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Abstract

Background: Different measures of body fat composition may vary in their relations to pa-
rameters of chronic inflammation. Methods: We assessed the relations of visceral (VAT) and
subcutaneous adipose tissue (SAT), BMI, and waist circumference (WC) to serum concentra-
tions of high-sensitive C-reactive protein (hs-CRP), tumor necrosis factor alpha (TNF-a), inter-
leukin-6 (IL-6), resistin, and adiponectin in 97 healthy adults using multivariate linear regres-
sion models, adjusted for age, sex, smoking, physical activity, menopausal status, and use of
aspirin or non-steroidal anti-inflammatory drugs (NSAIDs). Parameters of chronic inflamma-
tion were mutually adjusted. Results: VAT ( = 0.34), SAT (B = 0.43), BMI (B = 0.40), and WC
(B = 0.47) were all significantly associated with hs-CRP. BMI was additionally inversely related
to adiponectin (B = —0.29). In exploratory subgroup analyses defined by gender, BMI, smok-
ing, and use of aspirin or NSAIDs, VAT was the strongest indicator for increased levels of IL-6,
SAT was the most consistent indicator for increased levels of hs-CRP, and BMI was the most
consistent indicator for decreased levels of adiponectin. WC showed to be a weak indicator
forincreased levels of hs-CRP and decreased levels of adiponectin. Conclusion: VAT, SAT, BMI,
and WC show distinct associations with parameters of chronic inflammation. Whether these
differences reflect differential metabolic risks requires clarification by longitudinal studies.
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Introduction

Obesity is a major public health problem, the prevalence of which has doubled since 1980
in the developed and in many developing parts of the world [1]. Obesity is a strong predictor
of diabetes mellitus, hypertension, stroke, and several types of cancer [2-4]. What drives the
association between obesity and metabolic diseases remains unclear. Visceral adipose tissue
(VAT) has been considered to have multiple endocrine, metabolic, and immunological func-
tions and may be more strongly associated with cardiometabolic risk factors than subcuta-
neous adipose tissue (SAT) [5-9]. However, data examining potential differences between
VAT and SAT with regard to cardiometabolic risk factors are not entirely consistent [10].

In obesity, adipocytes are enlarged, and their secretory properties are altered [11].
Specifically serum levels of tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and
high-sensitive C-reactive protein (hs-CRP) are increased, while adiponectin is decreased [12].
Whether obesity is related to resistin is unclear [13-17]. Systemic inflammation plays a major
role in all stages of atherosclerosis, from initiation over progression to rupture of atheroscle-
rotic plaques [18]. Moreover, increased circulating levels of hs-CRP, IL-6, and TNF-a are asso-
ciated with worse cardiovascular outcomes [19, 20].

Previous studies examining the associations between obesity and inflammatory cyto-
kines used BMI, waist circumference (WC) or waist-to-hip ratio (WHR) as underlying measure
of adiposity [16, 17, 21-31]. Because those measures do not differentiate between VAT and
SAT, they were unable to fully characterize body fat distribution patterns. Of the studies that
did consider body fat distribution, most focused on VAT [24, 26, 32-38], but less is known
about the associations between SAT and parameters of systemic chronic inflammation.
Specifically the relation between SAT and hs-CRP has been studied to some extent [24, 32-35,
37-39], whereas the associations between SAT and IL-6, TNF-a [33, 34, 37, 38, 40], resistin
[41,42], or adiponectin [35, 40, 43, 44] have not been targeted sufficiently. In addition, results
are inconsistent, and only few studies that examined the relation between VAT or SAT and
inflammatory parameters [33, 38, 43] reported results from multivariate analyses. Moreover,
no study has compared different measures of obesity with regard to their relations to param-
eters of chronic inflammation. Thus, we sought to examine the relations of VAT, SAT, BMI, and
WC to selected parameters of systemic chronic inflammation in healthy adults.

Material and Methods

Study Design and Population

A cross-sectional study was conducted in Germany between June and August 2011. A total of 97 partic-
ipants (55 women, 42 men) aged 22-69 years were randomly selected through the local population registry.
The study was conducted according to the Declaration of Helsinki guidelines and approved by the local ethics
committee. Written informed consent was obtained from all participants.

Anthropometric Measurements

VAT and SAT were quantified using a B-mode ultrasound machine (Mindray DP-50; Mindray Medical
Germany GmbH, Darmstadt, Germany) and a 3.5-5.0 MHz convex array transducer. Measurements were
performed according to a strict protocol, details of which are described elsewhere [45]. Briefly, the method
involved multiple image planes that provided information on adipose tissue thickness. The SAT measurement
involved one individual image plane at the median line extending from the skin to the linea alba. VAT was
measured using a second image plane reaching from the linea alba to the lumbar vertebra corpus at the
median line. All measurements were performed manually by the same examiner at the end of normal expi-
ration applying minimal pressure without displacement of the intra-abdominal contents as verified by the
ultrasound image. The parameters from the images were manually extracted using the electronic onboard
caliper and were stored directly in a database. Height and weight were measured with participants wearing
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underwear without shoes. BMI was calculated by dividing body weight (kg) by height in meters squared (m?).
Waist circumference was measured at the mid-point between the lower rib and the iliac crest. Measurements
were taken with the participant standing in an upright position.

Serum Analysis

Non-fasting venous blood was drawn by qualified medical staff. Blood was immediately fractionated
into serum, plasma, buffy coat, and erythrocytes and aliquoted into straws of 0.5 ml each according to a stan-
dardized protocol. During blood withdrawal and processing, time and room temperature were steadily docu-
mented. The straws were stored in conventional tubes at -80 °C. Serum concentrations of TNF-a, IL-6,
resistin, and adiponectin were measured using an enzyme-linked immunosorbent assay (Immundiagnostik,
Bensheim, Germany), and hs-CRP was determined by immunonephelometry (Behring Nephelometer II, Dade
Behring, Marburg, Germany).

