All adiposity measures were positively associated with an increased risk of 
VMS in both cross- sectional and longitudinal studies. The multivariable- adjusted 
prevalence ratio (95% confidence interval [CI]) for VMS comparing percentage body 
fat of 35% or more with the reference was 1.47 (95% CI 1.14– 1.90) in metabolically 
healthy women, and the corresponding prevalence ratio was 2.32 (95% CI 1.42– 3.78) 
in metabolically unhealthy women (Pinteraction = 0.334). The multivariable- adjusted 
hazard ratio for incident VMS comparing percentage body fat of 35% or more with 
the reference was 1.34 (95% CI 1.00– 1.79) in metabolically healthy women, whereas 
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1 |  I N TRODUC TION

Vasomotor symptoms (VMS), including hot flushes and 
night sweats, are cardinal symptoms of menopause that af-
fect 60– 80% of climacteric women and substantially reduce 
their quality of life.1– 4 Contrary to the previous belief that 
VMS occur near the final menstrual period and are short 
lived (6 months to 2 years), recent studies have demonstrated 
that VMS are commonly observed in the premenopausal 
and early menopausal transition stages and may persist long 
after menopause.5– 7 Furthermore, early onset and long dura-
tion of VMS were associated with adverse psychosocial and 
physical profiles and increased risk of subclinical and car-
diovascular disease.8– 10 Despite their impact on the quality 
of life and risk profile of women, few studies have evaluated 
the distinctive characteristics of early- onset VMS.5

Overweight and obesity are associated with VMS,2,11– 13 
and weight loss may reduce VMS.14 These findings support 
the notion that obesity is a risk factor for VMS. Obesity 
is frequently accompanied by metabolic abnormalities 
such as type 2 diabetes, hypertension, dyslipidaemia and 
insulin resistance, but a subset of obese individuals do 
not present metabolic abnormalities despite having ex-
cessive body fat, a phenomenon referred to as metaboli-
cally healthy obesity.15 No study has examined the role of 
metabolically healthy obesity on VMS risk. In this study, 
we aimed to test the hypothesis that metabolically healthy 
and unhealthy obesity phenotypes affect VMS differently 
using cross- sectional and longitudinal studies of pre-
menopausal women.

2 |  M ETHODS

2.1 | Study population

For a longitudinal study of midlife Korean women, partici-
pants were recruited between 2014 and 2018 from the Kanbuk 
Samsung Health Study, a cohort study of Korean adults who 
received annual or biennial comprehensive health exami-
nations at the clinics of Kangbuk Samsung Hospital Total 

Healthcare Centres in Seoul and Suwon, South Korea. The 
eligibility criteria for enrolment included (1) age 42– 52 years; 
(2) no history of hysterectomy, oophorectomy or hormone 
replacement therapy; (3) at least one menstrual period in 
the 3 months before the health screening examination and 
no amenorrhea lasting for 60 days or more; and (4) no his-
tory of a chronic disease that may affect menstrual cycles 
(malignancy, renal failure and hypo-  or hyperthyroidism). 
For the cross- section study, exclusion criteria included study 
withdrawal and missing information on VMS or adiposity 
measures or metabolic component (Figure S1). Next, the ex-
clusion criteria for the cohort study were (1) prevalent VMS 
at baseline; (2) no follow up; and (3) missing information on 
VMS.

2.2 | Ethical considerations

The present study was approved by the institutional review 
board of Kangbuk Samsung Hospital (IRB No. KBSMC 
2021– 01- 054). Written consent was obtained from all study 
participants after they were fully informed of the purpose of 
the study, and all the procedures were conducted according 
to all applicable institutional and governmental regulations 
concerning the ethical use of human volunteers in compli-
ance with the Declaration of Helsinki.

