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WFBFBED LDL =L AT a—)L (LDL-C) BEAEEIIERFZETI2HALVBMLIBEESN
B, ZIRFBHRE TIIERBOFEIZL 59 100 mg/dL RMAEAETBBEBEL 2o T35, =
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1. Fik& mEE~OBLRE

201244 AD>5 20134E 3 A £ TORICTFEKREE
FEA BIRPE BRI BIRIRES T PCI 2 HE1T L7z
B 1324?55, PCLANC LDL-C fE (E#E) %
HITE LT = BMI 15 kg/m? LAk 35 kg/m? Ry D 116
FINZ-DWT, LDL-CED 43 & 100 mg/dL i O
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2B EARIR OBV 7R LI oW T H BB IR -
BEt L7,

B, AR T ERERFBE P70
BEZBROFAEBTITo T

2. BEER

A{k 116 B0 RIT. FHFE 68.0+9.3 %, M
BITZ 81. 0% A3 B %, BMI % 24.0£3. 19

kg/m? ThH-oTo, AOHE & LT IEERFIE 68. 1%,
FERIB 74. 1%, mMESE 75. 9% %@ w7z (table
1),

Table 1
FH# 68.0:9.3 (M67.2:9.5, F7167.7)
i3] M94:F22 (M8L0%)
B5E 162.8+9.0
e 64.1311.7 kg
B 24.0:3.2 kg/ 1
433 68.1%
DLdY 68.1%
REF AR 49.1%
DMBY 74.1%
HT&HY 75.9%
T-Cho 179.8435.5 mg/di
16 139.5473.5 mg/di
HDLC 43,5£13.4 mg/dl
LDLC 11032313 mg/di
Pt 164.1£79.9 mg/di
HbAlc 67£1.2%
Cre 1.331.72 mg/d|

2D H B, PCI BFEED RV —RTBHREE (LUT
PCI(-) &) 1X53.4% (62 ), PCIBEfE D H 5 Ik
FRHHBEE (LT PCI(+) ) 13 46.6% (54 51) T
Hotz, PCIMED > LHERAEHHY (LT
PCI (+) DM (+) B) X 44. 4% (24 1) Td o7, PCI ()
HCIIERAEMHY (LLF PCIC)DMMH) B 23
100% (62 ) \ZDIiE -7z (Figure 1),

Figure 1
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3. LDL-C f&

21K 116 Bl LDL-C % 110.3 =+ 31.3 mg/dL
Thot, 7. BAPCI R\ 72 76 il Tid 108. 6
+ 31.9 mg/dL L IZIERETH o,

PCI (+)DM(+) B T 98.8 *= 28.2 mg/dL, PCI
(+)DM(-) B¢ T 113.5 % 35.9 mg/dL, PCI (-)DM(+)
B 113.2 £ 29.5 mg/dL &, PCI (+)DM(+) &£ TrX
PCI () DM BEL W b HEITE 272 (p=0. 042,
paired-t test) (Figure 2A),

7B, BRAPCI 40 fl05 5, HEET 1~3 » AR
@ LDLCED R CTE 72 T Bz YW THRE 21T - 72
LA, 1~3 » A1 98.1 £ 22.4 mg/dL, PCI
ERI2Y91.6 = 27. 4mg/dL & ORRIET LTV A3,
BEREL TR 22 o7 (Figure 2B),

Figure 2
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4. LDL-C 100 mg/dL KR{HERE

100 mg/dL REGFEMFEIX, 26 116 FliIzB N T
37.9%. BAPCI ZHRVWZHATH 42. 1% & K&
REITELS D LABETEENE )27z (Figure
3A-B).
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LHLSPITF & A2 572 (Figure 3C-E)
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5. [HBAA Y R BERFBRE] OFM
LDL-C100 K@iz ha—LZINTW=IZH Db

L9E PCL bieol THAA ) R BERRBE]
DEBERALNCTHDIC., BBIRERDMRKR
RF & L THERA & LDL-C fELISME DK HDL-C
(40 mg/dL ki) . @ MEAE, OFRE, DF s (65
Ll E), ®fEm (BMI 25 kg/m? Ll E) D5 5DF
$E 23~ LDL-C 100mg/dL UL F8E & Ll 24T o 77,
e Z R O~@DERRAFOERERFF L &

Z A, LDL-C 100mg/dL A Ti% 2.8 {8, 100 L4k
TiX 2.0f8 (p=0.033) &HEIZRIHE THEKRE TN

ZWEOahotc, EEEREEDEZO~ODMERR
KFCTEBEZBRT L& Z ARERIZLDL-C100 K
Tix 3. 18, 100 LA ETIX 2.3 (p=0.030) &F
BT LDL-C 100mg/dL K TAREF3Lr -7,
(Figure 4)

Figure 4
YRII7O3—DEEM
(AMEHDL-C(4omg/dIkTR) QBMERE LT
DEHR (65RELLE) GRRE (BMI 25 kg/m2LL k)
D~@ D~B
(§55)] )]
4 p=0033 p=0.030

~

-

LOL100F /A 1DL100LLE

0 .

