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Abstract

Purpose The objective of this study was to determine the

independent relationships of trunk fat, leg fat and arm fat to

cardiovascular (CVD) risk factors, after controlling for

relevant confounders such as fat mass index, cardiorespi-

ratory fitness and objectively measured physical activity.

Methods This is a cross-sectional study involving 683

university students, aged 18–30 years. Total and regional

body fat distribution was measured using dual-energy

X-ray absorptiometry. The associations of trunk, leg and

arm fat with CVD risk factors (triglycerides-TG-, high-

density lipoprotein cholesterol-HDL-c-, TG/HDL-c ratio,

HOMAIR, mean arterial pressure, C-reactive protein) were

examined using regression linear models, controlling for

age, sex, fat mass index [total body fat(kg)/height(m2)],

maximal oxygen consumption and physical activity by

accelerometer.

Results After controlling for fat mass index, and other

confounders, higher levels of trunk fat were found to be

associated with a poorer lipid profile, while higher levels of

leg fat were found to be associated with a better lipid

profile. We did not find any association between arm fat

and lipid profile after controlling for total fatness and other

confounders. Neither trunk, leg or arm fat was found to be

related to insulin resistance, blood pressure or inflamma-

tion markers.

Conclusions Our data suggest that the region where fat is

accumulated might have a differential effect on lipid pro-

file: trunk fat has an adverse effect, leg fat has a protective

effect, and arm fat has no effect. The differences observed

between upper- and lower-body peripheral fat depots

should be further explored.
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M. A. Gómez-Marcos

Primary Care Research Unit, La Alamedilla Health Center,

Salamanca, Spain
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Introduction

Adipose tissue and its distribution are important determi-

nants of metabolic and cardiovascular disease (CVD)

risk [1]. There is consistent evidence indicating that not all

fat stores contribute equally to the risk of disease, with

abdominal fat, and particularly visceral fat, being the main

predictor of CVD risk factors in both men and women [2].

While the links between abdominal fat and trunk fat

with CVD are well understood, there is limited information

addressing the specific role of peripheral fat mass. Some

studies support that gluteofemoral fat reduces cardiometa-

bolic risk factors after adjusting for potential confounders

such as total or abdominal fat mass [3]. Few studies have

examined the independent associations of trunk, leg and

arm fat with inflammatory markers [4, 5]. Furthermore,

whether different peripheral fat depots (i.e., leg fat vs. arm

fat) have similar relationships with CVD risk is also

unknown. Some studies showed that arm circumference is

negatively associated with mortality [6–8]. Other studies

have highlighted the opposite association between trunk

and peripheral fat (sum of leg fat and arm fat) in relation to

several cardiovascular risk factors [9–11], but few have

analyzed leg fat and arm fat separately [12, 13].

Both cross-sectional and intervention studies have

shown that high cardiorespiratory fitness (as defined by

maximal oxygen consumption, VO2max.) has a beneficial

effect on both adiposity and CVD risk [14, 15]. Physical

activity (especially highly intense physical activity) has

been associated with adiposity and other CDV risk [16, 17,

18]. Because of the established relationship of fitness and

physical activity to both adiposity and other CVD risk

factors, these factors should be considered possible

confounders.

The purpose of this study was to determine the inde-

pendent relationships of trunk fat, leg fat and arm fat to

blood lipids, insulin resistance, blood pressure and

inflammation (as measured by C-reactive protein), after

controlling for relevant confounders such as fat mass index

(FMI), cardiorespiratory fitness and objectively measured

physical activity.

Methods

Design and subjects

This is a cross-sectional study involving first-year Cauca-

sian university students, aged 18–30 years, from the Uni-

versity of Castilla-La Mancha, Cuenca Campus, Spain. Of

the 770 students invited, a total of 683 (88.7 %) agreed to

participate, 178 men and 504 women (73.79 % women),

percentages in accordance with the sex ratio of the

University Campus of Cuenca, Spain (70 %). Data col-

lection was performed during the academic year

2009–2010. The study was approved by the Cuenca Clin-

ical Research Ethics Committee, and all participants gave

their written consent to participate in the study after they

were duly informed about the purposes and procedures of

the study.

