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Context: Regional fat distribution rather than overall obesity has been recognized as important to
understanding the link between obesity and cardiovascular disease.

Objective: We examined the associations of abdominal visceral adipose tissue (VAT) and abdominal
subcutaneous adipose tissue (SAT) with cardiovascular risk factors in a Caucasian population of men
and women with normal glucose tolerance, prediabetes, or screen-detected diabetes.

Design, Setting, and Participants: The study was based on cross-sectional analysis of data from 1412
adults age 45–80 years. VAT and SAT were assessed by ultrasound. The associations of VAT and SAT
with blood pressure and lipids were examined by linear regression analysis adjusted for age, sex,
smoking, alcohol, physical activity, glucose tolerance status (GTS), medication use, and body mass
index. Effect modification by GTS and sex was examined, and stratified analyses performed.

Results: Independent of SAT and overall obesity, VAT was associated with higher triglyceride and
lower high-density lipoprotein (HDL) cholesterol levels in both men and women and additionally
associated with higher total cholesterol in men. SAT was independently associated with higher
total cholesterol and low-density lipoprotein cholesterol levels in both sexes, and SAT was addi-
tionally associated with higher triglyceride and lower HDL cholesterol levels in women and
with higher blood pressure in participants with diabetes.

Conclusion: Both abdominal VAT and SAT are independent of overall obesity associated with
cardiovascular risk in a population of men and women at low to high risk of diabetes or with
screen-detected diabetes. (J Clin Endocrinol Metab 100: 3340–3347, 2015)

Obesityhasreachedepidemicproportionsworldwideandis
now characterized by the World Health Organization

(WHO)asoneofthemostseriouspublichealthchallengesofthe
twenty-first century (1). Although obesity is clearly associated
with higher risk of mortality and morbidity, obesity remains a
complex and heterogenic disorder. Some obese individuals ex-
hibit a relatively normal cardiometabolic risk profile, whereas
otherswithasimilardegreeofobesityhaveclearlyincreasedrisk

of cardiovascular complications and diabetes (2, 3). A better
understanding of the link between obesity, type 2 diabetes, and
cardiovascular riskwill enableabetter identificationof individ-
uals at high risk of cardiovascular disease (CVD) and thus pro-
vide basis for offering lifestyle modification to those who will
benefit most.

Regionalfatdistributionratherthanoverallobesityhasbeen
recognizedasimportanttounderstandingthelinkbetweenobe-

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in USA
Copyright © 2015 by the Endocrine Society
Received December 21, 2014. Accepted June 23, 2015.
First Published Online June 29, 2015

Abbreviations: BMI, body mass index; BP, blood pressure; CT, computed tomography;
CVD, cardiovascular disease; GTS, glucose tolerance status; HDL, high-density lipoprotein;
MRI, magnetic resonance imaging; NGT, normal glucose tolerance; PAEE, physical activity
energy expenditure; RPAQ, Recent Physical Activity Questionnaire; SAT, subcutaneous
adipose tissue; VAT, visceral adipose tissue; WHO, World Health Organization.

O R I G I N A L A R T I C L E

3340 press.endocrine.org/journal/jcem J Clin Endocrinol Metab, September 2015, 100(9):3340–3347 doi: 10.1210/JC.2014-4479

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 08 September 2015. at 03:19 For personal use only. No other uses without permission. . All rights reserved.



sity and CVD. In particular, findings show that central abdom-
inalobesity isabetterpredictorofCVDthanoverallobesity(4).
Studies have also suggested that different abdominal fat com-
partments and distributions may be differently associated with
cardiovascular risk (5, 6) and that the associations differ by sex
(7). Only a few studies have assessed the independent associa-
tionsofVATandSATwithcardiovascularrisk,generallyshow-
ing that high levels of VAT are associated with higher cardio-
vascular risk compared with SAT (2, 4, 6–8). It has been
suggested that these associations are independent of the pres-
ence of type 2 diabetes (9), but this finding must be confirmed
in larger study populations.

