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ABSTRACT
Aims/Introduction: It is suggested that a positive psychosocial condition has a good
effect on health and glycemic control. However, there has been no research to evaluate
the association between positive psychosocial factors and diabetic nephropathy (DN). The
aim of the present study was to evaluate the association between psychosocial factors
and DN in patients with type 2 diabetes.
Material and Methods: To assess psychosocial condition, six indicators (happiness
score, Life Orientation Test-revised score as an indicator of dispositional optimism, laughter
frequency, self-awareness of stress, social network and social support) were assessed by a
self-administered questionnaire, and associations between these psychosocial indicators
and the presence of DN were examined.
Results: A cross-sectional analysis of patients with (n = 123) and without DN (n = 220)
showed that a high score for happiness (odds ratio [OR] per 1 standard deviation 0.71,
95% confidence interval [CI] 0.57–0.89, P = 0.003), high Life Orientation Test-revised score
(OR per 1 standard deviation 0.77, 95% CI: 0.61–0.98, P = 0.035), less self-awareness of
stress (OR 0.56, 95% CI: 0.34–0.90, P = 0.017), high connection of social network (OR 0.55,
95% CI: 0.35–0.87, P = 0.010) and high social support (OR 0.61, 95% CI: 0.38–0.96,
P = 0.035) were associated with a reduced risk of prevalence of DN. Similar results were
observed even after adjustment for the following conventional risk factors of DN: age, sex,
duration of diabetes, hemoglobin A1c, hypertension, dyslipidemia and current smoking.
Conclusions: The present study showed that five out of six prespecified indicators of
psychosocial condition were significantly associated with the presence of DN in Japanese
patients with type 2 diabetes.

INTRODUCTION
Diabetic nephropathy (DN), a major complication of diabetes,
occurs in 20–40% of patients with diabetes, and is the leading
cause of end-stage renal disease. Among patients with type 2
diabetes mellitus, DN is one of the most common causes of
hospitalization associated with cardiovascular events, cardiovas-
cular mortality and also total mortality1. As large clinical

studies, such as the United Kingdom Prospective Diabetes
Study and Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled Evaluation, have
shown that good glycemic control and blood pressure control
suppress progression of DN, patients with diabetes are
instructed to maintain a healthy diet and to exercise, and are
prescribed various antidiabetic and antihypertension drugs in a
clinical situation. However, the incidence of dialysis with DN
has not decreased, despite improvements in the methods of dia-
betes treatment during the past decade2. Therefore, otherReceived 14 November 2016; revised 24 January 2017; accepted 1 February 2017
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renoprotective strategies aiming at the decrease of DN inci-
dence and progression need to be considered.
Recently, the relationship between health and psychosocial

factors, including psychological aspects and social support level,
has been discussed. Among patients with diabetes, although
convincing mechanisms still remain unclear, it was reported
that elevated stress and depressive symptoms were risk factors
of ischemic heart disease and stroke3. In contrast, it was
reported that positive psychological factors, such as self-esteem,
active coping behavior or resilience, influenced glycemic con-
trol4–6, and that a good structure of social support helped
patients to maintain recommended diets and exercise for
weight loss7. Furthermore, laughing loudly reduced postprandial
glucose levels8, and a laughter and exercise program had good
effects on glucose control9. These previous reports suggest that
a positive psychosocial condition would have a good effect on
health and glycemic control, even among diabetes patients.
However, no research has evaluated the association between

positive psychosocial factors and DN. Therefore, in the present
study, we aimed to evaluate the association between psychoso-
cial factors and DN, as assessed by a self-administered ques-
tionnaire in patients with type 2 diabetes.

METHODS
Study design and study population
In the present study, baseline data obtained from a prospec-
tive observational study were used to evaluate the association
between positive psychosocial factors and diabetic complica-
tions in type 2 diabetes patients. Screening of the study
participants was carried out consecutively during a 13-month
period (from August 2014 to August 2015) at Osaka Univer-
sity Hospital in Osaka, Japan. The eligibility criteria were as
follows: (i) diagnosed as type 2 diabetes based on the criteria
of the Japan Diabetes Society; and (ii) aged ≥30 years, but
<80 years (regardless of sex). No special exclusion criteria
were set. Patients that met the eligibility criteria were asked if
they could participate in the present study, and all the
patients who agreed to participate were registered. A total of
349 patients (56.2% men; age 65.1 – 9.6 years) were enrolled.
The study protocol was approved by the ethics committee of
Osaka University Hospital. Written informed consent was
obtained from all the participants after they received a full
explanation of the study.

Assessment of psychosocial conditions
To assess positive psychological conditions, six indicators were
used, each based on an individual questionnaire. The partici-
pants responded to all of these questionnaires at one time, and
cases in which the response to a questionnaire was absent or
incomplete were excluded from the statistical analyses. The
relationships between DN and the results of each questionnaire,
and correlations between the indicators were assessed. In some
cases, participants were divided into two groups, each consisting
of approximately the same number of participants, based on

median or mean values of each indicator (Figure S1). The indi-
cators used were as follows:

Happiness score
Evaluated based on the self-scoring item, ‘How do you rate
your happiness status, with 10 as the top end?’ This single-item
score was evaluated from 1 to 10, with 10 as the highest level
of happiness.

