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37 Abstract 

38 Objective

39 To describe the prevalence of multimorbidity and its associations with clinical outcomes 

40 across age groups.

41 Design

42 Historical cohort study using nationwide medical claims data.

43 Setting

44 Carried out in Japan between April 2014 and March 2019. 

45 Participants

46 N = 246 671 Japanese individuals aged 20-74 enrolled in the Health Insurance 

47 Association for Architecture and Civil Engineering companies (HIA2CE) were included 

48 into the baseline data set for fiscal year (FY) 2014. Of those, N = 181 959 individuals 

49 were included into the cohort data set spanning FY2014-FY2018.

50 Exposures

51 Multimorbidity was defined as having ≥2 of 15 chronic conditions according to the ICD-

52 10 codes of the Charlson Comorbidity Index.  

53 Primary and Secondary Outcomes
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54 Primary outcome: The standardised prevalence of multimorbidity across age groups 

55 was evaluated using data from FY 2014 and extrapolated to the Japanese total 

56 population. Secondary Outcome: Hospitalisation and death events were traced by 

57 month using medical claims data and insurer enrolment data. Associations between 

58 multimorbidity and 5-year hospitalisation and/or death events across age groups were 

59 analysed using a Cox regression model. 

60 Results 

61 The standardised prevalence of multimorbidity was approximately 5% (ages 20-29), 

62 10% (30-39), 20% (40-49), 30% (50-59), 50% (60-69), and 60% (70-74). Compared to 

63 individuals aged 20-39 without multimorbidity, those with multimorbidity had a higher 

64 incidence of clinical events in any age group (HR = 2.43 [95% CI, 2.30-2.56] in ages 20-

65 39, HR = 2.55 [95% CI, 2.47-2.63] in ages 40-59, and HR = 3.41 [95% CI, 3.23-3.53] in 

66 ages ≥60). The difference in the incidence of clinical events between multimorbidity and 

67 no-multimorbidity was larger than that between age groups. 

68 Conclusions 

69 Multimorbidity is already prevalent in the middle-aged generation and is associated with 

70 poor clinical outcomes. These findings underscore the significance of multimorbidity and 

71 highlight the urgent need for preventive intervention at the public health care level.
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73 Article Summary

74

75 Strengths and limitations of this study

76  The current study covers a wide age range of individuals from a nationwide 

77 general population. 

78  Japan`s high medical insurance coverage rate made it possible to 

79 comprehensively identify chronic diseases from receipts. 

80  Longitudinal analysis enabled the examination of clinical outcomes of multiple 

81 co-morbidities. 

82  The prevalence of multimorbidity may be underestimated because the target 

83 population comprised regular employees and their families and might 

84 accordingly be healthier than the general population. 

85

86 Keywords

87 chronic disease, insurance claims, middle age, multimorbidity, preventive medicine 

88
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89 Introduction

90 Aging societies worldwide face the problem of how to provide adequate and 

91 affordable health care for a growing number of patients with multiple chronic conditions, 

92 termed multimorbidity.1,2 Managing multimorbidity is becoming a global challenge on the 

93 clinical and public healthcare level not only in high-, but also in low- and middle-income 

94 countries.3 Many epidemiological studies on multimorbidity have shown its association 

95 with age, socio-demographic and socio-economic factors.4-7 In addition, numerous 

96 studies have shown that multiple comorbidities are common in older people.8-11 It has 

97 been reported that multimorbid older patients had more than twice as many contacts per 

98 year with physicians than those without multimorbidity12 and that the likelihood of being 

99 hospitalised was increased by a factor of 5.6 due to multiple co-morbidities.8 On the 

100 other hand, the accumulation of chronic diseases occurs continuously from middle age. 

101 A number of recent studies conducted in various countries have reported that the onset 

102 of multimorbidity is shifting towards younger age groups.6, 13-15 However, multimorbidity 

103 studies tend to focus on older people, and in-depth knowledge on multimorbidity in 

104 younger age groups is lacking.

105 Here, to evaluate the current status of multimorbidity across age groups and examine 

106 its association with clinical outcomes, we analysed a large nationwide medical claims 
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107 cohort. Our findings add to existing knowledge by showing that multimorbidity has a 

108 significant impact on health starting from middle age and underscore the need for 

109 preventive intervention on the public health care level.  

110
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111 Materials and Methods

112 Data source

113 We used the nationwide medical claims and enrolment data of the Health Insurance 

114 Association for Architecture and Civil Engineering companies (HIA2CE), which is one of 

115 the largest social insurance associations in Japan. HIA2CE is a comprehensive insurer 

116 which includes 1700 companies, from small engineering companies to middle and large 

117 construction companies across Japan. This claims database covers a total of 400 000 

118 insured persons, consisting of employees and their dependents.

119 Japan has maintained a universal health coverage system since 1961. All medical 

120 information regarding clinical practice covered by this health insurance is included in the 

121 medical claims data, except for self-financed medical care and individuals who receive 

122 public assistance. Furthermore, medical facilities have been obliged since 2011 to 

123 submit medical claims data as an electronic record. Medical claims data include the 

124 names of the diagnosed diseases, the names of medical procedures, and the names of 

125 prescribed medications, among others. In the present study, we extracted the age, sex, 

126 names and ICD-10 codes of diagnosed diseases, and hospitalisations and deaths from 

127 the medical claims data in HIA2CE from FY2014 to FY2018 (April 2014 to March 2019). 
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128 The enrolment data from HIA2CE includes the medical characteristics of insured 

129 persons as of April 2019.

130

131 Research design and study population

132 We prepared two data sets for analysis. The first data set contained baseline data of 

133 FY2014, which we used to describe the diagnosed disease prevalence in FY2014. The 

134 study population for this baseline data set included individuals aged 20 to 74 years 

135 insured in FY2014 (April 2014 to March 2015). Participants younger than 20 and older 

136 than 75 years in FY2014 as well as participants who died during FY2014 were excluded 

137 (Fig.1). The cohort data set contained longitudinal data for a 5-year period, FY2014 to 

138 FY2018 (April 2014 to March 2019). We used this cohort data set to conduct Cox 

139 regression analysis and calculate hazard ratios (HR)s for clinical events (Fig. 1).

140

141 Definition of diagnosed diseases and multimorbidity

142 The Charlson Comorbidity Index (CCI) is a validated tool which has been widely used 

143 to assess patient comorbidities.16 The CCI Canadian version has been reported to be 

144 applicable to Japanese claims data.17 We therefore defined diagnosed diseases using 

145 medical claims data following ICD-10 codes of the CCI Canada version. We merged the 
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146 conditions “diabetes with chronic complication” and “diabetes without chronic 

147 complication” into “diabetes mellitus”, and “mild liver disease” and “moderate or severe 

148 liver disease” into “liver disease”. The following 15 chronic conditions were included: 

149 AIDS/HIV, any malignancy (including lymphoma and leukaemia), cerebrovascular 

150 disease, chronic pulmonary disease, congestive heart failure, dementia, diabetes 

151 mellitus, hemiplegia or paraplegia, metastatic solid tumour, liver disease, myocardial 

152 infarction, peptic ulcer disease, renal disease, and rheumatologic disease. The ICD-10 

153 codes of these diseases are shown in eTable 1 in the Supplement. Multimorbidity status 

154 was defined as the concurrent presence of two or more (≥2) diagnosed diseases among 

155 these conditions.18,19

156

157 Definition of outcome events; hospitalisation and death

158 We defined two composite outcomes, hospitalisation and death, which occurred 

159 during the period from FY2015 to FY2018. Using the medical claims data, both events 

160 were traced by month. In Japan, the validity of death event information is reported to be 

161 less sensitive if derived from medical claims data only.20,21 Therefore, we also used 

162 death information from enrolment data recorded by the insurer: if either contained death 

163 information, this was defined as a death event.
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164

165 Estimation of diagnosed disease prevalence to nationwide scale 

166 Diagnosed disease prevalence from baseline data was standardised to the 

167 nationwide Japanese total population. We calculated diagnosed disease prevalence 

168 according to 5-year age brackets and gender and applied it to the same age and gender 

169 groups of the vital statistics 2014 in Japan.22

170

171 Effect of multimorbidity by age group

172 To examine the effect of multimorbidity by age group, we performed Cox regression 

173 analysis using cohort data from four consecutive years (FY2015 to FY2018). To 

174 examine the independent and additive effect of multimorbidity and aging, we defined 

175 combined categories according to three age groups representing “young”, “middle”, and 

176 “old” ages (20-39, 40-59, and ≥60, respectively) and the binary status of multimorbidity, 

177 with the reference set as no multimorbidity individuals aged 20-39. 

178

179 Statistical analysis

180 Effects of multimorbidity by age groups were analysed using Cox regression as 

181 described under the heading “Effect of multimorbidity by age group”. Results were 
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182 considered statistically significant at a two-sided P-value of less than 0.05. All analyses 

183 were conducted using Stata software version 15.1 (StataCorp LLC; College Station, TX, 

184 USA). 

185

186 Patient and Public involvement

187 Patients or the public were not involved in this research. However, the results of this 

188 study will be disseminated to the public through various means including published 

189 papers and presentations.

190
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191 Results

192 Study participants

193 We analysed n = 246 671 individuals in the baseline data set in FY2014 and n = 181 

194 959 individuals in the cohort data set FY2014-FY2018. Because follow-up was four 

195 years, the cohort data set was slightly smaller than the baseline data set, especially as 

196 a number of young individuals aged 20-24 and older individuals aged >60 dropped out. 

197 This may be due to raising children or early retirement, and explains the higher 

198 proportion of men in the cohort data set. Mean age and co-morbidity numbers among 

199 CCI diseases were mostly comparable between the two data sets, although the 

200 prevalence differed for diabetes mellitus, cerebrovascular disease, and chronic 

201 pulmonary disease (eTable 2 in the Supplement). In the cohort data set, differences in 

202 disease prevalence between genders were observed. Notably, men had a higher 

203 prevalence of diabetes mellitus (P = 0.001) whereas women had a higher prevalence of 

204 chronic pulmonary disease (P = 0.002). 

205

206 Estimated prevalence of multimorbidity in the Japanese total population

207 The prevalence of diagnosed diseases in FY2014 was applied to the vital statistics of 

208 the Japanese population in 2014. The standardised prevalence of multimorbidity was 
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209 estimated to 26.1% (26.1% in men, 26.0% in women) in the Japanese total population 

210 (Table 1). The prevalence of multimorbidity increased with age, i.e., 25-24 (3.9%), 25-29 

211 (7.7%), 30-34 (9.7%), 35-39 (12.5%), 40-44 (14.6%), 45-49 (19.0%), 50-54 (25.9%), 55-

212 59 (33.2%), 60-64 (40.7%), 65-69 (49.9%), and 70-74 (60.1%) (Fig. 2A). Figure 2B 

213 shows the types of disease and their prevalence across age groups. The top five 

214 diseases across the age groups “young” (20-39), “middle-age (40-59), and “old” (60-74) 

215 in order of prevalence were “young”: chronic pulmonary disease, peptic ulcer disease, 

216 liver disease, diabetes mellitus, and any malignancy; “middle-age”: chronic pulmonary 

217 disease, diabetes mellitus, liver disease, peptic ulcer disease, and any malignancy; and 

218 “old”: diabetes mellitus, chronic pulmonary disease, liver disease, peptic ulcer disease, 

219 and cerebrovascular disease. Notably, diabetes mellitus moved up across the age 

220 groups from ranking fourth to first. Details of the prevalence of specific diseases are 

221 shown in eTable 3 in the Supplement. In Figure 2C, disease prevalence is shown in 

222 comparison to disease prevalence in the 40-44 age group. After the age of 40-44, the 

223 top five accelerating diseases were dementia, cerebrovascular disease, peripheral 

224 vascular disease, metastatic tumour, and congestive heart failure.  

225
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226 Table 1. Prevalence of diagnosed diseases in FY2014 applied to the Japanese total population

  Baseline data in FY2014    Japanese total population  
Overall  Men  Women  Overall  Men  Women  

  N=246,671 % N=144,237 % N=102,434 % N=88,923,000 % N=44,288,000 % N=44,640,000 %
Men 144,237 58.5 - - - - 44,288,000 49.8 - - - -
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8 48.0 15.3 47.7 15.3 48.4 15.4

20-24 18,524 7.5 11,315 7.8 7,209 7.0 6,203,000 7.0 3,192,000 7.2 3,012,000 6.7
25-29 17,251 7.0 12,014 8.3 5,237 5.1 6,677,000 7.5 3,414,000 7.7 3,264,000 7.3
30-34 18,093 7.3 11,104 7.7 6,989 6.8 7,466,000 8.4 3,788,000 8.6 3,680,000 8.2
35-39 23,878 9.7 13,278 9.2 10,600 0.3 8,670,000 9.8 4,394,000 9.9 4,276,000 9.6
40-44 39,721 16.1 21,640 15.0 18,081 17.7 9,793,000 11.0 4,956,000 11.2 4,837,000 10.8
45-49 40,908 16.6 24,191 16.8 16,717 16.3 8,609,000 9.7 4,329,000 9.8 4,278,000 9.6
50-54 29,466 11.9 17,577 12.2 11,889 11.6 7,790,000 8.8 3,903,000 8.8 3,887,000 8.7
55-59 20,149 8.2 11,343 7.9 8,806 8.6 7,653,000 8.6 3,802,000 8.6 3,853,000 8.6
60-64 21,278 8.6 12,706 8.8 8,572 8.4 8,979,000 0.1 4,406,000 9.9 4,573,000 10.2
65-69 11,931 4.8 6,768 4.7 5,163 5.0 9,155,000 10.3 4,414,000 10.0 4,741,000 10.6
70-74 5,472 2.2 2,301 1.6 3,171 3.1 7,928,000 8.9 3,690,000 8.3 4,239,000 9.5

AIDS/HIV 96 0.0 62 0.0 34 0.0 34,034 0.0 18,979 0.0 15,055 0.0
Any malignancya 12,047 4.9 5,611 3.9 6,436 6.3 5,775,260 6.5 2,668,349 6.0 3,106,911 7.0
Cerebrovascular disease 10,866 4.4 6,510 4.5 4,356 4.3 5,773,295 6.5 3,023,765 6.8 2,749,530 6.2
Chronic pulmonary disease 43,216 17.5 22,484 15.6 20,732 20.2 17,303,735 19.5 7,713,864 17.4 9,589,871 21.5
Congestive heart failure 8,497 3.4 5,515 3.8 2,982 2.9 4,317,076 4.9 2,459,170 5.6 1,857,906 4.2
Dementia 447 0.2 210 0.1 237 0.2 410,326 0.5 179,350 0.4 230,976 0.5
Diabetes mellitus 27,344 11.1 17,881 12.4 9,463 9.2 12,689,040 14.3 7,122,240 16.1 5,566,801 12.5
Hemiplegia or paraplegia 813 0.3 533 0.4 280 0.3 424,609 0.5 253,040 0.6 171,569 0.4
Liver disease 27,127 11.0 16,954 11.8 10,173 9.9 11,341,444 2.8 6,031,029 13.6 5,310,415 11.9
Metastatic solid tumor 2,532 1.0 1,263 0.9 1,269 1.2 1,235,336 1.4 598,734 1.4 636,601 1.4
Myocardial infarction 1,628 0.7 1,325 0.9 303 0.3 769,977 0.9 575,894 1.3 194,083 0.4
Peptic ulcer disease 26,047 10.6 14,511 10.1 11,536 11.3 11,238,524 12.6 5,485,994 12.4 5,752,530 12.9
Peripheral vascular disease 10,407 4.2 5,723 4.0 4,684 4.6 5,197,644 5.8 2,503,359 5.7 2,694,285 6.0
Renal disease 2,573 1.0 1,751 1.2 822 0.8 1,261,138 1.4 784,770 1.8 476,367 1.1
Rheumatologic disease 4,146 1.7 1,397 1.0 2,749 2.7 1,928,685 2.2 530,072 1.2 1,398,613 3.1
1 disease among top 5 71,880 29.1 40,833 28.3 31,047 30.3 30,041,150 33.8 14,676,045 33.1 15,365,106 34.4
Co-morbidity no. among CCI diseases

no disease 171,140 69.4 101,857 70.6 69,283 67.6 57,293,691 64.4 29,006,814 65.5 28,286,877 63.4
1 disease 22,947 9.3 12,032 8.3 10,915 10.7 8,464,436 9.5 3,702,220 8.4 4,762,216 10.7
2 diseases 17,120 6.9 8,994 6.2 8,126 7.9 6,799,080 7.6 3,029,535 6.8 3,769,544 8.4
3 diseases 12,822 5.2 7,273 5.0 5,549 5.4 5,534,827 6.2 2,652,231 6.0 2,882,596 6.5
4 diseases 9,588 3.9 5,874 4.1 3,714 3.6 4,261,753 4.8 2,242,062 5.1 2,019,691 4.5

 ≥ 5 diseases 13,054 5.3 8,207 5.7 4,847 4.7 6,574,213 7.4 3,655,138 8.3 2,919,075 6.5
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Values are numbers (%) unless otherwise stated.
a Any malignancy includes leukemia and lymphoma.
FY; fiscal year 
SD; standard deviation 
CCI; Charlson Comorbidity Index

227
228
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229 Effect of multimorbidity by age group

230 Cox regression analysis showed that young individuals aged 20-39 with 

231 multimorbidity had a higher hazard ratio (HR) compared to the same age group without 

232 multimorbidity (HR = 2.43 [95% CI, 2.30-2.56]). Further, HRs increased across age 

233 groups (HR = 2.55 [95% CI, 2.47-2.63] ages 40-59; HR = 3.41 [95% CI, 3.23-3.53] ages 

234 ≥60) (Fig. 3). The impact of multimorbidity on outcome exceeded that of aging (HR = 

235 1.62 [95% CI, 1.56-1.69] ages ≥60 and HR = 1.10 [95% CI, 1.07-1.13] ages 40-59 

236 without multimorbidity) (Fig. 3). We also assessed HRs for non-multimorbid and 

237 multimorbid women and men separately and found that women had a lower HR than 

238 men in the 20-39 age group but a higher HR than men in the ≥60 age group (eTable 4 

239 in the Supplement).
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241 Discussion

242 In this study we analysed nationwide medical claims data for 15 chronic diseases in a 

243 large cohort of the general population of Japan. As key findings, standardised 

244 prevalence rates for multimorbidity were estimated to 26.1% for men and 26.0% for 

245 women. Further, age group-specific prevalence rates for multimorbidity ranged from 

246 3.9% (20-24 years) to 14.6% (40-44 years) and 60.1% (70-74 years), showing an 

247 accelerating increase after age 40. Importantly, significant differences in the clinical 

248 outcomes of multimorbidity versus no multimorbidity were already present in young and 

249 middle-aged individuals.

250 The present study drew individuals covering a wide age range from a nationwide 

251 general population. This allowed us to examine the burden of multiple co-morbidities in 

252 young, middle-aged and old age groups in the real world. In addition, because Japan 

253 has a high medical insurance coverage rate, it was possible to comprehensively identify 

254 chronic diseases from receipts. Further, longitudinal analysis enabled us to examine the 

255 clinical outcomes of multiple co-morbidities. With regard to limitations, the target 

256 population comprised regular employees and their families and might accordingly be 

257 healthier than the general population. Also, we did not consider the presence of mental 

258 or psychosomatic disorders, which have been shown to be increasing, particularly in 
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259 individuals already suffering from other chronic diseases,23,24 younger people,25 and 

260 people with a low socio-economic status.26 Such diseases often remain undiagnosed or 

261 underreported in health records.27 These limitations likely contributed to an 

262 underestimation of multimorbidity in our cohort. Further, because we did not manually 

263 verify the presence of disease using the physician’s medical records data or medication 

264 information, disease names extracted from the medical claims data might be incorrect in 

265 some cases. In particular, Japanese physicians sometimes change the name of the 

266 disease in the medical record to the “correct” disease name for the medication they wish 

267 to prescribe, a practice called “disease name for claims data”. 

268 Because of differences in data sources and study populations, direct comparison of 

269 population-based prevalence rates between studies is not straightforward. Nonetheless, 

270 the standardised prevalence rates for multimorbidity as reported in the present study - 

271 26.1% for men and 26.0% for women - are similar to those reported by recent studies in 

272 other high-income countries, such as the United States (25% in men, 25% in women),28 

273 England (24.4% in men, 30% in women),26 Canada (24.3% whole population),5 and 

274 Denmark (19.3% in men, 23.7% in women).6 Many previous studies on multimorbidity 

275 focused on the older generation, aged 65 and up, because of the larger number of 

276 chronic diseases in this age group and the increasing number of people entering it. 
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277 However, our present data show that already approximately 10% of 30-34-, 19% of 45-

278 49-, and 33% of 55-59-year-olds have ≥2 chronic diseases. Further, 1% of 30-34-, 4% 

279 of 45-49-, and 9% of 55-59-year-olds have ≥5 chronic diseases. These results show 

280 that multimorbidity is already prominent in the middle-aged population. Recent studies 

281 reported similar or slightly higher prevalence rates for ≥2 chronic diseases in an 

282 American (8% of 30-, 20% of 45-, and 38% of 55-year-olds)25 and a Canadian (10.5% of 

283 18-44-, 27.4% of 45-54-, and 46.6% of 55-64-year-olds)5 population, although these two 

284 studies also included mental diseases and osteoporosis, which our present study did 

285 not. Our present study shows that, among 15 chronic diseases, the top five diseases in 

286 the 55-64 age group are chronic pulmonary disease (20.4-23.1%), diabetes mellitus 

287 (19.3-24.5%), liver disease (17.2-19.9%), peptic ulcer disease (15.6-18.2%), and any 

288 malignancy (8.2-10.7%). With regard to diabetes mellitus, prevalence in the present 

289 study is similar to that previously reported in an American population (15-30% in 

290 individuals aged 55-65)25 but higher than that in a Canadian population (16.6% in 

291 individuals aged 55-64)4. The prevalence of chronic pulmonary disease in our present 

292 55-65-year-olds was almost twice as high as those seen for the combined prevalence of 

293 asthma and chronic obstructive pulmonary disease (COPD) in an American population 

294 aged 55-65 years (5% for men and 10% for women)25 and in a Canadian population 
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295 aged 55-64 years (13.7%).5 This difference might have arisen due to our inclusion of 

296 various other pulmonary diseases besides asthma and COPD. Regarding liver disease, 

297 the prevalence seen for 55-65-year-olds in the present study was comparable to that 

298 seen in an adult population in Northern Italy29 and in an adult population in Korea,30 

299 although this comparison requires care since the types of liver disease in these studies 

300 and the age groups included vary. 

301 Analysis of clinical outcomes using Cox regression revealed that the presence of 

302 multimorbidity increased HRs in all age groups, including young individuals. In addition, 

303 comparison of the increased HRs resulting from multimorbidity versus no multimorbidity 

304 showed that the impact of multimorbidity exceeds that of increasing age. These results 

305 indicate that multimorbidity places a burden on all age groups. 

306 Most of the five most prevalent diseases (diabetes mellitus, chronic pulmonary 

307 disease, liver disease, peptic ulcer disease, and any malignancy) in the present study 

308 are lifestyle-related diseases that develop slowly over time. This trend should be 

309 greeted with alarm. We trust that this study raises awareness of the potential health 

310 risks and burden associated with the early onset of multimorbidity in young and middle-

311 age, the period when one is busy working and raising children. Future studies should 

312 investigate the specific lifestyle factors associated with an elevated risk of multimorbidity 
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313 in the Japanese working population. Ultimately, public health care policies should be 

314 aimed at efforts to reverse the trend toward early multimorbidity onset. 

315 In conclusion, the present study revealed that the impact of multimorbidity is already 

316 prominent in middle-aged Japanese, with elevated adverse events such as 

317 hospitalisation and death. In addition, the risk posed by multimorbidity exceeds that of 

318 aging in all age groups. These results underscore the need to undertake healthcare 

319 intervention against the onset of multimorbidity before middle-age, and not to leave it as 

320 a problem for geriatricians. 

321
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464 Figure 1. Participant selection flowchart. FY; fiscal year
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466 Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-

467 74. A) Percentage of the population having 0 to ≥5 chronic diseases by age group. B) 

468 Prevalence of the top ten chronic diseases by age group. C) The top ten chronic 

469 diseases with the steepest increase after age 40-44 years.

