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Brief Genetic Analysis

Association of Cholecystokinin 1 Receptor and
Bs;-Adrenergic Receptor Poelymorphisms with

Midlife Weight Gain

Michiko Koda, *1 Fujiko Ando,t Naoakiva Niino, T Hiroshi Shimokata, } Kyeko Mivasaka,} and

Aldhiro Funakoshi§

Abstract

KODA, MICHIKO. FUNKO ANDO, NAOKIRA NIINO,
HIROSHI SHIMOKATA, KYOKO MIYASAKA, AND
AKIHIRO FUNAKOSHI. Association of cholecystokinin |
receptor and Bi-adrenergic receptor polymorphisms with
midlife weight gain, Obes Res. 2004,8:1212-1216.

We investigated the refationship of polymorphisms in the
cholecystokinin 1 receptor [CCKIR, Gio T (n-128), 40 G
(0-81)] and the B;-adrenergic recepror (B4R; TrpédArg)
with midlife weight gain. The participants were 1012 Jap-
anese men and women (4G to 59 years of age). Their weight
at 18 vears old was obtained from a questionnaire. Weight
change was defined as the current weight minus the weight
at 18 years old. Subjects were grouped into four categories
by these genotypes: W/W = uoncarriers, W/H = Arg®™
carriers of the §;-AR. H/W = T (n-128) or G (n-81} carriers
of the CCKIR, H/H = T (n-128) or G (n-81) and Arg™
carders. In men, the interaction between the CCKIR and
B5AR polymorphisms was significant {two-way ANOVA,
p < 0.05), but neither the CCKIR nor the £;-4R was
individually nssociated with weight gain. The H/H group
showed a higher possibility of weight gain of 10 kg or more
compared with the W/W group in men. The odds ratio for
weight gain (=10 kg) of H/H was 2.54 (95% confidence
interval: 1.50 to 4.30) compared with W/W, In women,
neither main effect nor interaction was significant. These
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results suggest that the combination of CCKIR and the
B4R polymorphisms is a contributing factor for midlife
weight gain in men.

Key words: combination of polymorphism, body weight
gain, middle-aged men

Age-related increases in body weight in young adult men
and postmenopausal women have been reported. Weight
gain is as harmful to the health as being overweight. In a
previous study, weight gain from 20 years of age was
closely associated with cardiovascular risk factors in mid-
dle-aged men (1), and weight gain from 18 years of age was
associated with coronary heart disease risk in women (2),
According to a Japanese national cross-sectional survey in
1999 {3), although the rate of excess weight (BMI = 25
kg/m?) was 19.2% in those 20 to 29 years old, it increased
10 29.6% in those 50 to 59 years old for men. In women, it
was 7.3% in those 20 to 29 years old and 27.5% in those 50
to 59 years old.

There are seversl causes associated with weight gain,
such as smoking, physical activity during leisure, alcohol
consumption, and genetic factors (4--6). Regarding obesity,
we reported the possibility that the polymorphism of the
cholecystokinin 1 receptor (CCKIR)' gene may be related
to an increase in body fat content in middle-aged and elderly
people (7). Cholecystokinin (CCK) is a peptide hormone
found in the central nervous system and gastroiptestinal
tract. CCKIR has been shown to mediate the CCK-induced
suppression of food mtake (8), and the peripheral adminis-
tration of CCKIR antagonists increased food intake (9).
However, Hamann et al. (10) found no evidence for its
association with early-onset obesity in children and adoles-
cents.

! Nopstandard abbreviations: CCKIR, chedecystokinin | receptor; CUKL cholseystokmin:
Ba-AR, Hy-udrenergic receptor: NILS-LSA, National lnzlitute tfur Longeviny Stiences—
Longitudindl Stady of Aging.



Genotypes and Weight Gain, Keda et al.

The P-acrencrgic receptor (-AR) genotype has also
been cited as a gene candidate related to obesity (6,11,12),
and it is involved in the regolation of lipolysis and thermo-
genesis. Japanese (12), Pima Indians {6), and Alaskan Es-
Limos (13) have higher fequencies of the B;-4R gene
polymorphism than whites. However, some studies have
suggested that the B;-4R gene is not associated with obesity
(13.14}. Therefore, we investigated the relationship between
CCKIR and B;-4R gene polymorphisims and weight gain
from 18 years of age to middic age.

Thbe means and SD of current weight, weight at 18 years,
and weight change from 18 years by genotype are shown in
Table 1. The means of weight change were 8.2 kg in men
and 5.1 kg in women.

Genotype and polymorphism allele frequency distribu-
tions for CCKJIR and ;AR are shown by gender in Table
2. These genotype frequeacies were found to be in Hardy-
Weinberg equilibrium in men and women. Gender differ-
ences in those frequency distributions were pot significant.
The frequency of the T (n-128) allele in CCKIR was 26%
and that of the G {n-81) allele was ~40%. Funakoshi et al.
(7) bas found that there are two sequence changes in human
CCKIR. a3 G to T change in n-128 and an 4 to G change i
n-8l. Six genotypes were identified as wild-type (G/G,
ASA), heterozygote type {(G/T. A/G), (G/G, A/, (G/T,
G/G). (G/G, G/GL. and homozygote type (T/T, G/G). The
genotype combinations G/T, A/A; T/T, A/G; and T/T, A/A
were not found. On the other hand, the genotype frequency
of the f-4R gene polymorphism is ~33%. similar to pre-
vious studies in other Japanese (12).