2.3 | Measurements

Information regarding demographic characteristics, life-
style factors, reproductive factors and medication use 
was obtained through a standardised, structured, self- 
administered questionnaire. Smoking status was catego-
rised into never smoking, former smoking and current 
smoking. Average alcohol intake was categorised into none, 
up to 10 g/day, more than 10 g/day or unknown.9 Physical 
activity was assessed using the validated Korean version 
of the International Physical Activity Questionnaire short 
form and categorised into inactive, minimally active and 
health- enhancing physical activity.16 Education level was 

the corresponding hazard ratio was 3.61 (95% CI 1.81– 7.20) in metabolically un-
healthy women (Pinteraction = 0.036). The association between BMI, waist circumfer-
ence and VMS did not significantly differ by metabolic health status.
Conclusions: Maintaining normal weight and being metabolically healthy may help 
to prevent VMS in premenopausal women.
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categorised as less than college graduate versus college 
graduate or higher. Parity, as a reproductive factor, was 
defined as the number of previous pregnancies, including 
live births and stillbirths.

Menopausal stages were categorised based on the criteria 
of the Stages of Reproductive Aging Workshop (STRAW) 
+10 as: (1) premenopause; (2) early menopausal transition, 
defined as a persistent difference of 7 or more days in length 
of consecutive cycles; (3) late menopausal transition, de-
fined as amenorrhea of 60 or more days; (4) postmenopause, 
defined as amenorrhea of 12 or more months.17

Height, weight and body composition were measured by 
trained nurses, with the participants wearing a lightweight 
hospital gown and no shoes. The percentage of body fat was 
estimated using a multifrequency bioimpedance analyser with 
eight- point tactile electrodes (InBody 720; Biospace Co., Seoul, 
Korea), validated regarding reproducibility and accuracy for 
body composition.18 Waist circumference was measured by 
trained personnel to the nearest 0.1 cm at the midpoint between 
the bottom of the rib cage and the top of the iliac crest with 
the participants standing with their weight equally distributed 
on both feet, their arms at their sides and head facing straight 
forward. Hypertension was defined as systolic blood pressure 
(BP) at least 140 mmHg, diastolic BP at least 80 mmHg, or cur-
rent use of antihypertensive medication.

Blood samples were taken from the antecubital vein after 
at least a 10- hour fast and were measured for glucose, glycated 
hemoglobin, insulin and serum lipid profiles, including total 
cholesterol, low- density lipoprotein cholesterol, high- density 
lipoprotein cholesterol and triglycerides. Diabetes mellitus 
was defined as fasting serum glucose at least 126 mg/dL, gly-
cated hemoglobin at least 6.5% (48 mmol/mol), or current use 
of insulin or glucose- lowering medication. Insulin resistance 
was assessed using the homeostatic model assessment of in-
sulin resistance according to the following formula: fasting 
blood insulin (mU/mL) × fasting blood glucose (mmol/L)/22.5.

2.4 | Metabolically healthy and 
unhealthy obesity

Body mass index (BMI) was categorised according to Asian- 
specific criteria19 as underweight (BMI <18.5 kg/m2), normal 
weight (BMI 18.5– 22.9 kg/m2), overweight (BMI 23– 24.9 kg/
m2), obesity I (BMI 25– 29.9 kg/m2) and obesity II (BMI 
≥30 kg/m2). Only a small proportion (5.3%) of study par-
ticipants were categorised as underweight and they were 
combined into the normal weight category. The proportion 
of obesity II (BMI ≥30 kg/m2) was less than 2% and obe-
sity I and II were combined into a single obesity category. 
Abdominal obesity was defined as waist circumference of 
80 cm or more, also a specific criterion for the Asian pop-
ulation.20 Percentage body fat was categorised as less than 
25.0%, 25.0%– 29.9%, 30.0%– 34.9% and 35.0% or more.