470

471 Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 

472 diagnosed diseases) in three age groups in a 5-year cohort of n = 181 959 Japanese 

473 aged 20-71. Cox regression analysis. HR; hazard ratio, CI; confidence interval
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Figure 1. Participant selection flowchart. FY; fiscal year 
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Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-74. A) Percentage of 
the population having 0 to ≥5 chronic diseases by age group. B) Prevalence of the top ten chronic diseases 

by age group. C) The top ten chronic diseases with the steepest increase after age 40-44 years. 
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Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 diagnosed diseases) in 
three age groups in a 5-year cohort of n = 181 959 Japanese aged 20-71. Cox regression analysis. HR; 

hazard ratio, CI; confidence interval 
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Supplementary eTable 1. List of diseases and their ICD-10 codes used to define diseases in medical claims data  
Diseases       ICD-10 codes 
AIDS/HIV       B20.x-B22.x, B24.x 

Any malignancy, incl. leukemia and lymphoma 
C00.x-C26.x, C30.x-C34.x, C37.x-C41x, C45.x-C58.x, C60.x-C76.x, C81.x-C85.x, C88.3, 
C88.7, C88.9, C90.0, C90.1, C91.x- C93.x, C94.0-C94.3, C94.5, C94.7, C95.x, C96.x, C43.x, 
C88.0-C88.2, C90.2, C94.4, C97.x 

Cerebrovascular disease     I69.x, G45.x, G46.x, H34.0, I60.x-I68.x 
Chronic pulmonary 
disease     J41.x-J47.x, J60.x-J66.x, I27.8, I27.9, J40.x, J67.x, J68.4, J70.1, J70.3 

Congestive heart failure     I50.x, I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5- I42.9, I43.x, P29.0 
Dementia       F00.x-F02.x, F03.x, F05.1, G30.x, G31.1 

Diabetes with chronic complication   E10.2-E10.4, E11.2-E11.4, E13.2-E13.4, E14.2-E14.4, E10.5, E10.7, E11.5, E11.7, E12.2-
E12.5, E12.7, E13.5, E13.7, E14.5, E14.7 

Diabetes without chronic complication   E10.1, E10.9, E11.1, E11.9, E13.1, E13.9, E14.1, E14.9, E10.0, E10.6, E10.8, E11.0, E11.6, 
E11.8, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.6, E13.8, E14.0, E14.6, E14.8 

Hemiplegia or paraplegia     G81.x, G82.0-G82.2, G04.1, G11.4, G80.1, G80.2, G82.3-G82.5, G83.0-G83.4, G83.9 

Metastatic solid tumor     C77.x-C79.x, C80.x 

Mild liver disease     K70.3, K71.7, K73.x, K74.3- K74.6, B18.x, K70.0-K70.2, K70.9, K71.3-K71.5, K74.0-K74.2, 
K76.0, K76.2-K76.4, K76.8, K76.9, Z94.4 

Moderate or severe liver disease   K72.1, K72.9, K76.6, K76.7, I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K76.5 
Myocardial infarction     I25.2, I21.x, I22.x 

Peptic ulcer disease     K25.4-K25.7, K26.4-K26.7, K27.4-K27.7, K28.4-K28.7, K25.0-K25.3, K25.9, K26.0-K26.3, 
K26.9, K27.0-K27.3, K27.9, K28.0-K28.3, K28.9 

Peripheral vascular disease   I71.x, I73.9, Z95.8, Z95.9, I70.x, I73.1, I73.8, I77.1, 
I79.0, I79.2, K55.1, K55.8, K55.9 

Renal disease     N18.x, I12.0, I13.1, N03.2-N03.7, N05.2-N05.7, N19.x, N25.0, Z49.0-Z49.2, Z94.0, Z99.2 

Rheumatology disease     M05.x, M06.0, M32.x, M33.2, M34.x, M35.3, M06.1-M06.4, M06.8, M06.9, M31.5, M33.0, 
M33.1, M33.9, M35.1, M36.0 
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Supplementary eTable 2. Characteristics of baseline data in fiscal year 2014 and cohort data 
  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Men  142,471  (58.8%) 111,088  (61.1%) <0.01 
Age (Mean, SD) 44.5  (12.5) 44.7  (10.6) <0.01 

 20-24 18,524  (7.6%) 5,052  (2.8%) <0.01 

 25-29 17,251  (7.1%) 12,675  (7.0%)  
 30-34 18,093  (7.5%) 14,784  (8.1%)  
 35-39 23,878  (9.9%) 20,508  (11.3%)  
 40-44 39,721  (16.4%) 35,168  (19.3%)  
 45-49 40,908  (16.9%) 37,124  (20.4%)  
 50-54 29,466  (12.2%) 25,906  (14.2%)  
 55-59 20,149  (8.3%) 13,052  (7.2%)  
 60-64 21,278  (8.8%) 10,735  (5.9%)  
 65-69 11,931  (4.9%) 6,246  (3.4%)  
 70-71 1,161  (0.5%) 709  (0.4%)  

AIDS/HIV  94  (0.0%) 74  (0.0%) 0.76 
Any malignancya 11,343  (4.7%) 8,377  (4.6%) 0.24 
Cerebrovascular disease 9,860  (4.1%) 6,971  (3.8%) <0.01 
Chronic pulmonary disease 41,866  (17.3%) 32,093  (17.6%) <0.01 
Congestive heart failure 7,751  (3.2%) 5,710  (3.1%) 0.27 
Dementia  291  (0.1%) 190  (0.1%) 0.13 
Diabetes mellitus 25,716  (10.6%) 18,755  (10.3%) <0.01 
Hemiplegia or paraplegia 729  (0.3%) 507  (0.3%) 0.19 
Liver disease 25,999  (10.7%) 19,725  (10.8%) 0.24 
Metastatic solid tumor 2,381  (1.0%) 1,823  (1.0%) 0.53 
Myocardial infarction 1,526  (0.6%) 1,092  (0.6%) 0.22 
Peptic ulcer disease 24,859  (10.3%) 18,594  (10.2%) 0.68 
Peripheral vascular disease 9,623  (4.0%) 7,083  (3.9%) 0.20 
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  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Renal disease 2,350  (1.0%) 1,747  (1.0%) 0.75 
Rheumatologic disease 3,931  (1.6%) 2,926  (1.6%) 0.72 
At least one disease among the top fiveb 69,014  (28.5%) 50,660  (27.8%) <0.01 
Co-morbidity no. among CCI diseases (Mean, SD) 0.8  (1.6) 0.8  (1.6) 0.16 

 0 disease 169,872  (70.1%) 129,037  (70.9%) <0.01 

 1 disease 22,514  (9.3%) 15,532  (8.5%)  
 2 diseases 16,605  (6.9%) 12,375  (6.8%)  
 3 diseases 12,242  (5.1%) 9,046  (5.0%)  
 4 diseases 9,076  (3.7%) 6,816  (3.7%)  
 5 diseases 12,051  (5.0%) 9,153  (5.0%)  

Composite outcomes 36,893  (15.2%) 31,224  (17.2%) <0.01 

 Death 1,507  (0.6%) 1,507  (0.8%)  
  Hospitalisation 36,495  (15.1%) 30,826  (16.9%)   
a Any malignancy includes leukemia and lymphoma.      
b Top 5 diseases include chronic pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and cerebrovascular disease.  

SD; standard deviation, CCI; Charlson Comorbidity Index      
c Age (Mean) and Co-morbidity no. (Mean): Student`s t-test. All other variables: Pearson's chi-square 
test.    
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Supplementary eTable 3. Diagnosed disease prevalence in fiscal year 2014 applied to the Japanese 
total population by age group 
 Overall   20-24   25-29   30-34   
  88,923,000  (100%) 6,204,000  (100%) 6,678,000  (100%) 7,468,000  (100%) 
Men 44,288,000  (49.8%) 3,192,000  (51.5%) 3,414,000  (51.1%) 3,788,000  (50.7%) 
AIDS/HIV 34,034  (0.0%) 1,400  (0.0%) 1,137  (0.0%) 1,394  (0.0%) 
Any malignancya 5,775,260  (6.5%) 24,047  (0.4%) 60,604  (0.9%) 103,907  (1.4%) 
Cerebrovascular disease 5,773,295  (6.5%) 12,484  (0.2%) 23,767  (0.4%) 40,440  (0.5%) 
Chronic pulmonary disease 17,303,735  (19.5%) 656,012  (10.6%) 901,156  (13.5%) 1,184,702  (15.9%) 
Congestive heart failure 4,317,076  (4.9%) 21,322  (0.3%) 34,950  (0.5%) 52,469  (0.7%) 
Dementia 410,326  (0.5%) 418  (0.0%) 0  (0.0%) 1,053  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 50,290  (0.8%) 141,852  (2.1%) 228,348  (3.1%) 
Hemiplegia or paraplegia 424,609  (0.5%) 3,782  (0.1%) 7,489  (0.1%) 10,227  (0.1%) 
Liver disease 11,341,444  (12.8%) 129,091  (2.1%) 259,190  (3.9%) 380,993  (5.1%) 
Metastatic solid tumor 1,235,336  (1.4%) 6,706  (0.1%) 9,643  (0.1%) 15,804  (0.2%) 
Myocardial infarction 769,977  (0.9%) 3,510  (0.1%) 3,859  (0.1%) 7,438  (0.1%) 
Peptic ulcer disease 11,238,524  (12.6%) 213,860  (3.4%) 364,164  (5.5%) 444,445  (6.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 20,276  (0.3%) 42,759  (0.6%) 60,055  (0.8%) 
Renal disease 1,261,138  (1.4%) 6,164  (0.1%) 11,118  (0.2%) 19,957  (0.3%) 
Rheumatologic disease 1,928,685  (2.2%) 17,602  (0.3%) 35,051  (0.5%) 43,777  (0.6%) 
no disease 57,293,691  (64.4%) 5,352,990  (86.3%) 5,500,039  (82.4%) 5,935,225  (79.5%) 
1 disease 8,464,436  (9.5%) 609,768  (9.8%) 666,087  (10.0%) 805,022  (10.8%) 
2 diseases 6,799,080  (7.6%) 163,269  (2.6%) 310,407  (4.6%) 399,222  (5.3%) 
3 diseases 5,534,827  (6.2%) 45,066  (0.7%) 104,758  (1.6%) 178,423  (2.4%) 
4 diseases 4,261,753  (4.8%) 19,190  (0.3%) 52,301  (0.8%) 77,876  (1.0%) 
≥ 5 diseases 6,574,213  (7.4%) 13,716  (0.2%) 44,409  (0.7%) 72,233  (1.0%) 
aAny malignancy includes leukemia and lymphoma.         
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Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   35-39   40-44   45-49   
  88,923,000  (100%) 8,670,000  (100%) 9,793,000  (100%) 8,607,000  (100%) 
Men 44,288,000  (49.8%) 4,394,000  (50.7%) 4,956,000  (50.6%) 4,329,000  (50.3%) 
AIDS/HIV 34,034  (0.0%) 4,592  (0.1%) 4,124  (0.0%) 3,069  (0.0%) 
Any malignancya 5,775,260  (6.5%) 198,069  (2.3%) 308,591  (3.2%) 393,299  (4.6%) 
Cerebrovascular disease 5,773,295  (6.5%) 93,413  (1.1%) 170,645  (1.7%) 265,098  (3.1%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,446,109  (16.7%) 1,613,639  (16.5%) 1,462,084  (17.0%) 
Congestive heart failure 4,317,076  (4.9%) 90,394  (1.0%) 155,193  (1.6%) 201,862  (2.3%) 
Dementia 410,326  (0.5%) 734  (0.0%) 1,490  (0.0%) 3,606  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 352,333  (4.1%) 553,455  (5.7%) 737,731  (8.6%) 
Hemiplegia or paraplegia 424,609  (0.5%) 13,621  (0.2%) 12,793  (0.1%) 19,669  (0.2%) 
Liver disease 11,341,444  (12.8%) 577,316  (6.7%) 784,095  (8.0%) 858,769  (10.0%) 
Metastatic solid tumor 1,235,336  (1.4%) 29,912  (0.3%) 56,656  (0.6%) 78,055  (0.9%) 
Myocardial infarction 769,977  (0.9%) 8,925  (0.1%) 25,198  (0.3%) 37,793  (0.4%) 
Peptic ulcer disease 11,238,524  (12.6%) 589,633  (6.8%) 749,581  (7.7%) 856,494  (10.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 127,339  (1.5%) 201,866  (2.1%) 288,167  (3.3%) 
Renal disease 1,261,138  (1.4%) 30,634  (0.4%) 46,209  (0.5%) 73,397  (0.9%) 
Rheumatologic disease 1,928,685  (2.2%) 79,300  (0.9%) 108,081  (1.1%) 143,756  (1.7%) 
no disease 57,293,691  (64.4%) 6,707,086  (77.4%) 7,389,249  (75.5%) 6,205,507  (72.1%) 
1 disease 8,464,436  (9.5%) 879,686  (10.1%) 969,263  (9.9%) 762,446  (8.9%) 
2 diseases 6,799,080  (7.6%) 529,075  (6.1%) 633,182  (6.5%) 588,650  (6.8%) 
3 diseases 5,534,827  (6.2%) 284,566  (3.3%) 352,334  (3.6%) 416,546  (4.8%) 
4 diseases 4,261,753  (4.8%) 152,965  (1.8%) 232,087  (2.4%) 297,143  (3.5%) 
≥ 5 diseases 6,574,213  (7.4%) 116,621  (1.3%) 216,885  (2.2%) 336,707  (3.9%) 
aAny malignancy includes leukemia and lymphoma.         
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Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   50-54   55-59   60-64   
  88,923,000  (100%) 7,790,000  (100%) 7,655,000  (100%) 8,979,000  (100%) 
Men 44,288,000  (49.8%) 3,903,000  (50.1%) 3,802,000  (49.7%) 4,406,000  (49.1%) 
AIDS/HIV 34,034  (0.0%) 2,979  (0.0%) 3,324  (0.0%) 5,281  (0.1%) 
Any malignancya 5,775,260  (6.5%) 483,592  (6.2%) 624,101  (8.2%) 958,696  (10.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 387,663  (5.0%) 573,513  (7.5%) 965,151  (10.7%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,469,169  (18.9%) 1,565,078  (20.4%) 2,074,822  (23.1%) 
Congestive heart failure 4,317,076  (4.9%) 316,491  (4.1%) 443,956  (5.8%) 694,542  (7.7%) 
Dementia 410,326  (0.5%) 7,254  (0.1%) 14,375  (0.2%) 27,048  (0.3%) 
Diabetes mellitus 12,689,040  (14.3%) 1,028,899  (13.2%) 1,477,049  (19.3%) 2,197,472  (24.5%) 
Hemiplegia or paraplegia 424,609  (0.5%) 26,826  (0.3%) 43,702  (0.6%) 56,416  (0.6%) 
Liver disease 11,341,444  (12.8%) 1,063,948  (13.7%) 1,316,086  (17.2%) 1,785,515  (19.9%) 
Metastatic solid tumor 1,235,336  (1.4%) 104,654  (1.3%) 136,279  (1.8%) 204,377  (2.3%) 
Myocardial infarction 769,977  (0.9%) 65,457  (0.8%) 76,970  (1.0%) 130,757  (1.5%) 
Peptic ulcer disease 11,238,524  (12.6%) 977,192  (12.5%) 1,190,533  (15.6%) 1,633,285  (18.2%) 
Peripheral vascular disease 5,197,644  (5.8%) 411,839  (5.3%) 554,776  (7.2%) 876,673  (9.8%) 
Renal disease 1,261,138  (1.4%) 95,578  (1.2%) 126,432  (1.7%) 202,057  (2.3%) 
Rheumatologic disease 1,928,685  (2.2%) 191,910  (2.5%) 235,332  (3.1%) 326,918  (3.6%) 
no disease 57,293,691  (64.4%) 5,087,646  (65.3%) 4,435,684  (57.9%) 4,468,987  (49.8%) 
1 disease 8,464,436  (9.5%) 687,805  (8.8%) 680,727  (8.9%) 859,388  (9.6%) 
2 diseases 6,799,080  (7.6%) 631,794  (8.1%) 687,732  (9.0%) 933,542  (10.4%) 
3 diseases 5,534,827  (6.2%) 510,570  (6.6%) 638,438  (8.3%) 881,741  (9.8%) 
4 diseases 4,261,753  (4.8%) 382,265  (4.9%) 509,123  (6.7%) 729,058  (8.1%) 
≥ 5 diseases 6,574,213  (7.4%) 489,921  (6.3%) 703,297  (9.2%) 1,106,284  (12.3%) 
aAny malignancy includes leukemia and lymphoma.         
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Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014  
applied to the Japanese total population by age group 
 Overall   65-69   70-74   
  88,923,000  (100%) 9,155,000  (100%) 7,929,000  (100%) 
Men 44,288,000  (49.8%) 4,414,000  (48.2%) 3,690,000  (46.5%) 
AIDS/HIV 34,034  (0.0%) 3,793  (0.0%) 2,940  (0.0%) 
Any malignancya 5,775,260  (6.5%) 1,296,908  (14.2%) 1,323,445  (16.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 1,404,663  (15.3%) 1,836,456  (23.2%) 
Chronic pulmonary disease 17,303,735  (19.5%) 2,445,425  (26.7%) 2,485,540  (31.3%) 
Congestive heart failure 4,317,076  (4.9%) 931,107  (10.2%) 1,374,790  (17.3%) 
Dementia 410,326  (0.5%) 83,286  (0.9%) 271,063  (3.4%) 
Diabetes mellitus 12,689,040  (14.3%) 2,891,848  (31.6%) 3,029,762  (38.2%) 
Hemiplegia or paraplegia 424,609  (0.5%) 81,998  (0.9%) 148,087  (1.9%) 
Liver disease 11,341,444  (12.8%) 2,094,406  (22.9%) 2,092,035  (26.4%) 
Metastatic solid tumor 1,235,336  (1.4%) 300,280  (3.3%) 292,970  (3.7%) 
Myocardial infarction 769,977  (0.9%) 197,033  (2.2%) 213,037  (2.7%) 
Peptic ulcer disease 11,238,524  (12.6%) 2,053,538  (22.4%) 2,165,800  (27.3%) 
Peripheral vascular disease 5,197,644  (5.8%) 1,181,335  (12.9%) 1,432,557  (18.1%) 
Renal disease 1,261,138  (1.4%) 257,988  (2.8%) 391,604  (4.9%) 
Rheumatologic disease 1,928,685  (2.2%) 374,826  (4.1%) 372,134  (4.7%) 
no disease 57,293,691  (64.4%) 3,803,485  (41.5%) 2,407,794  (30.4%) 
1 disease 8,464,436  (9.5%) 785,842  (8.6%) 758,403  (9.6%) 
2 diseases 6,799,080  (7.6%) 1,013,307  (11.1%) 908,900  (11.5%) 
3 diseases 5,534,827  (6.2%) 1,074,487  (11.7%) 1,047,899  (13.2%) 
4 diseases 4,261,753  (4.8%) 886,159  (9.7%) 923,584  (11.6%) 
≥ 5 diseases 6,574,213  (7.4%) 1,591,721  (17.4%) 1,882,418  (23.7%) 
aAny malignancy includes leukemia and lymphoma.       
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Supplementary eTable 4. Hazard ratios in multimorbid individuals based on 
hospitalisation and death rates in a 5-year cohort of n = 111 088 men and n = 70 871 
women.  Cox regression analysis   

Overalla                         
 Full Model 20-39 years 40-59 years 60-71 years 
  HR 95%CI HR 95%CI HR 95%CI HR 95%CI 
Age 1.02 1.01 1.02          

Sex 0.97 0.95 0.99 0.36 0.34 0.37 1.29 1.25 1.33 1.44 1.38 1.51 
≥2 diseases 2.17 2.12 2.21 2.17 2.05 2.29 2.31 2.24 2.38 2.05 1.97 2.14 
Menb                         
Age 1.03 1.03 1.04          

≥2 diseases 2.04 1.98 2.10 2.81 2.56 3.07 2.25 2.17 2.34 1.94 1.84 2.04 
Womenb                         
Age 0.99 0.99 1.00          

≥2 diseases 2.22 2.15 2.30 1.91 1.78 2.04 2.42 2.30 2.54 2.28 2.12 2.44 
aReferences are female for sex, no disease for morbidity 
variables 

        

bReference is no disease for morbidity variables          

HR; hazard ratio, CI; confidence interval           
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3

37 Abstract 

38 Objective

39 To describe the prevalence of multimorbidity and its associations with clinical outcomes 

40 across age groups.

41 Design

42 Retrospective cohort study using nationwide medical claims data.

43 Setting

44 Carried out in Japan between April 2014 and March 2019. 

45 Participants

46 N = 246 671 Japanese individuals aged 20-74 enrolled in the Health Insurance 

47 Association for Architecture and Civil Engineering companies (HIA2CE) were included 

48 into the baseline data set for fiscal year (FY) 2014. Of those, N = 181 959 individuals 

49 were included into the cohort data set spanning FY2014-FY2018.

50 Exposures

51 Multimorbidity was defined as having ≥2 of 15 chronic conditions according to the ICD-

52 10 codes of the Charlson Comorbidity Index.  

53 Primary and Secondary Outcomes
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4

54 Primary outcome: The standardised prevalence of multimorbidity across age groups 

55 was evaluated using data from FY 2014 and extrapolated to the Japanese total 

56 population. Secondary Outcome: Hospitalisation or death events were traced by month 

57 using medical claims data and insurer enrolment data. Associations between 

58 multimorbidity and 5-year hospitalisation and/or death events across age groups were 

59 analysed using a Cox regression model. 

60 Results 

61 The standardised prevalence rate of multimorbidity in nationwide Japanese total 

62 population was approximately 5% (ages 25-24 (3.9%), 25-29 (7.7%)), 10% (30-34 

63 (9.7%), 35-39 (12.5%)), 20% (40-44 (14.6%), 45-49 (19.0%)), 30% (50-54 (25.9%), 55-

64 59 (33.2%)), 50% (60-64 (40.7%), 65-69 (49.9%),), and 60% (70-74).

65  Compared to individuals aged 20-39 without multimorbidity, those with multimorbidity 

66 had a higher incidence of clinical events in any age group (HR = 2.43 [95% CI, 2.30-

67 2.56] in ages 20-39, HR = 2.55 [95% CI, 2.47-2.63] in ages 40-59, and HR = 3.41 [95% 

68 CI, 3.23-3.53] in ages ≥60). The difference in the incidence of clinical events between 

69 multimorbidity and no-multimorbidity was larger than that between age groups. 

70 Conclusions 
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5

71 Multimorbidity is already prevalent in the middle-aged generation and is associated with 

72 poor clinical outcomes. These findings underscore the significance of multimorbidity and 

73 highlight the urgent need for preventive intervention at the public health care level.

74
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6

75 Article Summary

76

77 Strengths and limitations of this study

78  The current study covers a wide age range of individuals from a nationwide 

79 general population. 

80  Japan`s high medical insurance coverage rate made it possible to 

81 comprehensively identify chronic diseases from receipts. 

82  Longitudinal analysis enabled the examination of clinical outcomes of multiple 

83 co-morbidities. 

84  The prevalence of multimorbidity may be underestimated because the target 

85 population comprised regular employees and their families and might 

86 accordingly be healthier than the general population. 

87

88 Keywords

89 chronic disease, insurance claims, middle age, multimorbidity, preventive medicine 

90
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91 Introduction

92 Aging societies worldwide face the problem of how to provide adequate and 

93 affordable health care for a growing number of patients with multiple chronic conditions, 

94 termed multimorbidity.1,2 Managing multimorbidity is becoming a global challenge on the 

95 clinical and public healthcare level not only in high-, but also in low- and middle-income 

96 countries.3 Many epidemiological studies on multimorbidity have shown its association 

97 with age, socio-demographic and socio-economic factors.4-7 In addition, numerous 

98 studies have shown that multiple comorbidities are common in older people.8-11 It has 

99 been reported that multimorbid older patients had more than twice as many contacts per 

100 year with physicians than those without multimorbidity12 and that the likelihood of being 

101 hospitalised was increased by a factor of 5.6 due to multiple co-morbidities.8 On the 

102 other hand, the accumulation of chronic diseases occurs continuously from middle age. 

103 A number of recent studies conducted in various countries have reported that the onset 

104 of multimorbidity is shifting towards younger age groups.6, 13-15 However, multimorbidity 

105 studies tend to focus on older people, and in-depth knowledge on multimorbidity in 

106 younger age groups is lacking.

