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Summary
Objective:  Obesity,  a  risk  factor  for  all-cause  and  cardiovascular  mortality,  is  a  major
health  concerns  among  middle-aged  men.  The  aim  of  this  study  was  to  investigate  a
possible  association  of  dietary  habits  and  obesity  related  single  nucleotide  polymor-
phisms  (SNPs)  with  obesity  and  metabolic  abnormalities.
Methods:  We  conducted  a  retrospective  cohort  study  using  annual  health  examina-
tion  data  of  5112  male  workers,  obtained  between  2007  and  2011.  Average  dietary
energy  was  estimated  using  electronically  collected  meal  purchase  data  from  cafete-
ria.  We  examined  8  SNPs  related  to  obesity:  GHRL  rs696217,  PPARG  rs1175544,  ADIPOQ
rs2241766,  ADIPOQ  rs1501299,  PPARD  rs2016520,  APOA5  rs662799,  BRAP  rs3782886,
and  ITGB2  rs235326.  We  also  examined  whether  SNPs  that  were  shown  to  associate
with  obesity  affect  other  metabolic  abnormalities  such  as  blood  pressure  (BP),  glu-
cose,  and  lipid  profile.
Results:  Average  dietary  energy  significantly  associated  with  increased  abdominal  cir-
cumference  (AC)  and  body  mass  index  (BMI).  The  odds  ratios  (ORs)  of  overweight  and
obesity  also  increased.  The  major  allele  of  rs696217  significantly  increased  BMI  and
an  increased  OR  with  obesity,  while  the  minor  allele  of  rs3782886  was  associated  with
significantly  decreased  AC  and  the  decreased  ORs  with  overweight  and  obesity.  The
minor  allele  of  rs3782886  was  also  associated  with  significantly  decreased  systolic  BP
(SBP),  triglyceride  (TG),  high-density  lipoprotein  (HDL),  and  fasting  blood  sugar  (FBS),
while  rs696217  was  not  associated  with  other  metabolic  abnormalities.

tary  energy  in  lunch,  rs3782886,  and  rs696217  were  associ-
3782886  was  associated  with  other  metabolic  abnormalities.

KEYWORDS
Obesity;
Single  nucleotide
polymorphism;
Energy  intake;
BRAP;
GHRL

ociation  for  the  Study  of  Obesity.  Published  by  Elsevier  Ltd.
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among participants,  we  examined  meal  purchase
data that  were  automatically  recorded  when  an
Conclusions:  Average  die
ated  with  obesity,  and  rs
©  2016  Asia  Oceania  Ass
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Introduction

Obesity  is  one  of  the  most  common  nutritional
disorders and  there  is  extensive  evidence  that  mor-
tality is  higher  among  obese  individuals  [1—3],
mostly  due  to  cardiovascular  diseases  and  malig-
nant  diseases.  Lately,  midlife  obesity  has  been
recognised as  a  risk  for  future  disability  and  frailty
[4].  The  prevalence  of  obesity  in  Japan,  defined
as BMI  �25  kg/m2, is  about  30%  in  men  and  20%  in
women [5]. It  is  especially  common  in  middle-aged
men. Obesity  is  also  a  risk  factor  for  hypertension
[6],  type  2  diabetes  [7], and  coronary  heart  disease
[8]  in  the  Japanese  population.

Genetic  factors  contribute  to  the  development
of obesity.  Based  on  genome  wide  association  stud-
ies [9,10]  and  candidate  gene  studies  [11—18],
to date,  a  number  of  single  nucleotide  polymor-
phisms (SNPs)  have  been  associated  with  obesity.
Several  candidate  gene  studies  have  shown  to
associate  with  obesity  among  Japanese  or  Eastern
Asian  population  which  included  SNPs  in  genes  that
encode energy  balance-regulating  peptides  (i.e.,
leptin and  ghrelin)  [11], members  of  the  peroxi-
Please  cite  this  article  in  press  as:  Imaizumi  T,  et  al.  Effect  o
on  obesity  and  metabolic  traits.  Obes  Res  Clin  Pract  (2016),

some proliferator-activated  receptor  (PPAR)  family
of nuclear  receptors  [12,15], adiponectin  [13,14],
adipoproteins  [16], and  breast  cancer  suppressor
protein (BRCA1)-associated  protein  (BRAP))  [17],

e
o
i
e

nd  adhesion  molecules  [18]. Many  post-genome
ide association  studies  have  examined  the  inter-
ction between  SNPs  associated  with  obesity  and
ood intake,  or  other  food  behaviour-related  traits
19—21].

