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Purpose: To investigate the impact of poor eating habits on glycemic and metabolic control, 

we analyzed the associations between eating behaviors and HbA1c and body mass index (BMI) 

in Japanese workers with type 2 diabetes mellitus (T2DM).

Subjects and methods: The Japan Medical Data Center database of workers’ medical health 

insurance claims was used to identify individuals with T2DM who were receiving antidiabetic 

medication between April 2012 and March 2015 (the primary analysis population). The database 

included routine medical check-up results and responses to questions on lifestyle and eating 

habits. Using these, we retrospectively analyzed the associations between the individuals’ eating 

habits and their HbA1c levels and BMIs.

Results: In total, 31,722 individuals were included in the primary analysis. The mean 

values of HbA1c and BMI were 7.27% and 26.29 kg/m2, respectively; these tended to be 

higher among the younger population. Approximately 36% of the individuals regularly ate 

supper within 2 hours of bedtime, 14.5% regularly consumed late-night snacks, and 13.4% 

regularly skipped breakfast. Each of these eating habits correlated significantly with higher 

HbA1c and BMI. In addition, the population with two or all three of these poor dietary hab-

its showed the highest association with HbA1c ≥7.0% and BMI ≥25 kg/m2. Approximately 

38% of workers ate fast. Fast eating was significantly associated with BMI ≥25 kg/m2 but 

not with HbA1c ≥7.0%.

Conclusion: Poor eating habits were significantly associated with poor glycemic and body 

weight control in Japanese workers with T2DM. Improved eating habits may help with glycemic 

and body weight management.
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Introduction
People with type 2 diabetes mellitus (T2DM) are at high risk of developing diabetic 

complications and life-threatening complications such as cardiovascular diseases,1 

which can reduce their quality of life and labor productivity.2,3 The Japan Epidemiol-

ogy Collaboration on Occupational Health (J-ECOH) study, an epidemiological study 

of the workforces of several companies in Japan, reported that 8.0% of men and 3.3% 

of women had diabetes, whereas 14.1% of men and 9.2% of women had prediabetes, 

and that the prevalence of both T2DM and prediabetes increased with age, especially 

among middle-aged workers.4 Although T2DM is largely a self-managed disease, it 

may be difficult for Japanese workers to maintain daily metabolic control because 

many place a higher priority on their work than on their health.5 In addition, the 
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dietary self-management of Japanese workers with T2DM is 

often affected by work-related factors, such as night shifts, 

workplace conformity, working overtime, and participation 

in workplace events.6

Eating habits show strong relationships with age and 

cultural, social, economic, and psychological determinants 

and are integrated into the individual’s daily routine over 

a long period. Meal frequency and times of eating can 

have a significant effect on various cardiac and metabolic 

parameters.7 Several epidemiological studies of healthy 

adults and patients with T2DM have shown that poor eating 

habits, such as eating supper or snacking late at night and 

skipping breakfast, are associated with hyperglycemia and 

obesity,8–11 as well as predisposing individuals to develop-

ing T2DM.12,13 The timing of meals plays a critical role in 

regulating human internal circadian rhythms.14 However, 

there have been only few investigations of the association 

between metabolic parameters and eating habits in workers 

with T2DM.

This retrospective, cross-sectional study using a medi-

cal claim database analyzed the relationship between eating 

habits and metabolic parameters in Japanese workers with 

T2DM in real world.

Subjects and methods
Database
Under the Industrial Safety and Health Act, workers in 

Japan are legally obliged to undergo a health examination 

at least annually, and medical records are held in databases 

of the health insurance societies.15 We obtained the avail-

able prescription and health examination records for the 

period from April 2009 to March 2015 held in the medi-

cal database of the Japan Medical Data Center (JMDC). 

This database stores a wealth of data on Japanese work-

ers, uploaded from the databases of the health insurance 

societies. It holds not only medical claims but also records 

from medical check-ups, including clinical laboratory 

measurements and self-reports of lifestyle. It is possible to 

track individual workers over multiple periods of medical 

treatment. This study was not reviewed by an ethical com-

mittee and informed consent was not required, as this was 

a retrospective, observational study using a commercial 

database with anonymized data.