DL100F A LoL100kL |

O*—‘waw\@

(wilcoxonlB{IFI E)

6. AEW & LDL-C

2E 16 H0>H, AF¥F ik D LDLC KT
EEZT TR TZ59FIC VTR L TH S
&, LDL-C & BMI IXIEEDFEBEA D7 (1 =0. 478,
p=0.0001), & 5T, PCIBEFEDH B 54 I 29
DAEFLHRE L TOWRWEAETIZ, LDL-C &
BMI i3 & ¥ BRWIEDFERI 2589, (Fig3B: r =0. 693,
p=0.0002), (Figure 5A, B)
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ORIGINAL ARTICLE

Family history of diabetes, lifestyle factors,
and the 7-year incident risk of type 2 diabetes
mellitus in middle-aged Japanese men and
women

Masaru Sakurai'*, Koshi Nakamura', Katsuyuki Miura®, Toshinari Takamura®, Katsushi Yoshita®, Satoshi Sasaki®,
Shin-ya Nagasawa', Yuko Morikawa', Masao Ishizaki’, Teruhiko Kido®, Yuchi Naruse®, Yasushi Suwazono', Hideaki Nakagawa'

ABSTRACT

Aims/Introduction: This cohort study of middle-aged Japanese participants investigated the relationship between family history of
diabetes, the incident risk of type 2 diabetes and the interaction of these variables with other factors.

Materials and Methods: Study participants were 3,517 employees (2,037 men and 1,480 women) of a metal products factory in
Japan. Baseline health examinations included questions about medical history, physical examination, anthropometric measurements,
questions about lifestyle factors, such as smoking, alcohol consumption and habitual exercise, and a self-administered diet history
questionnaire. Family history of diabetes was defined as having at least one-first-degree relative with diabetes. The incidence of dia-
betes was determined in annual medical examinations over a 7-year period. Hazard ratios (HRs) for type 2 diabetes were estimated
by Cox proportional hazards analysis.

Results: Of the 3,517 participants, 630 (18%) had a family history of diabetes mellitus. During the study, 228 participants developed
diabetes. The age and sex-adjusted HR for type 2 diabetes in participants with a family history of diabetes was 1.82 (95% confi-
dence interval 1.36-243) as compared with those without a family history of diabetes. HRs did not change after adjustment for
body mass index and lifestyle factors. We found no interactions with body mass index, insulin resistance, pancreatic p-cell function
or lifestyle factors.

Conclusions: Family history of diabetes was associated with the incident risk of diabetes, and these associations were independent
of other risk factors, such as obesity, insulin resistance, and lifestyle factors in Japanese men and women. (J Diabetes Invest doi:
10.1111/jdi.12033, 2013)

KEY WORDS: Cohort study, Epidemiology, Family history

INTRODUCTION

The prevalence of type 2 diabetes mellitus is similar in Asian
and Western countries, even though the prevalence of obesity
is lower in Asia'. The high incidence of diabetes in the rela-
tively lean Asian population might be explained, in part, by a

difference in fat distribution®® and lower pancreatic B-cell func-
tion as compared with Western populations, rather than by
insulin resistance”®, One well-known risk factor for diabetes is
family history. Family history of diabetes can include environ-
mental in addition to genetic risk factors’. Obesity'®™* and
some lifestyle factors, such as alcohol consumption'*'® and
diet'®, were reported to be associated with a family history of
diabetes, and these non-genetic factors explain a substantial part
of the association between family history and risk of type 2 dia-
betes'>"”. However, these reports were from Western countries,
and it is not clear whether the association between family his-

Departments of 'Epidemiology and Public Health, and "Social and Environmental
Medicine, Kanazawa Medical University, Ishikawa, *Department of Health Science, Shiga
University of Medical Science, “Department of Disease Control and Homeostasis,
Kanazawa University Graduate School of Medical Science, ®School of Health Sciences,
College of Medical, Pharmaceutical and Health Sciences, Kanazawa University,
Kanazawa, *Department of Food Science and Nutrition, Graduate School of Human
Life Science, Osaka City University, Osaka, “Department of Social and Preventive

Epidemiology, School of Public Health, the University of Tokyo, Tokyo, “Department of
Community and Geriatric Nursing, Toyama University, Toyama, '°Department of
Occupation and Environmental Medicine, Graduate School of Medicine, Chiba
University, Chiba, Japan, and “Department of Preventive Medicine, Northwestern
University Feinberg School of Medicine, Chicago, lllinois, USA

*Corresponding author. Masaru Sakurai Tel. +81-76-286-2211 Fax: +81-76-286-3728
E-mail address: m-sakura@kanazawa-medacjp

Received 25 September 2012; revised 26 October 2012; accepted 11 November
2012

© 2013 Asian Association for the Study of Diabetes and Wiley Publishing Asia Pty Ltd

tory and risk of diabetes involves interactions with obesity,
insulin resistance and lifestyle factors in relatively lean Asian
people.

In the present cohort study of middle-aged Japanese men
and women, we examined the association between family his-
tory of diabetes and the 7-year incident risk of type 2 diabetes
mellitus. We also evaluated the influence of interactions
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involving obesity, insulin resistance and lifestyle-related risk fac-
tors on this relationship.