The increased focus on VAT and SAT emphasizes the im-
portance of accurate measurements of these fat compartments
in large-scale studies. Ultrasound is a noninvasive, inexpensive,
validated, and accessible method for measuring abdominal fat
compartments in epidemiological studies (10–13). Ultrasound
was successfully used to assess VAT and SAT in a Greenlandic
and a multiethnic population (14, 15), but these studies did not
assesswhethertheassociationswithcardiovascularriskdiffered
in individuals with normal glucose tolerance (NGT), prediabe-
tes, or diabetes. Therefore, the aim of the present study was to
assess the association of VAT and SAT, measured by ultra-
sound, with cardiovascular risk factors, and to study whether
the associations differed in men and women and in individuals
with NGT, prediabetes, and screen-detected type 2 diabetes.

Materials and Methods

Design and study population
The present cross-sectional study consists of data from the

ADDITION-PRO study (16), which is a follow up health exam-
ination of individuals identified at the baseline screening pro-
gram of the ADDITION-DK study (17). This stepwise screening
program for diabetes was carried out in general practices in Den-
mark in 2001–2006. In 2009–2011 a detailed health examina-
tion of a subset of individuals with low to high risk of diabetes
at screening was carried out. Participants invited were individ-
uals with impaired glucose regulation at screening, individuals
who developed diabetes following screening, and a random sub-
sample of individuals with NGT. A total of 2082 of the 4188
invited attended (49.7%). The health examination consisted of
clinical and biochemical measurements, all performed by trained
staff, and completion of validated questionnaires. Data was col-
lected at four centers. The present study is a subgroup analysis of
participants from two of the four centers, where ultrasound mea-
surements were performed (1506 of 2082 participants). After
exclusion of participants with missing values, 1412 were avail-
able for complete case analysis.

Ethical approval was obtained from the scientific ethics com-
mittee in the Central Denmark Region (No. 20000183) and in-
formed consent was obtained from all participants. The study
was performed in accordance with the Helsinki Declaration.

Obesity measures
After an overnight fast, assessment of VAT and SAT by ul-

trasound (Logiq9 ultrasound machine, GE Healthcare) was per-
formed by trained sonographers following a strict protocol (12).
The transducer was placed on the abdomen where the xiphoid
line meets the waistline, with the participants in a supine posi-
tion. Both SAT and VAT were recorded at this position. Mea-
surements were performed at the end of a normal expiration with
minimal pressure on the transducer. SAT was measured as the
vertical distance from the skin to the linea alba with a 9L trans-
ducer (2.5–8.0 MHz) in the transverse position. VAT was re-
corded as the vertical distance from the peritoneum to the front
edge of the vertebra with a 5C transducer (1.5–4.5 MHz) placed
longitudinally. Both SAT and VAT were assessed twice and cal-
culated as the average of the two measurements.

Cardiovascular risk measures
We analyzed six different markers of cardiovascular risk: 1)

systolic blood pressure (BP), 2) diastolic BP, 3) triglycerides, 4)
total cholesterol, 5) high-density lipoprotein (HDL) cholesterol,
and 6) low-density lipoprotein (LDL) cholesterol.

Brachial systolic and diastolic BP was measured with an au-
tomated oscillometric BP recorder (Omron M6 comfort, Omron
Healthcare). BP was measured three times at the health exami-
nation after a 10-minute rest with the participants sitting down
and calculated as the average of the three measurements.

To assess plasma lipid levels, venous blood samples were col-
lected after an overnight fast. Plasma for analysis of total cho-
lesterol, triglycerides, and HDL cholesterol levels was prepared
and analyzed at the Clinical Chemistry Department at Steno
Diabetes Center in Gentofte, Denmark. LDL cholesterol was
calculated based on total cholesterol, HDL cholesterol, and very
low-density lipoprotein using the Friedewald equation (18).

