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Aims Central adiposity is associated with increased cardiovascular disease (CVD) risk, even among people with normal
body mass index (BMI). We tested the hypothesis that regional body fat deposits (trunk or leg fat) are associated
with altered risk of CYD among postmenopausal women with normal BMI.

Methods We included 2683 postmenopausal women with normal BMI (185 to <25kg/m?) who participated in the

and results Women’s Health Initiative and had no known CVD at baseline. Body composition was determined by dual energy
X-ray absorptiometry. Incident CVD events including coronary heart disease and stroke were ascertained through
February 2017. During a median 17.9 years of follow-up, 291 incident CVD cases occurred. After adjustment for
demographic, lifestyle, and clinical risk factors, neither whole-body fat mass nor fat percentage was associated with
CVD risk. Higher percent trunk fat was associated with increased risk of CVD [highest vs. lowest quartile hazard
ratio (HR) = 1.91, 95% confidence interval (Cl) 1.33-2.74; P-trend <0.001], whereas higher percent leg fat was
associated with decreased risk of CVD (highest vs. lowest quartile HR = 0.62, 95% Cl 0.43-0.89; P-trend = 0.008).
The association for trunk fat was attenuated yet remained significant after further adjustment for waist circumfer-
ence or waist-to-hip ratio. Higher percent trunk fat combined with lower percent leg fat was associated with
particularly high risk of CVD (HR comparing extreme groups = 3.33, 95% Cl 1.46-7.62).

Conclusion Among postmenopausal women with normal BMI, both elevated trunk fat and reduced leg fat are associated with
increased risk of CVD.

Keywords Body fat e Normal-weight obesity e Metabolically unhealthy normal weight e Postmenopausal
e Cardiovascular disease
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Introduction

Despite being widely used in clinical practice and epidemiological re-
search, body mass index (BMI) as a proxy for adiposity is often
criticized for its limited capacity to distinguish between fat mass and
fat-free mass (i.e. lean mass, bone mass, and fluid mass).1 Individuals
within the same BMI category could have substantial differences in
the amount and distribution of body fat and therefore variable health
risks. It is known, for example, that larger waist circumference is asso-
ciated with increased risk of cardiovascular disease (CVD) mortality
among people with normal BMI.>

The biological functions of adipose tissue are location dependent,
with upper-body and lower-body fat exhibiting opposing effects (i.e.
detrimental vs. beneficial) on various metabolic processes including
glucose regulation and lipid storage.*® There is mounting evidence
that trunk fat mass is a strong predictor of unfavourable metabolic
features (e.g. insulin resistance) that increase CVD risk, whereas
increased leg fat may be associated with decreased risk of metabolic
disturbances.””"® These evidence bases underscore the potential im-
portance of fat distribution in the development of cardiometabolic
disease.

Postmenopausal women are prone to metabolic alterations result-
ing, in part, from a shift from subcutaneous to intra-abdominal vis-
ceral fat."" Such metabolic abnormalities have been associated with
increased CVD risk among normal BMI populations.'” However,
studies that assess regional fat accumulation (e.g. upper body vs.
lower body) and its relationship with CVD risk among normal BMI
postmenopausal women are still lacking. In the current study, using
body composition data as defined by dual energy X-ray absorpti-
ometry (DXA) in a subset of the Women’s Health Initiative (WHI),'®
we examined the associations of whole-body fat, upper-body (trunk)
fat, and lower-body (leg) fat with risk of CVD among postmenopausal
women with normal BMI.

Methods

Study design and population

Details of the WHI design and study population have been presented
elsewhere.® Between 1993 and 1998, 161 808 postmenopausal women
aged 50-79 years were recruited from the general population at 40 clinic-
al centres throughout the USA. The participants were either enrolled in
the WHI Observational Study (OS) or in one or more of the WHI
Clinical Trials (CT) testing the health effects of hormone replacement
therapy, low-fat dietary modification, and/or calcium and vitamin D sup-
plementation. At the end of the initial WHI study in 2005, the first (2005—
2010) and the second (2010-2020) WHI Extension Studies continued
follow-up of all women who consented. The study was approved by the
institutional review boards of all participating institutions, and all partici-
pants provided written informed consent.

