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INTRODUCTION

ABSTRACT

Aims/Introduction: To assess the associations of working conditions, eating habits and
glycemic control among young Japanese workers with type 2 diabetes.

Materials and Methods: This hospital- and clinic-based prospective study included
352 male and 126 female working patients with diabetes aged 20-40 years. Data were
obtained from June to July 2012 and June to July 2013. Logistic regression analysis was
used to estimate multivariable-adjusted odds ratios (ORs) and 95% confidence intervals
(Cs) for suboptimal glycemic control (glycosylated hemoglobin level of >7%) obtained
from June to July 2013,

Results: Multivariable logistic regression analysis showed that disease duration of

>10 years (OR 243, 95% Cl 1.02-5.80), glycosylated hemoglobin level of >7% in 2012 (OR
850, 95% Cl 490-14.80), skipping breakfast and late evening meals (OR 2.50, 95% Cl 1.25—
5.00) and working >60 h/week (OR 2.92, 95% Cl 1.16-7.40) were predictive of suboptimal
glycemic control in male workers, whereas a glycosylated hemoglobin level of >7% in
2012 (OR 1796, 95% Cl 593-544), oral hyperglycemic agent therapy (OR 1249, 95% Cl
2.75-56.86) and insulin therapy (OR 1160, 95% Cl 2.35-57.63) were predictive of subopti-
mal glycemic control in female workers.

Conclusions: Working >60 h/week and habitual skipping breakfast concomitant with
late evening meals might affect the ability of young male workers with type 2 diabetes to
achieve and maintain glycemic control.

stress has received much attention. Because most adults

In Japan, the association between long working hours
(LWHs) and the phenomenon of karoshi (death owing to
overwork) because of unhealthy lifestyle choices (i.e., physi-
cal inactivity, unhealthy eating habits and short sleep dura-
tion) and prolonged exposure to work-related psychological
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work for at least one-third of the day, occupational factors
might play an important role in glycemic control'. However,
few epidemiological studies have investigated the effects of
working conditions (i.e., working hours, occupation type,
employment status and night work) on the incidence of type
2 diabetes and glycemic control among workers with type 2
diabetes® ™.
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Various lifestyle factors, particularly habitually skipping
breakfast (SB) and late evening meals (LEMs), were associated
with the onset of obesity and type 2 diabetes. SB is indepen-
dently associated with several risk factors for type 2 diabetes,
including increased body mass index (BMI), waist circumfer-
ence and insulin resistance’ ’. Furthermore, SB is associated
with poor glycemic control, even after adjusting for BMI*®. In
contrast, owing to a lack of time, impaired appetite and fatigue,
LEMs can be associated with SB the following day'®. However,
in the general Japanese population, hyperglycemia has been
associated with LEMs, but not SB.

Therefore, the present hospital- and clinic-based prospective
study aimed to identify associations between suboptimal glyce-
mic control and four work characteristics (i.e., number of work-
ing hours, type of occupation, status of employment and shift
work) and unhealthy lifestyle habits (i.e., habitual SB or LEMs)
among young Japanese adults with type 2 diabetes. Furthermore,
subanalysis was carried out to assess the relationship between
various lifestyle choices, socioeconomic status (SES) and compli-
cations of young Japanese adults with type 2 diabetes'".

METHODS

Participants

The present study was carried out at 96 member facilities (53
hospitals and 43 clinics) of the Japan Federation of Democratic
Medical Institutions (Min-iren) that were located in 38 of the
48 Japanese Prefectures, rendering this a nationwide study''.
The study cohort included 782 outpatients with type 2 diabetes
aged 2040 years as of 31 March 2012, who visited any of the
participating facilities from 1 October 2011 to 31 March 2012,
met the inclusion criteria and agreed to participate in this
study. The study data were acquired from medical records

No. of patients in this study
n=782

http://wileyonlinelibrary.com/journal/jdi

dated from June to July of 2012 and a self-administered ques-
tionnaire that was distributed at the same time. Subanalysis was
carried out to identify type 2 diabetes-related lifestyle factors
that were associated with achieving or maintaining optimal gly-
cemic control. Unemployed persons, students or welfare recipi-
ents, and those with missing data regarding glycosylated
hemoglobin (HbA1c) levels owing to dropping out of the study
from June to July 2013 were excluded. Of the 782 outpatients,
data of 478 patients were included for analysis (Figure 1). The
patients who achieved or maintained serum HbAlc levels of
<7.0% were categorized as the optimal group (n = 179), and
the remaining patients as the suboptimal group (n = 299).

