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Genetic Variation in Uncoupling Protein 3 Is Associated With Dietary Intake
and Body Composition in Females

Coleen M. Damcott, Eleanor Feingold, Susan P. Moffett, M. Michael Barmada, Julie A. Marshall,
Richard F. Hamman, and Robert E. Ferrell

he uncoupling proteins (UCPs) are a family of mitochondrial transport proteins that promote proton leakage across the inner

itochondrial membrane, uncoupling oxidative phosphorylation from adenosine triphosphate (ATP) production and releas-

ng energy as heat. Variation in these genes may disrupt biochemical pathways influencing thermogenesis, energy metab-

lism, and fuel substrate partitioning and oxidation, which may in turn predispose to obesity. We genotyped polymorphisms

n UCP2 and UCP3 in a sample of nondiabetic participants (n � 722) of the San Luis Valley Diabetes Study (SLVDS) and found

emale-specific associations between UCP3 polymorphisms and measures of dietary intake and body composition. The

CP3-5 variant was statistically significantly associated with total caloric intake (P � .012), fat intake (P � .011), fat mass (P �
004), and lean mass (P � .013), with the C allele corresponding to higher dietary intake and lower fat mass and lean mass.

he UCP3p-55 and the UCP3-3 polymorphisms, which were in high linkage disequilibrium (D� � 0.9776), showed similar

atterns of association with total caloric intake (P � .031 and P � .042, respectively) and lean mass (P � .035 and P � .059,

espectively), with the rare alleles corresponding to higher total intake and lean mass. No statistically significant associations

ere detected between the outcome variables and polymorphisms in UCP2. Two-way analysis of covariance (ANCOVA), used

o evaluate the multi-locus effects and interactions between UCP3-5 and UCP3p-55, showed association with the main effect

erms, but no evidence for statistically significant interaction between UCP3-5 and UCP3p-55 in regard to dietary intake. The

CP3-5 polymorphism was the only statistically significant genetic predictor of fat mass. The lean mass model showed no

tatistically significant association with either UCP3 variant. These results support a role for UCP3 in fuel substrate

anagement and energy metabolism, which may influence body weight regulation.
2004 Elsevier Inc. All rights reserved.
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BESITY IS A COMMON condition most prevalent in
Westernized societies, with approximately 20% to 30%

f adults affected in the United States.1,2 Obesity is a major risk
actor for common diseases, including type 2 diabetes, hyper-
ension, atherosclerosis, and various forms of cancer. This
ultifactorial disorder encompasses various genetic and envi-

onmental components manifesting in imbalances in energy
ntake and expenditure.3 Energy homeostasis is maintained by
ignals from feedback loops that regulate food intake, energy
xpenditure, glucose metabolism, and fat metabolism. Thus,
ariation in the genes controlling these pathways can influence
he development of obesity and its complications.

The uncoupling proteins (UCPs) are a family of mitochon-
rial transport proteins that promote proton leakage across the
nner mitochondrial membrane, thereby uncoupling oxidative
hosphorylation from adenosine triphosphate (ATP) produc-
ion and releasing energy as heat.4 UCP2 and UCP3 are mem-
ers of the UCP gene family located adjacent to one another on
uman chromosome 11q135 and a syntenic region on mouse
hromosome 7.6 Markers in these regions have been linked to
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esting energy expenditure in humans7 and obesity and hyper-
nsulinemia in mice.6 UCP2 is widely expressed in human
issues, while UCP3 expression is exclusive to skeletal muscle,

major site of thermogenesis, energy homeostasis, and sub-
trate oxidation in humans.8-10

Variation in the UCP2 and UCP3 genes has become a focus
or groups interested in genes influencing obesity and diabetes.
wo variants have been identified in UCP2, an Ala55Val