Dispositional optimism
Defined as the tendency to expect good outcomes in the future.
To evaluate dispositional optimism, the Life Orientation
Test-revised (LOT-R) was used10. LOT-R consists of a set of
statements to which people indicate their agreement or dis-
agreement on a multipoint scale. The points on each scale are
summed up to a total score (range 0–24), and a higher score
means a higher level of dispositional optimism.

Laughter frequency
The following self-anchoring single question was used: ‘How
often do you laugh loudly in daily life?’ The laughter frequency
was scaled as follows: (i) rarely; (ii) one to two times a month;
(iii) one to five times a week; and (iv) almost every day. We
divided the participants into two groups, the ‘not-every day
laugher’ group (i – iii) and the ‘almost-every day laugher’ group
(iv).

Self-awareness of stress
The following self-anchoring single question was used: ‘How
often do you suffer stress from your work or daily life?’ The
response was scaled as follows: (i) always; (ii) often; (iii) some-
times; and (iv) rarely. The participants who chose (i) or (ii)
were categorized to a ‘more-stress’ group, and those who chose
(iii) or (iv) were categorized to a ‘less-stress’ group.

Social network and social support
Social network and support are broadly defined as the existence
or connection of people on whom one can rely. In the present
study, two kinds of instruments were used to evaluate this factor.
One was the Social Network Index (SNI), which was designed for
the Alameda study, containing a question about the number of
relatives or friends one feels close to, and the frequency of the
contacts with informal and formal association in informal or for-
mal group associations11. The SNI comprises the numbers of
social ties. The SNI score ranges from 0 to 4, and in this study
the score was grouped into two categories: score 0 and 1 as the
category of low-connection of social network, and score 2–4 as
that of high-connection of social network. The other instrument
used was the Enhancing Recovery in Coronary Heart Disease
Patients Social Support Instrument (ESSI), which was used in the
Enhancing Recovery in Coronary Heart Disease Patients trial12,13.
The ESSI is a seven-item self-report measure, and summed up
for a total score, with higher scores indicating greater social sup-
port. The participants were grouped into two categories based on
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a total score of 26, the median of the present study; a score of
5–26 as the category of less-social support and a score of 27–31
as that of more-social support.

Assessment of clinical and biochemical characteristics
Clinical and biochemical data were collected at baseline. A
structured questionnaire was used to determine medical history,
including duration of diabetes, current medication use, cigarette
smoking and alcohol consumption status. Current smoker was
defined as one who currently smokes any amount of cigarettes,
and a person who drinks alcohol habitually as one who drinks
once or more a week. Blood pressure was measured at rest with
a mercury and/or automated sphygmomanometer. Fasting
blood samples were collected, and hemoglobin A1c, glycoalbu-
min, serum total, low-density lipoprotein and high-density
lipoprotein cholesterol, serum triglyceride, and creatinine levels
were measured using standard laboratory protocols. The pres-
ence of hypertension and dyslipidemia was diagnosed by the
primary doctors based on the criteria of the Japanese Society of
Hypertension14 and the Japan Atherosclerosis Society15.

Assessment of diabetic microvascular complications
Estimated glomerular filtration rate (eGFR; mL/min/1.73 m2)
was calculated using the equation proposed by the Japanese
Society of Nephrology16. Urinary albumin and creatinine (Cr)
concentrations were measured using early morning spot urine,
and urinary albumin-to-creatinine ratio was calculated. Accord-
ing to the criteria of the Japan Diabetes Society17, the presence
and the stage of DN were determined based on the eGFR and
the presence of albuminuria or proteinuria as follows: normoal-
buminuria, urinary albumin-to-creatinine ratio <30 mg/gCr;
microalbuminuria, 30–300 mg/gCr; or macroalbuminuria,
>300 mg/gCr. Proteinuria of >0.5 g/gCr was defined as overt
proteinuria. The participants with a albumin-to-creatinine ratio
in the normal range and eGFR >30 mL/min/1.73 m2 were cat-
egorized as the non-DN group, and the participants with
micro- or macroalbuminuria, overt proteinuria and/or eGFR
<30 mL/min/1.73 m2 and under dialysis therapy were catego-
rized as the DN group.
Diabetic retinopathy was defined by the presence of character-

istic changes, such as microaneurysms, hemorrhages, cotton
wool spots, new vessel formation and so on. The participants
with past treatment of retinopathy, such as laser photocoagula-
tion and vitreous surgery, were also categorized to the group with
diabetic retinopathy. The participants were diagnosed by oph-
thalmologists based on the criteria of the Japan Diabetes Society.
To evaluate the presence of diabetic neuropathy, the abbrevi-

ated diagnostic criteria proposed by the Diabetic Neuropathy
Study Group in Japan were used18. The criteria consist of three
items: (i) symptom such as tingling pain, numbness and
cramping; (ii) absence of the Achilles tendon reflex; and (iii)
reduced sense of vibration. When more than two items were
positive, the participant was diagnosed as having diabetic neu-
ropathy.