Measurements and definition

The diagnosis of type 2 diabetes and classification of diabetes
type were carried out according to the guidelines of the Com-
mittee of the Japan Diabetes Society on the Diagnostic Criteria
of Diabetes'”. Data regarding type 2 diabetes diagnosis, sex,
age, disease duration, HbAlc (%), BMI (kg/m?), drug therapy
(oral hyperglycemic agents, glucagon-like peptide-1 [GLP-]]
analogs, insulin or antidyslipidemic agents), and the presence
or absence of diabetic retinopathy and/or nephropathy were
collected from medical records dated from June to July 2012.
Using a self-administered questionnaire, data regarding smok-
ing habits, drinking habits, physical activity, sleep time, habitual
SB or LEMs and SES were obtained.

Each patient was classified as obese (BMI >30 kg/mz), over-
weight (BMI >25 kg/m®) or having a normal bodyweight (BMI
<25 kg/m®). The prevalence of retinopathy was based on a
medical diagnosis. Nephropathy was confirmed based on pro-
teinuria by qualitative testing (persistent proteinuria) or serum
creatinine level of >2 mg/dL (renal insufficiency).

Patients excluded:
unemployed, students, welfare recipients

No. of patients who are workers
n=>571

n=211

Patients excluded:
missing HbA1c levels at the visits from

No. of patients finally enrolled in this study
n=478

June to July 2013
n=93

Figure 1 | Flow chart of patient selection. HbA1c, glycosylated hemoglobin.
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Histories of smoking and alcohol consumption were classi-
fied as current, previous or none. Regarding physical activity,
regular exercise was defined as exercise carried out more than
twice per week. Habitual SB was determined based on a posi-
tive response to the question: ‘Do you skip breakfast at least
one time per week? The habit of LEMs was determined based
on a positive response to the question: ‘Do you eat dinner after
10:00 pm at least one time per week? According to the combi-
nation of answers regarding habitual SB and LEMs, the patients
were classified into four eating behavior groups: absence of
both SB and LEMs (normal eating behavior), LEMs alone, SB
alone, and both SB and LEMs (SB concomitant with LEMs), as
described elsewhere'”.

SES was determined by assessing the working environment
of the patient. Employment status was classified as regular,
non-regular or unemployed. The number of working hours per
week was classified into one of three categories as: <35, >35
and <60, and >60 h. Occupations were classified into one of
three categories of: (i) manager/professional/independent busi-
ness; (ii) white collar (e.g., sales, service or clerical worker); and
(iii) blue collar (e.g., skilled, semiskilled or unskilled worker).
The classification of work schedule was either shift work (in-
volving irregular or unusual hours) or no shift work (normal
daytime work schedule).

Informed consent

The study protocol was approved by the Ethics Committee of
Jouhoku Hospital (Ishikawa, Japan), and written informed con-
sent was obtained from all participants.

Study design and statistical analysis
Recommended treatment goals based on the Japanese Diabetes
Society guidelines included HbAlc levels of <7.0%">. Therefore,
suboptimal glycemic control was defined as: (i) yes, if HbAlc
levels were >7%; or (ii) no, if HbAlc levels were <7%. The asso-
ciation between baseline factors and suboptimal glycemic con-
trol (HbAlc >7%) from June to July 2013 as the outcome
variables was identified using univariate and multivariate analy-
ses. These baseline covariates were disease duration, HbAlc
(<7% or >7%), BMI (obese, overweight or normal), therapeutic
agent for type 2 diabetes (oral hyperglycemic agent therapy
with GLP-] analogs or insulin therapy with oral hyperglycemic
agents), smoking habit, drinking habit, physical activity, sleep
time, unhealthy eating habit (SB and/or LEMs) and working
conditions (employment status, number of working hours per
week, occupation type and shift work, particularly at night).
Continuous variables are reported as mean + standard devia-
tions and categorical variables are reported as percentages.
Intergroup comparisons were carried out using the t-test or 3’
test, depending on the data type of the variable. Associations
based on logistic regression analysis are summarized as odds
ratios (ORs) and 95% confidence intervals (CIs). All statistical
tests were two-tailed, and a P-value of <0.05 was considered
statistically ~ significant. To determine the effects of
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multicollinearity on logistic regression analyses and subsequent
conclusions, the uncertainty coefficient and Kendall’s tau rank
correlation were used. The Hosmer—Lemeshow test was used to
evaluate the goodness-of-fit of the logistic regression analyses.
A P-value of >0.05 was considered a good fit. All calculations
were carried out using SPSS 8.0] for Windows statistical soft-
ware (SPSS Japan Inc., Tokyo, Japan).