Covariate Assessment

Potential confounding variables including age, sex, current smoking status, physical activity, use of
aspirin or non-steroidal anti-inflammatory drugs (NSAIDs), and menopausal status in women were assessed
by standardized computer-assisted personal interviews specifically developed for the study. Smoking status
was categorized as currently smoking or non-smoking. Physical activity levels were calculated from meta-
bolic equivalents of task (METs) by a 24-hour physical activity recall. Drug use during the previous 7 days
was documented by pharmaceutical control numbers using codes of the anatomical therapeutic chemical
classification system.

Statistical Analysis

Descriptive statistics were calculated using direct standardization according to the age distribution of
the study population and stratified by VAT and SAT tertiles. The data regarding hs-CRP, TNF-a, IL-6, resistin,
and adiponectin were not distributed normally and were therefore log transformed for further analyses. We
calculated Pearson correlations between measures of obesity and between selected parameters of systemic
chronic inflammation. In addition, we calculated partial correlation coefficients between inflammatory
parameters adjusted for age, sex, current smoking status, physical activity, menopausal status, and use of
aspirin or NSAIDs.

Multivariate linear regression analysis was performed to estimate relations of VAT, SAT, BMI, and WC
to hs-CRP, IL-6, TNF-q, resistin, and adiponectin, adjusted for age (continuous), sex (men; women), smoking
status (currently smoking; non-smoking), physical activity (continuous), menopausal status (pre-, peri-, or
postmenopausal), and aspirin or NSAID use (drug use during the past 7 days: yes; no). In a second model, all
parameters of chronic inflammation were mutually adjusted in addition to the adjustments described in the
first model. In a third model, VAT and SAT were mutually adjusted, and BMI and WC were mutually adjusted.
We also ran exploratory analyses stratified by sex, BMI, smoking status, and aspirin or NSAID use. Before
fitting the linear regression models, all variables (independent and dependent) were standardized by
subtracting the mean and dividing by the standard deviation to make relations comparable. When reporting
the results from the linear regression models, 3-coefficients were considered weak (8 < 0.3), moderate (3 >
0.3 to £ 0.6), or strong (3 > 0.6). All reported p values are two-tailed, and values < 0.05 were deemed statis-
tically significant. IBM SPSS statistics 22 (Chicago, IL, USA) was used for all analyses.

Results

Subject Characteristics

Characteristics of the study population are presented in table 1. The mean age of study
participants was 53.5 years. Participants in the upper VAT tertile (28.07 cm) tended to be
older, to be of male gender, to have higher levels of BMI and WC, and to be more likely to
report using aspirin or NSAIDs than those in the lower VAT tertile (<5.66 cm). In contrast,
study subjects with high VAT were less likely to currently smoke than those with low VAT.
There were no appreciable differences in physical activity levels according to VAT. Partici-
pants in the upper SAT tertile (22.15 cm) were more likely to be of female gender, to have
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Table 1. Age-standardized characteristics of participants according to tertiles of VAT and SAT?

Characteristic VAT

SAT

tertile 1

tertile 2

tertile 3

tertile 1

tertile 2

tertile 3

(s5.66 cm) (5.67 to <8.06 cm) (28.07cm)

(s1.62cm) (1.63to<2.14cm) (22.15cm)

Number of participants 32 33 32 32 33 32
Age, years 48 55 58 49 59 52
Sex, % men 29 46 59 47 44 35
BMI, kg/m? 23.5 26.1 31.6 24.0 27.6 29.4
WC, cm 80.9 90.1 105 84.1 92.6 97.6
Smoking, % 24 19 24 23 14
Physical activity level 1.7 1.7 1.7 1.8 1.7
Use of aspirin or NSAIDs, % 5 21 11 19 16

2Continuous variables values are expressed as mean values and categorical variables are expressed as proportions.

Table 2. Markers of systemic chronic inflammation by gender (women: n = 55; men: n = 42)

Women Men Total

Age, years 55.55+10.18 50.81 + 14.52 53.49 +12.41
VAT, cm 6.79 £ 3.22 8.39 + 3.64 7.48 £ 3.48
SAT, cm 2.05£0.77 1.89 £ 0.89 1.98 £ 0.82
BMI, kg/m? 26.46 £ 4.91 27.57 £4.39 26.94 + 4.68
WC, cm 86.60 + 12.30 97.83 +13.30 91.51+13.86
hs-CRP, mg/dl 0.15+0.12 0.20£0.26 0.17 £0.19
TNF-q, pg/ml 6.18 £ 2.10 6.89 +2.53 6.49 +2.31
IL-6, pg/ml 242 +£2.48 3.00+£4.97 2.67 £3.76
Resistin, ng/ml 349+ 1.16 3.65+1.07 3.56+1.12
Adiponectin, pg/ml 14.04 +5.25 9.34 +4.04 12.00 +5.28

Results are expressed as mean value + SD.

higher levels of BMI and WC, and to be less likely to currently smoke than those in the inter-
mediate (1.63 to £2.14 cm) or lower SAT tertile (<1.62 cm). There were no appreciable differ-
ences in physical activity levels according to SAT. The mean concentrations of selected param-
eters of chronic inflammation were generally higher in men compared to women, with the
exception of adiponectin, which was higher in women than in men (table 2).

VAT was significantly positively correlated with SAT (r=0.37; p <0.0001), BMI (r = 0.83;
p <0.0001),and WC (r=0.79; p < 0.0001). As compared to VAT, SAT showed weaker correla-
tions with BMI (r = 0.59; p < 0.0001) and WC (r = 0.51; p < 0.0001). BMI and WC were highly
correlated with each other (r = 0.85; p < 0.0001) (data not tabulated).

Hs-CRP was significantly positively correlated with TNF-a (r = 0.21; p = 0.04) but was not
significantly correlated with IL-6, resistin, or adiponectin (table 3). After adjustment for age,
sex, smoking, physical activity, menopausal status and aspirin or NSAID use, the only statisti-
cally significant partial correlation was that between adiponectin and TNF-a (r = 0.31; p =
0.02).

