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Background: The burden of psychological distress and post-traumatic stress
disorder (PTSD) has been suggested as a factor in developing type 2 diabetes
mellitus. However, longitudinal features in psychological distress- and PTSD-
related new-onset diabetes mellitus have not been thoroughly evaluated.

Methods: The association between probable depression and probable PTSD
and the risk of developing new-onset diabetes mellitus was evaluated in a 7-
year prospective cohort of evacuees of the Great East Japan Earthquake in
2011. Probable depression was defined as a Kessler 6 scale (K6) > 13 and
probable PTSD as a PTSD Checklist—Stressor-Specific Version (PCL-S) > 44.

Results: The log-rank test for the Kaplan—Meier curve for new-onset diabetes
mellitus was significant between K6 > 13 vs. < 13 and PCL-S > 44 vs. < 44 in men
but not in women. In men, both K6 > 13 and PCL-S > 44 remained significant in
the Cox proportional hazards model after multivariate adjustment for
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established risk factors and disaster-related factors, including evacuation,
change in work situation, sleep dissatisfaction, and education.

Conclusion: The post-disaster psychological burden of probable depression
and probable PTSD was related to new-onset diabetes in men but not in
women. In post-disaster circumstances, prevention strategies for new-onset
diabetes might consider sex differences in terms of psychological burden.

KEYWORDS

disaster, psychological stress, post-traumatic stress disorder, depression, gender
differences, type 2 diabetes mellitus 4

Introduction

Psychological distress has been reported to be a risk factor
for developing type 2 diabetes mellitus (1-3). States of
psychological distress, such as non-specific symptoms of stress,
anxiety, depression, personal traits, and type of external or
psychological stressors, might play various roles in the
development of diabetes mellitus (3). There is evidence that
depression is an independent risk factor for type 2 diabetes
mellitus (4); however, the risk of non-specific symptoms of stress
are equivocal (5-7). It is also less clear whether post-traumatic
stress disorder (PTSD) is associated with a higher risk of
developing type 2 diabetes mellitus (8).

Previous reports of sex differences in the development of
diabetes associated with psychological distress yielded
conflicting results; Eriksson et al. (9) observed associations in
men and others (10-12) in women. To our knowledge, there are
no robust longitudinal studies comparing sex differences in the
effects of PTSD on new-onset diabetes mellitus (13-16).
O’Donnell claimed that the predominance of PTSD studies in
male veterans generates concerns about generalizability to non-
military populations or other populations defined by sex (17).

The Great East Japan Earthquake and subsequent tsunami
and Fukushima Daiichi nuclear disaster, which occurred in
March 2011, caused a devastating catastrophe in East Japan,
mostly affecting local residents. The Fukushima Health
Management Survey was conducted to investigate the effects of
long-term, low-dose radiation exposure caused by the accident to
assess the physical and mental well-being of evacuees (18, 19).
Among the potential health concerns that arose after the Great
East Japan Earthquake were mental health problems, including
post-traumatic stress response, chronic anxiety and guilt,
ambiguous loss, family and community separation, and
stigmatization (20). A recent meta-analysis reported a higher
rate of new-onset diabetes mellitus among disaster survivors (21).
However, the longitudinal effects of the psychological burden on
the onset of diabetes have not been elucidated in this population.
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We evaluated the association between probable depression
and probable PTSD and the risk of developing new-onset
diabetes mellitus and its sex difterences in a 7-year prospective
cohort of survivors of the Great East Japan Earthquake.

Methods
Study design and population

This study was part of the Fukushima Health Management
Survey that targeted 123,314 people aged 40-74 years at the time
of the earthquake and was officially registered as being from 13
administrative districts (villages, towns, and cities), which
included the evacuation zone (18, 22). The administrative
districts included an evacuation zone and a non-evacuation
zone. The Fukushima health management survey includes four
detailed annual surveys: thyroid ultrasound examination,
comprehensive health checks, mental health and lifestyle
surveys, and pregnancy and birth surveys (18). Among the
participants who underwent a medical health check (n =
40,099) and those who received the mental health survey (n =
56,774) between July 2011 and November 2012, we selected
27,001 participants (men 11,493, women 15,508) who
underwent the two surveys (Figure 1). After excluding patients
with diabetes (n = 3,589), no follow-up examinations (n =
142),
19,590 participants were included in the full analysis set. The

3,680), and missing data for diabetes diagnosis (n =
study protocol was approved by the Ethics Review Committee of
Fukushima Medical University (#29064), and all participants
provided written informed consent.

Mental health assessment

To assess participants’ mental health status, we used the
Kessler 6 scale (K6) (23) and PTSD Checklist—Stressor-Specific
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Participants who received Comprehensive
Health Check in FY 2011 40,099 (men
16,954; women 23,145)

Participants who received Mental Health and
Lifestyle Survey in FY 2011 56,774 (men
25,228; women 31,546)

!

t—>

Excluded for

Patricipants aged 39-89 years who received

questionaires
answered by other

both surveys persons
Excluded for being 27,001 (men 11,493; women 15,508) 7,371 (men 3,052;
diabetes in FY 2011 women 4,319)
3,589 (men
2,049; :women1,54
0
) [ 23412(men9.444;women 13968) | [ Excluded forno

Excluded for unable

survey record in any
from FY 2012 to

2017 3,680 (men

diagnosis of 1,615; :women
diabetes type from [ 19.732(men 7,829, women11.903) | | 2.065)

FY 2012 to 2017

142 (men 58;

women 84)

K6 not available |

19,590 (men 7,771; women 11,819) |

PCL-S not available

1,353 (men 452;
women 901)

1,056 (men 336;
women 720)

K6 full analysis set
18,237 (men 7,319; women 10,918)

PCL-S full analysis set
18,534 (men 7,435; women 11,099)

FIGURE 1

Enrollment flowchart of studied participants in Fukushima Health Management Survey. FY: fiscal year; K6: Kessler 6, PCL-S: PTSD Checklist

Stressor-Specific Version

Version (PCL-S) (24). The K6 scale used to measure non-specific
mental health distress asked participants if they had experienced
any of the 6 symptoms during the preceding 30 days: ‘feeling so
sad that nothing could cheer you up,” ‘feeling nervous,” ‘feeling
hopeless,” ‘feeling restless or fidgety,” ‘feeling everything was an
effort, and ‘feeling worthless.” Each question was scored using a
5-point Likert-type scale from 0 to 4, with higher scores
indicating poorer mental health; thus, the total scores ranged
from 0 to 24. The Japanese version of K6 has been previously
validated (25, 26). Probable depression was defined as a K6 score
of > 13 (26). The PCL-S used to measure the traumatic
symptoms caused by the Great East Japan Earthquake is a 17-
item self-reported measure. We classified participants as having
probable PTSD if their PCL-S total score was > 44 (24). The
Japanese version of the PCL-S was previously validated by the
Fukushima Health Management Survey (27).

Diabetes- and disaster-related variables

General participant characteristics and diabetes- or disaster-
related variables were assessed using self-report questionnaires.
Smoking status was classified into three categories: never
smoking, former smoking, and current smoking. Drinking
status was classified as never drinking, former drinking,
current drinking < 40 g/day in men and < 20 g/day in women,
or current drinking > 40 g/day in men and > 20 g/day in women.
Physical activity was classified into four categories: almost every
day, 2-4 times/week, once/week, and almost never.
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Participants were grouped into “evacuation” and “no
evacuation.” Participants with evacuation were defined as
those from the evacuation zone or those from the non-
evacuation zone who experienced living arrangements such as
evacuation shelters and temporary housing. Post-disaster
changes in work situations, including loss of employment and
decrease in income, were answered with ‘yes’ or ‘no. Post-
disaster sleep habits were classified into four categories: satisfied,
slightly dissatisfied, quite dissatisfied, and very dissatisfied/have
not slept. Educational attainment was divided into elementary
school or junior high school (< 9 years of education), high school
(10-12 years of education), vocational college or junior college
(13-15 years of education), and university or graduate school (=
16 years of education) as described (28).