RESULTS

Clinical characteristics

The baseline characteristics of 478 workers are summarized
with descriptive statistics in Table 1. There were no significant
differences between baseline and 1-year HbAlc (%) and BMI
(kg/mz) values. The therapeutic method of the 352 male work-
ers was dietary modification (13.1%), use of oral hypoglycemic
agents with GLP-1 analogs (64.2%) and insulin therapy (22.7%).
Of the 126 female workers, the therapeutic method was dietary
modification (15.1%), the use of oral hypoglycemic agents with
GLP-I analogs (54.0%) and insulin therapy (30.2%). The preva-
lence of retinopathy was similar between men and women
(21.9% vs 21.7%, respectively), whereas the prevalence of overt
proteinuria and renal insufficiency was higher in men than in
women (19.3% vs 9.5%, respectively). More men than women
were regularly employed (79.0% vs 32.2%, respectively). Among
male workers, the proportion of those who worked for >60 h/
week was high, at approximately 26.7%.

Simple correlations of clinical data

The baseline characteristics of the 478 workers in the optimal
and suboptimal groups are summarized in Tables 2 and 3,
respectively. Among the male workers, there were statistically
significant differences between the two groups regarding HbAlc
levels in 2012 (P <0.001), type 2 diabetes duration
(P = 0.001), therapeutic method (P < 0.001), current drinking
(P = 0.049), eating habit (P = 0.003) and weekly working
hours (P = 0.015). Similarly, among the female workers, statis-
tically significant differences were observed between the two
groups regarding HbAlc levels in 2012 (P < 0.001), therapeutic
method (P < 0.001), eating habit (P = 0.021) and shift work
(P = 0.031).

Risk factors for suboptimal glycemic control by univariate and
multivariate correlation analyses

The results of univariate and multivariate logistic regression
analyses for identifying clinical variables associated with subopti-
mal glycemic control among the 478 workers according to sex
are presented in Tables 4 and 5, respectively. Univariate logistic
regression analysis of male workers showed that the following
nine characteristics were predictive of suboptimal glycemic con-
trol: disease duration of >10 years (OR 3.27, 95% CI 1.60-6.70),
HbA1lc level of >7% (OR 11.30, 95% CI 6.79-18.80), BMI of
>30 kg/m”> (OR 1.79, 95% CI 1.02-3.13), oral hyperglycemic
agent therapy with GLP-I analogs (OR 2.53, 95% CI 1.31-7.72),
insulin therapy (OR 7.39, 95% CI 3.25-16.80), LEMs alone (OR
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Table 1 | Baseline characteristics of 478 workers (352 men and 126

women)
Men Women
(n=1352) (h=120)

Age (years) 351+46 347+ 46

20-29 134 148

3040 866 852
Duration of diabetes (years)

Mean (SD) 59+53 67 +58
HbATc (%)

2012 77 £ 17 76+ 15

2013 77 £ 17 77 15
BMI (kg/m?)f

2012 294 £ 57 293 %52

2013 292+60 29158
Retinopathy

Yes 219 21.7

No 781 783
Nephropathy

Yes 193 95

No 80.7 905
Treatment

Diet 13.1 15.1

Oral hyperglycemic agents 64.2 54.7

Insulin 227 302
Antidyslipidemic agents

Yes 349 214

No 65.1 786
Physical activity

Yes 500 516

No 500 484
Skipping breakfast

Yes 392 325

No 60.8 675
Late evening meals

Yes 563 429

No 437 57.1
Current drinking

Yes 489 349

No or former 511 65.1
Current smoking

Yes 438 214

No or former 56.3 786
Sleep time (h/day)

