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Abstract
Background Reducing the considerable non-communicable disease (NCD) burden in the aging Japanese population depends 
on better understanding of the comorbid and temporal relationships between different NCDs.
Objective We aimed to identify associations between NCDs and temporal patterns of NCDs in Japan using data from a large 
medical claims database.
Methods The study used three-digit International Classification of Diseases, Tenth Revision codes for NCDs for employees 
and their dependents included in the MinaCare database, which covers the period since 2010. Associations between pairs 
of NCDs were assessed by calculating risk ratios. The calculated risk ratios were used to create a network of closely associ-
ated NCDs (risk ratio > 15, statistically significant) and to assess temporal patterns of NCD diagnoses (risk ratio ≥ 5). The 
Infomap algorithm was used to identify clusters of diseases for different sex and age strata.
Results The analysis included 4,200,254 individuals (age < 65 years: 98%). Many of the temporal associations and patterns 
of the diseases of interest identified in this study were previously known. Regarding the diseases of interest, these associa-
tions can be classified as comorbidities, early manifestations initially diagnosed as something else, diseases attributable to 
or that cause the disease of interest, or caused by pharmacological treatment. International Classification of Diseases, Tenth 
Revision chapters that were most associated with other chapters included L Diseases of the skin and subcutaneous tissue. In 
the age-stratified and gender-stratified networks, clusters with the highest numbers of International Classification of Diseases, 
Tenth Revision codes included I Diseases of the circulatory system and F Mental and behavioral disorders.
Conclusions Our findings reinforce established associations between NCDs and underline the importance of comprehensive 
NCD care.
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Key Points 

Reducing the non-communicable disease (NCD) burden 
in the aging Japanese population depends on a better 
understanding of temporal relationships between differ-
ent NCDs.

This study identified associations between NCDs and 
temporal patterns of NCDs in Japan using data from a 
large medical claims database.

Our findings reinforced established associations between 
NCDs and underline the importance of comprehensive 
NCD care.

1 Introduction

Non-communicable diseases (NCDs), which include cardio-
vascular diseases, cancer, diabetes mellitus, and chronic lung 
diseases, are leading causes of global mortality [1]. In 2016, 
NCDs caused 40.5 million deaths—71% of the global total 
[2]. Cardiovascular diseases such as stroke and ischemic 
heart disease accounted for 44% of these NCD deaths.

Non-communicable diseases are also a major cause of 
morbidity and disability. Mental health disorders such as 
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anxiety and depression, musculoskeletal disorders, mobility 
impairment, and chronic pain place a significant burden on 
patients and their families [3–5]. As well as this burden on 
individuals, NCDs are associated with a considerable soci-
etal burden, causing loss of productivity and absenteeism 
in working-age individuals. The direct and indirect costs 
of NCDs have been estimated at USD 95 trillion and are 
increasing [6].

The situation in Japan generally mirrors that of other 
high-income countries. Non-communicable diseases 
accounted for 82% of all deaths in 2016, with cancer 
accounting for 30% of NCD deaths and cardiovascular dis-
eases 27% [7]. However, mortality from many NCDs has 
declined or plateaued over recent decades [8]. Similarly, 
for many NCDs the disease burden, measured as disability-
adjusted life-years, decreased after 1990 and has stabilized 
since 2005 [8]. Nonetheless, Japan is one of the fastest aging 
countries in the world. Japan’s population was the world’s 
most elderly in 2017 (when 33% of population were aged 60 
years or over) and is projected to remain so until 2050, when 
an estimated 42% of the population will be aged 60 years or 
over [9]. Given that the overall NCD prevalence increases 
with age, the NCD burden resulting from this aging popu-
lation is an urgent challenge for public health and medical 
practice in Japan.

Non-communicable diseases are often interrelated, fre-
quently occurring in the same patients. For example, people 
with diabetes commonly have comorbid microvascular or 
macrovascular diseases [10, 11]. A network analysis is an 
analytical method that can be used to explore the complex 
relationships among diseases and to provide insight into 
disease progression pathways [12–14]. It has been used to 
explore disease associations and progression with large data-
sets obtained from healthcare claims databases in Europe, 
North America, and South Korea [14–16]. However, no such 
studies have been conducted to investigate disease associa-
tions and progression of NCDs in Japan.

To develop strategies for reducing the considerable NCD 
burden in Japan, it is important to understand NCD disease 
progression pathways in the Japanese population. This will 
facilitate appropriate medical intervention at an early stage, 
potentially reducing death and disability caused by NCDs.

The aim of this study was to identify associations between 
NCDs and temporal patterns of NCDs in Japanese working 
individuals and their dependents using data from a large 
medical claims database by a network analysis. This popula-
tion was selected because medical intervention at younger 
ages will help decrease the burden of NCDs.