Initial multiple linear regression analyses unadjusted for parameters of systemic chronic
inflammation showed that VAT was weakly positively associated with hs-CRP (= 0.12; p =
0.004), moderately positively with IL-6 (8 = 0.33; p = 0.002) and weakly inversely associated
with adiponectin ( =-0.20; p=0.048) (table 4). No relations of VAT to TNF-a or resistin were
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Table 3. Correlation matrix with selected parameters of systemic chronic inflammation

Log hs-CRP Log TNF-a Log IL-6 Log resistin
Log hs-CRP! 1
Log hs-CRP? 1
Log TNF-a'! r=021,p=0.04 1
Log TNF-o? r=0.18,p=0.15 1
Log IL-6! r=0.16,p=0.11 r=0.10,p=034 1
Log IL-62 r=011,p=042 r=-007,p=058 1

Log resistin®
Log resistin?

r=0.10,p=0.30
r=0.09,p=0.52

r=0.09,p=0.37
r=-0.01,p=0.97

r=-0.01,p=090 1
r=0.03,p=084 1

r=-0.00,p=097 r=0.06,p=0.56
r=0.02,p=089 r=0.08,p=0.53

Log adiponectin®
Log adiponectin?

r=-0.14,p=0.16
r=-0.11,p=0.41

r=0.06,p=0.53
r=0.31,p =0.02

1Pearson correlation between parameters of systemic chronic inflammation.
ZPearson correlation between parameters of systemic chronic inflammation adjusted for age, physical
activity level, sex, menopausal status (women only) smoking, and aspirin or NSAID use.

Table 4. Relations of VAT, SAT, BMI, and WC to selected parameters of systemic chronic inflammation

VAT SAT BMI wcC

§ p § p B p § p
Log hs-CRP! 0.12 0.004 0.60 0.0005 0.39 0.004 0.46 0.001
Log hs-CRP? 0.33 0.02 0.42 0.001 0.36 0.013 0.41 0.006
Log hs-CRP? 0.17  0.25 0.35 0.01 0.05 0.88 0.36 0.26
Log TNF-a! 0.14 031 -0.07 0.61 0.01 094 0.08 0.61
Log TNF-o 0.16 0.27 -0.11 0.44 0.05 0.73 0.07 0.69
Log TNF-o? 0.22 0.15 -0.19 0.22 -0.05 0.88 0.11 0.76
Log IL-6" 0.33 0.002 0.13 0.22 0.22 0.03 0.14 0.32
Log IL-62 0.22 0.12 0.17 0.23 0.11 0.44 0.13 0.42
Log IL-63 0.18 0.24 0.10 0.50 0.03 0.92 0.10 0.77
Log resistin® -0.09 0.49 0.15 0.26 -0.05 0.73 -0.05 0.74
Log resistin? -0.14 0.38 0.15 0.33 -0.07 0.66 -0.09 0.62
Log resistin® -0.22 0.20 0.22 0.18 0.04 091 -0.13 0.74
Log adiponectin®’  -0.20 0.048 -0.15 0.12 -0.32 0.002 -0.28 0.012
Log adiponectin> -0.19 0.17 -0.12 0.37 -0.28 0.035 -0.18 0.24
Log adiponectin® -0.16 0.26 -0.06 0.68 -0.58 0.035 0.39 0.19

IModels are adjusted for age, physical activity level, sex, smoking, menopausal status (women only),
and aspirin or NSAID use.

ZModels are adjusted for age, physical activity level, sex, smoking, menopausal status (women only),
aspirin or NSAID use, and mutually adjusted for all parameters of systemic chronic inflammation.

3Models are adjusted for age, physical activity level, sex, smoking, menopausal status (women only),
aspirin or NSAID use, and mutually adjusted for all parameters of systemic chronic inflammation. In
addition, VAT and SAT are mutually adjusted and BMI and WC were mutually adjusted.

found. SAT was moderately positively associated with hs-CRP ( = 0.60; p = 0.0005), but it
was unrelated to any of the other parameters. BMI showed a moderate positive association
with hs-CRP (8 = 0.39; p = 0.004) and a weak positive association with IL-6 (f = 0.22; p =
0.034). A moderate inverse association was found between BMI and adiponectin (§ = -0.32;
p =0.002). No relations of BMI were found to TNF-a or resistin. WC was moderately positively
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associated with hs-CRP (8 = 0.46; p = 0.001) and moderately inversely associated with adipo-
nectin (8 =-0.28; p=0.012).

After mutual adjustment of parameters of systemic chronic inflammation, VAT remained
significantly associated with hs-CRP but not with IL-6 or adiponectin (table 4). SAT remained
significantly associated with hs-CRP, and BMI remained significantly associated with hs-CRP
and adiponectin. WC remained significantly associated with hs-CRP. When VAT and SAT were
simultaneously included in the model, only SAT remained significantly associated with
hs-CRP. After mutual adjustment of BMI and WC, BMI remained significantly inversely related
to adiponectin.

We next conducted an analysis stratified by gender (table 5). In women, we noted a
moderate inverse association between BMI and adiponectin ( = -0.42; p = 0.045). In men,
we observed moderate positive relations of VAT and BMI to IL-6 ($ = 0.47; p=0.01 and =
0.36; p = 0.049, respectively). No statistically significant relations were found between VAT,
SAT, BMI, or WC and other inflammatory parameters in men or women, although we noted
gender differences for all inflammatory parameters. With the exception of SAT, relations of
VAT, BMI, and WC to hs-CRP appeared to be stronger in women than in men. Inverse relations
of VAT, SAT, BMI and WC to TNF-a and to IL-6 were found in women, whereas in men only
SAT was inversely related to TNF-a. Relations of VAT, SAT, BMI and WC to IL-6 were stronger
in men than in women.

In non-obese participants, no statistically significant relations were found of VAT, SAT,
BMI, or WC to any of the inflammatory parameters (table 5). In overweight/obese partici-
pants, VAT showed a moderate association with IL-6 ( = 0.39; p = 0.03), and SAT was statis-
tically significantly associated with hs-CRP ( =0.33; p=0.04). BMIand WC showed moderate
inverse associations with adiponectin (f = -0.47; p = 0.02 and 3 = -0.46; p = 0.01, respec-
tively). In general, VAT and BMI showed stronger relations to inflammatory parameters in
overweight/obese participants than in normal-weight participants, whereas associations
between SAT and inflammatory parameters were stronger in normal-weight than in over-
weight/obese participants.

