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Abstract Aims: We investigated whether low subcutane-
ous thigh fat is an independent risk factor for unfavourable
glucose and lipid levels, and whether these associations
differ between sexes, and between white and black adults.
Our secondary aim was to investigate which body com-
position characteristics (lean tissue, fat tissue) are reflected
by anthropometric measures (waist and thigh circumfer-
ence). Methods: Anthropometric measurements and com-
puted tomography of the abdomen and of the thigh were
performed for all participants of the Health, Aging and

Body Composition Study, who were aged 70–79 years.
Fasting glucose, triglycerides andHDL-cholesterol, and 2-h
postload glucose were determined. Results: After exclud-
ing those already diagnosed with diabetes or dyslipidaemia,
we analysed data from 2,106 participants. After adjustment
for abdominal subcutaneous and visceral fat, and inter-
muscular thigh fat, larger thigh subcutaneous fat area was
statistically significantly associated with lower ln-trans-
formed triglycerides [standardised beta (95% CI) −0.12
(−0.20 to −0.04) in men and −0.13 (−0.21 to −0.05) in
women] and higher ln-HDL-cholesterol [0.10 (0.02 to
0.19) and 0.09 (0.01 to 0.18), respectively]. The asso-
ciations with lower glucose levels were strong in men
[−0.11 (−0.20 to −0.02) for fasting and −0.14 (−0.23 to
−0.05) for postload glucose], but not statistically signif-
icant in women [−0.02 (−0.10 to 0.07) and −0.04 (−0.13
to 0.05), respectively]. There were no differences in the
associations between white and black persons. Waist cir-
cumference was more strongly associated with abdominal
subcutaneous fat, and this association became stronger with
increasing BMI, whereas the association with visceral fat
became weaker. Thigh circumference was equally depen-
dent on thigh fat and thigh muscle in men, whereas in
women the fat component was the main contributor.
Conclusion: Larger subcutaneous thigh fat is indepen-
dently associated with more favourable glucose (in men)
and lipid levels (in both sexes) after accounting for ab-
dominal fat depots, which are associated with unfavourable
glucose and lipid levels. Anthropometric measures reflect
different fat depots at different levels of BMI at the ab-
domen, and reflect both fat and lean tissue at the thigh.
These results emphasise the importance of accurate mea-
sures of regional body composition when investigating po-
tential health risks.
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Introduction

Waist and hip circumference have been shown to have
independent and opposite associations with cardiovascular
risk factors in Caucasian men and women. Larger waist
circumference was associated with unfavourable glucose
and lipid levels, whereas larger hip or thigh circumference
was associated withmore favourable levels [1–6]. Although
visceral fat is thought to be involved [7], the exact under-
lying pathophysiological mechanisms remain unclear. This
may be partly because not many studies include accurate
assessments of body composition. By use of dual-energy X-
ray absorptiometry (DXA) it has been shown that a larger
waist circumference mainly represents more trunk fat rather
than trunk lean mass, but a larger hip circumference rep-
resents both more leg fat mass and leg lean mass [8]. In
addition, larger leg fat mass and larger leg lean mass was
associated with lower insulin and glucose levels, after ad-
justment for trunk fat and lean mass [8, 9].

Because abdominal and femoral fat depots have different
lipolytic activity [10, 11], femoral fat tissue may be more
likely to take up non-esterified fatty acids (NEFA) from the
circulation. As a result, the gluteal–femoral fat depots pro-
tect the liver, pancreas, and skeletal muscle from high
NEFA exposure and accumulation, which is related to the
development of insulin resistance and beta-cell dysfunc-
tion [12–18]. Unfortunately, DXA does not allow sepa-
rate quantification of intermuscular and subcutaneous fat
in the legs, and of visceral and subcutaneous fat in the
trunk.

