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ABSTRACT
Aims/Introduction: To investigate the prevalence of depressive symptoms by the age
of onset of type 1 diabetes, and its association with the condition of individuals with
pediatric- and adolescent-onset type 1 diabetes.
Materials and Methods: This single-center cross-sectional study enrolled Japanese
participants with type 1 diabetes. All participants completed a questionnaire about their
diabetes-related condition and the Patient Health Questionnaire-9, which was used to
evaluate depression. Individuals with a Patient Health Questionnaire-9 score of ≥10 points
were defined as having moderate depressive symptoms.
Results: A total of 1,267 participants (mean age 40 years; mean duration of type 1
diabetes 21 years; 68% female; mean glycated hemoglobin 7.8%) were included and
classified according to the age of onset of type 1 diabetes to identify the proportion of
moderate depressive symptoms in each group: 21% (0–12 years), 18% (13–19 years) and
13% (20–40 years). The prevalence of moderate depressive symptoms was significantly
higher among participants with pediatric-onset type 1 diabetes (P < 0.05). Moderate
depressive symptoms were associated with increased glycated hemoglobin, neuropathy
and hypoglycemia unawareness.
Conclusions: Regular screening for depressive symptoms and hypoglycemia awareness
is important. Healthcare professionals should provide appropriate psychosocial care for
people with pediatric-onset and adolescent-onset type 1 diabetes from childhood
through to adulthood.

INTRODUCTION
Type 1 diabetes is a chronic disease that frequently manifests
during childhood and requires daily intensive self-management.
For a smooth transition from the pediatric to adult medical
care departments, patients with type 1 diabetes must be men-
tally independent and psychosocially mature1. However, 15% of
children aged 13–19 years report a mental burden associated

with type 1 diabetes2,3. Compared with their counterparts with-
out diabetes, adolescent children with type 1 diabetes are more
likely to have mental health problems, such as depression, eat-
ing disorders and adjustment disorders4–6. The SEARCH for
Diabetes in Youth Study carried out in the USA showed that
14% of young people with type 1 diabetes had mild depression,
whereas 8.6% had moderate-to-severe depression7. Therefore,
we hypothesized that individuals with pediatric-onset type 1
diabetes are more likely to develop depressive symptoms than
those with adult-onset type 1 diabetes.Received 14 March 2022; revised 19 April 2022; accepted 5 May 2022
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The complications of depression negatively affect self-care
behaviors, such as compliance with insulin administration and
self-measurement of blood glucose levels4,8, which result in
poor glycemic control, diabetic ketoacidosis9, chronic complica-
tions in early adulthood and deterioration of the quality of
life10–12. Therefore, psychiatric problems in childhood and ado-
lescence often hinder smooth medical care transition, and these
problems continue even after the transfer to the adult care
department. It is, therefore, important to evaluate the long-term
perspective of the lives of individuals with type 1 diabetes.
In a recent cross-sectional analysis of the Diabetes Study

from the Center of Tokyo Women’s Medical University (DIA-
CET), we reported that 24.7% and 14.5% of participants with
type 1 diabetes had mild and moderate-to-severe depression,
respectively13. However, we did not study the prevalence of
depressive symptoms with regard to the age of onset of type 1
diabetes. Therefore, in the present study, we aimed to investi-
gate the impact of age of onset of type 1 diabetes on the preva-
lence of depressive symptoms to highlight the burden of
depressive symptoms in pediatric and adolescent-onset type 1
diabetes in adulthood, and clarify the association between
depressive symptoms and diabetes-related complications. The
insights from this analysis are expected to provide support for
necessary care, including the definition of a transition period,
to ameliorate depression in individuals with type 1 diabetes.

MATERIALS AND METHODS
Participants
This single-center cross-sectional study enrolled Japanese partic-
ipants who had type 1 diabetes with an age of onset of
≤40 years, were hospitalized at or regularly visited the Diabetes
Center of Tokyo Women’s Medical University, had participated
in the DIACET survey initiated in October 2012 and had com-
plete data for all nine items of the Patient Health
Questionnaire-9 (PHQ-9).