Covariate measures
All participants without known diabetes received a standard

75-g oral glucose tolerance test after an overnight fast. Type 2
diabetes and prediabetes was classified according to the WHO
criteria (2005); and thus, screen-detected diabetes was defined as
fasting plasma glucose at least 7.0 mmol/L and/or post-oral glu-
cose tolerance test 2-hour plasma glucose at least 11.1 mmol/L,
and prediabetes included people with impaired fasting glucose
(6.1 � fasting plasma glucose � 7.0 mmol/L) and/or impaired
glucose tolerance (7.8 � 2-hour plasma glucose � 11.1 mmol/L)
(19). Participants with known diabetes were identified based on
information from the participants’ general practitioners and self
reports and excluded from the present analysis, because they
were not fasting for an ultrasound assessment of VAT and SAT.

Body mass index (BMI) was calculated as weight divided by
height squared (kg/m2). Weight was assessed with the partici-
pants not wearing shoes or coat, and height was measured to the
nearest millimeter using a fixed rigid stadiometer. Information
on physical activity energy expenditure (PAEE) was assessed us-
ing a modified version of the Recent Physical Activity Question-
naire (RPAQ) (20). The RPAQ contains questions regarding
physical activity performed in the last 4 weeks in four domains:
activity at home, during work, during leisure time, and during
transportation (20). From information in the questionnaire
PAEE was calculated by means of the 2005 Oxford model (21).
Smoking status, alcohol consumption, and current use of anti-
hypertensive and lipid-lowering medication were obtained from
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a general questionnaire. Information on age and sex were derived
from the Danish personal identification number.

Statistical analysis
Multiple linear regression analyses were used to assess the

associations of VAT and SAT with the continuous cardiovascu-
lar risk factors. VAT and SAT were standardized to a mean of 0
and a SD of 1 to facilitate comparison between the beta coeffi-
cients. For analyses stratified by sex, the VAT and SAT stan-
dardization was sex specific.

The residuals of plasma triglycerides and HDL cholesterol
tended to be nonnormally distributed; and therefore, analyses of
these variables were performed both with and without log trans-
formation. The results from the analyses with log-transformed
variables did not differ substantially from those using variables
on the normal scale, and therefore only the results using variables
on the normal scale are presented.

VAT and SAT were included simultaneously in the statistical
models to assess the independent associations of the two obesity
measures. Adjustments were made for sex, age, smoking, alcohol
consumption, PAEE, glucose tolerance status (GTS), medication
use, and BMI.

Interactions of VAT and SAT with sex and GTS (normal
glucose tolerance [NGT], prediabetes [impaired fasting glucose
and/or impaired glucose tolerance] or diabetes) were tested and
results were stratified by both sex and GTS.

All statistical analyses were conducted using the statistical
software SAS, version 9.3 (SAS Institute Inc.). P � .05 was con-
sidered statistically significant in all the analyses.

Results

The study population consisted of 1412 individuals (53.7%
men), of whom 797 had NGT, 479 had prediabetes, and 136
had screen-detected diabetes. The characteristics of the study

populationarepresentedinTable1stratifiedbyGTS.Themean
depthsofVATandSATwere9.0 (�2.7)cmand2.3 (�0.9)cm
in men and 8.5 (�2.7) cm and 2.6 (�1.0) cm in women.

Results from the overall and sex-stratified linear regression
analyses are presented in Table 2, whereas the GTS-stratified
results arepresented inTable3. In the entirepopulation,higher
SATwasassociatedwithhighertotalcholesterollevelsandLDL
cholesterol levels, and lower HDL cholesterol levels. Higher
VAT was associated with higher triglyceride levels and lower
HDL cholesterol levels. Stratification by sex brought more de-
tail to theoverall findingsbyshowing that theVAT-triglyceride
associationwas significantly stronger formen than forwomen,
whereas the SAT-triglyceride association was found only in
women(Figure1).Asimilar findingwasseenfor theSAT-HDL
cholesterol associations with only women having lower HDL
cholesterolforhigherSATlevels(Table2).Furthermore,neither
VAT nor SAT was associated with BP in the entire population.
However, when stratifying by GTS higher SAT was associated
with higher BP in participants with diabetes but not in partici-
pants with NGT or prediabetes.