METHODS

Participants

The study participants were employees of a factory that pro-
duces zippers and aluminum sashes in Toyama Prefecture,
Japan. Detailed information on the study population has been
reported previously®'® 2, The Industrial Safety and Health Law
in Japan requires employers to provide annual health examina-
tions for all employees. A test for diabetes mellitus was carried
out during annual medical examinations between 2003 and
2010. In 2003, 3,776 employees (2,243 men and 1,533 women)
aged 3555 years underwent health examinations and
responded to a dietary survey. Of these 3,776 potential partici-
pants, 259 (10%) were excluded for the following reasons: 193
had diabetes or high levels of fasting plasma glucose (FPG;
2126 mg/dL) or glycated hemoglobin (HbA,; 26.5%) at the
time of the baseline examination; 14 had a total daily energy
intake of <500 kcal or 25,000 kcal; and 52 did not participate
in consecutive annual follow-up health examinations. The
remaining 3,517 participants (2,037 men and 1,480 women)
were included in the present study.

Data Collection

The annual health examination included medical history,
a physical examination, anthropometric measurements, and
measurements of FPG, fasting insulin, HbA,. and serum lipid
levels. Height was measured without shoes to the nearest
0.1 cm using a stadiometer. Weight was measured with partici-
pants wearing only light clothing and no shoes to the nearest
0.1 kg using a standard scale. Body mass index (BMI) was cal-
culated as weight / height’ (kg/m®). Blood pressure was mea-
sured twice using an automatic manometer (BP 103i; Nippon
Colin, Komaki, Japan) after a 5-min rest in a seated position.
All measurements were carried out by trained staff.

Plasma glucose levels were measured enzymatically using a
glucose ultraviolet test (Abbott Laboratories, Chicago, IL, USA),
and plasma insulin levels were determined by radioimmunoas-
say (Shionogi, Tokyo, Japan). HbA;. was measured by high-
velocity liquid chromatography using a fully automated
hemoglobin Alc analyzer (Kyoto Daiichi Kagaku, Kyoto, Japan).
Quality control of the HbA,;. measurements was carried out
using the standard certified by the Japan Diabetes Society (JDS),
and HbA, . values were converted to National Glycohemoglobin
Standardization Program (NGSP) values using the formula pro-
vided by the JDS: HbA,. (NGSP) (%) = 1.02 x HbA,. (JDS)
(%) + 0.25%". All present analyses used the HbA, values by the
NGSP methods. Total cholesterol and triglycerides were mea-
sured using an enzymatic assay. High-density lipoprotein (HDL)
cholesterol was measured using direct methods. Insulin resis-
tance was calculated by the homeostasis model assessment
(HOMA) method using the following formula: HOMA of insu-
lin resistance (HOMA-IR) = fasting insulin (WU/mL) x FPG

(mg/dL) / 405”2, HOMA of pancreatic B-cell function
(HOMA-B)*?* was calculated using the formula: HOMA-
B =20 x fasting insulin (WU/mL) / (FPG [mg/dL] / 18 — 3.5).

A questionnaire was used to collect information about smok-
ing, alcohol consumption, habitual exercise, family history of
diabetes, medical history of hypertension, dyslipidemia, diabetes
and the use of antidiabetic medication. The presence of high
FPG was defined by the JDS criteria®®, and the presence of
hypertension and dyslipidemia were defined by the Japanese
criteria for the metabolic syndrome?*, High FPG was defined as
FPG levels 2110 mg/dL; hypertension was defined as systolic
blood pressure =130 mmHg, diastolic blood pressure
>85 mmHg, or use of antihypertensive medications; -and
dyslipidemia was defined as serum triglycerides =150 mg/dL,
HDL cholesterol <40 mg/dL, or use of cholesterol-lowering
medications. Hypercholesterolemia was defined as a serum total
cholesterol 2220 mg/dL or use of cholesterol-lowering medica-
tions. Participants were asked to report in the questionnaire
whether any of their first-degree relatives (father, mother and/
or siblings) had ever had diabetes. Total energy intake (kcal/
day) was assessed using a self-administered diet history ques-
tionnaire (DHQ)**. The DHQ was developed for epidemiologi-
cal studies in Japan to estimate the dietary intakes of
macronutrients and micronutrients. Estimates of dietary intakes
of 147 food and beverage items, energy, and nutrients were cal-
culated using an ad hoc computer algorithm developed for the
DHQ and based on the Standard Tables of Food Composition
in Japan®. A detailed description of the methods used to calcu-
late dietary intakes and the validity of the DHQ have been
reported previously”>?"2,

Participants were categorized as non-manual workers or
manual workers according to their occupation. Non-manual
workers consisted of managers, engineers and clerks, whereas
the remaining individuals (laborers, and other workers includ-
ing guards, gardeners, employees at the shop of the branch fac-
tory, and individuals engaged in managing dormitories and
catering) were considered manual workers.

Diagnosis of Diabetes

FPG and HbA, were measured during the annual medical
examinations. According to the definition of the American
Diabetes Association®® and the JDS, the diagnosis of diabetes
was confirmed by at least one of the following observations: (i) a
FPG concentration 2126 mg/dL; (ii) a HbA, value = 6.5%; and
(iif) treatment with insulin or an oral hypoglycemic agent.