In an analysis restricted to current non-smokers, VAT was positively associated with IL-6
(B=0.36;p=0.01),and SAT showed a moderate significant association with hs-CRP (3 = 0.35;
p =0.01) (table 5). BMI was positively associated with IL-6 ( = 0.29; p = 0.048) and it showed
an inverse association with adiponectin (f =-0.34; p=0.01). WC also showed an inverse asso-
ciation with adiponectin (8 = -0.27; p = 0.049). By comparison, in an analysis restricted to
current smokers, VAT, BMI, and WC showed strong positive associations with hs-CRP (f =
0.74; p=0.001, 3=0.80; p=0.00003, and 3 = 0.88; p = 0.0003, respectively), and a moderate
positive association was found between SAT and hs-CRP (8 = 0.49; p = 0.049). Associations
between VAT and inflammatory markers were stronger in current smokers than in non-
smokers.

In an analysis limited to non-users of aspirin or NSAIDs, VAT showed moderate positive
associations with IL-6 ($=0.29; p=0.046) and TNF-a (= 0.30; p = 0.049) (table 5). SAT, BM],
and WC showed moderate positive associations with hs-CRP (=0.41; p=0.01,=0.31;p =
0.04, and 3 = 0.31; p = 0.04, respectively). Also, BMI showed a weak inverse association with
adiponectin (8 = -0.30; p = 0.04). In an analysis restricted to participants using aspirin and
NSAIDs, VAT showed a moderate positive association with hs-CRP ( = 0.57; p = 0.04). WC
showed a strong positive association with hs-CRP (8 = 0.72; p = 0.03) and a strong inverse
association with adiponectin ( = -0.89; p = 0.001). In general, VAT, SAT, BMI, and WC were
inversely related to TNF-a and IL-6 in users of aspirin or NSAIDs, whereas VAT, BMI, and WC
were positively related to these parameters in non-users of aspirin and NSAIDs.
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Discussion

In this population-based study of healthy adults, VAT, SAT, BMI, and WC showed distinct
associations with selected parameters of chronic inflammation. Specifically VAT, SAT, BMI,
and WC demonstrated a positive relation to hs-CRP. However, the strongest relation was
found between SAT and hs-CRP. Compared to the other anthropometric variables, BMI
showed a stronger inverse association with adiponectin. Albeit not significant, VAT was the
strongest indicator for increased levels of IL-6 and TNF-a. WC was only weakly related to
inflammatory parameters. These findings were fairly consistent throughout subgroups
defined by gender, BM], current smoking, and use of aspirin and NSAIDs.

Similar to our results, previous studies among healthy adults reported that VAT, SAT,
BMI, or WC were positively associated with CRP [24, 32-34, 38, 46]. Several investigations
reported comparable relations of VAT and SAT to CRP [33, 38] or a stronger association with
VAT [32, 34,37], whereas other studies found a stronger relation to SAT [35, 38, 46]. However,
none ofthe aforementioned studies mutually adjusted their analyses for inflammatory param-
eters or for VAT and SAT [32-35, 37, 38, 46]. When VAT and SAT were mutually adjusted, we
found that only SAT remained significantly associated with hs-CRP, indicating that abdominal
SAT may have a pathogenic function, as additionally evidenced by endocrine and inflam-
matory responses [5, 10, 12, 47].

That relations of VAT, BMI, and WC to hs-CRP were stronger in women than in men
agrees with previous studies [21, 22, 33, 38] and may be due to enhanced estrogen production
in the adipose tissue with upregulation of pro-inflammatory gene expression in women [48,
49]. Our findings in women of similar relations of VAT, SAT, BMI, and WC to hs-CRP suggest
that in women associations with CRP are more strongly determined by overall fat mass than
by fat distribution. In contrast, in men we noted that SAT, but not VAT, BMI, or WC, was most
strongly associated with CRP, which is consistent with previous studies [35, 38, 46] and indi-
cates that adiposity relations with CRP in men may be less strongly influenced by overall fat
mass.

Our observation of a more pronounced relation of SAT than of VAT to hs-CRP in over-
weight/obese subjects has not yet been reported. Only one previous study stratified the
examination by BMI and found no significant association between SAT and CRP in obese
subjects [37]. In contrast to that study, we considered potential confounding variables in
multivariate analyses. In obese individuals, the limited ability of abdominal SAT to store
excess energy may cause an increase in free fatty acids (FFA) flux to the portal vein and the
systemic circulation [9]. Elevated FFA levels are related to increased CRP [50].

All anthropometric variables showed stronger associations with hs-CRP in current
smokers than in non-smokers. Cigarette smoking is associated with increased CRP levels [51],
which may partly reflect the mechanisms believed to underlie the adverse effects of smoking
on cardiovascular disease and several types of cancer [52]. None of the previous studies that
examined the relation between adiposity and CRP reported results stratified by smoking
status [24, 32-34, 38, 46]. Also, previous studies examining the relations of obesity to CRP
and other inflammatory parameters did not report findings stratified by aspirin or NSAIDs
use [24, 32-34, 38, 46]. We found that associations of anthropometric factors to hs-CRP were
more pronounced among users of aspirin or NSAIDs. Because NSAIDs down-regulate inflam-
matory cytokine production including CRP [53, 54], we would have expected to observe less
pronounced associations with inflammatory parameters among users than among non-users
of aspirin or NSAIDs.

Our findings from multivariate analyses without mutual adjustments for inflammatory
parameters or for VAT and SAT are consistent with those from previous studies reporting a
positive association between VAT and IL-6 [33, 34, 37, 38, 40] and no relation between SAT
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and IL-6 [37, 38, 40]. However, the positive relation of VAT to IL-6 was rendered non-signif-
icant after mutual adjustment for other parameters of systemic chronic inflammation and
when SAT was included in the model. Significantly positive associations between VAT and
IL-6 emerged in additional analyses among men, overweight/obese, current non-smokers,
and participants not using aspirin and NSAIDs. In these analyses, we additionally found that
associations between VAT and IL-6 were stronger than those between BMI and IL-6, indi-
cating that collecting data on VAT may represent metabolic information captured by IL-6 that
is not accounted for by BMI. Only one previous study stratified its population by gender and
reported a stronger relation between VAT and IL-6 in women than in men [38]. However, that
study was limited to elderly individuals, which may explain the difference from our finding.
Men have larger visceral fat depots than women [55, 56], and IL-6 is predominantly expressed
and secreted by VAT [57].