In the Health, Aging and Body Composition Study in-
vestigators have found that more intermuscular fat in the
thigh determined by computed tomography (CT) was sig-
nificantly associated with a worse glucose tolerance status,
whereas subcutaneous fat in the thigh was not [19]. In these
analyses, however, abdominal fat was not taken into ac-
count and the independent role of thigh fat depots was not
studied. Potential differences between races in the relation-
ship of the different fat depots to glucose metabolism were
not reported, which may be relevant considering the dif-
ferences in body composition and cardiovascular disease
risk between black and white people.

The aim of the current study was to investigate inde-
pendent associations of CT measured body composition
characteristics with glucose and lipid levels, in subjects
without known diabetes or dyslipidaemia. In addition, we
investigated whether these associations differed between
men and women, and between black and white people. We
hypothesised that low subcutaneous thigh fat would be
independently associated with unfavourable glucose and
lipid levels. Our secondary aim was to investigate which
body composition characteristics (lean tissue, different fat
depots) are reflected by anthropometric measures (waist
and thigh circumference) in the elderly.

Materials and methods

Subjects The study population consisted of 3,075 well-
functioning black and white men and women aged 70–79
years participating in the Health, Aging, and Body Com-
position (Health ABC) Study. White participants were
recruited from a random sample of Medicare beneficiaries
residing in zip codes from the metropolitan areas sur-
rounding Pittsburgh, PA, USA and Memphis, TN, USA.
Black participants were recruited from all age-eligible res-
idents in these geographic areas. Eligibility criteria in-
cluded: age 70–79 years in the recruitment period from
March 1997 to July 1998, self-report of no difficulty walk-
ing one quarter of a mile or climbing ten steps without
resting, no difficulty performing basic activities of daily
living, no reported use of a cane, walker, crutches or other
special equipment to get around, no history of active treat-
ment for cancer in the prior 3 years, and no plan to move out
of the area in the next 3 years. The population comprised
41.7% African–American, 58.3% Caucasian, and 48.5%
male. The experimental procedures were approved by the
Human Investigation and Review Boards at the University
of Pittsburgh at Pittsburgh and the University of Tennessee
at Memphis. Written informed consent was obtained from
all subjects.

In the present study, subjects for whom fasting glucose
(n=29) or abdominal or thigh CT (n=154) data were miss-
ing were excluded from all analyses. Also, persons who
reported previous diabetes diagnosis (n=468, of which 385
persons were using glucose-lowering medication) or who
were using lipid-lowering medication (n=437) were ex-
cluded, because treatment (either diet or medication) could
possibly influence the associations under consideration.
Finally, 2,106 subjects were studied in the analyses.

Body composition Body weight was measured to the near-
est 0.1 kg with a standard balance beam scale. Height was
measured barefoot to the nearest 0.1 cm using a Harpenden
stadiometer (Holtain, UK). BMI was calculated as weight
divided by height squared (kg m−2). Abdominal circumfer-
ence (cm) wasmeasured with a flexible plastic tape measure
to the nearest 0.1 cm at the level of the largest circumference
(seen from the side), at the end of expiration, between the
lower rib and the iliac crest, while subjects were standing
with their weight equally distributed on both feet, arms at
their sides, and head facing straight forward. Thigh cir-
cumference (cm) was measured at the mid-thigh between
the inguinal crease and the proximal border of the patella.
A total body DXA scan was performed to measure total
body fat using fan-beam technology (Hologic QDR4500A,
software version 8.21; Hologic, Waltham, NY, USA). CT
scans of the abdomen and thighs were acquired in Memphis
using a Somatom Plus 4 (Siemens, Erlangen, Germany)
or a Picker PQ 2000S (Marconi Medical Systems, Cleve-
land, OH, USA), and in Pittsburgh using a 9800 Advan-
tage (General Electric, Milwaukee, WI, USA) as described
previously [20, 21]. Briefly, the scans were completed at
120 kVp, 200–250 mA s, and slice thickness was set at
10 mm. For the scan of the abdomen at L4/L5 level, sub-
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jects were placed in the supine position with their arms
above their head and legs elevated with a cushion to re-
duce the curve in the back. The scan at mid-thigh level
was performed at one half of the distance between the
medial edge of the greater trochanter and the intercondyloid
fossa. The images were transferred to a Sun workstation
(SPARCstation II; Sun Microsystems, Mountainview, CA,
USA) for determination of adipose and muscle tissue areas
using IDL-based (RSI Systems, Boulder, CO, USA) soft-
ware developed at the reading centre. Fat tissue, muscle
tissue and bone were distinguished by their particular range
of tissue density in Hounsfield units (HU). Soft tissue type
was determined using the bimodal image distribution his-
togram resulting from the distribution of HU values in fat
tissue and muscle tissue [22]. Visceral fat tissue was man-
ually distinguished from subcutaneous fat tissue by tracing
along the fascial plane defining the internal abdominal wall.
For the muscle area of the abdomen, areas of the left and
right psoas, rectus, and lateral abdominal muscles were
added. In the thighs, intermuscular and visible intramus-
cular fat tissue were separated from subcutaneous adipose
tissue by drawing a line along the deep fascial plane sur-
rounding the thigh muscles. The total area of non-adipose,
non-bone tissue within the deep fascial plane was used as a
measure of muscle area. Areas of the left and right thigh
were added.