Statistical analysis
Data were presented as mean – standard deviation (SD) or
median and interquartile range for continuous variables, or as
percentages for dichotomous variables. Between-group differ-
ences of the average were compared using the unpaired t-test
for parametric data, and the Mann–Whitney U-test for non-
parametric data. Between-group differences of numbers and
percentages were compared using the v2-test, and relationships
among six indicators of psychosocial factors were assessed using
Spearman’s rank correlation coefficient. Multiple logistic regres-
sion models were used to estimate the odds ratio and 95% con-
fidence interval of each psychosocial factor as a risk factor for
DN. A P-value of <0.05 was considered to show significance.
The statistical analyses were carried out using Spss version 22
(SPSS, Chicago, Illinois, USA).

RESULTS
Participants
A total of 349 participants were enrolled in the present study, and
the evaluation of DN was successful in 343 participants. Among
them, 123 participants were diagnosed as having DN at baseline.
The clinical characteristics of the participants with and without
DN are described in Table 1. The duration of diabetes, systolic
blood pressure and serum triglyceride levels were significantly
higher in participants with DN as compared with those without
DN (P < 0.05). Frequencies of male sex, current smoking, hyper-
tension, dyslipidemia, insulin and antihypertensive medication
use were also higher in participants with DN (P < 0.05). There
was no significant difference between the two groups regarding
the other parameters, including hemoglobin A1c levels. These
findings were almost consistent with previous reports.

Association between psychosocial condition and clinical and
biochemical characteristics
There were significant associations among the six indicators of
positive psychosocial factors: happiness score, optimism, laughter
frequency, self-awareness of stress, and social network and sup-
port. In particular, a higher happiness score was associated with
a higher level of optimism, and with more social support with
greater relative strength (P < 0.001 for all; Figure 1). We also
carried out factor analysis on these six indicators with the
method of maximum likelihood, and found one factor with an
Eigenvalue >1 (2.77). This one-factor structure explained 46% of
variance, and all six indicators had absolute loading values
>0.40. This result of factor analysis supported our assumption
that these six indicators reflect one factor: ‘positive psychosocial
factor. ’ (Table S3)
Older age was associated with a higher score of happiness

and optimism, and less stress-awareness, but was not associated
with social support and network or laughter frequency. Women
showed a higher happiness score and more social support sta-
tus, and were more likely to laugh every day as compared with
men. Regarding the other indicators, there was no sex differ-
ence (data not shown).
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Age- and sex-adjusted associations between the aforemen-
tioned indicators of psychosocial conditions and clinical and
biochemical characteristics were evaluated (Tables 2 and 3).

The happiness score was inversely associated with body mass
index (b = -0.13, P = 0.012) and serum low-density lipopro-
tein cholesterol (b = -0.12, P = 0.012). The LOT-R score was

Table 1 | Baseline characteristics of participants with or without diabetic nephropathy

Total n = 343 Non-diabetic
nephropathy n = 220

Diabetic
nephropathy n = 123

P-value

Sex (male) 194 (56.6%) 115 (52.3%) 79 (64.2%) 0.032
Age 65.1 – 9.5 64.9 – 9.0 65.4 – 10.4 0.654
Duration of diabetes (years) 15.1 – 9.9 13.9 – 9.5 17.2 – 10.3 0.003
Body mass Index (kg/m2) 25.9 – 5.3 25.6 – 5.3 26.5 – 5.3 0.154
Systolic blood pressure (mmHg) 131.6 – 16.4 130.1 – 15.4 134.4 – 17.9 0.020
Diastolic blood pressure (mmHg) 75.0 – 12.2 74.9 – 11.3 75.1 – 13.8 0.845
Alcohol (once a week or more) 115 (33.9%) 76 (34.7%) 39 (32.5%) 0.682
Current smoker 43 (12.6%) 19 (8.7%) 24 (19.7%) 0.003
HbA1c (%) 7.8 – 1.5 7.8 – 1.4 7.9 – 1.7 0.632
Glycated albumin (%) 21.0 – 5.1 21.3 – 5.1 20.6 – 5.1 0.243
Creatinine (mg/dL) 0.99 – 1.1 0.78 – 0.20 1.35 – 1.71 <0.001
eGFR (mL/min/1.73 m2) 66.7 – 20.6 70.5 – 16.1 59.9 – 25.4 <0.001
Total-cholesterol (mg/dL) 188.5 – 37.3 187.3 – 37.4 190.8 – 37.2 0.429
Triglyceride (mg/dL) 117 (84–169) 105 (76–155) 139 (104–185) <0.001
LDL cholesterol (mg/dL) 106.7 – 28.0 106.9 – 26.7 106.3 – 30.2 0.834
HDL cholesterol (mg/dL) 54.4 – 16.5 55.9 – 16.2 51.9 – 16.9 0.036
Hypertension 240 (70.0%) 141 (64.1%) 99 (80.5%) 0.001
Dyslipidemia 226 (65.9%) 135 (61.4%) 91 (74.0%) 0.018
Malignancy 75 (21.9%) 55 (25.0%) 20 (16.3%) 0.060
Macroangiopathy 68 (19.8%) 27 (12.3%) 41 (33.3%) <0.001
Nephropathy – –
Microalbuminuria 75 (61.0%)
Macroalbuminuria and eGFR ≥30
(mL/min/1.73 m2)