At enrolment, a subset of 11 393 participants underwent whole-body
DXA scans at three designated WHI clinical centres (Birmingham,
Tucson/Phoenix, and Pittsburgh), among whom there were 3464 partici-
pants with normal BMI (18.5 to <25 kg/m?)." For the current analysis, we
excluded 781women who reported one or more cardiovascular condi-
tions at the study entry, had implausibly high or low energy intake, or
missed follow-up data, leaving 2683 eligible participants (Supplementary
material online, Figure ST7).

Body composition assessment

Using the same standard protocol across all study sites, body compos-
ition including whole-body and regional fat mass, bone mass, and lean
mass were determined by DXA performed in fan-beam mode and
obtained from Hologic QDR scanners (QDR 2000, 2000+, or 4500;
Hologic Inc., Waltham, MA, USA). Among the 2683 eligible participants
with body composition data at baseline, 908 (33.8%), 2260 (84.2%), 2019
(75.3%), and 1080 (40.3%) also had DXA scans at the year 1, 3, 6, and 9
follow-up visits, respectively. Standard WHI protocols were used for the
positioning and analysis of DXA scans by radiology technicians who were
trained and certified by Hologic and the DXA Coordinating Center at the
University of California, San Francisco. Quality control of the DXA scans
in WHI are described in detail in the Supplementary material online,
Methods.

Both absolute (in kilogram) and relative body fat measures were eval-
uated in the present analysis. Relative fat measures were percentage of
whole-body or regional fat mass to total mass in the respective region.
The trunk and leg regions excluded both head and arms and were sepa-
rated by the angled lines defining the pelvic triangle (Supplementary ma-
terial online, Methods). Trunk-to-leg fat ratio was the ratio of absolute
trunk fat mass to leg fat mass. Fat mass indices were also calculated by
dividing total or regional fat mass in kilogram by the square of standing
height in metres.

Measurements of covariates and biomarkers
Information on demographic characteristics, reproductive and medical
histories, exogenous hormone use, family history, and diet and lifestyle
factors was collected at baseline via self-report. Blood pressure including
systolic blood pressure (SBP) and diastolic blood pressure (DBP) and an-
thropometric variables such as height, weight, and waist and hip circum-
ferences were measured by trained staff using standard procedures.
Information on diagnosis and treatment of diabetes and hypertension by
a physician were collected via questionnaire. For subsets of the study par-
ticipants, a number of biomarkers were measured using fasting blood
samples collected at baseline, including glycaemic traits (glucose, insulin,
and HOMA-IR), adipokines (leptin and adiponectin), inflammatory
markers [WBC count, high-sensitivity C-reactive protein (CRP), and
interleukin-6], lipids (triglycerides and LDL and HDL cholesterol), and
sex steroid hormones [estradiol and sex hormone-binding globulin
(SHBG)]. More information on collection of baseline covariates and se-
lection of participants for the biomarker measurements is reported in the
Supplementary material online, Methods.

Outcome ascertainment

The primary outcome was the first occurrence of major CVD defined as
coronary heart disease (CHD), stroke, or both combined. Coronary
heart disease included possible or definite coronary death, non-fatal myo-
cardial infarction or coronary revascularization, and stroke included is-
chaemic or haemorrhagic stroke or death due to a cerebrovascular
event. Participants were followed up (through 28 February 2017) semi-
annually in the WHI CT and annually in the OS using in-person, mailed,
or telephone questionnaires to collect information on clinical outcomes.
Fatal CVD was confirmed by hospital records or autopsy reports, or
listed as the cause of death on death certificates. All incident CVD events
documented during the initial WHI or during the first Extension Study
were adjudicated locally by trained physicians, followed by centralized ad-
judication using standard criteria.”® Although CVD events were only par-
tially adjudicated for the second Extension Study, we included all CVD
cases recorded throughout the three study periods given the substantial-
to-excellent agreements between self-reported events and locally adjudi-
cated diagnosis (Kappa statistics 0.64-0.90)."
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Statistical analysis

Baseline characteristics of participants were described by quartile of trunk
or leg fat percentage. Pearson partial correlation coefficients between
baseline body fat and anthropometric measures were calculated. Cox
proportional hazards models were used to estimate hazard ratios (HRs)
and 95% confidence intervals (Cls) of CVD according to quartiles of the
body fat measures. Based on tests using Schoenfeld’s residuals, there was
no evidence of violation of the proportional hazards assumption. Person-
time of follow-up was computed from date of enrolment until date of
diagnosis of CVD (the date of the first event if a participant had multiple
CVD events), death or withdrawal from the study, or end of follow-up,
whichever came first. Two Cox models were constructed to account for
potential confounders. The first model included age at baseline, race/eth-
nicity and, where appropriate, regional fat measures (i.e. mutual adjust-
ment for trunk and leg fat). The second model further included age at
menopause, education, family income, smoking, alcohol consumption,
physical activity, dietary energy, family history of myocardial infarction or
stroke, use of hormone therapy, and other medications at baseline, WHI
randomization status, and height.