The laboratory data obtained from the participants included
measurements of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyl transpeptidase (y-
GT), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), triglycerides, fasting
plasma glucose (FPG), and HbAlc. Diabetes was defined as FPG
level > 126 mg/dL, HbAlc level > 6-5%, or self-reported use of
antihyperglycemic agents. Hypertension was defined as a systolic
blood pressure > 140 mmHg, diastolic blood pressure > 90
mmHg, or self-reported use of antihypertensive agents.
Dyslipidemia was defined as an LDL-C level > 140 mg/dL,
triglyceride level > 150 mg/dL, HDL cholesterol level < 40 mg/
dL, or the use of lipid-lowering agents. Height (in stocking feet)
and weight (wearing light clothing) were measured for each
participant; BMI was calculated as weight (kg) divided by the
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square of the height (m?); overweight was defined as a BMI > 25
kg/m’.

Statistical analysis

Values are expressed as mean (standard deviation [SD] or
confidence interval [95% CI]), number (%), or median
(interquartile range [IQR], 25-75%]). Group comparisons were
evaluated using Fisher’s exact test for categorical variables and the
Mann-Whitney U test or Student’s ¢-test for continuous variables.
Non-diabetic participants were categorized into K6 < 13 vs. K6 >
13 or PCL-S < 44 vs. PCL-S = 44 among both men and women.
Kaplan-Meier survival curves for new-onset diabetes mellitus were
constructed, and the probabilities were compared using a log-rank
test between groups. Cox proportional hazard models were used
to investigate the factors associated with new-onset diabetes
mellitus. Factors evaluated included age (year), men (vs
women), BMI < 185 (vs 18.5-24.9), BMI > 25 (vs 18.5-24.9),
hypertension, dyslipidemia, current smoking (vs no current
smoking), former and current drinking < 40 g/day > 40 g/day
in men,< 20 g/day > 20 g/day in women (vs never drinking),
physical activity > 2/week (vs <2/week), evacuation (vs no
evacuation), change in work situation (vs no change in work
situation), sleep satisfied (vs not dissatisfied), education > 13 years
(vs< 13),K6 = 13 (vs < 13), and PCL-S > 44 (vs < 44). Unadjusted,
age- and sex-adjusted, and multivariate-adjusted hazard ratios
(HR) and 95% ClIs were calculated for all, men, and women. To
investigate the effects of disaster-related variables on the
associations between K6 > 13 and PCL-S > 44 and new-onset
type diabetes mellitus, we constructed multivariate Cox
proportional hazards models: Model 1: unadjusted; Model 2:
Model 1+ age sex, and BMI (3 categories); Model 3: Model 2+
hypertension and dyslipidemia; Model 4: Model 3+ smoking
habit, drinking habit, and physical activity; Model 5: Model 4+
evacuation; Model 6: Model 5 + sleep satisfied, Model 7: Model 6 +
education > 13 years, and Model 8: Model 7 + change in work
situation. All statistical analyses were conducted using SPSS
Statistics for Windows (version 23.0, IBM, Armonk, New York,
NY, USA). All tests were two-sided, P < 0.05 was considered
statistically significant.

Results
General characteristics

Men vs. women

The baseline characteristics of all men and women are shown in
Table 1. A total of 19,590 participants showed a mean age of 62-5
(SD 10.8) years and 39-7% were men. Men had alower median score
in the K6 and PCL-S groups. Men were older and had a higher
prevalence of BMI > 25, hypertension, currentNew onset diabetes
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mellitus smoking, and regular exercise. Men had a lower prevalence
of sleep dissatisfaction and a comparable rate of evacuation and
change in work situation than women. Men had a higher fasting
plasma glucose level but a slightly lower HbA1clevel (men 5:3% vs.
women 5-4%).

K6 <13 vs. K6 > 13

In all participants, the mean ages were comparable between
K6 < 13 vs. K6 > 13, and men were less in K6 > 13 (42-0% vs.
29.4%). In men, the mean age was slightly lower in K6 > 13, and
BMI > 25 was comparable between K6 < 13 and K6 > 13. In
women, the mean age was slightly higher in K6 > 13, and BMI >
25 was comparable. In both men and women, the prevalence of
evacuation, change in work situation and sleep dissatisfied were
higher in K6 > 13.

PCL-S <44 vs. PCL-S > 44

In all patients, the mean age was older, and men were less in
PCL-S > 44. In men, the men age was older in PCL-S > 44, and
BMI > 25 kg/m* was comparable between PCL-S < 44 and PCL-
S > 44. In both men and women, hypertension was higher in
PCL-S > 44. Changes in work situation and sleep dissatisfaction
were higher in the PCL-S > 44.

New-onset diabetes mellitus

After seven years of follow-up and a mean follow-up time
of 4.4 years (86,609 person-years at risk), 1,699 new cases of
type 2 diabetes were identified among 19,590 non-diabetic
participants in FY 2011. The incidence of type 2 diabetes was
19-6 (/1,000 person-years) for all, 27-5 for men, and 14-7 for
women (Table 1).

In men, diabetes incidence by age group was larger in K6 > 13
than in K6 < 13 (Figure 2A) and in PCL-S > 44 than in PCL-S < 44
(Figure 2E). In women, however, the incidence of diabetes was
comparable between the K6 and PCL-S < 44 dichotomies
(Figures 2B, F). Meanwhile, the mean values of K6 and PCL-S
were comparable in FY 2011 between participants with or without
new-onset diabetes mellitus, but 95% confidence intervals were
larger in participants with new-onset diabetes mellitus in men and
women (Figures 2C, D, G, H).

Kaplan—Meier survival curves for new-
onset diabetes

The Kaplan-Meier curves for new-onset diabetes are shown
in Figure 3. The log-rank test indicated a significant difference
between K6 > 13 and K6 < 13 in men (p = 0-014) but not in all
and women (Figure 3A). There were significant differences
between PCL-S > 44 and PCL-S < 44 in all (p = 0-011), men
(p = 0-001), and women (p = 0-041) (Figure 3B).
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TABLE 1 General characteristics of participants at baseline.