Environmental  factors,  such  as  dietary  habits,
re also  important  risk  for  obesity  and  metabolic
yndrome. Most  studies  of  dietary  intakes  use  a
ietary self-report  instrument  such  as  food  fre-
uency  questionnaire  (FFQ)  and  24-h  recall,  and
ietary intake  recovery  biomarkers  [22].  However,
ata from  self-report  instrument  contain  repor-
ing bias.  Dietary  intake  recovery  biomarkers  can
rovide accurate  assessments  of  short-term  intakes
f dietary  components,  but  these  biomarkers  are
xpensive  or  inconvenient  to  measure.  In  addition,
hese  biomarkers  are  notoriously  limited  in  their
se because  biomarkers  are  not  available  for  all
utrients  and  many  factors  besides  dietary  intake
nfluence  nutrition  biomarkers  such  as  competitive
ptake, nutrient  absorption.

Here,  in  order  to  estimate  daily  energy  intake
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

mployee  purchased  lunch  in  the  cafeteria  of Toy-
ta Motor  Corporation.  The  meal  purchase  data
ncluded  the  individual  food  contents  and  dietary
lements,  such  as  energy,  salt,  carbohydrate,

dx.doi.org/10.1016/j.orcp.2016.05.004
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ffect  of  dietary  energy  and  polymorphisms  in  BRA

rotein,  and  fat.  The  data  were  available  for  up  to
 months  before  the  health  examination,  so  they
eflect the  unbiased  energy  intake  of  each  indi-
idual.  It  is  essential  to  investigate  the  relation
etween meal  data  and  obesity  in  the  cohort  of
ale workers,  which  is  a  population  at-risk  for  obe-

ity.
The aim  of  this  study  was  to  evaluate  the  con-

ribution of  high  dietary  energy  and  obesity  related
enetic  polymorphisms  to  the  development  of  obe-
ity among  Japanese  male  workers.  Furthermore,
e investigated  whether  there  was  significant  rela-

ion between  metabolic  traits  and  SNPs  that  showed
 significant  relation  to  obesity.

ethods

tudy population

n  this  retrospective  observational  study,  the  par-
icipants  were  all  male  employees  of  Toyota  Motor
orporation,  Limited.  in  Japan.  Only  those  who
onsented  to  DNA  sampling  were  included,  and
he DNA  samples  were  obtained  between  2011  and
014 from  5112  individuals.  We  did  not  provide
ny exclusion  criteria.  Any  individuals  who  received
he annual  health  examination  were  included  in
his research  regardless  of  health  problem.  The
tudy  protocol  was  approved  by  the  ethics  com-
ittee of  Nagoya  University  School  of  Medicine

No. 1089-4)  and  conducted  in  accordance  with  the
uidelines  of  the  Declaration  of  Helsinki.  All  partici-
ants  provided  written  informed  consent.  This  trial
as registered  at  umin.ac.jp  as  UMIN000016266.

ifestyle evaluation

he  lifestyle  of  each  individual  was  evaluated  using
elf-administered  questionnaires  and  included  an
ssessment  of  smoking  status,  exercise  habits,  and
rinking habits.  Smoking  status  was  defined  as
he current  smoking  status  of  the  participants.
esponses  for  drinking  habits  were  divided  into  four
ategories  (none,  <2  days  per  week,  3—6  days  per
eek, and  every  day).  Exercise  habits  were  also
ivided  into  three  categories  (none,  <6  days  per
eek, and  every  day).
The meal  purchase  data,  which  included  auto-

atically recorded  dietary  elements,  such  as
nergy,  salt,  carbohydrate,  protein,  and  fat  when
Please  cite  this  article  in  press  as:  Imaizumi  T,  et  al.  Effect  o
on  obesity  and  metabolic  traits.  Obes  Res  Clin  Pract  (2016),

n employee  purchased  lunch  in  the  cafeteria,
ere available  to  allow  estimation  of  the  individ-
al eating  habits.  In  the  cafeteria,  employees  can
urchase  variety  of  foods,  which  change  regularly.