Metabolic variables and lifestyle Serum triglycerides and
HDL-cholesterol were determined on a Vitros 950 ana-
lyser (Johnson & Johnson, Rochester, NY, USA) after an
overnight fast. A 75-g oral glucose tolerance test was per-
formed in subjects without previously diagnosed diabetes.
Participants were considered to have previously diagnosed

diabetes if they reported having diabetes or were using
glucose-lowering medication. Fasting and 2-h postload plas-
ma glucose were measured by use of an automated glucose
oxidase reaction (YSI 2300 Glucose Analyser, Yellow Springs,
OH, USA).

Smoking status (never, current, former), pack-years
exposure to cigarettes, drinking history (never, current,
former) and current drinking status (no, less than once a
week, one to seven times a week, more than one a day) and
physical activity (in the past 7 days) were assessed bymeans
of an interviewer-administered questionnaire. The time
spent on gardening, heavy chores, light house work, gro-
cery shopping, laundry, climbing stairs, walking for exer-
cise, walking for other purposes, aerobics, weight or circuit
training, high-intensity exercise activities and moderate-
intensity exercise activities was obtained, as also was in-
formation on the intensity level at which each activity was
performed. A metabolic equivalent value was assigned to
each activity/intensity combination and was used to cal-
culate the number of kilocalories per week per kilogram of
body weight spent on that activity [23]. For each participant
the scores of all performed activities were summed and
multiplied by body weight to create an overall physical
activity score in kilocalories per week. Similarly, a sum-
mary score of performed exercise activities was created,
which included aerobics, weight training, medium and
high-intensity exercise activities and walking for exercise.

Statistical methods All analyses were performed by use
of SPSS for Windows version 10.1 (SPSS, Chicago, IL,
USA). To study the association between each body com-
position measure by CT (independent variable) and glucose
and lipid levels (dependent variables), linear regression

Table 1 Characteristics of the
study populationa, stratified by
gender and race

Data are presented as mean±
standard deviation, or median
(interquartile range)
aPersons with previously diag-
nosed diabetes or dyslipidae-
mia were excluded from all
analyses

Men Women

White (n=660) Black (n=359) White (n=615) Black (n=472)