Anthropometrics

Participants in light clothing were weighted twice to the

nearest 0.1 kg using a portable electronic scale (Seca 770).

Height was measured twice to the nearest 0.1 cm without

shoes using a wall-mounted stadiometer (Seca 222). Using

the mean of these measurements, body mass index (BMI)

was calculated as weight in kilograms divided by height in

square meters (kg/m2).

Body composition: dual-energy X-ray absorptiometry

(DXA)

Total body fat and regional fat (trunk, leg and arm fat) were

measured by a whole-body DXA scanning, using a total

body scan mode: Lunar iDXA (GE Medical Systems

Lunar, Madison, WI 53718 USA). The analyses were

performed using enCoreTM 2008 software version

12.30.008 (General Electric Company). FMI was calcu-

lated as total body fat (kg)/height (m2). The reasons why

we used the ratio body fat by height instead of weight (as it

is the case for body fat %) are in detail discussed in the

following letter by Cole [19]. By using specific anatomic

landmarks, as previously described by Gallagher et al. [20],

fat mass in the trunk, legs and arm was measured. The

machine’s calibration was checked and passed on a daily

basis before each scanning session, using the GE Lunar

calibration phantom. Participants were instructed to wear

clothing containing no metal. Participants were laid down

on the scanning table within the scanning area and were

asked to relax and to not move until the full scan was

finished. Participants’ feet were loosely fastened together

to keep the lower body in a stable position. Scan time for a

total body scan was approximately 6 min. All DXA scans

were performed by an X-ray technician.

Cardiovascular disease risk factors

Biochemical variables: the blood samples were taken by

puncturing the cubital vein under standardized conditions

between 08.15 and 09.00 h, after at least 12 h of fasting.

The samples were processed in a system of Roche Diag-

nostics COBAS C711. The following variables were

determined following biochemical parameters: triglycer-

ides (GPO-PAP enzymatic method), c-direct plus HDL
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(2nd generation method without deproteinization). The

blood concentration of insulin was determined by chemi-

luminescent microparticle immunoassay (CMIA) in a

processing step and a platform composed of two systems

i2000SR ARCHITECT, Abbott Laboratories. The insulin

sensitivity index was determined by HOMAIR (homeostasis

model assessment): fasting glucose (mmol/l) 9 fasting

insulin (lU/ml)/22.516. Higher values indicate a higher

insulin resistance. High sensitive C-reactive protein was

determined by immunoturbidimetric assay (COBAS C501,

6000 COBAS platform from Roche Diagnostics).

Systolic and diastolic blood pressure: average of two

measurements obtained with an interval of 5 min between

measurements, and after a rest period of at least 5 min

before the first determination. Participants were sitting in a

relaxed position, with the right arm semi-flexed at heart

level. Blood pressure was obtained by an automated pro-

cedure by OMRON M5-I monitor (Omron Healthcare

Europe BV, Hoofddorp, Netherlands). We calculated mean

arterial pressure (MAP): diastolic blood pressure ? [0.333 9

(systolic blood pressure - diastolic blood pressure)]. All the

measurements were performed by experienced nurses.

Cardiorespiratory fitness

Cardiorespiratory fitness was determined by an incremental

submaximal exercise test on a cycle ergometer (Ergoline

Variobike 550; Ergometrix, Barcelona, Spain), as previ-

ously described [21]. The VO2 consumption was measured

using the gas analyzer Fitmate Pro (COSMED, Rome,

Italy), with data being collected every 15 s. The estimation

of VO2max (ml/kg/min) was recorded automatically by

Fitmate Pro software [21, 22]. The gas analyzer was cali-

brated automatically before every test. The Cosmed Fit-

mate Pro predicts VO2max by extrapolating the regression

line relating heart rate with measured VO2 to the age-

predicted maximum heart rate (HR = 220-age).