I
s
w
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verage  energy,  salt,  carbohydrate,  protein,  and
at consumption  were  calculated  using  data  from

 months  before  the  health  examination.  ‘‘Average
nergy’’  refers  to  the  total  amount  of  energy  dur-
ng the  period  divided  by  usage  count  (number
f meals).  Food  frequency  refers  to  the  usage
ounts of  cafeteria  divided  by  months.  Prepara-
ion of  meals  in  the  cafeteria  has  been  entrusted
o the  subcontractor,  and  the  nutritional  values  of
he meal  is  evaluated  by  registered  dietitians  that
elongs  to  the  cafeteria  management  company.

linical parameters

he  health  examinations  performed  from  2007
hrough  2011  included  physical  measurements  and
erum biochemical  measurements.  Physical  mea-
urements  included  the  measurement  of  the  height,
eight,  body  mass  index  (BMI),  and  abdomi-
al circumference  (AC)  of  the  participants  in
he fasting  state.  Those  measurements  were
erformed by  trained  medical  staffs.  BMI  was
alculated as  the  weight  in  kilograms  divided
y the  square  of  the  height  in  meters.  The
bdominal circumference  at  the  umbilical  level
s measured  in  the  late  exhalation  phase  while
tanding [23]. Obesity  is  usually  diagnosed  as
MI �  25.0  kg/m2 in  Japan  [24],  while  in  other
ountries, BMI  �  25.0  kg/m2 is  defined  as  over-
eight.  In  this  study,  we  defined  BMI  �  25.0  kg/m2

s  overweight,  and  BMI  �  30.0  kg/m2 as  obesity  in
ccordance with  the  2013  AHA/ACC/TOS  guideline
or the  management  of  overweight  and  obesity  in
dults [25].

Blood  pressure  (BP)  was  measured  in  the  sitting
osition using  an  automatic  sphygmomanometer
Kentaro  HBP-9020;  Omron,  Tokyo,  Japan).

The biochemical  measurements  included  mea-
urement of  the  total  cholesterol  (TC),  triglyceride
TG), high-density  lipoprotein  (HDL),  low-density
ipoprotein (LDL),  fasting  blood  sugar  (FBS),  and
ric acid  (UA).

A substantial  proportion  of  the  study  partici-
ants between  2007  and  2008  lacked  serum  LDL
ata as  measurement  of  serum  LDL  was  not  common
n Japan  at  that  time.  However,  since  2009,  mea-
urement  of  serum  LDL  has  been  considered  one  of
he essential  factors  in  health  examinations.  After
009, the  measurement  was  added  to  the  health
xaminations of  all  participants.

NP selection
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

n  our  previous  study,  we  developed  an  SNP  mea-
uring system  including  99  candidate  SNPs  that
ere associated  with  coronary  heart  disease,

dx.doi.org/10.1016/j.orcp.2016.05.004
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hypertension,  dyslipidemia,  diabetes  mellitus,
hyperuricemia,  renal  disease,  or  obesity  [26].
Here we  selected  eight  candidate  SNPs  that
were associated  with  obesity:  GHRL  rs696217
(Leu72Met)[11], PPARG  rs1175544[12], ADIPOQ
rs2241766 (T45G)[13], ADIPOQ  rs1501299  (G276T)
[14], PPARD  rs2016520  (T294C)  [15],  APOA5
rs662799 (T—1131C)[16], BRAP  rs3782886  [17],  and
ITGB2 rs235326  [18].

Genotyping the SNPs

DNA  was  extracted  from  blood  samples  obtained
from the  participants  (0.2  mL  each)  at  DNA  Chip
Research  Incorporated  (QIAamp® series;  QIAGEN
K.K., Tokyo,  Japan).  All  SNP  genotyping  was  per-
formed  using  the  DigiTag2  assay  [27].

Primers,  probe  sequences,  and  PCR  conditions
for SNPs  from  the  original  cohort  were  as  described
previously [26]. The  laboratory  technicians  were
blinded  to  the  participants’  identity,  demographic
characteristics,  and  study  outcomes.

Statistical analysis
The  clinical  characteristics  of  the  participants  from
2007 to  2011  were  summarised  in  medians  and
interquartile  ranges  (IQRs)  for  quantitative  vari-
ables (i.e.,  age,  BMI,  AC,  systolic  blood  pressure
(SBP), and  diastolic  blood  pressure  (DBP)),  and  in
numbers and  percentages  for  qualitative  variables
(i.e.,  smoking  status,  exercise  habits,  and  drinking
habits).

Allele  frequencies  were  estimated  using  the
gene-counting method,  and  the  Pearson’s  chi-
square  test  was  used  to  identify  any  significant  devi-
ation from  Hardy—Weinberg  equilibrium  (HWE).

For each  SNP,  a  score  of  0,  1,  or  2 was  assigned
depending on  the  number  of  minor  alleles.  The  SNP
score was  treated  as  a  continuous  variable.