107 Here, to evaluate the current status of multimorbidity across age groups and examine 

108 its association with clinical outcomes, we analysed a large nationwide medical claims 
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109 cohort. Our findings add to existing knowledge by showing that multimorbidity has a 

110 significant impact on health starting from middle age and underscore the need for 

111 preventive intervention on the public health care level.  

112
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113 Materials and Methods

114 Data source

115 We used the nationwide medical claims and enrolment data of the Health Insurance 

116 Association for Architecture and Civil Engineering companies (HIA2CE), which is one of 

117 the largest social insurance associations in Japan. HIA2CE is a comprehensive insurer 

118 which includes 1700 companies, from small engineering companies to middle and large 

119 construction companies across Japan. This claims database covers a total of 400 000 

120 insured persons, consisting of employees and their dependents. 

121 Insured-based data base is used widely and one of the popular real-world data in 

122 Japan.16 Japan has maintained a universal health coverage system since 1961. All 

123 medical information regarding clinical practice covered by this health insurance is 

124 included in the medical claims data, except for self-financed medical care and 

125 individuals who receive public assistance. Furthermore, medical facilities have been 

126 obliged since 2011 to submit medical claims data as an electronic record. Medical 

127 claims data include the names of the diagnosed diseases, the names of medical 

128 procedures, and the names of prescribed medications, among others. In the present 

129 study, we extracted the age, sex, names and ICD-10 codes of diagnosed diseases, and 

130 hospitalisations and deaths from the medical claims data in HIA2CE from FY2014 to 
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131 FY2018 (April 2014 to March 2019). The enrolment data from HIA2CE includes the 

132 medical characteristics and in-out information of insured persons as of April 2019.

133

134 Research design and study population

135 We prepared two data sets for analysis. The first was cross-sectional data set 

136 contained baseline data of FY2014, which we used to describe the diagnosed disease 

137 prevalence in FY2014. The study population for this baseline data set included 

138 individuals aged 20 to 74 years insured in FY2014 (April 2014 to March 2015). Since 

139 HIA2CE is a type of insurance for workers in Japan, database include only under 75 

140 years individuals. Therefore, maximum age in this cohort was 74 years. Participants 

141 younger than 20 in FY2014 as well as participants who died during FY2014 were 

142 excluded (Fig.1). The cohort data set contained longitudinal data for a 5-year period, 

143 FY2014 to FY2018 (April 2014 to March 2019). Second data set contained participants 

144 insured in whole period. We used this cohort data set to conduct Cox regression 

145 analysis and calculate hazard ratios (HR)s for clinical events (Fig. 1).

146

147 Definition of diagnosed diseases and multimorbidity
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148 There are a variety of definitions for chronic conditions in multimorbidity studies.17-19 

149 We used the Charlson Comorbidity Index (CCI) which is a validated tool to assess the 

150 diseases associated with a significant risk of clinical events.20 The reason, we used CCI, 

151 was that we focused on describing the prevalence of each disease and also assessing 

152 the association of multimorbidity on hospitalisation or death. The CCI Canadian version 

153 has been reported to be applicable to Japanese claims data.21 We therefore defined 

154 diagnosed diseases using medical claims data following ICD-10 codes of the CCI 

155 Canada version. We merged the conditions “diabetes with chronic complication” and 

156 “diabetes without chronic complication” into “diabetes mellitus”, and “mild liver disease” 

157 and “moderate or severe liver disease” into “liver disease”. The following 15 chronic 

158 conditions were included: AIDS/HIV, any malignancy (including lymphoma and 

159 leukaemia), cerebrovascular disease, chronic pulmonary disease, congestive heart 

160 failure, dementia, diabetes mellitus, hemiplegia or paraplegia, metastatic solid tumour, 

161 liver disease, myocardial infarction, peptic ulcer disease, renal disease, and 

162 rheumatologic disease. The ICD-10 codes of these diseases are shown in eTable 1 in 

163 the Supplement. Multimorbidity status was defined as the concurrent presence of two or 

164 more (≥2) diagnosed diseases among these conditions.22, 23 We only used confirmed 

165 diagnoses, not including suspected diagnoses, in Japanese claims data.　 
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166

167 Definition of outcome events; hospitalisation or death

168 We defined two composite outcomes, hospitalisation or death, which occurred during 

169 the period from FY2015 to FY2018. Using the medical claims data, both events were 

170 traced by month. In Japan, the validity of death event information is reported to be less 

171 sensitive if derived from medical claims data only.24, 25 Therefore, we also used death 

172 information from enrolment data recorded by the insurer: if either contained death 

173 information, this was defined as a death event.

174

175 Estimation of diagnosed disease prevalence to nationwide scale 

176 Diagnosed disease prevalence from baseline data was standardised to the 

177 nationwide Japanese total population. We calculated prevalence rates according to 

178 groups by 5-year age brackets and sex. Then, we estimated the prevalence rates 

179 standardized to Japanese total population (age-sex standardized prevalence rate), 

180 using the number from the vital statistics 2014 in Japan.26

181

182 The association of multimorbidity with outcome by age group 
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183 To examine the association of multimorbidity with outcome by age group, we 

184 performed Cox regression analysis adjusted by sex using cohort data from four 

185 consecutive years (FY2015 to FY2018). The independent and additive effect of 

186 multimorbidity and aging, we defined combined categories according to three age 

187 groups representing “young”, “middle”, and “old” ages (20-39, 40-59, and ≥60, 

188 respectively) and the binary status of multimorbidity, with the reference set as no 

189 multimorbidity individuals aged 20-39. This model was able to show HR for aging alone 

190 (e.g., HR for 40-59 ages without multimorbidity vs 20-39 ages without multimorbidity 

191 and complex of aging and morbidity(e.g., HR for 40-59 ages with multimorbidity vs 20-

192 39 ages without multimorbidity).

193

194 Statistical analysis

195 Cox regression was conducted for the association of multimorbidity with outcome by 

196 age group. Results were considered statistically significant at a two-sided P-value of 

197 less than 0.05. All analyses were conducted using Stata software version 15.1 

198 (StataCorp LLC; College Station, TX, USA). 

199

200 Patient and Public involvement
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201 Patients or the public were not involved in this research. However, the results of this 

202 study will be disseminated to the public through various means including published 

203 papers and presentations.

204
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205 Results

206 Study participants

207 We analysed n = 246 671 individuals in the baseline data set in FY2014 (Table1) and 

208 n = 181 959 individuals in the cohort data set FY2014-FY2018. Because follow-up was 

209 four years, the cohort data set was slightly smaller than the baseline data set, especially 

210 as a number of young individuals aged 20-24 and older individuals aged >60 dropped 

211 out. This may be due to raising children or early retirement, and explains the higher 

212 proportion of men in the cohort data set. Mean age and co-morbidity numbers among 

213 CCI diseases were mostly comparable between the two data sets, although the 

214 prevalence differed for diabetes mellitus, cerebrovascular disease, and chronic 

215 pulmonary disease (eTable 2 in the Supplement). In the cohort data set, differences in 

216 disease prevalence between genders were observed. Notably, men had a higher 

217 prevalence of diabetes mellitus (P = 0.001) whereas women had a higher prevalence of 

218 chronic pulmonary disease (P = 0.002). 

219

220 Estimated prevalence of multimorbidity in the Japanese total population

221 The prevalence of diagnosed diseases in FY2014 was applied to the vital statistics of 

222 the Japanese population in 2014. The standardised prevalence of multimorbidity was 
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223 estimated to 26.1% (26.1% in men, 26.0% in women) in the Japanese total population 

224 (eTable 3A in the Supplement). The prevalence rate of multimorbidity increased with 

225 age, i.e., approximately 5% (25-24 (3.9%), 25-29 (7.7%)), 10% (30-34 (9.7%), 35-39 

226 (12.5%)), 20% (40-44 (14.6%), 45-49 (19.0%)), 30% (50-54 (25.9%), 55-59 (33.2%)), 

227 50% (60-64 (40.7%), 65-69 (49.9%)), and 60% (70-74).(Fig. 2A. Details of the 

228 prevalence of diseases as well as below results are shown in eTable 3B in the 

229 Supplement). Figure 2B shows the types of disease and their prevalence across age 

230 groups. The top five diseases across the age groups “young” (20-39), “middle-age (40-

231 59), and “old” (60-74) in order of prevalence were “young”: chronic pulmonary disease, 

232 peptic ulcer disease, liver disease, diabetes mellitus, and any malignancy; “middle-age”: 

233 chronic pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and 

234 any malignancy; and “old”: diabetes mellitus, chronic pulmonary disease, liver disease, 

235 peptic ulcer disease, and cerebrovascular disease. Notably, diabetes mellitus moved up 

236 across the age groups from ranking fourth to first. In Figure 2C, disease prevalence is 

237 shown in comparison to disease prevalence in the 40-44 age group. After the age of 40-

238 44, the top five accelerating diseases were dementia, cerebrovascular disease, 

239 peripheral vascular disease, metastatic tumour, and congestive heart failure.  

240
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241 The association of multimorbidity with outcome by age group. 

242 Cox regression analysis showed that young individuals aged 20-39 with 

243 multimorbidity had a higher hazard ratio (HR) compared to the same age group without 

244 multimorbidity (HR = 2.43 [95% CI, 2.30-2.56]). Further, HRs increased across age 

245 groups (HR = 2.55 [95% CI, 2.47-2.63] ages 40-59; HR = 3.41 [95% CI, 3.23-3.53] ages 

246 ≥60) (Fig. 3). The impact of multimorbidity on outcome exceeded that of aging (HR = 

247 1.62 [95% CI, 1.56-1.69] ages ≥60 and HR = 1.10 [95% CI, 1.07-1.13] ages 40-59 

248 without multimorbidity) (Fig. 3). That was to say, even in aged 20-39 with multimorbidity 

249 has a risk more than ages ≥60 without multimorbidity.

250 We also assessed HRs for non-multimorbid and multimorbid women and men 

251 separately and found that women had a lower HR than men in the 20-39 age group but 

252 a higher HR than men in the ≥60 age group (eTable 4 in the Supplement).
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254 Discussion

255 In this study we analysed nationwide medical claims data for 15 chronic diseases in a 

256 large cohort of the general population of Japan. As key findings, standardised 

257 prevalence rates for multimorbidity were estimated to 26.1% for men and 26.0% for 

258 women. Further, age group-specific prevalence rates for multimorbidity ranged from 

259 3.9% (20-24 years) to 14.6% (40-44 years) and 60.1% (70-74 years), showing an 

260 accelerating increase after age 40. Importantly, significant differences in the clinical 

261 outcomes of multimorbidity versus no multimorbidity were already present in young and 

262 middle-aged individuals.

263 The present study drew individuals covering a wide age range from a nationwide 

264 general population. This allowed us to examine the burden of multiple co-morbidities in 

265 young, middle-aged and old age groups in the real world. In addition, because Japan 

266 has a high medical insurance coverage rate, it was possible to comprehensively identify 

267 chronic diseases from receipts. Further, longitudinal analysis enabled us to examine the 

268 clinical outcomes of multiple co-morbidities. With regard to limitations, the target 

269 population comprised regular employees and their families and might accordingly be 

270 healthier than the general population. Also, we defined multimorbidity by disease list 

271 included in CCI most likely to lead to death, hence, we were not able to consider other 
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272 diseases associated with health-related quality of life loss. The presence of mental or 

273 psychosomatic disorders, which have been shown to be increasing, particularly in 

274 individuals already suffering from other chronic diseases,27 younger people,28 and 

275 people with a low socio-economic status. 29 Such diseases often remain undiagnosed or 

276 underreported in health records. 30 These limitations likely contributed to an 

277 underestimation of multimorbidity in our cohort. Further, because we did not manually 

278 verify the presence of disease using the physician’s medical records data or medication 

279 information, disease names extracted from the medical claims data might be incorrect in 

280 some cases. In particular, Japanese physicians sometimes change the name of the 

281 disease in the medical record to the “correct” disease name for the medication they wish 

282 to prescribe, a practice called “disease name for claims data”. 

283 Because of differences in data sources and study populations, direct comparison of 

284 population-based prevalence rates between studies is not straightforward. Nonetheless, 

285 the standardised prevalence rates for multimorbidity as reported in the present study - 

286 26.1% for men and 26.0% for women - are similar to those reported by recent studies in 

287 other high-income countries, such as the United States (25% in men, 25% in women), 31 

288 England (24.4% in men, 30% in women), 32 Canada (24.3% whole population),5 and 

289 Denmark (19.3% in men, 23.7% in women).6 Also recently some Asian countries 
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290 reported similar prevalence, Iran (13.4% in men, 25.0% in women),33 India, Bangladesh 

291 (53.7% - 56.5% in both gender, over aged 60).34 Many previous studies on 

292 multimorbidity focused on the older generation, aged 65 and up, because of the larger 

293 number of chronic diseases in this age group and the increasing number of people 

294 entering it. However, our present data show that already approximately 10% of 30-34-, 

295 19% of 45-49-, and 33% of 55-59-year-olds have ≥2 chronic diseases. Further, 1% of 

296 30-34-, 4% of 45-49-, and 9% of 55-59-year-olds have ≥5 chronic diseases. These 

297 results show that multimorbidity is already prominent in the middle-aged population. 

298 Recent studies reported similar or slightly higher prevalence rates for ≥2 chronic 

299 diseases in an American (8% of 30-, 20% of 45-, and 38% of 55-year-olds)29 and a 

300 Canadian (10.5% of 18-44-, 27.4% of 45-54-, and 46.6% of 55-64-year-olds)5 

301 population, although these two studies also included mental diseases and osteoporosis, 

302 which our present study did not. Our present study shows that, among 15 chronic 

303 diseases, the top five diseases in the 55-64 age group are chronic pulmonary disease 

304 (20.4-23.1%), diabetes mellitus (19.3-24.5%), liver disease (17.2-19.9%), peptic ulcer 

305 disease (15.6-18.2%), and any malignancy (8.2-10.7%). With regard to diabetes 

306 mellitus, prevalence in the present study is similar to that previously reported in an 

307 American population (15-30% in individuals aged 55-65)29 but higher than that in a 
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308 Canadian population (16.6% in individuals aged 55-64)4. The prevalence of chronic 

309 pulmonary disease in our present 55-65-year-olds was almost twice as high as those 

310 seen for the combined prevalence of asthma and chronic obstructive pulmonary disease 

311 (COPD) in an American population aged 55-65 years (5% for men and 10% for 

312 women)29 and in a Canadian population aged 55-64 years (13.7%).5 This difference 

313 might have arisen due to our inclusion of various other pulmonary diseases besides 

314 asthma and COPD. Regarding liver disease, the prevalence seen for 55-65-year-olds in 

315 the present study was comparable to that seen in an adult population in Northern Italy35 

316 and in an adult population in Korea,36 although this comparison requires care since the 

317 types of liver disease in these studies and the age groups included vary. 

318 Analysis of clinical outcomes using Cox regression revealed that the presence of 

319 multimorbidity increased HRs in all age groups, including young individuals. In addition, 

320 comparison of the increased HRs resulting from multimorbidity versus no multimorbidity 

321 showed that the impact of multimorbidity exceeds that of increasing age. These results 

322 indicate that multimorbidity places a burden on all age groups. 

323 Most of the five most prevalent diseases (diabetes mellitus, chronic pulmonary 

324 disease, liver disease, peptic ulcer disease, and any malignancy) in the present study 

325 are lifestyle-related diseases that develop slowly over time. This trend should be 

Page 22 of 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

22

326 greeted with alarm. We trust that this study raises awareness of the potential health 

327 risks and burden associated with the early onset of multimorbidity in young and middle-

328 age, the period when one is busy working and raising children. Future studies should 

329 investigate the specific lifestyle factors associated with an elevated risk of multimorbidity 

330 in the Japanese working population. Ultimately, public health care policies should be 

331 aimed at efforts to reverse the trend toward early multimorbidity onset. 

332 In conclusion, the present study revealed that the impact of multimorbidity is already 

333 prominent in middle-aged Japanese, with elevated adverse events such as 

334 hospitalisation or death. In addition, the risk posed by multimorbidity exceeds that of 

335 aging in all age groups. These results underscore the need to undertake healthcare 

336 intervention against the onset of multimorbidity before middle-age, and not to leave it as 

337 a problem for geriatricians. 

338
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373 Figure Legends

374 Figure 1. Participant selection flowchart. FY; fiscal year

375

376 Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-

377 74. A) Percentage of the population having 0 to ≥5 chronic diseases by age group. B) 
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378 Prevalence of the top ten chronic diseases by age group. C) The top ten chronic 

379 diseases with the steepest increase after age 40-44 years.

380

381 Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 

382 diagnosed diseases) in three age groups in a 5-year cohort of n = 181 959 Japanese 

383 aged 20-71. Cox regression analysis. HR; hazard ratio, CI; confidence interval

384
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526 Table 1. Prevalence of diagnosed diseases in FY2014 applied to the Japanese 

527 total population

  Baseline data in FY2014
Overall  Men  Women  

  N=246,671 % N=144,237 % N=102,434 %
Men 144,237 58.5 - - - -
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8

20-24 18,524 7.5 11,315 7.8 7,209 7.0
25-29 17,251 7.0 12,014 8.3 5,237 5.1
30-34 18,093 7.3 11,104 7.7 6,989 6.8
35-39 23,878 9.7 13,278 9.2 10,600 0.3
40-44 39,721 16.1 21,640 15.0 18,081 17.7
45-49 40,908 16.6 24,191 16.8 16,717 16.3
50-54 29,466 11.9 17,577 12.2 11,889 11.6
55-59 20,149 8.2 11,343 7.9 8,806 8.6
60-64 21,278 8.6 12,706 8.8 8,572 8.4
65-69 11,931 4.8 6,768 4.7 5,163 5.0
70-74 5,472 2.2 2,301 1.6 3,171 3.1

AIDS/HIV 96 0.0 62 0.0 34 0.0
Any malignancya 12,047 4.9 5,611 3.9 6,436 6.3
Cerebrovascular disease 10,866 4.4 6,510 4.5 4,356 4.3
Chronic pulmonary disease 43,216 17.5 22,484 15.6 20,732 20.2
Congestive heart failure 8,497 3.4 5,515 3.8 2,982 2.9
Dementia 447 0.2 210 0.1 237 0.2
Diabetes mellitus 27,344 11.1 17,881 12.4 9,463 9.2
Hemiplegia or paraplegia 813 0.3 533 0.4 280 0.3
Liver disease 27,127 11.0 16,954 11.8 10,173 9.9
Metastatic solid tumor 2,532 1.0 1,263 0.9 1,269 1.2
Myocardial infarction 1,628 0.7 1,325 0.9 303 0.3
Peptic ulcer disease 26,047 10.6 14,511 10.1 11,536 11.3
Peripheral vascular disease 10,407 4.2 5,723 4.0 4,684 4.6
Renal disease 2,573 1.0 1,751 1.2 822 0.8
Rheumatologic disease 4,146 1.7 1,397 1.0 2,749 2.7
1 disease among top 5 71,880 29.1 40,833 28.3 31,047 30.3
Disease no. among CCI 

no disease 171,140 69.4 101,857 70.6 69,283 67.6
1 disease 22,947 9.3 12,032 8.3 10,915 10.7
2 diseases 17,120 6.9 8,994 6.2 8,126 7.9
3 diseases 12,822 5.2 7,273 5.0 5,549 5.4
4 diseases 9,588 3.9 5,874 4.1 3,714 3.6

 ≥ 5 diseases 13,054 5.3 8,207 5.7 4,847 4.7
Multimorbidity 
(≥2 diseases among CCI) 52,584 21.3 30,348 21.0 22,236 21.7
Values are numbers (%) unless otherwise stated.
a Any malignancy includes leukemia and lymphoma.
FY; fiscal year 
SD; standard deviation 
CCI; Charlson Comorbidity Index

528
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Figure 1. Participant selection flowchart. FY; fiscal year 
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Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-74. A) Percentage of 
the population having 0 to ≥5 chronic diseases by age group. B) Prevalence of the top ten chronic diseases 

by age group. C) The top ten chronic diseases with the steepest increase after age 40-44 years. 
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Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 diagnosed diseases) in 
three age groups in a 5-year cohort of n = 181 959 Japanese aged 20-71. Cox regression analysis. HR; 

hazard ratio, CI; confidence interval 
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Supplementary eTable 1. List of diseases and their ICD-10 codes used to define diseases in medical claims data  
Diseases       ICD-10 codes 
AIDS/HIV       B20.x-B22.x, B24.x 

Any malignancy, incl. leukemia and lymphoma 
C00.x-C26.x, C30.x-C34.x, C37.x-C41x, C45.x-C58.x, C60.x-C76.x, C81.x-C85.x, C88.3, 
C88.7, C88.9, C90.0, C90.1, C91.x- C93.x, C94.0-C94.3, C94.5, C94.7, C95.x, C96.x, C43.x, 
C88.0-C88.2, C90.2, C94.4, C97.x 

Cerebrovascular disease     I69.x, G45.x, G46.x, H34.0, I60.x-I68.x 
Chronic pulmonary 
disease     J41.x-J47.x, J60.x-J66.x, I27.8, I27.9, J40.x, J67.x, J68.4, J70.1, J70.3 

Congestive heart failure     I50.x, I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5- I42.9, I43.x, P29.0 
Dementia       F00.x-F02.x, F03.x, F05.1, G30.x, G31.1 

Diabetes with chronic complication   E10.2-E10.4, E11.2-E11.4, E13.2-E13.4, E14.2-E14.4, E10.5, E10.7, E11.5, E11.7, E12.2-
E12.5, E12.7, E13.5, E13.7, E14.5, E14.7 

Diabetes without chronic complication   E10.1, E10.9, E11.1, E11.9, E13.1, E13.9, E14.1, E14.9, E10.0, E10.6, E10.8, E11.0, E11.6, 
E11.8, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.6, E13.8, E14.0, E14.6, E14.8 

Hemiplegia or paraplegia     G81.x, G82.0-G82.2, G04.1, G11.4, G80.1, G80.2, G82.3-G82.5, G83.0-G83.4, G83.9 

Metastatic solid tumor     C77.x-C79.x, C80.x 

Mild liver disease     K70.3, K71.7, K73.x, K74.3- K74.6, B18.x, K70.0-K70.2, K70.9, K71.3-K71.5, K74.0-K74.2, 
K76.0, K76.2-K76.4, K76.8, K76.9, Z94.4 

Moderate or severe liver disease   K72.1, K72.9, K76.6, K76.7, I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K76.5 
Myocardial infarction     I25.2, I21.x, I22.x 

Peptic ulcer disease     K25.4-K25.7, K26.4-K26.7, K27.4-K27.7, K28.4-K28.7, K25.0-K25.3, K25.9, K26.0-K26.3, 
K26.9, K27.0-K27.3, K27.9, K28.0-K28.3, K28.9 

Peripheral vascular disease   I71.x, I73.9, Z95.8, Z95.9, I70.x, I73.1, I73.8, I77.1, 
I79.0, I79.2, K55.1, K55.8, K55.9 
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Renal disease     N18.x, I12.0, I13.1, N03.2-N03.7, N05.2-N05.7, N19.x, N25.0, Z49.0-Z49.2, Z94.0, Z99.2 

Rheumatology disease     M05.x, M06.0, M32.x, M33.2, M34.x, M35.3, M06.1-M06.4, M06.8, M06.9, M31.5, M33.0, 
M33.1, M33.9, M35.1, M36.0 

 
Supplementary eTable 2. Characteristics of baseline data in fiscal year 2014 and cohort data 
  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Men  142,471  (58.8%) 111,088  (61.1%) <0.01 
Age (Mean, SD) 44.5  (12.5) 44.7  (10.6) <0.01 

 20-24 18,524  (7.6%) 5,052  (2.8%) <0.01 

 25-29 17,251  (7.1%) 12,675  (7.0%)  
 30-34 18,093  (7.5%) 14,784  (8.1%)  
 35-39 23,878  (9.9%) 20,508  (11.3%)  
 40-44 39,721  (16.4%) 35,168  (19.3%)  
 45-49 40,908  (16.9%) 37,124  (20.4%)  
 50-54 29,466  (12.2%) 25,906  (14.2%)  
 55-59 20,149  (8.3%) 13,052  (7.2%)  
 60-64 21,278  (8.8%) 10,735  (5.9%)  
 65-69 11,931  (4.9%) 6,246  (3.4%)  
 70-71 1,161  (0.5%) 709  (0.4%)  

AIDS/HIV  94  (0.0%) 74  (0.0%) 0.76 
Any malignancya 11,343  (4.7%) 8,377  (4.6%) 0.24 
Cerebrovascular disease 9,860  (4.1%) 6,971  (3.8%) <0.01 
Chronic pulmonary disease 41,866  (17.3%) 32,093  (17.6%) <0.01 
Congestive heart failure 7,751  (3.2%) 5,710  (3.1%) 0.27 
Dementia  291  (0.1%) 190  (0.1%) 0.13 
Diabetes mellitus 25,716  (10.6%) 18,755  (10.3%) <0.01 
Hemiplegia or paraplegia 729  (0.3%) 507  (0.3%) 0.19 
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Liver disease 25,999  (10.7%) 19,725  (10.8%) 0.24 
Metastatic solid tumor 2,381  (1.0%) 1,823  (1.0%) 0.53 
Myocardial infarction 1,526  (0.6%) 1,092  (0.6%) 0.22 
Peptic ulcer disease 24,859  (10.3%) 18,594  (10.2%) 0.68 
Peripheral vascular disease 9,623  (4.0%) 7,083  (3.9%) 0.20 

  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Renal disease 2,350  (1.0%) 1,747  (1.0%) 0.75 
Rheumatologic disease 3,931  (1.6%) 2,926  (1.6%) 0.72 
At least one disease among the top fiveb 69,014  (28.5%) 50,660  (27.8%) <0.01 
Disease no. among CCI (Mean, SD) 0.8  (1.6) 0.8  (1.6) 0.16 

 0 disease 169,872  (70.1%) 129,037  (70.9%) <0.01 

 1 disease 22,514  (9.3%) 15,532  (8.5%)  
 2 diseases 16,605  (6.9%) 12,375  (6.8%)  
 3 diseases 12,242  (5.1%) 9,046  (5.0%)  
 4 diseases 9,076  (3.7%) 6,816  (3.7%)  
 ≥ 5 diseases 12,051  (5.0%) 9,153  (5.0%)  

Multimorbidity (≥2 diseases among CCI) 49,974 (20.6%) 37,390 (20.5%)  
Composite outcomes 36,893  (15.2%) 31,224  (17.2%) <0.01 

 Death 1,507  (0.6%) 1,507  (0.8%)  
  Hospitalisation 36,495  (15.1%) 30,826  (16.9%)   
a Any malignancy includes leukemia and lymphoma.      
b Top 5 diseases include chronic pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and cerebrovascular disease.  