Statistical Analysis

Mean baseline values were compared between the participants
with and without a family history of diabetes using Student’s
t-tests. Because fasting insulin, HOMA-IR and HOMA-B were
log-normally distributed, log-transformed values were used for
analyses. We calculated crude incidence rates and hazard ratios
(HRs) for diabetes according to the family history of diabetes.
The Cox proportional hazards model was used to calculate
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adjusted HRs. Adjustment for possible confounders was carried
out sequentially as follows: (i) for age and sex (model 1); (ii)
for age, sex and BMI (model 2); (iii) for family history of dia-
betes (no, yes), smoking status (never smoker, ex-smoker or
current smoker), alcohol consumption determined by the DHQ
(non-drinker, occasional drinker, consumption <20 g/day, con-
sumption >20 g/day), habitual exercise (no, yes), occupational
class (non-manual worker, manual worker), and presence of
hypertension (no, yes), dyslipidemia (no, yes), and hypercholes-
terolemia (no, yes; model 3); (iv) for total energy intake (kcal/
day; model 4); and (v) for HOMA-IR (model 5). Using the HR
from model 5, the diabetes incidence fraction attributable to
family history in this population was estimated. HRs for diabe-
tes according to family history were calculated separately for
males and females, different BMI categories (<22, 22-25 and
>25 kg/m?), different HOMA-IR and HOMA-B categories (ter-

tiles), and other lifestyle factors. Interactions between family
history and variables associated with obesity and lifestyle factors
were also evaluated. Statistical analyses were carried out using
the Japanese version of the Statistical Package for the Social Sci-
ences (spss version 17.0; SPSS Japan Inc, Tokyo, Japan). A
P-value of <0.05 was deemed to show statistical significance.
The present study was approved by the Institutional Review
Committee for Ethical Issues of Kanazawa Medical University.

RESULTS

The mean age at baseline was 46.2 years and mean BMI was
23.0 kg/m®. Of the 3,517 participants, 630 (18%) had a family
history of diabetes mellitus. The participants’ baseline character-
istics according to family history of diabetes are shown in
Table 1. The degree of obesity, variables for glucose metabolism
and insulin resistance, pancreatic P-cell function, and lifestyle

Table 1 | Baseline characteristics of the 3,517 participants according to family history of diabetes

No family history Family history P-valuet

n 2887 630
Women (%) 417 439 0303
Age (years) 463 £ 6.1 458 £ 60 0051
Body mass index (kg/m?) 230 + 3.1 229+ 31 0634
Fasting plasma glucose (mg/dL) 91.1+£92 917 + 94 0.121
Hemoglobin Alc (%) 53+03 54 + 04 0078
Fasting insulin (pU/mL) 49 (3.0-70) 49 (33-70) 0915
HOMA-IR 1.05 (0.70-160) 1.06 (0.70-160) 0688
HOMA-B 666 (465-94.7) 65.0 (450-947) 0344
Total cholesterol (mg/dL) 2079 £ 334 207.1 + 333 0592
Triglycerides (mg/dL) 859 (56.0-1260) 885 (580-128.0) 0.248
HDL-cholesterol (mg/dL) 624 + 151 624 + 165 0993
Systolic blood pressure (mm Hg) 1177 £ 188 1163 £ 170 0087
Diastolic blood pressure (mm Hg) 748 £ 134 739 £ 122 0.135
Total energy intake (kcal/day) 2048 £ 600 2036 £ 613 0632
Smoking status (%) 0084

Never smoker 568 520

Ex-smoker 86 95

Current smoker 346 385
Alcohol consumption 0340

Never 319 35.1

Occasional 149 153

Consumption <20 g/day 269 26

Consumption >20 g/day 263 235
Habitual exercise — yes (%) 240 270 0.113
Presence of metabolic abnormalities (%)

High fasting plasma glucose 39 46 0451

Hypertension 293 262 0118

Dyslipidemia 244 253 0666

Hypercholesterolemia 376 340 0.089
Occupational class (%) 0038
Non-manual workers 254 294
Manual workers 746 706
Data are presented as n, mean + standard deviation, geometric mean (interquartile range) or %.
tP-value for Student's ttest for continuous variables and y>test for categorical variables.
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factors, such as smoking status, alcohol consumption and total
energy intake did not differ significantly according to family
history of diabetes.

During the 7-year follow up (20,096 person-years, mean fol-
low-up time 5.7 £ 1.7 vears), we documented 228 cases of dia-
betes; 94 were diagnosed based on high FPG levels, 111 were
based on high HbA,. levels, and 23 were based on both high
FPG and high HbA, levels.

Table 2 presents the risk of type 2 diabetes in different cate-
gories of a family history of diabetes. After adjustment for age
and sex (model 1), the HR for type 2 diabetes in participants
with any family history of diabetes was 1.82 (95% confidence
interval 1.36-2.43) compared with participants without a family
history of diabetes. The HR did not change after further adjust-
ment for BMI (model 2), other lifestyle factors (model 3, 4) and
HOMA-IR (model 5). The overall fraction of diabetes incidence
attributable to family history in this population was 13.1%.

We found no differences in age, BMI and other lifestyle fac-
tors among family-history categories (data not shown); how-
ever, the HR for participants with a maternal history of
diabetes was the highest among those with a family history of
diabetes in first-degree relatives (Table 2).

We found no interactions between family history of diabetes
and sex, degree of obesity, degree of insulin resistance and pan-
creatic B-cell function, lifestyle factors, presence of other
chronic diseases, total energy intake, and occupational class in
the context of incidence of type 2 diabetes (Table 3).

DISCUSSION
The present cohort study of middle-aged Japanese workers
investigated the association between a family history of diabetes

and the incident risk of type 2 diabetes. The results show that
participants with a family history of diabetes had an 80%
greater risk of incident diabetes compared with those without a
family history of diabetes. These associations were independent
of other risk factors, such as obesity, insulin resistance, dietary
and lifestyle factors, and the presence of other chronic diseases.
Additionally, 13% of the incident diabetes in this population
was explained by a family history of diabetes. Among individu-
als with a family of history of diabetes, the risk of diabetes was
highest among those with a maternal history of diabetes.

