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Summary

Objective: In previous studies of associations of variants in
the genes UCP2, UCP3, PPARG2, CART, GRL, MC4R, MKKS,
SHP, GHRL, and MCHR1 with obesity, we have used a case-
control approach with cases defined by a threshold for BMI.
In the present study, we assess the association of seven ab-
dominal, peripheral, and overall obesity phenotypes, which
were analyzed quantitatively, and thirteen candidate gene
polymorphisms in these ten genes in the same cohort.
Methods: Obese Caucasian men (n = 234, BMI > 31.0 kg/m?)
and a randomly sampled non-obese group (n = 323), origi-
nally identified at the draft board examinations, were re-ex-
amined at median ages of 47.0 or 49.0 years by anthropom-
etry and DEXA scanning. Obesity phenotypes included BMI,
fat body mass index, waist circumference, waist for given
BMI, intra-abdominal adipose tissue, hip circumference and
lower body fat mass (%). Using logistic regression models,
we estimated the odds for defined genotypes (dominant or
recessive genetic transmission) in relation to z-scores of the
phenotypes. Results: The minor (rare) allele for SHP512G>C
(rs6659176) was associated with increased hip circumfer-
ence. The minor allele for UCP2 Ins45bp was associated
with increased BMI, increased abdominal obesity, and in-
creased hip circumference. The minor allele for UCP2
-866G>A (rs6593669) was associated with borderline in-
creased fat body mass index. The minor allele for
MCHR1100213G>A (rs133072) was associated with reduced
abdominal obesity. None of the other genotype-phenotype
combinations showed appreciable associations. Conclusion:
If replicated in independent studies with focus on the specif-
ic phenotypes, our explorative studies suggest significant
associations between some candidate gene polymorphisms
and distinct obesity phenotypes, predicting beneficial and
detrimental effects, depending on compartments for body
fat accumulation.

Introduction

Genetic susceptibility to common diseases may include com-
mon variants in many genes with relatively small effects [1,2].
Several studies have tried to elucidate the mechanism behind
genetic predisposition to common obesity, which is polygenic
and probably heterogeneous [2, 3]. Although, mutations in
specific genes explain a few rare cases of monogenic forms of
human obesity, no specific gene variants responsible for the
more common forms of obesity have consistently shown asso-
ciation so far, except for the robust association between the
FTO gene and BMI that was recently discovered and replicat-
ed in genome-wide association studies [4, 5]. Previous associa-
tion studies on single nucleotide polymorphisms (SNPs) and
obesity have mainly addressed obesity in case-control settings
with cases defined by a threshold in BMI [3], which is also the
case in our cohort. We have reported on a panel of polymor-
phisms in relation to obesity defined by a BMI threshold
[6-19], and except for one polymorphism in MC4R (Tyr35Ter)
[14], none of the SNPs showed any association with the obesi-
ty phenotype under study.

However, obesity examinations should not be limited to BMI,
and not to a case versus control comparison, neglecting the
quantitative feature of the phenotype. We suggest that the
lack of significant associations between gene variants and
BMI is in part related to the fact that it is a mixed phenotype
and that the quantitative feature is not exploited. It is possible
to identify specific and distinct obesity phenotypes. Thus, sev-
eral proxy markers of abdominal obesity are available such as
waist circumference, waist-to-hip ratio, waist circumference
for given BMI and sagittal abdominal diameter. In previous
studies of obesity, all of these markers have proven to be more
qualified markers for the adverse health effects of obesity
than BMI [20-23]. Moreover, the peripheral obesity has been
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associated with protective effects for several adverse health
outcomes [24-26]. A recent study showed that, when mutually
adjusted, waist and hip circumferences show opposite associa-
tions with all-cause mortality [27]. We hypothesize that the dif-
ferent prognostic effects of body fat accumulation markers
imply differences in etiology, including genetic predisposition.
This is supported by analysis of obesity phenotypes in twin
studies, which show a genetic correlation of less than one that
indicates only partly overlap between the genes determining
these phenotypes [28, 29]. In some of our previous studies, we
did include analyses of waist and/or waist-to-hip ratios in rela-
tion to some gene variants, but the quantitative feature
throughout the population range was not used in the analyses.
A deeper phenotypic exploration of gene polymorphisms is
warranted. Thus, this paper aims to systematically examine
and compare the association between seven specific abdomi-
nal, peripheral and overall obesity phenotypes, analyzed as
quantitative traits throughout a broad range of obesity, with a
panel of putative obesity-related candidate-gene variants that
have been previously analyzed in relation to BMI in a case-
control setting in order to elucidate effects of the gene vari-
ants on different aspects of body fat distribution.