Metabolically unhealthy persons were defined as those 
having at least one of the following metabolic abnormalities: 
fasting glucose level 100 mg/dL or more or current use of 

glucose- lowering agents; BP at least 130/85 mmHg or current 
use of BP- lowering agents; triglyceride level at least 150 mg/
dL or current use of lipid- lowering agents; high- density lipo-
protein cholesterol level less than 50 mg/dL; or insulin resis-
tance, defined as homeostatic model assessment of insulin 
resistance score at least 2.5.21 Being metabolically healthy 
was defined as having none of the metabolic abnormalities 
described above.22

2.5 | Prevalent and incident VMS

At baseline and at each follow- up visit, we used the Korean 
version of the Menopause- Specific Quality of Life question-
naire23,24 to assess the presence and bothersome degree of 
VMS, including hot flushes and night sweats. If the partici-
pant responded ‘No’ to hot flushes or night sweats, she was 
considered as not having VMS. If the participant responded 
‘Yes’ and experienced hot flushes or night sweats and rated 
them on the bothered scale, she was considered as having 
VMS. Prevalent VMS were defined as VMS present at base-
line, whereas incident VMS were defined as the new onset 
of VMS during follow up among participants free of VMS 
at baseline.

2.6 | Statistical analyses

The characteristics of the study participants are presented 
according to the study design using descriptive summary 
statistics. For the cross- sectional study, Poisson regression 
models with robust variance were used to estimate preva-
lence ratios and 95% confidence intervals (CIs) for VMS at 
baseline according to adiposity parameters, including BMI, 
waist circumference and percentage body fat. Poisson re-
gression models are most frequently applied to estimate risk 
ratios for common binary outcomes.25,26 We applied robust 
standard errors to address variance overestimation when 
Poisson regression was applied to binary data.26

For the longitudinal cohort analysis, the primary out-
come was incident VMS before menopause. Each partici-
pant was followed from the baseline examination until the 
time of VMS occurrence, the time of menopause, or the 
last questionnaire survey date (4 October 2020), which-
ever was first. The new- onset VMS was assessed based on 
the Menopause- Specific Quality of Life, wherein the time 
frame is ‘in the Past month’, thus limiting exact estimations 
of VMS onset time as the study participants visited and 
completed the questionnaire every 1 or 2 years during the 
median follow- up duration of 4.2 years (interquartile range 
3.1– 5.1 years). Because the occurrence of VMS was known to 
have occurred between the two visits (visit with first report 
of VMS and the previous visit), but the exact time at which it 
developed was unknown, a parametric proportional hazards 
model was used to account for this type of interval censoring 
(stpm command in Stata)27 and to estimate adjusted hazard 
ratios and 95% CIs for new- onset VMS according to obesity 
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phenotype. In these models, the baseline hazard function 
was parameterised with restricted cubic splines in log time 
with four degrees of freedom.

For adjustment of covariates, the model was first adjusted 
for age, and then further adjusted for menarche age, educa-
tional attainment, parity (nulliparous or parous), physical 
activity, smoking status and alcohol intake. To test for linear 
trends, the number of categories was treated as a continu-
ous variable. We also performed stratified analyses based 
on metabolic health status. Likelihood ratio tests comparing 
models with and without multiplicative interaction terms 
were used to evaluate interactions by metabolic health status. 
Furthermore, we examined the relationship between adipos-
ity measures as a continuous variable and VMS risk. For this 
analysis, we modelled the adiposity measures as restricted 
cubic splines with knots at the 5th, 27.5th, 50th, 72.5th and 
95th centiles of the sample distribution to provide a flexi-
ble estimate of the concentration– response relationship be-
tween adiposity measures and VMS risk.

Statistical analyses were performed using STATA version 
16.0 (Stata Corp LP; College Station, TX, USA). Two- sided P 
values less than 0.05 were considered statically significant.

3 |  R E SU LTS

3.1 | Obesity phenotypes and prevalent VMS

Of 5230 participants initially enrolled, we excluded 194 
women who withdrew from participation and 81 women 
with missing information on VMS or adiposity measures 
or metabolic components, leaving 4672 participants in the 
cross- sectional study (Figure S1). In the cross- sectional anal-
ysis, the mean age of 4672 participants was 44.9 ± 2.5 years 
and the VMS prevalence was 18.8% (Table 1). The prevalence 
of obesity (BMI ≥25 kg/m2), abdominal obesity (waist cir-
cumference ≥80 cm) and high percentage body fat of 35% or 
more were 16.9, 28.0 and 21.2%, respectively. The prevalence 
of being metabolically unhealthy was 32.3%. Women with 
prevalent VMS were more likely to be older and have higher 
adiposity measures and unfavourable profiles of metabolic 
components than those without (Table S1).