Similar to previous studies in Western countries™>'>'30-34
a family history of diabetes was significantly associated with the
risk of diabetes in Japanese individuals. Family history of diabe-
tes includes environmental factors in addition to genetic fac-
tors’. Obesity'®™* and lifestyle factors, such as alcohol
consumption'*® and diet'®, have been reported to be associ-
ated with a family history of diabetes, and these non-genetic
factors explain a substantial part of the association between
family history and the risk for type 2 diabetes'*'>"”. However,
these reports were from Western countries, and it is not clear
to what extent obesity and lifestyle can explain the association
between family history and the risk of diabetes in relatively lean
Asian people with different lifestyles.

Family history of diabetes was not associated with BMI and
insulin resistance in the present study participants, and the
association between family history and the risk for diabetes did
not change after adjustment for BMI and HOMA-IR. These
results differ from those reported in previous studies in Wes-
tern countries'*'>"”. A previous study from Asia showed that a
positive family history was associated with higher obesity levels
and HOMA-IR*. However, the study was cross-sectional and

Table 2 | Incidence rate and adjusted hazard ratio for type 2 diabetes during the 7-year follow up according to family history of diabetes in 3,517

Japanese men and women

No family history ~ Family history Father only Mother only Sibling only 22 family members

n 2,887 630 29 181 75 75

Cases 166 62 20 25 8 9

Person-years of follow up 16465 3631 1,765 1,027 402 437

Incidence rate 10.1 17.1 13 243 199 206

(/1,000 person-years)

Hazard ratio (95% Cl)
Model 1 1 (reference) 1.82 (1.36-243) 126 (079-201) 260 (1.71-397) 1.76 (0.86-3.58) 198 (1.01-387)
Model 2 1 (reference) 1.81 (1.36-243) 121 (0.76-1.93) 275 (1.80-4.19) 191 (0.94-3.90) 1.85 (095-362)
Model 3 1 (reference) 1.78 (1.32-237) 121 (076-193) 256 (167-392) 206 (1.01-4.20) 195 (099-3.82)
Model 4 1 (reference) 1 78 (1.33-2.38) 121 (076-193) 256 (167-392) 205 (1.00-4.18) 1.95 (099-381)
Model 5 1 (reference) 84 (1.36-247) 1.29 (080-2.08) 256 (1.67-392) 195 (0.95-4.00) 198 (1.01-391)

Cl, confidence interval,
Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex and body mass index;

Model 3, adjusted for Model 2 variables plus smoking, alcohol consumption, habitual exercise, occupational class, and presence of hypertension,

dyslipidemia and hypercholesterolemia;
Model 4, adjusted for Model 3 variables plus total energy intake;

Model 5, adjusted for Model 4 variables plus homeostasis model assessment for insulin resistance.
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Table 3 | Interactions between obesity, insulin resistance, lifestyle factors and family history of diabetes in the context of the incidence of diabetes
in 3517 Japanese men and women

Family history n Incidence rate Adjusted-HR P-value for
(/1,000 person-years) (95% Chyt interaction
Sex 0344
“Men No family history 1,682 135 1.00 (reference)
Family history 355 231 162 (1.14-228)
Women No family history 1,202 56 1.00 (reference)
Family history 278 107 239 (136-422)
Body mass index (kg/m?) 0687
<22 No family history 1,165 45 1.00 (reference)
Family history 262 64 175 (084-3.62)
220-249 No family history 1,032 102 1.00 (reference)
Family history 223 198 1.83 (1.13-297)
>25 No family history 687 199 1.00 (reference)
Family history 148 341 181 (1.16-2.81)
Fasting plasma glucose (mg/dL) 0212
<110 No family history 2773 6.8 1.00 (reference)
Family history 601 122 187 (131-267)
110-125 No family history 114 1236 100 (reference)
Family history 29 1803 154 (0.88-2.70)
HOMA-R (tertiles) 0478
<09 No family history 990 52 1.00 (reference)
Family history 214 112 226 (1.17-436)
09-14 No family history 950 82 1.00 (reference)
Family history 203 150 196 (1.12-343)
>15 No family history 808 192 1.00 (reference)
Family history 179 303 1.56 (1.03-2.38)
HOMA-B (tertiles) 0495
< 530 No family history 906 154 1.00 (reference)
Family history 203 242 154 (098-242)
530-835 No family history 939 88 1.00 (reference)
Family history 197 179 209 (1.24-350)
2836 No family history 906 68 1.00 (reference)
Family history 1% 121 199 (106-3.76)
Smoking status 0584
Never/former smoker No family history 1,884 76 1.00 (reference)
Family history 389 135 200 (1.32-3.05)
Current smoker No family history 997 148 1.00 (reference)
Family history 244 238 1.59 (1.06-240)
Alcohol drinking 0.060
Never/occasional drinker No family history 1,349 75 100 (reference)
Family history 319 160 274 (1.75-4.29)
Regular drinker No family history 1,535 124 1 00 (reference)
Family history 314 187 44 (097-2.15)
Habitual exercise 0288
No No family history 2192 100 1.00 (reference)
Family history 462 156 1.55 (1.09-2.20)
Yes No family history 692 103 1.00 (reference)
Family history 171 22.1 247 (143-427)
Presence of metabolic abnormalitiest 0835
No No family history 1,196 41 1.00 (reference)
Family history 285 8.1 1.99 (1.05-3.78)
Yes No family history 1,691 14.7 1.00 (reference)
Family history 345 252 173 (1.24-241)
© 2013 Asian Association for the Study of Diabetes and Wiley Publishing Asia Pty Ltd Journal of Diabetes Investigation Volume 4 Issue 3 May 2013 265
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Table 3 | (Continued)