Patients and Methods

Study Population

The study population consisted of Danish men originally identified from
the mandatory draft board examinations of approximately 360,000 men at
a median age of 19 years in the metropolitan area of Copenhagen and
surrounding counties from year 1943-1977. Two groups were selected
from this study population: one group of all obese men with a BMI 231
kg/m? (n = 1,930), corresponding to 35% overweight according to a na-
tional standard scale in use when the obese sample was identified, and a
randomly selected control group (n = 3,601). The non-obese group was se-
lected as 1% random sample of all men at draft board examination in the
same region and time period. The prevalence of obesity was thus as de-
fined 1,930/360,000 = 0.54%, which means that all obese were above the
99th percentile of BMI in this population.

All men in the obese cohort and half of the randomly selected group, who
were alive, under 65 years of age at the initiation of the survey, and still re-
siding within the same region, were invited to participate in a thorough re-
examination in 1998-2000. In total 234 of the obese and 323 of the con-
trols participated and underwent anthropometry and examination of body
composition. The case-cohort study design implies that the cohort of the
randomly selected group of 323 non-obese participants is representative
of approximately 64,600 young Danish men (control group of 323 subjects
times 200, since they were originally a 1% random sample of which half
were invited to the follow-up study). The obese group consisted only of
subjects who at the draft board examination were above the 99th per-
centile in this segment of the study population.

Anthropometric Measurements and Body Composition at the Follow-Up
Examination

Height was measured without shoes, to the nearest 0.5 cm, with the partic-
ipants standing against a wall-mounted stadiometer. Body weight was
measured on an electronic scale (Lindell 8000, Kristianstad, Sweden) to
the nearest 0.05 kg with the subjects standing in their underwear and with-
out shoes. BMI (kg/m?) at re-examination was calculated as weight (kg)
divided by height (m) squared. Waist circumference was measured to the
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nearest 0.5 cm with the subjects standing, using a nonexpendable linen
tape measure, according to WHO recommendations [30]. The measure-
ment of waist was repeated three times, and the mean was calculated. Fat
mass (FM; kg) of the entire skeleton and truncal region was evaluated by
total body scanning employing dual-energy X-ray absorptiometry
(DEXA; Lunar DXA-IQ DEXA, Madison, WI, USA). All scans were
performed in slow mode and analyzed using Lunar smart scan version 4.6¢c
with the slowest scan mode [31].

Definition and Measurement of Obesity Phenotypes

Fat mass in percent of total tissue mass in the particular region was calcu-
lated [32] and converted to a fat body mass index (FBMI; kg/m?), which
was calculated as total body fat mass (kg), derived from the DEXA scan,
divided by height (m) squared.

Waist and BMI measure different aspects of body fatness but it has also
been suggested that BMI and waist independently contribute to the pre-
diction of abdominal fat [33, 34]. As others, we believe that waist condi-
tioned by BMI represent an obesity phenotype separate from waist or
BMI [34, 35]. Calculating the residuals from a linear regression model
with waist as the dependent and BMI as the independent variable as-
sessed the variation in waist for given BMI. Intra-abdominal adipose tis-
sue (IAAT, cm?) was calculated from DEXA scans and anthropometry
using the equation [36]: y = -208.2+ 4.62 (sagittal diameter, cm) + 0.75
(age, years) + 1.73 (waist, cm) + 0.78 (trunk fat, %).