DIACET and PHQ-9
The protocol of the DIACET study has been described previ-
ously14. The PHQ-9 is a self-administered questionnaire on
health status, including glycemic control, medications and
diabetes-related complications (e.g., presence of diabetic
retinopathy, hemodialysis treatment, diabetic neuropathy and
hypoglycemia unawareness). Neuropathy was diagnosed from
the presence of numbness or pain in the hands and feet. Fur-
thermore, the use of oral antihypertensive and therapeutic
agents for dyslipidemia was investigated. The PHQ-9 question-
naires were distributed to eligible participants during regular
outpatient visits or during hospitalizations between October
2012 and February 2013, and the completed PHQ-9 forms
were returned by postal mail or collected during the subsequent
outpatient visit or hospitalizations. The PHQ-9 assesses the
presence, frequency and severity of depressive symptoms15. For
each item, respondents are instructed to choose one of the fol-
lowing scores according to the frequency of occurrence within

a 2-week period: 0, not at all; 1, several days; 2, more than half
of the days; or 3, nearly every day. Based on the total score of
the responses to all questions (0–27), participants were catego-
rized into three groups according to the severity of depression
as: no (0–4), mild5–9 or moderate depressive symptoms (≥10).
The Japanese version of the PHQ-9 showed adequate validity
and reliability in the evaluation by Muramatsu et al.16 Data on
glycated hemoglobin (HbA1c) levels were obtained for the
90 days before and after the distribution of the questionnaire,
and were measured using high-performance liquid chromatog-
raphy. Hypoglycemia unawareness was defined as hypoglycemia
requiring another individual’s assistance or a lack of symptoms
when blood glucose was <70 mg/dL.

Statistical analysis
Continuous data are expressed as the arithmetic mean – stan-
dard deviation, and categorical data are expressed as the fre-
quency with percentage. Among the three groups classified
according to the age of onset, the Jonckheere–Terpstra test was
used to compare continuous data, whereas the Cochran–Armi-
tage test was used for binary data. Data from the two groups
that were classified by the severity of depression according to
the PHQ-9 scores (<10 and ≥10) underwent one-way ANOVA

testing to compare continuous data, and the v2-test to compare
binary data. For multivariate analysis using JMP 15 (SAS Insti-
tute, Cary, NC, USA), the following candidate variables were
used to identify the risk of moderate depressive symptoms: age,
duration of diabetes, sex, HbA1c, hypoglycemia unawareness,
retinopathy, neuropathy and hemodialysis.

RESULTS
In the present study, we included 1,279 people who had been
diagnosed with incident type 1 diabetes at ≤40 years-of-age. In
this cohort, the mean age was 40 – 13 years, 68% of the partic-
ipants were female and the mean duration of type 1 diabetes
was 21 – 11 years. When classified by the age of onset, 413,
259 and 607 participants had developed type 1 diabetes in
childhood (0–12 years, pediatric-onset type 1 diabetes), adoles-
cence (13–19 years, adolescent-onset type 1 diabetes) and adult-
hood (20–40 years, adult-onset type 1 diabetes), respectively.
Table 1 shows the differences in the clinical characteristics
among the three groups. Participants in the pediatric-onset
type 1 diabetes group were significantly younger (P < 0.0001),
had a significantly longer duration of type 1 diabetes
(P < 0.0001), and had a significantly higher prevalence of
hypoglycemia unawareness and retinopathy (P < 0.0005 and
P < 0.0001, respectively). The prevalence of oral administration
of therapeutic agents for hypertension and dyslipidemia was
higher in the adult-onset group (P < 0.05 and P < 0.0005,
respectively). The frequency and severity of depressive symp-
toms according to the age at onset of type 1 diabetes are shown
in Figure 1. Moderate depressive symptoms were noted in 21%,
18% and 13% of participants with pediatric-onset, adolescent-
onset and adult-onset type 1 diabetes, respectively. The
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prevalence of moderate depressive symptoms significantly
increased with lower age of onset (P < 0.05, Cochran–Armitage
propensity test). In contrast, the prevalence of mild depressive
symptoms was nearly similar for all the groups classified by the
age of onset.
To examine the clinical characteristics of participants with

pediatric-onset and adolescent-onset type 1 diabetes with mod-
erate depressive symptoms, we categorized the participants into
two subgroups according to their total PHQ-9 scores: <10
points and ≥10 points (Table 2). Consequently, we observed
significantly higher HbA1c levels (P < 0.0001), and higher rates
of neuropathy (P < 0.0001), retinopathy (P < 0.0001) and
hemodialysis (P < 0.05) in participants with moderate depres-
sive symptoms.
The results of multivariate logistic regression analysis for the