Increased adiposity measures were significantly associated 
with a higher prevalence of VMS in a dose- dependent man-
ner (Table 2). The multivariable- adjusted prevalence ratios for 
VMS comparing overweight and obesity to normal weight were 
1.24 (95% CI 1.07– 1.44) and 1.42 (95% CI 1.23– 1.64), respec-
tively (P for trend <0.001). Similarly, the multivariable- adjusted 
prevalence ratios comparing percentage body fat 25%– 29.9%, 
30%– 34.9% and at least 35% with percentage body fat less than 
25% as the reference category were 1.18 (95% CI 0.96– 1.46), 1.35 
(95% CI 1.10– 1.66) and 1.73 (95% CI 1.41– 2.13), respectively (P 
for trend <0.001). For waist circumference, the multivariable- 
adjusted prevalence ratio for VMS comparing abdominal obe-
sity to the normal group was 1.29 (95% CI 1.14– 1.47). Being 
metabolically unhealthy was associated with increased preva-
lence of VMS with corresponding prevalence ratio of 1.39 (95% 

T A B L E  1  Baseline characteristics of study participants by study 
design

Characteristics
Cross- sectional 
study (n = 4672)

Longitudinal 
study (n = 2525)

Age (years) 44.9 ± 2.5 44.7 ± 2.4

Prevalent case of VMS (%) 18.8

Being metabolically unhealthy (%) 32.3 29.9

Number of metabolic abnormalities

0 67.7 70.1

1 19.5 18.7

2 7.9 6.9

≥3 4.9 4.2

BMI category (kg/m2)

<22.9 63.7 66.1

23.0– 24.9 19.5 18.1

25.0– 29.9 14.9 14.0

≥30 2.0 1.8

Waist circumference ≥ 80 cm (%) 28.0 26.0

Percentage body fat (%)

<25.0 16.7 17.7

25.0– 29.9 29.8 30.9

30.0– 34.9 32.3 32.0

≥35.0 21.2 19.5

Age at menarche (years) 14.0 ± 1.4 13.9 ± 1.4

Parity (%) 92.0 92.3

Ever smoker (%) 11.7 11.3

Alcohol intake (%)a 13.0 11.5

HEPA (%) 15.5 15.3

Higher education (%)b 80.1 81.7

Hypertension (%) 5. 0 3.9

Diabetes (%) 2.1 1.9

Medication for hyperlipidaemia 
(%)

1.6 1.6

Systolic BP (mmHg) 103.9 ± 11.7 103.2 ± 11.3

Diastolic BP (mmHg) 66.9 ± 9.2 66.4 ± 8.7

Glucose (mg/dL) 93.2 ± 12.5 92.6 ± 11.1

LDL- C (mg/dL) 119.0 ± 28.8 118.0 ± 28.4

HDL- C (mg/dL) 66.7 ± 15.9 67.4 ± 16.0

Triglycerides (mg/dL) 75 (58– 101) 73 (56– 98)

HOMA- IR 1.1 (0.8– 1.6) 1.1 (0.8– 1.6)

hsCRP (mg/L)c 0.3 (0.2– 0.6) 0.3 (0.2– 0.6)

Data presented are mean ± standard deviation, median (interquartile range), or 
percentage.
Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; BP, blood 
pressure; HDL- C, high- density lipoprotein cholesterol; HEPA, health- enhancing 
physical activity; HOMA- IR, homeostasis model assessment of insulin resistance; 
hsCRP, high- sensitivity C- reactive protein; LDL- C, low- density lipoprotein 
cholesterol; VMS, vasomotor symptoms.
aAt least 10 g of ethanol per day.
bCollege graduate or beyond.
cAmong 3056 participants (cross- sectional study) and 1727 (longitudinal study).
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CI 1.23– 1.57). In spline regression models, BMI and waist cir-
cumference exhibited a J- shaped association with VMS prev-
alence, whereas the VMS prevalence linearly increased across 
the range of fat percentages (Figure S2).