Age (year) 73.9±2.9 73.3±2.8 73.6±2.8 73.5±3.0
BMI (kg m−2) 26.9±3.8 26.7±4.4 25.6±4.3 29.0±5.6
Waist circumference (cm) 101.5±13.0 98.3±12.1 94.7±12.1 99.4±14.9
Thigh circumference (cm) 49.7±4.7 51.3±5.8 50.0±6.1 55.2±8.0
Total fat by DXA (%) 28.6±4.9 26.5±5.5 38.7±5.6 39.7±6.2
Abdomen
Total area (cm2) 673.6±152.0 641.7±167.4 642.9±151.3 725.0±190.9
Fat area (cm2) 394.4±135.0 352.6±147.4 425.1±144.9 483.8±174.9
Visceral fat area (cm2) 165.3±70.5 122.6±63.2 122.7±56.4 119.2±53.5
Subcutaneous fat area (cm2) 229.1±87.1 229.9±104.0 302.4±108.5 364.6±143.6
Muscle area (cm2) 81.2±15.7 83.5±18.4 53.8±10.8 61.4±12.7
Thigh
Total area (cm2) 394.6±71.8 420.7±90.2 394.8±92.9 483.9±129.0
Fat area (cm2) 115.1±47.7 119.6±51.6 209.6±78.6 263.7±107.6
Subcutaneous fat area (cm2) 96.5±41.2 99.0±43.3 192.7±74.6 239.4±101.0
Intermuscular fat area (cm2) 18.6±10.8 20.6±13.6 16.8±8.4 24.3±13.6
Muscle area (cm2) 255.0±38.9 276.0±50.9 167.8±27.1 199.1±34.5
Fasting glucose (mmol L−1) 5.48±1.11 5.43±1.12 5.06±0.66 5.32±1.02
2-h Glucose (mmol L−1) 7.21±3.14 7.42±3.08 7.18±2.54 7.38±2.64
Triglycerides (mmol L−1) 1.39 (1.00–1.93) 1.15 (0.89–1.46) 1.44 (1.10–1.95) 1.13 (0.90–1.49)
HDL-cholesterol (mmol L−1) 1.11 (0.96–1.37) 1.27 (1.09–1.55) 1.53 (1.27–1.86) 1.55 (1.29–1.84)
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analyses were performed, adjusting for age, site (Pittsburgh
or Memphis) and race. Subsequently, the model was also
adjusted for the other body composition variables (all forced
into the model). Effect modification by sex and race was
evaluated by adding product terms to the regression models.
Effect modification by BMI was evaluated by stratification,
because in this case adding product terms disturbed the models
because of multi-colinearity. Confounding by lifestyle factors
and muscle area was evaluated by adding these variables to
the regression models.

In addition, similar regression analyses were performed
to study independent associations between body compo-
sition measures by CT (independent variables) and an-
thropometrically derived waist and hip circumferences
(dependent variables).

To facilitate direct comparisons, results of the regression
analyses are reported as standardized betas (standardised
regression coefficients). A standardized beta of 0.1 indi-
cates that when the independent variable increases by 1 SD,
the dependent variable increases by 0.1 SD. We considered
the stability of the regression models to be disturbed by
multi-colinearity if the tolerance was <0.1. The tolerance is
a statistic used to determine how much the independent

variables are linearly related to one another. It is calcu-
lated as 1 minus R-squared for an independent variable
when it is predicted by the other independent variables
already included in the model.

Results

Characteristics are shown in Table 1, by gender and race.
Despite higher or similar BMI and subcutaneous fat in black
people compared with white people, black adults have
lower visceral fat compared with white adults. Table 2
shows associations of each body composition variable with
fasting and 2-h glucose levels, and with ln-transformed
triglycerides and HDL-cholesterol, whereas Table 3 shows
the associations additionally adjusted for the other body
composition variables. Larger total abdominal fat area was
independent of thigh fat area associated with unfavourable
levels of all these glucose and lipid levels, whereas larger
total thigh fat area was associated with more favourable
levels after adjustment for total abdominal fat area (Model
1), in both men and women. Subdivision of the fat areas
revealed that the associations with total thigh fat area were

Table 2 Associations (standardized betas) of fat areas with fasting and postload glucose levels, ln-transformed triglyceride levels and HDL-
cholesterol, adjusted for age, site (Pittsburgh or Memphis), and race