likelihood of moderate depressive symptoms are shown in
Table 3. A PHQ-9 score ≥10 points was treated as a categorical
outcome variable. Age, duration of diabetes, sex, HbA1c level,
hypoglycemia unawareness, retinopathy, neuropathy and
hemodialysis were selected as explanatory variables. In
pediatric-onset and adolescent-onset type 1 diabetes, the likeli-
hood of moderate depressive symptoms increased by 70%
(P < 0.05) with the presence of hypoglycemia unawareness,
whereas no correlation was observed between depression and
hypoglycemia unawareness in participants with adult-onset
type 1 diabetes. High HbA1c levels and the presence of neu-
ropathy were related to moderate depressive symptoms at all
ages of onset. Among participants with adult-onset type 1 dia-
betes, women had more depressive symptoms than men.

DISCUSSION
In the present single-center cross-sectional cohort analysis, we
clarified the difference in the prevalence of depressive

symptoms by the age of onset of type 1 diabetes in participants
with the disease. The prevalence of moderate depressive symp-
toms was significantly higher in participants with pediatric-
onset and adolescent-onset type 1 diabetes than in those with
adult-onset type 1 diabetes. Furthermore, moderate depressive
symptoms were associated with high HbA1c, presence of neu-
ropathy and hypoglycemia unawareness among participants
who were aged <20 years at the onset of type 1 diabetes.
The prevalence of depression in type 1 diabetes was 2.4- to

3.8-fold higher than that of people without type 1 diabetes17. In
a meta-analysis, 30% of participants with type 1 diabetes diag-
nosed at age <20 years had depressive symptoms18. Recently, it
was reported that 9–20% of adult patients with type 1 diabetes
showed higher scores on the PHQ-9 (≥10 points)19,20. The
results of the present study are very similar to those of previous
studies. However, when 77 children with type 1 diabetes in
Japan aged 10–18 years were evaluated using the Children’s
Depression Inventory, none showed depressive symptoms21.
Compared with the present result, reasons that could explain
the difference in the proportion of depressive symptoms in
other studies are the sample size and the advances in the treat-
ment of type 1 diabetes. In the present study, we evaluated
depressive symptoms in people living with type 1 diabetes for
an average of 21 years. The number of participants who persis-
tently experienced depressive symptoms from childhood to
adulthood is unclear. Furthermore, the environment around
children with type 1 diabetes has changed remarkably in the
past few decades (e.g., diet therapy and the choice of freedom
in foods have greatly improved with the dissemination of
carbohydrate-counting therapy). Currently, individuals can
choose their insulin requirements according to their lifestyle.
However, most pediatric-onset and adolescent-onset type 1 dia-
betes participants in the present study received strict dietary

Table 1 | Comparison of clinical characteristics and diabetic complications among people with type 1 diabetes classified according to the age of
onset

Overall (n = 1279) Age of onset (years)

0–12 (n = 413) 13–19 (n = 259) 20–40 (n = 607) P-value

Age (years) 40 – 13 32 – 12 36 – 10 46 – 12 <0.001†

Women (%) 68 69 74 65 0.103
Duration of diabetes (years) 21 – 11 25 – 12 20 – 10 18 – 10 <0.001†

HbA1c (%) 7.8 – 1.2 8.0 – 1.3 7.7 – 1.2 7.7 – 1.1 <0.001†

(mmol/mol) 61 – 11 63 – 12 60 – 11 60 – 10
Unawareness of hypoglycemia (%) 54 62 50 49 <0.001†

Retinopathy (%) 31 38 32 26 <0.001†

Neuropathy (%) 20 21 19 20 0.803
Hemodialysis (%) 2 2 4 1 0.184
Hypertension (%) 21 16 21 23 0.013†