Discussion

In a large Danish population of men and women at low to
high risk of diabetes or with screen-detected diabetes, we
found that both VAT and SAT were associated with in-
creased cardiovascular risk independent of each other and
of overall obesity. Moreover, we found slightly different
associations for men and women, as SAT was associated
with more cardiovascular risk factors in women than in

Table 1. Characteristics of the Study Population by Glucose Tolerance Status

Characterisitic N NGT (n � 797) Prediabetes (n � 479) Diabetes (n � 136)

Age, y 1412 65.7 � 7.3 67.0 � 6.4 66.2 � 6.3
BMI, kg/m2 1412 25.9 � 4.0 27.7 � 4.3 29.2 � 4.7
VAT, cm 1412 7.3 � 2.3 8.5 � 2.7 10.0 � 3.1
SAT, cm 1412 2.5 � 1.1 2.6 � 1.0 2.5 � 1.0
PAEE, kJ/kg/d 1412 51.0 � 22.2 51.2 � 25.8 55.1 � 24.3
Systolic BP, mm Hg 1410 130.8 � 17.6 136.3 � 17.9 138.0 � 17.5
Diastolic BP, mm Hg 1410 80.0 � 9.9 82.3 � 10.6 83.5 � 10.6
Triglycerides, mg/dL 1412 19.8 � 10.7 23.4 � 12.1 28.4 � 18.9
Total cholesterol, mg/dL 1412 99.6 � 18.7 97.2 � 19.1 98.1 � 18.7
HDL cholesterol, mg/dL 1412 29.3 � 7.9 27.9 � 7.6 26.2 � 8.6
LDL cholesterol, mg/dL 1407 61.3 � 17.1 58.8 � 17.1 59.5 � 17.7
Men, n (%) 385 (48.3) 281 (58.7) 92 (67.7)
Smoking

Current smoker 234 133 (16.7) 75 (15.7) 26 (19.1)
Ex-smoker 666 334 (43.1) 246 (51.4) 76 (55.8)
Nonsmoker 512 320 (40.2) 158 (33.0) 34 (25.0)

High alcohol consumptiona 490 237 (29.7) 201 (42.0) 52 (38.2)
Antihypertensive medication 563 259 (32.5) 234 (48.9) 70 (51.5)
Lipid-lowering medication 354 161 (20.2) 146 (30.5) 47 (34.6)

Data are presented as either mean � SD or n (%).
a Defined as �14 U/wk (men) or �7 U/wk (women).
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men, whereas VAT was associated with more cardiovas-
cular risk factors in men than in women. The associations
for participants with NGT, prediabetes, and screen-de-
tected type 2 diabetes also differed slightly.

Blood pressure and plasma lipids
Previous studies have found that higher VAT was as-

sociated with increased BP (8, 22, 23). Yet, some studies

have also reported no association between VAT and BP (6,
7, 9). In the present study, VAT was not associated with
higher BP, which may be attributable to the high antihy-
pertensive medication use in the study population
(39.9%) (9, 23). This was attempted eliminated by ad-
justing for antihypertensive medication use; however, this
adjustment may have been insufficient. Another possible
explanation for the inconsistencies in the findings relates

Table 2. Overall and Sex-Stratified Associations of VAT and SAT (1 SD as the Unit) With Cardiovascular Risk Factors
Adjusted for Age, Sex, Smoking, Alcohol, GTS, PAEE, BMI, Medication Use, and VAT Adjusted for SAT and Vice Versa

Overall Men Women P Value

Systolic BP, mm Hg
VAT 0.48 (�0.87; 1.82) 0.39 (�1.3; 2.07) 0.64 (�1.2; 2.47) .76
SAT 0.66 (�0.45; 1.77) 1.03 (�0.27; 2.34) 0.20 (�1.6; 1.97) .37

Diastolic BP, mm Hg
VAT 0.57 (�0.21; 1.36) 0.82 (�0.19; 1.83) 0.27 (�0.77; 1.3) .87
SAT 0.59 (�0.06; 1.24) 0.75 (�0.03; 1.53) 0.28 (�0.71; 1.28) .71

