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Abstract: Ectopic visceral fat (VF) and subcutaneous fat (SCF) are

associated with cardiovascular risk factors. Gender differences in the

correlations of cardiovascular disease risk factors and ectopic fat in the

Brazilian population still lacking.

Cross-sectional study with 101 volunteers (50.49% men; mean age

56.5� 18, range 19–74 years) drawn from the Uberlândia Heart Study

underwent ultrasonography assessment of abdominal visceral adipose

tissue with convex transducer of 3.5 MHz of frequency. The thickness of

VF was ultrasonographically measured by the distance between the

inner face of the abdominal muscle and the posterior face of abdominal

aorta, 1 cm above the umbilicus. The SCF thickness was measured with

a 7.5 MHz linear transducer transversely positioned 1 cm above the

umbilical scar. The exams were always performed by the same exam-

iner. Ectopic fat volumes were examined in relation to waist circum-

ference, blood pressure, and metabolic risk factors.

The VF was significantly associated with the levels of triglycerides

(P< 0.01, r¼ 0.10), HDL cholesterol (P< 0.005, r¼ 0.15), total choles-

terol (P< 0.01, r¼ 0.10), waist circumference (P< 0.0001, r¼ 0.43),

systolic blood pressure (P< 0.001, r¼ 0.41), and diastolic blood pressure

(P< 0.001, r¼ 0.32) in women, and with the levels of triglycerides

(P< 0.002, r¼ 0,14), HDL cholesterol (P< 0.032, r¼ 0.07), glucose

(P< 0.001, r¼ 0.15), alanine aminotransferase (ALT) (P< 0.008,

r¼ 0.12), gamma-GT (P< 0.001, r¼ 0.30), waist circumference

(P< 0.001, r¼ 0.52), systolic blood pressure (P< 0.001, r¼ 0.32), and

diastolic blood pressure (P< 0.001, r¼ 0.26) in men. SCF was signifi-

cantly associated with the levels of triglycerides (P< 0.01, r¼ 0.34), LDL

cholesterol (P< 0.001, r¼ 0.36), total cholesterol (P< 0.05, r¼ 0.36),

waist circumference (P< 0.0001, r¼ 0.62), systolic and diastolic blood

pressure (P< 0.05, r¼ 0.34) in women, and with the waist circumference

(P< 0.001, r¼ 0.065)), and MetS (P< 0.05, r¼ 0.11) in men.

The VF and SCF were correlated with most cardiovascular risk
oso, MHS, Antonio , PhD,
Antonio .C.P. Chagas, PhD

(Medicine 95(11):e1357)

Abbreviations: ALT = alanine aminotransferase, AST = asparatate

transaminase, BMI = body mass index, CT = computed

tomography, CVD = cardiovascular disease, GGT = gamma

glutamyl transferase, HDL-C = high density lipoprotein

cholesterol, HOMA-IR = Homeostatic Model Assessment for

Insulin Resistance, LDL-C = low density lipoprotein cholesterol, M

= men, MetS = metabolic syndrome, MRI = magnetic resonance

imaging, non-HDL = nonhigh density lipoprotein cholesterol, SCF

= subcutaneous fat, VF = visceral fat, W = women, WC = waist

circumference.

INTRODUCTION

C ardiovascular disease (CVD) is the leading cause of mor-
bidity and mortality in the world. Ectopic fat is a risk factor

for multiple CVD risk factors, including hypertension, dysli-
pidemia, diabetes, and the metabolic syndrome (MetS).1–5 In
particular, the visceral fat (VF) compartment may be a patho-
genic fat depot. VF has been termed an endocrine organ, in part
because it secretes adipocytokines and other vasoactive sub-
stances that can influence the risk of developing metabolic
traits.6–10

Waist circumference (WC) is an imprecise measure of
abdominal adiposity because it is a function of both the subcu-
taneous fat (SCF) and VF compartments.7 Available studies report
relations of greater SAT and VF with a higher prevalence of
impaired fasting glucose, diabetes, insulin resistance, hyperten-
sion, lipids, MetS, inflammation, and risk factor clustering.8,11–24

The aim of this study was to analyze the association among
SCF and VF and other obesity-related parameters, such as waist
circumference, blood pressure, and metabolic risk factors.