2  Methods

2.1  Source Data and Study Population

This study was based on a database managed by MinaC-
are Co., Ltd. (Tokyo, Japan). The database includes data 
for health check-ups and employment-based health insur-
ance claims for medical and pharmaceutical treatment for 
the period since 2010. Data relate to individuals working 
for retailers, manufacturers, and in the food, information, 
transportation, and energy industries (and their dependents). 
The age range covered by the database is 0–75 years and 
the median follow-up period for individuals included in the 
database is < 3 years.

Japan has a universal health insurance system, where all 
citizens are covered by one of the following public health 
insurance schemes: health insurance association, mutual aid 
association, national health insurance, and late-stage medical 
insurance for the elderly. This study utilized the MinaCare 
database, which is a health insurance association database.

As of March 2019, medical and pharmaceutical claims 
data from approximately 5.5 million individuals and health 
check-up data from approximately 2.3 million individu-
als were available in the MinaCare database. Data were 
extracted for all 4,297,827 individuals (the total number of 
patients in the dataset) with at least one medical or pharma-
ceutical insurance claim in the period 1 April, 2010 to 31 
March, 2018. Whilst no specific inclusion or exclusion cri-
teria were applied, the following International Classification 
of Diseases, Tenth Revision (ICD-10) codes are not directly 
related to NCDs and were excluded from the analysis: cer-
tain infectious and parasitic diseases (A00–B99); symptoms, 
signs and abnormal clinical and laboratory findings, not else-
where classified (R00–R99); injury, poisoning and certain 
other consequences of external causes (S00–T88); external 
causes of morbidity (V00–Y99); and factors influencing 
health status and contact with health services (Z00–Z99). 
Moreover, we did not restrict the inclusion of disease codes 
to purely chronic conditions because of the potential risk of 
misdiagnosing symptoms prior to the diagnosis of chronic 
conditions.

For each individual, the index date was defined as the date 
of the earliest recorded diagnosis during the study period, 
and all diagnoses were included in the analysis.

2.2  Diagnosis Codes

We analyzed the occurrence of NCD diagnoses, identified 
by ICD-10 codes within the claims data. International Clas-
sification of Diseases, Tenth Revision codes were rounded 
to three digits (the first three digits indicate the main 
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diagnosis). For example, heart failure is designated by the 
code “I50”. For each individual identified as having at least 
one NCD based on the ICD-10 codes included in the claims 
data, only the first occurrence of each ICD-10 code on or 
after the index date was considered in the analysis.

2.3  Associations Between NCDs

Associations between pairs of NCDs (three-digit ICD-10 
codes) were assessed by calculating risk ratios (RRs) using 
the following formula [14]:

where Ci and Cj are the numbers of individuals with dis-
eases i and j, respectively, in the study population, Cij is the 
number of individuals affected by both diseases, and N is the 
total number of individuals in the study population. Ninety-
five percent confidence intervals were estimated using the 
following formula [17]:

where

2.4  Overall Network

Pairs of ICD-10 codes with RR point estimates > 15 and 
where the 95% confidence interval did not include 1 were 
included in the overall network analysis. This threshold was 
set in order to obtain a good compromise between sparsity 
and density of the network. The threshold was determined 
using the number of nodes in the largest and second larg-
est components in the network. In network theory, a net-
work undergoes a transition from the phase of connectiv-
ity to the phase of disconnectivity. Concretely, the change 
fraction of nodes and links in the largest and the second 
largest components was plotted, and the threshold was visu-
ally determined. The disease association network was dis-
played graphically, with the width of the edges indicating 
the strengths of the associations and the sizes of the nodes 
indicating disease prevalence. Percentages of network links 
in each ICD-10 chapter (self-flow) and percentages of links 
connecting one ICD-10 chapter to another ICD-10 chapter 
(outflow) were calculated. Similarly, for each ICD-10 code 
the percentage of links with other ICD-10 chapters and the 
sum of their corresponding RR values were calculated.

RRij =
Cij∕N

CiCj − N2
,

[

RRij × e−1.96�ij ; RRij × e1.96�ij

]

,

�ij =
1

Cij

+
1

CiCj

−
1

N
−

1

N2
.

It is important to note that in this study the term risk ratio 
is also often called the observed-to-expected ratio, which is 
equivalent to the point-wise mutual information, and is not 
the traditional RR used in epidemiology.

2.5  Stratification by Sex and Age

Disease networks were constructed for strata based on sex 
and age at the index date in a similar manner as for the over-
all network. The age strata were 18 to < 35 years and 35 to 
< 65 years. Few individuals were aged ≥ 65 years and the 
data for subjects aged ≥ 65 years were pooled as the third 
age strata.

For each network, clustering was performed with the 
Infomap algorithm [16], which uses a community detection 
method to identify communities or clusters of nodes (ICD-
10 codes in the present case) that are highly connected with 
each other. Nodes in a community are more likely to connect 
to other nodes in the same community rather than to nodes 
in other communities.

2.6  Diseases of Interest

We further defined eight diseases of interest—individual 
3-digit ICD-10 codes or groups of codes selected to include 
major contributors to the global disability-adjusted life-year-
based disease burden (Table 1) [8, 18]. For grouped diagno-
ses, RRs were estimated after grouping.