A linear  mixed  model  for  longitudinal  analy-
sis was  applied  to  the  health  examination  data
to determine  the  relation  between  the  depend-
ent (BMI  and  AC)  and  independent  variables.
A generalised  estimation  equation  was  applied
for binary  outcomes  such  as  overweight  and
obesity.

Multivariable models  were  adjusted  for  potential
confounders. Variable  selection  was  based  on  the
literature  review  [15,17]  and  clinical  knowledge.
In order  to  improve  accuracy  of  reflecting  dietary
habits of  participants,  we  added  the  analysis  of  the
limited population  in  which  the  eating  frequency  in
Please  cite  this  article  in  press  as:  Imaizumi  T,  et  al.  Effect  o
on  obesity  and  metabolic  traits.  Obes  Res  Clin  Pract  (2016),

the cafeteria  over  10  times  a  month.
In the  first  step,  we  examined  the  relation

between obesity  trait  (BMI,  AC,  overweight,  and
obesity)  and  the  mean  dietary  energy  adjusted
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or  age,  current  smoking  status,  exercise  habits,
nd drinking  habits.  In  the  second  step,  we  esti-
ated the  effect  size  (regression  coefficient  for
MI and  AC  and  odds  ratios  (ORs)  for  overweight
nd obesity)  adjusted  for  age,  current  smoking  sta-
us, exercise  habits,  drinking  habits,  and  average
ietary  energy.  In  the  third  step,  we  examined
hether the  obesity-related  SNPs  that  identified  in

he second  step  associated  with  other  metabolic
raits such  as  SBP,  TG,  HDL,  LDL,  and  FBS.  We
erformed  univariate  analysis  and  three  multivari-
te analyses,  and  those  were,  adjusted  for  BMI
n model  one;  age,  smoking  habits,  sport  habits,
rinking habits,  mean  dietary  energy  in  model
wo; and  values  in  model  two  plus  BMI  in  model
hree.

All data  were  treated  as  fixed  effects,  and  the
ithin-subject  covariance  structure  was  compound

ymmetric.  P <  0.05  was  considered  statistically  sig-
ificant. The  data  were  analysed  using  SAS  9.4  (SAS
nstitute Inc.,  Cary,  NC,  USA,  2014).

esults

linical characteristics

linical  characteristics  (clinical  parameters,
ifestyle data,  and  meal  purchase  data)  of  the
tudy participants  in  each  year  are  shown  in
able  1. DNA  samples  were  obtained  from  5112
ndividuals, and  the  number  of  participants  in
he annual  health  examinations  conducted  from
007 through  2011  differed  yearly.  The  baseline
haracteristics, except  smoking  status  and  exercise
abits, were  similar  across  the  5  years.  The  number
f participants  who  smoked  declined,  while  the
roportion  of  participants  who  habitually  exercised
ncreased.  The  prevalence  individuals  that  met  the
riteria for  overweight  (BMI  �  25  kg/m2)  in  each
ear was  approximately  30%  and  those  for  obesity
BMI �  30  kg/m2)  was  about  5%  in  this  population.

haracteristics of SNPs

he  SNPs  examined  in  this  study  are  shown  in
able  2. Genotype  frequencies  did  not  significantly
eviate from  HWE.

ffects of dietary energy on obesity
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

he  average  dietary  energy  was  significantly  asso-
iated with  AC,  BMI,  and  obesity  in  both  univariate
nd multivariate  analysis.  The  multivariate  analy-
is was  adjusted  for  age,  smoking  status,  exercise

dx.doi.org/10.1016/j.orcp.2016.05.004
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Table  1  Clinical  characteristics  of  participants  in  annual  health  examinations.a