C3T) substitution in exon 4 (UCP2-4)11 and a 45–base pair
nsertion/deletion polymorphism in the 3� untranslated region
f exon 8 (UCP2-8).12 Genotype/phenotype studies of both of
hese variants are conflicting. An association was reported
etween both UCP2 polymorphisms and metabolic rate in Pima
ndians.13 The UCP2-4 variant was also associated with en-
anced metabolic efficiency and fat oxidation in Danish sub-
ects,14 while the UCP2-8 polymorphism showed association
ith body mass index (BMI).13,15 No association was detected
ith obesity- and diabetes-related phenotypes in several other

tudies.11-12,16 In UCP3, Otabe et al reported a C3T silent
ubstitution in codon 210 in exon 5 of UCP3 (UCP3-5). The
/T genotype was weakly associated with diabetic status, but
ot morbid obesity in obese French subjects.17 Lanouette et al
ecently reported suggestive linkage between the UCP3-5 vari-
nt and BMI, fat mass, or leptin levels in black and white
ndividuals.18 A T3C silent substitution identified in codon 99
n exon 3 of UCP3 (UCP3-3) was found to be associated with
MI in morbidly obese diabetics.17,19 A third UCP3 variant, a
3T substitution at �55bp (UCP3p-55) was identified by
chrauwen et al. The T allele was associated with a 58%

ncrease in UCP3 mRNA expression in skeletal muscle in male
ima Indians.20 In the obese French cohort described above, T
omozygosity for this variant was associated with higher BMI
nd resistance to beneficial effects of physical activity.21 A
ontrasting study found no association between the UCP3p-55

olymorphism and BMI or percent body fat in obese and

Metabolism, Vol 53, No 4 (April), 2004: pp 458-464
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459EFFECTS OF UCP3 ON DIET AND BODY COMPOSITION
on-obese Danish subjects.22 However, Schrauwen et al
howed a negative correlation between UCP3 mRNA levels
nd BMI and a positive correlation between UCP3 expression
nd sleeping metabolic rate in Pima Indians.23

Other mRNA expression studies in humans and rodents
uggest roles for UCP2 and UCP3 in the regulation of lipids as
uel substrate in skeletal muscle. Millet et al observed an
ncrease in UCP2 and UCP3 mRNA expression in lean and
bese humans during fasting,24 while Boss et al observed that
CP2 and UCP3 mRNA levels correlate with increased levels
f fat metabolism in humans.25 In experiments involving fast-
ng and refeeding of normal rats, Ucp2 and Ucp3 mRNA in
keletal muscle were upregulated during starvation, a period of
at store mobilization, and downregulated in response to refeed-
ng, a period of fat store replenishment.26,27

The physiological functions of the UCPs remain elusive;
owever, transgenic mouse studies suggest roles for UCP2 and
CP3 in energy metabolism, fuel substrate management, and

nsulin action. Transgenic mice overexpressing human UCP3 in
keletal muscle are hyperphagic, but weigh less than their
ild-type littermates, and exhibit increased metabolic rate.28,29

onversely, there are no phenotypic differences between Ucp3
nockout mice and their wild-type counterparts.30,31 Ucp2-
eficient mice showed normal body weight, but were hyperin-
ulinemic in comparison to wild-type mice.32,33 In addition,
ormal rat islet cells overexpressing Ucp2 showed inhibition of
lucose-stimulated insulin secretion and a 50% reduction in
TP content.34,35

It has been demonstrated that UCP2 and UCP3 are involved
n energy metabolism, fuel substrate management, and insulin
ction; therefore, they are clear candidate genes for suscepti-
ility to obesity and related metabolic disorders. Variation in
CP2 and UCP3 may influence a number of physiological
athways affecting energy homeostasis, including nutrient in-
ake, which may in turn influence body composition. In the
resent study, we tested the hypothesis that genetic variation in
he UCP2 and UCP3 genes is associated with dietary intake and
ody composition in nondiabetic participants in the San Luis
alley Diabetes Study (SLVDS).