2.7  Temporal Associations

To assess the strengths of the associations between pairs of 
diagnoses (three-digit ICD-10 codes) in a time-dependent 
manner, RRs were calculated using the following formula 
[16]:

where a is the number of pairs with the ith and jth diseases, 
with the ith disease as the earlier diagnosis, b is the number 
of pairs with the ith disease as the earlier diagnosis, c is the 
number of pairs with the jth disease as the later diagnosis, 
and N is the total number of pairs. Pairs of three-digit ICD-
10 codes with an RR point estimate ≥ 5 and where the 95% 
confidence interval did not include 1 were identified.

2.8  Temporal Patterns

An analysis of temporal patterns of three-digit ICD-10 codes 
was conducted based on the methods of Giannoula et al. 

RRi→j =
a × N

b × c
,
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[15]. For temporal associations with an RR of ≥ 5, based on 
a 5% patient sample, disease record sequence was extracted 
for each patient in the sample. Sequences longer than ten 
were truncated to remove rare trajectories. Then, among 
obtained sequences, all possible disease subsequence pat-
terns with length ≥ 3 were identified. Subsequence patterns 
common to different patterns were then identified by com-
paring all subsequence patterns among all patients. Patterns 
with length ≥ 3 and present in at least ten patients were 
analyzed, and the number of patients with the different pat-
terns was determined.

2.9  Statistical Software

Statistical analyses were conducted using R version 3.5.3 (R 
Foundation, Vienna, Austria), Python version 3.7 (Python 
Software Foundation, Wilmington, DE, USA), and SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

3  Results

3.1  Demographics

The analysis used data from 4,200,254 individuals, who had 
at least one documented NCD (Table 1). 58.57% of indi-
viduals were female. Age at the index date was < 18 years 
in 21.86% of individuals, 18 to < 35 years in 32.85%, 35 to 
< 65 years in 43.40%, and ≥ 65 years in 1.88%. The mean 
follow-up time was 2.57 years. The median, first, and third 
quartiles of follow-up time were 2, 0.67, and 4.00 years, 
respectively.

3.2  NCD Associations in the Overall Network

The ICD-10 code-based disease associations in the overall 
network are shown in Fig. 1. The RRs for the diseases hav-
ing the 30 highest RR values, showing the diseases with the 
highest associations, are displayed in Table 1 of the Elec-
tronic Supplementary Material (ESM). The ICD-10 codes 
accounting for the greatest proportions of associations were 
I10 Essential (primary) hypertension (6.05%), E28 Ovarian 
dysfunction (5.56%), and F32 Depressive episode (4.11%).

3.3  ICD‑10 Chapter‑Based Disease Associations 
in the Overall Network

There were 601,583 individuals included in at least one sig-
nificant association (RR) between different disease chap-
ters. Sums of RRs were especially high for ICD-10 chap-
ters P Certain conditions originating in the perinatal period 
(29,787.9) and O Pregnancy, childbirth and the puerperium 
(25,651.3) (Table 2). The ICD-10 chapters for which self-
flow (associations within the same chapter) accounted for 
the highest percentages of summed RR values were H Dis-
eases of the eye and adnexa, Diseases of the ear and mastoid 
process (85.5%), O Pregnancy, childbirth and the puerper-
ium (75.0%), and P Certain conditions originating in the 
perinatal period (67.2%).

The chapters with the highest percentages of outflow 
(links with other chapters) were L Diseases of the skin and 
subcutaneous tissue (90.7%; 93.5% of the sum of RR val-
ues), G Diseases of the nervous system (79.5%; 87.9%), and 
E Endocrine, nutritional and metabolic diseases (75.7%; 
81.0%) (Table 2). Outflow for individual ICD-10 codes is 
shown in Table 2 of the ESM.

3.4  Clusters by Sex and Age Group (Individuals 
Aged 18 to < 35 Years and 35 to < 65 Years) 
and Their Correlations

The top three clusters with the highest numbers of ICD-10 
codes for individuals stratified by sex and age are shown in 
Fig. 1a, b of the ESM. For male individuals aged 18 to < 35 
years, the clusters with the highest numbers of ICD-10 codes 
mainly contain codes relating to chapter I Diseases of the 
circulatory system, and centered on I10 Essential (primary) 
hypertension; chapter F Mental and behavioral disorders; 
and chapter N Diseases of the genitourinary system, and 
centered on N41 Inflammatory diseases of prostate and N30 
Cystitis. For male individuals aged 35 to < 65 years, the 
clusters with the highest numbers of ICD-10 codes mainly 
consist of chapter N Diseases of the genitourinary system; 
chapter I Disease of the circulatory systems, centered on I50 
Heart failure; and chapter H Diseases of the eye and adnexa, 

Table 1  Diagnoses of interest related to global disease burden

Selected NCDs with high burden of morbidity and mortality [8, 18]