Characteristics  2007  2008  2009  2010  2011

Number  of
participants

4623  4366  5111  4817  5018

Age  45  (39,  49)  46  (42,  51)  46  (41,  51)  48  (42,  52)  48  (43,  53)
BMI  23.2  (21.3,  25.5)  23.3  (21.5,  25.6)  23.3  (21.3-25.6)  23.2  (21.3-25.5)  23.4  (21.4-25.7)
AC  83  (77.5,  89)  83.4  (78,  89)  83  (77.5,  89)  82.8  (77.5,  88.7)  83  (77.5,  89)
SBP  121  (111,  131)  121  (112,  131)  121  (112,  131)  121  (112,  130)  122  (113,  131)
DBP  76  (68,  83)  77  (70,  84)  77  (70,  84)  77  (70,  84)  77  (70,  84)
FBS  93  (87,  100) 93  (87,  100) 92  (87,  100)  92  (87,  99)  92  (87,  100)
TC  204  (181,  227) 206  (183,  229) 206  (184,  229) 202  (180,  225) 202  (181,  226)
TG  103  (71,  156) 107  (74,  161) 106  (72,  163) 102  (70,  153) 99  (70,  149)
HDL  58  (49,69)  56  (48,  66)  55  (47,  66)  56  (47,  67)  57  (48,  68)
LDLb 129  (108,  151)  124  (103,  144)  124  (103,  146)  121  (102,  143)  123  (103,  144)
UA  6  (5.2,  6.9)  6.1  (5.2,  6.9)  6  (5.2,  6.9)  6  (5.3,  6.9)  6  (5.2,  6.8)
Overweight

(BMI  �  25)
1392,  30.1%  1351,  30.9%  1579,  30.9%  1432,  29.7%  1598,  31.8%

Obesity
(BMI  �  30)

208, 4.5%  199,  4.6%  241,  4.7%  228,  4.7%  263,  5.2%

Lifestyle
Exercise  habits

None  1955,  58%  1716,  39%  1793,  35%  1563,  33%  1636,  33%
<6  days  per

week
801,  24%  2028,  46%  2500,  49%  2427,  50%  2572,  51%

Every  day 620,  18%  622,  14%  810,  16%  818,  17%  804,  16%
Drinking  habits

None  1155,  25%  1039,  24%  1222,  24%  1130,  23%  1217,  24%
<2  days  per

week
956,  21% 895,  20%  1224,  24%  1170,  24%  1249,  25%

3—6  days  per
week

648,  14%  631,  14%  764,  15%  780,  16%  797,  16%

Every  day  1864,  40%  1801,  41%  1892,  37%  1729,  36%  1750,  35%
Smoking  2015,  44%  1841,  42%  2027,  40%  1785,  37%  1729,  34%

Meal  purchase  data
Number  of
participants

2751  4015  4691  4383  4531

Eating  times
(times)

103  (83,  110)  103  (83,  110)  104  (84,  110)  106  (88,  111)  99  (81,  108)

Eating
frequency
(/month)

17.2  (14.2,  18.3)  17.2  (14.2,  18.3)  17.3  (14.4,  18.3)  17.7  (15,  18.5)  16.8  (14,  18.2)

Energy
(kcal/times)

832  (740,  925)  810  (732,  897)  780  (703,  873)  756  (678,  837)  753  (679,  839)

Salt  (g/times)  5.3  (4.5,  6.2)  5.3  (4.5,  6.2)  5.2  (4.3,  6.2)  5  (4.2,  5.9)  5  (4.2,  5.8)
Fat  (g/times)  28.5  (24,  33)  27.3  (22.9,  31.4)  26  (21.7,  30.3)  24  (20,  28.1)  24.3  (20.2,  28.4)
Carbohydrate
(g/times)

108  (98,  122)  107  (97,  120)  104  (95,  117)  103  (94,  115)  102  (93,  114)

Protein
(g/times)

29.8  (26.6,  33.1)  28.9  (25.9,  32)  28  (25,  31.4)  27.1  (24.1,  30)  27  (24.1,  30.1)

BMI = body mass index; AC = abdominal circumference; SBP = systolic blood pressure; DBP = diastolic blood pressure; TC = total
cholesterol; TG = triglyceride; HDL = high-density lipoprotein; LDL = low-density lipoprotein; FBS = fasting blood sugar; UA = uric

tile).
d wa

h
fi
i
0

acid.
a Continuous data represent medians (1st quartile, 3rd quar
b Number of participants for whom serum LDL was measure
Please  cite  this  article  in  press  as:  Imaizumi  T,  et  al.  Effect  o
on  obesity  and  metabolic  traits.  Obes  Res  Clin  Pract  (2016),

abits,  and  drinking  habits.  The  regression  coef-
cient  of  average  dietary  energy  per  100  kcal

ncrease was  0.43  cm  (±0.027  cm)  for  AC  and
.12 kg/m2 (±0.0086  kg/m2) for  BMI.  The  OR  of

t
w
f
o

 Categorical data indicate n values (%).
s 1405 and 3839 in 2007 and 2008, respectively.
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

he  average  dietary  energy  per  100  kcal  increase
as 1.21  [95%  confidence  interval  (CI),  1.16—1.26]

or overweight  and  1.35  [95%  CI,  1.25—1.45]  for
besity.

dx.doi.org/10.1016/j.orcp.2016.05.004
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ffects of SNPs on obesity

ultivariate  analysis  of  each  SNP  versus  BMI,  AC,
verweight,  and  obesity  are  shown  in  Table  3.

