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Objective: Type 2 diabetes mellitus (T2DM) is associated with a high prevalence of
depression, and depression is inﬂuenced by personality traits; however, these psychological
factors have not been well studied in individuals with T2DM. The association between the
use of a 5-factor model of personality and depressive symptoms was examined in individuals
with T2DM.
Methods: The subjects were 435 T2DM patients (mean age 63.1±12.6 years). Depressive status
and personality traits were assessed using the Center for Epidemiologic Studies Depression Scale
and the Ten-Item Personality Inventory, Japanese version, respectively. Lifestyle factors and
glycated hemoglobin A1c levels in the patients were also included in the analyses.
Results: Among the 435 subjects with T2DM, 130 (29.9%) exhibited possible depression, and
68 (15.6%) exhibited probable depression. After adjustment for confounders, Extraversion,
Agreeableness and Neuroticism were found to be signiﬁcantly associated with the presence of
depression. No relationships were found between depression and HbA1c.
Conclusion: These ﬁndings indicate that Extraversion and Agreeableness are protective
factors, and Neuroticism is a risk factor for depression in T2DM patients. Psychological
therapy focusing on personality may reduce depressive symptoms. Additional studies are
needed to examine the relationships between psychological factors and depressive symptoms
using a longitudinal study design.
Keywords: cross-sectional studies, depressive symptoms, Japanese, personality, type 2
diabetes
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The high prevalence of type 2 diabetes mellitus (T2DM) as a lifestyle-related
disease has become a burden, and T2DM can increase the risk of both serious
physical and mental health issues. Depression is two times more common in
patients with diabetes than in the general population, with differing rates in patients
with type 1 diabetes (21.3%) and T2DM (27.0%).1 A recent meta-analysis suggests
that the pooled relative risk for T2DM is 1.41–1.43 for depression.2,3 Because
cerebral small vessel lesions are associated with depressive symptoms due to
damage to deep and frontal brain structures that regulate mood, the vascular
depression hypothesis may be potentially relevant in T2DM.4,5 In addition, the
inﬂammatory pathway may involve oxidative stress as well as endothelial dysfunction, and markers of these processes are associated with depression6–9 and are
known risk markers for T2DM.10,11 Prolonged hyperglycemia or hypoglycemia
can lead to negative emotion in T2DM patients.12
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Personality variability determines individual stress
reactivity and the psychological adjustment to diabetes.
Previous studies have found that individuals with T2DM
and depressive and anxious temperaments adjusted differently to diabetes and have worse self-management and
metabolic control than subjects without a predominant
affective temperament.13–15 In addition, previous studies
have suggested that personality is associated with the onset
of depressive symptoms in T2DM patients.16,17 These
studies used the Temperament Evaluation of Memphis,
Pisa, Paris and San Diego (TEMPS-A) as a measurement
tool for personality. In recent decades, however, the FiveFactor Model has been widely accepted in both clinical
practice and scientiﬁc research to conceptualize
personality.18 Higher levels of Neuroticism and lower
levels of Extraversion and Conscientiousness have been
associated with depression in individuals without
T2DM.19–23 No studies, however, have examined the
potential link between the Five-Factor Model and depressive symptoms among individuals with T2DM.
In the present study, we aimed to investigate the relationship between the Five-Factor Model-based personality
traits and depressive symptoms among individuals with
T2DM. We hypothesized that three personality strategies
(Neuroticism, Extraversion and Conscientiousness) would
be associated with depressive symptoms even in individuals with T2DM.