33 (26.8%)

Macroalbuminuria and eGFR <30
(mL/min/1.73 m2)

11 (8.9%)

Under dialysis 4 (3.3%)
Retinopathy (n = 312) 104 (33.3%) 43 (21.3%) 61 (55.5%) <0.001
Neuropathy (n = 328) 153 (46.6%) 91 (42.7%) 62 (53.9%) 0.053
Medications

Antidiabetics 314 (91.5%) 197 (89.5%) 117 (95.1%) 0.075
Insulin 115 (33.5%) 59 (26.8%) 56 (45.5%) <0.001
Antihypertensives 223 (65.0%) 130 (59.1%) 93 (75.6%) 0.002
Renin–angiotensin system inhibitor 182 (53.1%) 104 (47.3%) 78 (63.4%) 0.004

Lipid-lowering drug 174 (50.7%) 107 (48.6%) 67 (54.5%) 0.300
Psychosocial factors
Happiness score (range 1–10, higher = happier) 7.3 – 1.7 7.5 – 1.6 6.9 – 1.9 0.003
Optimism: LOT-R (n = 336) (range 0–24,
higher = greater optimism)

13.5 – 3.1 13.7 – 3.1 13.0 – 3.0 0.033

Laughter frequency (n = 340)
Non-every day laughers 205 (60.3%) 129 (58.6%) 76 (63.3%) 0.398
Almost every day laughers 135 (39.7%) 91 (41.4%) 44 (36.7%)

Self-awareness of stress (n = 342)
More stress (‘always’ and ‘often’) 113 (33.0%) 63 (28.8%) 50 (40.7%) 0.025
Less stress (‘sometimes’ and ‘rarely’) 229 (67.0%) 156 (71.2%) 73 (59.3%)

Social network: SNI (n = 337)
Low connection (SNI score; 0 and 1) 153 (45.4%) 87 (40.3%) 66 (54.5%) 0.012
High connection (SNI score; 2–4) 184 (54.6%) 129 (59.7%) 55 (45.5%)
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positively associated with drinking frequency (OR per 1 SD
1.58, 95% CI: 1.22–2.07, P = 0.001). The participants who
laughed every day and those who felt less stress in daily life
showed the tendency to consume alcohol more frequently
(laugher every day OR 1.81 95% CI: 1.09–3.03, P = 0.023; less
stress-awareness OR 1.80 95% CI: 1.05–3.11, P = 0.033).
Laughter frequency and self-awareness of stress were also inver-
sely associated with serum low-density lipoprotein cholesterol
levels (b = -0.12, P = 0.025 and b = -0.13, P = 0.017, respec-
tively). Social network was inversely associated with the pres-
ence of hypertension: high connection was associated with a
reduced risk of the presence of hypertension (OR 0.58, 95% CI:
0.36–0.95, P = 0.031). There were no relationships between
psychosocial conditions and medication for diabetes or use of
insulin.

Association between psychosocial conditions and DN
Participants with DN showed a lower happiness score, lower
LOT-R score, lower level of social support and network, and
felt more stress in daily life and work than the participants
without DN. Although laugher every day showed a tendency to
be more frequent in the non-DN group as compared with the
DN group, it did not reach statistical significance (Tables 1 and
S1). In the logistic regression analysis adjusted for age and sex,
a high happiness score (OR per 1 SD 0.71, 95% CI: 0.57–0.89,
P = 0.003), high LOT-R score (OR per 1 SD 0.77, 95% CI:
0.61–0.98, P = 0.035), less self-awareness of stress (OR 0.56,
95% CI: 0.34–0.90, P = 0.017), high connection of social net-
work (OR 0.55, 95% CI: 0.35–0.87, P = 0.010) and more social
support (OR 0.61, 95% CI: 0.38–0.96, P = 0.035) were associ-
ated with a reduced risk of the presence of DN (Figure 2).