We found no overall relations of VAT, SAT, BMI, or WC to TNF-a, which is similar to other
studies that addressed these associations [33, 34, 37]. Albeit not significant, we found a
stronger relation of VAT to TNF-a compared to the relations of other obesity measures to
TNF-a. In further exploratory analyses, we noted significantly positive relations of VAT to
TNF-a and IL-6 among non-users of aspirin or NSAIDs, which may be due to NSAID-mediated
down-regulation of inflammatory cytokine production [53, 54]. The available literature
includes one study that reported a positive relation between VAT and TNF-a in adults aged
70 to 79 years, but no association between SAT and TNF-a [38], and another study that found
positive relations of both VAT and SAT to TNF-a among obese adolescents [40]. However,
none of these studies mutually adjusted their analyses for inflammatory parameters or for
VAT and SAT.

We were unable to detect any associations between adiposity measures and resistin
levels. This is consistent with most previous studies that found no correlations between
markers of adiposity and resistin [16, 17, 29, 58-63], whereas other studies reported a
positive relation of obesity to resistin levels [15, 41, 42, 64-66]. Only one population-based
study that examined the relation of VAT and SAT to resistin reported results from multi-
variate analyses and found similar relations of VAT and SAT to resistin in women and no asso-
ciation between VAT and resistin in men [42]. We found that the relation between SAT and
resistin was stronger than the relation of other measures of obesity to resistin. However,
resistin is not expressed by adipocytes but is secreted by macrophages located within adipose
tissue depots [67]. Hence, circulating resistin is not directly related to adiposity levels but to
the degree of inflammation within the adipose tissue depots [9].

Largely similar to our results, previous studies reported that VAT, SAT, BMI, or WC were
inversely associated with adiponectin [35, 40, 43, 44, 68]. In our study, the inverse relation
of VAT to adiponectin was attenuated and rendered non-significant after mutual adjustment
for other parameters of systemic chronic inflammation and when SAT was included in the
model. We found that BMI was a stable indicator of decreased adiponectin levels, showing an
inverse association in the overall population before and after adjustment for other variables
and across a number of stratified analyses. In addition, we found that the relation of BMI to
adiponectin was stronger than the relation to other markers of adiposity in all analyses. This
suggests that adiponectin may represent metabolic processes that are associated with BMI
better than those related to VAT or SAT.

The major strength of our study is that, to the best of our knowledge, it represents the
firststudy to examine associations between several different body fat measures and numerous
selected parameters of chronic inflammation in healthy adults. A further asset of our study is
that we accounted for correlations between individual parameters of systemic inflammation
by mutual adjustment in our multivariate models, which has not been undertaken in any
previous study. In addition, we conducted numerous informative exploratory subgroup
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analyses. Ultrasound is a less sophisticated method to measure VAT and SAT compared to the
gold standard methods of magnetic resonance imaging (MRI) or computer tomography (CT).
However, MRI and CT approaches are limited in field conditions due to their associated costs
and issues regarding accessibility, contraindications, and in terms of CT examinations,
potential adverse effects of radiation. We have recently reported that ultrasound represents
a suitable technique to validly and reproducibly assess VAT and SAT in population-based
research settings [45]. Our blood samples were non-fasting, but we focused on parameters
that are unaffected by fasting status [69, 70].

Limitations of our study include the small sample size, potentially resulting in insufficient
statistical power to detect relations, particularly in stratified analyses. Due to the numerous
additional analyses performed, some of our findings may have been the result of multiple
testing. In addition, the cross-sectional nature of our study design precludes an assessment
ofcause-effectrelationships.Becauseanalyseswerebased onasinglelaboratorymeasurement,
they may not represent true long-term average serum concentrations of parameters of
chronic inflammation.

In conclusion, we found that VAT, SAT, BMI, and WC showed distinct associations with
selected parameters of chronic inflammation. Our study suggests that each of the anthropo-
metric variables provides distinct information regarding metabolic processes related to
inflammatory parameters. Compared to VAT, BMI, and WC, SAT was the strongest indicator
for increased hs-CRP concentrations. BMI was the strongest indicator for decreased adipo-
nectin levels. Albeit not significant, VAT was the strongest indicator for increased levels of
IL-6 and TNF-a. WC represented a less consistent indicator when examining relations to
inflammatory parameters. Subgroup analyses showed that gender, BMI, current smoking,
and use of aspirin or NSAIDs modify the relations of adiposity measures to the levels of inflam-
mation parameters. The distinct relations of VAT, SAT, BMI, and WC to selected parameters
of systemic chronic inflammation emphasize the importance of accurately differentiating
between body fat compartments when evaluating the role of adiposity-associated systemic
chronic inflammation in the development of metabolic diseases.

Acknowledgment

This study was conducted within the framework of the pilot studies of the German National Cohort
(www.nationale-kohorte.de). These studies were funded by the German Federal Ministry of Education and
Research (BMBF), grant number 01ER1001A-I, and were supported by the Helmholtz Association, partici-
pating universities, and Institutes of the Leibniz Association. The authors’ responsibilities were as follows:
LS., B.F, and M.F.L. conceived and designed the study. [.S. and G.B. were responsible for data analysis and LS.
was responsible for data interpretation and writing of the manuscript; all authors were responsible for
critical revision of the manuscript and its intellectual content; M.F.L. was responsible for study supervision.

Disclosure Statement

None of the authors had a conflict of interest.

References

»1 Finucane MM, Stevens GA, Cowan M]J, et al: National, regional, and global trends in body-mass index since
1980: systematic analysis of health examination surveys and epidemiological studies with 960 country-years
and 9.1 million participants. Lancet 2011;377:557-567.

»2 Ross R, Bradshaw AJ: The future of obesity reduction: beyond weight loss. Nat Rev Endocrinol 2009;5:319-
325.