All Men Women All Men Women
All Men Women P K6 < K6 P K6 K6 > P K6 K6 P PCL- PCL- P PCL- PCL- P PCL- PCL- P
value 13 >13 value <13 13 value <13 >13 value S< S> wvalue S< S> wvalue S< S > value
44 44 44 44 44 44
Subjects, n (%) 19,590 7771 11819 15,528 2709 6523 796 9005 1913 14364 4170 6064 1371 8300 2799
(39.7) (60.3) (85.1) (14.9) (89.1) (10.9) (82.5) (17.5) (77.5) (22.5) (81.6) (18.4) (74.8) (25.2)
Age (years), mean (SD) 62.5 64.1 61.5 <0.001 62.0 62.0 0.996 63.7 62.9 0.052 60.7 61.6 0.001 61.6 63.5 <0.001 63.5 65.0 <0.001 60.3 62.8 <0.001
(10.8)  (10.6) (10.8) (10.7)  (10.5) (10.6) (10.3) (10.6) (10.5) (10.7) (10.5) (10.6) (10.4) (10.6) (10.4)
Men, n (%) 6,523 796 <0.001 6,064 1,371 <0.001
(42.0)  (29.4) (422)  (32.9)
K6 score, median 502- 4(1- 6(2-11) <0001 4(1-8) 16 <0001 3(0- 16 <0001 5(2- 16 <0001 4(1-7) 12(9- <0001 3(0-6) 12(8- <0.001 5(2-8) 13(9- <0.001
(Q1-Q3) 10) 9) (14- 7) (14- 8) (14- 16) 16) 17)
19) 19) 19)
PCL score, median (Q1- 30 (22- 27 31 (23-43) <0.001 27 (21- 53 <0.001 25 52 <0.001 28 54 <0.001 26 (20- 54 (48- <0.001 24 (19- 53 (48- <0.001 27 (21- 54 (48- <0.001
Q3) 41) (20- 36) (43- (20- (43- (22- (43- 33) 62) 32) 62) 34) 63)
39) 64) 35)  63) 37)  64)
New onset diabetes mellitus
Personeyears, total 86,608 33,172 53,436 68,973 12,009 28,047 3,355 40,926 8,655 63,849 18,440 26,110 5,767 37,739 12,673
Folow-up periods 4.4 4.3 4.5 4.4 4.4 4.3 4.2 4.5 4.5 4.4 4.4 4.3 4.2 4.5 4.5
(years), mean
Incidence cases, n 1,699 911 788 1,316 251 738 113 578 138 1,200 401 674 192 526 209
Incidence rate (/1,000 19.6 275 14.7 19.1 209 26.3 33.7 14.1 15.9 18.8 21.7 25.8 333 139 16.5
personseyears)
Anthropometry
Systolic blood pressure 131 134 129 (16.3) <0.001 131 130 <0.001 134 133 0.258 129 128 0.122 131 131 0.436 133 134 0.461 129 129 0.017
(mmHg), mean (SD) (16.1)  (15.5) (16.1)  (15.9) (15.5)  (15.3) (16.3) (15.9) (16.1)  (16.1) (15.4)  (15.6) (16.3)  (16.1)
Diastolic blood pressure 79 81 77 (10.1)  <0.001 79 78 <0.001 81 81 0.644 77 77 0.011 79 78 0.082 81 (9.9) 81 0.980 77 77 0.755
(mmHg), mean (SD) (102)  (9.9) (10.2)  (10.3) (10.0)  (10.0) (10.1) (10.2) (102)  (10.3) (10.2) (10.1)  (10.2)
Body weight (kg), mean 58.5 65.3 54.1 (8.6) <0.001 58.9 57.5 <0.001 655 66.2 0.066 54.2 53.9 0.269 58.9 57.9 <0.001 65.4 65.5 0.787 54.2 54.2 0.985
(SD) (10.6)  (9.8) (10.6) (10.8) 9.8) (9.9 (85) (8.9) (10.6)  (10.6) 97)  (10.2) 85  (87)
Body mass index 23.7 24.2 23.3(3.4) <0.001 23.6 23.6 0.604 24.2 24.4 0.024 23.2 232 0.898 23.6 23.8 <0.001 242 244 0.005 232 235 <0.001
(kg/m?), mean (SD) (33)  (3.0) (33)  (3.5) (3.0)  (3.1) (34) (3.6) (3.3) (3.4) (3.0) (3.1) (3.4) (3.5)
Body mass index <0.001 0.103 0.211 0.379 0.003 0.005 0.005
(kg/mz), n (%)
Missing 8 (0.0) 2 6 (0.1) 5(0.0) 3 2 0 (0.0) 3 3 6 (0.0) 2(0.0) 2 (0.0) 0(0.0) 4(0.00 2(0.1)
(0.0) (0.1) (0.0) 0.0)  (0.2)
< 18.5 875 167 708 (6.0) 679 141 142 12 537 129 635 190 125 31 (2.3) 510 159
45)  (2.1) (44) (5.2) (22) (1.5 (6.0) (6.7) (4.4) (4.6) (2.1) (6.1) (5.7)
(Continued)
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TABLE 1 Continued

18.5 - 25.0

>25.0

Blood measurements

Fasting plasma glucose
(mg/dl), mean (SD)

HbAlc (%), mean (SD)

HDL cholesterol
(mg/dl), mean (SD)

LDL cholesterol
(mg/dl), mean (SD)

Tryglicerides (mg/dl),
mean (SD)

Comorbidities

Hypertension, n (%)

Dyslipidemia, n (%)

Psychosocial factors
Smoking habit, n (%)
Missing

Never smoking

Fomer smoking

Current smoking

Drinking habit, n (%)
Missing

Never drinking

12,510
(63.9)
6,197
(31.6)

97
(9.6)

54
(0.4)
61
(15.2)
127
(32.1)

113
(73.0)

9,956
(50.9)

11,115
(56.8)

615
(3.1)
12,037
(61.4)
4,380
(22.4)
2,558
(13.1)

410
@1

9,928
(50.7)

Men Women

4,680
(60.2)
2,922
(37.6)

99
(9.7)

53
(0.4)
56
(14.4)
123
(31.7)

128
(92.3)

4,592
(59.1)
4,275
(55.0)

92
(1.2)
2,089
(26.9)
3,713
(47.8)
1,877
(24.2)

50
(0.6)

1,832
(23.6)

7,830
(66.2)

3,275
(27.7)

95 (9.2)

5.4 (0.3)

64 (14.9)

130 (32.1)

103 (54.6)

5,364
(45.5)

6,840
(58.0)

523 (4.4)
9,948
(84.2)

667 (5.6)

681 (5.8)

360 (3.0)

8,096
(68.5)

P
value

<0.001

0.016

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

K6 <
13

9,966
(64.2)

4,878
(31.4)

97
(9.6)
5.3
(0.4)
61
(15.3)
127
(32.0)

113
(72.9)

7,731
(49.8)
8,780
(56.6)

336
(22)
9,440
(60.8)
3,656
(23.5)
2,096
(13.5)

198
(1.3)
7,730
(49.8)

1,745
(64.4)
820
(30.3)

96
9.7)

5.4
(0.4)
61
(15.2)
127
(32.7)
114
(80.3)

1,363
(50.4)
1,558
(57.6)

107
(3.9)
1,787

(66.0)

471
(17.4)
344
(12.7)

87
(32)

1,495
(55.2)

P

Keé

value <13

0.012

0.339

0.450

0.365

0.300

0.617

0.359

<0.001

<0.001

3,930
(60.2)
2,449
(37.5)

99
9.7)
5.3
(0.4)
56
(14.5)
123
(31.7)

128
(90.6)

3,816
(58.5)
3,603
(55.3)

54
0.8)
1,742

(26.7)
3,150
(48.3)
1,577
(24.2)

31
(0.5)
1,510

(23.1)

Men

13

465
(58.4)

319
(40.1)

99
(10.1)

54
(0.4)

55
(13.5)

124
(32.8)

137
(117.3)

471
(59.2)

(55.9)

(28.4)

351
(44.1)

208
(26.1)

3(04)

206
(25.9)

P

Keé

value <13

0.820

0.455

0.079

0.410

0.019

0.687

0.737

0.107

<0.001

6,036
(67.0)

2,429
(27.0)

95
©.1)

5.4
(0.3)
64
(14.9)
130
(32.0)
102
(54.3)

3,915
(43.6)
5,177
(57.6)

282
(3.1)
7,698

(85.5)
506
(5.6)
519
(5.8)

167
(1.9)

6,220
(69.1)

Women

K6
=13

1,280
(66.9

501
(26.2)

95
9.2)

54
(0.4)
63
(15.2)
128
(32.6)

105
(55.7)

892
(46.7)
1,113
(58.2)

96
(5.0)
1,561

(81.6)

120
(6.3)
136
(7.1)

84
(4.4)
1,289

(67.4)

P
value

0.692

0.668

0.034

0.002

0.034

0.013

0.591

0.016

<0.001

PCL-
S<
44

9,277
(64.6)

4,446
(31.0)

96 (9.5)

53
(0.4)
61
(15.3)
127
(32.0)
112
(72.8)

7,006
(48.8)
8,071
(56.2)

289
(2.0)
8,715
(60.7)
3,394
(23.6)
1,966
(13.7)

179
(1.2)

7,122
(49.6)

All

PCL-
Sz
44

2,576
(61.8)

1,402
(33.6)

96 (9.8)