Family history n Incidence rate Adjusted-HR P-value for
(/1,000 person-years) (95% Chyt interaction
Total energy intake (kcal/day, tertiles) 0526
<1,744 No family history 963 93 1.00 (reference)
Family history 216 94 148 (0.78-2.81)
1,745-2194 No family history 952 88 1.00 (reference)
Family history 217 210 2.19 (1.34-359)
22,195 No family history 969 120 1.00 (reference)
Family history 200 22.1 1.75 (1.10-2.80)
Occupational class 0485
Non-manual worker No family history 732 54 100 (reference)
Family history 185 11.0 221 (1.05-467)
Manual worker No family history 2,155 15 1.00 (reference)
Family history 445 194 169 (1.23-2.33)

tAdjusted for age, sex, body mass index, smoking, alcohol consumption, habitual exercise, and presence of hypertension, dyslipidemia and hyper-

cholesterolemia.

FMetabolic abnormalities included hypertension, dyslipidemia and hypercholesterolemia.
HOMA-B, homeostasis model assessment for pancreatic -cell function; HOMA-IR, homeostasis model assessment for insulin resxstance

could not evaluate how these factors affect each other and the
association between family history and risk for diabetes. Our
prospective observations suggest that the association is not con-
founded by the presence of obesity and insulin resistance.
Among relatively lean Asian people, not only obesity and insu-
lin resistance, but also impaired insulin secretion is thought to
be an important risk factor for diabetes®®. Associations
between family history of diabetes and obesity/insulin resis-
tance, and the interaction between these factors and incidence
of diabetes might differ from those identified in Western peo-
ple. Similarly, family history was not associated with HOMA-B.
HOMA-IR and HOMA-B are calculated using fasting plasma
insulin and glucose levels. A family history of diabetes was
reported to be associated with insulin response after glucose
1oad®**, and postprandial glucose metabolism, rather than
fasting glucose/insulin regulation, might be strongly associated
with the family history-related incidence of diabetes in Asian
people.

Two previous studies of Asian populations suggested that
insufficient physical activity and family history of diabetes
might jointly increase the risk of diabetes**. However, these
studies did not evaluate the interaction between physical activity
and family history. The present study found no significant
interaction between habitual exercise and family history of dia-
betes, and family history was associated with an increased risk
of diabetes independent of habitual exercise.

Among individuals with a family history of diabetes in differ-
ent first-degree relatives, those with a maternal history of diabe-
tes had the highest risk of diabetes in the present study.
A greater risk from maternal diabetes compared with paternal
diabetes has been reported in some previous studies’>'***2,
but not in all studies™****?. The explanations for this greater
importance of maternal diabetes have included the following:

genomic imprinting (i.e. the differential expression of inherited
susceptibility genes in the paternal or maternal generation®);
mutations in mitochondrial DNA; which are maternally inher-
ited*; and metabolic programming during intrauterine expo-
sure*®. Furthermore, mothers might have a greater influence on
their children’s eating habits and other lifestyle behaviors,
because they might spend more time with their children during
childhood and in later life as compared with fathers. However,
excess maternal transmission of type 2 diabetes was not
observed in a hospital-based cross-sectional study from Korea*
Our prospective study suggests that Asian individuals with a
maternal history of diabetes have a greater risk of type 2 diabe-
tes. Because these associations were similar after adjustment for
lifestyle factors, genetic background appears to have strongly
affected the maternal transmission of diabetes.

The strengths of the present study were its prospective
cohort design and large sample size as compared with other
Asian studies. Furthermore, several previous cohort studies
used information about incident diabetes collected from self-
administered questionnaires, whereas our conclusions are based
on more reliable data obtained from annual examinations and
determination of fasting blood glucose and HbA,.. The present
study had several limitations. First, the family history of diabe-
tes was self-reported and was evaluated only once, at the base-
line examination. This might have caused misclassification
errors. A family history of diabetes was observed in 18% of the
present study participants; this percentage was similar to those
in previous studies of Asian people (10-20%)***, and any mis-
classification does not therefore appear to have been excessive.
Second, the sample included only people who were employed.
Poor health can prevent some individuals from working. Thus,
the prevalence of obesity or the incidence of diabetes might be
lower in our sample than in the general Japanese population.
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However, in previous population-based cohort studies in Japan,
the number of incident cases of diabetes was reported to be 67
in a group of 926 men followed for 9 years®, and 65 in a
group of 827 men and women followed for 9-10 years”, these
rates seem to be similar to that in our workplace cohort. Third,
we did not measure waist circumference at baseline, which
might have provided more information about abdominal fat
accumulation and insulin resistance than was provided by BMI
measurements. Fourth, oral glucose tolerance tests were not
carried out, and we cannot evaluate the interaction between
family history and glucose/insulin levels after glucose load in
the context of diabetes incidence. A further limitation is that
we did not determine whether the diabetes that developed was
type 1 or type 2. However, the study participants were middle-
aged men and, as the condition was detected in an annual
medical check-up and was relatively mild, it is most likely that
the cases were type 2 diabetes.