<6 244 230

69 736 754

>9 19 16
Employment status

Regular employment 792 322

Non-regular employment 208 67.8
Occupations

Manager/professional/independent business — 26.1 190

White collar 330 532

Blue collar 409 278
Shift work

Yes 287 389

No 713 61.1

http://wileyonlinelibrary.com/journal/jdi

Table 1 (Continued)

Men Women
(n=352 (n=126

Work h/week

<35 136 46.0
35-60 599 437
>60 267 103

Data are presented as frequency and mean + standard deviation or
percentages. 'P-values were determined using the paired t-test. Values
were statistically significant at P < 0.05. BMI, body mass index; HbA1lc,
glycosylated hemoglobin; SD, standard deviation.

1.89, 95% CI 1.09-3.23), SB and LEMs (OR 2.87, 95% CI 1.63—
5.08), current drinking (OR 1.54, CI 1.00-2.38), and working
>60 h/week (OR 2.65, 95% CI 1.27-5.50). In contrast, univariate
logistic regression analysis of female workers showed that the
following five characteristics were predictive of suboptimal glyce-
mic control: HbAlc level of >7% (OR 16.00, 95% CI 6.43—
40.00), oral hyperglycemic agent therapy with GLP-l analogs
(OR 10.89, 95% CI 3.21-36.94), insulin therapy (OR 11.20, 95%
CI 3.02-41.60), SB and LEMs (OR 5.74, 95% CI 1.52-21.60),
and shift work (OR 2.60, 95% CI 1.15-5.82). To assess whether
these variables were associated with suboptimal glycemic con-
trol, multivariable logistic regression analysis was carried out.
For male workers, disease duration of >10 years (OR 2.43, 95%
CI 1.02-5.80), HbAlc level of >7% (OR 8.50, 95% CI 4.90—
14.80), SB and LEMs (OR 2.50, 95% CI 1.25-5.00), and working
>60 h/week (OR 2.92, 95% CI 1.16-7.40) remained significant.
For female workers, HbAlc level of >7% (OR 17.96, 95% CI
5.93-54.4), oral hyperglycemic agents with GLP-1 analogs (OR
1249, 95% CI 2.75-56.86), and insulin therapy (OR 11.60, 95%
CI 2.35-57.63) remained significant.

For male workers, no statistically significant correlation was
found between disease duration and SB and LEMs (correlation
coefficient 0.003, P = 0.870) using the uncertainty coefficient.
Likewise, no statistically significant correlation was found
between LWHs and SB and LEMs (correlation coefficient
0.015, P =0.06) using the uncertainty coefficient. Although
there was a statistically significant correlation between disease
duration and HbAlc by Kendall’s tau rank correlation, this cor-
relation was weak (correlation coefficient 0.187, P < 0.001). For
male workers, this analysis was considered well adjusted,
according to the Hosmer—Lemeshow test (P = 0.308). At a cut-
off value of 0.5, the sensitivity and specificity of the analysis
were 84.2% and 67.9%, respectively, with a positive predictive
value of 78.0%. Although there was a statistically significant
correlation between treatment and HbAlc levels with the
uncertainty coefficient in female workers, this correlation was
weak (correlation coefficient 0.102, P < 0.001). For female
workers, this analysis was considered well adjusted, according
to the Hosmer-Lemeshow test (P = 0.830). At a cut-off value
of 0.5, the sensitivity and specificity of the analysis were 81.5%

76 J Diabetes Investig Vol. 10 No. 1 January 2019

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



http://wileyonlinelibrary.com/journal/jdi

Table 2 | Baseline characteristics according to achieving or maintaining
glycosylated hemoglobin level (glycosylated hemoglobin level of <7%)
among male workers

Optimal Suboptimal P-value
(n = 135) (n=1217)

Age, years (%)
20-29 14.1 129 0.753
3040 859 87.1

Duration of diabetes, years (%)
<5 years 474 421 0.001
5-10 239 306
>10 years 14.7 223

HbA1c in 2012 (%)
Optimal (<7%) 719 184 <0.001
Suboptimal (>7%) 28.1 816

BMI (%)
Normal 267 207 0.060
Overweight 393 318
Obese 340 475

Treatment (%)
Diet 215 78 <0.001
Oral hyperglycemic agents 674 650
Insulin 1.1 272