METHODS

Study Sample
This prospective cross-sectional case–control study with

101 volunteers (50.49% men; mean age 56.5� 18, range 19–74
years) drawn from the Uberlândia Heart Study underwent
ultrasonography assessment of abdominal adipose tissue. The
study was a random sample of individuals that required medical
service hospital. The study was approved by the institutional
review boards of the Federal University of Uberlândia. All
subjects provided written informed consent. All patients
received the first diagnosis of related disorders in the study,
tions that affected the lipid profile, blood
cose. Those with kidney liver or chronic
ell as subjects with severe apnea, morbid
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obesity, cancer, neurodegenerative diseases, or receiving psy-
chiatric medications were excluded.

Abdominal Adipose Tissue Measurements
The ultrasound examination was performed always by the

same examiner with an equipment Versa-Pro (Siemens, Erlan-
gen, Germany), using the preset for abdominal examination.
The Assessment of abdominal visceral adipose tissue was done
with convex transducer of 3.5 MHz of frequency. The thickness
of VF was ultrasonographically measured by the distance
between the inner face of the abdominal muscle and the
posterior face of abdominal aorta, 1 cm above the umbilicus
(Figure 1). The SCF thickness (Figure 2) was measured with a
7.5 MHz linear transducer transversely positioned 1 cm above
the umbilical scar. During the ultrasound scan, the examiner
took care not to press the transducer in the abdomen, in order to
not underestimate the thickness of the subcutaneous.

Risk Factor and Covariate Assessment
Risk factors and covariates were measured at the contem-

poraneous examination. Body mass index (BMI), defined as
weight (in kilograms) divided by the square of height (in
meters), was measured at each index examination. WC was
measured at the level of the umbilicus. Abdominal obesity was
defined as�80 cm in women and�94 cm in men. Hypertension
was defined as systolic blood pressure 130 mmHg, diastolic
blood pressure 85 mmHg. Total, high-density lipoprotein
(HDL-C) and low density lipoprotein (LDL-C) cholesterol,
and triglycerides were measured on fasting morning samples.
Non-HDL-C is easily calculated from a lipid profile (non-HDL-
C¼ total cholesterol minus HDL-C). Diabetes was defined as a
fasting plasma glucose level �126 mg/dL. Impaired fasting
glucose was defined as a fasting plasma glucose level of 100
to 125 mg/dL among those not treated for diabetes. The main
outcome measures were age-standardized prevalence of the
MetS per the harmonized American Heart Association/National
Heart, Lung, and Blood Institute definition and its component
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abnormalities. The control group was considered which did not
have cardiovascular risk factors. Patients after diagnosis needed
medication were referred to specialized treatment.

FIGURE 1. The thickness of visceral fat.
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Statistical Analysis
SCF and VF were normally distributed. Sex-specific age-

adjusted Pearson correlation coefficients were used to assess
simple correlations between SCF and VF and metabolic risk
factors. Multivariable linear and logistic regression was used to
assess the significance of covariate-adjusted cross-sectional
relations between continuous and dichotomous metabolic risk
factors and SCF and VF. A P-value 0.05 was considered to
indicate significance. SPSS Version 21 software (SPSS, Chi-
cago, IL) was used.

RESULTS

Baseline Characteristics
Overall, 49 women (W) and 52 men (M) were available

for analysis. The mean age of the study sample was 48 W and
52 M years, and 48.5% were women (Table 1); 40.2% was
hypertensive, 39.3% had obese, 61.8% abdominal obesity,
32% hypertriglyceridemia, 33.2% low HDL-C and high LDL-
C, 40.2% high total cholesterol, 33.2% high non-HDL-C,
22.7% mixed dyslipidemia, 20.2% impaired fasting
glucose, and 41.1% had MetS. Mean visceral and SCF thick-
ness were 4.9 and 2.7 cm in W and 6.8 and 2 cm in M,
respectively.