In conclusion, a family history of diabetes was significantly
associated with the incident risk of diabetes in Japanese men
and women, and this association was independent of interac-
tions with obesity and lifestyle factors. Although family history
of diabetes is an unmodifiable risk factor, detection and early
intervention in these high-risk people would also be useful for
the primary prevention of type 2 diabetes in the relatively lean
Asian population.
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Abstract — Aims: To investigate the effects of shift work on increased alcohol intake associated with poor sleep quality. Methods:
This cross-sectional survey evaluated the correlation between work schedule, poor sleep quality and heavy drinking among
909 factory workers aged 35-54 years in Japan. Subjects included 530 day workers, 72 shift workers who did not work at night and
290 shift workers who engaged in night work. Heavy drinking was defined as a mean volume of alcohol consumption exceeding
60 g/day. Results: Compared with other workers, night-shift workers who suffered poor sleep quality exhibited the highest frequency
of heavy drinking (17.6%). Multiple logistic regression analysis demonstrated that compared with day workers with good sleep,
night-shift workers who experienced poor sleep had more than twice the odds of heavy alcohol consumption (odds ratio 2.17 [95%
confidence interval (CI), 1.20-3.93]). Shift workers who did not work at night and day workers with poor sleep were not at increased
odds of heavy drinking. Conclusion: Shift workers who engage in night work may try to modify their health behavior to cope with
sleep problems. Such modification may be a risk factor for heavy drinking.

INTRODUCTION

Moderate alcohol consumption may help in preventing
coronary disease in older individuals (Rimm et al., 1999;
Murray et al., 2002). Conversely, excessive intake of alcohol
has been linked to major morbidity, including neuropsychi-
atric disorders, gastrointestinal illness, cancer and cardiovas-
cular disease, as well as both intentional and unintentional
injury (Rehm et al., 2010). According to the World Health
Organization, alcohol consumption is the world’s leading
risk factor for mortality among working males ages 15-59
years (WHO, 2011). Therefore, identifying risk factors for
heavy drinking in the work force is essential for preventing
alcohol-related health problems. Numerous studies have
assessed the association between occupational factors and
alcohol consumption or excessive drinking. (Siegrist and
Rodel, 2006) Job stress arising from perceived imbalances
between work effort and rewards, protracted working hours
and job insecurity is a well-known risk factor for heavy
drinking (Head et al., 2004; Siegrist and Rodel, 2006; Hiro
et al., 2007; Biron et al., 2011; Marchand et al., 2011).
However, other studies examining the relationship between
work schedule and alcohol consumption have generally pro-
duced equivocal findings (Ragland et al., 1995; Lasfargues
et al., 1996; Bgggild and Knutsson, 1999; Hermansson et al.,
2003; Hiro et al., 2007; Bushnell et al., 2010).

It is well established that most shift workers experience at
least occasional or long-lasting sleep problems (Akerstedt,
2003; Akerstedt and Wright, 2009). Particularly, shift work
extending into the night can exert pronounced negative effects
on sleep hours and sleepiness (Pilcher et al., 2000), reduce
performance (Torsvall and Akerstedt, 1987) and increase the
risk of accidents (Smith ef al., 1994; Akerstedt et al., 2002).
Thus, learning how to effectively cope with sleep problems is
an important goal for many night shift workers.

Alcohol is commonly used as a sleep aid, since ingestion
of alcohol can initially be associated with improved sleep
onset. An international collaborative study conducted by 10
countries found that 19.4% of subjects who thought they
did not sleep well drank alcohol (Soldatos er al., 2005).
However, many individuals can become tolerant to the seda-
tive effects of alcohol, which in turn, may lead to increased
consumption and more detrimental abuse (Roehrs and Roth,
2001). Accordingly, we hypothesized that shift workers who
suffer from sleep problems and depend on alcohol as a sleep
aid may be at risk of heavy drinking. To investigate this
hypothesis, we conducted a cross-sectional survey examining
the effects of shift work and related sleep problems on
alcohol intake among male factory workers in Japan.

MATERIALS AND METHODS

Subjects

The study population consisted of male manual workers
employed at a factory that produces light metal products.
In 2009, a self-administered survey on sleep and alcohol intake
was carried out in 4736 employees, of whom, 3715 (78.4%)
provided valid responses. The analysis included data from a
subset of 909 employees, aged 35-54 years, who engaged in
manual work, such as the operation of machinery or the pro-
cessing or construction of aluminum products. This study was
approved by the Ethics Committee for Epidemiologic Research
at the Kanazawa Medical University (Ishikawa, Japan).

The employees worked one of three shift schedules: (1) a
non-continuous two-shift schedule; (2) a non-continuous
three-shift schedule and (3) a continuous three-shift schedule.
The three-shift workers rotated in a counterclockwise
manner: 75% had a non-continuous shift schedule (five day
shifts, five night shifts and five evening shifts with weekend
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holidays) and 25% had a continuous-shift schedule (three or
four day shifts, three or four night shifts and three or four
evening shifts, with one rest day between successive shifts).
Workers adhering to three-shift schedules changed shifts at
08h00, 16h30 and 00h15, or 06h30, 13h00 and 21h30. The
two-shift workers followed a non-continuous shift schedule
(five day shifts and five evening shifts or five night shifts).