Potential nonlinear relationships between body fat and CVD risk were
examined using restricted cubic splines with three knots at percentiles
10%, 50%, and 90% of the distribution. A P-value for nonlinearity was cal-
culated by testing the null hypothesis that the coefficient of the second
spline was equal to zero. To avoid over-adjustment, we further adjusted
for diabetes or SBP, DBP, and use of antihypertensive drugs in separate
exploratory models because each could be a potential mediator for the
association between body fat and CVD. Additional exploratory analyses
were performed to adjust for other common anthropometric measures.
The discrimination of the models was assessed by using Harrell’s C statis-
tics. We further evaluated the joint association of trunk and leg fat with
risk of CVD by categorizing both body fat measures by tertiles.

We performed several sensitivity analyses by excluding participants
who received diet or hormone interventions in the WHI CT, or reported
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current hormone uses at baseline, or had dyslipidaemia or thyroid prob-
lems; and by using chronological age as the primary time scale instead of
follow-up time. To account for long-term changes in body fat over time,
we conducted time-dependent covariate analyses using available DXA
measures from all time points. Finally, we assessed cross-sectional rela-
tionships between trunk or leg fat percentage and the 13 biomarkers by
multivariable linear regression after adjustment for the covariates as
described above, taking into account multiple comparisons. All statistical
tests were two-sided and analyses were performed using Stata (version
14.1; StataCorp), SAS (release 9.4; SAS Institute Inc.), and R (version
3.3.2; R Foundation).

Results

Participant characteristics

Baseline characteristics of the study participants by quartile of
trunk or leg fat percentage are reported in Supplementary mater-
ial online, Table S1. Both higher trunk and leg fat percentages were
associated with lower physical activity, higher BMI, and use of sta-
tins and non-steroidal anti-inflammatory drugs. Participants
with higher percent trunk (but not leg) fat had higher SBP and
DBP and were more likely to be treated for hypertension.
Participants with higher percent leg (but not trunk) fat were
less likely to be current smokers or have diabetes and were more
likely to use hormone therapy.

Both trunk and leg fat were substantially correlated with whole-
body fat, and they were correlated positively with each other
(r=0.39 between trunk and leg fat percentages) (Figure 7). Percent
trunk fat was correlated positively with waist circumference
(r=10.54), waist-to-hip ratio (WHR) (r=0.30), and hip circumference
(r=10.39), whereas percent leg fat was correlated positively with hip

034 | 064 | 058 | 0.14 |D.89 -0.01 | -0.01 | 0.03

002 | 054 | 041 | 0.08 | 050 | -D44 | -042 | 036

022 | 059 | 088 | 035 | 0.52 | -007  -0.10 | -D.00

-0.01 | 054 | 054 | 030 | 039 | D36 -041 | 023

036 044 | 019 | -0.26 | 066 | 005 | 009 | 0.03

| 002 028 o002 -028 043 | -042  -030 | 048 e
. o.zr . 0.51 [ 0.54 . 0.0z . =011 . <047 . -0.03 0.5

-0.07 . 0.24 . -0.02 . 043 0.65 | 0.85 | 0.55
053 | [ 053 | 016 011 | 021 af
024 | 053 | 027 o022 | 028 0.5
002 | 020 | 008 o002 | 012 |

043 0.53 -0.22
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Figure | Correlations between body fat, lean mass, and anthropometric measures. Results are partial Pearson correlation coefficients adjusted for
age and race/ethnicity. BMI, body mass index; FM, fat mass; HC, hip circumference; LM, lean mass; WC, waist circumference; WHR, waist-to-hip

ratio.
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Table |

normal body mass index

Associations between body fat and risk of cardiovascular disease among postmenopausal women with