Table 1 (Continued)

Total n = 343 Non-diabetic
nephropathy n = 220

Diabetic
nephropathy n = 123

P-value

Social support: ESSI (n = 336)
Less support (ESSI score: 5–26) 176 (52.4%) 102 (47.2%) 74 (61.7%) 0.011
More support (ESSI score: 27–31) 160 (47.6%) 114 (52.8%) 46 (38.3%)

Values are shown as mean – standard deviation, median (interquartile) or number (percentage). Quantitative data between the groups of non-
diabetic and diabetic nephropathy were compared by two-tailed unpaired t-test or Mann–Whitney test, depending on the distribution pattern of
the data. Categorical data were analyzed using the v2-test or Fisher’s exact test. The threshold of statistical significance was defined as P < 0.05.
Macrovascular disease includes ischemic heart disease, cerebrovascular disease and peripheral artery disease. Microalbuminuria is urinary albumin
and creatinine ≥30 and <300 mg/gCr, and macroalbuminuria is urinary albumin and creatinine ≥300 mg/gCr. eGFR, estimated glomerular filtration
rate; ESSI, the Enhancing Recovery in Coronary Heart Disease Patients Social Support Instrument; HbA1c, hemoglobin A1c; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; LOT-R, Life Orientation Test-revised; SNI, the Social Network Index; UACR, urinary
albumin-to-creatinine ratio.

Laughter frequency

Happiness score

Optimism

Social support

0.36

Social network

0.43

0.45
0.41

0.31

0.47

0.30

0.28 0.36

0.15

0.17

0.21

0.15–0.24
0.25–0.34
0.35–0.44

Self-awareness of stress

0.28

0.32

0.36

0.45–

ρ

Figure 1 | The relationships among indicators of psychosocial factors. Relationships among six indicators of psychosocial factors were assessed
using Spearman’s rank correlation coefficient. The strength of the relationship is shown by ρ-values and the width of the connecting line.
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Similar results were observed even after adjustment for other
conventional risk factors of DN (age, sex, duration of diabetes,
prevalence of hypertension, prevalence of dyslipidemia, hemo-
globin A1c, current smoking behavior and the presence of
macroangiopathy; Table 4).

DISCUSSION
Previous studies have suggested that positive psychosocial con-
dition has good effects on health, even among diabetes
patients6,7,9. However, there has still been no research that has
evaluated the association between positive psychosocial factors

Table 2 | Associations between psychosocial factors and clinical characteristics (health behaviors and complicated disease)

Current smoker Alcohol consumption
frequency

Hypertension Dyslipidemia Medication for diabetes Use of insulin

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Happiness score
(range 1–10,
higher = happier)

0.97 (0.70–1.36) 0.893 1.25 (0.98–1.61) 0.076 0.83 (0.65–1.05) 0.123 0.91 (0.72–1.15) 0.422 1.06 (0.73–1.53) 0.772 0.97 (0.77–1.21) 0.783

Optimism (LOT-R)
(range 0–24,
higher = greater
optimism)

1.09 (0.78–1.53) 0.620 1.58 (1.22–2.07) 0.001 0.84 (0.66–1.07) 0.159 0.90 (0.71–1.14) 0.366 1.14 (0.78–1.67) 0.505 1.03 (0.82–1.31) 0.776

Laughter frequency
(non-every day/
almost every day)

1.41 (0.71–2.82) 0.327 1.81 (1.09–3.03) 0.023 0.84 (0.51–1.37) 0.482 1.02 (0.64–1.64) 0.939 1.96 (0.83–4.66) 0.127 1.28 (0.80–2.04) 0.307

Self-awareness of
stress (more-stress/
less-stress)

1.31 (0.63–2.75) 0.465 1.80 (1.05–3.11) 0.033 1.14 (0.69–1.89) 0.608 0.71 (0.43–1.17) 0.181 0.63 (0.26–1.53) 0.312 1.11 (0.68–1.81) 0.688

Social network (low-
connection/high-
connection)

1.33 (0.68–2.62) 0.402 1.47 (0.90–2.40) 0.125 0.58 (0.36–0.95) 0.031 1.55 (0.98–2.44) 0.062 1.11 (0.52–2.38) 0.792 0.73 (0.46–1.15) 0.172

Social support
(less-support/more-
support)

1.34 (0.67–2.68) 0.408 1.04 (0.63–1.70) 0.884 0.70 (0.43–1.14) 0.152 1.57 (0.98–2.52) 0.060 2.04 (0.90–4.62) 0.088 0.94 (0.59–1.49) 0.780

Logistic regression analyses adjusted for sex and age were carried out to select the psychosocial factors significantly associated with clinical charac-
teristics (current smoking, alcohol consumption, presence of hypertension, presence of dyslipidemia, medication for diabetes and use of Insulin.).
Odds ratios (OR) (95% confidence interval [CI]) per 1 standard deviation are shown for the happiness score and Life Orientation Test-revised (LOT-R)
score. The threshold of statistical significance was defined as P < 0.05. Alcohol consumption frequency was defined as drinking alcohol more than
once per week.