Correlations With VF and SCF
Correlations of VF and SCF with metabolic risk factors are

shown in Table 2. VF was significantly associated with the
levels of triglycerides (P< 0.01, r¼ 0.10), HDL cholesterol
(P< 0.001, r¼ 0.15), total cholesterol (P< 0.01, r¼ 0.10),
waist circumference (P< 0.0001, r¼ 0.43), systolic blood pres-
sure (P< 0.001, r¼ 0.41), and diastolic blood pressure
(P< 0.001, r¼ 0.32) in women, and with the levels of trigly-
cerides (P< 0.002, r¼ 0.14), HDL cholesterol (P< 0.032,
r¼ 0.07), glucose (P< 0.001, r¼ 0.15), alanine aminotransfer-
ase (ALT) (P< 0.008, r¼ 0.12), gamma-GT (P< 0.001,
r¼ 0.30), waist circumference (P< 0.001, r¼ 0.52), systolic
blood pressure (P< 0.001, r¼ 0.32), and diastolic blood pres-
sure (P< 0.001, r¼ 0.26) in men.

FIGURE 2. The thickness of subcutaneous fat.
SCF was significantly associated with the levels of
triglycerides (P< 0.01, r¼ 0.34), LDL cholesterol
(P< 0.001, r¼ 0.36), total cholesterol (P< 0.05, r¼ 0.36),

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Study Sample Characteristics

Men (52) Women (49)

Age, y 52 (13) 48 (6.4)
BMI, kg/m2 25.9 (4.1) 26.3 (3.4)
Overweight (BMI �25 and �30), % 26.9 26.5
Obesity Grade 1 (BMI �30 and �35), % 7.6 18.3
WC, cm 96.2 (11.9) 85.2 (10.9)
WC� 94 M and W 80 cm, % 55.7 69.3
Triglycerides, mg/dL 167.6 (39–638) 123.8 (44–490)
Hypertriglyceridemia� 150 mg/dL, % 40.3 24.4
HDL cholesterol, mg/dL 45.7 (11.7) 52.2 (11.2)
HDL� 40 M and 50 W (mg/dL), % 34.6 32.6
LDL cholesterol, mg/dL 115 (28.4) 119.7 (39.4)
LDL cholesterol, mg/dL� 130% 34.6 32.6
Total cholesterol, mg/dL 191.3 (38.4) 196.2 (40.3)
Total cholesterol, mg/dL� 200% 36.5 44.8
Non-HDL-C, mg/dL 140.6 (35.7) 141.9 (42)
Non-HDL-C, �160 M and 150 W (mg/dL), % 32.6 34.6
Mixed dyslipidemia, % 13.4 32.6
AST, U/L 17.2 (7.8) 12.9 (2.9)
ALT, U/L 40.3 (23.3) 25.2 (11)
Gamma-GT, U/L 43.7 (34.4) 25.2 (17.1)
Systolic blood pressure, mmHg 126.4 (15.4) 121.3 (16.8)
Diastolic blood pressure, mmHg 84.8 (9.5) 81.5 (9.7)
Hypertension, % 48.7 32.6
Fasting plasma glucose, mg/dL 96.3 (10.8) 90.8 (10.8)
Impaired fasting glucose, % 28.8 12.2
MetS, % 38.4 44.8
Postmenopausal, % . . . 36.7
Hormone replacement therapy, % . . . 35.6
SCF, cm 2 (0.8) 2.7 (1)
VF, cm 6.8 (2) 4.9 (1.6)

Data are presented as mean�SD when appropriate.
ALT¼ alanine aminotransferase, AST¼ asparatate transaminase, BMI¼ body mass index, GGT¼ gamma glutamyl transferase, HDL-C¼ high

tero
wo
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waist circumference (P< 0.0001, r¼ 0.62), systolic and dias-

density lipoprotein cholesterol, LDL-C¼ low density lipoprotein choles
lipoprotein cholesterol, SCF¼ subcutaneous fat, VF¼ visceral fat, W¼
tolic blood pressure (P< 0.05, r¼ 0.34) in woman, and with

the waist circumference (P< 0.001, r¼ 0.65)), and MetS
(P< 0.05, r¼ 0.11) in men.