Physical activity assessment

Physical activity was measured using the MTI accelerom-

eter, model 7164 (Actigraph, Shalimar, FL, USA) in a

random subsample of 236 participants. The students wore

the accelerometer on the right hip for seven consecutive

days. All subjects were verbally instructed on how to use

the accelerometer. The accelerometer was set to record

physical activity data every minute (60 s epoch). The

MAHUFFE software (http://www.mrc-epid.cam.ac.uk/

Research/PA/Downloads.html) was used to analyze the

data. Sequences of 10 or more consecutive zero counts

were considered non-wearing time and excluded from the

analyses. Inclusion criteria was a minimum of 4 days of

registration, including at least 1 weekend day and at least

600 registered minutes per day. Overall physical activity,

expressed as mean counts per minute, and minutes of

physical activity at vigorous and moderately vigorous

intensity, according to cut-offs by Freedson and cols [23],

were used as confounders in the analyses.

Statistical analysis

All statistical analyses were performed with SPSS-IBM

(SoftWare, v.19.0 SPSS Inc., Chicago, IL, USA), and the

level of significance was set at a = 0.05. Descriptive

characteristics are expressed as mean ± standard devia-

tion. Triglycerides, HOMAIR, C-reactive protein and

vigorous physical activity outcome variables were loga-

rithmically transformed to obtain a normal distribution.

The associations among CVD risk factors (triglycerides,

HDL-c, triglycerides/HDL-c ratio, HOMAIR, mean arterial

pressure and C-reactive protein) and trunk, leg and arm fat

were examined using a regression linear model, controlling

for potential confounders including sex, age and fat mass

index. Additional analysis adjustments were performed

including overall physical activity (count/min), logarithms

of vigorous physical activity, moderately vigorous physical

activity (min/day) and VO2max (ml/kg/min) as confounding

variables to test whether the independent associations of

cardiovascular risk factor on trunk, leg and arm fat were

kept. Previously, association between fat mass index and

CVD risk factors, adjusting for age and sex, was examined.

Because of the close correlation among some predicting

variables (i.e., FMI ratio with trunk, leg and arm fat), we

tested the models for multicollinearity problems according

to Tabachnick BG and Fidell LS (2001), to use more

restrictive criteria than that which is used by most statis-

tical programs (FIV C10 or tolerance B0.010) [24].

Results

The characteristics of the study sample are presented in

Table 1. Table 2 shows a significant positive association

between FMI and HOMAIR, and C-reactive protein, after

adjusting for age and sex (p \ 0.001). No relationship was

found between FMI and other CVD risk factors examined.

The relationships of trunk fat, leg fat and arm fat to

CVD risk factors are shown in Table 3. After adjusting for

age and sex, trunk fat levels were positively associated

with all the CVD risk factors studied, except for HDL-c,

with which trunk fat showed a negative association

(p = 0.03). When FMI was included in the models, only

lipid profile variables (triglycerides, HDL-c and triglycer-

ides/HDL-c ratio) showed a significant association, while

no association was found with HOMAIR, mean arterial

pressure or C-reactive protein. Higher leg fat was not
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associated with most of the CVD risk factors studied,

except for HOMAIR, with which higher leg fat showed a

positive association (p \ 0.001). When FMI was included

in the models, higher levels of leg fat were associated only

with better lipid profile (triglycerides, HDL-c and triglyc-

erides/HDL-c ratio). Higher arm fat was positively asso-

ciated with HOMAIR, mean arterial pressure and

C-reactive protein (p \ 0.05), but not with lipid profile.

When FMI was included in the models, arm fat was not

associated with any of the CVD risk factors studied.

Additional adjustments for overall physical activity

(counts/min), logarithm of vigorous physical activity,

moderately vigorous physical activity (min/day) or car-

diorespiratory fitness (VO2max) did not affect the results

(data not shown). Overall, the results were consistent when

the analyses were conducted separately with men and

women (data not shown).