MATERIALS AND METHODS

ubjects

The SLVDS is a prospective study of the natural history, incidence,

Table 1. Genotyping Prim

Polymorphism Primers

UCP3p-55 5�-aggactgaaccagatctggaactcactc
5�-tctggcttggcactggtcttatacactc-3

UCP3-3 5�-cttcgcctccatccgcatcggcctcga-3
5�-ctgggacatgctgttctctgcggggctgc

UCP3-5 5�-gacatcctcaaggagaagctgctggag

5�-accacaatgtacctggcactttttactagg
UCP2-4 5�-tcaggggccagtgcgcgctacgg-3�

5�-cagaatcatacaggccgatgcggacag
UCP2-8 5�-ctcaggaatgtacagaacga-3�

5�-gatgtggaagcttaaagttc-3�

NOTE. Bases shown in bold represent the sequence changes nece
nd risk factors of type 2 diabetes and its complications in Hispanic and u
on-Hispanic white individuals living in the geographically isolated
an Luis Valley of Colorado. Participants in the SLVDS were evalu-
ted for glucose tolerance status by a 2-hour oral glucose tolerance test
t baseline (1984 to 1988) and 2 follow-up visits (1988 to 1992, and
997 to 1998).36 Subjects for the current study were nondiabetic at the
aseline visit and were seen at the second follow-up visit. Three
undred forty-five males and 377 females were genotyped for poly-
orphisms in UCP2 and UCP3. Only females are presented in this

eport because there were no statistically significant associations be-
ween the polymorphisms considered and measures of dietary intake
nd body composition in males, suggesting the presence of sex-specific
ffects. Dietary intake was determined from a single 24-hour dietary
ecall administered by bilingual interviewers trained and certified by
he Nutrition Coordinating Center at the University of Minnesota,
here information was coded and nutrient intake was estimated based
n the Nutrition Coordinating Center’s nutrient database (Version 14,
eleased 1987). Total daily caloric intake and daily fat intake were
stimated in calories and grams, respectively.37 Fat mass and lean mass
ere estimated in grams using dual energy x-ray absorptiometry

DEXA).38 Informed consent was obtained from all subjects and the
niversity of Colorado Health Sciences Center Institutional Review
oard approved all of the protocols.

enotyping

Two polymorphic sites in UCP2 were genotyped in the SLVDS: a
5–base pair insertion/deletion polymorphism in the 3� untranslated
egion of exon 8 (UCP2-8)12 and a C3T substitution in exon 4 of
CP2 (UCP2-4).11 Three single-nucleotide polymorphisms (SNPs) in
CP3 were genotyped in the SLVDS: a C3T substitution at codon
10 in exon 5 of UCP3 (UCP3-5),17 a T3C substitution at codon 99
n exon 3 (UCP3-3),19 and a C3T transition at �55 base pairs 5� of the
CP3 initiation codon (UCP3p-55).20 Genomic DNA was amplified by

tandard polymerase chain reaction (PCR) methods using the primers
hown in Table 1 for each variant. UCP2-8 genotypes were assigned
ased on fragment size differences when separated on a 2% agarose
el. Each SNP was genotyped using enzyme digestion of engineered
estriction sites. Restriction enzymes used are shown in Table 1.
igestion products were resolved on 2% agarose gels containing

thidium bromide and visualized under UV illumination. Fragment
izes were assigned by comparison to a known size marker.

tatistical Analyses

Allele frequencies for each polymorphic site were estimated by gene
ounting. Fit to the expectations of Hardy-Weinberg equilibrium was
ested using chi-square tests. Linkage disequilibrium (LD), D�, was
stimated between the loci.39 Analysis of covariance (ANCOVA) was

and Detection Methods

Genotype Detection

AvaI digestion

DrdI digestion

RsaI digestion

EaeI digestion

Fragment size differences on 2% agarose gel

for introduction of restriction sites.
ers

-3�

�

�

-3�

ta-3�

-3�

-3�
sed to test single-locus effects on total caloric intake, fat intake, lean
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460 DAMCOTT ET AL
ass, fat mass, BMI, and percent body fat in females and males
eparately. Ethnicity, age, physical activity, and smoking status were
ncluded as covariates and selected based on statistically significant
orrelation with the outcome variables. Two-way ANCOVA was sub-
equently used to explore multi-locus effects and interactions between
CP3-5 and UCP3p-55 and total caloric intake, fat intake, lean mass,

nd fat mass in the females. The UCP3-3 variant was not considered in
he 2-way analysis because it was in high LD with the UCP3p-55
olymorphism (D� � 0.9776), a potentially functional site. The UCP2
ariants were not pursued further in the analysis because they showed
o statistically significant associations with the outcome variables in
he one-way ANCOVA analyses. All statistical analyses were per-
ormed using the SPSS statistical software package version 10.1 for

indows (SPSS Inc, Chicago, IL).