Number ICD-10 code ICD-10 name

1 M05 Seropositive rheumatoid arthritis
M06 Other rheumatoid arthritis

2 M17 Gonarthrosis
3 M16 Coxarthrosis
4 M54 Dorsalgia
5 G98 Other disorders of nervous sys-

tem, not elsewhere classified
6 F32 Depressive episode

F33 Recurrent depressive disorder
7 F41 Other anxiety disorders
8 I50 Heart failure
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Diseases of the ear and mastoid process. For female indi-
viduals aged 18 to < 35 years and female individuals aged 
35 to < 65 years, the clusters with the highest numbers of 
ICD-10 codes mainly included chapter O Pregnancy, child-
birth and the puerperium; chapter F Mental and behavioral 
disorders; and chapter I Diseases of the circulatory system, 
centered on I10 Essential (primary) hypertension (female 
individuals aged 18 to < 35 years) or on I50 Heart failure 
(female individuals aged 35 to < 65 years).

3.5  Temporal Associations and Patterns 
for the Diseases of Interest

For diseases of interest (major contributor of disability-
adjusted life-years, disease burden), temporal associations 
with other diagnoses are shown in Table 3 and the most 
frequent temporal patterns are shown in Table 3 of the ESM. 
For M05 Seropositive rheumatoid arthritis and M06 Other 
rheumatoid arthritis (hereafter jointly referred to as rheu-
matoid arthritis), frequent temporal patterns included E53 
Deficiency of other B group vitamins, M81 Osteoporosis 
without current pathological fracture, and M35 Other sys-
temic involvement of connective tissue. Rheumatoid arthritis 
(RA) was often preceded by M15 Polyarthrosis and M19 

Other arthrosis with J84 Other interstitial pulmonary dis-
eases and M32 Systemic lupus erythematosus.

M17 Gonarthrosis showed a strong bidirectional tempo-
ral association with M16 Coxarthrosis (Table 3). Osteoar-
thritis (OA) of the knee and hip both often preceded M87 
Osteonecrosis. Osteoarthritis of the hip additionally had 
bidirectional temporal associations with Q65 Congenital 
deformities of hip and M48 Other spondylopathies and was 
frequently preceded by M43 Other deforming dorsopathies. 
It often preceded M81 Osteoporosis without a current patho-
logical fracture.

Another disease of interest, M54 Dorsalgia, showed no 
significant temporal associations with an RR ≥ 5 with other 
ICD-10 codes. G98 Other disorders of nervous system not 
elsewhere classified showed bidirectional temporal associa-
tions with M48 Other spondylopathies, G64 Other disor-
ders of peripheral nervous system, G57 Mononeuropathies 
of lower limb, G56 Mononeuropathies of upper limb, and 
M50 Cervical disc disorders, and was often preceded by 
M51 Other intervertebral disc disorders (Table 3).

F32 Depressive episode, single episode and F33 recurrent 
depressive disorder (hereafter jointly referred to as major 
depressive disorder) showed bidirectional temporal asso-
ciations with various other psychiatric diseases, including 

Fig. 1  ICD-10 code-based disease associations in the overall network
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Table 3  Temporal associations of diagnoses of interest with other diagnoses in time sequence patterns of observation (1 → 2 → 3)

ICD-10 code of disease associated with main 

disease of interest (1)

Risk ratio ICD-10 code and main disease 

of interest (2)

ICD-10 code of disease associated with main 

disease of interest (3)

Risk ratio

J84 Other interstitial pulmonary diseases 12.10 M05

M06

Seropositive rheumatoid 

arthritis

Other rheumatoid 

arthritis

J84 Other interstitial pulmonary diseases 27.29

- D89 Other disorders involving the immune 

mechanism, not elsewhere classified

19.59

- E53 Deficiency of other B group vitamins 16.68

M15 Polyarthrosis 5.90 -

M19 Other arthrosis 5.29 -

M32 Systemic lupus erythematosus (SLE) 13.65 M32 Systemic lupus erythematosus (SLE) 17.55

M35 Other systemic involvement of 

connective tissue 

12.90 M35 Other systemic involvement of connective 

tissue 

13.69

- M81 Osteoporosis without pathological fracture 7.31

- M17 Gonarthrosis M87 Osteonecrosis 9.00

M16 Coxarthrosis 5.25 M16 Coxarthrosis 5.06

- M16 Coxarthrosis M87 Osteonecrosis 24.21

Q65 Congenital deformities of hip 11.33 Q65 Congenital deformities of hip 19.32

M48 Other spondylopathies 6.60 M48 Other spondylopathies 7.61

- M81 Osteoporosis without pathological fracture 5.45

M17 Gonarthrosis 5.06 M17 Gonarthrosis 5.25

M43 Other deforming dorsopathies 5.34 -

Table 3  (continued)