KARGER

154

Universitatsbibliothek, Regensburg
132.199.144.70 - 6/24/2016 4:13:22 PM

Downloaded by:


http://dx.doi.org/10.1159%2F000443691

>3
>4
»>5
»>6
»>7
>3
»>9
»>10

>11

>12

>13
>14
»15

> 16

»17
»>18
»19

»20

»21
»22

»23

»24
»25
»26

»27

»28
»29

»30

/ECZCZLS Obes Facts 2016;9:144-157

The European Journal of Obesity DOL 10.11594000443691 © 2016 The Author(s). Published by S. Karger GmbH, Freiburg
www.karger.com/ofa

Schlecht et al.: Relations of Visceral and Abdominal Subcutaneous Adipose Tissue,
Body Mass Index, and Waist Circumference to Serum Concentrations of Parameters of
Chronic Inflammation

Bastard JP, Maachi M, Lagathu C, et al: Recent advances in the relationship between obesity, inflammation, and
insulin resistance. European cytokine network 2006;17:4-12.

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M: Body-mass index and incidence of cancer: a systematic
review and meta-analysis of prospective observational studies. Lancet 2008 Feb;371:569-578.

Fox CS, Massaro JM, Hoffmann U, et al: Abdominal visceral and subcutaneous adipose tissue compartments:
association with metabolic risk factors in the Framingham Heart Study. Circulation 2007;116:39-48.

Kim SK, Kim HJ, Hur KY, et al: Visceral fat thickness measured by ultrasonography can estimate not only
visceral obesity but also risks of cardiovascular and metabolic diseases. Am ] Clin Nutr 2004;79:593-599.
Bosy-Westphal A, Geisler C, Onur S, et al: Value of body fat mass vs anthropometric obesity indices in the
assessment of metabolic risk factors. Int ] Obes 2006;30:475-483.

Neeland 1], Ayers CR, Rohatgi AK, et al: Associations of visceral and abdominal subcutaneous adipose tissue
with markers of cardiac and metabolic risk in obese adults. Obesity (Silver Spring) 2013;21:E439-447.
Booth A, Magnuson A, Foster M: Detrimental and protective fat: body fat distribution and its relation to meta-
bolic disease. Horm Mol Biol Clin Investig 2014;17:13-27.

Bays HE, Fox KM, Grandy S, Group SS: Anthropometric measurements and diabetes mellitus: clues to the
‘pathogenic’ and ‘protective’ potential of adipose tissue. Metab Syndr Relat Disord 2010;8:307-315.
Yamauchi T, Kamon ], Waki H, et al: The mechanisms by which both heterozygous peroxisome proliferator-
activated receptor gamma (PPARgamma) deficiency and PPARgamma agonist improve insulin resistance. ]
Biol Chem 2001;276:41245-4154.

Bays HE, Gonzalez-Campoy JM, Bray GA, et al: Pathogenic potential of adipose tissue and metabolic conse-
quences of adipocyte hypertrophy and increased visceral adiposity. Expert Rev Cardiovasc Ther 2008;6:343-
368.

Savage DB, Sewter CP, Klenk ES, et al: Resistin / Fizz3 expression in relation to obesity and peroxisome prolif-
erator-activated receptor-gamma action in humans. Diabetes 2001;50:2199-2202.

McTernan CL, McTernan PG, Harte AL, Levick PL, Barnett AH, Kumar S: Resistin, central obesity, and type 2
diabetes. Lancet 2002;359:46-47.

McTernan PG, McTernan CL, Chetty R, etal: Increased resistin gene and protein expression in human abdominal
adipose tissue. ] Clin Endocrinol Metab. 2002;87:2407.

Lee JH, Chan JL, Yiannakouris N, et al: Circulating resistin levels are not associated with obesity or insulin
resistance in humans and are not regulated by fasting or leptin administration: cross-sectional and interven-
tional studies in normal, insulin-resistant, and diabetic subjects. ] Clin Endocrinol Metab 2003;88:4848-4856.
Heilbronn LK, Rood ], Janderova L, et al: Relationship between serum resistin concentrations and insulin resis-
tance in nonobese, obese, and obese diabetic subjects. ] Clin Endocrinol Metab 2004;89:1844-1848.

Paoletti R, Gotto AM Jr, Hajjar DP: Inflammation in atherosclerosis and implications for therapy. Circulation
2004;109(23 suppl 1):iii20-26.

Fisman EZ, Benderly M, Esper R], et al: Interleukin-6 and the risk of future cardiovascular events in patients
with angina pectoris and/or healed myocardial infarction. Am J Cardiol 2006;98:14-18.

Kablak-Ziembicka A, Przewlocki T, Sokolowski A, Tracz W, Podolec P: Carotid intima-media thickness, hs-CRP
and TNF-alpha are independently associated with cardiovascular event risk in patients with atherosclerotic
occlusive disease. Atherosclerosis 2011;214:185-190.

Panagiotakos DB, Pitsavos C, Yannakoulia M, Chrysohoou C, Stefanadis C: The implication of obesity and
central fat on markers of chronic inflammation: the ATTICA study. Atherosclerosis 2005;183:308-315.
Thorand B, Baumert ], Doring A, et al: Sex differences in the relation of body composition to markers of inflam-
mation. Atherosclerosis 2006;184:216-224.

Yudkin JS, Stehouwer CD, Emeis ]]J, Coppack SW: C-reactive protein in healthy subjects: associations with
obesity, insulin resistance, and endothelial dysfunction: a potential role for cytokines originating from adipose
tissue? Arterioscler Thromb Vasc Biol 1999;19:972-978.

Forouhi NG, Sattar N, McKeigue PM: Relation of C-reactive protein to body fat distribution and features of the
metabolic syndrome in Europeans and South Asians. Int ] Obes Relat Metab Disord 2001;25:1327-1331.
Festa A, D’Agostino R Jr, Williams K, et al: The relation of body fat mass and distribution to markers of chronic
inflammation. Int ] Obes Relat Metab Disord 2001;25:1407-1415.

Lemieux I, Pascot A, Prud’homme D, et al: Elevated C-reactive protein: another component of the atherothrom-
botic profile of abdominal obesity. Arterioscler Thromb Vasc Biol 2001;21:961-967.