RESULTS

Table 2 shows the characteristics of the female participants
n the SLVDS. The females were on average 63 years of age
nd moderately overweight (25 � BMI � 30). There were no
vidence of statistically significant differences in characteristic
eans between ethnic groups. Table 3 shows allele frequencies

or each polymorphic site and pairwise LD, measured as D�.
here was no statistically significant deviation from Hardy-
einberg equilibrium for any of the polymorphisms. For the

nalysis, individuals of UCP3p-55 genotypes C/T and T/T were
ooled and individuals of UCP3-3 genotypes T/C and C/C were
ooled due to the low frequency of rare homozygous individ-
als.
Table 4 shows genotype group means and P values for the

NCOVA of the individual polymorphisms versus total caloric
ntake, fat intake, lean mass, fat mass, BMI, and percent body
at in the SLVDS females. The UCP3p-55 polymorphism
howed statistically significant association with total caloric
ntake (P � .031) and lean mass (P � .035), with the T allele
orresponding to higher dietary intake and lean mass. The

Table 2. Characteristics of the

Females

N 395
Age (yr) 62.75 (0.6)
BMI (kg/m2) 27.31 (0.27)
Physical activity (kcal/kg/h) 264.70 (1.9)
Smoking status (ever smoked) 38.7%
Fat mass (kg) 28.9 (0.51)
Lean mass (kg) 36.2 (0.24)
Total calories (calories) 1649 (36)
Fat intake (g) 65 (1.82)

NOTE. Results are presented as mean (SE). P values calculated by

Table 3. Allele Frequencies and Pairwise LD

Polymorphism

Common
Allele

Frequency

Linkage Disequilibrium (D�)

UCP3-3 UCP3-5 UCP2-4 UCP2-8

UCP3p-55 (C/T) 0.782 0.9776 0.8383 0.2457 0.3467
UCP3-3 (T/C) 0.747 — 0.7401 0.2012 0.3962
UCP3-5 (T/C) 0.544 — 0.7828 0.5135
UCP2-4 (C/T) 0.590 — 0.6923
UCP2-8 (D/I) 0.669 —
CP3-3 variant, which was in high LD with the UCP3p-55
olymorphism (D� � 0.9776), showed a similar pattern of
ssociation with the outcome variables (total caloric intake:
� .042; lean mass: P � .059), with the C allele correspond-

ng to higher dietary intake and lean mass. The UCP3-5 variant
as statistically significantly associated with total caloric in-

ake (P � .012), fat intake (P � .011), lean mass (P � .013),
at mass (P � .004), BMI (P � .023), and percent body fat
P � .049), with the C allele corresponding to higher dietary
ntake and lower fat and lean mass, BMI, and percent body fat.
here were no statistically significant associations observed
etween the UCP2 variants and any of the outcome variables.
n males, no statistically significant associations were detected
etween any of the polymorphisms and the outcome variables
data not shown).

Two-way ANCOVA was used to explore multi-locus effects
nd interactions on total caloric intake, fat intake, fat mass, and
ean mass in females. BMI and percent body fat were not
ursued further in the analysis since fat mass is a more biolog-
cally meaningful measure of adiposity. We chose to consider
he UCP3-5 and UCP3p-55 variants in this analysis due to
tatistically significant associations with the outcome variables
n the one-way analyses. Since the UCP3p-55 and UCP3-3
ariants were in high LD (D� � 0.9776), we chose to look only
t the UCP3p-55 polymorphism because it is the potentially
unctional variant. The UCP2 polymorphisms were not pursued
n this analysis due to lack of statistically significant associa-
ions with the outcome variables in the one-way analyses. The
esults of the 2-way analyses are shown in Tables 5 through 8.