- M54 Dorsalgia -

M48 Other spondylopathies 8.57 G98 Other disorders of 

nervous system not 

elsewhere classified

M48 Other spondylopathies 9.59

G64 Other disorders of peripheral nervous 

system

6.59 G64 Other disorders of peripheral nervous 

system

6.55

G57 Mononeuropathies of lower limb 5.94 G57 Mononeuropathies of lower limb 6.96

M50 Cervical disc disorders 5.82 M50 Cervical disc disorders 6.21

G56 Mononeuropathies of upper limb 5.14 G56 Mononeuropathies of upper limb 5.08

G54 Nerve root and plexus disorders 5.65 -

M51 Other intervertebral disc disorders 5.11 -

- F32

F33

Depressive episode

Recurrent depressive 

disorder

F21 Schizotypal disorder 15.25

F31 Bipolar affective disorder 6.31 F31 Bipolar disorder 13.94

F25 Schizoaffective disorders 6.60 F25 Schizoaffective disorders 13.43

F22 Persistent delusional disorders 6.31 F22 Persistent delusional disorders 13.52

F20 Schizophrenia 6.38 F20 Schizophrenia 12.60

G21 Secondary parkinsonism 5.66 G21 Secondary parkinsonism 12.32

F30 Manic episode 5.91 F30 Manic episode 12.09

F60 Specific personality disorders 7.85 F60 Specific personality disorders 10.93

F43 Reaction to severe stress, and 

adjustment disorders

10.46 F43 Reaction to severe stress, and adjustment 

disorders

7.07

F40 Phobic anxiety disorders 10.29 F40 Phobic anxiety disorders 9.83

F42 Obsessive-compulsive disorder 9.83 F42 Obsessive-compulsive disorder 9.17

F44 Dissociative [conversion] disorders 5.42 F44 Dissociative [conversion] disorders 8.92
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Table 3  (continued)

- F23 Acute and transient psychotic disorders 8.62

- G20 Parkinson disease 8.66

- G40 Epilepsy 7.19

F99 Mental disorder, not otherwise specified 7.19 F99 Mental disorder, not otherwise specified 5.96

F48 Other neurotic disorders 6.39 -

F41 Other anxiety disorders 6.34 -

F34 Persistent mood [affective] disorders 6.33 F34 Persistent mood [affective] disorders 5.35

G47 Sleep disorders 5.90 G47 Sleep disorders 6.17

- F51 Nonorganic sleep disorders 6.12

- F90 Hyperkinetic disorders 5.99

- G25 Other extrapyramidal and movement 

disorders

5.84

- F41 Other anxiety disorders F40 Phobic anxiety disorders 7.15

- F31 Bipolar disorder 6.61

- F20 Schizophrenia 6.60

- F60 Specific personality disorders 6.61

- F32 Depressive episode 6.34

- F34 Persistent mood [affective] disorders 6.15

- G21 Secondary parkinsonism 6.07

- F42 Obsessive-compulsive disorder 6.04

- F22 Persistent delusional disorders 5.96

- F30 Manic episode 5.77

- F25 Schizoaffective disorders 5.54

Table 3  (continued)

- F44 Dissociative [conversion] disorders 5.10

I42 Cardiomyopathy 18.43 I50 Heart failure I42 Cardiomyopathy 26.73

I27 Other pulmonary heart diseases 11.81 I27 Other pulmonary heart diseases 25.17

I21 Acute myocardial infarction 19.88 I21 Acute myocardial infarction 14.68

I48 Atrial fibrillation and flutter 19.81 I48 Atrial fibrillation and flutter 16.73

I25 Chronic ischemic heart disease 12.61 I25 Chronic ischemic heart disease 16.46

I71 Aortic aneurysm and dissection 15.19 I71 Aortic aneurysm and dissection 12.53

I35 Nonrheumatic aortic valve disorders 14.04 I35 Nonrheumatic aortic valve disorders 14.15

Q21 Congenital malformations of cardiac 

septa

9.42 Q21 Congenital malformations of cardiac septa 11.68

I34 Nonrheumatic mitral valve disorders 11.53 I34 Nonrheumatic mitral valve disorders 12.26

I38 Endocarditis, valve unspecified 10.98 I38 Endocarditis, valve unspecified 12.07

- N17 Acute kidney failure 11.30

I44 Atrioventricular and left bundle-branch 

block

10.99 -

I20 Angina pectoris 10.37 I20 Angina pectoris 9.21

I47 Paroxysmal tachycardia 9.48 I47 Paroxysmal tachycardia 10.79

- J90 Pleural effusion, not elsewhere classified 10.29

I11 Hypertensive heart disease 8.42 I11 Hypertensive heart disease 10.43

I07 Rheumatic tricuspid valve diseases 8.19 I07 Rheumatic tricuspid valve diseases 9.59

N19 Unspecified kidney failure 8.22 N19 Unspecified kidney failure 9.13

I51 Complications and ill-defined 

descriptions of heart disease

8.30 I51 Complications and ill-defined descriptions 

of heart disease

8.38
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F31 Bipolar disorder, F25 Schizoaffective disorders, F22 
Delusional disorders, F20 Schizophrenia, and F48 Obsessive 
compulsive disorder, as well as with G21 Secondary parkin-
sonism (Table 3). It also frequently preceded other psychiat-
ric diseases, including F21 Schizotypal disorder, F23 Acute 
and transient psychotic disorders, and F90 Hyperkinetic dis-
orders, as well as G20 Parkinson’s disease. Similarly, F41 
Other anxiety disorders showed unidirectional temporal 
associations with various other psychiatric diseases, often 
preceding F31 Bipolar affective disorder, F20 Schizophre-
nia, F60 Specific personality disorders, and F32 Depressive 
episode. Both major depressive disorder and anxiety disor-
ders were included together in multiple temporal patterns, 
many of which also included G47 Sleep disorders or F20 
Schizophrenia (Table 3 of the ESM).