3.2 | Obesity phenotypes and incident VMS

The cohort study was restricted to women free of VMS at 
baseline who had at least one follow- up visit. We therefore 
excluded 880 women who reported VMS at baseline and 
1264 women with no follow- up visit, as well as three women 
with missing information on VMS. The final sample for the 
cohort study included 2525 participants (Figure S1). At base-
line, the mean ± standard deviation age of participants was 
44.7 ± 2.4 years (Table 1). At baseline, women who developed 
VMS were more likely to be older, metabolically unhealthy 
and have higher adiposity measures, higher systolic BP and 
unfavorable lipid profiles than those who did not (Table S2).

During 10 087.4 person- years of follow up, we identified 832 
cases of incident VMS (incidence rate of 8.2 per 100 person- 
years). The median follow- up duration was 4.2 years (interquar-
tile range 3.1– 5.1 years). Higher levels of all adiposity measures 
were significantly associated with an increased risk of incident 
VMS. The multivariable- adjusted hazard ratios comparing per-
centage body fat 25%– 29.9%, 30%– 34.9% and 35% or more with 
percentage body fat less than 25% as the reference category were 
1.22 (95% CI 0.98– 1.54), 1.42 (95% CI 1.14– 1.76) and 1.60 (95% 
CI 1.26– 2.03), respectively (P for trend <0.001). Similarly, BMI 
showed a dose– response relationship with an increasing risk of 

incident VMS (P for trend = 0.001). Abdominal obesity was also 
significantly associated with increased risk of incident VMS. 
Being metabolically unhealthy tended to show increased risk of 
VMS but this association did not reach statistical significance 
(Table 3). In spline regression models, the risk of incident VMS 
increased until approximately 25 kg/m2 without any further 
increase in VMS risk, whereas the VMS incidence linearly in-
creased across the range of fat percentages (Figure S3).

When we compared the characteristics of participants 
with successful follow up and those lost to follow up, those lost 
to follow up were more likely to be older (Table S3). To con-
trol for the possibility of selection bias, we performed analyses 
using inverse probability weights based on the determinants 
of having a follow- up visit over the study period. The results 
obtained using inverse probability weights were very similar 
to those obtained without inverse probability weights (Table 
S4). In analyses without restriction before menopause during 
follow up, the results were similar (Table S5).

3.3 | Metabolically healthy and unhealthy 
obesity phenotypes and VMS risk

The positive associations between increased adiposity meas-
ures and the prevalence of VMS did not differ according to 
metabolic health status (cross- sectional analysis, Table  4). 
Although the association between percentage body fat and 
prevalent VMS tended to be stronger in metabolically un-
healthy participants, the interaction did not reach statisti-
cal significance (P for interaction = 0.334). Specifically, the 

T A B L E  2  Cross- sectional association between adiposity measures and prevalence of vasomotor symptoms among premenopausal women (n = 4672)

Obesity type No. of cases Prevalence (%) Age- adjusted PR (95% CI)
Multivariable- adjusted 
PR (95% CI)

BMI category (kg/m2)

<23.0 496 16.7 Reference Reference

23.0– 24.9 192 21.1 1.24 (1.07– 1.45) 1.24 (1.07– 1.44)

≥25 192 24.5 1.44 (1.24– 1.67) 1.42 (1.23– 1.64)

P for trend <0.001 <0.001

Waist circumference (cm)

<80 580 17.2 Reference Reference

≥80 300 22.9 1.31 (1.16– 1.48) 1.29 (1.14– 1.47)

Percentage body fat (%)