Discussion

Our data support that higher levels of trunk fat are asso-

ciated with a poor lipid profile, while higher levels of leg

fat are associated with a better lipid profile, regardless of

several confounders including fat mass index, cardiore-

spiratory fitness or physical activity. We did not observe

any association between arm fat and lipid profile after

controlling for total fatness and other confounders. Neither

trunk, leg or arm fat was related to insulin resistance, blood

pressure or inflammation markers, once total fat was

accounted for.

Unadjusted models (Table 3) showed positive coeffi-

cients that the fatter the worse cardio-metabolic profile.

Models adjusted for total adiposity, inform about how

the relative accumulation of fat in different parts of the

body might be differently related to cardio-metabolic

profile.

Previous studies have also reported opposite associa-

tions of trunk fat and leg fat with lipid profile [12, 13, 25–

28]. The possible mechanisms that may contribute to the

protective role of gluteofemoral depot are elucidated in a

recent review [3]. It has been suggested that fat in the

gluteofemoral area acts as a ‘metabolic sink’ for the cir-

culating ectopic fat. The protective properties of gluteo-

femoral fat could derive from a differential local handling

of fatty acid uptake and release. Isolated adipocytes in the

femoral region are relatively insensitive to lipolytic stimuli,

and the femoral fat depot has a correspondingly lipoprotein

lipase activity. Another potential mechanism is that glute-

ofemoral adipose tissue could contribute to a protective

adipokine profile by secreting more ‘beneficial’ adipokines

and less pro-inflammatory molecules than those secreted

by abdominal fat.

Table 1 Characteristics of the study sample

Men

(n = 178)

Women

(n = 505)

p

Age (yr) 19.94 (2.90) 20.13 (4.47) 0.535

Height (m) 1.76 (0.07) 1.62 (0.05) \0.001

Weight (kg) 73.55 (11.85) 58.75 (10.23) \0.001

BMI (kg/m2) 23.73 (3.42) 22.20 (3.63) \0.001

Percentage body fat 23.04 (6.46) 34.17 (5.62) \0.001

Fat mass index (kg/m2) 5.28 (2.08) 6.10 (2.09) 0.001

Total body fat (kg) 18.40 (7.23) 19.63 (6.56) 0.091

Trunk fat (kg) 8.24 (4.00) 8.76 (3.60) 0.564

Leg fat (kg) 7.17 (2.75) 8.03 (2.43) 0.002

Arm fat (kg) 1.87 (0.81) 2.04 (0.82) 0.063

Triglycerides (mg/dl) 84.53 (48.26) 75.41 (34.59) 0.050

HDL-c (mg/dl) 50.16 (10.27) 61.72 (12.61) 0.221

Triglycerides/HDL-c

ratio

1.82 (1.34) 1.29 (0.72) \0.001

Glucose (mmol/l) 4.95 (0.44) 4.79 (0.87) 0.060

Insulin (lU/ml) 8.54 (7.89) 8.33 (3.69) 0.680

HOMAIR 1.98 (2.95) 1.81 (1.31) 0.371

Systolic blood pressure

(mm Hg)

127.32 (11.42) 108.92 (9.31) \0.001

Diastolic blood

pressure (mm Hg)

70.87 (7.25) 68.58 (7.00) \0.001

MAP (mm Hg) 89.68 (7.48) 82.03 (7.19) \0.001

C-reactive protein

(mg/l)

3.09 (10.22) 2.05 (4.20) 0.268

VO2 max (ml/kg/min) 38.13 (8.28) 29.46 (4.78) \0.001

Overall physical

activity (counts/min)

354.28 (120.15) 314.58 (83.90) 0.013

Moderate–vigorous

physical activity

(min/day)

42.76 (22.22) 38.29 (17.73) 0.131

Vigorous physical

activity (min/day)

6.17 (7.67) 3.04 (7.51) 0.004

Values are means (standard deviation)

Fat mass index was calculated as total body fat/height (kg/m2)