54
(0.4)
60
(15.1)
126
(32.1)

117
(78.1)

2,260
(54.3)
2,453
(58.9)

171
(4.1)
2,700
(64.7)

781
(18.7)

518
(12.4)

112
@7)

2,255
(54.1)

value

0.652

0.029

0.034

0.117

<0.001

<0.001

0.002

<0.001

<0.001

PCL-
S<
44

3,701
(61.0)
2,236
(36.9)

99 (9.7) 99 (9.9)

53
(0.4)
56
(14.5)
123
(31.8)

127
(90.6)

3,497
(57.7)
3,355
(55.4)

49 (0.8) 26 (1.9)

1,603
(26.4)

2,915
(48.1)

1,497
(24.7)

30 (0.5)

1,414
(23.3)

Men

PCL-
Sz
44

772
(56.3)

568
(41.4)

5.4
(0.4)
55
(14.0)
123
(31.3)
134
(105.6)

862
(62.9)
760
(55.5)

398
(29.0)
621
(45.3)
326
(23.8)

335
(24.4)

P
value

0.433

0.390

0.002

0.900

0.003

<0.001

0.940

0.087

<0.001

PCL-
S<
44

5,576
(67.2)
2,210
(26.6)

Women

PCL-
Sz
44

1,804
(64.5)
834
(29.8)

95(9.1) 95(9.4)

53
(0.3)
64
(14.9)
130
(31.9)
101
(53.6)

3,509
(42.4)
4,716
(56.9)

240
(2.9)
7,112
(85.7)
479
(5.8)
469
(5.7)

149
(1.8)

5,708
(68.8)

5.4
(0.4)
63
(14.8)
128
(32.3)

108
(58.2)

1,398
(50.0)
1,693
(60.6)

145
(5.2)
2,302
(822)
160
(5.7)
192
(6.9)

103
37

1,920
(68.6)

value

0.141

0.056

<0.001

0.001

<0.001

<0.001

<0.001

0.030

0.009

(Continued)
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TABLE 1 Continued

Fomer drinking

ABojouroopul ul sia3uoi

Current drinking: Men
< 40, Women < 20 g/day

Current drinking: Men
> 40, Women 20 > g/day

Physical activity, n (%)
Missing

Almost every day

2-4 times/week

1 times/week

Almost never

L0

Evacuation, n (%)

Change in work
(%)

Sleep satisfaction, n

situation, n
(%)
Missing

Satisfied

Slightly dissatisfied

Quite dissatisfied

Very dissatisfied

Education, n (%)

Missing

Bioruisianuosy

504
(2.6)
6,657
(34.0)
2,091
(10.7)

472
(2.4)
3,340
(17.0)
4,803
(24.5)
2,895
(14.8)
8,080
(41.2)
10,786
(55.1)
10,384
(56.6)

3,634
(18.6)
5,345
(27.3)
7,380
(37.7)
2,523
(12.9)
708
(3.6)

728
(3.7)

Men

386
(5.0)
3,934
(50.6)

1,569
(20.2)

172
(22)
1,654

(21.3)
1,862

(24.0)
1,106

(14.2)
2,977

(38.3)
4223

(54.3)
4255

(57.2)

1,418
(18.2)
2,679
(34.5)
2,659
(34.2)
822
(10.6)
193
(2.5)

265
(3.4)

Women

118 (1.0)

2,723
(23.0)

522(4.4)

300 (2.5)

1,686
(14.3)

2,941
(24.9)

1,789
(15.1)

5,103
(43.2)

6,563
(55.5)

6,129
(56.2)

2,216
(18.7)

2,666
(22.6)

4,721
(39.9)

1,701
(14.4)

515 (4.4)

463 (3.9)

P
value

<0.001

0.103

0.191

<0.001

<0.001

K6 <
13

371
(2.4)
5,527
(35.6)
1,702
(11.0)

263
(1.7)
2,699
(17.4)
3,760
(24.2)
2,315
(14.9)
6,491
(41.8)
8,169
(52.6)
7,928
(53.7)

2,739
(17.6)
4,847
(31.2)
6,077
(39.1)
1,586
(10.2)
279
(1.8)

476
(3.1)

All

K6
=13

84
G

751
(27.7)

292
(10.8)

52
(1.9)

378
(14.0)

655
(24.2)

377
(13.9)

1,247
(46.0)

1,834
(67.7)

1,796
(71.0)

483
(17.8)

(7.9)
849
(31.3)
803
(29.6)
360
(13.3)

88
(3.2)

P

Keé

value <13

<0.001

<0.001

<0.001

<0.001

<0.001

292
(4.5)
3,368
(51.6)
1,322
(20.3)

100
(1.5)
1,401

(21.5)
1,563

(24.0)

949

(14.5)
2,510

(38.5)
3,404

(52.2)
3,436

(54.5)

1,143
(17.5)
2,469
(37.9)
2,275
(34.9)
554
(8.5)
82
(1.3)

187
(2.9)

Men

(43.6)

184
(23.1)

15
1.9

136
(17.1)

185
(23.2)

100
(12.6)

360
(45.2)

555
(69.7)

584
(75.5)

140
(17.6)

85
(10.7)

249
(31.3)

222
(27.9)

100
(12.6)

26(3.3)

P
value

<0.001

<0.001

<0.001

<0.001

0.012

K6
<13

79
(0.9)

2,159
(24.0)

380
(4.2)

163
(1.8)
1,298

(14.4)
2,197

(24.4)
1,366

(15.2)
3,981

(44.2)
4,765

(52.9)
4,492

(53.1)

1,596
(17.7)
2,378
(26.4)
3,802
(42.2)
1,032
(11.5)
197
22)

289
(3.2)

Women

K6
=13

28
(1.5)

404
(21.1)
108
(5.6)

37
(1.9)
242
(12.7)
470
(24.6)
277
(14.5)
887
(46.4)
1,279
(66.9)
1212
(68.9)

343
(17.9)
129
(6.7)
600
(31.4)
581
(30.4)
260
(13.6)

62
(3.2)

P

value

0.130

<0.001

<0.001

<0.001

<0.001

PCL-
S<
44

330
23)
5,127
(35.7)

1,606
(11.2)

244
(1.7)
2,444
(17.0)
3,389
(23.6)
2,120
(14.8)
6,167
(42.9)
7,447
(51.8)
7,172
(52.3)

2,433
(16.9)
4,702
(32.7)
5,691
(39.6)
1,343
(9.3)
195
(1.4)

398
2.8)

All

PCL-
Sz
44

134
(32)
1,243

(29.8)

426

(10.2)

107
(2.6)
674
(16.2)
1,122
(26.9)
622
(14.9)
1,645
(39.4)
2,734
(65.6)
2,700
(69.7)

808
(19.4)
424
(10.2)
1,384
(332)
1,092
(26.2)
462
(11.1)

165
(4.0)

P
value

<0.001

<0.001

<0.001

<0.001

<0.001

Men
PCL- PCL-
S< S>
44 44
253 103
(4.2) (7.5)
3,120 646
(51.5)  (47.1)
1,247 278
(20.6)  (20.3)

97 (1.6) 35 (2.6)

1282 284
(2L1)  (207)
1421 363
(234)  (26.5)

876 192
(144)  (14.0)
2388 497
(394)  (36.3)
3,106 916
(51.2)  (66.8)
3,120 959
(53.1)  (737)
1,030 266
(17.0)  (19.4)
2390 194
(39.4)  (142)
2,128 444
(35.1)  (324)

459 339
(7.6)  (247)

57 (0.9) 128

9.3)

162 57(4.2)

2.7)

P

value

0.062

<0.001

<0.001

<0.001

<0.001

PCL-

S<
44

Women
PCL- P
S > value
44

77 (0.9) 31 (1.1)

2,007
(24.2)

359
(43)

147
(1.8)

1,162
(14.0)

1,968
(23.7)