Fasting glucose Postload glucose ln-Triglycerides ln-HDL-cholesterol

Men Women Men Women Men Women Men Women

Total abdominal fat area 0.17a 0.23a 0.17a 0.19a 0.28a 0.24a −0.22a −0.24a

Visceral fat area 0.19a 0.27a 0.19a 0.28a 0.31a 0.36a −0.23a −0.30a

Abdominal subcutaneous fat area 0.12a 0.18a 0.12a 0.12a 0.19a 0.15a −0.17a −0.17a

Total thigh fat area 0.07a 0.12a 0.05 0.07a 0.12a 0.04 −0.09a −0.08a

Thigh subcutaneous fat area 0.04 0.12a 0.03 0.06b 0.09a 0.03 −0.08a −0.07a

Thigh intermuscular fat area 0.14a 0.13a 0.11a 0.12a 0.18a 0.11a −0.12a −0.13a

ap<0.05
bp<0.10

Table 3 Independent associations (standardized betas) of fat areas (adjusted for each other) with fasting and postload glucose levels,
ln-transformed triglyceride levels and HDL-cholesterol, adjusted for age, site (Pittsburgh or Memphis), and race

Fasting glucose Postload glucose ln-Triglycerides ln-HDL-cholesterol

Men Women Men Women Men Women Men Women

Model 1 Total abdominal fat area 0.25a 0.30a 0.28a 0.29a 0.40a 0.43a −0.32a −0.37a

Total thigh fat area −0.11a −0.09a −0.15a −0.14a −0.17b −0.27a 0.14a 0.18a

Model 2 Total abdominal fat area 0.22a 0.29a 0.26a 0.27a 0.38a 0.42a −0.32a −0.36a

Thigh subcutaneous fat area −0.13a −0.09b −0.16a −0.14a −0.17a −0.25a 0.12a 0.18a

Thigh intermuscular fat area 0.06 −0.01 0.03 0.02 0.02 −0.03 0.02 −0.00
Model 3 Visceral fat area 0.18a 0.23a 0.18a 0.29a 0.30a 0.38a −0.20a −0.29a

Abdominal subcutaneous fat area 0.11a 0.08b 0.14a 0.02 0.14a 0.08b −0.16a −0.11a

Total thigh fat area −0.09b −0.02 −0.13a −0.05 −0.12a −0.15a 0.12a 0.10a

Model 4 Visceral fat area 0.15a 0.24a 0.16a 0.29a 0.29a 0.39a −0.20a −0.29a

Abdominal subcutaneous fat area 0.10a 0.09b 0.13a 0.01 0.14 a 0.08b −0.16a −0.11a

Thigh subcutaneous fat area −0.11a −0.02 −0.14a −0.04 −0.12a −0.13a 0.10a 0.09a

Thigh intermuscular fat area 0.06 −0.02 0.02 −0.00 0.02 −0.06b 0.02 0.02
ap<0.05
bp<0.10
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mainly determined by the subcutaneous thigh fat area
(Model 2) whereas the associations of total abdominal fat
were mainly determined by visceral fat area (Model 3).
However, if visceral fat is taken into account, abdominal
subcutaneous fat is also associated with unfavourable glu-
cose and lipid levels. If all four fat depots were included in
one model (Model 4), larger thigh subcutaneous fat area
was independently associated withmore favourable glucose
and lipid levels, except for glucose levels in women. We
also added abdominal and thigh subcutaneous fat areas to
calculate total subcutaneous fat. If total subcutaneous fat
was added to the regression model which already included
visceral fat and intermuscular thigh fat, it was not sig-
nificantly related to glucose and lipid levels (data not
shown), confirming opposite associations of different re-
gional subcutaneous fat depots with these variables. There
was no statistically significant effect modification by race,
except for the association of thigh subcutaneous fat area
with HDL-cholesterol in men in Model 2 and Model 4,
which was present in white men, but not in black men
(standardised beta of 0.20 in white men and −0.04 in black
men in Model 4). In all models of Table 3, additional ad-
justment for abdominal or thigh muscle area did not
materially change the results, and a larger muscle area was
not associated with glucose and lipid levels in most cases, or
was, in a few cases, statistically significantly associated with
less favourable glucose and lipid levels. Also, adjustment for
height, lifestyle variables (smoking, alcohol intake, and
physical activity), or oral estrogen use did not change the
results. When we only selected subjects younger than 75
years old, the associations remained similar. Also excluding
subjects using oral oestrogens (two men and 249 women)
did not change the results. Stratification by BMI group did
not show clear trends of increasing or decreasing associa-
tions with higher BMI group. None of the regression models
showed evidence of multi-colinearity by statistical testing.