Hip circumference and lower body fat mass (%) (LBFM (%)) were in-
cluded as indicators of peripheral obesity phenotypes. LBFM (%) is de-
rived from DEXA scans and defined as the fat mass (%) distributed at
the gluteofemoral region, including buttocks, thighs and lower legs [32,
37].

Altogether, seven obesity phenotypes were analyzed in the present study:
BMI, FBMI, waist circumference, waist for given BMI, IAAT, LBFM (%),
and hip circumference.

Selection and Genotyping of Variants

The selection of gene variants in our previous publications [6-19] was
based on their putative contribution to obesity phenotypes [2, 3], with
known or assumed association to hypothalamic regulation of appetite, ef-
ficiency of energy expenditure, regulation of adipocyte differentiation and
function, and lipid and glucose metabolism (table 1).

For the present study, we restricted the analyses of the previously pub-
lished gene variants to those where the allele frequency gave us a fair
chance to reveal a statistical association with the various phenotypes de-
pending on the mode of transmission. Thus, when the minor allele is rare,
the distinction between additive and dominant transmission and identifi-
cation of recessive transmission is not possible. Therefore additive, and
dominant effects have only been analyzed if the number of heterozygous
subjects was 20 or above. Likewise, the recessive effects were only ana-
lyzed if 20 or more homozygous subjects were present. In accordance
with these criteria, we did not analyze the POMC, LEPR and ADRB2
gene variants [17-19]. We have also investigated a number of variants in
the MC4R gene [14], including the V1031 polymorphism, but none of
these met the selection criteria. However, in our previous study we dis-
covered a MC4R variant Tyr35ter (rs13447324), which was strongly asso-
ciated with obesity, and the only one we have found to be associated with
obesity in all our studies. Thus, in spite of the very low allele frequency,
according to our inclusion criteria for analysis, we did include it in the
present study. Thus, in total thirteen polymorphisms in ten genes were
analyzed (table 1).

The 3°UTR Ins45bp polymorphism in UCP2 consisted of deletion/ dele-
tion (DD), insertion/deletion (ID), and insertion/insertion (IT) genotypes.
However, all genotypes were categorized and have been presented as
wildtype (Wt), heterozygote (He), and homozygote (Ho). PPARG?2
Prol12Ala (rs1801282) is in strong linkage disequilibrium with our other
published PPARG?2 variants (1431C>T, -792A>G, -882T>C, -2604T>C,
-2953A>G). We therefore have chosen to only include Prol2Ala in our
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Table 1. Genotype distribution and allelic frequency of gene variants in the ADIGEN study

Gene name Gene Rs Variant Genotype
Controls? (n = 323) Obese? (n = 234)
Wt He Ho Wt He Ho
Efficiency of energy expenditure
Uncoupling protein 2 7] UcCP2 None Ins45bp 166 127 21 104 94 24
6593669 -866G>A 114 131 49 88 96 41
Uncoupling protein 3 [8] UCP3 1900849 -55C>T 159 132 19 129 78 13
Regulation of adipocyte differentiation and function
Peroxisome proliferation-activated receptor- PPARG2 1801282 Prol2Ala 224 83 5 158 59 6
gamma 2 [12,15]
Hypothalamic regulation of appetite
Cocaine and amphetamine related transcript [9] CART 586860 +21del 270 36 3 191 33 0
41271753 +39A>G 257 53 4 180 43 1
Ghrelin [13] GHRL 696217 Leu72Met 271 44 1 199 30 0
4684677 GIn90Leu 256 47 3 177 38 5
Melanocortin 4 receptor [14] MC4R 13447324 Tyr35Ter 256 0 0 222 3 0
Melanin-concentrating hormone receptor 1 [16] MCHRI 133072 100213G>A 123 149 46 96 107 28
McKusick-Kaufman syndrome gene [6] MKKS 1547 Arg517Cys 249 59 4 175 42 5
Regulation of lipid and glucose metabolism
Small heterodimer partner [11] SHP 6659176 512G>C 240 44 1 182 40 2
Glucocorticoid receptor gene [10] GRL 6195 Asn363Ser 278 24 2 195 21 0

Wt = wild type, He = heterozygotes, Ho = homozygotes.