1,244
(15.0)

3,779
(45.5)

4,341
(52.3)

4,052
(51.8)

1,403
(16.9)

2,312
(27.9)

3,563
(42.9)

884
(10.7)

(1.7)

236
(2.8)

597
(21.3)

148
(5.3)

<0.001
72 (2.6)

390
(13.9)
759
(27.1)
430
(15.4)
1,148
(41.0)
1,818
(65.0)
1,741
(67.7)

<0.001

<0.001

<0.001

542
(19.4)

230
(8.2)

940
(33.6)

753
(26.9)

(11.9)
<0.001

108
(3.9)

(Continued)

1232 1edIH

60T800T22020PU34/68¢£ 0T


https://doi.org/10.3389/fendo.2022.1008109
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hirai et al.
2 3
A3 S
> v
5 \ —~
= Al nw e QS win 0 )
CN ho v e d N oo
< ~ Ey <+ F n
§ g a =2 z 3 =}
[} = — —~ —
= Vg o 85 3N uwx 3¢
Ops 2 975 @ db g
[-H 3 ¥ S =g
(%) —
= (=3
=T S
[ =]
> v
1 —~ ~ ~
§ HAg =25 a8 og =23 x¢
¥ U <+ +F N WS '_‘oéol\' —~
s A« Yo vy 2 "2 92
1 —~ —~ —~ —~
H Vg S8 59 38 w9 &n
-
Opt oF 2% d< Rz 98
& - a3 = z =g
o —
: (=3
Ry == S
[ (=]
> v
2 -~ o~ ~ ~
Al - = B YN O R NS =X
= @] g N S e O I
< E© ~d g3 v~ 2
1
q s e o~
= Vo I B2 e o d
Ops 23 93 =1 o =
qu ad N2 2 4= 44
9] —
= S
e S
> v
=
£ ¢ LR BA T L am
p— : wn
S M S S8 88 va 82
3 A o~ 2 = ~ Z
—~ ~ —~ —~
© 9 40 238 R o =9
> Sd hy 5 dd =g
\Y S g2 22 °° 80
w
D
= S
=% S
E s
—- ™ N N
=] A\ o R N n o
S \om O o ® D < ISR
= 2" So cF g8 o
o o
© 9 TY R g =~ o=
M 0 0 o~ O l\wﬁ‘H on O
\% 3 3 2 bz 49
W —
= (=3
A3 =
(=]
> v
I°S ~ o~ —~ —~
\O 1 — I 3
= © N oo n R o R® o
p—
< X Ry 23 828 3+ 22
A a < Z ~ Z
—~ ~ ~ ~
Voen £ 838 39 25 3°
O — X F NS owm S g A
&2 S8 28 dZ2 ZE g9
V —
= g
g S
> v
5 &
~ = h o~ o~ @ w —~
E N2 Ym0 < 2
o F D ~ ® n o
o ad L2 g2 8 g d
3 @
~ P —~ —~
g IS 2N g7 x0 G
oo NN I g oS X
= S8 dF vE wz 22
T
-2 N o o5 oW
ag 9 ¥ a5 Sg
B AT a2 4= F4
o
S
c
£
c
S z
s) ” 2 5 g e
s b 2 g g
- 3 £ S S
w > s
(o'} — o Laa}
- =)} — «11 — —
2 Vi Vi = Al Al
[

Frontiers in Endocrinology 08

10.3389/fendo.2022.1008109

Cox proportional hazards model for
new-onset diabetes mellitus

The univariate and multivariate Cox proportional hazards
models for new-onset diabetes are shown in Table 2.

In all K6 full analysis sets (Table 2A), multivariate-adjusted
HR associated with new-onset diabetes was significant in age,
men, BMI > 25, hypertension, and dyslipidemia. In men, the
multivariate-adjusted HR of age BMI > 25, hypertension, and
dyslipidemia were associated with new-onset diabetes. The
multivariate-adjusted HR was significant in evacuation and
K6 > 13. The age- and sex-adjusted HR, but not multivariate-
adjusted HR, was significant in change in work situation. In
women, the multivariate-adjusted HR was significantly associated
with age BMI > 25, hypertension, and dyslipidemia, but not with
evacuation, change in work situation, and K6 > 13. HR in current
smoking, current drinking, physical activity > 2/week, and sleep
satisfaction were not significantly associated with new-onset
diabetes in men and women. In contrast, the multivariate-
adjusted HR of education > 13 years and sleep dissatisfied were
not significant in men but were significantly low in women.

In all PCL-S full analysis sets (Table 2B), multivariate-
adjusted factors associated with new-onset diabetes were age
male sex, BMI > 25, hypertension, dyslipidemia, and evacuation,
but not PCL-S > 44. In men, the multivariate-adjusted factors
were age BMI > 25, hypertension, dyslipidemia, and PCL-S > 44.
In women, multivariate-adjusted factors were age BMI > 25,
hypertension, and dyslipidemia but not PCL-S > 44. The
multivariate-adjusted HR of education > 13 years and sleep
dissatisfied were also significantly low in women.

Next, we evaluated the effects of disaster-related variables on
the relationship between K6 > 13, PCL-S >44, and new-onset
type diabetes mellitus using univariate and multivariate Cox
proportional hazards models (Table 3).

In men, the HR of K6 > 13 remained significant after correcting
for age and BMI in three categories (Model 2), hypertension and
dyslipidemia (Model 3), smoking habit, drinking habit, physical
activity (Model 4), evacuation (Model 5), sleep satisfied (Model 6),
education > 13 years (Model 7), and change in work situation
(Model 8). In women, K6 > 13 was not a significant factor in the
unadjusted or multivariate-adjusted models.

In men, PCL-S > 44 showed significant HRs after correction for
all variables, including age BMI, hypertension, dyslipidemia, smoking
habit, drinking habit, physical activity, evacuation, sleep satisfied,
education > 13 years, and change in work situation. However, in
women, the adjusted PCL-S score > 44 was not statistically significant
in the multivariate-adjusted models.

Discussion

This study evaluated the 7-year longitudinal impact of
probable depression and probable PTSD on new-onset

frontiersin.org
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FIGURE 2

Mean K6 and PCL-S and incidence of new-onset diabetes in men and women. Diabetes incidence by age groups are shown in K6 < 13 (open
columns) and K6 > 13 (closed columns) participants (A, B) and in PCL-S < 44 (open columns) and PCL-S < 44 (closed columns) participants (E, F)
Mean values + 95% confidence intervals [95% CI] of K6 (C, D) and PCL-S (G, H) by age groups are shown in participant with (closed circles) or
without (open circles) new-onset diabetes mellitus. K6: Kessler 6, PCL-S: PTSD Checklist Stressor-Specific Version; DM: diabetes mellitus

diabetes mellitus among Fukushima Health Management
Survey participants who were survivors of the Great East
Japan Earthquake. Two major findings were obtained in this
study. First, among all participants, PCL-S > 44 and K6 > 13
were associated with the onset of type 2 diabetes mellitus
(Table 3). Both K6 > 13 and PCL-S > 44 remained significant
in the Cox proportional hazards model after multivariate
adjustment for age, male sex, BMI > 25, hypertension,
dyslipidemia, smoking habit, drinking habit, physical activity,
and evacuation but not after correction for sleep satisfied,

Frontiers in Endocrinology

09

education, and change in work situation (Table 3). Second,
there was a sex difference in the associations between probable
depression and probable PTSD on new-onset diabetes mellitus.
The multivariate-adjusted Cox model indicated that K6 > 13
and PCL-S > 44 were determinants of new-onset diabetes
mellitus in men, independent of evacuation, sleep satisfied,
education, and change in work situation. Our results suggest
that the post-disaster burden of probable depression and
probable PTSD is causally related to new-onset diabetes in
men but not in women.
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FIGURE 3
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Kaplan Meier curves for new-onset diabetes mellitus in (A) participants with K6 < 13 (blue lines) or with K6 > 13 (red lines) or in (B) participants
with PCL-S < 44 (blue lines) or with PCL-S > 44 (red lines). Non-diabetic participants were plotted for new-onset diabetes mellitus in all, men,
and women. K6: Kessler 6, PCL-S: PTSD Checklist Stressor-Specific Version; DM: diabetes mellitus; P: p values calculated by log-rank test

Association between probable
depression and probable PTSD and new-
onset diabetes mellitus

It has been implicated that both psychological distress (1-3)
and PTSD (8) have causal effects on developing new diabetes
mellitus. To our knowledge, however, the effects of psychological
distress and PTSD, which are different responses to
psychological stress, have never been compared with respect to
the onset of diabetes. The current study found that PTSD-L > 44
and K 6 > 13 were both associated with the onset of type 2
diabetes mellitus (Table 3).