Antidyslipidemic agents
Yes 289 359 0.172
No 711 64.1

Physical activity (%)
Yes 504 498 0913
No 496 50.2

Eating habit (%)
Absence of SB and LEMs 444 267 0.003
SB alone 104 101
LEMs alone 252 286
SB plus LEMs 202 346

Current drinking (%)
Yes 422 530 0.049
No or former 578 470

Current smoking (%)
Yes 430 442 0814
No or former 570 558

Sleep time (h/day)
<6 (%) 20.7 26.7 0.160
6-9 (%) 785 705
>9 (%) 07 238

Employment status (%)
Regular employment 80.2 786 0753
Non-regular employment 200 214

Occupations (%)
Manager/professional/ 218 280 0391
independent
business
White collar 338 332
Blue collar 444 388

Shift work (%)
Yes 289 286 0949
No 71.1 714
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Table 2 (Continued)

Optimal Suboptimal P-value
(n=135) (n=217)
Work h/week (%)
<35 170 111 0015
35-60 644 571
>60 185 318

The y>test was used to examine categorical variables. P-values of <0.05
were considered to be statistically significant. BMI, body mass index;
HbATc, glycosylated hemoglobin; LEMs, late evening meals; SB, skipping
breakfast.

and 79.6%, respectively, with a positive predictive value of
80.8%.

DISCUSSION

The aim of the present prospective study was to assess the
association of lifestyle habits and working conditions with sub-
optimal glycemic control among young adult outpatients with
type 2 diabetes. Analysis based on sex revealed an association
between LWHs (>60 h/week) and suboptimal glycemic control
in men. This association was robust when adjusted for BMI,
pharmacotherapy and lifestyle factors, such as physical inactiv-
ity, unhealthy eating habits, smoking, alcohol consumption and
sleep deprivation. Thus, LWHs (>60 h/week) was identified as
an independent predictive factor of suboptimal glycemic con-
trol. Few attempts have been made to identify the association
between working hours and glycemic control among workers
with type 2 diabetes*. To the best of our knowledge, this is the
first prospective study to assess the association between subopti-
mal glycemic control and working conditions in adults with
type 2 diabetes.

LWHs might result in suboptimal glycemic control owing to
greater job stress or strain because of working long hours*.
Although the biological mechanism is not well understood,
chronic stress at work could affect glycemic control through
negative behavioral habits, such as increased eating to cope with
stress and neuroendocrinological factors, including counter-reg-
ulatory hormones®. Nevertheless, a meta-analysis showed no
statistically significant associations between work-related psy-
chosocial stress and job strain with an increased risk of type 2
diabetes™.

Conversely, a recent meta-analysis reported an evident asso-
ciation between LWHSs and type 2 diabetes incidence in the
low SES group, although details regarding the mechanisms
underlying this association were not mentioned'. The authors
determined SES based on the census classification groups
(American cohorts), social class categorization of the Registrar
General (British cohorts) and the Australian Standard Classifi-
cation of Occupations (Australian cohorts). The most common
occupations of the low SES group were crafts, operatives, ser-
vice, labor, farming (American cohorts), non-skilled manual

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 10 No. 1 January 2019 77



ORIGINAL ARTICLE
Azami et al.

Table 3 | Baseline characteristics according to achieving or maintaining
glycosylated hemoglobin level (glycosylated hemoglobin level of <7%)
among female workers

Optimal Suboptimal P-value
(n = 44) (n=82)

Age, years (%)
20-29 182 159 0.738
3040 818 84.1

Duration of diabetes, years (%)
<5 years 545 427 0438
5-10 205 244
>10 years 250 329

HbA1c in 2012 (%)
Optimal (<7%) 795 195 <0.001
Suboptimal (>7%) 205 80.5

BMI (%)
Normal 256 17.1 0.265
Overweight 256 390
Obese 488 439

Treatment (%)
Diet 364 49 <0001
Oral hyperglycemic 455 64.6

agents

Insulin 182 305

Antidyslipidemic agents
Yes 114 232 0.108
No 886 768

Physical activity (%)
Yes 545 500 0626
No 455 500

Eating habit (%)
Absence of SB and LEMs 56.8 354 0021
SB alone 185 122
LEMs alone 182 280
SB plus LEMs 6.8 244