BMI body mass index, HDL-c high-density lipoprotein cholesterol,

HOMAIR homeostasis model assessment: insulin resistance, MAP
mean arterial pressure, VO2max maximum oxygen consumption

Table 2 Associations of fat mass index with cardiovascular risk

factors, adjusting for age and sex

b (95 % CI) p value R2

LogTG 0.006 -0.002; 0.014 0.169 0.012

HDL-c (mg/dl) -0.481 -1.05; 0.093 0.100 0.146

Log TG/HDL-c 0.008 -0.001; 0.018 0.087 0.085

Log HOMAIR 0.019 0.010; 0.029 <0.001 0.197

MAP (mm Hg) 0.331 -0.003; 0.665 0.052 0.209

Log C-reactive protein 0.029 0.005; 0.053 0.017 0.060

Fat mass index was calculated as total body fat/height (kg/m2)

Bold values are statistically significant (p B 0.05)
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There is inconclusive evidence about the relation

between leg fat and HOMAIR, mean arterial pressure and

C-reactive protein. While several studies have reported an

inverse association between lower-body fat and insulin

resistance markers [4, 5, 13, 27, 29], others have observed

no association [10, 25, 30] in agreement with our findings.

Similarly, some studies observed an inverse association

between leg fat and blood pressure [4, 9, 27], while others

did not [5, 12, 26], also in line with our results. To our

knowledge, only two studies have assessed the association

between leg fat and C-reactive protein, and none between

arm fat and C-reactive protein. Vega et al. [4] showed that

lower-body fat was negatively related to C-reactive protein

after controlling for percent total body fat. Contrarily,

Rocha et al. did not observe association between thigh fat

and C-reactive protein in obese women [5]. The limited

number of studies makes it difficult to draw striking

conclusions.

Our data do not support a protective role of arm fat for

CDV risk. Previous studies have found a positive rela-

tionship between peripheral fat, which includes the sum of

leg fat and arm fat, and CVD risk factors [9–11, 26]. Few

studies have been conducted to examine the separate

effect of leg and arm fat depots on CVD risk. Some of

them have shown a lower risk of mortality associated with

a higher arm circumference [6–8], though they do not

distinguish to what extent this positive effect was due to

fat mass or lean mass located in arms [31]. Williams et al.

[12], using DXA, observed a negative relationship

between arm fat and total cholesterol, and a positive

relationship between arm fat and systolic blood pressure.

Okura et al. investigated how changes in regional body

composition, also measured by DXA, were associated

with CVD risk factors in overweight and obese woman

after a 14-week intervention for weight reduction through

diet and exercise. The authors observed that reductions in

arm fat were associated with high LDL-c levels and lower

diastolic blood pressure [13], according to the findings

reported by Williams et al. [12]. The aforementioned

studies did not observe consistent associations between

arm fat and other CVD risk factors.

Independent and inverse relationships of trunk fat and

leg fat to CVD risk factors seem to remain after adjusting

for age, sex, race, total body fat or visceral fat [3] and

genetics [27]. Some studies included fitness [11, 27, 32] or

self-reported physical activity [11, 26, 32, 33] as potential

Table 3 Independent associations of trunk fat, leg fat and arm fat with cardiovascular risk factors

Model 1 Model 2

b (95 % CI) p value R2 b (95 % CI) p value R2

Trunk fat

LogTG 0.005 (0.001; 0.010) 0.026 0.027 0.026 (0.010; 0.042) 0.001 0.044

HDL-c (mg/dl) -0.365 (-0.685; -0.0459) 0.026 0.151 -1.350 (-2.489; -0.217) 0.020 0.158

Log TG/HDL-c 0.007 (0.002; 0.007) 0.007 0.095 0.037 (0.018; 0.056) <0.001 0.117

Log HOMAIR 0.011 (0.006; 0.016) <0.001 0.199 0.009 (-0.001; 0.028) 0.344 0.165

MAP (mm Hg) 0.194 (0.007; 0.381) 0.043 0.209 0.197 (-0.465; 0.859) 0.560 0.209

Log C-reactive protein 0.018 (0.004; 0.031) 0.010 0.062 0.026 (-0.021; 0.074) 0.279 0.062