Previous reports have indicated that depression (4), but not
general stress (5) and work stress (6, 7), is an independent risk
factor for type 2 diabetes mellitus. Mezuk et al. reported that
relative risk for new-onset diabetes associated with baseline
depression was 1-60 (1-37-1-88) in the pooled analysis from 13
prospective studies (4). However, no significant association was
found between work-related stress and the risk for type 2
diabetes based on a meta-analysis of seven prospective cohort
studies (relative risk 0-94 [95% confidence interval 0.72-
1.23]) (5).

It remains unclear whether PTSD is associated with a higher
risk of developing type 2 diabetes mellitus (8). Vancampfort et al.
demonstrated that the relative risk for type diabetes mellitus is
1-49 (95% CI 1-17-1-89, p = 0.001) (8). Three longitudinal case-
control studies have been published until now (8). Miller-Archie
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et al. found a significant association between PTSD and diabetes
in a logistic model (multivariate-adjusted odds ratio [AOR]1-28,
95% CI 1-14-1-44) in World Trade Center (WTC) survivors (n =
36,899) up to 11 years after the attack in 2001 (16). Pietrzak et al.
reported that PTSD due to lifetime trauma exposures showed an
AOR of 1-3 (1-07-1-52) for the diagnosis of diabetes mellitus in
American adults (29). Roberts et al. showed that PTSD
symptoms were dose-dependent with T2D incidence in a US
longitudinal cohort of women (14). However, the authors
equally acknowledged the limitations of self-reported diabetes
diagnoses (8). This study is the first to demonstrate the
relationship between PTSD and the onset of diabetes in a large
cohort using a solid definition of diabetes (plasma glucose
and HbA1c).

Overall, participants indicated that multivariate-adjusted
HR of PCL-S > 44 remained significant after correcting for age
male sex, BMI 2 25, hypertension, dyslipidemia, smoking habit,
drinking habit, and physical activity (Table 3), in agreement with
the above studies (14, 16, 29). We obtained a new finding that
the significance of HR disappeared in the Cox proportional
hazards model with correction for covariates of evacuation, sleep
dissatisfied, education, and change in work situation. This
finding implies that these covariates underlie the cause-and-
effect relationship between PTSD and new-onset diabetes. In our
previous study, the the evacuation was a risk factor for a 4-year
onset of diabetes among survivors of the Great East Japan
Earthquake, which is consistent with the results of the current

frontiersin.org


https://doi.org/10.3389/fendo.2022.1008109
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

ABojouroopul ul sia3uoi

7

Bioruisianuosy

TABLE 2 Factors associated with new-onset diabetes mellitus.

A. K6 full analysis set

Factors

Age (year)

Men

Body mass index < 18.5
Body mass index > 25.0

Hypertention

Dyslipidemia
Current smoking

Fomer drinking

Current drinking

Current drinking: Men > 40,
Women 20 > g/day

Physical activity > 2/week

Evacuation

Change in work situation

Sleep satisfied

Education > 13 years

K6 =13

All (n = 18,237) Men (n = 7,319) Women (n = 10,918)
Unadjusted  Age- and  Multivariate- Unadjusted  Age- and  Multivariate- Unadjusted Age- and sex- Multivariate-
sex-adjusted adjusted sex-adjusted adjusted adjusted adjusted
Reference HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR HR 95%CI HR 95%CI HR 95%CI HR 95%CI
Per year 103 102 103 102 102 103 1.0l 101 102 101 1.0l 102 101 1.0l 1.02 1.0l 100 102 102 103 104 103 102 104 101 1003 102
Women 190 172 209 178 161 197 164 145 185

18.5 - 25.0 052 036 077 0.61 041 089 0.70 048 1.03 084 045 157 084 045 157 097 051 1.82 052 032 085 055 034 089 065 040 1.06
18.5 - 25.0 233 211 258 218 197 241 186 168 207 194 170 223 196 171 225 173 150 199 254 219 294 245 211 284 205 176 239

No 240 215 2.67 206 1.84 231 174 155 196 1.86 160 216 179 154 2.09 161 137 1.88 2.67 228 3.11 236 200 279 187 158 222
hypertention
No 1.65 149 184 164 147 1.82 142 127 158 144 125 1.65 146 127 168 131 113 151 208 176 246 187 1.58 221 157 133 187
dyslipidemia

No current 1.16 1.01 134 103 0.89 120 1.10 095 128 095 0.81 1.12 1.03 087 121 1.10 093 130 073 050 1.05 090 062 131 098 0.67 143
smoking

Never 1.71 130 224 1.10 0.83 145 1.15 087 151 117 085 1,60 1.11 081 153 1.13 082 156 140 075 261 151 080 282 128 0.68 240
drinking

Never 1.15 1.03 1.28 0.89 0.79 1.01 092 082 1.04 093 078 1.10 093 079 1.10 093 079 1.11 0.81 067 097 089 074 108 09 079 115
drinking

Never 132 1.13 1.54 097 0.82 1.15 095 080 1.14 101 0.83 123 105 086 129 0992 081 122 050 031 081 062 038 102 069 042 1.13
drinking

< 2/week 1.16 1.05 1.28 095 0.85 1.06 098 088 1.09 106 093 122 096 083 1.11 098 084 1.13 1.18 102 137 095 082 111 099 085 116
No 1.17 1.05 129 121 1.09 134 1.14 1.03 127 123 107 141 125 1.09 143 1.16 1.000 1.34 1.12 096 130 1.16 1.000 135 1.12 096 1.31
evacuation

No change of 1.07 0.97 1.19 115 1.04 128 105 094 117 118 103 136 125 108 144 115 099 133 094 080 1.09 1.04 089 121 095 081 111
job

Sleep 091 080 1.04 082 0.72 094 089 0.77 1.02 099 0.81 122 097 079 1.18 1.08 087 134 0.74 062 0.89 0.72 060 086 074 0.61 0.90

dissatisfied

<13 0.75 0.65 0.85 085 0.74 097 0.89 0.78 1.02 090 076 1.07 095 080 1.13 098 082 1.17 0.64 052 0.78 0.74 061 091 079 064 097

<13 1.09 096 125 1.19 1.04 137 1.09 095 126 128 105 156 130 1.06 1.58 1.23 1.000 1.52 1.13 094 136 1.10 091 1.32 0990 0.81 1.21
(Continued)
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TABLE 2 Continued

B. PCL-S full analysis set

Factors

Age (year)

Men

Body mass index < 18.5
Body mass index > 25

Hypertention

Dyslipidemia

Current smoking

Fomer drinking

Current drinking

Current drinking: Men > 40,
Women 20 > g/day

Physical activity > 2/week

Evacuation

Change in work situation

Sleep satisfied

Education > 13 years

PCL-S > 44

Reference

Per year
Women
18.5 - 25
18.5 - 25

No
hypertention
No
dyslipidemia
No current
smoking
Never
drinking
Never
drinking
Never
drinking