Two-way ANOVA was carried out in which weight gain

was taken as the dependent variable and the CCKIR and

B:-AR polymorphisms were independent variables, Neijther
CCKIR nor 4R was individually associated with weight
gain in men, However, the iuteraction between CCKIR and
Ba-AR polymorphisms was significant (p < 0.05: Table 3).
The main effects and the interaction were not significant in
women,

Comparisons of the dishibutions of weight change from
18 years by genotype are shown in Table 4, Of the 564 men,
227 (40%) were noncarriers (W/W), 110 (20%) were drg®
carriers of the B,-4R (W/H), 149 (26%) were T (n-128) or
G (n-81) carriers of the CCKIR (H/W), and 78 ( 1494} were
T (n-128) or G (n-81) and Arg®™ carriers (H/H). Of the 548
women, 211 {38%) were W/W, 113 (21%) were W/H, 158
(29%) were H/W, and 66 (12%) were H/H. The frequency
of weight gain (=10 kg) was 40% for men and 24% for
women. The distribution of weight change in men was
different among the genotypes (p < 0.01). The frequency of
a weight pain of 210 kg was higher in the H/H group than
in the other three groups. The distribution in women was not
different.

Finally, the risk of weight gain (=10 kg) was estimated
using multiple logistic regression analysis in men (Table 3).

Table 1. Characteristics of participants by gender

Men Women
(n = 564) (1 = 548)
Height 1641359 154149
Current weight 650+ 8.7 341+ 80
Weight at 18 years 56.8 £ 6.7 4839 =60
Weight change ga+74 5117

Mean * SD.

The odds ratio of the H/H group was significantly higher
[2.54 (95% confidence interval: 1.50 to 4.30)] corupared
with that of the W/W group. However, in men with W/H or
H/W, the odds ratios were not significant.

These results showed that the combination of CCK IR and
B3-AR polymorphisms was associated with a weight gain of
=10 kg from 18 years of age in men. Hamann et al. (10) did
not find that the CCKIR polymorphism was associated with
eatly-onset obesity in children and adolescents, Although
excess energy from increased food intake may be used for
growth in a child, it is not usually used for growth in aduits.
After maturing, the polymorphism of the CCK/R gene may
have an important role as a regulator of food intake. B;-AR
is involved in the regulation of lipolysis and thermogenesis.
The resting metabolic rate in Arg64 hornozygotes is signif-
icantly lower than in Trp64 homozyeotes (15). Moreover,
ByrAR is expressed in visceral fat in humans (16), and
visceral fat increases with advancing age (17). Therefore, in
men carrying the T or G allele of the CCKIR and Arg®
allele in B;-AR, food intake may increase, but extra energy
may not burn, leading to weight gain.

However, neither CCKIR nor Bz-4R was individually
associated with weight gain. CCK/R or 8;-4R alone was
not likely to be a strong independent contributing factor of
weight gain, Therefore, the results of the associalion be-
tween a single gene and weight gain in many previous
studies have been contradictory. A combination of polymor-
phisms in two or more candidate genes may contribute to
weight gain (e.g., the ;4R and uncoupling protein gene)
(18,19). The simultaneous existence of two polymorphisims
was associated with weight gain.

Ht remains unclear why these results were revealed only in
men. For women, the physiological and environmental fac-
tors are relatively strong (¢.g.. pregnancy, parity, and meno-
pause involve hormonal changes} (20). Furthermore,
women may fry more frequently to lose weight, and these
factors may be stronger than genetic factors,

There are some limitations in this study. First. there may
be other factors related to body weight. Smoking influences
weight and weight change (4). and we, therefore. performed
an analysis excluding smokers. The results were similar to

OBESITY RESEARCH Vol. 8 No. 12 August 2004 1213
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Table 2. Genotype and allele frequencies for CCKIR and B;-4R polymorphisims by gender

Men (n = 564)

Wormen {n = 548)

Count Percentage Count Percentage
CCKIR (n-128) Genotype
GiG 415 736 403 73.5
GIT 134 23.8 133 24.3
T L5 27 12 22
Allele
G 964 85.5 939 85.7
T 164 14.5 157 143
CCKIR (n-81} Genotype
ATA 337 59.8 324 59.1
AIG 190 337 &s 33.8
G/G 37 6.6 39 7.1
Allele
A 864 76.6 833 76.0
G 264 234 263 24.0
By-AR Genotype
Trp/Trp 376 66.7 369 67.3
Tip/Arg 161 28.5 158 28.8
Arg/Arg 27 4.8 21 3.8
Allele
Trp 913 80.9 896 81.8
Arg 215 19.1 200 18.2

the original results. Second, the weight estimate at 18 years
of age might not be accurate. becanse this was assessed only
by a questionnaire. Third, weight changes, either up or
down, were not ascertained for the period between 18 years
of age and the time of this study. We veed to research this

in the furure.