Multivariable-Adjusted Regressions With VF, SCF,
and Metabolic Risk Factor Variables

Results of multivariable-adjusted general linear regression
analyses for VF and SCF for both continuous and dichotomous
metabolic risk factors are shown in Table 3. The VF was
significantly associated with the levels of triglycerides
(P< 0.01, r¼ 0.12), waist circumference (P< 0.0001,
r¼ 0.13), systolic blood pressure (P< 0.001, r¼ 0.44), LDL-
C (P< 0.01, r¼ 0.17), SBP (P< 0.001, r¼ 0.42), and DBP
(P< 0.001, r¼ 0.33) in women, and with the levels of trigly-
cerides (P< 0,001, r¼ 0.16), HDL cholesterol (P< 0.05,
r¼ 0.09), glucose (P< 0.001, r¼ 0.15), ALT (P< 0.05,
r¼ 0.13), gamma-GT (P< 0.0001, r¼ 0.32), waist circumfer-

ence (P< 0.001, r¼ 0.53), SBP (P< 0.001, r¼ 0.28), DBP
(P< 0.0001, r¼ 0.34), FPG (P< 0.001, r¼ 0.02), and MetS
(P< 0.001, r¼ 0.11) in men.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
SCF was significantly associated with waist circumference
(P< 0.0001, r¼ 0.18) in women, and with waist circumference
(P< 0.001, r¼ 0.26), SBP (P< 0.05, r¼ 0.09), and MetS
(P< 0.05, r¼ 0.11) in men.

Sex Interaction
We observed a significant sex interaction, which suggests

that SCF are associated with more adverse risk factor profiles in
women, and VF in men (Table 3).

DISCUSSION
In the Uberlândia Heart Study, thickness US measures of

both VF and SCF were correlated with multiple metabolic risk
factors, although risk factor correlations with VF were consist-
ently significantly stronger than those for SCF. VF was more
strongly associated with metabolic risk factors in men than in
women after multivariable-adjusted regressions. SCF was more
strongly associated with metabolic risk factors in women than in
men after correlation.

l, M¼men, MetS¼metabolic syndrome, non-HDL¼ nonhigh density
men, WC¼waist circumference.
VF has traditionally been considered the more associated
with risk factors compartment compared with SCF, but data
confirming these relations in women and men have been lacking.

www.md-journal.com | 3



TABLE 3. Sex-Specific Multivariable-Adjusted
�

Regressions for VF and SCF With Continuous Metabolic Risk Factors (Top) and
Dichotomous Risk Factors

Men Women

VF SCF VF SCF

C MetS C MetS C MetS C MetS

BMI, kg/m2 0.10 �0.13 0.09
�

0.18 1y 0.18 0.18 0.36
WC, cm 0.53z 0.26

�
0.7z 0.10 0.44z 0.4 0.18z 0.46y

Triglycerides, mg/dL 0.16y 0 0.01 0.04 0.12y 0 0.06 0.02
HDL cholesterol, mg/dL 0.09

�
0 0.04 0.05 0.05 0 0 0

LDL cholesterol, mg/dL 0 0 0 0.01 0.17y 0.2 0.05 0.09
Total cholesterol, mg/dL 0.03 0.04 0.01 0.19 0.11

�
0 0.02 0.05

Non-HDL, mg/dL 0.85 �0.17 0.15 �0.57 �0.47 0.55 0.48 0.42
AST, U/L 0.01 0 0 0 0 0.19 0 0
ALT, U/L 0.13