Dyslipidemia (%) 14 9 12 17 <0.001†

Data were analyzed using a logistic regression model adjusting for age, duration of diabetes, sex, glycated hemoglobin (HbA1c), presence of
unawareness of hypoglycemia, retinopathy, neuropathy and hemodialysis. †Adjusted P-values <0.05. OR, odds ratio; PHQ-9, Patient Health
Questionnaire-9.
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and exercise therapy guidance at the time of type 1 diabetes
onset, and it is possible that the burden of diabetes has contin-
ued until now.
The present study is the first to identify that depressive

symptoms are more frequent in individuals with pediatric-onset
and adolescent-onset type 1 diabetes than in those with adult-
onset type 1 diabetes. Children with type 1 diabetes go through
various life events, such as dreaming of the future, deciding

their life course, entrance exams, romance, employment, mar-
riage and having a child. During these processes, if they feel
discriminated against due to type 1 diabetes, their self-
affirmation and self-esteem will decrease, and the stigma caused
by type 1 diabetes will be internalized, which might result in
depressive symptoms22. Stigma experienced during adolescence
might be more prominently associated with depression due to
immaturity. Furthermore, there might be gaps between pedi-
atric and adult diabetes healthcare providers23. Diabetes health-
care providers for adults might think that patients with
pediatric-onset type 1 diabetes are accustomed to living with
type 1 diabetes, and thus might not consider the psychosocial
issues of their patients. The present results showed that infor-
mation about continuous mental support was important to
avoid depressive symptoms in individuals, regardless of the
duration of type 1 diabetes.
Furthermore, depression is associated with fear and anxiety

of hypoglycemia24. In addition, depression increases the risk of
severe hypoglycemia and diabetic ketoacidosis20. Conversely, a
history of these conditions increases the risk of depression, and
depression and severe hypoglycemia have an interactive rela-
tionship25. In the present study, moderate depressive symptoms
were associated with a history of hypoglycemia unawareness in
pediatric-onset and adolescent-onset type 1 diabetes. We could
not explain why hypoglycemia unawareness was associated with
depressive symptoms in participants with pediatric-onset and
adolescent-onset type 1 diabetes but was not associated with
depressive symptoms in those with adult-onset type 1 diabetes.
Among individuals who experienced severe hypoglycemic
events that resulted in an emergency room visit or hospitaliza-
tion, 75% had an elevated risk of depression compared with
individuals who did not experience such events25. These events
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Figure 1 | Frequency and severity of depressive symptoms according to the age at onset of type 1 diabetes. Participants were categorized into
three groups based on the severity of depressive symptoms on the total Patient Health Questionnaire-9 (PHQ-9) score. The prevalence of moderate
depressive symptoms significantly increased with a lower age of onset of type 1 diabetes (P < 0.05).

Table 2 | Comparison of clinical characteristics and diabetic
complications among people with pediatric and adolescent onset
(aged 0–19 years) type 1 diabetes classified by the presence or
absence of moderate depressive symptoms

PHQ-9 score P-value

<10 ≥10
n = 541 n = 131

Age (years) 34 – 12 35 – 10 0.587
Age of onset (years) 11 – 5 11 – 5 0.897
Women (%) 70 76 0.242
Duration of diabetes (years) 23 – 12 24 – 10 0.565
HbA1c (%) 7.6 – 1.0 8.6 – 1.8 <0.001†

Unawareness of hypoglycemia (%) 57 61 0.3311
Retinopathy (%) 32 52 <0.001†

Neuropathy (%) 15 41 <0.001†

Hemodialysis (%) 2 6 <0.019†

Data are given as mean – standard deviation or percentage. Trends in
the age, duration and glycated hemoglobin (HbA1c) were determined
using one-way ANOVA test, and those in frequency using the Cochran–
Armitage trend test. †Adjusted P values <0.05. PHQ-9, Patient Health
Questionnaire-9.
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were considered as stressful life events. In the present study, we
did not confirm the treatment for hypoglycemia unawareness.
People with pediatric-onset and adolescent-onset type 1 dia-
betes could visit the emergency room more frequently than
people with adult-onset type 1 diabetes because of the worry of
their parents or caregivers. Additionally, other factors (such as
working environment, relationships with family and friends,
income, and underlying health conditions besides diabetes)
might have a greater influence on depressive symptoms for
people with adult-onset type 1 diabetes. Yet, little research has
been carried out on the association between depression and
hypoglycemia unawareness, and further study, including
prospective research, is necessary. Thus, avoiding hypoglycemia
unawareness was necessary to decrease depressive symptoms.
Currently available technologies, such as continuous glucose
monitoring and sensor-augmented insulin therapy, have shown
a positive impact on reducing hypoglycemia unawareness26.
Higher PHQ-9 scores were associated with increased odds