Triglycerides, mg/dL
VAT 2.87 (1.95; 3.8) 3.29 (1.92; 4.66) 1.69 (0.75; 2.63) .02
SAT 0.23 (�0.54; 0.99) �0.56 (�1.62; 0.51) 1.36 (0.46; 2.26) .03

Total cholesterol, mg/dL
VAT 1.27 (�0.04; 2.58) 1.72 (0.08; 3.36) 0.63 (�1.13; 2.4) .29
SAT 1.91 (0.83; 3.00) 1.33 (0.05; 2.61) 2.49 (0.79; 4.18) .26

HDL cholesterol, mg/dL
VAT �1.1 (�1.63; �0.57) �0.63 (�1.25; �0.001) �1.35 (�2.12; �0.59) .54
SAT �0.73 (�1.17; �0.29) �0.08 (�0.57; 0.4) �1.48 (�2.22; �0.75) .02

LDL cholesterol, mg/dL
VAT 1.16 (�0.03; 2.34) 1.01 (�0.47; 2.49) 1.21 (�0.4; 2.82) .81
SAT 2.51 (1.53; 3.49) 1.63 (0.48; 2.77) 3.34 (1.79; 4.88) .10

Data are change per 1 SD change in VAT or SAT (95% confidence interval). P values are tests for interaction term sex � VAT or sex � SAT. Bold
text illustrates significant association.

All: 1 SD VAT � 2.67 cm; 1 SD SAT � 1.05 cm.

Men: 1 SD VAT � 2.69 cm; 1 SD SAT � 0.91 cm. Women: 1 SD VAT � 2.15 cm; 1 SD SAT � 1.12 cm.

Table 3. GTS Stratified Associations of VAT and SAT (1 SD as the unit) With Cardiovascular Risk Factors Adjusted
for Age, Sex, Smoking, Alcohol, PAEE, BMI, Medication Use and VAT Adjusted for SAT and Vice Versa

NGT Prediabetes Diabetes P Value

Systolic BP, mm Hg
VAT 0.54 (�1.36; 2.45) �0.08 (�2.31; 2.16) 2.54 (�0.88; 5.96) .02
SAT �0.46 (�1.88; 0.97) 1.52 (�0.53; 3.58) 3.32 (0.01; 6.64) .43

Diastolic BP, mm Hg
VAT 0.63 (�0.48; 1.73) 0.20 (�1.1; 1.49) 1.80 (�0.31; 3.91) .05
SAT 0.01 (�0.81; 0.84) 0.92 (�0.27; 2.1) 2.69 (0.65; 4.74) .16

Triglycerides, mg/dL
VAT 2.07 (0.9; 3.23) 3.50 (2.05; 4.95) 3.81 (�0.1; 7.72) .56
SAT �0.41 (�1.28; 0.46) 0.96 (�0.38; 2.29) �0.38 (�4.16; 3.4) .62

Total cholesterol, mg/dL
VAT 1.92 (�0.03; 3.87) 1.20 (�0.8; 3.21) �1.15 (�4.56; 2.27) .33
SAT 1.51 (0.05; 2.98) 2.51 (0.66; 4.36) 1.22 (�2.08; 4.51) .83

HDL cholesterol, mg/dL
VAT �0.20 (�0.96; 0.57) �1.79 (�2.61; �0.97) �2.34 (�3.96; �0.71) .65
SAT �0.59 (�1.16; �0.01) �0.65 (�1.4; 0.1) �1.45 (�3.01; 0.12) .72

LDL cholesterol, mg/dL
VAT 1.11 (�0.65; 2.87) 1.66 (�0.15; 3.47) �0.27 (�3.37; 2.83) .34
SAT 2.22 (0.9; 3.54) 2.67 (1.02; 4.32) 2.83 (�0.16; 5.83) .50

Data are change per 1 SD change in VAT or SAT (95% confidence interval). P values are tests for interaction term GTS � VAT or GTS � SAT. Bold
text illustrates significant association.