Leg fat

LogTG 0.001 (-0.006; 0.007) 0.970 0.015 -0.024 (-0.040; -0.008) 0.003 0.040

HDL-c (mg/dl) -0.114 (-0.582; -0.355) 0.634 0.141 1.418 (0.296; 2.539) 0.013 0.159

Log TG/HDL-c 0.001 (-0.008; 0.008) 0.956 0.079 -0.035 (-0.054; -0.017) <0.001 0.115

Log HOMAIR 0.015 (0.007; 0.023) <0.001 0.049 0.006 (-0.013; 0.024) 0.536 0.051

MAP (mm Hg) 0.261 (-0.008; 0.530) 0.058 0.208 0.106 (-0.541; 0.753) 0.748 0.209

Log C-reactive protein 0.019 (0.001; 0.039) 0.054 0.055 -0.014 (-0.062; 0.033) 0.553 0.060

Arm fat

LogTG 0.013 (-0.007; 0.033) 0.210 0.019 -0.005 (-0.068; 0.058) 0.882 0.020

HDL-c (mg/dl) -1.253 (-2.694; -0.188) 0.088 0.147 -1.046 (-5.497; 3.405) 0.644 0.147

Log TG/HDL-c 0.019 (-0.005; 0.044) 0.120 0.084s -0.008 (-0.083; 0.067) 0.834 0.085

Log HOMAIR 0.052 (0.028; 0.076) <0.001 0.057 0.063 (-0.010; 0.137) 0.089 0.057

MAP (mm Hg) 1.001 (0.165; 1.838) 0.019 0.212 2.020 (-0.535; 4.575) 0.121 0.213

Log C-reactive protein 0.070 (0.010; 0.130) 0.023 0.004 0.026 (-0.182; 0.190) 0.963 0.060

Model 1 was adjusted for age and sex; model 2 was further adjusted for fat mass index as total body fat/height (kg/m2)

Bold values are statistically significant (p B 0.05)
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confounders in their models, while no study included an

objective measurement of physical activity. In the present

study, as well as in previous studies [11, 26, 27, 32, 33],

additional adjustment for physical activity or fitness did not

modify the results.

The current study has several limitations that should

be acknowledged. First, its cross-sectional design does

not allow one to derive conclusions in terms of causality.

Second, because we did not measure thigh fat by com-

puted tomography, we do not know whether the favorable

association of lower-body adiposity with blood lipids is

specifically related to subcutaneous or intermuscular fat

depots. Likewise, we were not able to determine whether

the association between trunk fat and metabolic risk was

attributable specifically to visceral fat, since trunk fat

includes not only visceral fat but also subcutaneous fat.

Third, our results were obtained in a young (university

students), Caucasian and healthy population, and there-

fore, generalizations about different age or ethnic groups

should be made with caution. Fourth, body fat distribu-

tion is potentially influenced by dietary intake, alcohol

and tobacco, and such information is lacking in the

present study. Nevertheless, studies including these con-

founders in the regression analyses have shown consistent

results before and after adjustment [11, 29], suggesting

that the associations studied are independent of these

factors. Data on prevalence of smoking in students from

Spanish universities (both men and women) seem to be

similar to that reported by surveys in students from other

countries [34]. Finally, similarly to most of the associa-

tion studies, data from tables of this study are not free of

multiple hypothesis test bias. Readers must be aware of

this bias, especially when significance levels are close to

0.05.

In conclusion, our data suggest that depending on the

body region where the fat is accumulated its effect on lipid

profile might be different, with trunk fat independently

related to a worsened blood lipid profile while leg fat is

independently related to improved blood lipid profile. Arm

fat seems to have a neutral effect. The association between

trunk, leg and arm fat and insulin resistance, blood pressure

or C-reactive protein is not supported by our results.
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