2For some variants the number of control and/or obese individuals may be lower than the reported total number for both groups.

study. Table 1 presents all variants analyzed in this study. Genotyping was
done as described previously [6-14, 16].

Statistical Methods

All obesity phenotypes had individual units, e.g. kg/m? and cm, but a direct
comparison of the association between different obesity phenotypes and
the genotype needs similar units. Therefore, the measures of obesity phe-
notypes were converted to z-scores, which indicate the deviations from
the population mean values in SD units. The z-scores were calculated
using the mean and SD values of the control group and applied to the en-
tire study population. This conversion into z-scores enables us to directly
compare the strength of the association between the genotype and the
various obesity phenotypes.

For the present study the two groups of obese and controls have been an-
alyzed together. Owing to the sampling design with massive enrichment of
the right tail of the BMI distribution, the data cannot be analyzed with
BMI or BMI-associated outcomes as response variables in common re-
gression models, which assumes normal distribution of the residual varia-
tion of the response variables. However, to take advantage of the greater
statistical power and much wider coverage of the phenotypes by keeping
the obese and non-obese groups in the same analyses, we reversed the
analyses of the associations in order to examine the probability of finding
particular genotypes for a given level of the phenotypes. Using the logistic
regression modeling, this can be done without distributional assumptions
about the phenotypes. Hence, this model was used to estimate the odds ra-
tios (OR) of the genotype (response variable) in relation to the pheno-
types (covariates) in the combined case and control groups. The OR for
being carrier of a given genotype according to BMI z-score should be in-
terpreted as an increment in odds for being carrier of a given genotype
per unit increase in BMI z-score.
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To determine the transmission mode of the gene, we compared the fit of
three models, assuming an additive, a dominant, or a recessive model. This
was done by likelihood ratio test comparing each model with the multino-
mial logistic model unspecified with regard to genetic transmission. We
used proc logistic in SAS (version 9.1; SAS Institute Inc, Cary, NC, USA),
which can analyze both the multinomial logistic model (the unspecified
model), the ordinal model were the SNP is scored 0, 1, 2 (co-dominant or
additive model) and the binary logistic model (recessive and dominant).
In a dominant model, the genotype is determined when at least one copy
of the minor allele ‘a’ is present (AA versus Aa and aa). In a recessive
model, homozygosity of the minor allele ‘a’ is required for the expression
of the phenotype (AA and Aa versus aa). On basis of the tests, we chose
the simplest transmission mode most compatible with our data. The tests
for the additive and dominant model fitted data equally well. Therefore, a
dominant transmission mode was chosen for all genes except two; for the
UCP2 and MKKS polymorphisms the recessive model fitted data best.
All analyses were adjusted for age as a continuous variable.

The significance level was set to 0.05 (two-sided), and no correction for
multiple testing was applied, but the consequences hereof for the inter-
pretation of the outcome of the analyses have been addressed in the Dis-
cussion (see below).

Ethics

We certify that all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during
this research. The Danish Data Protection Agency and the regional Eth-
ical Committee approved the study to be in accordance with the Helsinki
Declaration II. All participants signed a written consent before partici-
pating.
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Results

Descriptive Analyses

In table 1 the allele distribution of the variants is given as two
wild type alleles (major), one wild type variant allele, and two
variant alleles (minor). No significant departures from Hardy
Weinberg equilibrium were observed for the gene polymor-
phisms. The genotype distribution showed no differences be-
tween obese subjects, defined by the original BMI threshold in
the sampling from the draft board population, and control
subjects for any of the examined polymorphisms. In our previ-
ous publications significant differences were observed be-
tween obese and control subjects for MC4R Tyr35Ter (p =
0.004) and MKKS Arg517Cys (rs1547) (p = 0.048), but these
results however were based on a larger segment of the origi-
nal cohort of obese and controls examined on an earlier occa-
sion with less detailed phenotyping of obesity [6, 14].