Bermudez EA, Rifai N, Buring ], Manson JE, Ridker PM: Interrelationships among circulating interleukin-6,
C-reactive protein, and traditional cardiovascular risk factors in women. Arterioscler Thromb Vasc Biol 2002;
22:1668-1673.

Marques-Vidal P, Bochud M, Bastardot F, et al: Association between inflammatory and obesity markers in a
Swiss population-based sample (CoLaus Study). Obes Facts 2012;5:734-744.

Silha JV, Krsek M, Skrha JV, Sucharda P, Nyomba BL, Murphy L]: Plasma resistin, adiponectin and leptin levels
in lean and obese subjects: correlations with insulin resistance. Eur ] Endocrinol. 2003;149:331-335.

Hoeg LD, Sjoberg KA, Lundsgaard AM, et al: Adiponectin concentration is associated with muscle insulin sensi-
tivity, AMPK phosphorylation, and ceramide content in skeletal muscles of men but not women. ] Appl Physiol
2013;114:592-601.

KARGER

155

Downloaded by:

Universitatsbibliothek, Regensburg

132.199.144.70 - 6/24/2016 4:13:22 PM


http://dx.doi.org/10.1159%2F000443691

»31

»32

>33

>34

»35

»36
»37
»>38

39

> 40

> 41

»42

»>43
44
»45
> 46
»>47
»48
> 49
»50
»51
»>52

»53
»54

»55
»56
»57
»58

»59

FQCZ_S Obes Facts 2016;9:144-157

The European Journal of Obesity DOIL: 10.1159‘000443691 © 2016 The Author(s). Published by S. Karger GmbH, Freiburg
www.karger.com/ofa

Schlecht et al.: Relations of Visceral and Abdominal Subcutaneous Adipose Tissue,
Body Mass Index, and Waist Circumference to Serum Concentrations of Parameters of
Chronic Inflammation

Salas-Salvado ], Granada M, Bullo M, Corominas A, Casas P, Foz M: Plasma adiponectin distribution in a Medi-
terranean population and its association with cardiovascular risk factors and metabolic syndrome. Metab-
olism 2007;56:1486-1492.

Saijo Y, Kiyota N, Kawasaki Y, et al: Relationship between C-reactive protein and visceral adipose tissue in
healthy Japanese subjects. Diabetes Obes Metab 2004;6:249-258.

PouKM, Massaro JM, Hoffmann U, etal: Visceral and subcutaneous adipose tissue volumes are cross-sectionally
related to markers of inflammation and oxidative stress: the Framingham Heart Study. Circulation 2007;116:
1234-1241.

Piche ME, Lemieux S, Weisnagel S], Corneau L, Nadeau A, Bergeron J: Relation of high-sensitivity C-reactive
protein, interleukin-6, tumor necrosis factor-alpha, and fibrinogen to abdominal adipose tissue, blood
pressure, and cholesterol and triglyceride levels in healthy postmenopausal women. Am ] Cardiol 2005;96:
92-97.

Saito T, Murata M, Otani T, Tamemoto H, Kawakami M, Ishikawa SE: Association of subcutaneous and visceral
fat mass with serum concentrations of adipokines in subjects with type 2 diabetes mellitus. Endocr ] 2012;59:
39-45.

Taksali SE, Caprio S, Dziura ], et al: High visceral and low abdominal subcutaneous fat stores in the obese
adolescent: a determinant of an adverse metabolic phenotype. Diabetes 2008;57:367-371.

Park HS, Park]Y, Yu R: Relationship of obesity and visceral adiposity with serum concentrations of CRP, TNF-
alpha and IL-6. Diabetes Res Clin Pract 2005;69:29-35.

Beasley LE, Koster A, Newman AB, et al: Inflammation and race and gender differences in computerized
tomography-measured adipose depots. Obesity (Silver Spring) 2009;17:1062-1069.

Lemieux I, Pascot A, Prud’homme D, et al: Contribution of interleukin-6 and tumor necrosis factor-alpha to the
elevated C-reactive protein levels found in abdominally obese men. Obes Res 2001;9(suppl 4):66S.

Lira FS, Rosa JC, Dos Santos RV, et al: Visceral fat decreased by long-term interdisciplinary lifestyle therapy
correlated positively with interleukin-6 and tumor necrosis factor-alpha and negatively with adiponectin
levels in obese adolescents. Metabolism 2011;60:359-365.

Azuma K, Katsukawa F, Oguchi S, et al: Correlation between serum resistin level and adiposity in obese indi-
viduals. Obes Res 2003;11:997-1001.

Jain SH, Massaro JM, Hoffmann U, et al: Cross-sectional associations between abdominal and thoracic adipose
tissue compartments and adiponectin and resistin in the Framingham Heart Study. Diabetes Care 2009;32:
903-908.

Cnop M, Havel PJ, Utzschneider KM, et al: Relationship of adiponectin to body fat distribution, insulin sensi-
tivity and plasma lipoproteins: evidence for independent roles of age and sex. Diabetologia 2003;46:459-469.
Guenther M, James R, Marks ], Zhao S, Szabo A, Kidambi S: Adiposity distribution influences circulating adipo-
nectin levels. Transl Res 2014;164:270-277.

Schlecht I, Wiggermann P, Behrens G, et al: Reproducibility and validity of ultrasound for the measurement of
visceral and subcutaneous adipose tissues. Metabolism 2014;63:1512-1519.

Lemieux I, Pascot A, Prud’homme D, et al: Elevated C-reactive protein - Another component of the athero-
thrombotic profile of abdominal obesity. Arterioscler Thromb Vasc Biol 2001;21:961-967.

Spoto B, Di Betta E, Mattace-Raso F, et al: Pro- and anti-inflammatory cytokine gene expression in subcuta-
neous and visceral fat in severe obesity. Nutr Metab Cardiovasc Dis 2014;24:1137-1143.

Bloor ID, Symonds ME: Sexual dimorphism in white and brown adipose tissue with obesity and inflammation.
Horm Behav 2014;66:95-103.

Kovats S: Estrogen receptors regulate an inflammatory pathway of dendritic cell differentiation: mechanisms
and implications for immunity. Horm Behav 2012;62:254-262.

Tripathy D, Mohanty P, Dhindsa S, et al: Elevation of free fatty acids induces inflammation and impairs vascular
reactivity in healthy subjects. Diabetes 2003;52:2882-2887.