Finally, I50 Heart failure had bidirectional temporal 
associations with various other diseases of the circulatory 
system, including I20 Angina pectoris, I21 Acute myocar-
dial infarction, I42 Cardiomyopathy, and I48 Atrial fibrilla-
tion and flutter, as well as with other chronic diseases such 
as E11 Type 2 diabetes mellitus and N18 Chronic kidney 
disease (Table 3). It was also often preceded by I10 Essen-
tial (primary) hypertension. Temporal patterns frequently 
included E78 Disorders of lipoprotein metabolism and other 
lipidemias (Table 3 of the ESM).

In the study results, some known disease associations of 
interest were not captured. These included comorbidities of 
low back pain, comorbidities of depression, and comorbidi-
ties of heart failure. Regarding comorbidities of low back 

pain (M545) included in dorsalgia (M54), no associations 
were observed with any psychiatric disorder [19].

Regarding comorbidities of depression (F32, F33), no 
associations were observed with substance use disorders or 
substance-related disorders (F10–F19 mental and behavioral 
disorders due to psychoactive substance use). No associa-
tions were also observed with anorexia nervosa or bulimia 
nervosa (F50 eating disorders) [20]. Regarding comorbidi-
ties of heart failure (I50), no associations were observed 
with hyperuricemia (E790)/gout (M10), anemia (D50–D64), 
or sleep apnea (G473) [21].

4  Discussion

4.1  Study Background, Overall Results, and Global 
Relevance 

This is the first study to use a network analysis of data from 
a large medical claims database to identify associations 
between NCDs and temporal patterns of NCDs in Japanese 
working individuals and their dependents. Some ICD-10 
chapters demonstrated high self-flow in the network, indi-
cating that the diseases they contain are tightly connected 
to each other. As expected, these chapters include O Preg-
nancy, childbirth and the puerperium and P Certain condi-
tions originating in the perinatal period, which made major 
contributions to the overall network in terms of sums of 
RRs. These findings are partially consistent with a previous 
study based on ICD-9 codes for medically insured people in 

Table 3  (continued)

N18 Chronic kidney disease (CKD) 7.41 N18 Chronic kidney disease (CKD) 7.96

- E88 Other metabolic disorders 6.99

- I74 Arterial embolism and thrombosis 6.66

J84 Other interstitial pulmonary diseases 6.63 J84 Other interstitial pulmonary diseases 6.42

I49 Other cardiac arrhythmias 6.46 -

Q25 Congenital malformations of great 

arteries

5.95 -

E11 Type 2 diabetes mellitus 5.33 E11 Type 2 diabetes mellitus 5.52

I10 Essential (primary) hypertension 5.40 -

I45 Other conduction disorders 5.62 -

- E83 Disorders of mineral metabolism 5.20

- I69 Sequelae of cerebrovascular disease 5.06

- D65 Disseminated intravascular coagulation 

[defibrination syndrome]

5.07

- D80 Immunodeficiency with predominantly 

antibody defects

6.75

- E21 Hyperparathyroidism and other disorders 

of parathyroid gland

8.96

Associations with risk ratios ≥ 5 are shown. Diagnoses of interest are shown in the middle column. Associations: blue = antecedent; red = sub-
sequent; black= bidirectional.
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Québec (Canada), which found that a large share of the over-
all link weight in a coarse 17-node network was accounted 
for by the category “complications of pregnancy, childbirth, 
and the puerperium” but not by the category “certain condi-
tions originating in the perinatal period” [22]. In our study, 
chapters in the network that were highly connected with 
other chapters (i.e., chapters with high outflow) included L 
Diseases of the skin and subcutaneous tissue, G Diseases of 
the nervous system, and E Endocrine, nutritional and meta-
bolic diseases. These chapters represent diseases that have 
previously been shown to commonly occur as comorbidities 
of other diseases.

4.2  Results Stratified by Sex and Age

When the sample was stratified by sex and age, clusters with 
the highest numbers of ICD-10 codes included I Diseases of 
the circulatory system and F Mental and behavioral disor-
ders. It is thought that consideration of treatment approaches 
to these major disease groups is important from the perspec-
tive of comprehensive NCD care. A recent meta-analysis 
established that people with severe mental illness are at 
increased risk of cardiovascular disease [23]. Disease man-
agement in people with mental disorders should consider the 
need for an intervention to reduce the risk of cardiovascular 
disease.