Study subjects
In this study, workers were defined as insured members 

of health insurance associations, but not their nonworking 

dependents. To exclude the workers with suspected T2DM, 

patients with a diagnosis of diabetes and a documented pre-

scription for antihyperglycemic agents at least once during 

the period April–March of each year of the study period were 

included in this study. T2DM was identified by a disease 

classification code of either E11 (non-insulin-dependent 

diabetes mellitus) or E14 (unspecified diabetes mellitus) in 

the ICD (2003 version). Antihyperglycemic agents include 

those with the following Anatomical Therapeutic Chemical 

classification system subcodes: A10C, human insulins/insu-

lin analogs; A10H, sulfonylureas; A10J, biguanides; A10K, 

thiazolidinediones; A10L, α-glucosidase inhibitors; A10M, 

glinides; A10N, dipeptidyl peptidase-4 (DPP-4) inhibitors; 

A10P, sodium-glucose co-transporter-2 inhibitors; and A10S, 

glucagon-like peptide-1 receptor agonists. The database 

included responses to questions asked in health check-ups, 

including about eating, exercise, and smoking habits, alcohol 

consumption, and sleep status.

The primary analysis set comprised workers who had 

measurements of HbA1c and body mass index (BMI) in a 

medical check-up conducted between April 2012 and March 

2015 and who had provided answers to the following four 

questions on eating habits:

•	 Do you eat supper (ie, the evening meal) within 2 hours 

of bedtime at least three times per week? (Yes/No)

•	 Do you skip breakfast at least three times per week? (Yes/

No)

•	 Do you eat snacks after supper at least three times per 

week? (Yes/No)

•	 How does your eating speed compare with that of other 

people? (Fast/Normal/Slow)

Data from April 2009 to March 2012 were excluded from 

the primary analysis set to avoid possible effects on HbA1c 

and BMI of the rapid increase in prescriptions of DPP-4 

inhibitors (Figure S1A). The mean HbA1c and BMI levels 

for the population were constant between April 2012 and 

March 2015 (Figure S1B and C).

When two or more medical check-up records were avail-

able for one worker, the most recent data were used.

Outcome and data analysis
The primary end point was the associations of eating habits 

with HbA1c and BMI. For the primary analysis set, least 

squares (LS) means and standard errors were calculated for 

HbA1c and BMI, and covariance analysis was performed 

in which sex, age, exercise habits, sleep, alcohol consump-

tion, and diabetes treatment history (prescription record of 

antihyperglycemic agents within 3 months before medi-
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cal check-up) were considered as covariates in subgroups 

according to eating habits. For each eating habit, LS means 

and 95% CIs were calculated to analyze differences between 

groups (Yes vs No).

The proportions of workers with HbA1c ≥7.0% and 

<7.0%, and with BMI ≥25 kg/m2 and <25 kg/m2, were 

calculated. A HbA1c level of 7.0% is the glycemic goal 

recommended by the Japanese Diabetes Society to avoid 

complications,16 and BMI ≥25 kg/m2 is the cut-off point for 

obesity defined by the Japan Society for the Study of Obe-

sity.17 Subgroups were defined based on the responses to the 

eating habit questions (Yes vs No; Fast vs [Normal + Slow]; 

Fast vs Normal). Differences between these subgroups in the 

ratios of workers with HbA1c ≥7.0% vs <7.0% and BMI ≥25 

kg/m2 vs <25 kg/m2 were evaluated using Fisher’s exact test. 

In addition, ORs and 95% CIs were calculated using a mul-

tivariate logistic regression model to analyze the differences 

between the eating habit subgroups with sex, age, exercise 

habits, sleep, alcohol consumption, and diabetes treatment 

history as covariates.

In this study, eating supper within 2 hours before bed-

time, skipping breakfast, and eating snacks after supper 

were considered to be poor eating habits. We investigated 

the effects of single or multiple poor eating habits on HbA1c 

and BMI in an ad hoc analysis. Workers were considered 

to be without poor eating habits if they answered “No” to 

all three eating habit questions; this subgroup served as a 

reference. The remaining workers were grouped according 

to whether they answered “Yes” to one or to two or more of 

the three questions (referred to as “single” and “multiple” 

poor eating habits, respectively). The proportions of workers 

in these subgroups with HbA1c ≥7.0% and <7.0%, and with 

BMI ≥25 kg/m2 and <25 kg/m2, were compared with those in 

the control population using Fisher’s exact tests. Multivariate 

logistic regression models were used to examine the effect of 

multiple poor eating habits on glycemic control and obesity 

in the same way as was described above.