Shiels MS, Katki HA, Freedman ND, et al: Cigarette smoking and variations in systemic immune and inflam-
mation markers. ] Natl Cancer Inst 2014;106.

Arnson Y, Shoenfeld Y, Amital H: Effects of tobacco smoke on immunity, inflammation and autoimmunity. J
Autoimmun 2010;34:]258-265.

Day RO, Graham GG: Non-steroidal anti-inflammatory drugs (NSAIDs). BM] 2013;346:f3195.

Cui Y, Deming-Halverson SL, Shrubsole M], et al: Use of nonsteroidal anti-inflammatory drugs and reduced
breast cancer risk among overweight women. Breast Cancer Res Treat 2014;146:439-446.

Seidell JC, Oosterlee A, Thijssen MA, et al: Assessment of intra-abdominal and subcutaneous abdominal fat:
relation between anthropometry and computed tomography. Am J Clin Nutr 1987;45:7-13.

Schreiner PJ, Terry JG, Evans GW, Hinson WH, Crouse JR 3rd, Heiss G: Sex-specific associations of magnetic
resonance imaging-derived intra-abdominal and subcutaneous fat areas with conventional anthropometric
indices. The Atherosclerosis Risk in Communities Study. Am ] Epidemiol 1996;144:335-345.

Kershaw EE, Flier ]S: Adipose tissue as an endocrine organ. ] Clin Endocrinol Metab 2004;89:2548-2556.
Chen CC, Li TC, Li CI, Liu CS, Wang H]J, Lin CC: Serum resistin level among healthy subjects: relationship to
anthropometric and metabolic parameters. Metabolism 2005;54:471-475.

Seow KM, Juan CC, Wu LY, et al: Serum and adipocyte resistin in polycystic ovary syndrome with insulin resis-
tance. Hum Reprod 2004;19:48-53.

KARGER

156

Downloaded by:

Universitatsbibliothek, Regensburg

132.199.144.70 - 6/24/2016 4:13:22 PM


http://dx.doi.org/10.1159%2F000443691

»60

»61
»62
»63
»64
»65
»66
»67
»68

69
70

/ECZCZLS Obes Facts 2016;9:144-157

The European Journal of Obesity DOL 10.11594000443691 © 2016 The Author(s). Published by S. Karger GmbH, Freiburg
www.karger.com/ofa

Schlecht et al.: Relations of Visceral and Abdominal Subcutaneous Adipose Tissue,
Body Mass Index, and Waist Circumference to Serum Concentrations of Parameters of
Chronic Inflammation

McTernan PG, Fisher FM, Valsamakis G, et al: Resistin and type 2 diabetes: regulation of resistin expression by
insulin and rosiglitazone and the effects of recombinant resistin on lipid and glucose metabolism in human
differentiated adipocytes. ] Clin Endocrinol Metab 2003;88:6098-6106.

Fehmann HC, Heyn J: Plasma resistin levels in patients with type 1 and type 2 diabetes mellitus and in healthy
controls. Horm Metab Res 2002;34:671-673.

Pfutzner A, Langenfeld M, Kunt T, Lobig M, Forst T: Evaluation of human resistin assays with serum from
patients with type 2 diabetes and different degrees of insulin resistance. Clin Lab 2003;49:571-576.

Yang ], Li M, Wu CY, Wang H, Xu QS, Deng JY: Reduced resistin levels in patients with type 2 diabetes mellitus
(in Chinese). Zhonghua Yi Xue Za Zhi 2003;83:1471-1474.

Zhang ], Qin Y, Zheng X, et al: The relationship between human serum resistin level and body fat content,
plasma glucose as well as blood pressure (in Chinese). Zhonghua Yi Xue Za Zhi 2002;82:1609-1612.
Degawa-Yamauchi M, Bovenkerk JE, Juliar BE, et al: Serum resistin (FIZZ3) protein is increased in obese
humans. ] Clin Endocrinol Metab 2003;88:5452-5455.

Fujinami A, Obayashi H, Ohta K, et al: Enzyme-linked immunosorbent assay for circulating human resistin:
resistin concentrations in normal subjects and patients with type 2 diabetes. Clin Chim Acta 2004;339:57-63.
Patel L, Buckels AC, Kinghorn IJ, et al: Resistin is expressed in human macrophages and directly regulated by
PPAR gamma activators. Biochem Biophys Res Commun 2003;300:472-476.

Mazzali G, Di Francesco V, Zoico E, et al: Interrelations between fat distribution, muscle lipid content, adipo-
cytokines, and insulin resistance: effect of moderate weight loss in older women. Am ] Clin Nutr 2006;84:
1193-1199.

Thomas L: Labor und Diagnose, Band 2. Frankfurt/M., TH-Books, 2012.

Thomas L: Labor und Diagnose, Band 1. Frankfurt/M:, TH-Books, 2012.

KARGER

157

Downloaded by

Universitatsbibliothek, Regensburg

132.199.144.70 - 6/24/2016 4:13:22 PM


http://dx.doi.org/10.1159%2F000443691

	Untitled

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_25: 
	CitRef_26: 
	CitRef_27: 
	CitRef_28: 
	CitRef_29: 
	CitRef_30: 
	CitRef_31: 
	CitRef_32: 
	CitRef_33: 
	CitRef_34: 
	CitRef_35: 
	CitRef_36: 
	CitRef_37: 
	CitRef_38: 
	CitRef_40: 
	CitRef_41: 
	CitRef_42: 
	CitRef_43: 
	CitRef_44: 
	CitRef_45: 
	CitRef_46: 
	CitRef_47: 
	CitRef_48: 
	CitRef_49: 
	CitRef_50: 
	CitRef_51: 
	CitRef_52: 
	CitRef_53: 
	CitRef_54: 
	CitRef_55: 
	CitRef_56: 
	CitRef_57: 
	CitRef_58: 
	CitRef_59: 
	CitRef_60: 
	CitRef_61: 
	CitRef_62: 
	CitRef_63: 
	CitRef_64: 
	CitRef_65: 
	CitRef_66: 
	CitRef_67: 
	CitRef_68: 