Methods
Participants
This study was conducted in accordance with the
Declaration of Helsinki. This study was approved by the
ethics committee of the Graduate school of Medicine,
Hirosaki University, and written informed consent was
obtained from each subject before they could participate
in this study.
The subjects were 728 individuals with T2DM who
received treatment for at least 1 year at the Department
of Endocrinology and Metabolism at the Hirosaki
University Hospital. We collected 945 patients, and 728
agreed to take part in the study. The remaining 217
patients were excluded because of declining to participate
(41 patients), moderate to severe dementia (85 patients),
blindness (23 patients), and moderate to severe psychiatric
diseases (eg, schizophrenia and bipolar disorder; 68
patients). A total of 611 patients out of 728 returned the
questionnaires, and 435 had complete questionnaires.
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Thus, in total, 435 patients were included in the study.
The ﬁnal sample included 435 participants for an overall
response rate of 59.7%.
Blood laboratory examinations from these patients
were conducted routinely for glycated hemoglobin A1c
(HbA1c) analysis at least 4 times per year. Among the
subjects, 385 were receiving an oral hypoglycemic agent,
and 215 were receiving insulin therapy. The demographic
data (age, sex, alcohol consumption, smoking, marital
status, solitary living, and exercise habits) and medical
histories of the patients were obtained from questionnaires
and medical records.
The Japanese version of the Center for Epidemiologic
Studies Depression Scale (CES-D) was administered to all
of the participants to measure their depressive symptoms.24
The CES-D is a 20-item self-reported measure that focuses
on the depressive symptoms the patient experienced during
the week prior to completing the questionnaire. The maximum score is 60, with higher scores indicating more severe
depressive symptoms. The standard cut-off score of −16 for
the CES-D had excellent sensitivity (91.3%) but low speciﬁcity (60.8%). A cut-off score of −21 on the CES-D yielded
an optimal balance between sensitivity (78.3%) and speciﬁcity (74.3%), with a positive predictive value (PPV) of
48.6% and a negative predictive value (NPV) of 91.7%.25 In
addition, our previous study indicated that the stratumspeciﬁc likelihood ratios (SSLRs) were 0.13 (95% CI
0.04–0.40), 3.68 (95% CI 1.37–9.89)and 24.77 (95% CI
14.97–40.98) for CES-D scores of 0–16, 17–20, and
above 21, respectively.26 Therefore, possible depression
was considered to be present when a subject reported
a CES-D score of −16, while probable depression was
considered to be present when a subject reported a CES-D
score of −21 based on our previous study.
We used the Japanese version of the Ten-Item
Personality Inventory (TIPI-J) to measure personality
traits. The TIPI-J is a measure of the Big-Five personality
dimensions:
Extraversion,
Conscientiousness,
Agreeableness,
Neuroticism,
and
Openness
to
experience.27 Each item was scored from 1 to 7 points,
and the scores were summed for each 3 dimensions. The
tests of validation and reliability for TIPI-J have been
established in Japan.28

Statistical analysis
In the present study, comparisons of several factors
between patients with and without depression were performed using Student’s t-tests and chi-square tests. The
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data are presented as the means±standard deviations.
A p-value <0.05 indicated statistical signiﬁcance. The
factors associated with depression were examined using
logistic regression analyses with forced entry; they
included age, sex, body mass index (BMI), HbA1c, presence/absence of smoking, habitual alcohol consumption,
living alone, and exercise habits, each score for the 5 personality dimensions. In addition, linear regression analyses
with forced entry were performed to examine the correlation between the severity of depression (total CES-D
scores) and several factors. The dummy variables were
as follows: male =1, female =2, living with family =0,
living alone =1, presence of spouse =1, absence of spouse
=2, presence of smoking =1, absence of smoking =2,
presence of alcohol consumption =1, absence of alcohol
consumption =2, no exercise =1, exercise once a week =2,
exercise 2–3 days per week =3, exercise 4–5 days per
week =4, and exercise almost every day =5. When α
=0.05 and β =0.2 with a two-sided test, the estimated
sample size is 133. A p-value <0.05 indicated statistical
signiﬁcance. The SPSS Statistics software program for
Windows, version 25.0, was used for all analyses.

Results
A total of 130 (29.9%) of the 435 patients had possible
depression based on the standard CES-D cut-off value of
15.5; however, we regarded 21.5 as the solid CES-D cutoff value, as previously described. Thus, 64 (14.7%)
patients exhibited probable depression.
There were signiﬁcant differences in all the personality
traits (Extraversion, Agreeableness, Conscientiousness,
Neuroticism and Openness) between the patients with
and without possible depression; however, there were no
differences in HbA1c, lifestyle or marital status (Table 1).
There were signiﬁcant differences in BMI, smoking habits,
Extraversion, Agreeableness, Conscientiousness, and
Neuroticism between the patients with and without probable depression, but there were no differences in age,
HbA1c, major lifestyle factors or marital status (Table 1).
The logistic regression analysis determined the factors
associated with possible depression, which included
Extraversion, Agreeableness and Neuroticism (Table 2).
In addition, the logistic regression analysis that included
patients with probable depression revealed associations
with smoking habits, alcohol consumption habits,
Extraversion, Agreeableness and Neuroticism (Table 2).
Multiple regression analysis indicated that BMI, smoking
habits, alcohol consumption habits, marital status,
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Agreeableness and Neuroticism, but not Extraversion,
were correlated with the severity of depression as measured by the total CES-D score (Table 3).