ratios for retinopathy, neuropathy, and end-stage renal disease
in both type 1 diabetes and type 2 diabetes9, 14. Furthermore, a
longitudinal study showed an association between depression
and diabetic retinopathy27 and nephropathy19, 28. Therefore, it
is important to consider strategies to reduce depressive symp-
toms to prevent the onset and progression of type 1 diabetes-
related complications. Collaborative care interventions with dia-
betologists and non-physician care coordinators resulted in sta-
tistically significant improvements in depressive symptoms and
cardiometabolic indices, including HbA1c, blood pressure and
low-density lipoprotein cholesterol in individuals with type 2
diabetes29. As the duration of type 1 diabetes in pediatric and
adolescent-onset cases is longer than the type 1 diabetes dura-
tion in adult-onset cases, people with pediatric and adolescent-
onset type 1 diabetes are likely to have diabetes-related compli-
cations when they are younger. Therefore, the transition period
from pediatric to adult diabetes healthcare providers was

appropriate for psychosocial screening30,31. Earlier detection of
depressive symptoms and collaboration with mental health spe-
cialists could prevent the onset and progression of diabetes-
related complications.
The present study had several limitations. First, this study

was carried out at a single university hospital; therefore, the
findings are not generalizable to all individuals with type 1
diabetes. Second, from the perspective of precise intervention
for depression, depressive symptoms according to the PHQ-9
should be supplemented by a clinical diagnosis of depression
from a psychiatrist. Third, selection bias cannot be ruled out,
because participation in the DIACET Study was voluntary,
and fewer persons with depression might have participated
in the study. Fourth, other conditions, such as family rela-
tions, incomes, educations, medical insurance, body mass
index, exercise, smoking, alcohol, eating disorders and 25
(OH)D3 levels, could be associated with depressive symp-
toms. A future prospective study could study these associa-
tions in detail. Finally, this was a cross-sectional survey,
which limited the identification of a causal relationship
between depressive symptoms, the age of onset of type 1
diabetes and complications. Therefore, prospective surveys are
necessary to clarify the longitudinal changes in depression
symptoms, and the acute and chronic complications in peo-
ple with type 1 diabetes.
The present study highlighted the association between

depressive symptoms and the age of onset of type 1 diabetes
among participants with the disease. With the evidence of the
elevated prevalence of moderate depressive symptoms in adult-
hood among individuals with pediatric-onset and adolescent-
onset type 1 diabetes, it is important to avoid hypoglycemia
unawareness and consider screening for depression regularly,
including in the transitional period from childhood to adult-
hood in individuals with type 1 diabetes. Early detection of
depression can facilitate effective treatment and help minimize

Table 3 | Risk of depressive symptoms among people with type 1 diabetes

Age of onset (years) 0–19 20–40

PHQ-9 score ≥10 PHQ-9 score ≥10

OR 95% CI P-value OR 95% CI P-value

Age 1.02 0.97–1.07 0.401 1.02 0.97–1.07 0.369
Duration of diabetes 0.97 0.93–1.02 0.281 0.96 0.90–1.01 0.268
Women 1.25 0.73–2.13 0.417 1.96 1.01–3.80 0.045†

HbA1c 1.51 1.26–1.81 <0.001† 1.40 1.11–1.76 <0.005†

Unawareness of hypoglycemia 1.70 1.04–2.79 0.036† 1.18 0.66–2.10 0.580
Retinopathy 1.66 0.96–2.85 0.068 1.32 0.66–2.65 0.431
Neuropathy 3.26 1.97–5.40 <0.001† 2.57 1.37–4.81 <0.005†

Hemodialysis 1.80 0.58–5.55 0.306 10.6 1.45–77.6 0.019†

Data were analyzed using a logistic regression model adjusting for age, duration of diabetes, sex, glycated hemoglobin (HbA1c), the presence of
unawareness of hypoglycemia, retinopathy, neuropathy and hemodialysis. †Adjusted P values <0.05. OR, odds ratio; PHQ-9, Patient Health
Questionnaire-9.
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the adverse effects on diabetes management and improve clini-
cal outcomes.
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