Data collection

Heavy drinking was defined as the mean volume of alcohol
consumption exceeding 60 g/day in accordance with the
Japan Ministry of Health, Labor and Welfare guideline, ‘21st
Century Measures for National Health Promotion’. (Ministry
of Health, Labour and Welfare, 2001). Alcohol intake during
the preceding month was assessed using a self-administered
diet history questionnaire (DHQ) (Sasaki et al., 1998). The
DHQ was developed to estimate the dietary intakes of
macronutrients and micronutrients in epidemiological studies
in Japan. A detailed description of the methods used for cal-
culating dietary intake and the validity of the DHQ have
been previously published (Sasaki et al., 1998). The DHQ
includes questions about the nature of alcohol intake, includ-
ing weekly or monthly frequency and the amount of alcohol
consumed on each occasion by the type of alcoholic bever-
age. The mean volume of alcohol consumption per day was
calculated over a one-month period using an ad hoc com-
puter algorithm developed for the DHQ, which is based on
the Standard Tables of Food Composition in Japan.

The subjects were queried about the presence of sleep pro-
blems during the past month. On the basis of the nature of
their responses, the subjects were judged to have poor sleep
quality if they reported any one or more of the following:
fairly bad or very bad sleep quality, short sleep duration (6 h
or less), sleep disturbances (waking up in the middle of the
night or early morning at least once a week) and the use of
sleep medication at least once a week. Further, the subjects
were also asked about the use of alcohol as an intentional
means of achieving good sleep. Data on work characteristics
(skilled manual versus non-skilled manual), smoking habits

and the use of medication for hypertension, diabetes and
dyslipidemia were also collected.

Statistics

The subjects were classified into three groups according to
their work schedule: (1) day workers (n=1530); (2) two-shift
workers without night shift (n =72) and (3) two-shift or three-
shift workers including night shift (n = 307, including 42 two-
shift workers and 265 three-shift workers). After adjusting for
age and other confounding factors, a multiple logistic regres-
sion model was employed to evaluate the correlation between
work schedule, the presence of poor sleep quality and heavy
drinking. Potential confounding factors tested included age
group (35-39 years/40-44 years/45-49 years/5S0-54 years),
smoking (non-smoker/ex-smoker/current-smoker) and the use
of medication for hypertension, diabetes and dyslipidaemia.

The frequencies of categorical variables were compared
using the y*-test. Continuous variables were compared using
the one-way analysis of variance (ANOVA) or the Kruskal—-
Wallis test.

Statistical analyses were performed using IBM SPSS 19.0
(SPSS, Inc., Chicago, IL, USA). All the probability values
were two-tailed and P <0.005 was defined to be statistically
significant.

RESULTS

Table 1 presents the age, lifestyle habits and the frequency of
sleep problems reported for all subjects as well as for the sub-
jects stratified by shift. Workers who engaged in night shift
work were generally younger than workers comprising the other
two groups. Skilled manual workers were more prevalent
among the daytime workers than the other groups. The fre-
quency of short sleep duration (<6 h) varied among the three
groups; a post hoc test showed that shift workers who worked at
night were affected significantly more often than daytime
workers (22.1 versus 13.8%, respectively; P=0.002). However,
the frequency of sleep disturbance and poor sleep quality did
not differ significantly between shift workers and day workers.

Table 1. Characteristics of subjects by work schedule

Day workers (a)

Shift workers
without night

Shift workers with
night shift (c)

Post hoc comparison

Variables All (n=909) (n=530) shift (b) (n=72) (n=307) o a/b alc b/c
Age (years), mean (SD) 45 (6.0) 454 (5.9 46.2 (6.1) 442 (5.9 0.003 0.563 0.014 0.032
Skilled worker, n (%) 134 (14.7) 115 21.7) 6 (8.3) 13 4.2) <0.001 0.007 <0.001 0.224
Sleep problems, 1 (%)
Short sleep duration, <6 h 157 (@(17.3) 73 (13.8) 16 (22.2) 68 (22.1) 0.005 0.078 0.002 1.000
Sleep disturbance, 21/week 215 (23.7) 119 (22.5) 17 (23.6) 79 (25.7) 056 — — —
Poor sleep quality, fairly bad or very bad 314 4.5) 168 (31.7) 29  (40.3) 119  (38.8) 0.052 — — —
Use of sleeping medication, 21/week 24 (2.6) 21 (4.0) 1 (1.4) 2 0.7) 0.012 0.5 0.004 0.469
Alcohol intake
Alcohol use for good sleep 21/week, n (%) 220 (24.2) 116 (21.9) 14 (12.8) 90 (29.3) 0.033 076 0.02 0.107
Alcohol intake (g/day), median [25 and 75 13.0 [0.6,31.7] 12.8 [0.6,30.6] 13.2 [0.5,37.5] 12.6 [0.8,314] 0.765 — — —
percentile]
Alcohol intake, >60 g/day, n (%) 94 (10.3) 49 9.2) ] (6.9) 40 (13.0) 0.137 — — —
Smoker
Ex-smoker, n (%) 183  (20.1) 118  (22.3) 13 (18.1) 52 (16.9) 0.137 — — —
Current smoker, n (%) 426  (46.9) 230 (43.4) 38  (52.8) 158 (51.5)

#P-value tested by one-way ANOVA, y”-test or Kruskal-Wallis test.

Sleep problems: self-evaluation during the past one month.
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