SD; standard deviation, CCI; Charlson Comorbidity Index      
c Age (Mean) and Co-morbidity no. (Mean): Student`s t-test. All other variables: Pearson's chi-square 
test.    
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Supplementary eTable 3A. Prevalence of diagnosed diseases in FY2014 applied to the Japanese total population by gender  

      Baseline data in FY2014       Japanese total population   
  Overall   Men   Women   Overall   Men   Women   
    N=246,671 % N=144,237 % N=102,434 % N=88,923,000 % N=44,288,000 % N=44,640,000 % 
Men  144,237  58.5 - - - - 44,288,000  49.8 - - - - 
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8 48.0 15.3 47.7 15.3 48.4 15.4 

 20-24 18,524  7.5 11,315  7.8 7,209  7.0 6,203,000  7.0 3,192,000  7.2 3,012,000  6.7 
 25-29 17,251  7.0 12,014  8.3 5,237  5.1 6,677,000  7.5 3,414,000  7.7 3,264,000  7.3 
 30-34 18,093  7.3 11,104  7.7 6,989  6.8 7,466,000  8.4 3,788,000  8.6 3,680,000  8.2 
 35-39 23,878  9.7 13,278  9.2 10,600  0.3 8,670,000  9.8 4,394,000  9.9 4,276,000  9.6 
 40-44 39,721  16.1 21,640  15.0 18,081  17.7 9,793,000  11.0 4,956,000  11.2 4,837,000  10.8 
 45-49 40,908  16.6 24,191  16.8 16,717  16.3 8,609,000  9.7 4,329,000  9.8 4,278,000  9.6 
 50-54 29,466  11.9 17,577  12.2 11,889  11.6 7,790,000  8.8 3,903,000  8.8 3,887,000  8.7 
 55-59 20,149  8.2 11,343  7.9 8,806  8.6 7,653,000  8.6 3,802,000  8.6 3,853,000  8.6 
 60-64 21,278  8.6 12,706  8.8 8,572  8.4 8,979,000  0.1 4,406,000  9.9 4,573,000  10.2 
 65-69 11,931  4.8 6,768  4.7 5,163  5.0 9,155,000  10.3 4,414,000  10.0 4,741,000  10.6 
 70-74 5,472  2.2 2,301  1.6 3,171  3.1 7,928,000  8.9 3,690,000  8.3 4,239,000  9.5 

AIDS/
HIV  96  0.0 62  0.0 34  0.0 34,034  0.0 18,979  0.0 15,055  0.0 
Any malignancya 12,047  4.9 5,611  3.9 6,436  6.3 5,775,260  6.5 2,668,349  6.0 3,106,911  7.0 
Cerebrovascular disease 10,866  4.4 6,510  4.5 4,356  4.3 5,773,295  6.5 3,023,765  6.8 2,749,530  6.2 
Chronic pulmonary 
disease 43,216  17.5 22,484  15.6 20,732  20.2 17,303,735  19.5 7,713,864  17.4 9,589,871  21.5 
Congestive heart failure 8,497  3.4 5,515  3.8 2,982  2.9 4,317,076  4.9 2,459,170  5.6 1,857,906  4.2 
Deme
ntia  447  0.2 210  0.1 237  0.2 410,326  0.5 179,350  0.4 230,976  0.5 
Diabetes mellitus 27,344  11.1 17,881  12.4 9,463  9.2 12,689,040  14.3 7,122,240  16.1 5,566,801  12.5 
Hemiplegia or paraplegia 813  0.3 533  0.4 280  0.3 424,609  0.5 253,040  0.6 171,569  0.4 
Liver disease 27,127  11.0 16,954  11.8 10,173  9.9 11,341,444  2.8 6,031,029  13.6 5,310,415  11.9 
Metastatic solid tumor 2,532  1.0 1,263  0.9 1,269  1.2 1,235,336  1.4 598,734  1.4 636,601  1.4 
Myocardial infarction 1,628  0.7 1,325  0.9 303  0.3 769,977  0.9 575,894  1.3 194,083  0.4 
Peptic ulcer disease 26,047  10.6 14,511  10.1 11,536  11.3 11,238,524  12.6 5,485,994  12.4 5,752,530  12.9 
Peripheral vascular 
disease 10,407  4.2 5,723  4.0 4,684  4.6 5,197,644  5.8 2,503,359  5.7 2,694,285  6.0 
Renal disease 2,573  1.0 1,751  1.2 822  0.8 1,261,138  1.4 784,770  1.8 476,367  1.1 
Rheumatologic disease 4,146  1.7 1,397  1.0 2,749  2.7 1,928,685  2.2 530,072  1.2 1,398,613  3.1 
³1 disease among top 5 71,880  29.1 40,833  28.3 31,047  30.3 30,041,150  33.8 14,676,045  33.1 15,365,106  34.4 
Disease no. among CCI             

 no disease 171,140  69.4 101,857  70.6 69,283  67.6 57,293,691  64.4 29,006,814  65.5 28,286,877  63.4 
 1 disease 22,947  9.3 12,032  8.3 10,915  10.7 8,464,436  9.5 3,702,220  8.4 4,762,216  10.7 
 2 diseases 17,120  6.9 8,994  6.2 8,126  7.9 6,799,080  7.6 3,029,535  6.8 3,769,544  8.4 
 3 diseases 12,822  5.2 7,273  5.0 5,549  5.4 5,534,827  6.2 2,652,231  6.0 2,882,596  6.5 
 4 diseases 9,588  3.9 5,874  4.1 3,714  3.6 4,261,753  4.8 2,242,062  5.1 2,019,691  4.5 

  ≥ 5 diseases 13,054  5.3 8,207  5.7 4,847  4.7 6,574,213  7.4 3,655,138  8.3 2,919,075  6.5 
Multimorbidity  52,584 21.3 30,348 21.0 22,236 21.7 23,169,873 26.1 11,578,966 26.1 11,590,906 26.0 

Page 42 of 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

(≥2 diseases among 
CCI) 
Values are numbers (%) unless otherwise stated.  
a Any malignancy includes leukemia and 
lymphoma.  
FY; fiscal year  
SD; standard deviation  
CCI; Charlson Comorbidity Index 
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Supplementary eTable 3B. Diagnosed disease prevalence in fiscal year 2014 applied to the Japanese 
total population by age group 
 Overall   20-24   25-29   30-34   
  88,923,000  (100%) 6,204,000  (100%) 6,678,000  (100%) 7,468,000  (100%) 
Men 44,288,000  (49.8%) 3,192,000  (51.5%) 3,414,000  (51.1%) 3,788,000  (50.7%) 
AIDS/HIV 34,034  (0.0%) 1,400  (0.0%) 1,137  (0.0%) 1,394  (0.0%) 
Any malignancya 5,775,260  (6.5%) 24,047  (0.4%) 60,604  (0.9%) 103,907  (1.4%) 
Cerebrovascular disease 5,773,295  (6.5%) 12,484  (0.2%) 23,767  (0.4%) 40,440  (0.5%) 
Chronic pulmonary disease 17,303,735  (19.5%) 656,012  (10.6%) 901,156  (13.5%) 1,184,702  (15.9%) 
Congestive heart failure 4,317,076  (4.9%) 21,322  (0.3%) 34,950  (0.5%) 52,469  (0.7%) 
Dementia 410,326  (0.5%) 418  (0.0%) 0  (0.0%) 1,053  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 50,290  (0.8%) 141,852  (2.1%) 228,348  (3.1%) 
Hemiplegia or paraplegia 424,609  (0.5%) 3,782  (0.1%) 7,489  (0.1%) 10,227  (0.1%) 
Liver disease 11,341,444  (12.8%) 129,091  (2.1%) 259,190  (3.9%) 380,993  (5.1%) 
Metastatic solid tumor 1,235,336  (1.4%) 6,706  (0.1%) 9,643  (0.1%) 15,804  (0.2%) 
Myocardial infarction 769,977  (0.9%) 3,510  (0.1%) 3,859  (0.1%) 7,438  (0.1%) 
Peptic ulcer disease 11,238,524  (12.6%) 213,860  (3.4%) 364,164  (5.5%) 444,445  (6.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 20,276  (0.3%) 42,759  (0.6%) 60,055  (0.8%) 
Renal disease 1,261,138  (1.4%) 6,164  (0.1%) 11,118  (0.2%) 19,957  (0.3%) 
Rheumatologic disease 1,928,685  (2.2%) 17,602  (0.3%) 35,051  (0.5%) 43,777  (0.6%) 
no disease 57,293,691  (64.4%) 5,352,990  (86.3%) 5,500,039  (82.4%) 5,935,225  (79.5%) 
1 disease 8,464,436  (9.5%) 609,768  (9.8%) 666,087  (10.0%) 805,022  (10.8%) 
2 diseases 6,799,080  (7.6%) 163,269  (2.6%) 310,407  (4.6%) 399,222  (5.3%) 
3 diseases 5,534,827  (6.2%) 45,066  (0.7%) 104,758  (1.6%) 178,423  (2.4%) 
4 diseases 4,261,753  (4.8%) 19,190  (0.3%) 52,301  (0.8%) 77,876  (1.0%) 
≥ 5 diseases 6,574,213  (7.4%) 13,716  (0.2%) 44,409  (0.7%) 72,233  (1.0%) 
Multimorbidity  
(≥2 diseases among CCI) 23,169,873 (26.1%) 241,241 (3.9%) 511,875 (7.7%) 727,754 (9.7%) 

aAny malignancy includes leukemia and lymphoma.         
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Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   35-39   40-44   45-49   
  88,923,000  (100%) 8,670,000  (100%) 9,793,000  (100%) 8,607,000  (100%) 
Men 44,288,000  (49.8%) 4,394,000  (50.7%) 4,956,000  (50.6%) 4,329,000  (50.3%) 
AIDS/HIV 34,034  (0.0%) 4,592  (0.1%) 4,124  (0.0%) 3,069  (0.0%) 
Any malignancya 5,775,260  (6.5%) 198,069  (2.3%) 308,591  (3.2%) 393,299  (4.6%) 
Cerebrovascular disease 5,773,295  (6.5%) 93,413  (1.1%) 170,645  (1.7%) 265,098  (3.1%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,446,109  (16.7%) 1,613,639  (16.5%) 1,462,084  (17.0%) 
Congestive heart failure 4,317,076  (4.9%) 90,394  (1.0%) 155,193  (1.6%) 201,862  (2.3%) 
Dementia 410,326  (0.5%) 734  (0.0%) 1,490  (0.0%) 3,606  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 352,333  (4.1%) 553,455  (5.7%) 737,731  (8.6%) 
Hemiplegia or paraplegia 424,609  (0.5%) 13,621  (0.2%) 12,793  (0.1%) 19,669  (0.2%) 
Liver disease 11,341,444  (12.8%) 577,316  (6.7%) 784,095  (8.0%) 858,769  (10.0%) 
Metastatic solid tumor 1,235,336  (1.4%) 29,912  (0.3%) 56,656  (0.6%) 78,055  (0.9%) 
Myocardial infarction 769,977  (0.9%) 8,925  (0.1%) 25,198  (0.3%) 37,793  (0.4%) 
Peptic ulcer disease 11,238,524  (12.6%) 589,633  (6.8%) 749,581  (7.7%) 856,494  (10.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 127,339  (1.5%) 201,866  (2.1%) 288,167  (3.3%) 
Renal disease 1,261,138  (1.4%) 30,634  (0.4%) 46,209  (0.5%) 73,397  (0.9%) 
Rheumatologic disease 1,928,685  (2.2%) 79,300  (0.9%) 108,081  (1.1%) 143,756  (1.7%) 
no disease 57,293,691  (64.4%) 6,707,086  (77.4%) 7,389,249  (75.5%) 6,205,507  (72.1%) 
1 disease 8,464,436  (9.5%) 879,686  (10.1%) 969,263  (9.9%) 762,446  (8.9%) 
2 diseases 6,799,080  (7.6%) 529,075  (6.1%) 633,182  (6.5%) 588,650  (6.8%) 
3 diseases 5,534,827  (6.2%) 284,566  (3.3%) 352,334  (3.6%) 416,546  (4.8%) 
4 diseases 4,261,753  (4.8%) 152,965  (1.8%) 232,087  (2.4%) 297,143  (3.5%) 
≥ 5 diseases 6,574,213  (7.4%) 116,621  (1.3%) 216,885  (2.2%) 336,707  (3.9%) 
Multimorbidity  
(≥2 diseases among CCI) 23,169,873 (26.1%) 1,083,227 (12.5%) 1,434,488 (14.6%) 1,639,046 (19.0%) 
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aAny malignancy includes leukemia and lymphoma.         
 
 
Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   50-54   55-59   60-64   
  88,923,000  (100%) 7,790,000  (100%) 7,655,000  (100%) 8,979,000  (100%) 
Men 44,288,000  (49.8%) 3,903,000  (50.1%) 3,802,000  (49.7%) 4,406,000  (49.1%) 
AIDS/HIV 34,034  (0.0%) 2,979  (0.0%) 3,324  (0.0%) 5,281  (0.1%) 
Any malignancya 5,775,260  (6.5%) 483,592  (6.2%) 624,101  (8.2%) 958,696  (10.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 387,663  (5.0%) 573,513  (7.5%) 965,151  (10.7%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,469,169  (18.9%) 1,565,078  (20.4%) 2,074,822  (23.1%) 
Congestive heart failure 4,317,076  (4.9%) 316,491  (4.1%) 443,956  (5.8%) 694,542  (7.7%) 
Dementia 410,326  (0.5%) 7,254  (0.1%) 14,375  (0.2%) 27,048  (0.3%) 
Diabetes mellitus 12,689,040  (14.3%) 1,028,899  (13.2%) 1,477,049  (19.3%) 2,197,472  (24.5%) 
Hemiplegia or paraplegia 424,609  (0.5%) 26,826  (0.3%) 43,702  (0.6%) 56,416  (0.6%) 
Liver disease 11,341,444  (12.8%) 1,063,948  (13.7%) 1,316,086  (17.2%) 1,785,515  (19.9%) 
Metastatic solid tumor 1,235,336  (1.4%) 104,654  (1.3%) 136,279  (1.8%) 204,377  (2.3%) 
Myocardial infarction 769,977  (0.9%) 65,457  (0.8%) 76,970  (1.0%) 130,757  (1.5%) 
Peptic ulcer disease 11,238,524  (12.6%) 977,192  (12.5%) 1,190,533  (15.6%) 1,633,285  (18.2%) 
Peripheral vascular disease 5,197,644  (5.8%) 411,839  (5.3%) 554,776  (7.2%) 876,673  (9.8%) 
Renal disease 1,261,138  (1.4%) 95,578  (1.2%) 126,432  (1.7%) 202,057  (2.3%) 
Rheumatologic disease 1,928,685  (2.2%) 191,910  (2.5%) 235,332  (3.1%) 326,918  (3.6%) 
no disease 57,293,691  (64.4%) 5,087,646  (65.3%) 4,435,684  (57.9%) 4,468,987  (49.8%) 
1 disease 8,464,436  (9.5%) 687,805  (8.8%) 680,727  (8.9%) 859,388  (9.6%) 
2 diseases 6,799,080  (7.6%) 631,794  (8.1%) 687,732  (9.0%) 933,542  (10.4%) 
3 diseases 5,534,827  (6.2%) 510,570  (6.6%) 638,438  (8.3%) 881,741  (9.8%) 
4 diseases 4,261,753  (4.8%) 382,265  (4.9%) 509,123  (6.7%) 729,058  (8.1%) 
≥ 5 diseases 6,574,213  (7.4%) 489,921  (6.3%) 703,297  (9.2%) 1,106,284  (12.3%) 
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Multimorbidity 
(≥2 diseases among CCI) 23,169,873 (26.1%) 2,014,550 (25.9%) 2,538,590 (33.2%) 3,650,625 (40.7%) 

aAny malignancy includes leukemia and lymphoma.         
 
 
Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014  
applied to the Japanese total population by age group 
 Overall   65-69   70-74   
  88,923,000  (100%) 9,155,000  (100%) 7,929,000  (100%) 
Men 44,288,000  (49.8%) 4,414,000  (48.2%) 3,690,000  (46.5%) 
AIDS/HIV 34,034  (0.0%) 3,793  (0.0%) 2,940  (0.0%) 
Any malignancya 5,775,260  (6.5%) 1,296,908  (14.2%) 1,323,445  (16.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 1,404,663  (15.3%) 1,836,456  (23.2%) 
Chronic pulmonary disease 17,303,735  (19.5%) 2,445,425  (26.7%) 2,485,540  (31.3%) 
Congestive heart failure 4,317,076  (4.9%) 931,107  (10.2%) 1,374,790  (17.3%) 
Dementia 410,326  (0.5%) 83,286  (0.9%) 271,063  (3.4%) 
Diabetes mellitus 12,689,040  (14.3%) 2,891,848  (31.6%) 3,029,762  (38.2%) 
Hemiplegia or paraplegia 424,609  (0.5%) 81,998  (0.9%) 148,087  (1.9%) 
Liver disease 11,341,444  (12.8%) 2,094,406  (22.9%) 2,092,035  (26.4%) 
Metastatic solid tumor 1,235,336  (1.4%) 300,280  (3.3%) 292,970  (3.7%) 
Myocardial infarction 769,977  (0.9%) 197,033  (2.2%) 213,037  (2.7%) 
Peptic ulcer disease 11,238,524  (12.6%) 2,053,538  (22.4%) 2,165,800  (27.3%) 
Peripheral vascular disease 5,197,644  (5.8%) 1,181,335  (12.9%) 1,432,557  (18.1%) 
Renal disease 1,261,138  (1.4%) 257,988  (2.8%) 391,604  (4.9%) 
Rheumatologic disease 1,928,685  (2.2%) 374,826  (4.1%) 372,134  (4.7%) 
no disease 57,293,691  (64.4%) 3,803,485  (41.5%) 2,407,794  (30.4%) 
1 disease 8,464,436  (9.5%) 785,842  (8.6%) 758,403  (9.6%) 
2 diseases 6,799,080  (7.6%) 1,013,307  (11.1%) 908,900  (11.5%) 
3 diseases 5,534,827  (6.2%) 1,074,487  (11.7%) 1,047,899  (13.2%) 
4 diseases 4,261,753  (4.8%) 886,159  (9.7%) 923,584  (11.6%) 
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≥ 5 diseases 6,574,213  (7.4%) 1,591,721  (17.4%) 1,882,418  (23.7%) 
Multimorbidity 
(≥2 diseases among CCI) 23,169,873 (26.1%) 4,565,674 (49.9%) 4,762,801 (60.1%) 

aAny malignancy includes leukemia and lymphoma.       
       

 
Supplementary eTable 4. Hazard ratios in multimorbid individuals based on 
hospitalisation or death rates in a 5-year cohort of n = 111 088 men and n = 70 871 
women.  Cox regression analysis   

Overalla                         
 Full Model 20-39 years 40-59 years 60-71 years 
  HR 95%CI HR 95%CI HR 95%CI HR 95%CI 
Age 1.02 1.01 1.02          

Sex 0.97 0.95 0.99 0.36 0.34 0.37 1.29 1.25 1.33 1.44 1.38 1.51 
≥2 diseases 2.17 2.12 2.21 2.17 2.05 2.29 2.31 2.24 2.38 2.05 1.97 2.14 
Menb                         
Age 1.03 1.03 1.04          

≥2 diseases 2.04 1.98 2.10 2.81 2.56 3.07 2.25 2.17 2.34 1.94 1.84 2.04 
Womenb                         
Age 0.99 0.99 1.00          

≥2 diseases 2.22 2.15 2.30 1.91 1.78 2.04 2.42 2.30 2.54 2.28 2.12 2.44 
aReferences are female for sex, no disease for morbidity 
variables 

        

bReference is no disease for morbidity variables          

HR; hazard ratio, CI; confidence interval           
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3

37 Abstract 

38 Objective

39 To describe the prevalence of multimorbidity and its associations with clinical outcomes 

40 across age groups.

41 Design

42 Retrospective cohort study using nationwide medical claims data.

43 Setting

44 Carried out in Japan between April 2014 and March 2019. 

45 Participants

46 N = 246 671 Japanese individuals aged 20-74 enrolled in the Health Insurance 

47 Association for Architecture and Civil Engineering companies (HIA2CE) were included 

48 into the baseline data set for fiscal year (FY) 2014. Of those, N = 181 959 individuals 

49 were included into the cohort data set spanning FY2014-FY2018.

50 Exposures

51 Multimorbidity was defined as having ≥2 of 15 chronic conditions according to the ICD-

52 10 codes of the Charlson Comorbidity Index.  

53 Primary and Secondary Outcomes
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4

54 Primary outcome for descriptive analysis: The standardised prevalence of multimorbidity 

55 across age groups was evaluated using data from FY 2014 and extrapolated to the 

56 Japanese total population. Secondary Outcome for Cox regression model: 

57 Hospitalisation or death events were traced by month using medical claims data and 

58 insurer enrolment data. Associations between multimorbidity and 5-year hospitalisation 

59 and/or death events across age groups were analysed using a Cox regression model. 

60 Results 

61 The standardised prevalence rate of multimorbidity in the nationwide Japanese total 

62 population was approximately 5% (ages 25-24 (3.9%), 25-29 (7.7%)), 10% (30-34 

63 (9.7%), 35-39 (12.5%)), 20% (40-44 (14.6%), 45-49 (19.0%)), 30% (50-54 (25.9%), 55-

64 59 (33.2%)), 50% (60-64 (40.7%), 65-69 (49.9%),), and 60% (70-74).

65  Compared to individuals aged 20-39 without multimorbidity, those with multimorbidity 

66 had a higher incidence of clinical events in any age group (HR = 2.43 [95% CI, 2.30-

67 2.56] in ages 20-39, HR = 2.55 [95% CI, 2.47-2.63] in ages 40-59, and HR = 3.41 [95% 

68 CI, 3.23-3.53] in ages ≥60). The difference in the incidence of clinical events between 

69 multimorbidity and no-multimorbidity was larger than that between age groups. 