The statistical analyses were performed by JMDC using 

SAS ver.9.3 (SAS Institute Inc., Cary, NC, USA).

Results
Characteristics of the primary analysis 
set
In total, 3,621,610 records were provided by JMDC, of 

which 1,836,555 were for insured members; 66,890 of these 

were identified as records of workers with T2DM receiving 

treatment with antihyperglycemic agents (Figure S2). Of 

these, 33,397 records met the inclusion criteria as those of 

workers with T2DM and medical records, and 31,722 work-

ers with medical check-up records between April 2012 and 

March 2015 were included in the primary analysis set. Their 

characteristics are shown in Table 1. More than 90% of the 

workers were male, and the mean age was 54.7 years. The 

mean HbA1c and BMI were 7.27% and 26.29 kg/m2, respec-

tively. There was no significant correlation between HbA1c 

levels and BMI (data not shown). Interestingly, HbA1c and 

BMI tended to be higher in the young age groups; the mean 

HbA1c and BMI values were the highest for the age group 

20–40 years (Figure 1).

More than one-third of the workers regularly ate supper 

within 2 hours of bedtime, and 14.5% regularly ate snacks 

after supper (Table 1). The majority of workers (86.6%) 

ate breakfast five or more times a week, but 13.4% did not. 

Approximately 38% of workers ate fast compared with other 

people. Approximately 75% of the workers did not exercise 

regularly, 36.5% were smokers, and almost 60% consumed 

alcohol daily/sometimes.

Effect of eating habits on glycemic control 
and obesity
Workers who ate supper within 2 hours of bedtime, skipped 

breakfast, and ate snacks after supper had significantly 

higher HbA1c than those who did not (P<0.001; Table 2). 

The proportion of workers with HbA1c ≥7.0% was greater 

in the subgroups with these eating habits (P<0.001; Table 

3). Multivariate logistic regression analysis confirmed that 

skipping breakfast was significantly associated with HbA1c 

≥7.0% (OR 1.33, 95% CI 1.24–1.42; P<0.001) (Figure 2A). 

Eating supper within 2 hours of bedtime or eating snacks 

after supper was also significantly associated with HbA1c 

≥7.0% (OR 1.18, 95% CI 1.12–1.25, and OR 1.18, 95% 

CI 1.10–1.26, respectively; both P<0.001). However, a fast 

eating speed was not associated with a change in HbA1c 

(Figure 2A).

The workers with the habit of eating supper within 2 hours 

of bedtime, skipping breakfast, eating snacks after supper, 

and eating faster had significantly higher BMIs (P<0.001) 

(Table 2). A significantly greater proportion of workers with 

these eating habits had BMI ≥25 kg/m2 (P<0.001) (Table 3). 

Multivariate logistic regression analysis showed that eating 

supper within 2 hours of bedtime, skipping breakfast, and 

eating snacks after supper were significantly associated with 

BMI ≥25 kg/m2 (OR 1.24, 95% CI 1.18–1.31; OR 1.27, 95% 

CI 1.18–1.37; and OR 1.39, 95% CI 1.29–1.49, respectively; 

all P<0.001). Eating fast was also significantly associated 

with BMI ≥25 kg/m2 (OR 1.53, 95% CI 1.46–1.61 [vs Nor-
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mal + Slow]; OR 1.49, 95% CI 1.42–1.57 [vs Normal]; both 

P<0.001) (Figure 2B).