< 2/week

No
evacuation

No change of
job

Sleep
dissatisfied
<13

<44

Unadjusted

HR 95%CI

1.03
1.88
0.53
2.31
2.38

1.63

1.17

1.64

1.14

1.31

1.15
1.16

1.07

091

0.72
1.16

1.02
1.71
0.37
2.09
2.14

1.47

1.02

1.25

1.02

1.12

1.04
1.05

0.96

0.80

0.63
1.03

1.03
2.08
0.78
2.55
2.65

1.81

1.35

2.15

1.27

1.52

1.27
1.28

1.18

1.04

0.83
1.30

All (n = 18,534)

Age- and
sex-adjusted

HR

1.02
1.76
0.62
217
2.04

1.62

1.05

1.06

0.89

0.97

0.93
1.20

114

0.82

0.82
1.19

95%CI

1.02
1.59
0.43
1.96
1.82

145

0.91

0.80

0.79

0.82

0.84
1.09

1.03

0.72

0.72
1.06

1.03
1.94
091
2.39
2.28

1.80

1.22

1.40

1.003

1.15

1.03
1.33

1.27

0.94

0.94
1.33

Multivariate-
adjusted

HR

1.01
1.64
0.72
1.85
1.72

1.40

1.11

1.11

0.92

0.95

0.96
1.13

1.05

0.89

0.86
1.06

95%CI

1.01
1.45
0.49
1.67
1.54

1.26

0.96

0.81

0.80

0.86
1.02

0.94

0.77

0.75
0.94

1.02
1.85
1.05
2.05
1.93

1.56

1.29

1.47

1.04

1.13

1.06
1.26

1.16

1.02

0.99
1.20

Unadjusted

HR 95%CI

1.01

0.90
1.90
1.85

1.43

0.97

1.17

0.94

1.02

1.06
1.22

1.17

0.997

0.88
1.30

1.01

0.50
1.66
1.59

1.24

0.83

0.85

0.80

0.84

0.93
1.06

1.02

0.82

0.74
1.11

1.02

1.65
217
2.14

1.64

1.14

1.61

111

1.25

1.22
1.40

1.34

122

1.05
1.53

Men (n = 7,435)

Age- and
sex-adjusted

HR

1.01

0.90
1.92
1.77

1.45

1.05

1.12

0.95

1.07

0.95
1.24

1.24

0.97

0.93
1.28

1.01

0.49
1.68
1.52

1.26

0.90

0.80

0.88

0.83
1.08

1.07

0.79

0.78
1.09

1.02

1.63
2.20
2.06

1.66

1.24

1.54

1.12

1.31

1.10
1.42

1.42

1.18

1.11
1.50

Multivariate-
adjusted

HR 95%CI

101 1.00 1.02
1.04 057 190
169 147 194
159 136 1.86
131 114 151
112 095 133
113 082 156
095 080 1.12
101 083 124
097 084 112
115 099 132
112 097 130
110 089 136
097 081 116
120 101 143

Women (n = 11,099)

Unadjusted  Age- and sex-

HR 95%CI

1.03

0.52
2.56
2.66

2.04

0.68

1.18

0.79

0.50

1.15
1.12

0.93

0.74

0.61
1.18

1.03

0.32
221
2.28

1.73

0.47

0.65

0.31

0.99
0.96

0.80

0.62

0.50
1.01

1.04

0.84
297
3.10

2.40

0.998

2.29

0.94

0.80

133
1.29

0.89

0.75
1.39

adjusted

HR 95%CI

103 1.03 104
055 034 0.89
246 212 285
233 197 274
181 154 214
086 058 125
128 066 248
087 073 1.05
062 039 1.000
092 078 1.07
116 100 134
104 089 121
072 0.61 0.87
071 058 0.8
1.09 093 129

Multivariate-
adjusted

HR 95%CI

101 1.00 1.02
0.65 040 1.05
207 178 241
1.84 155 217
154 130 1.82
093 063 137
113 058 218
093 078 112
068 042 1.10
095 0.82 111
112 096 130
096 082 113
073 0.61 0.89
076 0.62 094
095 0.80 1.13

HR, hazard ratio; CI, confidential intervals.
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TABLE 3 Hazard ratio of K6 > 13 or PCL-S >44 for new onset diabetes mellitus.

K6 > 13 PCL-S > 44
All Men Women All Men Women
(n=18,237) (n=7,319) (n=10,918) (n=18,534) (n=7,435) (n=11,099)
Factors HR 95%CI 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI
Modd  Unadjusted 1.09 096 125 128 1.05 1.56 1.13 094 136 1.16 1.03 130 130 1.11 1.53 1.18 1.01 1.39
L
Modd  + Age sex and body mass index (3 categories) 1.19 1.04 136 127 1.04 155 1.11 092 1.34 115 1.03 1.29 124 1.06 146 1.06 0.90 1.25
2
Modd  + Hypertension and dyslipidemia 1.18 1.03 135 128 1.05 1.56 1.10 091 132 1.14 1.02 128 124 1.05 145 1.05 089 123
3
Modd  + Smoking habit, drinking habit, and physical 1.17 1.02 134 127 1.04 155 1.10 091 132 1.13 1.01 127 123 1.05 144 1.05 089 123
4 activity
Model  + Evacuation 1.14 1.00 131 1.23 1.01 150 1.08 090 130 1.11 099 124 120 1.02 141 1.03 088 1.21
5
Modd  + Sleep satisfied 1.10 095 127 126 1.02 155 099 081 120 1.07 095 121 122 1.03 145 095 080 1.13
6:
Modd  + Education > 13 years 1.10 095 127 126 1.02 155 098 081 120 1.07 095 121 122 1.03 145 094 080 1.12
7:
Modd  + Change in work situation 1.09 095 126 123 1.00 1.52 099 081 121 1.06 094 120 120 1.01 1.43 095 080 1.13
8

study (30). As changes in the work situation (31) and sleep
disorders (32, 33) are considered to be associated with new-onset
diabetes independently of PTSD, the cause-and-effect
relationship between PTSD and these covariates should be
carefully interpreted.

Gender difference in the relationship
between probable depression and
probable PTSD and new-onset
diabetes mellitus

Previous studies have reported that depression (1-3, 34, 35)
and PTSD (8, 14, 36, 37) are factors in the development of
diabetes mellitus in both men and women, but there are also
reports of gender differences (9, 38).

Eriksson et al. found that the AOR for new-onset diabetes
was 2-2 (95%CI 1-2-4-1) in men and 0-5 (0-2-1-2) in women in
an 8-10 years cohort study comprised Swedish middle-aged
2,127 men and 3,100 women with baseline normal glucose
tolerance, suggesting that psychological distress increases the
risk of type 2 diabetes in Swedish men, but not in women (9).
Kato et al. showed that the AOR for high stress compared with
low stress was 1-36 (1-13-1-63) among men and 1-22 (0-98-1-51)
among women (38). The effect of sex differences in PTSD on
new-onset of diabetes mellitus remains largely unknown. One
limited report for gender difference in the PTSD after the 911
attacks showed that male sex was not a risk factor for the
association between PTSD and new-onset diabetes (AOR men
1-06 (0-96-1-17) vs. women 1.0 reference) (16).
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To our knowledge, the current study is the first to show sex
differences in the association between PTSD and new-onset
diabetes. Our results also suggest that the post-disaster burden
of probable depression and probable PTSD is causally related to
new-onset diabetes in men but not in women.

Potential mechanisms underlying the
difference in probable depression- or
PTSD-related new-onset diabetes

In the present study, the proportion of women among K6 >
13 and PCL > 44 groups was 70.6% and 67.1%, respectively; thus
2-40 and 2-04 times higher than that of men. This is consistent
with previous studies showing that the incidence of PTSD is
approximately twice as high in women as in men (39). Although
the prevalence of probable depression and probable PTSD was
higher in women, it was not a factor in developing diabetes
mellitus in women but in men. There are four potential
explanations for the sex difference in depression- or PTSD-
related new-onset diabetes.