To visualize the meaning of the opposite associations that
we found in Table 3, as an example, mean fasting glucose
levels in men are shown in Fig. 1, after stratification of the
male population in (race-specific) tertiles of visceral and
subcutaneous thigh fat, adjusted for site, age, race, ab-

dominal subcutaneous fat and intermuscular thigh fat. It is
clearly shown that with a larger visceral fat area, glucose
levels are higher. In contrast, within each tertile of visceral
fat, with a larger subcutaneous thigh fat area, glucose levels
are lower.
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Fig. 2 Independent associations (regression coefficients) of CT
visceral fat area and CT abdominal subcutaneous fat area (adjusted
for each other) with anthropometrically derived waist circumference,
adjusted for CT abdominal muscle area, age, site (Pittsburgh or
Memphis), and race, stratified by tertiles of BMI and separately for
men (a) and women (b)

Table 4 Independent associations (standardised betas) of CT ab-
dominal fat and muscle areas (adjusted for each other) with anthro-
pometrically derived waist circumference, and of CT thigh fat and
muscle areas (adjusted for each other) with thigh circumference,
adjusted for age, site (Pittsburgh or Memphis), and race

Dependent Independent Men Women
Betaa Betaa

Waist circum-
ference

Abdominal total fat area 0.71 0.73
Abdominal muscle area 0.10 0.11

Waist circum-
ference

Visceral fat area 0.34 0.27
Abdominal subcutaneous fat
area

0.48 0.57

Abdominal muscle area 0.10 0.10
Thigh circum-
ference

Thigh total fat area 0.51 0.78
Thigh muscle area 0.57 0.26

Thigh circum-
ference

Thigh subcutaneous fat area 0.40 0.72
Thigh intermuscular fat area 0.17 0.11
Thigh muscle area 0.56 0.26

All p<0.001
aStandardised beta
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Fig. 1 Mean fasting glucose levels in men within (race-specific)
tertiles of visceral fat and subcutaneous thigh fat, adjusted for site
(Pittsburgh or Memphis), age, race, abdominal subcutaneous fat and
intermuscular thigh fat
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In both sexes waist circumference was more strongly
associated with abdominal fat area than with abdominal
muscle area (Table 4). When visceral fat and subcutaneous
fat from the abdomen were examined separately, the sub-
cutaneous compartment seemed the strongest determinant
of waist circumference. Stratification by (gender- and race-
specific) BMI tertiles revealed that the association of waist
circumference with abdominal subcutaneous fat became
stronger, and with visceral fat became weaker, with higher
BMI group, particularly in men (Fig. 2). The thigh cir-
cumference was equally dependent on thigh fat and thigh
muscle area in men, whereas in women the fat com-
ponent was the main contributor. Intermuscular fat area
made a relatively small contribution. In particular the
association of the subcutaneous thigh fat area, not the
intermuscular fat area, with thigh circumference strength-
ened with higher BMI group. There was no statistically
significant (p>0.05) effect modification by race, except
for the associations of waist circumference with abdom-
inal subcutaneous fat and with muscle area, which were
stronger for black men than for white men (standardised
betas were, respectively, 0.61 and 0.41 for subcutaneous
fat and 0.15 and 0.07 for muscle).