Effects of single and multiple poor eating 
habits
Because the three poor eating habits were associated with 

worse levels of HbA1c and BMI, we examined the associa-

tion of glycemic and body weight control with single and 

multiple poor eating habits in an ad hoc analysis. The num-

bers of workers with single and multiple poor eating habits 

were 11,093 and 4,304, respectively (Table 4); these workers 

tended to be younger, to be smokers, to exercise less, and to 

have inadequate sleep. The prevalence of HbA1c ≥7.0% and 

BMI ≥25.0 kg/m2 was significantly greater among the work-

ers with single and multiple poor eating habits than among 

those without (Table 4). Multivariate logistic regression 

analysis demonstrated that single and multiple poor eating 

habits were significantly associated with HbA1c ≥7.0% (OR 

1.16, 95% CI 1.10–1.22, and OR 1.43, 95% CI 1.33–1.54, 

respectively; both P<0.001) (Figure 3A) and BMI ≥25.0 

kg/m2 (OR 1.33, 95% CI 1.26–1.40, and OR 1.49, 95% CI 

1.37–1.61, respectively; both P<0.001) (Figure 3B). The ORs 

for both HbA1c ≥7.0% and BMI ≥25.0 kg/m2 were higher for 

the workers with multiple poor eating habits than for those 

with a single poor eating habit.

Discussion
This study analyzed data from the JMDC database for medi-

cal insurance associations, which is one of the largest medical 

databases with medical check-up data in Japan. Because the 

selected data sets were for insured members with a diagnosis 

of T2DM and prescribed antihyperglycemic medication, the 

subjects of this study were considered to be workers with 

T2DM. The results of the study showed clear associations 

Table 1 Characteristics of workers with T2DM (primary analysis set)

No. of workers with T2DM 31,722

Sex, male n (%) 29,147 (91.9)
Age (years) Mean ± SD 54.7±8.2
HbA1c (%) Mean ± SD 7.27±1.34

Categories <6.0, n (%) 2,778 (8.8)
6.0–6.9, n (%) 13,045 (41.1)
7.0–7.9, n (%) 9,157 (28.9)
8.0–8.9, n (%) 3,552 (11.2)
≥9.0, n (%) 3,190 (10.1)

BMI (kg/m2) Mean ± SD 26.29±4.58
Categories <18.5, n (%) 444 (1.4)

18.5–21.9, n (%) 4,248 (13.4)
22.0–24.9, n (%) 8,963 (28.3)
25.0–29.9, n (%) 12,278 (38.7)
≥30.0, n (%) 5,789 (18.2)

Eating habits Eating supper within  
2 hours of bedtime

Yes No

n (%) 11,464 (36.1) 20,258 (63.9)
Skipping breakfast Yes No
n (%) 4,249 (13.4) 27,473 (86.6)
Eating snacks after supper Yes No
n (%) 4,594 (14.5) 27,128 (85.5)
Eating speed Fast Normal Slow
n (%) 11,947 (37.7) 17,250 (54.4) 2,525 (8.0)

Exercise habita No Yes Unidentified/unlisted
n (%) 23,767 (74.9) 7,928 (25.0) 27 (0.1)

Smoking habit No Yes Unidentified/unlisted
n (%) 20,131 (63.5) 11,577 (36.5) 14 (0.0)

Alcohol consumption Daily Sometimes Rarely Unidentified/unlisted
n (%) 8,876 (28.0) 9,908 (31.2) 12,723 (40.1) 215 (0.7)

Adequate sleep No Yes Unidentified/unlisted
n (%) 12,669 (39.9) 18,553 (58.5) 500 (1.6)

Note: aExercising regularly to a light sweat for >30 minutes at a time, twice weekly, for >1 year.
Abbreviations: BMI, body mass index; T2DM type 2 diabetes mellitus; HbA1c, glycated hemoglobin.
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between some eating habits and poor glycemic control and 

obesity, even under treatment with antidiabetic medication.

In the primary analysis set, mean HbA1c and BMI values 

were similar to those previously reported for workers with 

T2DM.4 Approximately half of the workers had not achieved 

the therapeutic goal of HbA1c <7.0%, more than half were 

obese with BMI ≥25.0 kg/m2, and approximately one-fifth 

were severely obese with BMI ≥30 kg/m2. Taken together, 

obesity and poor glycemic control remain issues for workers 

with T2DM, despite taking antihyperglycemic medication.