�
0.08 0.05 0.2 0.05 0 0.02 0

Gamma-GT 0.32z 0.24
�

0.02 0 0 0 0 0
Systolic blood pressure, mmHg 0.28z 0.13 0.09

�
0.03 0.42z 0.26 0.02 0.24

Diastolic blood pressure, mmHg 0.34z 0.12 0.06 0.12 0.33y 0.03 0.02 0.14
Fasting plasma glucose, mg/dL 0.02z 0.21

�
0.01 0.05 0.08 0 0.01 0

MetS 0.41z 0.11
�

0.21y 0.05

ALT¼ alanine aminotransferase, AST¼ asparatate transaminase, BMI¼ body mass index, C¼ control, GGT¼ gamma glutamyl transferase,
HDL-C¼ high density lipoprotein cholesterol, LDL-C¼ low density lipoprotein cholesterol, MetS¼metabolic syndrome, non-HDL¼ nonhigh
density lipoprotein cholesterol, SCF¼ subcutaneous fat, VF¼ visceral fat, WC¼waist circumference.�

P< 0.05.
yP< 0.01.
zP< 0.001.

TABLE 2. Sex-Adjusted Pearson Correlation Coefficients Between Metabolic Risk Factors and VF and SCF Thickness

Men Women

VF SCF VF SCF

C MetS C MetS C MetS C MetS

BMI, kg/m2 0.18 �0.32 0.11 0.41 0.49z 0 0.39
�

0.13
WC, cm 0.67z 0.51z 0.65z 0.32 0.66z 0.21 0.62z 0.68y

Triglycerides, mg/dL 0.25 0.01 0.31 �0.20 0.25 �0.04 0.34y 0.15
HDL cholesterol, mg/dL 0 0.7 �0.30 0.23 �0.20 0.02 �0.09 0.06
LDL cholesterol, mg/dL 0.24 �0.06 0.24 �0.013 0.47y 0.14 0.46y �0.31
Total cholesterol, mg/dL 0.23 0.21 0.10 �0.43

�
0.29 0.09 0.36

� �0.23
Non-HDL, mg/dL 0.18 �0.1 �0.15 0.30 0.10 0.15 0.20 �0.16
AST, U/L 0.09 0.07 0.16 0.01 �0.06 0.43 0.02 0.03
ALT, U/L 0.10 0.28 0.07 0.15 0.14 0 0.18 0.05
Gamma-GT 0.41

�
0.49
�

0.23 �0.07 0.11 �0.03 �0.013 0.02
Systolic blood pressure, mmHg 0.31 0.37 �0.01 0.19 0.34

�
0.05
�

0.34
�

0.49
Diastolic blood pressure, mmHg 0.06 0.35 0.35 0.35 0.88z 0.19 0.34

�
0.37

Fasting plasma glucose, mg/dL 0.23 0.45
�

0.32 �0.23 0.14 0.05 0.14 �0.07
MetS 0.41z 0.11

�
0.21y 0

ALT¼ alanine aminotransferase, AST¼ asparatate transaminase, BMI¼ body mass index, C¼ control, GT¼ gamma glutamyl transferase, HDL-
C¼ high density lipoprotein cholesterol, LDL-C¼ low density lipoprotein cholesterol, MetS¼metabolic syndrome, non-HDL¼ nonhigh density
lipoprotein cholesterol, SCF¼ subcutaneous fat, VF¼ visceral fat, WC¼waist circumference.�

P< 0.05.
yP< 0.01.
zP< 0.001.
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The proposed mechanism for the increased metabolic risk
is the possibility that the metabolically active adipose tissue
found in the visceral region of be become dysfunctional,
increasing the secretion are substances that alter the metabolic
profile and produce chronic inflammation. Several studies have
demonstrated that the VF compartment is metabolically active,
secreting such vasoactive substances as inflammatory markers,
adipocytokines, markers of hemostasis and fibrinolysis and
growth factors which may contribute to its role in cardiometa-
bolic risk factor manifestation.7,8,25–34

Our results are consistent with these findings character,
community-based sample of men and women in that we show
that all cardiometabolic risk factors examined were more
strongly associated with VF and SCF.