The 2-way ANCOVA model for total caloric intake (Table
) included both UCP3-5 (P � .001) and UCP3p-55 (P � .011)
s statistically significant predictors; however, the interaction
etween those sites was not statistically significant (P � .575).
his model explains approximately 12% of the variation in

otal caloric intake. Figure 1 shows the actual adjusted means
or total caloric intake for SLVDS females in each UCP3-5/
CP3p-55 multi-locus genotype group. Homozygotes for ei-

her the C allele of UCP3p-55 or the T allele of UCP3-5 show
n approximately 225-calorie reduction in total caloric intake
hen compared to carriers of the less common allele at both

ites, while homozygotes for the common allele at both sites
how a reduction in total caloric intake of �561 calories when
ompared to carriers of the less common allele at both sites.

ale Participants in the SLVDS

n-Hispanic Females Hispanic Females P Value

223 172
63.97 (0.77) 61.17 (0.93) .506
26.73 (0.37) 28.07 (0.4) .491

265.72 (2.35) 263.34 (3.16) .413
35.6% 42.8% .937

28.6 (0.69) 29.2 (0.77) .475
37.1 (0.33) 35.0 (0.35) .475
1730 (44) 1538 (58) .476

68 (2.27) 60 (3.0) .539

ts or ANOVA.
Fem

No

2

Table 6 shows the 2-way ANCOVA model for fat intake.
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461EFFECTS OF UCP3 ON DIET AND BODY COMPOSITION
his model also includes UCP3-5 (P � .001) and UCP3p-55
P � .019) as statistically significant predictors of fat intake.
gain, the interaction between UCP3-5 and UCP3p-55 was not

tatistically significantly associated with fat intake (P � .727).
oughly 10.7% of the variation in ingested fat is explained by

his model. Figure 2 shows the actual adjusted means for fat
ntake in each UCP3-5/UCP3p-55 multi-locus genotype group
n the SLVDS females. Homozygosity for either the C allele of
CP3p-55 or the T allele of UCP3-5 results in an approxi-
ately 11-g lower fat intake when compared to carriers of the

ess common allele at both sites, while homozygosity for the
ommon allele at both sites results in an approximately 26-g
ower fat intake when compared to carriers of the less common
llele at both sites.

The 2-way ANCOVA model for fat mass is shown in Table
. The UCP3-5 variant appears as the only statistically signif-
cant predictor of fat mass (P � .003), while the UCP3p-55
olymorphism and the interaction between the 2 UCP3 variants
ere not statistically significant. The model coefficients, how-

ver, suggest that both the UCP3p-55 and the interaction term
ould be important. The model predicts average fat mass in this
ohort to be approximately 29 kg. In the presence of either or
oth variants, fat mass is predicted to be 10 to 15 kg higher.
Note that statistically this is an interaction model, since the
ffects of the 2 variants are not additive.)

Table 4. ANCOVA of Single Locus Effects

Predicted
Total

Calories
P Value

(R2)

Predicted
Fat Intake

(g)
P Value

(R2)

Predicted
Lean Mass

(kg)

UCP3p-55
CC 1600 (46) .031 (0.08) 63.0 (2.4) .071 (0.07) 35.9 (0.3) .

CT � TT 1758 (57) 69.9 (2.9) 36.9 (0.4)
UCP3-3

TT 1579 (48) .042 (0.07) 61.6 (2.5) .075 (0.06) 35.9 (0.3) .
TC � CC 1722 (51) 68.0 (2.6) 36.8 (0.4)

UCP3-5
TT 1500 (62) .012 (0.08) 56.9 (3.2) .011 (0.07) 37.4 (0.4) .