The HbA1c and BMI levels tended to be higher in the 

younger workers. In the general population, young people 

often show less healthy eating habits compared with older 

generations.18–20 Of the 929 workers aged 20–40 years in 

the primary analysis set, 428 (46.1%) regularly ate supper 

within 2 hours of bedtime, 225 (24.2%) skipped breakfast 

more than three times a week, and 159 (17.1%) regularly 

ate snacks after supper; these percentages were higher than 

for the workers aged ≥40 years (data not shown). Consistent 

with our data, poor glycemic control and obesity were more 

frequently reported in younger patients with T2DM.21–23 

Because early stage of T2DM is often asymptomatic, 

younger patients being busy with their job may be less 

motivated to their diabetic condition, have less time to foster 

a healthy lifestyle, and tend to be less adherent to medica-

tion.22,23 The National Health and Nutrition Survey in Japan 

and a study of Japan Clinicians Diabetes Association also 

reported the higher treatment discontinuation rate for males 

in the 40’s or those diagnosed with T2DM in their 40’s.24,25 

Therefore, a higher rate of poor glycemic control and obe-

sity in young patients is possibly due to poor compliance to 

proper dietary habits and to treatment. The results suggested 

that more effective intervention or changes in the lifestyle 

may be necessary for younger diabetic workers.

Figure 1 Mean (A) HbA1c and (B) BMI by age (primary analysis set).
Note: Error bars show SDs of the mean.
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin.
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Table 2 The association of eating habits with HbA1c and BMI (primary analysis set)

Question Answer N HbA1c (%) BMI (kg/m2)

LS mean 
± SE

Difference in LS 
mean [95% CI]

P-value LS mean 
± SE

Difference in LS 
mean [95% CI]

P-value

Eating supper within 
2 hours of bedtime

No 20,258 7.65±0.04
0.10 [0.07, 0.13]

27.79±0.14
0.42 [0.32, 0.52]Yes 11,464 7.76±0.04 <0.001 28.21±0.14 <0.001

Skipping breakfast No 27,473 7.67±0.04
0.22 [0.18, 0.26]

27.91±0.14
0.46 [0.32, 0.60]Yes 4,249 7.89±0.05 <0.001 28.37±0.15 <0.001

Eating snacks after 
supper

No 27,128 7.67±0.04
0.13 [0.09, 0.17]

27.85±0.14
0.56 [0.42, 0.69]Yes 4,594 7.80±0.05 <0.001 28.41±0.15 <0.001

Fast eatinga No 19,775 7.70±0.04
–0.02 [–0.05, 0.01]

27.60±0.14
0.95 [0.86, 1.05]Yes 11,947 7.68±0.04 0.139 28.56±0.14 <0.001

Fast eatingb No 17,250 7.68±0.04
–0.02 [–0.05, 0.01]

27.58±0.14
0.91 [0.81, 1.01]Yes 11,947 7.67±0.05 0.266 28.50±0.15 <0.001

Notes: aNo = Normal + Slow; Yes = Fast; bNo = Normal; Yes = Fast. LS mean was calculated by analysis of covariance (factor: answer [No or Yes]; covariate: sex, age, 
exercise habits, sleep, alcohol consumption, and diabetes treatment history).
Abbreviations: BMI, body mass index; LS, least squares; SE, standard error; HbA1c, glycated hemoglobin.

Although regular exercise improves insulin sensitivity and 

promotes better glycemic control in patients with T2DM,26 

it is often difficult for patients to maintain regular exercise 

habits. In our study, approximately 75% of workers reported 

no regular exercise habits, whereas 72.2% of Japanese male 

workers without T2DM reported that they did not exercise 

regularly.27 These results suggest that lack of regular, habitual 

exercise may be a common issue for workers in Japan.

The primary analysis revealed that the three poor eat-

ing habits were closely associated with both poor glycemic 

control and obesity. Previous reports have shown that night 

eating, including late-night snack, promoted weight gain 

Table 3 The association of eating habits with glycemic control and BMI (primary analysis set)

Question Answer HbA1c BMI

n 
% [95% CI]

n 
% [95% CI]

<7.0% ≥7.0% P-value <25 kg/m2 ≥25 kg/m2 P-value

Eating supper 
within 2 
hours of 
bedtime

No 10,541
52.0 [51.3, 52.7]

9,717
48.0 [47.3, 48.7]

<0.001

9,406
46.4 [45.7, 47.1]

10,852
53.6 [52.9, 54.3]

<0.001
Yes 5,282

46.1 [45.2, 47.0]
6,182
53.9 [53.0, 54.8]

4,249
37.1 [36.2, 38.0]