First, the symptom levels for probable depression and
probable PTSD may differ between men and women. K6 and
PCL-S are self-reported questionnaires and could be subjective.
According to Eriksson et al., women were more likely to
experience distress symptoms and overreport them, while men
were more likely to tolerate distress symptoms and underreport
them (9). If this is the case, men with distress symptoms may
have larger neuroendocrine changes when the distress
symptoms are self-reported (9). This notion agrees with our
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results showing that the frequencies of participants with
probable depression or probable PTSD were lower in men, but
a relationship between probable depression/PTSD and new-
onset diabetes was present only in men.

Second, neuroendocrine networks, including the
hypothalamic-pituitary-adrenal axis (HPA), oxidative stress,
and sympathetic nerve activity during mental stress, can be
modified, influenced, or both differentially in men and women
(3, 39). The neuroendocrine network provides a structural and
functional basis for interactions between the brain, hormones,
and organs that allow individuals to respond to acute and
chronic external stimuli (39). Trauma survivors with PTSD
have a highly sensitized HPA axis characterized by decreased
basal cortisol levels and increased negative feedback regulation
of the HPA axis (40). The HPA axis is more sensitive and
responds more strongly to acute stress in women than in men
(41). Fonkoue et al. hypothesized that stress reactivity observed
in men leads to a higher risk for new-onset diabetes via high
levels of cortisol, while the lower cortisol response to stress
observed in women stems from a hypo-reactivity of the HPA,
which is associated with an increased risk for psychological
distress and PTSD (39). Whether sex differences in the HPA are
linked to sex differences in depression- and PTSD-related new-
onset diabetes needs to be determined in future studies.

Third, the effects of probable depression and probable PTSD
on physical activity and eating habits may differ between men
and women. Physical inactivity and undesirable eating habits
can result in obesity and a substantial risk of new-onset diabetes
mellitus (42). Although correction of BMI could not abolish the
impact of K6 > 13 and PCL-S > 44 on new-onset diabetes
mellitus, sex differences in the distribution of abdominal and
ectopic fat cannot be ruled out as a potential confounder for
probable depression and probable PTSD-related new-
onset diabetes.

Fourth, the association of psychological stress with
employment rate, socioeconomic status, and education levels,
which may differ between men and women, could be linked to
gender difference in new-onset diabetes. In men, the age and sex-
adjusted HR, but not multivariate-adjusted HR, was significant
in change in work situation (Tables 2A, B). It has been reported
that unemployment impairs mental health largely in men among
evacuees of the Great East Japan Earthquake (43, 44). In
contrast, the multivariate-adjusted HR of education > 13 years
was not significant in men but was significantly low in women.
Collectively, change in work situation in men and education > 13
years in women could be associated with gender difference in
new-onset diabetes. Previous studies reported that higher
education level was associated with lower diabetes risk (32, 45)
in agreement with our finding in women. However, to our
knowledge, there are no prior studies indicating gender
difference in the association between education level and new-
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onset diabetes. We must wait for future studies and carefully
interpret this phenomenon. The impact of socioeconomic status
on diabetes onset can differ in men and women. However, we
could not assess such relationship in this study because of a lack
of individual socioeconomic sources. In men, the HR of K6 > 13
and PCL-S > 44 remained significant after correcting for
psychosocial factors such as evacuation (Model 5), sleep
satisfied (Model 6), education > 13 years (Model 7), and
change in work situation (Model 8). These results might
support that probable depression and probable PTSD may be
involved in onset of diabetes independently of the psychosocial
factors measured in this study.

Strength and limitation of this study

Our study has several strengths. The most notable are the
longitudinal design and large sample size. Because the
relationship between psychological burden and diabetes is bi-
directional (4), establishing the order in which events occur is
crucial, and providing insights into causal mechanisms and
processes can be achieved only in a prospective and
longitudinal manner. The next strength of this study was the
use of annual investigations for new-onset diabetes mellitus by
using the definition of objective indices, fasting plasma glucose
level, HbAlc, or use of antihyperglycemic agents, not self-
reported diabetes mellitus. By using these strengths of
methodology, our study is the first to confirm the difference in
men and women and the difference in the impacts of probable
depression and probable PTSD on new-onset diabetes. Our
study had several limitations. First, the current analyses did
not account for potential confounding effects of antidepressant/
anti-anxiety medications (46). Second, we could not determine
probable depression before the Great East Japan Earthquake.
Third, the lack of information on BMI, physical activity, and
dietary records during the study period may be an important
limitation. Although the baseline BMI, physical activity, and
drinking status were not strong confounders, an increase in BMI
caused by physical inactivity and hyperphagia (36, 37) through
probable depression may be a confounder for the onset of
diabetes. Fourth, we could not determine the underlying
mechanism of sex differences in psychological burden-related
new-onset diabetes. As discussed above, attenuation in the
neuroendocrine network might be linked to sex differences.
Fifth, we could not differentiate between the stressors for the
onset of diabetes. These populations were survivors of the Great
East Japan Earthquake, including the subsequent tsunami and
the Fukushima Daiichi nuclear disaster; therefore, we could not
differentiate the source of psychological burdens, such as post-
traumatic stress response, chronic anxiety and guilt, ambiguous
loss, family and community separation, and stigmatization. The
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FIGURE 4

Graphic summary of the main findings of the article. The Fukushima Health Management Surve study targeted 123,314 people aged 40-74 years
and was officially registered as being from 13 administrative districts at the time of the Great East Japan Earthquake 2011. Factors associated
with new-onset diabetes mellitus in men and women were shown based on the Cox proportional hazards model after multivariate adjustment
for established risk factors. Factors positively (+) and negatively (-) associated with new-onset diabetes mellitus were shown. Probable
depression was defined as a Kessler 6 scale (K6) > 13 and probable post-traumatic stress disorder (PTSD) as a PTSD Checklist—Stressor-Specific

Version (PCL-S) > 44.

radiation dose in the evacuation areas was substantially low,
according to a report by the United Nations Scientific
Committee on the Effects of Atomic Radiation (47). Therefore,
the radiation-related direct effects on physical and mental health
should be minimal, but the radiation-related psychological
burden could be operative in the onset of diabetes. Sixth, it has
been reported that objective measures are superior to subjective
measures in assessing sleep as it relates to glycemic control
(48, 49). We adopted satisfaction questionnaire for sleep
assessment mainly for assessment of mental problems after the
disaster and could not obtain objective measures such as sleep
time primarily due to cost and questionnaire time. This may
limit our interpretation on of the effects of sleep on onset of
T2DM. Finally, we could not compare the incidence of type 2
diabetes between the participants in this study and the Japanese
outside this area. Goto et al. estimated incidence rate of new-
onset diabetes as 9.6 per 1000 person-years (95%CI 8.3-11.1) in
pooled studies defining diabetes using laboratory data, not self-
reported (50). The incidence rate of diabetes in the current study
was all 19.6, men 27.5, and women 14.7 per 1000 person-years,
suggesting that the incidence was largely higher in this cohort of
participants. We need to find factors associated with this high-
incident diabetes in future studies.

Conclusion

In a 7-year longitudinal study conducted after the Great East
Japan Earthquake, we found that psychological burden and
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PTSD were significant determinants for the onset of type 2
diabetes mellitus in the multivariate-adjusted model, but not
after correction for evacuation, change in work situation, or
sleep dissatisfaction. In men, but not women, psychological
burden and PTSD were determined for new-onset diabetes
independently of evacuation, change in work situation, or
sleep dissatisfaction, indicating that the post-disaster
psychological burden of probable depression and probable
PTSD is causally related to new-onset diabetes in men, but not
in women. Therefore, a prevention strategy for new-onset
diabetes should consider sex differences in post-disaster
circumstances. A graphic summary ot this article was shown
in Figure 4.
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