GHRL rs696217  was  significantly  associated  with
MI and  obesity.  The  coefficient  of  the  minor
llele was  0.18  kg/m2 (±0.083  kg/m2)  for  BMI,
hile the  OR  of  the  minor  allele  was  1.40  [95%
I, 1.13—1.74]  for  obesity.  BRAP  rs3782886  was
ignificantly  associated  with  AC,  overweight,  and
besity in  multivariate  analysis.  The  coefficient  of
he minor  allele  was  -0.66  kg/m2 (±0.200  kg/m2)
or AC,  and  the  OR  of  the  minor  allele  was  0.74  [95%
I, 0.67—0.83]  for  overweight  and  0.62  [95%  CI,
.50—0.77] for  obesity.  PPARG  rs1175544  was  sig-
ificantly  associated  with  overweight.  That  result
as similar  in  the  limited  population  in  which  the
ating frequency  in  the  cafeteria  over  10  times  a
onth (Supplementary  Table  1).

ffects of SNPs on other metabolic traits

nivariate  and  multivariate  analyses  of  each  SNP
ersus metabolic  traits  are  shown  in  Table  4.  The
inor allele  of  BRAP  rs3782886  had  significantly
ecreased SBP,  TG,  HDL,  LDL,  and  FBS  in  univari-
te analysis  and  multivariate  analysis  of  the  model
. In  the  model  2,  which  was  adjusted  for  the  same
ariables  as  obesity  related  traits,  the  minor  allele
f BRAP  rs3782886  was  significantly  associated  to
ecrease SBP,  TG,  HDL  and  FBS.  In  model  3,  which
as adjusted  for  the  variables  in  model  2  and  BMI,

he SNP  was  significantly  associated  with  HDL  and
BS. On  the  other  hand,  GHRL  rs696217  was  not
ssociated  with  other  metabolic  abnormalities.

iscussion

n  the  present  study,  we  showed  that  the  average
ietary energy  in  lunch,  as  estimated  by  meal  pur-
hase data,  was  a significant  risk  factor  for  obesity.
dditionally,  BRAP  rs3782886  and  GHRL  rs696217
ere found  to  be  significant  risk  factors  for  obesity
fter adjustment  for  age  and  lifestyle  confounders,
ncluding dietary  energy.

This  study  was  unique  in  that  the  average  dietary
nergy estimated  from  meal  purchase  data  was
ound to  be  a significant  longitudinal  risk  factor
or obesity.  Dietary  energy  intake  is  traditionally
ssessed based  on  self-reported  estimates.  A  study
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

y Dhurandhar  et  al.  highlighted  significant  limi-
ations of  such  self-reported  estimates  of  energy
ntake and  proposed  the  need  for  more  objective
easures of  energy  balance  [28]. The  advantage

dx.doi.org/10.1016/j.orcp.2016.05.004
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f  our  study  is  that  these  objective  measurements
re available  because  meal  purchase  data  provides
aily  dietary  lunch  data  for  a period  of  up  to  6
onths.
This study  is  also  unique  because  it  considered

MI and  AC  as  repeated  measured  outcomes  in
 linear  mixed  model  and  generalised  estimating
quation. This  model  is  robust,  even  with  miss-
ng data,  and  allows  for  the  analysis  of  repeated
ata with  a variable  number  of  measurements  per
ubject,  as  in  our  data  set.  Because  obesity  and
etabolic  syndrome  are  reversible  conditions,  with

epeating rounds  of  morbidity  and  remission,  the
nalysis presented  in  this  study,  based  on  the  lin-
ar mixed  model,  is  particularly  suitable  for  probing
hese diseases.