7,215
62.9 [62.0, 63.8]

Skipping 
breakfast

No 13,995
50.9 [50.3, 51.5]

13,478
49.1 [48.5, 49.7]

<0.001

12,246
44.6 [44.0, 45.2]

15,227
55.4 [54.8, 56.0]

<0.001
Yes 1,828

43.0 [41.5, 44.5]
2,421
57.0 [55.5, 58.5]

1,409
33.2 [31.7, 34.6]

2,840
66.8 [65.4, 68.3]

Eating snacks 
after supper

No 13,732
50.6 [50.0, 51.2]

13,396
49.4 [48.8, 50.0]

<0.001

12,087
44.6 [44.0, 45.1]

15,041
55.4 [54.9, 56.0]

<0.001
Yes 2,091

45.5 [44.1, 47.0]
2,503
54.5 [53.0, 55.9]

1,568
34.1 [32.8, 35.5]

3,026
65.9 [64.5, 67.2]

Fast eatinga No 9,875
49.9 [49.2, 50.6]

9,900
50.1 [49.4, 50.8]

0.799

9,424
47.7 [47.0, 48.4]

10,351
52.3 [51.6, 53.0]

<0.001
Yes 5,948

49.8 [48.9, 50.7]
5,999
50.2 [49.3, 51.1]

4,231
35.4 [34.6, 36.3]

7,716
64.6 [63.7, 65.4]

Fast eatingb No 8,636
50.1 [49.3, 50.8]

8,614
49.9 [49.2, 50.7]

0.643

8,120
47.1 [46.3, 47.8]

9,130
52.9 [52.2, 53.7]

<0.001
Yes 5,948

49.8 [48.9, 50.7]
5,999
50.2 [49.3, 51.1]

4,231
35.4 [34.6, 36.3]

7,716
64.6 [63.7, 65.4]

Notes: aNo = Normal + Slow; Yes = Fast; bNo = Normal; Yes = Fast. P-values for the difference in proportion of workers with or without HbA1c ≥7.0% or BMI ≥25 kg/m2 
were determined by Fisher’s exact test.
Abbreviation: BMI, body mass index; HbA1c, glycated hemoglobin.
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0.8 1 1.2 1.4 1.6

OR

Eating supper 2 h before bedtime

Skipping breakfast

Eating snack after supper

Fast eating (vs. normal  + slow)

Fast eating (vs. normal)

1.18 [1.12, 1.25], P< 0.001

1.33 [1.24, 1.42], P< 0.001

1.18 [1.10, 1.26], P< 0.001

0.97 [0.93, 1.02], P= 0.263

0.98 [0.93, 1.03], P= 0.370

0.8 1 1.2 1.4 1.6 1.8

1.24 [1.18, 1.31], P< 0.001

1.27 [1.18, 1.37], P< 0.001

1.39 [1.29, 1.49], P< 0.001

1.49 [1.42, 1.57], P< 0.001

1.53 [1.46, 1.61], P< 0.001

Eating supper 2 h before bedtime

Skipping breakfast

Eating snack after supper

Fast eating (vs. normal  + slow)

Fast eating (vs. normal)

HbA1c ≥7.0%A

B BMI ≥25 kg/m2

OR

Figure 2 ORs (95% CIs) for (A) HbA1c ≥7.0% and (B) BMI ≥25 kg/m2 by eating habit (primary analysis set).
Notes: The ORs, 95% CIs, and P-values were evaluated by multivariate logistic regression using sex, age, exercise habit, sleep, alcohol consumption, and diabetes treatment 
history as covariates. The reference subgroup was those workers who answered “No” to the questions about eating habits or “Normal” or “Normal” + “Slow” to the 
question about eating speed.
Abbreviation: BMI, body mass index.