Table 2 shows that mean age and the different anthropometric
measurements including body composition, but not height, dif-
fered between the control and obese groups.

Association Analyses

The OR from the logistic regression analyses for MC4R
Tyr35Ter are given in table 3. They showed no significant ten-
dencies to associations with all obesity phenotypes except for
waist for given BMI.

In figure 1 plots for OR (95% confidence intervals ( 95% CI))
of the minor alleles of all variants show that UCP2 Ins45bp
was significantly associated with an increase of BMI (OR =
1.19 (1.02-1.39); p = 0.03) and of FBMI (OR = 1.08
(1.01-1.15); p = 0.04). UCP2 -866G>A was also associated
with a borderline increase of FBMI (OR = 1.05 (1.00-1.11); p
=0.06). As an example, the OR of 1.19 for being homozygous
for the risk allele according to BMI z-score should be inter-
preted as an increment in odds of 19% for being homozygous
for the risk allele per unit increase in BMI z-score.

Figure 2 shows the associations with the various phenotypic
measures of abdominal obesity, and only the following re-
vealed notable associations: UCP2 Ins45bp was associated
with an increase of waist and IAAT (range: OR = 1.28-1.30
(1.05-1.60); p = 0.01-0.02), with an increase of waist for
given BMI (OR = 1.37 (1.02-1.85); p = 0.04). MCHRI
100213G>A was associated with a decreased waist and
TAAT (range OR = 0.89-0.90 (0.80-1.00); p = 0.03-0.05) and
with a decreased waist for given BMI (range: OR = 0.84
(0.71-0.99); p = 0.03).

Figure 2 also showed associations with peripheral obesity as-
sessed by hip circumference and LBFM (%). UCP2 Ins45bp
and SHP 512G>C were associated with an increase of hip
circumference (OR = 1.26 (1.08-1.47); p = 0.003 and OR =
1.15 (1.02-1.30); p = 0.02, respectively), whereas MCHRI
100213G>A was associated with a reduced hip circumference
(OR =0.91 (0.83-1.00); p = 0.05). There were no other notable
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Table 2. Distribution of age, anthropometric measures and body compo-
sition at the follow-up examination. Values are given as median and range.

Anthropometric measure

Controls (95% CT)
(n=323)

Obese (95% CI)
(n =234)

Height, cm*
Weight, kg
Age, years

Overall obesity

178.5 (162.0-197.0)
81.3(55.3-134.3)
49.0 (39.0-65.0)

179.0 (156.0-196.0)
111.8 (66.4-201.5)
47.0 (39.0-64.0)

BMI, kg/m? 25.7 (17.9-42.9) 35.3(23.2-56.4)
FBMI, kg/m? 6.0 (1.1-15.9) 12.0 (3.8-24.8)
Abdominal obesity

Waist circumference, cm 93.0 (69.0-127.0) 117.0 (88.0-164.0)
IAAT, cm? 104.8 (23.0-226.7) 182.8 (89.7-308.7)
Peripheral obesity

Hip circumference, cm 97.0 (74.0-126.0) 112.0 (92.0-155.0)
LBFM (%) 22.0(5.1-41.2) 33.1(15.4-47.8)

FBMI = fat body mass index; IAAT = intra-abdominal adipose tissue;
LBFM (%) = lower body fat mass (%).

*Comparison of the controls and obese by Student t-tests gave p values
<0.0001, except for height (p = 0.6).

Table 3. Odds ratio (OR) including 95% confidence intervals (CI) for
MC4R Tyr35Ter in relation to overall, abdominal and peripheral obesity

Obesity phenotype OR (95% CI) p value
Overall obesity

BMI, kg/m? 1.58 (0.94-2.65) 0.08
FBMI, kg/m? 1.16 (0.93-1.46) 0.19
Abdominal obesity

Waist, cm 1.65 (0.86-3.17) 0.14
Waist for given BMI, cm 0.67 (0.21-2.11) 0.49
IAAT, cm? 1.71 (0.78-3.72) 0.18
Peripheral obesity

Hip circumference, cm 1.53 (0.95-2.47) 0.08
LBFM (%) 1.27 (0.57-2.81) 0.56

FBMI = fat body mass index. IAAT = intraabdominal adipose tissue;
LBFM (%) = Lower body fat mass (%).

associations with hip circumference, and none were observed
for LBFM (%).