4.3  Temporal Associations and Patterns 
for the Diseases of Interest

Many of the temporal associations and temporal patterns 
of the diseases of interest identified in this study were 
previously known. These associations can be classified as 
reflecting comorbidities of the disease of interest; early 
manifestations of the disease of interest that were ini-
tially diagnosed as something else; diseases attributable 
to or that cause the disease of interest; or comorbidities 
caused by pharmacological treatment of the disease of 
interest. For RA, frequent temporal associations and pat-
terns included J84 Other interstitial pulmonary diseases 
and M35 Other systemic involvement of connective tis-
sue, the latter of which includes Sjogren’s syndrome [24]. 
These findings are in accord with earlier observations 
that interstitial pneumonia and other pulmonary diseases 
are common in patients with RA [25, 26]. It should also 
be noted that when arthritis and arthralgia symptoms are 
initially noted, it can be difficult to distinguish RA from 
other musculoskeletal diseases. This may explain why RA 
was often preceded by M15 Polyarthrosis or M19 Other 
arthrosis and had a strong temporal association with M32 
Systemic lupus erythematosus. We speculate that some of 
the other temporal associations and patterns may reflect 
drug-induced conditions: J84 Other interstitial pulmonary 

diseases can be induced by disease-modifying anti-rheu-
matic drugs [25]; E53 Deficiency of other B group vita-
mins may be related to the prescription of vitamin B to 
prevent or treat stomatitis as a side effect of methotrexate 
[27]; and M81 Osteoporosis without a pathological frac-
ture may result from corticosteroid treatment of RA [28].

Our observation of a temporal association between OA 
of the knee or hip and osteonecrosis may reflect difficulties 
with differential diagnoses of these distinct diseases. Other 
observed temporal associations with OA of the hip repre-
sent plausible causes of OA (Q65 Congenital deformities 
of hip) [29] or comorbid conditions (M48 Other spondy-
lopathies and M43 Other deforming dorsopathies) [29]. 
Although the relationship between hip OA and osteopo-
rosis is controversial [29], our results indicated a possible 
temporal association. Careful follow-up for osteoporosis 
may be warranted in patients with OA of the hip.

Consistent with existing evidence [29], we observed an 
association between OA of the knee and hip. Misalignment 
caused by arthritis at one joint can affect other joints. Our 
finding suggests that attention should be paid to second-
ary OA in other joints in patients diagnosed with OA in 
the knee or hip.

Dorsalgia showed no significant temporal associations 
with other ICD-10 codes where the RR was ≥ 5. It is fre-
quently difficult to diagnose the cause of non-specific low 
back pain, but this symptom has been linked to various 
pathological conditions including physical and psychiat-
ric diseases [37]. The results of this study are consistent 
with prevailing medical knowledge that clear relation-
ships between low back pain and specific diseases were 
not established.

The diagnoses found to have temporal associations with 
G98 Other disorders of nervous system not elsewhere clas-
sified tend to involve neuropathic pain. The association with 
M48 Other spondylopathies is reasonable, as a nationwide 
Japanese study showed that over 50% of patients with spine-
related pain were found to have neuropathic pain [30]. Other 
identified diagnoses, such as G56 Mononeuropathies of 
upper limb, G57 Mononeuropathies of lower limb, M50 Cer-
vical disc disorders, and M51 Other intervertebral disc dis-
orders are well-established causes of neuropathic pain [31]. 
The associations with these diagnoses are thus plausible.

Patients with mood disorders often also have other psy-
chiatric diseases, including panic disorder (included under 
F41 Other anxiety disorders) and obsessive-compulsive dis-
order [32]. Our results for major depressive disorder con-
firm these associations. Further, our observation that major 
depressive disorder often followed a diagnosis of F41 Other 
anxiety disorders is consistent with the commonly observed 
disease course in depression [32]. The observed tempo-
ral patterns including major depressive disorder, anxiety 
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disorders, and sleep disorders reflect a well-established 
confluence of diagnoses [33].

We found that major depressive disorder often preceded 
other psychiatric diseases. Patients with psychiatric diseases 
are often initially diagnosed with depression because they 
tend to visit their physician when their depressive symptoms 
are prominent. Other symptoms may subsequently become 
apparent during the course of treatment, leading to con-
comitant diagnoses. For example, bipolar disorder is often 
initially diagnosed as depression [34], with the diagnosis of 
bipolar disorder only occurring months or years later when 
a manic episode is observed or otherwise confirmed by the 
physician. This may be because many patients do not rec-
ognize mania as a negative condition and therefore do not 
report it.

Parkinson’s disease, which often leaves patients prone to 
depression, also showed a strong temporal association with 
major depressive disorder. However, it is known that in the 
course of Parkinson’s disease many non-motor symptoms, 
including psychiatric symptoms such as major depressive 
disorder present in the early disease stage before motor 
function symptoms, are sometimes misdiagnosed as depres-
sion [35]. Conversely, after motor function symptoms from 
Parkinson’s disease manifest, facial muscles that control 
facial expressions do not move normally, and may be mis-
taken for depression. Alternatively, the temporal associa-
tion may reflect parkinsonism resulting from treatment with 
antipsychotics.