To the  best  of  our  knowledge,  this  was  the
rst to  demonstrate  that  BRAP  rs3782886  is sig-
ificantly  associated  with  obesity  and  metabolic
raits among  Japanese  male  workers.  The  minor
llele of  BRAP  rs3782886  was  shown  to  be  a  signifi-
ant risk  factor  for  coronary  artery  disease  in  Asian
opulations  [29];  however,  in  Chinese  adolescents,

 low  OR  indicates  that  this  allele  confers  pro-
ection against  metabolic  syndrome  [17],  despite
he fact  that  high  BMI  and  abdominal  adiposity  are
nown risk  factors  for  cardiovascular  disease.  BRAP
as shown  to  activate  inflammatory  cascades  by

egulating  NF-�B  [30]. Inflammation  in  the  central
ervous  system,  especially  hypothalamic  IKK�/NF-
B activation,  can  lead  to  obesity  [31].  Thus,  the
inor allele  of  BRAP  rs3782886  may  be  protective

gainst obesity  by  the  reduction  of  the  transcrip-
ional activity  of  BRAP.  However,  it  is  unclear  why
he minor  allele  is  the  risk  factor  for  cardiovascular
iseases.

We also  considered  an  alternative  explanation
or the  relation  between  BRAP  and  metabolic
bnormalities.  ALDH2  rs671  and  BRAP  rs3782886
re in  strong  linkage  disequilibrium  (LD)  accord-
ng to  the  HapMap  database  [32].  Meta-analysis
f genome-wide  association  studies  in  East  Asian
opulations  has  shown  associations  between  single
olymorphisms  of  ALDH2  rs671  and  obesity,  vari-
us cardiovascular  risk  factors  and  coronary  artery
isease  [10,33]. Drinking  habits  strongly  affect
ppetite  and  body  weight,  so  we  observed  this
ssociation in  a  multivariate  analysis  adjusted  for
ietary and  drinking  habits.  ALDH2  rs671  is  also
ssociated  with  coronary  artery  disease  (CAD)  and
etabolic  traits.  The  minor  allele  of  this  SNP  was

ssociated  with  CAD,  high  LDL,  and  low  HDL,  while
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

he major  allele  was  associated  with  high  blood
ressure, and  high  glucose  [33].  In  the  present
tudy, the  relation  was  similar  that  reported  in  prior
tudies. So  far,  we  cannot  explain  this  contradictory

dx.doi.org/10.1016/j.orcp.2016.05.004


ARTICLE IN PRESSORCP-577; No. of Pages 10

8  T.  Imaizumi  et  al.

Table  4  Associations  of  rs696217  and  rs3782886  with  metabolic  traits.

rs696217  rs3782886

Coefficient  SE  P  value  Coefficient  SE  P  value

SBP  Univariate  0.18  0.28  0.52  −1.39  0.25  <0.001*

Model  1  −0.056  0.26  0.83  −1.17  0.23  <0.001*

Model  2  0.25  0.28  0.37  −0.83  0.26  0.0025*

Model  3 0.021 0.26  0.94  −0.35  0.26  0.18

TG  Univariate  0.62 1.97  0.75  −8.16  1.80  <0.001*

Model  1 −1.29 1.85 0.49 −6.37 1.69  <0.001*

Model  2 0.77 2.04 0.7 −7.15 1.99 <0.001*

Model  3  −1.07  1.92  0.58  −3.47  1.88  0.066

HDL  Univariate  −0.34  0.35  0.32  −3.04  0.32  <0.001*

Model  1  −0.019  0.32  0.95  −3.35  0.29  <0.001*

Model  2 −0.33 0.34 0.34  −1.61  0.32  <0.001*

Model  3 −0.02 0.32 0.95 −1.99  0.30  <0.001*

LDL  Univariate  0.42  0.67  0.53  1.43  0.61  0.02*

Model  1  −0.13  0.65  0.85  1.96  0.60  0.001*

Model  2  0.60  0.68  0.38  0.046  0.66  0.94
Model  3  0.072  0.66  0.91  0.97  0.64  0.13

FBS  Univariate  0.12  0.42  0.78  −1.43  0.38  <0.001*

Model  1  −0.14  0.40  0.74  −1.19  0.37  0.0012*

Model  2  0.17  0.41  0.68  −1.32  0.40  <0.001*

Model  3  −0.061  0.40  0.88  −0.95  0.38  0.013*

SE = standard error; SBP = systolic blood pressure; TG = triglyceride; HDL = high-density lipoprotein; LDL = low-density lipoprotein;
FBS = fasting blood sugar.
Model 1 adjusted for BMI.
Model 2 adjusted for age, smoking status, sport habits, drinking habits, mean dietary energy.

r
u

c
u
s
s
e
t
e
f
c
s
d
d
t
o
t
f
e
i

Model 3 adjusted for the variables in model 2, plus BMI.
* P < 0.05.

relation  sufficiently.  Additional  studies  are  neces-
sary to  determine  how  the  SNP  rs3782886  affects
cardiovascular diseases.