Thus, the results suggest that, particularly the minor allele of
UCP2 Ins45bp under a recessive transmission mode is posi-
tively associated with overall, abdominal and peripheral obesi-
ty. Furthermore, the results from the dominant genetic models
suggest that the minor allele of SHP predicts an increase of
hip circumference, and that MCHRI predicts a decrease of
waist for given BMI and of IAAT.
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Discussion

The present study aimed at examining and comparing the as-
sociation between seven specific obesity phenotypes and a
panel of thirteen candidate gene polymorphisms. The results
confirmed our hypothesis that BMI may not always be the ap-
propriate obesity phenotype and that the obesity phenotypes
so far examined in relation to potential obesity candidate
genes have been too unspecific [3]. Only one out of ten signif-
icant associations was seen between BMI and a candidate
gene polymorphism. Various specific obesity phenotypes,
except for LBFM (%), were significantly associated with
UCP2 Ins45bp, UCP2 -866G>A, SHP 512G>C and MCHRI
100213G>A when assuming dominant or recessive genetic
models as appropriate.

Strengths of this study include its epidemiological case-cohort
design and the minimization of confounding due to the ho-
mogenous study population of Danish Caucasians. Further-
more, the availability of several anthropometric measures in
the same individuals have given the unique opportunity of an-
alyzing and comparing inexpensively and easily measurable
obesity phenotypes (BMI, waist and hip circumference) espe-
cially suitable for larger cohort studies and the more precise,
but also more costly and time-consuming measurements of
obesity (FBMI, TAAT and LBFM (%)) in relation to a broad
panel of obesity-related candidate gene variants. However, in
the present study the predictive value of the phenotypes did
not deviate according to whether the phenotypes were inex-
pensive or costly. Hence, the main obesity phenotypes used for
the present study, i.e. BMI, waist and hip circumference, are
applicable with minimum efforts both in clinical and public
health practice and for the health-concerned individual.

The study population consisted of men only, because they
were recruited from the draft board examination, which is a
mandatory for the Danish population of young men only. We
acknowledge that there might be gender-related differences in
the genotype-phenotype associations. Attendance of the fol-
low-up examination may be prone to selection bias, since it is
plausible that the most healthy volunteers participated and
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this may question whether the observed allele distributions
represent the actual allele distributions in the original study
population and hence in the general population of men. An
apparent limitation of the study is its relative small sample size
for a genetic epidemiological examination, but it should be
emphasized that the sampling design implied that the random-
ly selected group is representative of 64,600 men examined at
the draft board examination, and that the obese group there-
fore can be assumed to be among the most obese within this
population as originally screened, except for the non-atten-
dance of such obese. Furthermore, our results in fact show nar-
row confidence intervals, which means that we have a high
power to predict that the true OR of the associations are with-
in the observed 95 CI. We find it unlikely that the attrition of
the samples from the original identification to the follow-up
examination is related to the particular associations between
genotypes and phenotypes.

We acknowledge that this study is not based upon HapMap-
derived tagging SNPs of the selected candidate gene loci
wherefore much stronger associations between gene variants
and the specified estimates of body fat accumulation cannot
be excluded. Moreover, our findings are not corrected for mul-
tiple comparisons and are by nature exploratory. Using the lo-
gistic regression ((2 x 13 (additive and dominant) + 4 reces-
sive) x 7 phenotypes) 210 analyses were conducted. The num-
ber of significant statistical tests was slightly below what
would be expected under repetitive testing of the same null
hypothesis (10 significant tests out of 210 tests = 4.8%) and
hence, implies that the significant genotype-phenotype associ-
ations must be interpreted cautiously and can only be used as
tentative leads for further studies to elucidate the possible role
of the analyzed panel of obesity-related gene variants.