Table 4 The association between single/multiple poor eating habits and HbA1c and BMI

Poor eating habits

0a Singleb Multiplec

N 16,325 11,093 4,304
Age (years) Mean ± SD 56.3±8.2 53.6±7.8 51.5±7.6

<65 years, % 86.5 93.8 96.6
Exercise habits, n (%) No 11,567 (70.9) 8,645 (77.9) 3,555 (82.6)

Yes 4,743 (29.1) 2,438 (22.0) 747 (17.4)
Unidentified/unlisted 15 (0.1) 10 (0.1) 2 (0.0)

Smoking habit, n (%) No 11,084 (67.9) 6,750 (60.8) 2,297 (53.4)
Yes 5,235 (32.1) 4,337 (39.1) 2,005 (46.6)
Unidentified/unlisted 6 (0.0) 6 (0.1) 2 (0.0)

Alcohol consumption, n (%) Daily 4,215 (25.8) 3,507 (31.6) 1,154 (26.8)
Sometimes 5,254 (32.2) 3,327 (30.0) 1,327 (30.8)
Rarely 6,748 (41.3) 4,169 (37.6) 1,806 (42.0)
Unidentified/unlisted 108 (0.7) 90 (0.8) 17 (0.4)

Adequate sleep, n (%) No 5,479 (33.6) 4,941 (44.5) 2,249 (52.3)
Yes 10,668 (65.3) 5,959 (53.7) 1,926 (44.7)
Unidentified/unlisted 178 (1.1) 193 (1.7) 129 (3.0)

HbA1c (%) Mean ± SD 7.17±1.26 7.31±1.35 7.55±1.53
Percentage of workers, % [95% CI] <7.0% 53.1 [52.3, 53.8] 48.2 [47.3, 49.2] 42.1 [40.6, 43.5]

≥7.0% 46.9 [46.2, 47.7] 51.8 [50.8, 52.7] 57.9 [56.5, 59.4]
P-value Fisher’s exact test – <0.001 <0.001
BMI (kg/m2) Mean ± SD 25.71±4.44 26.70±4.59 27.46±4.75
Percentage of workers, % [95% CI] <25 kg/m2 48.9 [48.2, 49.7] 38.6 [37.7, 39.5] 32.2 [30.8, 33.6]

≥25 kg/m2 51.1 [50.3, 51.8] 61.4 [60.5, 62.3] 67.8 [66.4, 69.2]
P-value Fisher’s exact test – <0.001 <0.001

Note: aAnswered “No” to all questions; bAnswered “Yes” to one of the three questions; cAnswered “Yes” to two or three questions.
Abbreviation: BMI, body mass index; HbA1c, glycated hemoglobin.
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because of decreased metabolic rate during sleep28 and fat 

oxidation.29 This pattern of eating also enhanced postprandial 

glucose excursion and elevated 24-hour average blood glu-

cose levels.30 In addition, there was an inverse relationship 

between the frequency of breakfast consumption and the risk 

of obesity and T2DM.31–33 The mechanism of weight gain after 

skipping breakfast may include possible consumption of large 

meals as lunch and supper, and reduced thermogenesis, as the 

thermic effect of food in the morning is higher than it is dur-

ing midday and night time.34 Skipping breakfast is associated 

with a significantly higher HbA1c and a higher hyperglyce-

mic response to lunch and supper in people with T2DM.35,36 

It has been shown that when breakfast was skipped, insulin, 

C-peptide, and intact glucagon-like peptide-1 levels were low, 

whereas glucagon and fatty acid levels were increased after 

lunch and supper.36 This resulted in higher postprandial blood 

glucose levels. Subgroups with single and multiple poor eat-

ing habits were associated with significantly higher HbA1c 

and BMI, and subgroups with multiple poor eating habits 

had higher ORs for hyperglycemia and obesity compared 

with the subgroup without any of these poor eating habits. 

These results suggest that each poor eating habit contributes 

to poor glycemic control and the development of obesity in 

workers with T2DM.

The subgroup of workers who described their eating 

speed as Fast tended to have higher BMIs than the subgroups 

whose eating speeds were Normal or Normal + Slow. A fast 

eating habit has been reported to be associated with high 

BMI in nondiabetic obese subjects37–39 and in people with 

T2DM.40 In contrast, HbA1c level was not associated with 

fast eating in the present study. A previous study showed no 

difference in post-meal changes in blood glucose and the 

secretion of insulin in people with T2DM between those 

given liquid nutrition over 20 minutes and over 5 minutes.41 

Eating slowly while masticating may increase diet-induced 

thermogenesis after a meal, contributing to reduced body 

weight in obese subjects.42,43 Thus, the association between 

fast eating and high BMI but not HbA1c in the workers with 

T2DM in this study is consistent with that for people with 

T2DM in general population.