Table 3 | Relationships between psychosocial factors and clinical parameters

Duration of diabetes
(years)

BMI (kg/m2) HbA1c (%) GA (%) SBP (mmHg) T-chol
(mg/dL)

TG (mg/dL) LDL-C
(mg/dL)

HDL-C
(mg/dL)

b P b P b P b P b P b P b P b P b P

Happiness score
(range 1–10,
higher = happier)

-0.02 0.687 -0.13 0.012 -0.08 0.159 -0.09 0.122 0.04 0.424 -0.10 0.073 -0.08 0.117 -0.12 0.026 -0.05 0.377

Optimism (LOT-R)
(range 0–24, higher =
greater optimism)

0.04 0.429 -0.02 0.644 -0.01 0.883 -0.01 0.834 -0.00 0.953 0.02 0.751 -0.01 0.896 -0.01 0.791 0.02 0.710

Laughter frequency
(non-every day/
almost every day)

-0.05 0.375 0.06 0.225 0.01 0.899 0.01 0.935 -0.00 0.950 -0.08 0.157 0.02 0.743 -0.12 0.025 -0.04 0.439

Self-awareness of stress
(more stress/less stress)

-0.00 0.999 0.01 0.871 0.01 0.878 -0.05 0.431 -0.06 0.254 -0.12 0.035 -0.02 0.682 -0.13 0.017 0.02 0.784

Social network
(low connection/
high connection)

0.00 0.979 -0.06 0.269 0.04 0.445 0.03 0.565 -0.03 0.571 -0.04 0.509 -0.06 0.297 0.01 0.839 -0.07 0.221

Social support (less
support/more support)

-0.04 0.414 0.01 0.846 0.00 0.981 -0.09 0.121 -0.02 0.707 -0.09 0.137 0.09 0.116 -0.11 0.051 -0.06 0.290

Multivariate linear regression analyses adjusted for sex and age were carried out to select the psychosocial factors significantly associated with clini-
cal characteristics. The threshold of statistical significance was defined as P < 0.05. BMI, body mass index; HbA1c, hemoglobin A1c; HDL-C, high
density lipoprotein cholesterol; GA, glycoalbumin; LDL-C, low density lipoprotein cholesterol; LOT-R, Life Orientation Test-revised; SBP, systolic blood
pressure; T-chol, total cholesterol; TG, triglyceride.
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and diabetic microangiopathies. This is the first study to evalu-
ate the association between psychosocial factors assessed by
self-administered questionnaire and DN, one of the most clini-
cally important diabetic microangiopathies, in Japanese patients
with type 2 diabetes.
There have been several reports on the association between

psychosocial factors and health disorders, whereas the indica-
tors of psychosocial condition used in each study were different.
For example, the incidence of cardiovascular disease, mortality
and hospital readmission as a result of coronary artery bypass
surgery were reported to be lower among patients with high
LOT-R score, high perceived level of life enjoyment19–21 and
rich social support and network11,22. To the contrary, the inci-
dence of cerebro-cardiovascular disease was higher in the
patients who were depressive and had low well-being3,23. Thus,
there are several indicators of psychosocial condition that reflect
different aspects of psychosocial condition, such as mental,
social support and network, culture, and religion. In the present
study, therefore, we selected six major indicators of psychosocial
condition: happiness, optimism (LOT-R), laughter, stress-aware-
ness, social support (ESSI) and social network (SNI), and then
evaluated the association between these and DN. These six
indicators were also used in the 100-thousand-scale cohort
studies in Japan, such as the Japan Public Health center-based

prospective study and the Japan Gerontological Evaluation
study24,25. LOT-R, laughter, ESSI and SNI were also shown to
be applicable to diabetes patients25–28.
Interestingly, the present study showed that five out of six

major indicators were associated with the presence of DN in
Japanese patients with type 2 diabetes: higher scores of hap-
piness and optimism, more enriched social support level, and
less self-awareness of stress were associated with less preva-
lence of DN (Table 4; Figure 2). These findings support the
idea that various positive psychosocial factors are associated
with DN.
The mechanism of how psychosocial factors influence health

remains unknown, despite much clinical evidence regarding
their associations. In particular, regarding the association
between the psychosocial factors and DN, even whether there
is a causal link between them remains to be established. How-
ever, we can assume several possible scenarios, as below.
One possible scenario is that lifestyle habit improvement,

which is strongly related to positive psychosocial factors as well
as the prevention of DN, brings beneficial renoprotective effects.
Generally, patients with lifestyle-related diseases, including dia-
betes, are urged to engage in health-promoting behaviors, such
as recommended diet, physical activity, no smoking, modera-
tion in drinking and good medication compliance.