Current drinking (%)
Yes 318 366 0.593
No or former 682 634

Current smoking (%)
Yes 205 220 0.845
No or former 795 780

Sleep time (h/day)
<6 (%) 136 280 0.0%4
6-9 (%) 84 69.5
>9 (%) 00 24

Employment status (%)
Regular employment 317 329 0.89%
Non-regular employment 683 67.1

Occupations (%)
Manager/professional/ 146 227 0583
independent business
White collar 585 533
Blue collar 268 240

Shift work (%)
Yes 268 474 0031
No 732 526

http://wileyonlinelibrary.com/journal/jdi

Table 3 (Continued)

Optimal Suboptimal P-value
(n = 44) (n =282
Work h/week (%)
<35 44.2 476 0489
35-60 419 451
>60 140 73

The y>test was used to examine categorical variables. P-values of <0.05
were considered to be statistically significant. BMI, body mass index;
HbATc, glycosylated hemoglobin; LEMs, late evening meals; SB, skipping
breakfast.

and partly or skilled manual (British cohorts), and production,
transportation, elementary and laborer (Australian cohorts). In
the present study, the association between suboptimal glycemic
control and LWHSs was significant after adjusting for SES, as
described above for British cohorts.

There was an association between LWHs and type 2 diabetes
in male workers. Regarding the association between sex differ-
ences and health, one must consider the differences in social
roles with respect to sex. We hypothesized that men are more
commonly subjected to stress because of LWHs than women,
because the social roles of men strongly affect work ethics in
Japan, where men are considered to be the breadwinner of the
family and who should work outside the home to earn a liv-
ing'®. In other words, these findings increase the possibility that
men believe that they are not appropriately rewarded for their
labor in regard to LWHs.

Strong associations between working overtime hours and the
onset of brain and heart diseases have long been recognized in
Japan. Working >100 h of overtime for the past 1 month and
for >80 h of overtime for the past 2-6 months have been cor-
related with an increased incidence of karoshi'”. We would like
to emphasize that >80 h of overtime per month is associated
with LWHs (>60 h/week), which was identified as an indepen-
dent risk factor for suboptimal glycemic control in the present
study.

Similarly, the present study results showed that the associa-
tion between suboptimal glycemic control and SB concomitant
with LEMs was robust when adjusted for BMI, pharmacother-
apy and other lifestyle factors, such as physical inactivity, smok-
ing, alcohol consumption and sleep duration. To the best of
our knowledge, this is the first prospective study to report that
SB concomitant with LEMs was more significantly associated
with suboptimal glycemic control than SB alone.

Habitual SB is considered to be an unhealthy eating habit
associated with the incidence of type 2 diabetes and glycemic
control’ . One of the mechanisms by which SB could poten-
tially cause or exacerbate type 2 diabetes is the second-meal
phenomenon: the effect of a prior meal in decreasing the
increase in blood glucose after a subsequent meal'®, which is
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Table 4 | Univariate and multivariate logistic regression analyses to identify clinical variables associated with suboptimal glycemic control among