A limitation of this study was the lack of information 

about meal sizes, total energy consumption, constituents of 

meal or snack, and intake of nutraceutical/functional food, 

which plays a role in preventing metabolic syndrome,44 by 

the individual workers over the course of the day. In addition, 

the self-reported lifestyle assessment was qualitative and may 

have included reporting bias. Although these questionnaires 

are widely used for medical check-ups in Japan, cautious 

interpretation of results is necessary because the definition 

of each response criterion in questionnaires differs depending 

on studies. The insured members of health insurance associa-

tions were not representative of all types of work, and 92% of 

OR

HbA1c ≥7.0% A

OR

0.8 1 1.2 1.4 1.6

Single poor eating habit

Multiple poor eating habits

No  poor eating habits
(reference)

BMI ≥25 kg/m2B

0.8 1 1.2 1.4 1.6 1.8

Single poor eating habit

Multiple poor eating habits

No poor eating habits
(reference)

1.43 [1.33, 1.54], P< 0.001 
1.16 [1.10, 1.22], P< 0.001 

1.49 [1.37, 1.61], P< 0.001 

1.33 [1.26, 1.40], P< 0.001 

Figure 3 ORs (95% CIs) for (A) HbA1c ≥7.0% and (B) BMI ≥25 kg/m2 by poor eating habit.
Notes: The ORs, 95% CIs, and P-values were evaluated by multivariate logistic regression using sex, age, exercise habit, sleep, alcohol consumption, and diabetes treatment 
history as covariates. The reference subgroup was those workers who answered “No” to all three poor eating habit questions. 
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin.
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the workers in this study population were male. We could not 

define the workers diagnosed with T2DM who were treated 

by lifestyle intervention alone from medical claim, as a large 

number of workers with suspected T2DM was included in this 

database. Finally, this was a retrospective, cross-sectional, epi-

demiological study, which cannot prove causal relationships, 

with incomplete database records, in some cases.

Despite these limitations, this database study demon-

strated associations between poor eating habits and poor 

glycemic control and obesity in Japanese workers with 

T2DM treated with antidiabetic agents. Because a divided 

supper ameliorates postprandial hyperglycemia in patients 

with T2DM,45 the results of this study suggest that improv-

ing eating habits would lead to improved glycemic and body 

weight control in workers with T2DM, as recommended in 

the American Heart Association’s scientific statement.7 As the 

JMDC database includes medical check-up data for a large 

proportion of insured Japanese workers, a systematic analy-

sis of this database may provide the opportunity to examine 

relationships between lifestyle and diseases.

Conclusion
In summary, the results of our database study using medical 

claim and medical check-up data showed that eating time, 

skipping breakfast, and eating speed were significantly 

associated with glycemic control and body weight in T2DM 

workers treated with antidiabetic agents. Improving eating 

habits may aid weight control and help in the glycemic man-

agement of T2DM patients.
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Figure S1 Time course changes in (A) Prescription of anti-diabetic agents, (B) HbA1c, and (C) BMI in workers with T2DM. 
Note: Data in graphs (B) and (C) are means ± standard deviation.
Abbreviations: BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; HbA1c, glycated hemoglobin; SGLT2. sodium-glucose co-transporter-2. 
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1. Workers (insured population): n=1,836,555

2. Workers with T2DM: n=66,890

3. Workers with T2DM who had medical check-up data: n=33,397

4. Primary analysis set

Workers with T2DM who had data from their latest medical check-up
from 2012–2015: n=31,722

General population: N=3,621,610

Non-working dependents: n=1,785,055

Figure S2 Sampling design.
Note: (1) Workers were defined as insured members of health insurance associations between 2009 and 2015; (2) T2DM was identified by a disease classification code of 
E11 or E14 in the International Classification of Diseases and antihyperglycemic agents include those with the following Anatomical Therapeutic Chemical classification system 
sub-code (A10C, A10H, A10J, A10K, A10L, A10M, A10N, A10P, A10S); (3) The data set of T2DM workers include medical check-up data including both HbA1c and BMI 
values; (4) Primary analysis set included workers with T2DM with a latest medical check-up record between 2012 and 2015.
Abbreviation: T2DM, type 2 diabetes mellitus.
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