Quartile for body fat

Each SD increment

Whole-body fat mass
Range (median), kg
Cases/person-years
Model 1 [HR (95% ClI)]
Model 2 [HR (95% CI)]

% Whole-body fat mass
Range (median), %
Cases/person-years
Model 1 [HR (95% ClI)]
Model 2 [HR (95% ClI)]

Trunk fat mass
Range (median), kg
Cases/person-years
Model 1 [HR (95% CI)]*
Model 2 [HR (95% CI)]*

% Trunk fat mass
Range (median), %
Cases/person-years
Model 1 [HR (95% CI)]*
Model 2 [HR (95% CI)]*

Leg fat mass
Range (median), kg
Cases/person-years
Model 1 [HR (95% CI)]*
Model 2 [HR (95% CI)]*

% Leg fat mass
Range (median), %
Cases/person-years
Model 1 [HR (95% CI)]*
Model 2 [HR (95% CI)]*

Trunk-to-leg fat ratio
Range (median)
Cases/person-years
Model 1 [HR (95% ClI)]
Model 2 [HR (95% Cl)]

<18.1 (16.4)
66/10 175
Reference

Reference

<334 (304)
59/10 165
Reference

Reference

<72 (5.9)
50/10 474
Reference

Reference

<27.1(23.0)
55/10 550
Reference

Reference

2.5to <7.6 (6.7)
82/9734
Reference

Reference

<41.1 (37.9)
81/9991
Reference

Reference

<0.81 (0.66)
46/10 603
Reference

Reference

18.1 to <22.0 (20.6)

70/10 043
1.15 (0.82-1.60)
1.18 (0.84-1.67)

33410 <37.7 (35.8)

76/10 410
1.26 (0.90-1.77)
1.26 (0.89-1.78)

7.2t0 <93 (8.3)
69/10 341
1.51 (1.05-2.19)
1.60 (1.09-2.33)

27.1to <32.9 (30.4)

65/10 429
1.18 (0.82-1.70)
1.21 (0.83-1.75)

7.6t0 <89 (8.3)
82/9783
0.95 (0.70-1.29)
1.02 (0.74-1.40)

41.1to <457 (43.6)

77/9978
0.88 (0.64—1.21)
0.94 (0.68-1.29)

0.81 to <1.02 (0.92)

70/10 584
1.41 (0.97-2.05)
1.35 (0.93-1.97)

22.0 to <25.0 (23.5)
80/10 020
127 (0.92-1.76)
127 (0.91-1.79)

37.7 to <41.1 (394)
72/10 142
1.20 (0.85-1.70)
1.24 (0.87-1.78)

9310 <112 (10.2)
83/9968
1.87 (1.30-2.68)
1.82 (1.25-2.64)

32.9 to <37.7 (35.3)
73/10 186
1.43 (0.99-2.05)
1.35 (0.93-1.96)

8.9 to <104 (9.6)
69/10 275
0.73 (0.52-1.01)
0.76 (0.54-1.07)

45.7 to <49.8 (47.7)
70/10 189
0.78 (0.56-1.08)
0.82 (0.58-1.15)

1,02 to <1.26 (1.12)
74/9902
1.53 (1.06-2.21)
1.46 (1.00-2.12)

>25.0 (27.2)
75/10 182
1.25 (0.90-1.75)
1.34 (0.93-1.92)

>41.1 (43.5)
84/9704
142 (1.01-1.98)
1.35 (0.95-1.92)

>112 (12.7)
89/9638
221 (1.54-3.18)
217 (1.49-3.16)

>37.7 (41.80)
98/9255
207 (1.46-2.93)
191 (1.33-2.74)

>10.4 (11.5)
58/10 629
0.62 (0.44-0.88)
0.68 (0.46-0.98)

>49.8 (52.6)
63/10 263
0.63 (0.45-0.89)
0.62 (0.43-0.89)

>1.26 (1.47)
101/9332
2.11 (1.48-3.00)
1.99 (1.39-2.85)

0.14
0.10

0.054
0.11

<0.001
<0.001

<0.001
<0.001

0.003
0.017

0.008
0.008

<0.001
<0.001

112 (0.99-1.26)
1.14 (1.01-1.30)

112 (0.99-127)
1.14 (1.01-128)

1.34 (1.18-1.50)
1.32 (1.16-1.49)