The Dallas Heart Study, which examined metabolic risk
factors relations in 1934 black and white women and men with
VF and SCF as assessed by magnetic resonance imaging (MRI)
are associated positively with prevalence of hypertension, but
only VF provides significant information above and beyond
BMI and WC.35

Other studies have demonstrated relations between VF and
hypertension.15,16,36–38

Our results show that both VF are associated positively
hypertension, WC and MetS.

In a Japanese study of 973 men who made a computed
tomography (CT) to assess VF, a significant association was
observed with metabolic risk factors. The incidences of com-
ponents of metabolic risk factors were significantly higher
among individuals with a greater increase in VF (P< 0.001).
Significant increases the odds ratio for the incidence of high
triglycerides and low HDL-C were observed among individuals
�50 cm2 increased VF.39

In a study of 607 patients who underwent CT for evaluation
of VF. In both men and women, the VF showed significant
positive correlations with age, BMI, waist circumference, SCF
area, VF area/SCF area (v/s) ratio, systolic blood pressure,
blood pressure diastolic blood sugar fasting (FBS), hemoglobin
A1c (HbA1c), high density lipoprotein cholesterol (HDLC),
triglycerides (TG) and significant negative correlation between
the levels of HDLC and adiponectin. The total cholesterol (TC),
low density lipoprotein (LDLC), non-HDLC not, can they be
correlated with VF in men or women.40 We also found that both
VF and SCF were associated with triglycerides, WC and MetS
in women and men.

In another study of 128 Japanese Americans who were
followed for a period of 10 to 11 years, who confirmed 57 cases
of IGT. IGT significant predictors included VF area (odds ratio
[OR] 1 SD increase of 3.82, 95% CI: 1.63–8.94 in fasting
plasma glucose [g] at 4.5 mmol/L), HOMA-IR (2.41, 1.15–
5.04), incremental insulin response (IIR) (0.30, 0.13–0.69 PPG
at a level of 4.5 mmol/L), by the interactions VF and FPG
(P< 0.003) and IIR by FPG (P< 0.03) after adjustment for age,
sex, FPG, and BMI.11 In our study was seen a significant
association VF with impaired glucose tolerance in men with
MetS (P< 0.05, r¼ 0.45).

Impaired fasting glucose and diabetes, multiple prior
studies have demonstrated relations between The VF and pre-
diabetic hyperglycemia and diabetes. Although our results show
that VF is more highly correlated with MetS than is SCF, VF
was an important correlate of the MetS.

Other authors studied 1511 individuals in the MESA

Medicine � Volume 95, Number 11, March 2016
(Multi-Ethnic Study of Atherosclerosis) with adiposity assess-
ment by CT. A total of 253 participants without MetS at initial
scan underwent repeat CT (median interval 3.3 years). Higher

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
VF was associated with cardiometabolic risk and coronary
artery calcification, regardless of BMI. VF was more
strongly associated with incident MetS than SCF regardless
of weight, and was modestly associated with BMI.41 The
new findings in our study was the correlation of ectopic fat
with non-HDL cholesterol, liver enzymes, gamma-GT,
and Mets.

Strengths and Limitations
This prospective cross-sectional study was limited by its

sample size. Strengths of our study include the use of a
community-based sample with participants not enriched for
adiposity-related traits and high risk for CVD. Routine screen-
ing of metabolic risk factors was performed, and adjustment
was made for several potential confounders. We used the highly
reproducible thickness method of VF and SCF assessment, and

Abdominal Ectopic Adiposopathy and Atherosclerosis
which has a high accuracy and reproducibility as compared MRI
and CT. Not a multicenter study that could allow a generaliz-
ation of the data for other ethnicities.

CONCLUSION
Both VF and SCF are associated with an adverse metabolic

risk but, SCF provides better information in women.
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