male workers

Univariate P-value Multivariate P-value
OR (95% CJ) OR (95% Cl)
Age (years)
20-29 1 (reference)
30-40 1.10 (0.56-2.07) 0.759
Duration of diabetes (years)
<5 years 1 (reference) 1 (reference)
5-10 1.39 (0.84-2.30) 0.194 1.23 (067-2.75) 0.505
>10 years 3.27 (160-6.70) 0012 243 (1.02-5.80) 0.045
HbATc in 2012
<7% 1 (reference) 10
>7% 113 (6.79-188) <0.001 850 (490-14.8) <0.001
BMI, kg/m? (%)
Normal 1 (reference) 1 (reference)
Overweight 104 (059-1.83) 0.888 1.10 (055-2.24) 0.783
Obese 1.79 (1.02-3.13) 0.041 1.36 (067-2.75) 0397
Treatment
Diet 1 (reference) 1 (reference)
Oral hyperglycemic agents 253 (131-7.72) 0.006 1.18 (0.54-2.59) 0674
Insulin 739 (3.25-16.80) <0.001 247 (093-6.60) 0.071
Antidyslipidemic agents
Yes 1.38 (0.87-2.20) 0172
No
Physical activity
Yes 1 (reference)
No 098 (064-1.50) 0913
Eating habit
Absence of SB and LEMs 1 (reference) 1 (reference)
SB alone 163 (0.76-343) 0217 1.14 (046-2.88) 0.770
LEMs alone 1.89 (1.09-3.23) 0.024 187 (095-3.71) 0.070
SB plus LEMs 287 (163-5.08) <0001 250 (1.25-5.00) 0.009
Current drinking
Yes 1.54 (1.00-2.38) 0049
No or former 1 (reference)
Current smoking
Yes 1.05 (068-1.62) 0814
No or former 1 (reference)
Sleep time (h/day)
<6 143 (0.86-240) 0.170
6-9 1 (reference)
>9 4.15 (049-35.0) 0.190
Employment status
Regular employment 1 (reference)
Non-regular employment 1.02 (060-1.75) 0940
Occupations
Manager/professional/ 1 (reference)
independent business
White collar 0.76 (043-1.36) 0.360
Blue collar 068 (039-1.18) 0.170
Shift work
Yes 098 (061-1.58) 0950
No 1 (reference)
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Table 4 (Continued)
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Univariate P-value Multivariate P-value
OR (95% Cl) OR (95% Cl)
Work h/week
<35 1 (reference) 1 (reference)
35-60 137 (0.72-2.58) 0335 185 (081-4.23) 0.145
>60 265 (1.27-550) 0.009 292 (1.16-740) 0023

P-values of <0.05 were considered to be statistically significant. Cl, confidence interval; BMI, body mass index; HbA1c, glycosylated hemoglobin;
LEMs, late evening meals; OR, odds ratio; SB, skipping breakfast.

Table 5 | Univariate and multivariate logistic regression analyses to identify clinical variables associated with suboptimal glycemic control among

female workers

Univariate P-value Multivariate P-value
OR (95% Cl) OR (95% Cl)
Age (years)
20-29 1 (reference)
30-40 1.18 (045-3.10) 0.738
Duration of diabetes (years)
<5 years 1 (reference)
5-10 1.09 (046-2.60) 0.840
>10 years 1.88 (0.70-5.05) 0214
HbATc in 2012
<7% 1(reference) 1(reference)
>7% 16.0 (643-400) <0.001 1796 (593-544) <0.001
BMI, kg/m? (%)
Normal 1 (reference)
Overweight 2.29 (0.80-6.50) 0.121
Obese 1.35 (0.52-3.50) 0541
Treatment
Diet 1 (reference) 1 (reference)
Oral hyperglycemic agents 1089 (3.21-36.94) <0001 1249 (2.75-56.86) 0.001
Insulin 11.20 (3.02-4160) <0.001 1160 (235-57.63) 0.027
Antidyslipidemic agents
Yes 235 (081-6.81) 0.115
No 1 (reference)
Physical activity
Yes 1 (reference)
No 083 (040-1.74) 0627
Eating habit
Absence of SB and LEMs 1 (reference) 1 (reference)
SB alone 1.08 (0.37-3.15) 0891 194 (045-8.27) 0.371
LEMs alone 246 (094-651) 0.066 1.70 (046-6.30) 0428
SB plus LEMs 574 (152-216) 0.010 585 (0.84-40.73) 0.744
Current drinking
Yes 1.24 (057-2.69) 0593
No or former 1 (reference)
Current smoking
Yes 1.09 (044-2.69) 0845
No or former 1 (reference)
Sleep time (h/day)
<6 2.56 (095-6.86) 0063
6-9 (reference) 1 (reference)
>9 32840 (0.00-800.50) 0.713
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Table 5 (Continued)

Univariate P-value Multivariate P-value
OR (95% Cl) OR (95% CI)
Employment status
Regular employment 1 (reference)
Non-regular employment 091 (041-2.06) 0829
Occupations
Manager/professional/independent business 1 (reference)
White collar 0.59 (0.21-1.70) 0331
Blue collar 060 (0.19-1.90) 0382
Shift work
Yes 260 (1.15-5.82) 0021 187 (055-641) 0320
No 1 (reference) 1 (reference)
Work h/week
<35 1(reference)
35-60 1.00 (046-2.20) 0997
>60 042 (0.12-142) 0.161

P-values of <0.05 were considered to be statistically significant. Cl, confidence interval; BMI, body mass index; HbA1c, glycosylated hemoglobin;

LEMs, late evening meals; OR, odds ratio; SB, skipping breakfast.

mediated by plasma-free fatty acid suppression that induces
insulin resistance in humans'®. Furthermore, the association
between SB intake frequency and metabolic risk factors of obe-
sity, metabolic syndrome, hypertension and type 2 diabetes
could be independent of dietary quality®.