1.36 (1.19-1.55)
1.32 (1.16-1.51)

0.78 (0.69-0.89)
0.81(0.71-0.93)

0.83 (0.74-0.94)
0.85 (0.76-0.96)

1.37 (1.24-1.51)
1.31 (1.19-1.46)

Model 1 was adjusted for age at baseline (years) and race/ethnicity (White, Black, Hispanic/African American, other).
Model 2 was adjusted for covariates in Model 1 and was additionally adjusted for age at menopause (<45, 45 to <50, 50 to <55, >55 years), education (at most high school,
some college, college, or above), annual family income (<20 000, 20 000 to <50 000, 50 000 to <75 000, >75 000 USD), smoking status (never, former, current), alcohol con-
sumption (0, <0.5, 0.5 to <1, >1 drink/day), physical activity (MET-h/week), dietary energy intake (Kcal/day), family history of myocardial infarction or stroke (yes, no), hormone
therapy at baseline [never, former, current (<5, 5 to <10, 10 to <15, >15 years)], statins use (never, ever), aspirin use (never, ever), use of non-steroidal anti-inflammatory drug
(never, ever), randomization status (three trial groups with each being classified as none, control, and intervention), and height (in quartile).

?Both absolute trunk fat and leg fat and percent trunk fat and percent leg fat were mutually adjusted for each other (in quartile).

circumference (r = 0.43), inversely with WHR (r = -0.29), and weakly

with waist circumference (r=0.02).

Body fat and risk of cardiovascular

disease

During a median 17.9 years of follow-up (40 421 person-years), 291
incident CVD cases occurred, including 202 CHD and 105 stroke

cases (16 women had both outcomes).

ment for regional fat measures), whole-body fat was not significantly
associated with CVD risk (P-trend >0.05). However, trunk fat was

With adjustment for age and race/ethnicity (and mutual adjust-

positively, whereas leg fat was inversely associated with risk of CVD

(Table 1). Further adjustment for demographic, lifestyle, and clinical

risk factors yielded similar results. The HRs comparing the highest
with the lowest quartile were 1.91 (95% Cl 1.33-2.74; P-trend

<0.001) for percent trunk fat and 0.62 (95% CI 0.43-0.89; P-trend =
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% Trunk fat % Leg fat
Quartile HR (95% CI) HR (95% CI)
1 T
Madel 2 + BMI | i
Qa1 + Reference 3 Reference
Q2 ﬁ:—o— 1.16 (0.79, 1.70) —o-i— 0.93 (0.67, 1.28)
Q3 —:—0— 1.28 (0.87, 1.90) _0—:— 0.81 (0.57, 1.13)
Q4 : —— 1.76 (1.18, 2.64) —, : 0.61 (0.43, 0.88)
P-trend : 0.004 i 0.007
Model 2 + WC | H
Qi + Reference 4: Reference
Q2 —:—0— 1.15(0.78, 1.68) _ﬁ':— 0.94 (0.68, 1.29)
Q3 —_— 1.20 (0.80, 1.79) —_— 0.84 (0.60, 1.18)
Q4 e 160 (1.05,2.45) ~———e—1 0.66 (0.45, 0.95)
P-trend | 0.029 H 0.023
Model 2 + WHR i i
Q1 + Reference f Reference
Qz ———— 1.16 (0.80, 1.68) —— 1.00(0.72, 1.39)
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Figure 2 Association of trunk or leg fat percentage with risk of cardiovascular disease. Results were adjusted for covariates listed for Model 2 in
Table 1 and additionally adjusted for other anthropometric measures. BMI, body mass index; Cl, confidence interval; HC, hip circumference; HR, haz-

ard ratio; WC, waist circumference; WHR, waist-to-hip ratio.

0.008) for percent leg fat. Results were similar for absolute trunk or
leg fat mass (Table 7). Higher ratio of trunk-to-leg fat mass also
was associated with increased risk of CVD (HR = 1.99, 95% CI 1.39—
2.85; P-trend <0.001). There was no evidence for nonlinear associa-
tions between body fat and CVD risk (P-nonlinearity >0.70;
Supplementary material online, Figure S2).