TC 1739 (52) 68.7 (2.7) 35.8 (0.3)
CC 1688 (80) 68.7 (4.1) 36.0 (0.5)

UCP2-4
CC 1640 (65) .200 (0.08) 63.9 (3.4) .107 (0.08) 35.9 (0.4) .
CT 1760 (56) 70.7 (2.9) 37.0 (0.4)
TT 1592 (91) 60.2 (4.7) 36.4 (0.6)

UCP2-8
DD 1698 (53) .280 (0.07) 67.2 (2.7) .215 (0.06) 36.1 (0.4) .
DI 1652 (54) 65.4 (2.8) 36.4 (0.4)
II 1511 (105) 56.5 (5.5) 36.8 (0.7)

NOTE. Results are reported as mean (SE) and adjusted for age, ethnicity, phys

Table 5. Two-Way ANCOVA for Total Caloric Intake (cal)

P Value � R2

Constant �.001 3,602

0.120

UCP3-5 .001 �556 (TT)
�310 (TC)

UCP3p-55 .011 �549 (CC)
UCP3-5 � UCP3p-55 .575 228 (TT*CC)

348 (TC*CC)
Ethnicity .007 �201 (Hispanic)
Age �.001 �13 (per yr)
Physical activity .213 �1.2 (per kcal/kg/h)
Smoking status .235 87 (ever smoked)
r

Table 8 shows the 2-way ANCOVA model for lean mass.
either the main effect terms nor the interaction term were

tatistically significantly associated with lean mass. Overall, the
odel explains approximately 15.8% of the variation in lean
ass, which is largely due to the explanatory power of age and

thnicity. Since the polymorphisms show nonsignificant P val-
es and the estimated coefficients are small, this model shows
ittle evidence for an important genetic effect on lean mass.

DISCUSSION

In this study, we investigated the effects of genetic variation
n UCP2 and UCP3 on measures of dietary intake and body
omposition in a cohort of Hispanic and non-Hispanic partic-
pants in the SLVDS in order to explore how these “metabolic”
enes may be involved in the development of overweight
nd/or obesity. Initially, we looked at the individual effects of
ach locus on total caloric intake, fat intake, lean mass, fat
ass, BMI, and percentage body fat. In the female subgroup,

Fig 1. Bar chart of actual adjusted means for total caloric intake

or SLVDS females in each UCP3-5/UCP3p-55 genotype group. Intake

s measured in calories from 24-hour recall. Means are adjusted for

ge, ethnicity, physical activity, and smoking status. Error bars rep-

utcome With Adjusted Means in Females

e
Predicted
Fat Mass

(kg)
P Value

(R2)

Predicted
BMI

(kg/m2)
P Value

(R2)

Predicted
% Body

Fat
P Value

(R2)

14) 29.0 (0.7) .537 (0.03) 27.2 (0.4) .589 (0.04) 42.4 (0.5) .607 (0.05)
29.6 (0.8) 27.6 (0.4) 42.0 (0.6)

14) 29.1 (0.7) .982 (0.03) 27.2 (0.4) .604 (0.03) 42.4 (0.5) .272 (0.05)
29.0 (0.8) 27.5 (0.4) 41.6 (0.6)

16) 31.5 (0.9) .004 (0.07) 28.4 (0.5) .023 (0.06) 43.3 (0.7) .049 (0.06)
27.6 (0.7) 26.6 (0.4) 41.1 (0.5)
28.6 (1.2) 27.4 (0.6) 42.2 (0.9)

13) 28.6 (0.9) .462 (0.05) 27.0 (0.5) .777 (0.04) 41.9 (0.7) .490 (0.07)
29.8 (0.8) 27.5 (0.4) 42.4 (0.6)
28.2 (1.3) 27.3 (0.7) 41.0 (1.0)

14) 28.8 (0.8) .832 (0.04) 27.1 (0.4) .613 (0.04) 42.0 (0.6) .953 (0.05)
29.4 (0.8) 27.7 (0.4) 42.2 (0.6)
29.4 (1.5) 27.5 (0.8) 41.9 (1.1)

tivity, and smoking status. P values �.05 shown in bold.
on O

P Valu
(R2)

035 (0.