All: 1 SD VAT � 2.67 cm; 1 SD SAT � 1.05 cm.
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to the different levels of disease progression in the study
populations. The participants in the studies reporting no
association between VAT and BP were characterized by
being obese and having diabetes (6, 7, 9). Conversely, the
participants in the studies reporting an association were
healthier as they were untreated and free of clinical CVD
(8, 23, 25). This is consistent with the present study, as a
large part of the population was characterized by having
prediabetes or diabetes. Furthermore, we found a modi-
fying effect of GTS on the relationship between VAT and
diastolic BP, but given that the associations were not sig-
nificant in either of the groups, our results do not support
that the association between VAT and BP differs between
individuals with and without diabetes. Of interest, we
found a significant association between higher SAT levels
and higher BP in participants with diabetes, which could
suggest that SAT may exert more detrimental effects on
cardiovascular risk when glucose tolerance worsens.

In accordance with previous studies (6–9, 23–25), we
found that higher VAT was associated with higher triglyc-
eride levels and lower HDL cholesterol levels in the entire
population. One potential mechanism responsible for this
finding could be that VAT is characterized by high rates of
lipolysis leading to an overflow of free fatty acids. Given
that most VAT depots are drained by the hepatic portal
vein, the liver is exposed to high amounts of free fatty
acids, which may directly modify the liver’s production
and removal of plasma lipoproteins leading to hypertri-
glyceridemia (26).

Of interest, higher SAT was also associated with a
dyslipidemic profile independent of VAT and overall
obesity. A possible explanation for this may relate to the
regional distribution of SAT. It has been suggested that
peripheral SAT on the hips and thigh confer a more
favorable phenotype compared with abdominal SAT (6,

27), but we only measured abdom-
inal SAT in our study. In addition,
it has been reported that abdominal
SAT has both superficial and deep
components, which may have op-
posite effects (28). Thus, different
results might have been found if
SAT had been divided into these
two components.

Effect modification by sex and
glucose tolerance status

Sex differences in fat distribu-
tion are well documented. Women
are generally characterized by hav-
ing more SAT, whereas men are
more prone to high amounts of
VAT (24), which is consistent with

our findings. Furthermore, previous studies found
stronger associations of VAT and SAT with cardiovas-
cular risk factors in women compared with men (4, 7, 8,
23). In accordance with these findings, we found that
the associations of SAT with triglycerides and HDL cho-
lesterol were only present in women. On the contrary,
we found that the association between VAT and total
cholesterol were only present in men and that the as-
sociation between VAT and triglycerides were stronger
in men compared with women. Surprisingly however,
the associations of VAT and SAT with all other cardio-
vascular risk factors were more or less similar in men
and women. The discrepancy between our results and
previous findings could be related to ethnic differences,
because previous studies have reported that the associ-
ation between VAT and cardiovascular risk depends on
ethnicity (29, 30). The ethnicity of the participants in
the studies reporting stronger associations in women
were African-American, Asian, or multiethnic, whereas
the ADDITION-PRO study population in the present
study was primarily Caucasian (97%). Thus, one ex-
planation for the inconsistent findings could be that
effect modification by sex might be more apparent in
non-Caucasian populations.

It has previously been shown that the associations of
VAT with cardiovascular risk factors do not differ by GTS
(9). Our findings to some extent support this notion. The
association of VAT with systolic BP observed in our study
were modified by GTS, but no significant associations
were found for either of the groups.

Adjustment for obesity measures
To examine the independent associations of VAT and

SAT with the cardiovascular risk factors, VAT and SAT
were included simultaneously in the statistical models.

Figure 1. A, Predicted mean triglyceride levels as a function of VAT for men (blue) and women
(red). B, Predicted mean triglyceride levels as a function of SAT for men (blue) and women (red).
Thin lines show the 95% confidence interval. Predictions were made for persons with the
following characteristics: 66 years, nonsmoker, low alcohol consumption, no medication use,
NGT, PAEE of 52 kJ/kg/d, BMI of 27 kg/m2, and SAT of 3 SD or VAT of 3 SD. Pslope indicates
whether the slope is different from 0.
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Some studies include VAT and SAT simultaneously in
the models (6, 8, 23), whereas others include them in
separate models (7, 22, 25). In a review from 2011,
Tchernof et al (24) stressed the importance of adjusting
for SAT when examining associations of VAT with car-
diovascular risk factors, and vice versa when examining
SAT. Tchernof et al (24) argue that because all adiposity
measures are related to cardiovascular risk factors, SAT
will most likely show correlations of the same magni-
tude as VAT if this procedure is not followed. Thus, the
methodological approach put forward by Tchernof et al
(24) was chosen in our study.