<25.0 108 13.9 Reference Reference

25.0– 29.9 233 16.8 1.20 (0.97– 1.48) 1.18 (0.96– 1.46)

30.0– 34.9 291 19.3 1.37 (1.11– 1.67) 1.35 (1.10– 1.66)

≥35.0 248 25.0 1.77 (1.44– 2.18) 1.73 (1.41– 2.13)

P for trend <0.001 <0.001

Metabolic health status

Healthy 522 16.5 Reference Reference

Unhealthy 358 23.7 1.41 (1.25– 1.59) 1.39 (1.23– 1.57)

Poisson regression models with robust variance were used to estimate PRs and 95% CIs for prevalent vasomotor symptoms. The multivariable model was adjusted for age, 
education level, parity, physical activity, smoking status and alcohol intake.
Abbreviations: BMI, body mass index; CI, confidence interval; PR, prevalence ratio.



   | 1931OBESITY, METABOLIC HEALTH AND VASOMOTOR SYMPTOMS

multivariable- adjusted prevalence ratio comparing percent-
age body fat of at least 35% with the reference category was 
1.47 (95% CI 1.14– 1.90) in metabolically healthy women and 
2.32 (95% CI 1.42– 3.78) in metabolically unhealthy women.

On the other hand, the association of percentage body 
fat with incident VMS was stronger in the metabolically 
unhealthy group (longitudinal analysis, Table  4). The 
multivariable- adjusted hazard ratio (95% CI) for incident 
VMS comparing percentage body fat of at least 35% to the 
reference category was 1.34 (95% CI 1.00– 1.79) in metabol-
ically healthy women and 3.61 (95% CI 1.81– 7.20) in met-
abolically unhealthy women (P for interaction = 0.036). In 
analyses without restriction before menopause during follow 
up, the results were similar (Table S6).

In analyses stratified by education level (less than college 
graduate versus college graduate or more) (Table S7), the 
association between adiposity measures and VMS was sim-
ilarly observed in both education categories without a signif-
icant interaction by education level.

4 |  DISCUSSION

4.1 | Main findings

In this cross- sectional and longitudinal analysis of midlife 
Korean women, BMI, waist circumference and percentage 
body fat were associated with an increased risk of VMS in 
premenopausal women. In the cross- sectional analysis, we 
observed a positive association between obesity, abdominal 

obesity, percentage body fat and VMS prevalence in both 
metabolically healthy and unhealthy women with no sig-
nificant interaction by metabolic health status. In the cohort 
analysis, the association of percentage body fat with incident 
VMS was stronger in the metabolically unhealthy group 
with significant interaction by metabolic status.

4.2 | Interpretation

Previous studies and a meta- analysis have demonstrated 
that obesity is associated with an increased risk of VMS.12 
Although the role of obesity in VMS is well documented, the 
association of obesity phenotypes based on metabolic health 
status and body composition with VMS has not been inves-
tigated in detail. Women with higher adiposity show higher 
estrogen concentrations than lean women, which could po-
tentially counteract the effect of estrogen deficiency dur-
ing perimenopause and therefore lower the likelihood of 
VMS.28,29 However, we found that obesity phenotypes as 
defined by BMI, waist circumference and percentage body 
fat were associated with incident VMS, which is in line with 
recent studies.11,30 Several studies reported that women with 
metabolic abnormalities had a higher risk of prevalent VMS 
than those without,31,32 but these studies did not specifically 
incorporate obesity phenotypes based on metabolic health, 
making it difficult to understand the role of obesity per se 
with or without metabolic abnormalities on VMS.