70 Conclusions 
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71 Multimorbidity is already prevalent in the middle-aged generation and is associated with 

72 poor clinical outcomes. These findings underscore the significance of multimorbidity and 

73 highlight the urgent need for preventive intervention at the public health care level.

74
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75 Article Summary

76

77 Strengths and limitations of this study

78  The current study covers a wide age range of individuals from a nationwide 

79 general population. 

80  Japan`s high medical insurance coverage rate made it possible to 

81 comprehensively identify chronic diseases from receipts. 

82  The longitudinal analysis enabled the examination of clinical outcomes of 

83 multiple co-morbidities. 

84  The prevalence of multimorbidity may be underestimated because the target 

85 population comprised regular employees and their families and might 

86 accordingly be healthier than the general population. 

87

88 Keywords

89 chronic disease, insurance claims, middle age, multimorbidity, preventive medicine 

90
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91 Introduction

92 Aging societies worldwide face the problem of how to provide adequate and 

93 affordable health care for a growing number of patients with multiple chronic conditions, 

94 termed multimorbidity.1,2 Managing multimorbidity is becoming a global challenge on the 

95 clinical and public healthcare level not only in high-, but also in low- and middle-income 

96 countries.3 Many epidemiological studies on multimorbidity have shown its association 

97 with age, socio-demographic and socio-economic factors.4-7 In addition, numerous 

98 studies have shown that multiple comorbidities are common in older people.8-11 It has 

99 been reported that multimorbid older patients had more than twice as many contacts per 

100 year with physicians than those without multimorbidity12 and that the likelihood of being 

101 hospitalised was increased by a factor of 5.6 due to multiple co-morbidities.8 On the 

102 other hand, the accumulation of chronic diseases occurs continuously from middle age. 

103 A number of recent studies conducted in various countries have reported that the onset 

104 of multimorbidity is shifting towards younger age groups.6, 13-15 However, multimorbidity 

105 studies tend to focus on older people, and in-depth knowledge on multimorbidity in 

106 younger age groups is lacking.

107 Here, to evaluate the current status of multimorbidity across age groups and examine 

108 its association with clinical outcomes, we analysed a large nationwide medical claims 
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109 cohort. Our findings add to existing knowledge by showing that multimorbidity has a 

110 significant impact on health starting from middle age and underscore the need for 

111 preventive intervention on the public health care level.  

112
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113 Materials and Methods

114 Data source

115 We used the nationwide medical claims and enrolment data of the Health Insurance 

116 Association for Architecture and Civil Engineering companies (HIA2CE), which is one of 

117 the largest social insurance associations in Japan. HIA2CE is a comprehensive insurer 

118 which includes 1700 companies, from small engineering companies to middle and large 

119 construction companies across Japan. This claims database covers a total of 400 000 

120 insured persons, consisting of employees and their dependents. 

121 The insured-based data base is used widely and one of the popular real-world data in 

122 Japan.16 Japan has maintained a universal health coverage system since 1961. All 

123 medical information regarding clinical practice covered by this health insurance is 

124 included in the medical claims data, except for self-financed medical care and 

125 individuals who receive public assistance. Furthermore, medical facilities have been 

126 obliged since 2011 to submit medical claims data as an electronic record. Medical 

127 claims data include the names of the diagnosed diseases, the names of medical 

128 procedures, and the names of prescribed medications, among others. In the present 

129 study, we extracted the age, sex, names and ICD-10 codes of diagnosed diseases, and 

130 hospitalisations and deaths from the medical claims data in HIA2CE from FY2014 to 
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131 FY2018 (April 2014 to March 2019). The enrolment data from HIA2CE includes the 

132 medical characteristics and in-out information of insured persons as of April 2019.

133

134 Research design and study population

135 We prepared two data sets for analysis. The first was a cross-sectional data set 

136 containing baseline data of FY2014, which we used to describe the diagnosed disease 

137 prevalence in FY2014. The study population for this baseline data set included 

138 individuals aged 20 to 74 years insured in FY2014 (April 2014 to March 2015). Since 

139 HIA2CE is a type of insurance for workers in Japan, the database include only under 75 

140 years individuals. Therefore, the maximum age in this cohort was 74 years. Participants 

141 younger than 20 in FY2014 as well as participants who died during FY2014 were 

142 excluded (Fig.1). The cohort data set contained longitudinal data for a 5-year period, 

143 FY2014 to FY2018 (April 2014 to March 2019). The second data set contained 

144 participants insured in whole period. We used this cohort data set to conduct Cox 

145 regression analysis and calculate hazard ratios (HR)s for clinical events (Fig. 1).

146

147 Definition of diagnosed diseases and multimorbidity
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148 There are a variety of definitions for chronic conditions in multimorbidity studies.17-19 

149 We used the Charlson Comorbidity Index (CCI) which is a validated tool to assess the 

150 diseases associated with a significant risk of clinical events.20 The reason, we used CCI, 

151 was that we focused on describing the prevalence of each disease and also assessing 

152 the association of multimorbidity on hospitalisation or death. The CCI Canadian version 

153 has been reported to be applicable to Japanese claims data.21 We therefore defined 

154 diagnosed diseases using medical claims data following ICD-10 codes of the CCI 

155 Canada version. We merged the conditions “diabetes with chronic complication” and 

156 “diabetes without chronic complication” into “diabetes mellitus”, and “mild liver disease” 

157 and “moderate or severe liver disease” into “liver disease”. The following 15 chronic 

158 conditions were included: AIDS/HIV, any malignancy (including lymphoma and 

159 leukaemia), cerebrovascular disease, chronic pulmonary disease, congestive heart 

160 failure, dementia, diabetes mellitus, hemiplegia or paraplegia, metastatic solid tumour, 

161 liver disease, myocardial infarction, peptic ulcer disease, renal disease, and 

162 rheumatologic disease. The ICD-10 codes of these diseases are shown in eTable 1 in 

163 the Supplement. Multimorbidity status was defined as the concurrent presence of two or 

164 more (≥2) diagnosed diseases among these conditions.22, 23 We only used confirmed 

165 diagnoses, not including suspected diagnoses, in Japanese claims data.　 
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166

167 Definition of outcome events; hospitalisation or death

168 We defined two composite outcomes, hospitalisation or death, which occurred during 

169 the period from FY2015 to FY2018. Using the medical claims data, both events were 

170 traced by month. In Japan, the validity of death event information is reported to be less 

171 sensitive if derived from medical claims data only.24, 25 Therefore, we also used death 

172 information from enrolment data recorded by the insurer: if either contained death 

173 information, this was defined as a death event.

174

175 Estimation of diagnosed disease prevalence to a nationwide scale 

176 Diagnosed disease prevalence from baseline data was standardised to the 

177 nationwide Japanese total population. We calculated prevalence rates according to 

178 groups by 5-year age brackets and sex. Then, we estimated the prevalence rates 

179 standardized to Japanese total population (age-sex standardized prevalence rate), 

180 using the number from the vital statistics 2014 in Japan.26

181

182 The association of multimorbidity with outcome by age group 
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183 To examine the association of multimorbidity with outcome by age group, we 

184 performed Cox regression analysis adjusted by sex using cohort data from four 

185 consecutive years (FY2015 to FY2018). The independent and additive effect of 

186 multimorbidity and aging, we defined combined categories according to three age 

187 groups representing “young”, “middle”, and “old” ages (20-39, 40-59, and ≥60, 

188 respectively) and the binary status of multimorbidity, with the reference set as no 

189 multimorbidity individuals aged 20-39. This model was able to show HR for aging alone 

190 (e.g., HR for 40-59 ages without multimorbidity vs 20-39 ages without multimorbidity 

191 and complex of aging and morbidity(e.g., HR for 40-59 ages with multimorbidity vs 20-

192 39 ages without multimorbidity).

193

194 Statistical analysis

195 Cox regression was conducted for the association of multimorbidity with outcome by 

196 age group. Our hypothesis was aging and MM or these combination leads to worsen 

197 clinical events. Therefore, we defined 6 groups which were a combination of 3 

198 categories of generation and MM, and we estimated HR in each group in reference of 

199 young (aged 20-39) without MM. Regarding this model, we interpreted both the 

200 independent impact of generation and MM on outcomes and the impact of MM in each 
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201 generation. Results were considered statistically significant at a two-sided P-value of 

202 less than 0.05. All analyses were conducted using Stata software version 15.1 

203 (StataCorp LLC; College Station, TX, USA). 

204

205 Patient and Public involvement

206 Patients or the public were not involved in this research. However, the results of this 

207 study will be disseminated to the public through various means including published 

208 papers and presentations.

209
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210 Results

211 Study participants

212 We analysed n = 246 671 individuals in the baseline data set in FY2014 (Table1) and 

213 n = 181 959 individuals in the cohort data set FY2014-FY2018. Because the follow-up 

214 was four years, the cohort data set was slightly smaller than the baseline data set, 

215 especially as a number of young individuals aged 20-24 and older individuals aged >60 

216 dropped out. This may be due to raising children or early retirement, and explains the 

217 higher proportion of men in the cohort data set. Mean age and co-morbidity numbers 

218 among CCI diseases were mostly comparable between the two data sets, although the 

219 prevalence differed for diabetes mellitus, cerebrovascular disease, and chronic 

220 pulmonary disease (eTable 2 in the Supplement). In the cohort data set, differences in 

221 disease prevalence between genders were observed. Notably, men had a higher 

222 prevalence of diabetes mellitus (P = 0.001) whereas women had a higher prevalence of 

223 chronic pulmonary disease (P = 0.002). 

224

225 Estimated prevalence of multimorbidity in the Japanese total population

226 The prevalence of diagnosed diseases in FY2014 was applied to the vital statistics of 

227 the Japanese population in 2014. The standardised prevalence of multimorbidity was 
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228 estimated to 26.1% (26.1% in men, 26.0% in women) in the Japanese total population 

229 (eTable 3A in the Supplement). The prevalence rate with age was increased , i.e., 

230 approximately 5% (25-24 (3.9%), 25-29 (7.7%)), 10% (30-34 (9.7%), 35-39 (12.5%)), 

231 20% (40-44 (14.6%), 45-49 (19.0%)), 30% (50-54 (25.9%), 55-59 (33.2%)), 50% (60-64 

232 (40.7%), 65-69 (49.9%)), and 60% (70-74).(Fig. 2A. Details of the prevalence of 

233 diseases as well as the below results are shown in eTable 3B in the Supplement). 

234 Figure 2B shows the types of diseases and their prevalence across age groups. The top 

235 five diseases across the age groups “young” (20-39), “middle-aged (40-59), and “old” 

236 (60-74) in order of prevalence were “young”: chronic pulmonary disease, peptic ulcer 

237 disease, liver disease, diabetes mellitus, and any malignancy; “middle-aged”: chronic 

238 pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and any 

239 malignancy; and “old”: diabetes mellitus, chronic pulmonary disease, liver disease, 

240 peptic ulcer disease, and cerebrovascular disease. Notably, diabetes mellitus moved up 

241 across the age groups from ranking fourth to first. In Figure 2C, disease prevalence is 

242 shown in comparison to disease prevalence in the 40-44 age group. After the age of 40-

243 44, the top five accelerating diseases were dementia, cerebrovascular disease, 

244 peripheral vascular disease, metastatic tumour, and congestive heart failure.  

245
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246 The association of multimorbidity with outcome by age group. 

247 The composite outcomes occurred 17.2% (death 0.8%, hospitalisation 16.9%) in the 

248 follow-up period (eTable2). Cox regression analysis showed that young individuals aged 

249 20-39 with multimorbidity had a higher hazard ratio (HR) compared to the same age 

250 group without multimorbidity (HR = 2.43 [95% CI, 2.30-2.56]). Further, HRs increased 

251 across age groups (HR = 2.55 [95% CI, 2.47-2.63] ages 40-59; HR = 3.41 [95% CI, 

252 3.23-3.53] ages ≥60) (Fig. 3). The impact of multimorbidity on outcome exceeded that of 

253 aging (HR = 1.62 [95% CI, 1.56-1.69] ages ≥60 and HR = 1.10 [95% CI, 1.07-1.13] ages 

254 40-59 without multimorbidity) (Fig. 3). That was to say, even in aged 20-39 with 

255 multimorbidity has a risk more than ages ≥60 without multimorbidity.

256 We also assessed HRs for non-multimorbid and multimorbid women and men 

257 separately and found that women had a lower HR than men in the 20-39 age group but 

258 a higher HR than men in the ≥60 age group (eTable 4 in the Supplement).
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260 Discussion

261 In this study we analysed nationwide medical claims data for 15 chronic diseases in a 

262 large cohort of the general population of Japan. As key findings, standardised 

263 prevalence rates for multimorbidity were estimated to 26.1% for men and 26.0% for 

264 women. Further, age group-specific prevalence rates for multimorbidity ranged from 

265 3.9% (20-24 years) to 14.6% (40-44 years) and 60.1% (70-74 years), showing an 

266 accelerating increase after age 40. Importantly, significant differences in the clinical 

267 outcomes of multimorbidity versus no multimorbidity were already present in young and 

268 middle-aged individuals.

269 The present study drew individuals covering a wide age range from a nationwide 

270 general population. This allowed us to examine the burden of multiple co-morbidities in 

271 young, middle-aged and old age groups in the real world. In addition, because Japan 

272 has a high medical insurance coverage rate, it was possible to comprehensively identify 

273 chronic diseases from receipts. Further, longitudinal analysis enabled us to examine the 

274 clinical outcomes of multiple co-morbidities. With regard to limitations, the target 

275 population comprised regular employees and their families and might accordingly be 

276 healthier than the general population. Also, we defined multimorbidity by disease list 

277 included in CCI most likely to lead to death, hence, we were not able to consider other 
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278 diseases associated with health-related quality of life loss. CCI originally includes 

279 comorbidities that have a strong impact on mortality, not quality of life and well-being. 

280 The presence of mental or psychosomatic disorders, which have been shown to be 

281 increasing, particularly in individuals already suffering from other chronic diseases,27 

282 younger people,28 and people with a low socio-economic status. 29 Such diseases often 

283 remain undiagnosed or underreported in health records. 30 Also, we collected diseases 

284 which were occurred during the year (FY2014). Therefore, patients who were untreated, 

285 undiagnosed, or discontinued treatment cannot be picked up. These limitations likely 

286 contributed to an underestimation of multimorbidity in our cohort. Further, because we 

287 did not manually verify the presence of disease using the physician’s medical records 

288 data or medication information, disease names extracted from the medical claims data 

289 might be incorrect in some cases. In particular, Japanese physicians sometimes change 

290 the name of the disease in the medical record to the “correct” disease name for the 

291 medication they wish to prescribe, a practice called “disease name for claims data”. 

292 Because of differences in data sources and study populations, direct comparison of 

293 population-based prevalence rates between studies is not straightforward. Nonetheless, 

294 the standardised prevalence rates for multimorbidity as reported in the present study - 

295 26.1% for men and 26.0% for women - are similar to those reported by recent studies in 
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296 other high-income countries, such as the United States (25% in men, 25% in women), 31 

297 England (24.4% in men, 30% in women), 32 Canada (24.3% whole population),5 and 

298 Denmark (19.3% in men, 23.7% in women).6 Also recently some Asian countries 

299 reported similar prevalence, Iran (13.4% in men, 25.0% in women),33 India, and 

300 Bangladesh (53.7% - 56.5% in both genders, over aged 60).34 Many previous studies on 

301 multimorbidity focused on the older generation, aged 65 and up, because of the larger 

302 number of chronic diseases in this age group and the increasing number of people 

303 entering it. However, our present data show that already approximately 10% of 30-34-, 

304 19% of 45-49-, and 33% of 55-59-year-olds have ≥2 chronic diseases. Further, 1% of 

305 30-34-, 4% of 45-49-, and 9% of 55-59-year-olds have ≥5 chronic diseases. These 

306 results show that multimorbidity is already prominent in the middle-aged population. 

307 Recent studies reported similar or slightly higher prevalence rates for ≥2 chronic 

308 diseases in an American (8% of 30-, 20% of 45-, and 38% of 55-year-olds)29 and a 

309 Canadian (10.5% of 18-44-, 27.4% of 45-54-, and 46.6% of 55-64-year-olds)5 

310 population, although these two studies also included mental diseases and osteoporosis, 

311 which our present study did not. Our present study shows that, among 15 chronic 

312 diseases, the top five diseases in the 55-64 age group are chronic pulmonary disease 

313 (20.4-23.1%), diabetes mellitus (19.3-24.5%), liver disease (17.2-19.9%), peptic ulcer 
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314 disease (15.6-18.2%), and any malignancy (8.2-10.7%). With regard to diabetes 

315 mellitus, the prevalence in the present study is similar to that previously reported in an 

316 American population (15-30% in individuals aged 55-65)29 but higher than that in a 

317 Canadian population (16.6% in individuals aged 55-64)4. The prevalence of chronic 

318 pulmonary disease in our present 55-65-year-olds was almost twice as high as those 

319 seen for the combined prevalence of asthma and chronic obstructive pulmonary disease 

320 (COPD) in an American population aged 55-65 years (5% for men and 10% for 

321 women)29 and in a Canadian population aged 55-64 years (13.7%).5 This difference 

322 might have arisen due to our inclusion of various other pulmonary diseases besides 

323 asthma and COPD. Regarding liver disease, the prevalence seen for 55-65-year-olds in 

324 the present study was comparable to that seen in an adult population in Northern Italy35 

325 and in an adult population in Korea,36 although this comparison requires care since the 

326 types of liver disease in these studies and the age groups included vary. 

327 Analysis of clinical outcomes using Cox regression revealed that the presence of 

328 multimorbidity increased HRs in all age groups, including young individuals. In addition, 

329 the comparison of the increased HRs resulting from multimorbidity versus no 

330 multimorbidity showed that the impact of multimorbidity exceeds that of increasing age. 

331 These results indicate that multimorbidity places a burden on all age groups. 
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332 Most of the five most prevalent diseases (diabetes mellitus, chronic pulmonary 

333 disease, liver disease, peptic ulcer disease, and any malignancy) in the present study 

334 are lifestyle-related diseases that develop slowly over time. This trend should be 

335 greeted with alarm. We trust that this study raises awareness of the potential health 

336 risks and burden associated with the early onset of multimorbidity in young and middle-

337 aged, the period when one is busy working and raising children. Future studies should 

338 investigate the specific lifestyle factors associated with an elevated risk of multimorbidity 

339 in the Japanese working population. Ultimately, public health care policies should be 

340 aimed at efforts to reverse the trend toward early multimorbidity onset. 

341 In conclusion, the present study confirmed the prevalence of MM by including in the 

342 denominator those who did not have the receipt of medical claims and to estimate the 

343 prevalence of MM in the general population. Furthermore, we revealed that the impact 

344 of multimorbidity is already clinically significant in middle-aged Japanese, with elevated 

345 adverse events such as hospitalisation or death. In addition, the risk posed by 

346 multimorbidity exceeds that of aging in all age groups. These results underscore the 

347 need to undertake healthcare intervention against the onset of multimorbidity before 

348 middle-aged, and not to leave it as a problem for geriatricians. 

349
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385 Figure 1. Participant selection flowchart. FY; fiscal year
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386

387 Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-

388 74. A) Percentage of the population having 0 to ≥5 chronic diseases by age group. B) 

389 Prevalence of the top ten chronic diseases by age group. C) The top ten chronic 

390 diseases with the steepest increase after age 40-44 years.

391

392 Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 

393 diagnosed diseases) in three age groups in a 5-year cohort of n = 181 959 Japanese 

394 aged 20-71. Cox regression analysis. HR; hazard ratio, CI; confidence interval
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537 Table 1. Prevalence of diagnosed diseases in FY2014 applied to the Japanese 

538 total population

  Baseline data in FY2014
Overall  Men  Women  

  N=246,671 % N=144,237 % N=102,434 %
Men 144,237 58.5 - - - -
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8

20-24 18,524 7.5 11,315 7.8 7,209 7.0
25-29 17,251 7.0 12,014 8.3 5,237 5.1
30-34 18,093 7.3 11,104 7.7 6,989 6.8
35-39 23,878 9.7 13,278 9.2 10,600 0.3
40-44 39,721 16.1 21,640 15.0 18,081 17.7
45-49 40,908 16.6 24,191 16.8 16,717 16.3
50-54 29,466 11.9 17,577 12.2 11,889 11.6
55-59 20,149 8.2 11,343 7.9 8,806 8.6
60-64 21,278 8.6 12,706 8.8 8,572 8.4
65-69 11,931 4.8 6,768 4.7 5,163 5.0
70-74 5,472 2.2 2,301 1.6 3,171 3.1

AIDS/HIV 96 0.0 62 0.0 34 0.0
Any malignancya 12,047 4.9 5,611 3.9 6,436 6.3
Cerebrovascular disease 10,866 4.4 6,510 4.5 4,356 4.3
Chronic pulmonary disease 43,216 17.5 22,484 15.6 20,732 20.2
Congestive heart failure 8,497 3.4 5,515 3.8 2,982 2.9
Dementia 447 0.2 210 0.1 237 0.2
Diabetes mellitus 27,344 11.1 17,881 12.4 9,463 9.2
Hemiplegia or paraplegia 813 0.3 533 0.4 280 0.3
Liver disease 27,127 11.0 16,954 11.8 10,173 9.9
Metastatic solid tumor 2,532 1.0 1,263 0.9 1,269 1.2
Myocardial infarction 1,628 0.7 1,325 0.9 303 0.3
Peptic ulcer disease 26,047 10.6 14,511 10.1 11,536 11.3
Peripheral vascular disease 10,407 4.2 5,723 4.0 4,684 4.6
Renal disease 2,573 1.0 1,751 1.2 822 0.8
Rheumatologic disease 4,146 1.7 1,397 1.0 2,749 2.7
1 disease among top 5 71,880 29.1 40,833 28.3 31,047 30.3
Disease no. among CCI 

no disease 171,140 69.4 101,857 70.6 69,283 67.6
1 disease 22,947 9.3 12,032 8.3 10,915 10.7
2 diseases 17,120 6.9 8,994 6.2 8,126 7.9
3 diseases 12,822 5.2 7,273 5.0 5,549 5.4
4 diseases 9,588 3.9 5,874 4.1 3,714 3.6

 ≥ 5 diseases 13,054 5.3 8,207 5.7 4,847 4.7
Multimorbidity 
(≥2 diseases among CCI) 52,584 21.3 30,348 21.0 22,236 21.7
Values are numbers (%) unless otherwise stated.
a Any malignancy includes leukemia and lymphoma.
FY; fiscal year 
SD; standard deviation 
CCI; Charlson Comorbidity Index
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Figure 1. Participant selection flowchart. FY; fiscal year 
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Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-74. A) Percentage of 
the population having 0 to ≥5 chronic diseases by age group. B) Prevalence of the top ten chronic diseases 

by age group. C) The top ten chronic diseases with the steepest increase after age 40-44 years. 
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Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 diagnosed diseases) in 
three age groups in a 5-year cohort of n = 181 959 Japanese aged 20-71. Cox regression analysis. HR; 

hazard ratio, CI; confidence interval 
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Supplementary eTable 1. List of diseases and their ICD-10 codes used to define diseases in medical claims data  
Diseases       ICD-10 codes 
AIDS/HIV       B20.x-B22.x, B24.x 

Any malignancy, incl. leukemia and lymphoma 
C00.x-C26.x, C30.x-C34.x, C37.x-C41x, C45.x-C58.x, C60.x-C76.x, C81.x-C85.x, C88.3, 
C88.7, C88.9, C90.0, C90.1, C91.x- C93.x, C94.0-C94.3, C94.5, C94.7, C95.x, C96.x, C43.x, 
C88.0-C88.2, C90.2, C94.4, C97.x 

Cerebrovascular disease     I69.x, G45.x, G46.x, H34.0, I60.x-I68.x 
Chronic pulmonary 
disease     J41.x-J47.x, J60.x-J66.x, I27.8, I27.9, J40.x, J67.x, J68.4, J70.1, J70.3 

Congestive heart failure     I50.x, I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5- I42.9, I43.x, P29.0 
Dementia       F00.x-F02.x, F03.x, F05.1, G30.x, G31.1 

Diabetes with chronic complication   E10.2-E10.4, E11.2-E11.4, E13.2-E13.4, E14.2-E14.4, E10.5, E10.7, E11.5, E11.7, E12.2-
E12.5, E12.7, E13.5, E13.7, E14.5, E14.7 