Research Methods and Procedures

Subjects

The subjects were 564 Japanese men and 548 women, 40
to 59 years of age, who participated in the National Institute
for Longevity Sciences—Longitudinal Study of Aging

Table 3. Relationship between weight gain and the polymorphisms in CCK/R and 83-AR (two-way ANOVA)

Covariable

Sum of squares ar F D

Men Maip effects CCKIR 173.73 1 3118 0.075
B3-4R 70.45 1 1.29 0.257

Interactions CCKIR %X B3-4R 228.40 1 4.18 0.042

Model 476.62 3 2.90 0.034

Women Main effects CCKIR 62.09 1 1.06 0.304
B3-AR 208 1 0.04 0.831

Interactions CCKIR X B3-AR 78.5 1 1.34 1.248

Model 141.58 3 0.80 0.492

1214 OQBESITY RESEARCH Vol. 8 No. 12 August 2004
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Table 4. Comparison of the distributions of body weight change from I8 years by genotype

<0 kg =0 to <10 kg =10 kg p for
genotype
Total Number Percentage Number FPercentage Number Perventage frequenciest

Men W/w* 227 29 12.8 116 511 82 36.1
W/H* 110 20 182 51 46.4 39 54
H/W* 149 19 128 73 48.9 57 383

H/H* 78 6 7.7 26 333 46 59.0 0.005
Total 564 74 13.1 266 47.2 224 39.7
Women  W/W*® 211 50 237 112 53.1 49 232
W/H* 113 28 24.8 58 51.3 27 239
Hiw* 158 40 253 78 494 40 253

H/H* 66 14 212 36 54.6 16 242 0.985
Total 548 132 241 284 51.8 132 24

* WIW, (CCKIR!BAR) = (GIG, AAY(Trp/Trp); WA, (G/G, AJAV(TrpiArg) or (Arg/Arg); HW, (GIT, A/G), (GIG, A/G), (G/T, G/G)
or (G/G, G/GY(Trp/Trp); H/H, (G/T, A/G), (G/G, A/G). ((/T, G/G} or ((VG, G/GH{Tip/Arg) or (Arg/Arg).

1 Cochran-Maniel-Haenszel statistics,

(NILS-LSA) from November 1997 to April 2000, The
NILS-LSA is a comprehensive longitudinal study on aging,
which started in November 1997, The design of the NILS-
LSA has been described elsewhers {21). lnformed consent
was obtained from all subjects. The study protocol was
approved by the Ethical Committee of Chubu National
Hospital,

Measurements
Body weight of subjects dressed in underwear only was
measured with a digital scale. Weight at 18 years of age was

Table 5. Odds ratios (ORs) and 95% confidence in-
tervals (95% Cls) for body weight gain (2210 kg) in
men

Case Referents
number number OR. 95% CI
WIW* %2 145 1.00
WiH* 39 71 0.97 0.60-1.56
H/w* 57 92 L1¢ 0.72-1.68
H/H* 46 32 2.54 1.50-4.30

* WA, (CCKIR'BAR) = (GIG, A/AY(Tip/Trp); WiH, (G/G.
AFAN(Trp/Arg) or (ArgiArg): HAW, (GT, A/G), (GAG. A/G),
(6T, G/G) or (G/G, G/GW(TpdTpy, W/H, (G/T, A/GY, (GG,
AGY (G/T. GGy or (G/G. GIGK{Trp/Arg) or {Arg/Arg).

1 Coehiran-Mantel-Haenszel statistics.

collected by questionnaire. Weight change was defined as
the current weight minus the weight af 18 years of age.

Venous blood was collected into tubes contaiming EDTA
(disodinm salt; 50 mM), and genomic DNA was Isolated
with an automated genomic DNA isolation systemn
(NALODO: Kurabo, Osaka, Japan).

The polymorphism of the upstream region of the CCKIR
gene was determined with a mismateh polymerase chain
reactiop-restriction fragment length polymorphism method
(7). Genotyping of the 8;-4R Trp64Arg polymorphism was
determined using polymerase chain reaction-resttiction
fragment length polymorphism. analysis (11). These meth-
ods have already been described in detail elsewhere (22).

Data Analysis

There were two sequence chauges in the CCKIR. a G to
T transversion at nucleotide ~128 (1-128) and an A to &
change in nucleotide —81 (n-81) (GenBank accession no.
DR5606) (7). The B;-AR genotype leads to the replacement
of tryptophan by arginine at position 64 (Trp®*Arg). The
genotype distributions were tested for Hardy-Weinberg
equilibrium with ¥ statistics. Gender differences in the
genotypic distribution were analyzed using ¥~ statistics.
Two-way ANOVA was used to evaluate the effect of the
genotype and the interaction between that independent vari-
able and weight gain.

Subjects were grouped into four categories by genotype:
W/W. W/H, H/W, aund H/H. Values for weight change were
also grouped into three categories: <<0. 0 to 9.9, and =10
kg. The distribution of weight change was tested by Coch-
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