Associations of fat mass indices with risk of CVD were similar to
the associations for fat percentages (Supplementary material online,
Table S2). No significant association was found between total or re-
gional lean mass and risk of CVD (P-trend >0.72; Supplementary
material online, Table S3). Additional adjustment for diabetes or
blood pressure and antihypertensive drugs did not materially alter
the observed associations between body fat and risk of CVD
(Supplementary material online, Table S4). The associations of
trunk fat mass or fat percentage with CVD remained significant after
further adjustment for waist circumference or WHR; for leg fat, the
association became non-significant after WHR adjustment (Figure 2).
The C-statistic estimate for the multivariable model including trad-
itional CVD risk factors (0.777) was improved very slightly after the
addition of percent trunk and leg fat (0.784) or other anthropometric
measures such as WHR (0.784) to the model (Supplementary mater-
ial online, Table S5).

When regional fat measures were jointly evaluated, participants
who had the highest percent trunk fat and the lowest percent leg fat
were found to have a particularly higher risk of CVD (HR = 3.33,

95% Cl 1.46—7.62), when comparing with those who were in the
opposite extreme tertiles of the two measures (Figure 3).

Secondary outcomes

Associations of body fat with CHD were similar to the associa-
tions with CVD, with multivariable-adjusted HRs of 1.84 (95% Cl
1.20-2.81; P-trend = 0.003) and 0.60 (95% CI 0.39-0.93; P-trend
= 0.023) comparing the extreme quartiles of trunk or leg fat per-
centage. For stroke, associations were in the expected directions
but were not statistically significant (Supplementary material on-
line, Table S6).

Sensitivity analyses

The observed associations between body fat and risk of CVD were
similar after excluding participants who received diet or hormone
intervention in the WHI CT, were current users of hormones, or
reported dyslipidaemia or thyroid problems at baseline
(Supplementary material online, Table S7). Results were also similar
when chronological age was used as the primary time scale instead of
follow-up time (Supplementary material online, Table $8). When the
repeated measures of body fat were analysed in time-dependent
models, the HRs comparing the extreme quartiles of trunk or leg fat
percentage were 1.96 (95% Cl 1.36-2.82; P-trend <0.001) and 0.63
(95% C10.43-0.91; P-trend = 0.011) (Supplementary material online,
Table S9).
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Figure 3 Joint association of trunk and leg fat percentages with
risk of cardiovascular disease. Results were adjusted for covariates
listed for Model 2 in Table 1. There was no significant interaction be-
tween trunk and leg fat percentages on cardiovascular disease risk
(P-interaction = 0.57). Cl, confidence interval; HR, hazard ratio.

Body fat and biomarkers

Results for the multivariable-adjusted associations between trunk or
leg fat percentage and biomarker levels are shown in Supplementary
material online, Table S10. Higher percent trunk fat was significantly
(at P<0.002 level) associated with nine (including three glycaemic
traits, three lipids, leptin, CRP, and SHBG) of the 13 biomarkers in
the directions thought to promote CVD development. Conversely,
higher percent leg fat was significantly associated with reduced insulin
resistance and increased HDL cholesterol.

Discussion

In our analysis of US postmenopausal women with normal BMI, total
body fat was not substantially associated with CVD risk. However,
upper-body and lower-body fat exhibited contrasting associations
with CVD risk, with higher trunk fat being associated with increased
risk of CVD and higher leg fat being associated with decreased risk of
CVD. Participants who had both high trunk fat and low leg fat had a
more than three-fold increased risk of CVD when compared with
those in the opposite groups of the two measures.

To our knowledge, this is the first study of regional body fat and
risk of CVD in a cohort of postmenopausal women with normal BMI.
While a few prior studies of body fat and CVD were conducted in
populations across the entire BMI range,"”° only one study”'
focused on a subset of US adults with normal BMI in the NHANES |
(the Third National Health and Nutrition Examination Survey). That
study demonstrated that a surrogate measure of whole-body fat
(derived from bioelectrical impedance-determined lean mass) was
associated with increased risk of CVD mortality (only in women),

even after adjustment for waist circumference or WHR. However,
data were not available for regional fat measures since bioelectrical
impedance analysis was used rather than DXA.