The mechanisms by which adiposity increases the risk 
of VMS in premenopausal women have not been fully 

T A B L E  3  Longitudinal association between adiposity measures and incidence of vasomotor symptoms among premenopausal women free of 
vasomotor symptoms at baseline (n = 2525)

Obesity type Person- years Early- onset VMS
Incidence rate  
(cases per 100 PY)

Age- adjusted HR 
(95% CI)

Multivariable- adjusted 
HR (95% CI)

BMI category (kg/m2)

<23.0 6700.4 495 7.4 Reference Reference

23.0– 24.9 1823.3 179 9.8 1.31 (1.11– 1.56) 1.29 (1.09– 1.54)

≥25 1563.8 158 10.1 1.32 (1.10– 1.58) 1.31 (1.09– 1.58)

P for trend <0.001 0.001

Waist circumference (cm)

<80 7501.8 574 7.7 Reference Reference

≥80 2585.7 258 10.0 1.28 (1.11– 1.49) 1.28 (1.11– 1.49)

Percentage body fat (%)

<25.0 1789.5 113 6.3 Reference Reference

25.0– 29.9 3160.9 244 7.7 1.22 (0.97– 1.52) 1.22 (0.98– 1.54)

30.0– 34.9 3235.8 289 8.9 1.42 (1.14– 1.76) 1.42 (1.14– 1.76)

≥35.0 1901. 2 186 9.8 1.56 (1.23– 1.97) 1.60 (1.26– 2.03)

P for trend <0.001 <0.001

Metabolic health status

Healthy 7094.9 561 7.9 Reference Reference

Unhealthy 2992.6 271 9.1 1.11 (0.96– 1.29) 1.11 (0.96– 1.28)

Parametric proportional hazard models were used. The multivariable model was adjusted for age, educational level, parity, physical activity, smoking status and alcohol intake.
Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; PY, person- years; VMS, vasomotor symptoms.
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established. Increased fat content may interfere with body 
heat dissipation, thereby increasing the risk of VMS.33 In a 
subcohort of the SWAN study, an adverse adipokine profile, 
which is also linked to the metabolic syndrome and obesity, 
was associated with a greater risk of VMS, especially in the 
early stage of menopausal transition.11 VMS is also related to 
changes in endogenous sex hormone levels, such as lower es-
tradiol and higher follicle- stimulating hormone, which are 
affected by adiposity and lipids.34,35 Estrogen is known to 
regulate insulin receptor expression on peripheral tissues, 
especially on adipocytes, and is also involved in pathways 
associated with other cardio- metabolic dysfunction such as 
dyslipidaemia, hypertension and type 2 diabetes.36 Given 
that lower estrogen levels are associated with a higher like-
lihood of developing VMS,1 it is possible that an interplay 
between reduced estrogen levels during perimenopause and 
existing metabolic abnormalities may synergistically influ-
ence and exacerbate outcomes in metabolically unhealthy 
women. Also, adipose tissue is an active endocrine organ 
that secretes multiple cytokines and inflammatory factors 
that may lead to VMS and ovarian dysfunction.37,38 Adipose 
tissue produces leptin and tumour necrosis factor- α, which 
influence thermoregulation.39,40 As a result, a minor change 
in core body temperature may cause a series of neuroendo-
crine responses to maintain core temperature, ultimately 
leading to vasomotor flushing as a compensatory vascular 
response.41 Evidence suggests that pro- inflammatory ad-
ipokine levels were significantly higher in metabolically 
unhealthy obesity compared with metabolically healthy 

obesity.42 VMS are also associated with over- activity of 
sympathetic nervous system, and sympathetic overdrive 
seen in metabolic abnormalities may partially explain the 
association between metabolically unhealthy phenotypes 
and VMS risk.43,44 Likewise, excess adiposity and its related 
adverse metabolic milieu might synergistically increase the 
risk of VMS.

Among adiposity measures, body fat percentage was most 
strongly associated with an increased risk of VMS. The stron-
ger association based on body fat percentage could be related 
to the smaller amount of measurement error in body fat per-
centage compared with BMI: BMI is an indirect measure of 
body fat, with inherent limitations owing to its inability to 
differentiate fat mass from muscle mass;45,46 waist circumfer-
ence is also an indirect measure of visceral adiposity, which 
does not differentiate subcutaneous from visceral fat depo-
sition, and also shows relatively large measurement errors.47 
However, the differences across adiposity measures might be 
explained by chance because of multiple comparisons. Further 
studies with more accurate measures and a larger sample size 
are necessary to confirm our findings in diverse populations.