OR (95%CI)

Happiness score
0.71 (0.57–0.89) 0.003

0.035

0.696

0.017

0.010

0.035

0.5 1.5

Odds ratio

1

0.77 (0.61–0.98)

0.91 (0.57–1.46)

0.56 (0.34–0.90)

0.55 (0.35–0.87)

0.61 (0.38–0.96)

Optimism (LOT-R)

Laughter frequency

Self-awareness of stress

Social network

Social support

(range 1–10, higher = happier)

(range 0–24, higher = greater optimism)

(non-every day/almost-every day)

(more stress/less stress)

(low connection/high connection)

(less support/more suport)

P-value

Figure 2 | Odds ratios (OR) for diabetic nephropathy of six indicators of psychosocial factors adjusted for age and sex. Logistic regression analysis
was carried out to evaluate whether psychosocial factors were significantly associated with an increase in the risk of diabetic nephropathy. The
threshold of statistical significance was defined as P < 0.05. The OR of ‘happiness score’ and ‘optimism’ are shown as per 1 standard deviation. In
the logistic regression analysis adjusted for age and sex, a high happiness score (OR per 1 standard deviation 0.72, 95% CI: 0.57–0.90, P = 0.004),
high LOT-R score (OR per 1 standard deviation 0.79, 95% CI: 0.62–0.99, P = 0.044), less self-awareness of stress (OR 0.59, 95% CI: 0.36–0.94, P = 0.028),
high connection of social network (OR 0.57, 95% CI: 0.37–0.90, P = 0.015) and more social support (OR 0.61, 95% CI: 0.38–0.96, P = 0.042) were
associated with reduced risk of presence of diabetic nephropathy. CI, confidence interval; LOT-R, Life Orientation Test-revised; OR, odds ratio.
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Unfortunately, we did not collect information about the lifestyle
factors, such as dietary habit, physical activity and good medi-
cation compliance, and thus, could not assess whether these
factors might have confounded the association between positive
psychosocial factors and DN found in the present study. How-
ever, it has been reported that the patients with positive psy-
chosocial factors understood the importance of good health
behavior, and felt that maintaining a healthy lifestyle was less
troublesome as compared with the patients without positive
psychosocial factors29,30. Optimists understood their disease
more correctly, and had more motivation for a healthy life as
compared with pessimists4,29. Social support and social network
also play important roles in the lifestyle habit improvement31.
A recent study showed that social support was related to adher-
ence to physical activity aspects of a weight loss program in
overweight patients with type 2 diabetes7.
Indeed, in the present study, several psychosocial factors were

significantly associated with the prevalence of hypertension and
body mass index: overweight participants were likely to show a
lower happiness score, and the prevalence of hypertension was
related to a lower level of social network (Tables 2 and 3). As
obesity and hypertension are established risk factors for DN,
these positive psychosocial factors might indirectly influence the

incidence of DN through improvement of obesity and/or
hypertension. However, the present study also showed that the
psychosocial factors remained independent risk factors for DN,
even after adjustment for conventional risk factors for DN,
such as hypertension, obesity and dyslipidemia (Table 4), sug-
gesting that positive psychosocial factors are associated with
DN through other mechanisms, as well.
Another possible scenario is that immune system malfunc-

tion and/or chronic inflammation induced by chronic stress are
linked with the psychosocial factors and development of DN. It
is well known that inflammation plays important roles in the
pathogenesis of DN32,33. In contrast, several studies showed that
psychosocial factors are closely related with the induction of
inflammation and immune system malfunction. Lutgendorf
et al.34 showed that older women with depression and distress
had higher levels of interleukin-6 as compared with those with-
out. To the contrary, high LOT-R score, which means more
optimistic, was associated with lower levels of interleukin-6 and
C-reactive protein35. It is also reported that the score of the
social network index is inversely associated with elevated inter-
leukin-6 and intercellular adhesion molecule-1 levels, after
adjusting for confounders including age, smoking, blood pres-
sure, body mass index, medication for dyslipidemia and

Table 4 | Multivariate associations with diabetic nephropathy and psychosocial factors

Model 1 Model 2 Model 3 Model 4

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Happiness score
(range 1–10,
higher = happier)

0.74 (0.58–0.93) 0.011 0.74 (0.58–0.94) 0.013 0.74 (0.58–0.94) 0.013 0.72 (0.56–0.92) 0.008

Optimism: LOT-R
(range 0–24,
higher = greater
optimism)

0.74 (0.57–0.97) 0.026 0.74 (0.57–0.97) 0.027 0.74 (0.57–0.97) 0.027 0.71 (0.54–0.93) 0.013

Laughter frequency
(non-every day/
almost every day)

0.90 (0.55–1.48) 0.678 0.92 (0.56–1.52) 0.747 0.91 (0.55–1.51) 0.725 0.79 (0.47–1.34) 0.388

Self-awareness of
stress (more stress/
less stress)

0.51 (0.31–0.85) 0.010 0.54 (0.32–0.90) 0.019 0.54 (0.32–0.91) 0.021 0.49 (0.29–0.83) 0.008

Social network
(low connection/
high connection)

0.53 (0.33–0.86) 0.010 0.55 (0.34–0.89) 0.015 0.55 (0.34–0.90) 0.016 0.54 (0.33–0.90) 0.017