Larger waist circumference has been associated with increased
risk of CVD mortality in other populations with normal BMI.*?
Although participants in our study had relatively low waist circumfer-
ence (median 73 cm) such that only a small proportion (~2%) sur-
passed the threshold for high waist circumference (>88 cm) among
women defined by current ‘,cguidelines,zz'23 higher trunk fat was never-
theless associated with increased risk of CVD. It is noteworthy that
the observed positive association between trunk fat and CVD risk
was only partially explained by central adiposity measures (i.e. waist
circumference or WHR) in our study. It is possible that, among post-
menopausal women with normal BMI, trunk fat measures when com-
pared with waist circumference might better characterize certain
upper-body adipose tissue depots most predictive of CVD risk, such
as visceral fat mass®* and liver fat content®® Results from the
Framingham Heart Study showed that visceral fat was associated
with increased risk of CVD after adjustment for waist
circumference.**

A few studies have investigated DXA-measured lower-body fat in
relation to CVD risk among populations with wide BMI ranges.'”2°
Higher gynoid fat was associated with decreased risk of myocardial
infarction in men but not in women in a Swedish cohort of middle
aged and older adults."” In the NHANES study of US men and
women, leg fat percentage was not associated with CVD mortality.?
While the association between DXA-measured lower-body fat and
CVD risk remains unclear, results from many prospective studies
have shown an inverse association of hip circumference, a proxy
measure of gluteofemoral fat deposition, with risk of major CVD.2°
Interestingly, in some previous studies consisting of female partici-
pants, larger hip circumference was significantly associated with
reduced CVD risk only among women within the lower BMI range
(ie. normal-weight®” or non-obese women®®). Nevertheless, be-
cause hip and gynoid fat measures capture only parts of total leg fat,
whether the inverse association of leg fat with risk of CVD is specific
to normal BMI individuals warrants further study.

Consistent with previous findings,”'® our results showed that
relatively higher trunk fat levels were associated with various meta-
bolic disturbances such as worse glycaemic control, elevated insulin
levels, systemic inflammation, and dyslipidaemia. The associations for
leg fat were generally in the opposite directions to those for trunk
fat. Previous studies also have shown contrasting (i.e. detrimental vs.
beneficial) associations of upper-body and lower-body fat with long-

3031 T
and with risk

term blood pressure,29 subclinical atherosclerosis,
of incident diabetes.*?

The region-specific associations between body fat and CVD risk
factors or CVD events are plausible given that upper and lower body
contain divergent fat depots with profoundly distinct biological func-
tions.® Multiple mechanisms potentially responsible for these depot-
dependent associations have been proposed, including regional differ-
ences in the severity of adipose inflammation, lipid storage and turn-
over, release of adipokines, and endocrine effects.*™® Even for similar
types of fat, leg subcutaneous adipose tissue has been found less sus-
ceptible to dysregulated release of free fatty acids resulting in lipotox-

icity than is abdominal subcutaneous adipose tissue,*® supporting
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Take home figure Among postmenopausal with normal body mass index, higher trunk fat is associated with increased risk of cardiovascular
disease, whereas higher leg fat is associated with decreased risk of cardiovascular disease.

lower-body depots as an ideal place for fat storage. Recent results
from genetic association studies showed that genetically determined
low gluteofemoral fat and high abdominal fat both were associated
with increased risk of coronary disease and diabetes.**

Strengths of our study include the prospective design, long-term
follow-up, repeated measures of body composition using DXA scans,
and adjudication of CVD events. The analyses of multiple blood bio-
markers provided additional information concerning the biological
plausibility for a mechanistic link between regional body fat and the
development of CVD. Our study also has several limitations. Due to
the observational nature, we are unable to conclude from our study
that the observed associations between regional body fat and CVD
risk are causal. However, some weight-loss studies have demon-
strated that a reduction of trunk fat can result in expected improve-
ments in cardiometabolic traits, whereas a reduction of leg fat may
lead to CVD increasing metabolic features,* though more clinical tri-
als are still needed. Because trunk fat measured by DXA scans is a
combination of subcutaneous and visceral fat mass, further research
is needed to evaluate their associations with CVD risk individually.
Our findings were derived in postmenopausal women who were pre-
dominantly whites and are yet to be investigated in men and in other
age or ethnic groups.

In summary, our findings suggest that normal BMI postmenopausal
women who have higher trunk fat or lower leg fat are at elevated risk
of CVD. These findings highlight the importance of fat distribution be-
yond overall fat mass in the development of CVD.

Supplementary material

Supplementary material is available at European Heart Journal online.
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