Discussion

Subcutaneous thigh fat was, independently of abdominal
fat depots, related to more favourable levels of glucose and
lipids in black and white subjects, except to glucose levels
in women. This paper also showed that waist circumfer-
ence was related to both visceral fat and subcutaneous fat,
and that waist circumference better represented visceral
fat at a low BMI. Apart from reflecting subcutaneous thigh
fat, thigh circumference also represented muscle, in partic-
ular in men.

This study has some limitations. First, because we in-
vestigated a relatively healthy and well-functioning pop-
ulation, we may have underestimated the true associations.
The results should therefore not be extended to the general
population. Second, because of the cross-sectional design
of the study, causality cannot be assumed. Longitudinal
analyses, however, are also limited because body compo-
sition values are not stable over time, particularly in the
elderly. Finally, the anthropometric analyses were per-
formed in people without known diabetes or dyslipid-
aemia, which could also create a bias when generalizing to
the total population.

Visceral fat was the strongest independent correlate of
unfavourable glucose and lipid levels, which supports the
hypothesis that visceral fat, in particular, contributes to the
higher non-esterified fatty acid (NEFA) levels, which are
directly released in the portal vein leading to the liver. In the
liver, NEFA play an important role in the development of
insulin resistance, by reducing hepatic insulin clearance,
increasing gluconeogenesis and increasing dyslipidaemia
[7, 24]. In addition, because of increased NEFA levels,
NEFA also accumulate in non-adipose tissue (i.e. ectopic fat
storage) such as muscle, the pancreas and the liver, which

contributes to and exacerbates insulin resistance and type-2
diabetes [13–18]. We found that abdominal subcutaneous
fat was also related to unfavourable glucose and lipid
levels, even after adjustment for visceral fat area. This may
indicate that also abdominal subcutaneous fat contributes
to higher NEFA levels.

In contrast with abdominal subcutaneous fat, subcu-
taneous thigh fat was independently related to more favour-
able levels of glucose and lipid levels, which confirmed our
hypothesis of low subcutaneous fat as a risk factor. It has
been proposed that subcutaneous thigh fat acts as a “meta-
bolic sink” for circulating NEFA [12]. Because of differ-
ences in lipolytic activity between abdominal subcutaneous
fat and subcutaneous thigh fat [10, 11], subcutaneous thigh
fat is more likely to take up NEFA from the circulation, and
therefore protects other organs against high NEFA expo-
sure. In this manner, ectopic fat storage is prevented which
leads to a lower risk of insulin resistance [12, 13].

Fat cells are known to secrete many signalling factors,
some of which may be involved in the development of
insulin resistance [25]. Examples include leptin, adipo-
nectin, interleukin-6, tumour necrosis factor-alpha, plas-
minogen activator inhibitor-1, and many more. There are
known regional differences in the secretion of leptin, adipo-
nectin and interleukin-6 between visceral and abdominal
subcutaneous fat [26–28]. It might be possible that there are
also regional differences in secretion of these adipokines
between abdominal subcutaneous and subcutaneous thigh
fat, which could contribute to the different associations of
these fat depots with glucose and lipid levels. More research
in this area is clearly needed.

The independent relationship between larger leg fat
mass measured by DXA and more favourable glucose and
lipid level variables has been found in a number of studies,
in both middle-aged and elderly subjects [1, 8, 9]. When
we used the DXA measurements from the Health ABC
Study, we observed similar associations (unpublished re-
sults). The limitation of DXA is that it cannot distinguish
between visceral and abdominal subcutaneous fat in the
trunk, and between intermuscular and subcutaneous fat in the
legs. By use of CT, we found that the protective association
of DXA leg fat with glucose and lipid levels was because of
the subcutaneous thigh fat, and not intermuscular thigh fat.
Previously, in a small group of obese men (aged 29–42
years), femoral adipose tissue by CT was also found to be
negatively associated with triglycerides and positively with
HDL-cholesterol [29], and similar results were found in
women [30]. Also, in a small sample of black women leg fat
seemed to be independently related to better lipid levels [31].
In the current work we confirmed these observations using
CT measurements in a large elderly population, including
both black and white people, and extended the observations
by including glucose levels as outcome measures.