059 (0.

013 (0.

150 (0.

584 (0.
esent the standard error of the mean.
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462 DAMCOTT ET AL
e found that the rare C allele of UCP3-5 was statistically
ignificantly associated with higher total caloric intake and fat
ntake and lower lean mass, fat mass, BMI, and percentage
ody fat. For the UCP3p-55 and the UCP3-3 polymorphisms,
hich were in high LD (D� � 0.9776), the rare alleles were

ssociated with increased total caloric intake and higher lean
ass. The 2 UCP2 variants showed no statistically significant

ssociation with dietary intake in this cohort. In the SLVDS
ales, no statistically significant associations were observed

etween the polymorphisms and the outcome variables, sug-
esting a sex-specific effect. Due to the close proximity of the
CP2 and UCP3 genes and the functional evidence linking
CP2 to obesity and diabetes phenotypes, we cannot rule out

he possibility that UCP3 variants are marking functional
hanges in the UCP2 gene. However, we only performed
urther analysis in UCP3 due to lack of evidence of association
etween the UCP2 variants and measures of dietary intake and
ody composition in this cohort.
Statistically significant association between the individual

CP3 polymorphisms and several of the outcome variables
rompted us to explore the relationships among multiple sites
ithin the UCP3 region to establish whether the variants exert
cumulative effect or mark a single functional change in UCP3
ffecting dietary intake and body composition. We used 2-way
NCOVA to consider the multi-locus effects and interactions

mong the UCP3p-55 and UCP3-5 polymorphisms. We found

Fig 2. Bar chart of actual adjusted means for fat intake for SLVDS

emales in each UCP3-5/UCP3p-55 genotype group. Intake is mea-

ured in grams from 24-hour recall. Means are adjusted for age,

thnicity, physical activity, and smoking status. Error bars represent

Table 6. Two-Way ANCOVA for Fat Intake (g)

P Value � R2

Constant �.001 169

0.107

UCP3-5 .001 �30.9 (TT)
�17.6 (TC)

UCP3p-55 .019 �27.1 (CC)
UCP3-5 � UCP3p-55 .727 13.8 (TT*CC)

16.2 (TC*CC)
Ethnicity .026 �8.6 (Hispanic)
Age �.001 �0.7 (per yr)
Physical activity .089 �0.09 (per kcal/kg/h)
Smoking status .204 4.9 (ever smoked)
he standard error of the mean.
hat homozygosity for either the common C allele of UCP3p-55
r the common T allele of UCP3-5 is associated with reduc-
ions in total daily caloric intake (�225 calories) and daily fat
ntake (�11 g) when compared to carriers of the rarer allele at
oth sites. Homozygosity for the common allele at both sites is
ssociated with more than twice those reductions in intake. This
nalysis showed no evidence for statistically significant inter-
ction between UCP3-5 and UCP3p-55 in regard to dietary
ntake. The UCP3-5 variant was identified as the only statisti-
ally significant predictor of fat mass, suggesting an indepen-
ent effect of this locus on body composition measurements.
lternatively, we may be lacking power to detect the effects of

he UCP3p-55 variant on fat mass due to the small number of
ubjects carrying the rarer allele. In the 2-way ANCOVA
odel for lean mass, no evidence of statistically significant

ssociation was detected for the UCP3 variants. Thus, through
nivariate analysis we detected statistically significant associ-
tions between the UCP3-5 variant and total caloric intake, fat
ntake, fat mass, BMI, percentage body fat, and lean mass such
hat higher dietary intake corresponds with lower body mass.
urthermore, multivariate analysis of total caloric intake and fat

ntake showed statistically significant association with models
ontaining both the UCP3-5 and UCP3p-55 loci; however, each
ocus appears to influence the phenotypes independently (eg, no
vidence for interaction between the loci).

