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ABSTRACT
This study clarified the age of death in patients with or without diabetes using the largest
health insurance database in Japan. This population-based retrospective cohort study was
performed using the National Database of Health Insurance Claims and Specific Health
Checkups of Japan (NDB) data. The ages of death between people with and without
diabetes were compared. A total of 142,277,986 patients (74,488,962 women and
67,789,024 men) over 6 years, including 4,647,016 females, and 6,507,817 males with
diabetes, were included. 2,786,071 females and 2,975,876 males died over 6 years,
including 652,699 females and 954,655 males with diabetes. The average age of death in
patients with diabetes was 2.6 years less than that of patients without diabetes. This
descriptive epidemiological study illustrated the difference in age at death of patients
with and without diabetes.

INTRODUCTION
Diabetes is increasingly common in many countries1,2. Despite
considerable information on the mortality of diabetes mellitus,
less is known about the real trends for the age difference
between those with diabetes and those without diabetes.
The National Database of Health Insurance Claims and

Specific Health Checkups of Japan (NDB) has enabled descrip-
tive epidemiological studies of almost all people in Japan with a
very small selection bias3. We have previously used the
National Database to create retrospective sample cohorts of
>100 million individuals with a very small selection bias, and
thus, the National Database has satisfactory generalizability3.
The National Database has been used to obtain real-world
health-related evidence of global relevance4,5,6,7,8.

This study compared the trends in the age of death of people
with diabetes with people without diabetes in Japan. Continu-
ous quantification using descriptive epidemiology should help
to remove the stigma associated with having diabetes.

MATERIALS AND METHODS
Data source
The study cohort comprised anonymized data of individuals
enrolled in the NDB of the universal health coverage system of
patients with any insurance program in Japan. The NDB data
provided information on personal identifiers3, date, age group,
sex, description of the procedures performed, World Health
Organization International Classification of Diseases (ICD-10)
diagnosis codes, medical care received medical examinations
conducted without the results, and prescribed drugs.
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Definition of death
Although most information on death in NDB is recorded, some
may not be recorded or may be given mistakenly. Therefore,
we used death identification logic in NDB as described previ-
ously9; with 92.9% sensitivity and 99.7% specificity of mortality
information9.

Study population
The data of individuals who died between April 2013 and
March 2019 were used. The number of people at risk of death
in Japan was also used as the number of people who used
insurance at least once.

Definition of diabetes
A validated algorithm was used to define diabetes in NDB. The
algorithm (74.6% sensitivity and 88.4% predictive value) for
detecting people with diabetes had three elements: the
diagnosis-related codes for diabetes without the ‘suspected’ flag,
the medication codes for diabetes, and these two codes on the
same record10. (Patients were classified as having or not having
diabetes based on the specific health checkups records, accord-
ing to the Japanese guideline11).

Definition of type 1 diabetes
The validated algorithm (72% sensitivity and 68% positive pre-
dictive value) was used to define type 1 diabetes in NDB,
including individuals diagnosed with type 1 diabetes, prescribed
insulin, and advised to self-monitor their blood glucose. (The
gold standard was the algorithm used in the previous study,
which required that most diabetes diagnosis codes are type 1
codes12.)

Statistical analysis
The age of death was compared between people with and
without diabetes. The average age, standardized difference
of the ages, and percentile values of the ages were calcu-
lated. Thus, if the age distribution of populations with and
without diabetes differs, the average age at death would
differ. Mortality rates by age group in each group with
and without diabetes are also shown as supplemental
material. Statistical analyses were performed using the
Microsoft SQL Server 2017 Standard (Microsoft Corp.,
Redmond, WA, USA).

RESULTS
Table 1 shows the number of people at risk of death, the num-
ber of deaths, and their descriptive statistics divided by sex and
diabetes status. The average age of death in people with dia-
betes was 2.6 years younger than those without diabetes. Fig-
ure S1 shows the histograms corresponding to the line
numbers or Table 1. Table S1 also shows the mortality by age
from April 2014 to March 2019 of non-diabetics and those in
the diabetes categories.
Figure 1 shows the average age of death by group. Even if

annual comparisons may not always be appropriate, the order
was unchanged for 6 years. Figures S1–S4 show the 10th, 25th,
50th, 75th, and 90th percentiles of the age of death divided
among 47 prefectures in Japan, ordered by the median value.
Figures S1–S4 identify all people, people with diabetes exclud-
ing type 1, and people with type 1 diabetes, respectively.

DISCUSSION
This study showed the quantitative numbers of age at death.
This is the first real-world descriptive epidemiological study
that has divided the entire population into people with and
without diabetes. This study shows that the lifetime hazard
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Figure 1 | |Average age of death by year for people with/without diabetes.
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would be even greater, and excess risk would be higher for per-
sons in whom diabetes develops in early adult life rather than
in later adult life, especially in type 1 diabetes. Diabetes confers
an approximately two-fold excess risk for a wide range of
vascular diseases, independent of other conventional risk
factors13,14.
This study has several limitations. First, we could not control

for confounders. Despite this, our study shows the actual age of
death of people with diabetes compared with those without dia-
betes. Second, we could not detect all the deaths. Deaths that
do not result in an insurance claim at the time of death cannot
be identified, such as suicides, accidental deaths, and other
deaths discovered at a later time. Table S1 showed the 2015
mortality comparison between vital statistics and NDB, with
the limitation that NDB is based on insurance claims and does
not capture some deaths. Third, the proportion of death in
childhood affected the average age. The median and percentile
values were evaluated in our study. Fourth, if the group without
diabetes has a larger proportion of some disease than those
with diabetes, the difference in age at death between groups
may be small. Finally, some people may have died undiagnosed
with diabetes, despite having diabetes, especially in the cases of
sudden death, resulting in an underestimation of age at death
among patients with diabetes and an overestimation of age at
death among patients without diabetes if the age at death
among the non-diabetic population was less than the average.
In conclusion, our study objectively shows the difference in

age at death in people with and without diabetes; continuous
quantification using descriptive epidemiology should enable the
demystification of stigma associated with diabetes. Further con-
tinuous studies on the age of death are needed to ensure that
the difference is shrinking due to the treatment of diabetes.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1| Age distribution of deaths corresponding to Table S1 | (vertical axis: percentage, horizontal axis: age).

Figure S2| Distributions of ages of death by prefecture (all death people).

Figure S3 |Distributions of ages of death by prefecture (death people with diabetes excluding type 1).

Figure S4 |Distributions of ages of death by prefecture (death people with type 1 diabetes). Distributions are shown as box-and-
whisker plots; 25, 50, and 75 percentiles of age by prefecture are shown as boxes, sorted by the median ages, whereas institutional-
level distributions of ages by prefecture are shown as whiskers, representing the 10th and 90th percentiles.

Table S1| Five year mortality by age class

Table S2 |Comparison age-specific mortality rate among overall population in NDB with those from the vital statistics in 2015.
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