Discussion
The results of this study indicated that after adjustment for
confounders, Agreeableness was inversely associated with
depression, and Neuroticism was signiﬁcantly associated
with depression in logistic regression analyses and linear
regression analysis. This study is the ﬁrst to investigate the
relationship between personality proﬁle and depression in
T2DM. These ﬁndings indicate that Agreeableness is
a protective factor and that Neuroticism is a risk factor
for depression in T2DM patients.
We sought to replicate and extend previous research
showing that the personality traits of Neuroticism,
Extraversion, and Conscientiousness moderate one another
to predict depression (Table 2).29,30 Depression, however,
was associated with Neuroticism and Agreeableness and
possibly Extraversion, but not with Conscientiousness,
although the scores for Conscientiousness differed
between depressed and non-depressed patients with
T2DM (Table 1) and the total score of CES-D was correlated with Extraversion or Conscientiousness only in the
crude regression analysis (Table 3). These discrepancies in
the associations of personality factors other than
Neuroticism and Extraversion between our study and previous studies may be due to population differences
between individuals with T2DM and the general population and to the use of different personality measurement
tools, such as the NEO, FFM and TIPI-J, the correlations
of which were signiﬁcant but not perfect.28 In addition, we
did not evaluate depression subtypes or symptom dimensions of depression, although a previous study reported
that Agreeableness was negatively associated with the
mood symptom dimension in late-life depression.31
In the present study, the prevalence of possible and probable untreated depression among individuals with T2DM
were 29.9% and 15.6%, respectively. The prevalence of
depression in our study was within the range of previous
results (15–43%).32–36 Untreated depression is associated
with a greater quantity and severity of physical and mental
health comorbidities.37 Compared to the normal population
in the same area, the prevalence of depression in the study
population was high. Depression is frequently combined
with sleep problems,36 anxiety,38 and cardiovascular
disease39 and is often associated with risky health behaviors,
such as poor diet, sedentariness and smoking, which can
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Table 1 Characteristics of subjects with and without possible or probaple depression
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Possible
No depression

Depression

(n=305)

(n=130)

Signiﬁcant

No depression

Depression

(n=367)

(n=68)

Signiﬁcant

Sex
Male (n, %)

187 (61)

69 (53)

Female (n, %)

118 (39)

61 (47)

ns

220 (60)

36 (53)

147 (40)

32 (47)

ns

Age (years)

63.5±12.9

62.2±12.1

ns

63.6±12.7

60.3±12.3

p<0.05

BMI
HbA1c (%)

24.9±4.0
7.1±0.9

25.7±4.8
7.1±0.8

ns
ns

24.9±4.1
7.1±0.9

26.2±5.0
7.1±0.9

p<0.05
ns

Smoking habit
Yes (n, %)

46 (15)

26 (20)

ns

51 (14)

21 (31)

p<0.05

No (n, %)

259 (85)

104 (80)

316 (86)

47 (69)

Yes (n, %)

106 (35)

41 (32)

No (n, %)

199 (65)

89 (68)

160 (52)
23 (8)

68 (52)
7 (5)

Habitual alcohol consumption
ns

129 (35)

18 (26)

238 (65)

50 (74)

186 (51)
28 (8)

41 (60)
4 (6)

ns

Exercise frequency
None (n, %)
Once a week (n, %)

ns

2–3 times a week (n, %)

46 (15)

19 (15)

54 (15)

10 (15)

4–5 times a week (n, %)
Almost everyday (n, %)

34 (11)
55 (18)

6 (5)
17 (13)

35 (10)
64 (17)

5 (7)
8 (12)

86 (28)

46 (35)

219 (72)

84 (65)

Single
Yes (n, %)
No (n, %)

ns

105 (28)

27 (40)

262 (72)

41(60)

ns

ns

Living alone
Yes (n, %)

34 (11)

20 (15)

No (n, %)

271(89)

110 (85)

44 (12)

10 (15)

323 (88)

58 (85)

Extraversion
Agreeableness

4.4±1.2
5.3±1.0

3.9±1.4
4.8±1.1

Conscientiousness
Neuroticism

4.4±1.3
3.4±1.2

Openness

4.0±1.1

ns

ns

p<0.01
p<0.001

4.3±1.2
5.3±1.0

3.8±1.4
4.5±1.2

p<0.01
p<0.001

3.8±1.2
4.3±1.1

p<0.01
p<0.001

4.3±1.3
3.5±1.2

3.8±1.3
4.6±1.2

p<0.01
p<0.001

3.6±1.3

p<0.01

3.8±1.1

3.7±1.4

ns

Personaliy traits

Notes: Data are shown as mean ± SD. Possible depression is deﬁned as 16 or higher on the Center for Epidemiologic Studies Depression Scale (CES-D). Probable
depression is deﬁned as 21 or higher on the CES-D.
Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; ns, not signiﬁcant.