Previously, we found larger leg lean mass by DXA
(which is mainly muscle mass) to be related to lower
glucose levels, independent of trunk fat and leg fat mass [8],
which could also be confirmed in the Health ABC Study
when we used DXA measurements (unpublished results).
However, we did not observe any relationship with thigh
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muscle area if using CT data, after adjustment for ab-
dominal and thigh fat depots. CT and DXA generally
agree in measuring muscle and fat mass, if similar regions
are compared [32, 33]. However, it is possible that the
thigh muscle area from a single-slice CT scan is not rep-
resentative of the muscle mass of the total leg as is mea-
sured by DXA. Similarly, this could also be the reason for
not finding a relationship with intermuscular fat. More
detailed measurements of total muscle might be needed to
appropriately assess the relationship with the metabolic
profile.

There was a difference between black and white par-
ticipants in body composition in our study, which is also
known from previous studies [34–36]. Black persons have
generally less visceral fat compared with white persons,
whereas the subcutaneous fat (either abdominal or at the
thigh) is higher, for any level of total body fat. Black
people had a better lipid profile in our data, which has also
been found previously [36, 37]. It has been shown that in
both sexes black persons have higher LPL activity and
lower HL activity compared with white persons [36],
which may explain these differences in lipid profile and
fat distribution. It has been suggested that because of
these differences between enzyme activity, black persons
are more likely to store their lipids in subcutaneous fat
depots, which in turn will lead to a better lipid profile.
However, we did not find a statistically significant differ-
ence between races in the relationship between different
fat depots and glucose and lipid levels. The difference be-
tween black and white people in glucose and lipid levels
might be explained by the relative amounts of different fat
depots, rather than by the relationship between these fat
depots and glucose and lipid levels per se.

WHR is generally used as measure of abdominal fat
distribution, presumably reflecting visceral fat [38, 39]. A
higher WHR, however, can also be caused by a smaller hip
circumference. By use of DXA measurements it has re-
cently been shown that the hip circumference not only
represents fat accumulation in the legs, but is also related
to the lean mass in the legs [8]. In the same study the waist
circumference mainly reflected fat mass in the trunk. It
remained unclear whether this was mainly caused by the
visceral or subcutaneous fat depot. In the present paper
we show that abdominal subcutaneous fat depot mainly
determines the waist circumference, particularly in persons
with a higher BMI. Clearly, the WHR does not simply
represent visceral fat accumulation only. It has been sug-
gested that increased abdominal fat accumulation may be
less hazardous in older than in younger persons, because
anthropometric measures of abdominal obesity were not
related to (cardiovascular) mortality in the elderly, and it
has been shown that lipolysis in visceral fat, which causes
free fatty acid flux, is reduced with ageing [40]. Our study
shows, however, that if more precise measures of body
composition are taken, visceral fat is still hazardous in
older adults.

In conclusion, high visceral fat and high abdominal
subcutaneous fat are both independently associated with
unfavourable glucose and lipid levels. In contrast, high

subcutaneous thigh fat is independently associated with
more favourable glucose (in men) and particularly lipid
levels (in both sexes), if the abdominal fat depots are taken
into account. These results underline the importance of
accurate measures of regional body composition in health-
risk research. Further research is needed to elucidate under-
lying pathophysiological mechanisms.Waist circumference
reflects different fat depots at different levels of BMI,
and thigh circumference reflects both fat and muscle tis-
sue. Caution is needed when interpreting anthropometric
measurements.
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