The incidence of LEMs can be associated with that of SB the
following morning because of several factors, such as a lack of
time, impaired appetite and fatigue. Cross-sectional studies have
shown that SB concomitant with LEMs was significantly associ-
ated with metabolic syndrome, and that hyperglycemia in the
general Japanese population was associated with LEMs alone,
but not SB alone'®*’. Hence, the present study focused on the
possible close association between SB and eating dinner late at
night. SB concomitant with LEMs (a so-called ‘nocturnal’ life)
is related to SB and consumption of more food in the evening
and at night, with sleep from midnight to the next morning.
Furthermore, a previous study suggested that blood glucose
concentration was maintained at a high level between midnight
and early morning, and a nocturnal lifestyle leads to impair-
ment of insulin response to glucose in healthy adults*'.

In the present study, treatment for most patients included
diet modification (13.1% in men and 15.1% in women) or the
use of oral hypoglycemic agents with GLP-1 analogs (64.2% in
men and 54.0% in women). Thus, we speculated that endoge-
nous insulin secretion was maintained in most patients. We
hypothesized that the outcome regarding the strong association
of suboptimal glycemic control with SB concomitant with
LEMs was attributable to the effect of a nocturnal lifestyle on a
high fasting blood glucose level the next day and the subse-
quent impairment of insulin response to glucose, as in a
healthy person, accompanied by the so-called second-meal

phenomenon

Neurohormonal and metabolic dysregulation due to experi-
mentally-induced circadian disruption have been reported in
healthy volunteers. A previous cross-sectional study showed
that a later chronotype and larger portions at dinner were asso-
ciated with poor glycemic control in patients with type 2 dia-
betes, independently of sleep disturbance. The authors
emphasized the importance of the circadian system in meta-
bolic regulationzz. Unlike this previous observation, the results
of the present study found no association between shift work
(involving irregular or unusual hours), which led to severe cir-
cadian misalignment, and suboptimal glycemic control in male
workers.

The relationship between body composition and chronotype
is a possible explanation of the sex differences. Evening chrono-
type was associated with diabetes in men, but not in women.
Men with an evening chronotype were more likely to have a
low body mass (i.e, muscle tissue), which can modify insulin
resistance rather than fat mass™. It is necessary to consider this
fact, although body composition was not assessed in the present
study. Another possible explanation is a type 2 error, because
the number of female workers in the present study was rela-
tively small. Although there was no significant difference, this
tendency was also observed in female workers. Hence, the pos-
sibility of a similar association for females cannot be completely
denied.

The present study had several strengths. First, this was a
multicenter study involving 53 hospitals and 43 clinics with a
prospective 1-year design. Second, this study included compre-
hensive data regarding both the lifestyles and working condi-
tions of the patients. However, this study also had some
limitations. First, LWHs might be a marker of other risk factors
for suboptimal glycemic control, such as job stress or strain®.
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Second, unhealthy eating habits might be a marker of other risk
factors, such as dietary quality and patient adherence to medi-
cation for suboptimal glycemic control**. Third, not only sleep
duration, but also sleep quality might be risk factors for subop-
timal glycemic control”®. However, the questionnaire did not
include items about job strain, depression scale to evaluate the
effect of job stress, dietary quality, patient adherence to medica-
tion or sleep quality, which could be confounders. Given the
abovementioned findings, it became evident that LWHs and
unhealthy eating habits of SB concomitant with LEMs might
affect the ability of young adults with type 2 diabetes to main-
tain glycemic control.

The study results showed that LWHs and unhealthy eating
habits were related to suboptimal glycemic control among
young adults with type 2 diabetes. An inverse association
between working hours and glycemic control was observed
in male workers. To maintain close to normal glucose levels,
interventions to reduce unhealthy lifestyles and reduction in
working hours are necessary. With the increasing socioeco-
nomic disparity in Japan, further assessments of the associa-
tion between working conditions and type 2 diabetes are
required.
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