4.3 | Strengths and limitations

Our study had several limitations. First, we used adiposity 
measures at baseline and did not consider changes in obesity 
status during follow up despite its dynamic nature over time. 
Second, confounders including smoking status and alcohol 

T A B L E  4  Cross- sectional and longitudinal associations between adiposity measures and VMS among metabolically healthy and unhealthy 
premenopausal women

Adiposity 
measures

Cross- sectional analysis (n = 4672) Multivariable- adjusted 
prevalence ratios (95% CI)a

Longitudinal analysis (n = 2525) Multivariable- adjusted 
hazard ratios (95% CI)b

Metabolically 
healthy (n = 3162)

Metabolically 
unhealthy (n = 1510) P for interaction

Metabolically 
healthy (n = 1771)

Metabolically 
unhealthy (n = 754) P for interaction

BMI category (kg/m2)

<22.9 Reference Reference 0.775 Reference Reference 0.449

23.0– 24.9 1.16 (0.95– 1.42) 1.23 (0.98– 1.55) 1.26 (1.02– 1.56) 1.38 (1.00– 1.90)

≥25 1.34 (1.05– 1.70) 1.25 (1.01– 1.55) 1.25 (0.94– 1.66) 1.35 (1.02– 1.80)

P for trend 0.007 0.035 0.026 0.032

Waist circumference (cm)

<80 Reference Reference 0.751 Reference Reference 0.799

≥80 1.22 (1.01– 1.46) 1.18 (0.98– 1.41) 1.29 (1.05– 1.59) 1.22 (0.95– 1.56)

Percentage body fat (%)

<25.0 Reference Reference 0.334 Reference Reference 0.036

25.0– 29.9 1.04 (0.82– 1.31) 1.81 (1.09– 3.01) 1.05 (0.82– 1.34) 3.05 (1.50– 6.16)

30.0– 34.9 1.18 (0.94– 1.49) 1.90 (1.16– 3.11) 1.31 (1.03– 1.66) 2.78 (1.39– 5.56)

≥35.0 1.47 (1.14– 1.90) 2.32 (1.42– 3.78) 1.34 (1.00– 1.79) 3.61 (1.81– 7.20)

P for trend 0.002 <0.001 0.008 0.001

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; VMS, vasomotor symptoms.
aPoisson regression models with robust variance were used to estimate the prevalence ratios with 95% confidence intervals.
bParametric proportional hazard models were used to estimate the hazard ratios with 95% confidence intervals. The multivariable model was adjusted for age, education level, 
parity, physical activity, smoking status and alcohol intake.
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intake were assessed using self- reported questionnaires, 
which may lead to misclassification. Additionally, we cannot 
exclude unmeasured confounders. Third, our study cohort 
was not population- based and was relatively highly edu-
cated compared with the general population.48 In subgroup 
analyses by education level, the main findings were similar 
in both education categories with no significant interaction. 
Additionally, we used an Asian- specific BMI cutoff for obe-
sity based on the accumulative evidence that Asians have a 
higher total body fat and higher risk of metabolic and cardi-
ovascular disease compared with Caucasians given the same 
level of BMI.19,49 As a result, our study findings in midlife 
Korean women may not be readily generalisable and should 
be confirmed in other populations with different race/eth-
nicity compositions and demographic characteristics. The 
strengths of our study include the prospective design, the 
large sample size of a well- characterised population of pe-
rimenopausal women and the use of carefully standardised 
clinical, lifestyle and laboratory measures, which allowed us 
to account for multiple potential confounders.

CONCLUSIONS

In this cross- sectional and longitudinal analysis, BMI, waist 
circumference and percentage body fat were positively as-
sociated with VMS in premenopausal women, particularly 
among metabolically unhealthy women with a high percent-
age body fat. Our findings suggest that maintaining both 
normal weight and being metabolically healthy may help 
reduce the risk of VMS in premenopausal women.
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