Social support
(less support/
more support)

0.57 (0.35–0.93) 0.026 0.59 (0.36–0.98) 0.040 0.59 (0.36–0.97) 0.038 0.51 (0.30–0.86) 0.011

Multivariate logistic regression analysis was carried out to evaluate whether positive psychosocial factors were significantly associated with an
increase in the risk of diabetic nephropathy. The threshold of statistical significance was defined as P < 0.05. Odds ratios (OR) (95% confidence inter-
val [CI]) per 1 standard deviation are shown for the happiness score and Life Orientation Test-revised (LOT-R) score. Model 1: adjusted for age, sex,
duration of diabetes mellitus, hypertension, dyslipidemia, current smoker and hemoglobin A1c. Model 2: adjusted for all factors in Model 1, plus
body mass index and systolic blood pressure. Model 3: adjusted for all factors in model 1, plus body mass index, systolic blood pressure and treat-
ment with an renin-angiotensin system (RAS) inhibitor. Model 4: adjusted for all factors in model 1, plus body mass index, systolic blood pressure,
treatment with an RAS and the presence of macroangiopathy.
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hypertension, cardiovascular disease, depression, and socioeco-
nomic status36. In addition, an association has been shown
between psychosocial factors and response of the hypothala-
mic–pituitary–adrenal (HPA) axis. It is reported that optimists
showed a lower level of HPA response than pessimists in the
face of adversity and illness29,37. This difference might influence
the development of DN, as HPA response affects glycemic con-
trol and obesity38. Thus, we could assume that the decrease of
inflammation biomarkers and downregulation of HPA are asso-
ciated with suppressed incidence of DN; however, these bio-
chemical markers were not measured in the present study.
Several limitations of the present study should be discussed.

First, the number of study participants was relatively small to
justify the multiple testing carried out in the present study. Sec-
ond, this was a cross-sectional analysis of baseline data of an
ongoing project. Because of the cross-sectional nature of this
study, the associations do not necessarily show causality. In
particular, there is a concern that an advanced stage of DN
could impair psychosocial condition. However, in the present
study, the influence of advanced DN would be small, as the
number of patients with advanced DN (stage 4 n = 11 and
stage 5 n = 4) was small (4.4% of all the participants). Indeed,
similar results were obtained through additional statistical anal-
yses, in which the patients with advanced DN (stages 4 and 5)
were excluded (Table S2). Further studies would be necessary
to confirm the hypothesis that psychosocial factors affect the
development of DN in longitudinal settings. For this purpose, a
follow-up prospective study is now ongoing, and the results are
planned to be published in 2021.
Third, although we tried to minimize the possible influence

of known major confounders, the results might have been con-
founded by unknown factors. Also, we cannot deny the possi-
bility that the psychosocial factors of some participants might
have been affected by concomitant diseases other than diabetes.
Therefore, we carried out the same analysis among the partici-
pants without malignancy and CVD, and we found that they
showed similar results (data not shown). It would support that
the relationship between psychosocial factors and DN was inde-
pendent of concomitant diseases. Fourth, psychosocial factors
consist of various aspects, such as mental, social support and
network, culture, and religion, and there are many indicators in
regard to psychosocial factors that reflect different aspects of
psychosocial conditions. However, we could not determine
what kind of factor is the most important, as these indicators
are associated with each other to varying degrees (Figure 1).
Fifth, to understand the impact of psychosocial conditions on
DN, the influence of economic status and working status
should be also considered. Unfortunately, however, as we did
not collect information on economic status, we could not assess
its influence on the association between positive psychosocial
factors and DN. Regarding working status, current workers
showed high scores for LOT-R and high self-awareness of stress
scores as compared with non-workers. However, multiple logis-
tic regression analyses showed that LOT-R and self-awareness

of stress as well as the other psychosocial factors, except laugh-
ter-frequency, were independent determinant factors for the
presence of DN, even after adjustment for working status (data
not shown). Finally, it is noted that the participants of the pre-
sent study were Japanese type 2 diabetes patients, and all the
study participants were recruited at a single center, in particular
a university hospital. It would thus be premature to generalize
our findings to other groups.
Notwithstanding these limitations, the present study showed

that five out of six prespecified indicators of psychosocial condi-
tion were significantly associated with the prevalence of DN in
Japanese type 2 diabetes patients. These findings supported the
idea that psychosocial factors affect the development of DN.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Figure S1 | Distribution of laughter frequency, self-awareness of stress, social network (SNI score) and social support (ESSI score).
Values are shown as number (percentage). The broken line indicates the separation point of two groups consisting of approxi-
mately the same number of participants.
Table S1 | Associations between psychosocial factors and diabetic nephropathy.
Table S2 | Multivariate associations with diabetic nephropathy and psychosocial factors on the group without advanced DN
subjects.
Table S3 | Result of factor analysis.
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