Diabetes without chronic complication   E10.1, E10.9, E11.1, E11.9, E13.1, E13.9, E14.1, E14.9, E10.0, E10.6, E10.8, E11.0, E11.6, 
E11.8, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.6, E13.8, E14.0, E14.6, E14.8 

Hemiplegia or paraplegia     G81.x, G82.0-G82.2, G04.1, G11.4, G80.1, G80.2, G82.3-G82.5, G83.0-G83.4, G83.9 

Metastatic solid tumor     C77.x-C79.x, C80.x 

Mild liver disease     K70.3, K71.7, K73.x, K74.3- K74.6, B18.x, K70.0-K70.2, K70.9, K71.3-K71.5, K74.0-K74.2, 
K76.0, K76.2-K76.4, K76.8, K76.9, Z94.4 

Moderate or severe liver disease   K72.1, K72.9, K76.6, K76.7, I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K76.5 
Myocardial infarction     I25.2, I21.x, I22.x 

Peptic ulcer disease     K25.4-K25.7, K26.4-K26.7, K27.4-K27.7, K28.4-K28.7, K25.0-K25.3, K25.9, K26.0-K26.3, 
K26.9, K27.0-K27.3, K27.9, K28.0-K28.3, K28.9 

Peripheral vascular disease   I71.x, I73.9, Z95.8, Z95.9, I70.x, I73.1, I73.8, I77.1, 
I79.0, I79.2, K55.1, K55.8, K55.9 
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Renal disease     N18.x, I12.0, I13.1, N03.2-N03.7, N05.2-N05.7, N19.x, N25.0, Z49.0-Z49.2, Z94.0, Z99.2 

Rheumatology disease     M05.x, M06.0, M32.x, M33.2, M34.x, M35.3, M06.1-M06.4, M06.8, M06.9, M31.5, M33.0, 
M33.1, M33.9, M35.1, M36.0 

 
Supplementary eTable 2. Characteristics of baseline data in fiscal year 2014 and cohort data 
  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Men  142,471  (58.8%) 111,088  (61.1%) <0.01 
Age (Mean, SD) 44.5  (12.5) 44.7  (10.6) <0.01 

 20-24 18,524  (7.6%) 5,052  (2.8%) <0.01 

 25-29 17,251  (7.1%) 12,675  (7.0%)  
 30-34 18,093  (7.5%) 14,784  (8.1%)  
 35-39 23,878  (9.9%) 20,508  (11.3%)  
 40-44 39,721  (16.4%) 35,168  (19.3%)  
 45-49 40,908  (16.9%) 37,124  (20.4%)  
 50-54 29,466  (12.2%) 25,906  (14.2%)  
 55-59 20,149  (8.3%) 13,052  (7.2%)  
 60-64 21,278  (8.8%) 10,735  (5.9%)  
 65-69 11,931  (4.9%) 6,246  (3.4%)  
 70-71 1,161  (0.5%) 709  (0.4%)  

AIDS/HIV  94  (0.0%) 74  (0.0%) 0.76 
Any malignancya 11,343  (4.7%) 8,377  (4.6%) 0.24 
Cerebrovascular disease 9,860  (4.1%) 6,971  (3.8%) <0.01 
Chronic pulmonary disease 41,866  (17.3%) 32,093  (17.6%) <0.01 
Congestive heart failure 7,751  (3.2%) 5,710  (3.1%) 0.27 
Dementia  291  (0.1%) 190  (0.1%) 0.13 
Diabetes mellitus 25,716  (10.6%) 18,755  (10.3%) <0.01 
Hemiplegia or paraplegia 729  (0.3%) 507  (0.3%) 0.19 
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Liver disease 25,999  (10.7%) 19,725  (10.8%) 0.24 
Metastatic solid tumor 2,381  (1.0%) 1,823  (1.0%) 0.53 
Myocardial infarction 1,526  (0.6%) 1,092  (0.6%) 0.22 
Peptic ulcer disease 24,859  (10.3%) 18,594  (10.2%) 0.68 
Peripheral vascular disease 9,623  (4.0%) 7,083  (3.9%) 0.20 

  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Renal disease 2,350  (1.0%) 1,747  (1.0%) 0.75 
Rheumatologic disease 3,931  (1.6%) 2,926  (1.6%) 0.72 
At least one disease among the top fiveb 69,014  (28.5%) 50,660  (27.8%) <0.01 
Disease no. among CCI (Mean, SD) 0.8  (1.6) 0.8  (1.6) 0.16 

 0 disease 169,872  (70.1%) 129,037  (70.9%) <0.01 

 1 disease 22,514  (9.3%) 15,532  (8.5%)  
 2 diseases 16,605  (6.9%) 12,375  (6.8%)  
 3 diseases 12,242  (5.1%) 9,046  (5.0%)  
 4 diseases 9,076  (3.7%) 6,816  (3.7%)  
 ≥ 5 diseases 12,051  (5.0%) 9,153  (5.0%)  

Multimorbidity (≥2 diseases among CCI) 49,974 (20.6%) 37,390 (20.5%)  
Composite outcomes 36,893  (15.2%) 31,224  (17.2%) <0.01 

 Death 1,507  (0.6%) 1,507  (0.8%)  
  Hospitalisation 36,495  (15.1%) 30,826  (16.9%)   
a Any malignancy includes leukemia and lymphoma.      
b Top 5 diseases include chronic pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and cerebrovascular disease.  

SD; standard deviation, CCI; Charlson Comorbidity Index      
c Age (Mean) and Co-morbidity no. (Mean): Student`s t-test. All other variables: Pearson's chi-square 
test.    
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Supplementary eTable 3A. Prevalence of diagnosed diseases in FY2014 applied to the Japanese total population by gender  

      Baseline data in FY2014       Japanese total population   
  Overall   Men   Women   Overall   Men   Women   
    N=246,671 % N=144,237 % N=102,434 % N=88,923,000 % N=44,288,000 % N=44,640,000 % 
Men  144,237  58.5 - - - - 44,288,000  49.8 - - - - 
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8 48.0 15.3 47.7 15.3 48.4 15.4 

 20-24 18,524  7.5 11,315  7.8 7,209  7.0 6,203,000  7.0 3,192,000  7.2 3,012,000  6.7 
 25-29 17,251  7.0 12,014  8.3 5,237  5.1 6,677,000  7.5 3,414,000  7.7 3,264,000  7.3 
 30-34 18,093  7.3 11,104  7.7 6,989  6.8 7,466,000  8.4 3,788,000  8.6 3,680,000  8.2 
 35-39 23,878  9.7 13,278  9.2 10,600  0.3 8,670,000  9.8 4,394,000  9.9 4,276,000  9.6 
 40-44 39,721  16.1 21,640  15.0 18,081  17.7 9,793,000  11.0 4,956,000  11.2 4,837,000  10.8 
 45-49 40,908  16.6 24,191  16.8 16,717  16.3 8,609,000  9.7 4,329,000  9.8 4,278,000  9.6 
 50-54 29,466  11.9 17,577  12.2 11,889  11.6 7,790,000  8.8 3,903,000  8.8 3,887,000  8.7 
 55-59 20,149  8.2 11,343  7.9 8,806  8.6 7,653,000  8.6 3,802,000  8.6 3,853,000  8.6 
 60-64 21,278  8.6 12,706  8.8 8,572  8.4 8,979,000  0.1 4,406,000  9.9 4,573,000  10.2 
 65-69 11,931  4.8 6,768  4.7 5,163  5.0 9,155,000  10.3 4,414,000  10.0 4,741,000  10.6 
 70-74 5,472  2.2 2,301  1.6 3,171  3.1 7,928,000  8.9 3,690,000  8.3 4,239,000  9.5 

AIDS/
HIV  96  0.0 62  0.0 34  0.0 34,034  0.0 18,979  0.0 15,055  0.0 
Any malignancya 12,047  4.9 5,611  3.9 6,436  6.3 5,775,260  6.5 2,668,349  6.0 3,106,911  7.0 
Cerebrovascular disease 10,866  4.4 6,510  4.5 4,356  4.3 5,773,295  6.5 3,023,765  6.8 2,749,530  6.2 
Chronic pulmonary 
disease 43,216  17.5 22,484  15.6 20,732  20.2 17,303,735  19.5 7,713,864  17.4 9,589,871  21.5 
Congestive heart failure 8,497  3.4 5,515  3.8 2,982  2.9 4,317,076  4.9 2,459,170  5.6 1,857,906  4.2 
Deme
ntia  447  0.2 210  0.1 237  0.2 410,326  0.5 179,350  0.4 230,976  0.5 
Diabetes mellitus 27,344  11.1 17,881  12.4 9,463  9.2 12,689,040  14.3 7,122,240  16.1 5,566,801  12.5 
Hemiplegia or paraplegia 813  0.3 533  0.4 280  0.3 424,609  0.5 253,040  0.6 171,569  0.4 
Liver disease 27,127  11.0 16,954  11.8 10,173  9.9 11,341,444  2.8 6,031,029  13.6 5,310,415  11.9 
Metastatic solid tumor 2,532  1.0 1,263  0.9 1,269  1.2 1,235,336  1.4 598,734  1.4 636,601  1.4 
Myocardial infarction 1,628  0.7 1,325  0.9 303  0.3 769,977  0.9 575,894  1.3 194,083  0.4 
Peptic ulcer disease 26,047  10.6 14,511  10.1 11,536  11.3 11,238,524  12.6 5,485,994  12.4 5,752,530  12.9 
Peripheral vascular 
disease 10,407  4.2 5,723  4.0 4,684  4.6 5,197,644  5.8 2,503,359  5.7 2,694,285  6.0 
Renal disease 2,573  1.0 1,751  1.2 822  0.8 1,261,138  1.4 784,770  1.8 476,367  1.1 
Rheumatologic disease 4,146  1.7 1,397  1.0 2,749  2.7 1,928,685  2.2 530,072  1.2 1,398,613  3.1 
³1 disease among top 5 71,880  29.1 40,833  28.3 31,047  30.3 30,041,150  33.8 14,676,045  33.1 15,365,106  34.4 
Disease no. among CCI             

 no disease 171,140  69.4 101,857  70.6 69,283  67.6 57,293,691  64.4 29,006,814  65.5 28,286,877  63.4 
 1 disease 22,947  9.3 12,032  8.3 10,915  10.7 8,464,436  9.5 3,702,220  8.4 4,762,216  10.7 
 2 diseases 17,120  6.9 8,994  6.2 8,126  7.9 6,799,080  7.6 3,029,535  6.8 3,769,544  8.4 
 3 diseases 12,822  5.2 7,273  5.0 5,549  5.4 5,534,827  6.2 2,652,231  6.0 2,882,596  6.5 
 4 diseases 9,588  3.9 5,874  4.1 3,714  3.6 4,261,753  4.8 2,242,062  5.1 2,019,691  4.5 

  ≥ 5 diseases 13,054  5.3 8,207  5.7 4,847  4.7 6,574,213  7.4 3,655,138  8.3 2,919,075  6.5 
Multimorbidity  52,584 21.3 30,348 21.0 22,236 21.7 23,169,873 26.1 11,578,966 26.1 11,590,906 26.0 
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(≥2 diseases among 
CCI) 
Values are numbers (%) unless otherwise stated.  
a Any malignancy includes leukemia and 
lymphoma.  
FY; fiscal year  
SD; standard deviation  
CCI; Charlson Comorbidity Index 
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Supplementary eTable 3B. Diagnosed disease prevalence in fiscal year 2014 applied to the Japanese 
total population by age group 
 Overall   20-24   25-29   30-34   
  88,923,000  (100%) 6,204,000  (100%) 6,678,000  (100%) 7,468,000  (100%) 
Men 44,288,000  (49.8%) 3,192,000  (51.5%) 3,414,000  (51.1%) 3,788,000  (50.7%) 
AIDS/HIV 34,034  (0.0%) 1,400  (0.0%) 1,137  (0.0%) 1,394  (0.0%) 
Any malignancya 5,775,260  (6.5%) 24,047  (0.4%) 60,604  (0.9%) 103,907  (1.4%) 
Cerebrovascular disease 5,773,295  (6.5%) 12,484  (0.2%) 23,767  (0.4%) 40,440  (0.5%) 
Chronic pulmonary disease 17,303,735  (19.5%) 656,012  (10.6%) 901,156  (13.5%) 1,184,702  (15.9%) 
Congestive heart failure 4,317,076  (4.9%) 21,322  (0.3%) 34,950  (0.5%) 52,469  (0.7%) 
Dementia 410,326  (0.5%) 418  (0.0%) 0  (0.0%) 1,053  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 50,290  (0.8%) 141,852  (2.1%) 228,348  (3.1%) 
Hemiplegia or paraplegia 424,609  (0.5%) 3,782  (0.1%) 7,489  (0.1%) 10,227  (0.1%) 
Liver disease 11,341,444  (12.8%) 129,091  (2.1%) 259,190  (3.9%) 380,993  (5.1%) 
Metastatic solid tumor 1,235,336  (1.4%) 6,706  (0.1%) 9,643  (0.1%) 15,804  (0.2%) 
Myocardial infarction 769,977  (0.9%) 3,510  (0.1%) 3,859  (0.1%) 7,438  (0.1%) 
Peptic ulcer disease 11,238,524  (12.6%) 213,860  (3.4%) 364,164  (5.5%) 444,445  (6.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 20,276  (0.3%) 42,759  (0.6%) 60,055  (0.8%) 
Renal disease 1,261,138  (1.4%) 6,164  (0.1%) 11,118  (0.2%) 19,957  (0.3%) 
Rheumatologic disease 1,928,685  (2.2%) 17,602  (0.3%) 35,051  (0.5%) 43,777  (0.6%) 
no disease 57,293,691  (64.4%) 5,352,990  (86.3%) 5,500,039  (82.4%) 5,935,225  (79.5%) 
1 disease 8,464,436  (9.5%) 609,768  (9.8%) 666,087  (10.0%) 805,022  (10.8%) 
2 diseases 6,799,080  (7.6%) 163,269  (2.6%) 310,407  (4.6%) 399,222  (5.3%) 
3 diseases 5,534,827  (6.2%) 45,066  (0.7%) 104,758  (1.6%) 178,423  (2.4%) 
4 diseases 4,261,753  (4.8%) 19,190  (0.3%) 52,301  (0.8%) 77,876  (1.0%) 
≥ 5 diseases 6,574,213  (7.4%) 13,716  (0.2%) 44,409  (0.7%) 72,233  (1.0%) 
Multimorbidity  
(≥2 diseases among CCI) 23,169,873 (26.1%) 241,241 (3.9%) 511,875 (7.7%) 727,754 (9.7%) 

aAny malignancy includes leukemia and lymphoma.         
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Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   35-39   40-44   45-49   
  88,923,000  (100%) 8,670,000  (100%) 9,793,000  (100%) 8,607,000  (100%) 
Men 44,288,000  (49.8%) 4,394,000  (50.7%) 4,956,000  (50.6%) 4,329,000  (50.3%) 
AIDS/HIV 34,034  (0.0%) 4,592  (0.1%) 4,124  (0.0%) 3,069  (0.0%) 
Any malignancya 5,775,260  (6.5%) 198,069  (2.3%) 308,591  (3.2%) 393,299  (4.6%) 
Cerebrovascular disease 5,773,295  (6.5%) 93,413  (1.1%) 170,645  (1.7%) 265,098  (3.1%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,446,109  (16.7%) 1,613,639  (16.5%) 1,462,084  (17.0%) 
Congestive heart failure 4,317,076  (4.9%) 90,394  (1.0%) 155,193  (1.6%) 201,862  (2.3%) 
Dementia 410,326  (0.5%) 734  (0.0%) 1,490  (0.0%) 3,606  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 352,333  (4.1%) 553,455  (5.7%) 737,731  (8.6%) 
Hemiplegia or paraplegia 424,609  (0.5%) 13,621  (0.2%) 12,793  (0.1%) 19,669  (0.2%) 
Liver disease 11,341,444  (12.8%) 577,316  (6.7%) 784,095  (8.0%) 858,769  (10.0%) 
Metastatic solid tumor 1,235,336  (1.4%) 29,912  (0.3%) 56,656  (0.6%) 78,055  (0.9%) 
Myocardial infarction 769,977  (0.9%) 8,925  (0.1%) 25,198  (0.3%) 37,793  (0.4%) 
Peptic ulcer disease 11,238,524  (12.6%) 589,633  (6.8%) 749,581  (7.7%) 856,494  (10.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 127,339  (1.5%) 201,866  (2.1%) 288,167  (3.3%) 
Renal disease 1,261,138  (1.4%) 30,634  (0.4%) 46,209  (0.5%) 73,397  (0.9%) 
Rheumatologic disease 1,928,685  (2.2%) 79,300  (0.9%) 108,081  (1.1%) 143,756  (1.7%) 
no disease 57,293,691  (64.4%) 6,707,086  (77.4%) 7,389,249  (75.5%) 6,205,507  (72.1%) 
1 disease 8,464,436  (9.5%) 879,686  (10.1%) 969,263  (9.9%) 762,446  (8.9%) 
2 diseases 6,799,080  (7.6%) 529,075  (6.1%) 633,182  (6.5%) 588,650  (6.8%) 
3 diseases 5,534,827  (6.2%) 284,566  (3.3%) 352,334  (3.6%) 416,546  (4.8%) 
4 diseases 4,261,753  (4.8%) 152,965  (1.8%) 232,087  (2.4%) 297,143  (3.5%) 
≥ 5 diseases 6,574,213  (7.4%) 116,621  (1.3%) 216,885  (2.2%) 336,707  (3.9%) 
Multimorbidity  
(≥2 diseases among CCI) 23,169,873 (26.1%) 1,083,227 (12.5%) 1,434,488 (14.6%) 1,639,046 (19.0%) 
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aAny malignancy includes leukemia and lymphoma.         
 
 
Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   50-54   55-59   60-64   
  88,923,000  (100%) 7,790,000  (100%) 7,655,000  (100%) 8,979,000  (100%) 
Men 44,288,000  (49.8%) 3,903,000  (50.1%) 3,802,000  (49.7%) 4,406,000  (49.1%) 
AIDS/HIV 34,034  (0.0%) 2,979  (0.0%) 3,324  (0.0%) 5,281  (0.1%) 
Any malignancya 5,775,260  (6.5%) 483,592  (6.2%) 624,101  (8.2%) 958,696  (10.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 387,663  (5.0%) 573,513  (7.5%) 965,151  (10.7%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,469,169  (18.9%) 1,565,078  (20.4%) 2,074,822  (23.1%) 
Congestive heart failure 4,317,076  (4.9%) 316,491  (4.1%) 443,956  (5.8%) 694,542  (7.7%) 
Dementia 410,326  (0.5%) 7,254  (0.1%) 14,375  (0.2%) 27,048  (0.3%) 
Diabetes mellitus 12,689,040  (14.3%) 1,028,899  (13.2%) 1,477,049  (19.3%) 2,197,472  (24.5%) 
Hemiplegia or paraplegia 424,609  (0.5%) 26,826  (0.3%) 43,702  (0.6%) 56,416  (0.6%) 
Liver disease 11,341,444  (12.8%) 1,063,948  (13.7%) 1,316,086  (17.2%) 1,785,515  (19.9%) 
Metastatic solid tumor 1,235,336  (1.4%) 104,654  (1.3%) 136,279  (1.8%) 204,377  (2.3%) 
Myocardial infarction 769,977  (0.9%) 65,457  (0.8%) 76,970  (1.0%) 130,757  (1.5%) 
Peptic ulcer disease 11,238,524  (12.6%) 977,192  (12.5%) 1,190,533  (15.6%) 1,633,285  (18.2%) 
Peripheral vascular disease 5,197,644  (5.8%) 411,839  (5.3%) 554,776  (7.2%) 876,673  (9.8%) 
Renal disease 1,261,138  (1.4%) 95,578  (1.2%) 126,432  (1.7%) 202,057  (2.3%) 
Rheumatologic disease 1,928,685  (2.2%) 191,910  (2.5%) 235,332  (3.1%) 326,918  (3.6%) 
no disease 57,293,691  (64.4%) 5,087,646  (65.3%) 4,435,684  (57.9%) 4,468,987  (49.8%) 
1 disease 8,464,436  (9.5%) 687,805  (8.8%) 680,727  (8.9%) 859,388  (9.6%) 
2 diseases 6,799,080  (7.6%) 631,794  (8.1%) 687,732  (9.0%) 933,542  (10.4%) 
3 diseases 5,534,827  (6.2%) 510,570  (6.6%) 638,438  (8.3%) 881,741  (9.8%) 
4 diseases 4,261,753  (4.8%) 382,265  (4.9%) 509,123  (6.7%) 729,058  (8.1%) 
≥ 5 diseases 6,574,213  (7.4%) 489,921  (6.3%) 703,297  (9.2%) 1,106,284  (12.3%) 
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Multimorbidity 
(≥2 diseases among CCI) 23,169,873 (26.1%) 2,014,550 (25.9%) 2,538,590 (33.2%) 3,650,625 (40.7%) 

aAny malignancy includes leukemia and lymphoma.         
 
 
Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014  
applied to the Japanese total population by age group 
 Overall   65-69   70-74   
  88,923,000  (100%) 9,155,000  (100%) 7,929,000  (100%) 
Men 44,288,000  (49.8%) 4,414,000  (48.2%) 3,690,000  (46.5%) 
AIDS/HIV 34,034  (0.0%) 3,793  (0.0%) 2,940  (0.0%) 
Any malignancya 5,775,260  (6.5%) 1,296,908  (14.2%) 1,323,445  (16.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 1,404,663  (15.3%) 1,836,456  (23.2%) 
Chronic pulmonary disease 17,303,735  (19.5%) 2,445,425  (26.7%) 2,485,540  (31.3%) 
Congestive heart failure 4,317,076  (4.9%) 931,107  (10.2%) 1,374,790  (17.3%) 
Dementia 410,326  (0.5%) 83,286  (0.9%) 271,063  (3.4%) 
Diabetes mellitus 12,689,040  (14.3%) 2,891,848  (31.6%) 3,029,762  (38.2%) 
Hemiplegia or paraplegia 424,609  (0.5%) 81,998  (0.9%) 148,087  (1.9%) 
Liver disease 11,341,444  (12.8%) 2,094,406  (22.9%) 2,092,035  (26.4%) 
Metastatic solid tumor 1,235,336  (1.4%) 300,280  (3.3%) 292,970  (3.7%) 
Myocardial infarction 769,977  (0.9%) 197,033  (2.2%) 213,037  (2.7%) 
Peptic ulcer disease 11,238,524  (12.6%) 2,053,538  (22.4%) 2,165,800  (27.3%) 
Peripheral vascular disease 5,197,644  (5.8%) 1,181,335  (12.9%) 1,432,557  (18.1%) 
Renal disease 1,261,138  (1.4%) 257,988  (2.8%) 391,604  (4.9%) 
Rheumatologic disease 1,928,685  (2.2%) 374,826  (4.1%) 372,134  (4.7%) 
no disease 57,293,691  (64.4%) 3,803,485  (41.5%) 2,407,794  (30.4%) 
1 disease 8,464,436  (9.5%) 785,842  (8.6%) 758,403  (9.6%) 
2 diseases 6,799,080  (7.6%) 1,013,307  (11.1%) 908,900  (11.5%) 
3 diseases 5,534,827  (6.2%) 1,074,487  (11.7%) 1,047,899  (13.2%) 
4 diseases 4,261,753  (4.8%) 886,159  (9.7%) 923,584  (11.6%) 
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≥ 5 diseases 6,574,213  (7.4%) 1,591,721  (17.4%) 1,882,418  (23.7%) 
Multimorbidity 
(≥2 diseases among CCI) 23,169,873 (26.1%) 4,565,674 (49.9%) 4,762,801 (60.1%) 

aAny malignancy includes leukemia and lymphoma.       
       