We additionally adjusted for BMI in the analyses be-
cause we wanted to study whether VAT and SAT ex-
plained variation in cardiovascular risk above and beyond
overall obesity. Other easily obtainable measures of obe-
sity or body size such as waist circumference or height
could have been included in the statistical models instead
of BMI. However, due to the indirect, one-dimensional
estimate of VAT and SAT, these measures were closely
related and potentially correlated with waist circumfer-
ence, increasing the risk of spurious findings if waist cir-
cumference was included in the models (31, 32). Although
BMI seems to be the most commonly used approach to
adjust for overall body size in other abdominal fat distri-
bution studies (4–9, 23, 25), some studies have adjusted
for waist circumference either alone or in combination
with BMI (8, 23). Therefore, we also performed the sta-
tistical analyses adjusted for waist circumference and
height instead of BMI, but this did not alter any of our
findings.

Strengths and limitations
The ADDITION-PRO study provides a unique cohort

of men and women at low to high risk of diabetes or with
screen-detected diabetes who underwent objective and de-
tailed measurements of fat distribution and cardiovascu-
lar risk. Furthermore, collection of information on rele-
vant confounders enabled adjustment for a sufficient set of
confounders.

Few studies have examined the relationship between fat
distribution assessed by ultrasound and cardiovascular
risk (14, 15). Ultrasound has been validated against the
gold standard techniques (magnetic resonance imaging
[MRI] and computed tomography [CT]) for assessing fat
distribution and it was found to be a valid and reliable
technique (10, 12, 13). Furthermore, the reproducibility
of the ultrasound technique used in the present study was
recently examined and reported to be adequate (11). Com-
parison of findings obtained with different methods
should be performed with caution, but the present study
extends current literature by finding consistent results

with previous studies using the highly accessible ultra-
sound technique instead of the more expensive and time-
consuming MRI or CT techniques. MRI and CT tech-
niques may still be the method of choice for smaller
hospital– or laboratory-based clinical studies, and does
allow detailed assessment of visceral fat deposits around
the organs, which could have implications for cardiovas-
cular risk. However, the present study strengthens the as-
sumption that ultrasound is a feasible and applicable tech-
nique, which should be considered as means of assessing
fat distribution in large-scale epidemiological studies.

In our study, there was a higher fraction of individuals
with prediabetes or screen-detected diabetes than in the
general population. This ensured that reliable estimates
could be generated for these subgroups. Furthermore, the
relative large sample size provided adequate power to de-
tect potentially small but significant associations of VAT
and SAT with cardiovascular risk. It should be noted,
however, that we performed a relatively large number of
statistical analyses and therefore some of the borderline
significant findings should be interpreted with caution.

Due to the cross-sectional design of the analysis it was
not possible to address the issue of causality. Furthermore,
as the association between fat distribution and cardiovas-
cular risk may be different at younger ages than at the ones
examined (24), the results should only be generalized to
populations within the same age range. In addition, as
previous research has shown that the association between
VAT and cardiovascular risk depends on ethnicity (29,
30), generalization beyond Caucasian populations may be
questionable.

In conclusion, this study showed that both VAT and
SAT are associated with cardiovascular risk in a popula-
tion of men and women at low to high risk of diabetes or
with screen-detected diabetes. In particular, SAT is asso-
ciated with cardiovascular risk in women. Prospective
studies examining whether changes in VAT and SAT are
related to concomitant changes in cardiovascular risk are
needed to determine whether abdominal fat loss should be
recommended as part of a preventive strategy.
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