We acknowledge that the accuracy to estimate body fat and
fat distribution may vary between the seven specific obesity
measurements in the present study. For example waist and hip
circumference are useful measures of fat distribution, whereas
their ability to measure total body fat is low. On the other
hand, BMI may be used as a measure of total body fat, but it is
obviously confounded by the variation in the other body com-
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Fig. 2. Plots for odds ratio and 95% confidence intervals of all variants in relation to abdominal and peripheral obesity sorted by recessive (UCP2 and

MKKS variants) and dominant effects.

partments, and by definition it cannot measure fat distribution
[3, 38]. All our anthropometric variables were objectively
measured, and thus the bias related to self-reported measures
is eliminated. The body composition measures were derived
from DEXA scans which have a high capability of measuring
both total body fat and some aspects of fat distribution [38].
Although TAAT may be a better measure of the abdominal
adipose tissue than waist circumference, several validation
studies have demonstrated that waist circumference is the
most accurate proxy marker for the abdominal adipose tissue
[38]. In addition, a recent review concluded that the protocol
for measuring waist circumference has no substantial influ-
ence on the association between waist circumference and car-
diovascular disease, diabetes and all-cause mortality [39]. We
believe that the reliability and validity of the examined obesity
phenotypes is high enough to justify the phenotypic differenti-
ation of approach in genotype-phenotype studies.

By conditioning waist circumference for BMI, we obtained a
measure that is independent of total body fatness. We exam-
ined whether waist circumference for given BMI better ex-
plained the genotypic predisposition, as an alternative pheno-

Genotype-Phenotype Associations in
Obesity Dependent on Definition of the
Obesity Phenotype

type of obesity, compared with waist, but it appeared that the
results overall were not different from those obtained by using
waist circumference alone. Whereas waist circumference re-
flects the abdominal fat, hip circumference reflects the compo-
sition of muscle mass, bone mass, and fat mass in the glute-
ofemoral area [38, 40]. In our study we observed different as-
sociations for waist and hip circumference.

In the present study an increased overall and abdominal obe-
sity was seen for both UCP2 variants. In the previous publica-
tion of these polymorphisms we did not find any association
with BMI [6, 7]. Our results support the studies suggesting an
association between UCP2 and obesity [41, 42]. An increased
hip circumference was associated with UCP2 Ins45bp and the
SHP 512G allele, suggesting a beneficial effect on that aspect
of body fat distribution.

We observed decreased levels of abdominal and peripheral
obesity in the presence of the minor allele for MCHRI
100213G>A. In a previous publication divergent effects of
the polymorphism were shown in a German, in a French, in
an American and in our Danish population. The minor allele
for MCHRI was positively associated with obesity in the Ger-
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man cohort, but this finding was not confirmed in the other
cohorts [16]. However, in the present study analyzing MCHRI
100213G>A with several abdominal obesity phenotypes
shows protective effects of the minor alleles against abdomi-
nal obesity. However, we are unable to say whether this is a
net beneficial effect because this polymorphism is also associ-
ated with reduced peripheral obesity and possibly reduced
lean body mass [43].

We have systematically analyzed each gene variant in our co-
hort to distinct obesity phenotypes that cover the overall, ab-
dominal and peripheral obesity in order to elucidate the po-
tential impact of body fat distribution. These results imply that
specific obesity phenotypes are needed when associations be-
tween gene polymorphisms and the obesity phenotype are ex-
plored. In the present study, we found that i) the minor allele

of SHP 512G>C was associated with increased hip circumfer-
ence, ii) the minor allele for MCHRI was associated with de-
creased abdominal obesity, and iii) the minor alleles for UCP2
ins45bp and UCP2 -866G>A were associated with increased
abdominal, peripheral and overall obesity. These findings will
need to be replicated before they can be interpreted as possi-
bly causal, but we suggest that the same approach should be
applied to the other relevant obesity genes, such as other vari-
ants of the MC4R gene [2, 3] and the INSIG?2 gene [44], and
gene polymorphisms emerging from various genome-wide as-
sociation studies, such as the recently explored FTO gene [4].
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