 
Supplementary eTable 4. Hazard ratios in multimorbid individuals based on 
hospitalisation or death rates in a 5-year cohort of n = 111 088 men and n = 70 871 
women.  Cox regression analysis   

Overalla                         
 Full Model 20-39 years 40-59 years 60-71 years 
  HR 95%CI HR 95%CI HR 95%CI HR 95%CI 
Age 1.02 1.01 1.02          

Sex 0.97 0.95 0.99 0.36 0.34 0.37 1.29 1.25 1.33 1.44 1.38 1.51 
≥2 diseases 2.17 2.12 2.21 2.17 2.05 2.29 2.31 2.24 2.38 2.05 1.97 2.14 
Menb                         
Age 1.03 1.03 1.04          

≥2 diseases 2.04 1.98 2.10 2.81 2.56 3.07 2.25 2.17 2.34 1.94 1.84 2.04 
Womenb                         
Age 0.99 0.99 1.00          

≥2 diseases 2.22 2.15 2.30 1.91 1.78 2.04 2.42 2.30 2.54 2.28 2.12 2.44 
aReferences are female for sex, no disease for morbidity 
variables 

        

bReference is no disease for morbidity variables          

HR; hazard ratio, CI; confidence interval           
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37 Abstract 

38 Objective

39 To describe the prevalence of multimorbidity and its associations with clinical outcomes 

40 across age groups.

41 Design

42 Retrospective cohort study using nationwide medical claims data.

43 Setting

44 Carried out in Japan between April 2014 and March 2019. 

45 Participants

46 N = 246 671 Japanese individuals aged 20-74 enrolled in the Health Insurance were 

47 included into the baseline data set for fiscal year (FY) 2014. Of those, N = 181 959 

48 individuals were included into the cohort data set spanning FY2014-FY2018.

49 Exposures

50 Multimorbidity was defined as having ≥2 of 15 chronic conditions according to the ICD-

51 10 codes of the Charlson Comorbidity Index.  

52 Primary and Secondary Outcomes

53 Primary outcome: The standardised prevalence of multimorbidity across age groups 

54 was evaluated using data from FY 2014 and extrapolated to the Japanese total 
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55 population. Secondary Outcome: Hospitalisation or death events were traced by month 

56 using medical claims data and insurer enrolment data. Associations between 

57 multimorbidity and 5-year hospitalisation and/or death events across age groups were 

58 analysed using a Cox regression model. 

59 Results 

60 The standardised prevalence rate of multimorbidity in the nationwide Japanese total 

61 population was estimated to 26.1%. The prevalence rate with age was increased, 

62 approximately 5%(ages 20-29), 10%(30-39), 20%(40-49), 30%(50-59), 50%(60-69), and 

63 60%(70-74).  Compared to individuals aged 20-39 without multimorbidity, those with 

64 multimorbidity had a higher incidence of clinical events in any age group(HR = 2.43 

65 [95% CI, 2.30-2.56] in ages 20-39, HR = 2.55 [95% CI, 2.47-2.63] in ages 40-59, and 

66 HR = 3.41[95% CI, 3.23-3.53] in ages ≥60). The difference in the incidence of clinical 

67 events between multimorbidity and no-multimorbidity was larger than that between age 

68 groups. 

69 Conclusions 

70 Multimorbidity is already prevalent in the middle-aged generation and is associated with 

71 poor clinical outcomes. These findings underscore the significance of multimorbidity and 

72 highlight the urgent need for preventive intervention at the public health care level.
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73 Article Summary

74

75 Strengths and limitations of this study

76  The current study covers a wide age range of individuals from a nationwide 

77 general population. 

78  Japan`s high medical insurance coverage rate made it possible to 

79 comprehensively identify chronic diseases from receipts. 

80  The longitudinal analysis enabled the examination of clinical outcomes of 

81 multiple co-morbidities. 

82  The prevalence of multimorbidity may be underestimated because the target 

83 population comprised regular employees and their families and might 

84 accordingly be healthier than the general population. 

85

86 Keywords

87 chronic disease, insurance claims, middle age, multimorbidity, preventive medicine 

88

Page 6 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

6

89 Introduction

90 Aging societies worldwide face the problem of how to provide adequate and 

91 affordable health care for a growing number of patients with multiple chronic conditions, 

92 termed multimorbidity.1,2 Managing multimorbidity is becoming a global challenge on the 

93 clinical and public healthcare level not only in high-, but also in low- and middle-income 

94 countries.3 Many epidemiological studies on multimorbidity have shown its association 

95 with age, socio-demographic and socio-economic factors.4-7 In addition, numerous 

96 studies have shown that multiple comorbidities are common in older people.8-11 It has 

97 been reported that multimorbid older patients had more than twice as many contacts per 

98 year with physicians than those without multimorbidity12 and that the likelihood of being 

99 hospitalised was increased by a factor of 5.6 due to multiple co-morbidities.8 On the 

100 other hand, the accumulation of chronic diseases occurs continuously from middle age. 

101 A number of recent studies conducted in various countries have reported that the onset 

102 of multimorbidity is shifting toward younger age groups.6, 13-15 However, multimorbidity 

103 studies tend to focus on older people, and in-depth knowledge on multimorbidity in 

104 younger age groups is lacking.

105 Here, to evaluate the current status of multimorbidity across age groups and examine 

106 its association with clinical outcomes, we analysed a large nationwide medical claims 
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107 cohort. Our findings add to existing knowledge by showing that multimorbidity has a 

108 significant impact on health starting from middle age and underscore the need for 

109 preventive intervention on the public health care level.  

110
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111 Materials and Methods

112 Data source

113 We used the nationwide medical claims and enrolment data of the Health Insurance 

114 Association for Architecture and Civil Engineering companies (HIA2CE), which is one of 

115 the largest social insurance associations in Japan. HIA2CE is a comprehensive insurer 

116 which includes 1700 companies, from small engineering companies to middle and large 

117 construction companies across Japan. This claims database covers a total of 400 000 

118 insured persons, consisting of employees and their dependents. 

119 The insured-based database is used widely and one of the popular real-world data in 

120 Japan.16 Japan has maintained a universal health coverage system since 1961. All 

121 medical information regarding clinical practice covered by this health insurance is 

122 included in the medical claims data, except for self-financed medical care and 

123 individuals who receive public assistance. Furthermore, medical facilities have been 

124 obliged since 2011 to submit medical claims data as an electronic record. Medical 

125 claims data include the names of the diagnosed diseases, the names of medical 

126 procedures, and the names of prescribed medications, among others. In the present 

127 study, we extracted the age, sex, names and ICD-10 codes of diagnosed diseases, and 

128 hospitalisations and deaths from the medical claims data in HIA2CE from FY2014 to 
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129 FY2018 (April 2014 to March 2019). The enrolment data from HIA2CE includes the 

130 medical characteristics and in-out information of insured persons as of April 2019.

131

132 Research design and study population

133 We prepared two data sets for analysis. The first was a cross-sectional data set 

134 containing baseline data of FY2014, which we used to describe the diagnosed disease 

135 prevalence in FY2014. The study population for this baseline data set included 

136 individuals aged 20 to 74 years insured in FY2014 (April 2014 to March 2015). Since 

137 HIA2CE is a type of insurance for workers in Japan, the database include only under 75 

138 years individuals. Therefore, the maximum age in this cohort was 74 years. Participants 

139 younger than 20 in FY2014 as well as participants who died during FY2014 were 

140 excluded (Fig.1). The cohort data set contained longitudinal data for a 5-year period, 

141 FY2014 to FY2018 (April 2014 to March 2019). The second data set contained 

142 participants insured in whole period. We used this cohort data set to conduct Cox 

143 regression analysis and calculate hazard ratios (HR)s for clinical events (Fig. 1).

144

145 Definition of diagnosed diseases and multimorbidity
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146 There are a variety of definitions for chronic conditions in multimorbidity studies.17-19 

147 We used the Charlson Comorbidity Index (CCI) which is a validated tool to assess the 

148 diseases associated with a significant risk of clinical events.20 The reason, we used CCI, 

149 was that we focused on describing the prevalence of each disease and also assessing 

150 the association of multimorbidity on hospitalisation or death. The CCI Canadian version 

151 has been reported to be applicable to Japanese claims data.21 We therefore defined 

152 diagnosed diseases using medical claims data following ICD-10 codes of the CCI 

153 Canada version. We merged the conditions “diabetes with chronic complication” and 

154 “diabetes without chronic complication” into “diabetes mellitus”, and “mild liver disease” 

155 and “moderate or severe liver disease” into “liver disease”. The following 15 chronic 

156 conditions were included: AIDS/HIV, any malignancy (including lymphoma and 

157 leukaemia), cerebrovascular disease, chronic pulmonary disease, congestive heart 

158 failure, dementia, diabetes mellitus, hemiplegia or paraplegia, metastatic solid tumour, 

159 liver disease, myocardial infarction, peptic ulcer disease, renal disease, and 

160 rheumatologic disease. The ICD-10 codes of these diseases are shown in eTable 1 in 

161 the Supplement. Multimorbidity status was defined as the concurrent presence of two or 

162 more (≥2) diagnosed diseases among these conditions.22, 23 We only used confirmed 

163 diagnoses, not including suspected diagnoses, in Japanese claims data.　 
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164

165 Definition of outcome events; hospitalisation or death

166 We defined two composite outcomes, hospitalisation or death, which occurred during 

167 the period from FY2015 to FY2018. Using the medical claims data, both events were 

168 traced by month. In Japan, the validity of death event information is reported to be less 

169 sensitive if derived from medical claims data only.24, 25 Therefore, we also used death 

170 information from enrolment data recorded by the insurer: if either contained death 

171 information, this was defined as a death event.

172

173 Estimation of diagnosed disease prevalence to a nationwide scale 

174 Diagnosed disease prevalence from baseline data was standardised to the 

175 nationwide Japanese total population. We calculated prevalence rates according to 

176 groups by 5-year age brackets and sex. Then, we estimated the prevalence rates 

177 standardized to Japanese total population (age-sex standardized prevalence rate), 

178 using the number from the vital statistics 2014 in Japan.26

179

180 The association of multimorbidity with outcome by age group 
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181 To examine the association of multimorbidity with outcome by age group, we 

182 performed Cox regression analysis adjusted by sex using cohort data from four 

183 consecutive years (FY2015 to FY2018). The independent and additive effect of 

184 multimorbidity and aging, we defined combined categories according to three age 

185 groups representing “young”, “middle”, and “old” ages (20-39, 40-59, and ≥60, 

186 respectively) and the binary status of multimorbidity, with the reference set as no 

187 multimorbidity individuals aged 20-39. This model was able to show HR for aging alone 

188 (e.g., HR for 40-59 ages without multimorbidity vs 20-39 ages without multimorbidity 

189 and complex of aging and morbidity(e.g., HR for 40-59 ages with multimorbidity vs 20-

190 39 ages without multimorbidity).

191

192 Statistical analysis

193 Cox regression was conducted for the association of multimorbidity with outcome by 

194 age group. Our hypothesis was aging and MM or these combination leads to worsen 

195 clinical events. Therefore, we defined six groups which were a combination of 3 

196 categories of generation and MM, and we estimated HR in each group in reference of 

197 young (aged 20-39) without MM. Regarding this model, we interpreted both the 

198 independent impact of generation and MM on outcomes and the impact of MM in each 
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199 generation. Results were considered statistically significant at a two-sided P-value of 

200 less than 0.05. All analyses were conducted using Stata software version 15.1 

201 (StataCorp LLC; College Station, TX, USA). 

202

203 Patient and Public involvement

204 Patients or the public were not involved in this research. However, the results of this 

205 study will be disseminated to the public through various means including published 

206 papers and presentations.

207
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208 Results

209 Study participants

210 We analysed n = 246 671 individuals in the baseline data set in FY2014 (Table1) and 

211 n = 181 959 individuals in the cohort data set FY2014-FY2018. Because the follow-up 

212 was four years, the cohort data set was slightly smaller than the baseline data set, 

213 especially as a number of young individuals aged 20-24 and older individuals aged >60 

214 dropped out. This may be due to raising children or early retirement, and explains the 

215 higher proportion of men in the cohort data set. Mean age and co-morbidity numbers 

216 among CCI diseases were mostly comparable between the two data sets, although the 

217 prevalence differed for diabetes mellitus, cerebrovascular disease, and chronic 

218 pulmonary disease (eTable 2 in the Supplement). In the cohort data set, differences in 

219 disease prevalence between genders were observed. Notably, men had a higher 

220 prevalence of diabetes mellitus (P = 0.001) whereas women had a higher prevalence of 

221 chronic pulmonary disease (P = 0.002). 

222

223 Estimated prevalence of multimorbidity in the Japanese total population

224 The prevalence of diagnosed diseases in FY2014 was applied to the vital statistics of 

225 the Japanese population in 2014. The standardised prevalence of multimorbidity was 
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226 estimated to 26.1% (26.1% in men, 26.0% in women) in the Japanese total population 

227 (eTable 3A in the Supplement). The prevalence rate with age was increased , i.e., 

228 approximately 5% (25-24 (3.9%), 25-29 (7.7%)), 10% (30-34 (9.7%), 35-39 (12.5%)), 

229 20% (40-44 (14.6%), 45-49 (19.0%)), 30% (50-54 (25.9%), 55-59 (33.2%)), 50% (60-64 

230 (40.7%), 65-69 (49.9%)), and 60% (70-74).(Fig. 2A. Details of the prevalence of 

231 diseases as well as the below results are shown in eTable 3B in the Supplement). 

232 Figure 2B shows the types of diseases and their prevalence across age groups. The top 

233 five diseases across the age groups “young” (20-39), “middle-aged (40-59), and “old” 

234 (60-74) in order of prevalence were “young”: chronic pulmonary disease, peptic ulcer 

235 disease, liver disease, diabetes mellitus, and any malignancy; “middle-aged”: chronic 

236 pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and any 

237 malignancy; and “old”: diabetes mellitus, chronic pulmonary disease, liver disease, 

238 peptic ulcer disease, and cerebrovascular disease. Notably, diabetes mellitus moved up 

239 across the age groups from ranking fourth to first. In Figure 2C, disease prevalence is 

240 shown in comparison to disease prevalence in the 40-44 age group. After the age of 40-

241 44, the top five accelerating diseases were dementia, cerebrovascular disease, 

242 peripheral vascular disease, metastatic tumour, and congestive heart failure.  

243
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244 The association of multimorbidity with outcome by age group. 

245 The composite outcomes occurred 17.2% (death 0.8%, hospitalisation 16.9%) in the 

246 follow-up period (eTable2). Cox regression analysis showed that young individuals aged 

247 20-39 with multimorbidity had a higher hazard ratio (HR) compared to the same age 

248 group without multimorbidity (HR = 2.43 [95% CI, 2.30-2.56]). Further, HRs increased 

249 across age groups (HR = 2.55 [95% CI, 2.47-2.63] ages 40-59; HR = 3.41 [95% CI, 

250 3.23-3.53] ages ≥60) (Fig. 3). The impact of multimorbidity on outcome exceeded that of 

251 aging (HR = 1.62 [95% CI, 1.56-1.69] ages ≥60 and HR = 1.10 [95% CI, 1.07-1.13] ages 

252 40-59 without multimorbidity) (Fig. 3). That was to say, even in aged 20-39 with 

253 multimorbidity has a risk more than ages ≥60 without multimorbidity.

254 We also assessed HRs for non-multimorbid and multimorbid women and men 

255 separately and found that women had a lower HR than men in the 20-39 age group but 

256 a higher HR than men in the ≥60 age group (eTable 4 in the Supplement).
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258 Discussion

259 In this study we analysed nationwide medical claims data for 15 chronic diseases in a 

260 large cohort of the general population of Japan. As key findings, standardised 

261 prevalence rates for multimorbidity were estimated to 26.1% for men and 26.0% for 

262 women. Further, age group-specific prevalence rates for multimorbidity ranged from 

263 3.9% (20-24 years) to 14.6% (40-44 years) and 60.1% (70-74 years), showing an 

264 accelerating increase after age 40. Importantly, significant differences in the clinical 

265 outcomes of multimorbidity versus no multimorbidity were already present in young and 

266 middle-aged individuals.

267 The present study drew individuals covering a wide age range from a nationwide 

268 general population. This allowed us to examine the burden of multiple co-morbidities in 

269 young, middle-aged and old age groups in the real world. In addition, because Japan 

270 has a high medical insurance coverage rate, it was possible to comprehensively identify 

271 chronic diseases from receipts. Further, longitudinal analysis enabled us to examine the 

272 clinical outcomes of multiple co-morbidities. With regard to limitations, the target 

273 population comprised regular employees and their families and might accordingly be 

274 healthier than the general population. Also, we defined multimorbidity by disease list 

275 included in CCI most likely to lead to death, hence, we were not able to consider other 
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276 diseases associated with health-related quality of life loss. CCI originally includes 

277 comorbidities that have a strong impact on mortality, not quality of life and well-being. 

278 The presence of mental or psychosomatic disorders, which have been shown to be 

279 increasing, particularly in individuals already suffering from other chronic diseases,27 

280 younger people,28 and people with a low socio-economic status. 29 Such diseases often 

281 remain undiagnosed or underreported in health records. 30 Also, we collected diseases 

282 which were occurred during the year (FY2014). Therefore, patients who were untreated, 

283 undiagnosed, or discontinued treatment cannot be picked up. These limitations likely 

284 contributed to an underestimation of multimorbidity in our cohort. Further, because we 

285 did not manually verify the presence of disease using the physician’s medical records 

286 data or medication information, disease names extracted from the medical claims data 

287 might be incorrect in some cases. In particular, Japanese physicians sometimes change 

288 the name of the disease in the medical record to the “correct” disease name for the 

289 medication they wish to prescribe, a practice called “disease name for claims data”. 

290 Because of differences in data sources and study populations, direct comparison of 

291 population-based prevalence rates between studies is not straightforward. Nonetheless, 

292 the standardised prevalence rates for multimorbidity as reported in the present study - 

293 26.1% for men and 26.0% for women - are similar to those reported by recent studies in 
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294 other high-income countries, such as the United States (25% in men, 25% in women), 31 

295 England (24.4% in men, 30% in women), 32 Canada (24.3% whole population),5 and 

296 Denmark (19.3% in men, 23.7% in women).6 Also recently some Asian countries 

297 reported similar prevalence, Iran (13.4% in men, 25.0% in women),33 India, and 

298 Bangladesh (53.7% - 56.5% in both genders, over aged 60).34 Many previous studies on 

299 multimorbidity focused on the older generation, aged 65 and up, because of the larger 

300 number of chronic diseases in this age group and the increasing number of people 

301 entering it. However, our present data show that already approximately 10% of 30-34-, 

302 19% of 45-49-, and 33% of 55-59-year-olds have ≥2 chronic diseases. Further, 1% of 

303 30-34-, 4% of 45-49-, and 9% of 55-59-year-olds have ≥5 chronic diseases. These 

304 results show that multimorbidity is already prominent in the middle-aged population. 

305 Recent studies reported similar or slightly higher prevalence rates for ≥2 chronic 

306 diseases in an American (8% of 30-, 20% of 45-, and 38% of 55-year-olds)29 and a 

307 Canadian (10.5% of 18-44-, 27.4% of 45-54-, and 46.6% of 55-64-year-olds)5 

308 population, although these two studies also included mental diseases and osteoporosis, 

309 which our present study did not. Our present study shows that, among 15 chronic 

310 diseases, the top five diseases in the 55-64 age group are chronic pulmonary disease 

311 (20.4-23.1%), diabetes mellitus (19.3-24.5%), liver disease (17.2-19.9%), peptic ulcer 
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312 disease (15.6-18.2%), and any malignancy (8.2-10.7%). With regard to diabetes 

313 mellitus, the prevalence in the present study is similar to that previously reported in an 

314 American population (15-30% in individuals aged 55-65)29 but higher than that in a 

315 Canadian population (16.6% in individuals aged 55-64)4. The prevalence of chronic 

316 pulmonary disease in our present 55-65-year-olds was almost twice as high as those 

317 seen for the combined prevalence of asthma and chronic obstructive pulmonary disease 

318 (COPD) in an American population aged 55-65 years (5% for men and 10% for 

319 women)29 and in a Canadian population aged 55-64 years (13.7%).5 This difference 

320 might have arisen due to our inclusion of various other pulmonary diseases besides 

321 asthma and COPD. Regarding liver disease, the prevalence seen for 55-65-year-olds in 

322 the present study was comparable to that seen in an adult population in Northern Italy35 

323 and in an adult population in Korea,36 although this comparison requires care since the 

324 types of liver disease in these studies and the age groups included vary. 

325 Analysis of clinical outcomes using Cox regression revealed that the presence of 

326 multimorbidity increased HRs in all age groups, including young individuals. In addition, 

327 the comparison of the increased HRs resulting from multimorbidity versus no 

328 multimorbidity showed that the impact of multimorbidity exceeds that of increasing age. 

329 These results indicate that multimorbidity places a burden on all age groups. 
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330 The five most prevalent diseases (diabetes mellitus, chronic pulmonary disease, liver 

331 disease, peptic ulcer disease, and any malignancy) in the present study are lifestyle-

332 related diseases that develop slowly over time. This trend should be greeted with alarm. 

333 We trust that this study raises awareness of the potential health risks and burden 

334 associated with the early onset of multimorbidity in young and middle-aged, the period 

335 when one is busy working and raising children. Future studies should investigate the 

336 specific lifestyle factors associated with an elevated risk of multimorbidity in the 

337 Japanese working population. Ultimately, public health care policies should be aimed at 

338 efforts to reverse the trend toward early multimorbidity onset. 

339 In conclusion, the present study confirmed the prevalence of MM by including in the 

340 denominator those who did not have the receipt of medical claims and to estimate the 

341 prevalence of MM in the general population. Furthermore, we revealed that the impact 

342 of multimorbidity is already clinically significant in middle-aged Japanese, with elevated 

343 adverse events such as hospitalisation or death. In addition, the risk posed by 

344 multimorbidity exceeds that of aging in all age groups. These results underscore the 

345 need to undertake healthcare intervention against the onset of multimorbidity before 

346 middle-aged, and not to leave it as a problem for geriatricians. 

347
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384

385 Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-

386 74. A) Percentage of the population having 0 to ≥5 chronic diseases by age group. B) 

387 Prevalence of the top ten chronic diseases by age group. C) The top ten chronic 

388 diseases with the steepest increase after age 40-44 years.