We  also  firstly  demonstrated  the  association
between GHRL  rs696217  (Leu72Met)  and  obesity
traits by  using  dietary  data  in  larger  cohort  of
Japanese  male  workers.  In  a  prior  study,  the  authors
didn’t  examine  the  association  with  dietary  data
[11]. GHRL  rs696217  is  a  single  nucleotide  sub-
stitution  of  C214A,  with  Met  replacing  Leu  at
codon 72  in  the  preproghrelin  amino-acid  sequence.
Ghrelin,  which  is  abundantly  produced  by  the  stom-
ach, stimulates  food  intake  [34]  and  is  involved
in the  regulation  of  energy  homeostasis  [35].  The
frequency  of  the  72Met  allele  is  approximately
20% among  Japanese  [11],  while  the  frequency  is
approximately  8%  among  Caucasians  and  approx-
imately  2%  among  Africans  [36];  hence,  this  SNP
is relatively  common  among  Japanese.  A  recent
review of  the  literature  uncovered  several  case-
control  studies  in  Japan  that  indicate  a  significant
Please  cite  this  article  in  press  as:  Imaizumi  T,  et  al.  Effect  o
on  obesity  and  metabolic  traits.  Obes  Res  Clin  Pract  (2016),

association between  GHRL  rs696217  and  obesity
[37]. Therefore  we  suggest  that  this  SNP  should
be carefully  considered  when  examining  obesity

c
a
t

elated  health  problems  among  the  Japanese  pop-
lation.

One of  the  limitations  of  this  study  is  that  we
an only  collect  data  on  meals  served  for  lunch,
sing electronic  meal  purchase  data.  In  the  present
tudy,  we  didn’t  use  the  self-report  instruments,
uch as  FFQ  or  dietary  intake  recovery  biomark-
rs for  validation.  In  addition,  these  data  reflected
he only  food  purchased  in  the  cafeteria,  not  nec-
ssarily real-consumed  food.  If  workers  purchased
ood elsewhere,  meal  purchase  data  may  report
onsiderably less  food  than  they  purchased.  The
econd limitation  is  that  the  data  were  limited  to
ietary elements,  such  as  salt,  energy,  carbohy-
rate, protein,  and  fat,  so  we  are  unaware  of  the
ype of  food  these  individuals  consume,  the  timing
f meal,  or  the  order  of  eating  at  each  meal.  One
ype of  fatty  acid  present  in  fish  or  specific  types  of
ood were  reported  to  have  positive  effects  on  dis-
ase prevention.  The  third,  preparation  of  meals
n the  cafeteria  has  been  entrusted  to  the  sub-
f  dietary  energy  and  polymorphisms  in  BRAP  and  GHRL
 http://dx.doi.org/10.1016/j.orcp.2016.05.004

ontractor, and  the  nutritional  values  of  the  meal
re evaluated  by  registered  dietitians  belonging  to
he cafeteria  management  company.  So  we  have
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ffect  of  dietary  energy  and  polymorphisms  in  BRA

o  way  to  confirm  the  nutritional  values  provided
or each  food,  this  may  influence  validity  of  the
utritional values  we  used  for  the  analysis  and  that
as considered  as  one  of  the  limitations.  Never-

heless, unbiased  data  for  a  particular  period  were
vailable  in  meal  purchase  data.  Finally,  the  pur-
ose was  to  study  obesity  and  metabolic  traits,  but
hose are  surrogate  endpoints.  We  were  more  inter-
sted in  determining  whether  we  can  stratify  the
isk of obesity  to  the  development  of  more  seri-
us illness  in  the  future.  Aging  society,  changes  in
he prevalence  of  obese  population,  and  dietary
abits among  Japanese  might  increase  the  chance
f developing  such  diseases.  Long  term  observation
f this  cohort  will  help  us  to  understand  and  identify
he population,  that  is  at  a  high  risk  of  developing
ardiovascular  diseases.

In  conclusion,  we  demonstrated  that  Japanese
ale workers  consuming  high  energy  diets  and  har-
oring high-risk  SNP  alleles  of  GHRL  rs696217  or
RAP rs3782886  were  obese  and  that  rs3782886  was
lso associated  with  metabolic  traits  such  as  HDL
nd FBS.  Further  studies  are  necessary  to  determine
hether  the  minor  allele  of  rs3782886  is associated
ith cardiovascular  diseases.  Prospective  observa-

ions or  lifestyle  interventions  for  these  high  risk
opulations  are  also  necessary  to  confirm  such  asso-
iation.
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