result in obesity and diabetes.40 Therefore, the early detection
of potential depression in individuals with T2DM is clinically important.
This study has several notable limitations. First, the assessment of depressive symptoms was based on the CES-D rather
than clinician-administered structured diagnostic interviews
based on established criteria, such as the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSMIV). The second limitation of this study was the recruitment
strategy, which involved the recruitment of individuals with
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T2DM from the clinical setting of only one institute and
excluded patients with severe mental illness, including major
depressive disorders. These untreated individuals may not be
representative of patients with clinical depression. The severity of depressive symptoms among our participants might be
lower than that among clinical T2DM patients. Third, data for
several potential confounding factors were not obtained
because of strict ethical considerations and a reluctance to
share medical information. This limitation is important
because interpersonal relationships among family members
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Table 2 Logistic regression results for factors associated with depression among T2DM patients
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Possible depression

Probable depression

Exp(B)

95% CI

Exp(B)

95% CI

Sex

1.03

0.78–2.2

1.18

0.59–2.36

Age
BMI

1.02
1.04

1.00–1.04
0.98–1.11

1.01
1.07

0.99–1.04
0.99–1.15

HBA1c

1.05

0.80–1.36

0.95

0.68–1.33

Smoking
Alcohol

0.64
1.16

0.33–1.22
0.68–1.97

0.31**
2.13*

0.15–0.67
1.02–4.46

Exercise frequency

0.91

0.78–1.06

0.99

0.81–1.21

Single
Living alone

1.15
0.99

0.63–2.10
0.41–2.39

1.24
0.76

0.58–2.64
0.25–2.27

Extraversion

0.88

0.72–1.08

0.76*

0.58–1.00

Agreeableness
Conscientiousness

0.74*
0.88

0.59–0.94
0.70–1.09

0.55***
1.00

0.40–0.74
0.75–1.32

Neuroticism

1.87***

1.48–2.37

2.19***

1.59–3.00

Openness

0.84

0.67–1.05

1.18

0.89–1.58

Notes: Possible depression is deﬁned as 16 or higher on the Center for Epidemiologic Studies Depression Scale (CES-D). Probable depression is deﬁned as 21 or higher on
the CES-D. *p<0.05, **p<0.01, ***p<0.001
Abbreviations: T2DM, Type 2 diabetes mellitus; BMI, body mass index; HbA1c, hemoglobin A1c.

Table 3 Simple and multiple regression results for factors associated with severity of depression among T2DM patients
r

Signiﬁcance

Beta

Signiﬁcance

Sex

0.044

0.181

0.027

0.575

Age

−0.030

0.265

0.128

0.012

BMI
HBA1c

0.035
−0.001

0.234
0.490

0.026
−0.011

0.568
0.798

Smoking

−0.083

0.043

−0.112

0.011

Alcohol
Exercise frequency

0.068
−0.045

0.078
0.176

0.087
−0.001

0.055
0.982

Single

0.116

0.008

0.103

0.041

Living alone
Personaliy traits

0.053

0.134

−0.022

0.658

Extraversion

−0.206

<0.001

−0.089

0.056

Agreeableness
Conscientiousness

−0.312
−0.218

<0.001
<0.001

−0.234
−0.033

<0.001
0.482

Neuroticism

0.428

<0.001

0.347

<0.001

Openness

−0.133

0.003

−0.032

0.484

0.525

<0.001

Multiple correlation coefﬁcients
Note: Bolds show statistically signiﬁcant.
Abbreviations: T2DM, Type 2 diabetes mellitus; BMI, body mass index; HbA1c, hemoglobin A1c.

and the severity of T2DM complications may have inﬂuenced
the results of this study. Finally, this study is limited by its
cross-sectional design; thus, we could not determine a causal
relationship between personality and the onset of depressive
symptoms among the patients in our study population.
A follow-up survey is needed to investigate these associations.
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Conclusion
Extraversion, Agreeableness and Neuroticism were significantly associated with depressive symptoms. These ﬁndings indicate that personality may affect depressive
symptoms among individuals with T2DM. Furthermore,
T2DM patients might beneﬁt from psycho-educational
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interventions, such as supportive psychotherapy or cognitive behavior therapy, which are designed to help patients
change their personalities when coping with the symptoms
of their illness. Additional studies using a longitudinal
study design are needed to examine the relationships
between personality and depressive symptoms among
T2DM patients.
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