Anxiety disorders are symptoms or comorbid conditions 
for many psychiatric disorders. For example, it has been 
reported that attention-deficit hyperactivity disorder and 
depression frequently present as comorbidities with anxiety 
[36, 37]. In our analysis, temporal associations with anxiety 
disorders were all unidirectional, with anxiety preceding the 
other diagnoses. However, in some individuals, it is feasi-
ble that other psychiatric disorders diagnosed subsequent to 
anxiety may actually have manifested (but were not diag-
nosed) before anxiety.

Several temporal associations with heart failure involved 
diseases that cause, exacerbate, or are common comorbidi-
ties of heart failure, such as E11 Type 2 diabetes mellitus, 
I10 Essential (primary) hypertension, I20 Angina pectoris, 
I42 Cardiomyopathy, and N18 Chronic kidney disease [38]. 
The association with I10 Essential (primary) hypertension 
was unidirectional, with hypertension preceding heart fail-
ure. This reflects the natural disease progression. However, 
associations with other diseases that cause heart failure, such 
as type 2 diabetes, were bidirectional. Given that people with 
type 2 diabetes and hypertension can develop heart failure, 
public health initiatives should be implemented to decrease 
the incidence of heart failure.

In the study results, some known disease associations of 
interest were not captured, including comorbidities of low 

back pain, comorbidities of depression (mental and behav-
ioral disorders due to psychoactive substance use and eating 
disorders), and comorbidities of heart failure (hyperurice-
mia, anemia, and sleep apnea) were noted. Some relation-
ships of these diseases and their comorbidities are poorly 
understood, or there is no specific medication to treat some 
comorbidities. In other cases, medications for the primary 
disease itself are for the treatment of complications. It is 
thought that these comorbid disease names were not entered 
in the claims data because it was not necessary for medical 
fee billing.

4.4  Future Recommendations

In order to confirm the findings of this study; and to inform 
health authorities and medical practitioners to implement 
these results, in preventing NCDs and providing compre-
hensive NCD care, it is necessary to conduct additional 
research. Such research may involve the conduct of clinical 
trials or prospective observational studies using electronic 
medical records.

4.5  Limitations

Our findings should be viewed in the context of certain study 
limitations in bias and generalizability, regarding both the 
data available in the MinaCare database and the use of a 
network analysis as a statistical technique. The study popu-
lation was limited to members of the health insurance soci-
ety covered by the MinaCare database and the results may 
have limited generalizability. As such, the demographics 
and socioeconomic status of the study population does not 
fully represent the overall Japanese population. For instance, 
men and people aged older than 65 years were under-rep-
resented. Another limitation of the MinaCare database is 
that it does not include workers in primary industries such 
as agriculture, fisheries, and forestry [39]. The aforemen-
tioned features of the database limit the generalizability of 
the study population to the general Japanese population in 
both employment type and geography, with regions where 
primary industries dominate being under-represented in the 
analysis. However, the large size and nationwide reach of 
the MinaCare database mean that the analysis should give 
a fair reflection of the health status of working individu-
als and their dependents in Japan employment-based health 
insurance.

Bias may arise from the fact that some diagnostic codes 
may not have been accurately entered into the database. For 
example, non-specific codes assigned as “other” may fre-
quently be used for reimbursement purposes and this mis-
classification of diseases may have caused bias in this study. 
However, similar to previous studies, these codes were not 
excluded in order to capture all diagnoses. It is impossible 



475Database Study of Non-communicable Diseases (NCDs) Associations/Temporal Patterns

to estimate the scale of these potential quality issues and the 
extent to which they affected the validity of our findings.

There are several methodological limitations with a net-
work analysis. Currently, there is no methodology that can 
address the issue of censoring or determine causality. Addi-
tionally, as we did not focus on any one disease and because 
each disease has a different latent period, we were not able 
to identify latent periods for diseases in this study. Moreo-
ver, because some diseases are only detected a considerable 
period after they develop, diagnoses for some individuals 
may not have been registered in the order in which the dis-
eases actually developed. Finally, some diseases may have 
been missed because of the short median follow-up period. 
Findings relating to temporal associations and patterns 
should be interpreted with these limitations in mind.

5  Conclusions

To our knowledge, this is the first study to investigate asso-
ciations and temporal patterns of NCDs using Japanese 
medical claims data, and the first network analysis of NCDs 
in Japan. Our findings reinforce established disease asso-
ciations and disease progression pathways of NCDs. This 
study underlines the importance of preventing NCDs and of 
providing comprehensive NCD care. In order to influence 
health policy change and inform medical practitioners, to 
reduce the population burden of NCDs, it may be neces-
sary to conduct further research to confirm the results of 
this study. Clinical trials and prospective behavioral studies 
using electronic medical records are suggested as suitable 
methods to help influence such change.
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