To further investigate the implications of this study, we
onsidered the phenotype displayed by the Ucp3 overexpress-
ng mouse reported by Clapham et al28 in relation to the
CP3-5 variant in the female cohort of the SLVDS. The Ucp3
verexpressing mouse shows a hyperphagic phenotype similar
o the phenotype of increased dietary intake in carriers of the

Table 7. Two-Way ANCOVA for Fat Mass (g)

P Value � R2

Constant �.001 29,499

0.072

UCP3-5 .003 14,137 (TT)
10,115 (TC)

UCP3p-55 .138 11,645 (CC)
UCP3-5 � UCP3p-55 .216 �12,420 (TT*CC)

�11,694 (TC*CC)
Ethnicity .394 951 (Hispanic)
Age .040 �98 (per yr)
Physical activity .113 �23 (per kcal/kg/h)
Smoking status .019 �2,558 (ever smoked)

Table 8. Two-Way ANCOVA for Lean Mass (g)

P Value � R2

Constant �.001 46,838

0.158

UCP3-5 .076 2,381 (TT)
418 (TC)

UCP3p-55 .649 328 (CC)
UCP3-5 � UCP3p-55 .450 �1,943 (TT*CC)

�566 (TC*CC)
Ethnicity �.001 �2,185 (Hispanic)
Age �.001 �123 (per yr)
Physical activity .934 �0.5 (per kcal/kg/h)
Smoking status .077 �888 (ever smoked)
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463EFFECTS OF UCP3 ON DIET AND BODY COMPOSITION
CP3-5 C allele. Despite an increase in appetite in the Ucp3
verexpressing mouse, fat mass is reduced while plasma free
atty acids and triglycerides remain unchanged, theoretically to
uel increased metabolic rates. In the female cohort of the
LVDS, the UCP3-5 polymorphism was statistically signifi-
antly associated with fat mass measured by DEXA (P � .004).
ndividuals carrying the C allele at the UCP3-5 site showed an
pproximately 3.6 kg lower fat mass than T homozygotes,
espite an increase in total caloric and fat intake similar to the
ransgenic mouse. Also, no statistically significant change in
lasma free fatty acids and triglycerides was observed across
enotype groups in the SLVDS female cohort, suggesting an
ncrease in lipid metabolism. The transgenic mouse also expe-
iences lower plasma cholesterol levels and increased insulin
ensitivity in comparison to wild-type littermates. In the
LVDS female cohort, plasma cholesterol levels were lower
mean cholesterol in mg/dL: TT � 211, TC � 203, CC � 199;
� .088) and insulin sensitivity was higher (mean homeostasis
odel assessment of insulin resistance [HOMA IR]: TT � 15,
C � 13, CC � 13; P � .195) in carriers of the C allele
ompared to T homozygotes; however, statistical significance
as not reached. In addition, the increase in insulin resistance
bserved in T homozygotes of the SLVDS female cohort
orroborates the finding by Otabe et al of association between
his variant and diabetic status.17 The similarities observed
etween the phenotypes of the overexpressing Ucp3 mouse and
he genotype-phenotype correlations at the UCP3-5 polymor-
hic site in this cohort are consistent with the concept that the
CP3-5 C allele may be a marker for increased UCP3 expres-

ion or a more functionally active form of the UCP3 protein.
The results of this study also show consistencies with UCP3
RNA expression studies in humans that support the hypoth-

sis that the UCP3-5 variant is a marker for differential UCP3
xpression. Schrauwen et al showed that UCP3 mRNA expres-
ion is negatively correlated with BMI and positively correlated
ith sleeping metabolic rate in Pima Indians.23 In our study,

arriers of the UCP3-5 C allele exhibit less fat and lean mass
espite higher caloric intake and fat intake. Assuming that the
CP3-5 C allele is a marker for higher mRNA expression, it is

onsistent that these individuals show lower fat and lean mass.

ince an increase in UCP3 expression is positively associated S
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In this study, we used both univariate and multivariate ap-
roaches to explore the effects of UCP2 and UCP3 on dietary
ntake and body composition in a relatively homogeneous
opulation. The UCP gene family has been highly studied for
ts role in body composition and energy metabolism, whereas
he effects of the UCP genes on dietary intake are unstudied.
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