389

390 Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 

391 diagnosed diseases) in three age groups in a 5-year cohort of n = 181 959 Japanese 

392 aged 20-71. Cox regression analysis. HR; hazard ratio, CI; confidence interval
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535 Table 1. Prevalence of diagnosed diseases in FY2014 applied to the Japanese 

536 total population

  Baseline data in FY2014
Overall  Men  Women  

  N=246,671 % N=144,237 % N=102,434 %
Men 144,237 58.5 - - - -
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8

20-24 18,524 7.5 11,315 7.8 7,209 7.0
25-29 17,251 7.0 12,014 8.3 5,237 5.1
30-34 18,093 7.3 11,104 7.7 6,989 6.8
35-39 23,878 9.7 13,278 9.2 10,600 0.3
40-44 39,721 16.1 21,640 15.0 18,081 17.7
45-49 40,908 16.6 24,191 16.8 16,717 16.3
50-54 29,466 11.9 17,577 12.2 11,889 11.6
55-59 20,149 8.2 11,343 7.9 8,806 8.6
60-64 21,278 8.6 12,706 8.8 8,572 8.4
65-69 11,931 4.8 6,768 4.7 5,163 5.0
70-74 5,472 2.2 2,301 1.6 3,171 3.1

AIDS/HIV 96 0.0 62 0.0 34 0.0
Any malignancya 12,047 4.9 5,611 3.9 6,436 6.3
Cerebrovascular disease 10,866 4.4 6,510 4.5 4,356 4.3
Chronic pulmonary disease 43,216 17.5 22,484 15.6 20,732 20.2
Congestive heart failure 8,497 3.4 5,515 3.8 2,982 2.9
Dementia 447 0.2 210 0.1 237 0.2
Diabetes mellitus 27,344 11.1 17,881 12.4 9,463 9.2
Hemiplegia or paraplegia 813 0.3 533 0.4 280 0.3
Liver disease 27,127 11.0 16,954 11.8 10,173 9.9
Metastatic solid tumor 2,532 1.0 1,263 0.9 1,269 1.2
Myocardial infarction 1,628 0.7 1,325 0.9 303 0.3
Peptic ulcer disease 26,047 10.6 14,511 10.1 11,536 11.3
Peripheral vascular disease 10,407 4.2 5,723 4.0 4,684 4.6
Renal disease 2,573 1.0 1,751 1.2 822 0.8
Rheumatologic disease 4,146 1.7 1,397 1.0 2,749 2.7
1 disease among top 5 71,880 29.1 40,833 28.3 31,047 30.3
Disease no. among CCI 

no disease 171,140 69.4 101,857 70.6 69,283 67.6
1 disease 22,947 9.3 12,032 8.3 10,915 10.7
2 diseases 17,120 6.9 8,994 6.2 8,126 7.9
3 diseases 12,822 5.2 7,273 5.0 5,549 5.4
4 diseases 9,588 3.9 5,874 4.1 3,714 3.6

 ≥ 5 diseases 13,054 5.3 8,207 5.7 4,847 4.7
Multimorbidity 
(≥2 diseases among CCI) 52,584 21.3 30,348 21.0 22,236 21.7
Values are numbers (%) unless otherwise stated.
a Any malignancy includes leukemia and lymphoma.
FY; fiscal year 
SD; standard deviation 
CCI; Charlson Comorbidity Index
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Figure 1. Participant selection flowchart. FY; fiscal year 
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Figure 2. Multimorbidity across age groups in the Japanese total population aged 20-74. A) Percentage of 
the population having 0 to ≥5 chronic diseases by age group. B) Prevalence of the top ten chronic diseases 

by age group. C) The top ten chronic diseases with the steepest increase after age 40-44 years. 
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Figure 3. Hazard ratios of no multimorbidity (0-1 disease) versus multimorbidity (≥2 diagnosed diseases) in 
three age groups in a 5-year cohort of n = 181 959 Japanese aged 20-71. Cox regression analysis. HR; 

hazard ratio, CI; confidence interval 
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Supplementary eTable 1. List of diseases and their ICD-10 codes used to define diseases in medical claims data  
Diseases       ICD-10 codes 
AIDS/HIV       B20.x-B22.x, B24.x 

Any malignancy, incl. leukemia and lymphoma 
C00.x-C26.x, C30.x-C34.x, C37.x-C41x, C45.x-C58.x, C60.x-C76.x, C81.x-C85.x, C88.3, 
C88.7, C88.9, C90.0, C90.1, C91.x- C93.x, C94.0-C94.3, C94.5, C94.7, C95.x, C96.x, C43.x, 
C88.0-C88.2, C90.2, C94.4, C97.x 

Cerebrovascular disease     I69.x, G45.x, G46.x, H34.0, I60.x-I68.x 
Chronic pulmonary 
disease     J41.x-J47.x, J60.x-J66.x, I27.8, I27.9, J40.x, J67.x, J68.4, J70.1, J70.3 

Congestive heart failure     I50.x, I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5- I42.9, I43.x, P29.0 
Dementia       F00.x-F02.x, F03.x, F05.1, G30.x, G31.1 

Diabetes with chronic complication   E10.2-E10.4, E11.2-E11.4, E13.2-E13.4, E14.2-E14.4, E10.5, E10.7, E11.5, E11.7, E12.2-
E12.5, E12.7, E13.5, E13.7, E14.5, E14.7 

Diabetes without chronic complication   E10.1, E10.9, E11.1, E11.9, E13.1, E13.9, E14.1, E14.9, E10.0, E10.6, E10.8, E11.0, E11.6, 
E11.8, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.6, E13.8, E14.0, E14.6, E14.8 

Hemiplegia or paraplegia     G81.x, G82.0-G82.2, G04.1, G11.4, G80.1, G80.2, G82.3-G82.5, G83.0-G83.4, G83.9 

Metastatic solid tumor     C77.x-C79.x, C80.x 

Mild liver disease     K70.3, K71.7, K73.x, K74.3- K74.6, B18.x, K70.0-K70.2, K70.9, K71.3-K71.5, K74.0-K74.2, 
K76.0, K76.2-K76.4, K76.8, K76.9, Z94.4 

Moderate or severe liver disease   K72.1, K72.9, K76.6, K76.7, I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K76.5 
Myocardial infarction     I25.2, I21.x, I22.x 

Peptic ulcer disease     K25.4-K25.7, K26.4-K26.7, K27.4-K27.7, K28.4-K28.7, K25.0-K25.3, K25.9, K26.0-K26.3, 
K26.9, K27.0-K27.3, K27.9, K28.0-K28.3, K28.9 

Peripheral vascular disease   I71.x, I73.9, Z95.8, Z95.9, I70.x, I73.1, I73.8, I77.1, 
I79.0, I79.2, K55.1, K55.8, K55.9 
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Renal disease     N18.x, I12.0, I13.1, N03.2-N03.7, N05.2-N05.7, N19.x, N25.0, Z49.0-Z49.2, Z94.0, Z99.2 

Rheumatology disease     M05.x, M06.0, M32.x, M33.2, M34.x, M35.3, M06.1-M06.4, M06.8, M06.9, M31.5, M33.0, 
M33.1, M33.9, M35.1, M36.0 

 
Supplementary eTable 2. Characteristics of baseline data in fiscal year 2014 and cohort data 
  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Men  142,471  (58.8%) 111,088  (61.1%) <0.01 
Age (Mean, SD) 44.5  (12.5) 44.7  (10.6) <0.01 

 20-24 18,524  (7.6%) 5,052  (2.8%) <0.01 

 25-29 17,251  (7.1%) 12,675  (7.0%)  
 30-34 18,093  (7.5%) 14,784  (8.1%)  
 35-39 23,878  (9.9%) 20,508  (11.3%)  
 40-44 39,721  (16.4%) 35,168  (19.3%)  
 45-49 40,908  (16.9%) 37,124  (20.4%)  
 50-54 29,466  (12.2%) 25,906  (14.2%)  
 55-59 20,149  (8.3%) 13,052  (7.2%)  
 60-64 21,278  (8.8%) 10,735  (5.9%)  
 65-69 11,931  (4.9%) 6,246  (3.4%)  
 70-71 1,161  (0.5%) 709  (0.4%)  

AIDS/HIV  94  (0.0%) 74  (0.0%) 0.76 
Any malignancya 11,343  (4.7%) 8,377  (4.6%) 0.24 
Cerebrovascular disease 9,860  (4.1%) 6,971  (3.8%) <0.01 
Chronic pulmonary disease 41,866  (17.3%) 32,093  (17.6%) <0.01 
Congestive heart failure 7,751  (3.2%) 5,710  (3.1%) 0.27 
Dementia  291  (0.1%) 190  (0.1%) 0.13 
Diabetes mellitus 25,716  (10.6%) 18,755  (10.3%) <0.01 
Hemiplegia or paraplegia 729  (0.3%) 507  (0.3%) 0.19 
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Liver disease 25,999  (10.7%) 19,725  (10.8%) 0.24 
Metastatic solid tumor 2,381  (1.0%) 1,823  (1.0%) 0.53 
Myocardial infarction 1,526  (0.6%) 1,092  (0.6%) 0.22 
Peptic ulcer disease 24,859  (10.3%) 18,594  (10.2%) 0.68 
Peripheral vascular disease 9,623  (4.0%) 7,083  (3.9%) 0.20 

  Baseline data in FY2014 Cohort data   P-valuec 
N   242,360  (100%) 181,959  (100%)   
Renal disease 2,350  (1.0%) 1,747  (1.0%) 0.75 
Rheumatologic disease 3,931  (1.6%) 2,926  (1.6%) 0.72 
At least one disease among the top fiveb 69,014  (28.5%) 50,660  (27.8%) <0.01 
Disease no. among CCI (Mean, SD) 0.8  (1.6) 0.8  (1.6) 0.16 

 0 disease 169,872  (70.1%) 129,037  (70.9%) <0.01 

 1 disease 22,514  (9.3%) 15,532  (8.5%)  
 2 diseases 16,605  (6.9%) 12,375  (6.8%)  
 3 diseases 12,242  (5.1%) 9,046  (5.0%)  
 4 diseases 9,076  (3.7%) 6,816  (3.7%)  
 ≥ 5 diseases 12,051  (5.0%) 9,153  (5.0%)  

Multimorbidity (≥2 diseases among CCI) 49,974 (20.6%) 37,390 (20.5%)  
Composite outcomes 36,893  (15.2%) 31,224  (17.2%) <0.01 

 Death 1,507  (0.6%) 1,507  (0.8%)  
  Hospitalisation 36,495  (15.1%) 30,826  (16.9%)   
a Any malignancy includes leukemia and lymphoma.      
b Top 5 diseases include chronic pulmonary disease, diabetes mellitus, liver disease, peptic ulcer disease, and cerebrovascular disease.  

SD; standard deviation, CCI; Charlson Comorbidity Index      
c Age (Mean) and Co-morbidity no. (Mean): Student`s t-test. All other variables: Pearson's chi-square 
test.    
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Supplementary eTable 3A. Prevalence of diagnosed diseases in FY2014 applied to the Japanese total population by gender  

      Baseline data in FY2014       Japanese total population   
  Overall   Men   Women   Overall   Men   Women   
    N=246,671 % N=144,237 % N=102,434 % N=88,923,000 % N=44,288,000 % N=44,640,000 % 
Men  144,237  58.5 - - - - 44,288,000  49.8 - - - - 
Age (Mean, SD) 45.0 12.9 44.6 12.9 45.7 12.8 48.0 15.3 47.7 15.3 48.4 15.4 

 20-24 18,524  7.5 11,315  7.8 7,209  7.0 6,203,000  7.0 3,192,000  7.2 3,012,000  6.7 
 25-29 17,251  7.0 12,014  8.3 5,237  5.1 6,677,000  7.5 3,414,000  7.7 3,264,000  7.3 
 30-34 18,093  7.3 11,104  7.7 6,989  6.8 7,466,000  8.4 3,788,000  8.6 3,680,000  8.2 
 35-39 23,878  9.7 13,278  9.2 10,600  0.3 8,670,000  9.8 4,394,000  9.9 4,276,000  9.6 
 40-44 39,721  16.1 21,640  15.0 18,081  17.7 9,793,000  11.0 4,956,000  11.2 4,837,000  10.8 
 45-49 40,908  16.6 24,191  16.8 16,717  16.3 8,609,000  9.7 4,329,000  9.8 4,278,000  9.6 
 50-54 29,466  11.9 17,577  12.2 11,889  11.6 7,790,000  8.8 3,903,000  8.8 3,887,000  8.7 
 55-59 20,149  8.2 11,343  7.9 8,806  8.6 7,653,000  8.6 3,802,000  8.6 3,853,000  8.6 
 60-64 21,278  8.6 12,706  8.8 8,572  8.4 8,979,000  0.1 4,406,000  9.9 4,573,000  10.2 
 65-69 11,931  4.8 6,768  4.7 5,163  5.0 9,155,000  10.3 4,414,000  10.0 4,741,000  10.6 
 70-74 5,472  2.2 2,301  1.6 3,171  3.1 7,928,000  8.9 3,690,000  8.3 4,239,000  9.5 

AIDS/
HIV  96  0.0 62  0.0 34  0.0 34,034  0.0 18,979  0.0 15,055  0.0 
Any malignancya 12,047  4.9 5,611  3.9 6,436  6.3 5,775,260  6.5 2,668,349  6.0 3,106,911  7.0 
Cerebrovascular disease 10,866  4.4 6,510  4.5 4,356  4.3 5,773,295  6.5 3,023,765  6.8 2,749,530  6.2 
Chronic pulmonary 
disease 43,216  17.5 22,484  15.6 20,732  20.2 17,303,735  19.5 7,713,864  17.4 9,589,871  21.5 
Congestive heart failure 8,497  3.4 5,515  3.8 2,982  2.9 4,317,076  4.9 2,459,170  5.6 1,857,906  4.2 
Deme
ntia  447  0.2 210  0.1 237  0.2 410,326  0.5 179,350  0.4 230,976  0.5 
Diabetes mellitus 27,344  11.1 17,881  12.4 9,463  9.2 12,689,040  14.3 7,122,240  16.1 5,566,801  12.5 
Hemiplegia or paraplegia 813  0.3 533  0.4 280  0.3 424,609  0.5 253,040  0.6 171,569  0.4 
Liver disease 27,127  11.0 16,954  11.8 10,173  9.9 11,341,444  2.8 6,031,029  13.6 5,310,415  11.9 
Metastatic solid tumor 2,532  1.0 1,263  0.9 1,269  1.2 1,235,336  1.4 598,734  1.4 636,601  1.4 
Myocardial infarction 1,628  0.7 1,325  0.9 303  0.3 769,977  0.9 575,894  1.3 194,083  0.4 
Peptic ulcer disease 26,047  10.6 14,511  10.1 11,536  11.3 11,238,524  12.6 5,485,994  12.4 5,752,530  12.9 
Peripheral vascular 
disease 10,407  4.2 5,723  4.0 4,684  4.6 5,197,644  5.8 2,503,359  5.7 2,694,285  6.0 
Renal disease 2,573  1.0 1,751  1.2 822  0.8 1,261,138  1.4 784,770  1.8 476,367  1.1 
Rheumatologic disease 4,146  1.7 1,397  1.0 2,749  2.7 1,928,685  2.2 530,072  1.2 1,398,613  3.1 
³1 disease among top 5 71,880  29.1 40,833  28.3 31,047  30.3 30,041,150  33.8 14,676,045  33.1 15,365,106  34.4 
Disease no. among CCI             

 no disease 171,140  69.4 101,857  70.6 69,283  67.6 57,293,691  64.4 29,006,814  65.5 28,286,877  63.4 
 1 disease 22,947  9.3 12,032  8.3 10,915  10.7 8,464,436  9.5 3,702,220  8.4 4,762,216  10.7 
 2 diseases 17,120  6.9 8,994  6.2 8,126  7.9 6,799,080  7.6 3,029,535  6.8 3,769,544  8.4 
 3 diseases 12,822  5.2 7,273  5.0 5,549  5.4 5,534,827  6.2 2,652,231  6.0 2,882,596  6.5 
 4 diseases 9,588  3.9 5,874  4.1 3,714  3.6 4,261,753  4.8 2,242,062  5.1 2,019,691  4.5 

  ≥ 5 diseases 13,054  5.3 8,207  5.7 4,847  4.7 6,574,213  7.4 3,655,138  8.3 2,919,075  6.5 
Multimorbidity  52,584 21.3 30,348 21.0 22,236 21.7 23,169,873 26.1 11,578,966 26.1 11,590,906 26.0 
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(≥2 diseases among 
CCI) 
Values are numbers (%) unless otherwise stated.  
a Any malignancy includes leukemia and 
lymphoma.  
FY; fiscal year  
SD; standard deviation  
CCI; Charlson Comorbidity Index 
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Supplementary eTable 3B. Diagnosed disease prevalence in fiscal year 2014 applied to the Japanese 
total population by age group 
 Overall   20-24   25-29   30-34   
  88,923,000  (100%) 6,204,000  (100%) 6,678,000  (100%) 7,468,000  (100%) 
Men 44,288,000  (49.8%) 3,192,000  (51.5%) 3,414,000  (51.1%) 3,788,000  (50.7%) 
AIDS/HIV 34,034  (0.0%) 1,400  (0.0%) 1,137  (0.0%) 1,394  (0.0%) 
Any malignancya 5,775,260  (6.5%) 24,047  (0.4%) 60,604  (0.9%) 103,907  (1.4%) 
Cerebrovascular disease 5,773,295  (6.5%) 12,484  (0.2%) 23,767  (0.4%) 40,440  (0.5%) 
Chronic pulmonary disease 17,303,735  (19.5%) 656,012  (10.6%) 901,156  (13.5%) 1,184,702  (15.9%) 
Congestive heart failure 4,317,076  (4.9%) 21,322  (0.3%) 34,950  (0.5%) 52,469  (0.7%) 
Dementia 410,326  (0.5%) 418  (0.0%) 0  (0.0%) 1,053  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 50,290  (0.8%) 141,852  (2.1%) 228,348  (3.1%) 
Hemiplegia or paraplegia 424,609  (0.5%) 3,782  (0.1%) 7,489  (0.1%) 10,227  (0.1%) 
Liver disease 11,341,444  (12.8%) 129,091  (2.1%) 259,190  (3.9%) 380,993  (5.1%) 
Metastatic solid tumor 1,235,336  (1.4%) 6,706  (0.1%) 9,643  (0.1%) 15,804  (0.2%) 
Myocardial infarction 769,977  (0.9%) 3,510  (0.1%) 3,859  (0.1%) 7,438  (0.1%) 
Peptic ulcer disease 11,238,524  (12.6%) 213,860  (3.4%) 364,164  (5.5%) 444,445  (6.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 20,276  (0.3%) 42,759  (0.6%) 60,055  (0.8%) 
Renal disease 1,261,138  (1.4%) 6,164  (0.1%) 11,118  (0.2%) 19,957  (0.3%) 
Rheumatologic disease 1,928,685  (2.2%) 17,602  (0.3%) 35,051  (0.5%) 43,777  (0.6%) 
no disease 57,293,691  (64.4%) 5,352,990  (86.3%) 5,500,039  (82.4%) 5,935,225  (79.5%) 
1 disease 8,464,436  (9.5%) 609,768  (9.8%) 666,087  (10.0%) 805,022  (10.8%) 
2 diseases 6,799,080  (7.6%) 163,269  (2.6%) 310,407  (4.6%) 399,222  (5.3%) 
3 diseases 5,534,827  (6.2%) 45,066  (0.7%) 104,758  (1.6%) 178,423  (2.4%) 
4 diseases 4,261,753  (4.8%) 19,190  (0.3%) 52,301  (0.8%) 77,876  (1.0%) 
≥ 5 diseases 6,574,213  (7.4%) 13,716  (0.2%) 44,409  (0.7%) 72,233  (1.0%) 
Multimorbidity  
(≥2 diseases among CCI) 23,169,873 (26.1%) 241,241 (3.9%) 511,875 (7.7%) 727,754 (9.7%) 

aAny malignancy includes leukemia and lymphoma.         
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Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   35-39   40-44   45-49   
  88,923,000  (100%) 8,670,000  (100%) 9,793,000  (100%) 8,607,000  (100%) 
Men 44,288,000  (49.8%) 4,394,000  (50.7%) 4,956,000  (50.6%) 4,329,000  (50.3%) 
AIDS/HIV 34,034  (0.0%) 4,592  (0.1%) 4,124  (0.0%) 3,069  (0.0%) 
Any malignancya 5,775,260  (6.5%) 198,069  (2.3%) 308,591  (3.2%) 393,299  (4.6%) 
Cerebrovascular disease 5,773,295  (6.5%) 93,413  (1.1%) 170,645  (1.7%) 265,098  (3.1%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,446,109  (16.7%) 1,613,639  (16.5%) 1,462,084  (17.0%) 
Congestive heart failure 4,317,076  (4.9%) 90,394  (1.0%) 155,193  (1.6%) 201,862  (2.3%) 
Dementia 410,326  (0.5%) 734  (0.0%) 1,490  (0.0%) 3,606  (0.0%) 
Diabetes mellitus 12,689,040  (14.3%) 352,333  (4.1%) 553,455  (5.7%) 737,731  (8.6%) 
Hemiplegia or paraplegia 424,609  (0.5%) 13,621  (0.2%) 12,793  (0.1%) 19,669  (0.2%) 
Liver disease 11,341,444  (12.8%) 577,316  (6.7%) 784,095  (8.0%) 858,769  (10.0%) 
Metastatic solid tumor 1,235,336  (1.4%) 29,912  (0.3%) 56,656  (0.6%) 78,055  (0.9%) 
Myocardial infarction 769,977  (0.9%) 8,925  (0.1%) 25,198  (0.3%) 37,793  (0.4%) 
Peptic ulcer disease 11,238,524  (12.6%) 589,633  (6.8%) 749,581  (7.7%) 856,494  (10.0%) 
Peripheral vascular disease 5,197,644  (5.8%) 127,339  (1.5%) 201,866  (2.1%) 288,167  (3.3%) 
Renal disease 1,261,138  (1.4%) 30,634  (0.4%) 46,209  (0.5%) 73,397  (0.9%) 
Rheumatologic disease 1,928,685  (2.2%) 79,300  (0.9%) 108,081  (1.1%) 143,756  (1.7%) 
no disease 57,293,691  (64.4%) 6,707,086  (77.4%) 7,389,249  (75.5%) 6,205,507  (72.1%) 
1 disease 8,464,436  (9.5%) 879,686  (10.1%) 969,263  (9.9%) 762,446  (8.9%) 
2 diseases 6,799,080  (7.6%) 529,075  (6.1%) 633,182  (6.5%) 588,650  (6.8%) 
3 diseases 5,534,827  (6.2%) 284,566  (3.3%) 352,334  (3.6%) 416,546  (4.8%) 
4 diseases 4,261,753  (4.8%) 152,965  (1.8%) 232,087  (2.4%) 297,143  (3.5%) 
≥ 5 diseases 6,574,213  (7.4%) 116,621  (1.3%) 216,885  (2.2%) 336,707  (3.9%) 
Multimorbidity  
(≥2 diseases among CCI) 23,169,873 (26.1%) 1,083,227 (12.5%) 1,434,488 (14.6%) 1,639,046 (19.0%) 
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aAny malignancy includes leukemia and lymphoma.         
 
 
Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014 applied to the  
Japanese total population by age group 
 Overall   50-54   55-59   60-64   
  88,923,000  (100%) 7,790,000  (100%) 7,655,000  (100%) 8,979,000  (100%) 
Men 44,288,000  (49.8%) 3,903,000  (50.1%) 3,802,000  (49.7%) 4,406,000  (49.1%) 
AIDS/HIV 34,034  (0.0%) 2,979  (0.0%) 3,324  (0.0%) 5,281  (0.1%) 
Any malignancya 5,775,260  (6.5%) 483,592  (6.2%) 624,101  (8.2%) 958,696  (10.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 387,663  (5.0%) 573,513  (7.5%) 965,151  (10.7%) 
Chronic pulmonary disease 17,303,735  (19.5%) 1,469,169  (18.9%) 1,565,078  (20.4%) 2,074,822  (23.1%) 
Congestive heart failure 4,317,076  (4.9%) 316,491  (4.1%) 443,956  (5.8%) 694,542  (7.7%) 
Dementia 410,326  (0.5%) 7,254  (0.1%) 14,375  (0.2%) 27,048  (0.3%) 
Diabetes mellitus 12,689,040  (14.3%) 1,028,899  (13.2%) 1,477,049  (19.3%) 2,197,472  (24.5%) 
Hemiplegia or paraplegia 424,609  (0.5%) 26,826  (0.3%) 43,702  (0.6%) 56,416  (0.6%) 
Liver disease 11,341,444  (12.8%) 1,063,948  (13.7%) 1,316,086  (17.2%) 1,785,515  (19.9%) 
Metastatic solid tumor 1,235,336  (1.4%) 104,654  (1.3%) 136,279  (1.8%) 204,377  (2.3%) 
Myocardial infarction 769,977  (0.9%) 65,457  (0.8%) 76,970  (1.0%) 130,757  (1.5%) 
Peptic ulcer disease 11,238,524  (12.6%) 977,192  (12.5%) 1,190,533  (15.6%) 1,633,285  (18.2%) 
Peripheral vascular disease 5,197,644  (5.8%) 411,839  (5.3%) 554,776  (7.2%) 876,673  (9.8%) 
Renal disease 1,261,138  (1.4%) 95,578  (1.2%) 126,432  (1.7%) 202,057  (2.3%) 
Rheumatologic disease 1,928,685  (2.2%) 191,910  (2.5%) 235,332  (3.1%) 326,918  (3.6%) 
no disease 57,293,691  (64.4%) 5,087,646  (65.3%) 4,435,684  (57.9%) 4,468,987  (49.8%) 
1 disease 8,464,436  (9.5%) 687,805  (8.8%) 680,727  (8.9%) 859,388  (9.6%) 
2 diseases 6,799,080  (7.6%) 631,794  (8.1%) 687,732  (9.0%) 933,542  (10.4%) 
3 diseases 5,534,827  (6.2%) 510,570  (6.6%) 638,438  (8.3%) 881,741  (9.8%) 
4 diseases 4,261,753  (4.8%) 382,265  (4.9%) 509,123  (6.7%) 729,058  (8.1%) 
≥ 5 diseases 6,574,213  (7.4%) 489,921  (6.3%) 703,297  (9.2%) 1,106,284  (12.3%) 
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Multimorbidity 
(≥2 diseases among CCI) 23,169,873 (26.1%) 2,014,550 (25.9%) 2,538,590 (33.2%) 3,650,625 (40.7%) 

aAny malignancy includes leukemia and lymphoma.         
 
 
Supplementary eTable 3. (continued) Diagnosed disease prevalence in fiscal year 2014  
applied to the Japanese total population by age group 
 Overall   65-69   70-74   
  88,923,000  (100%) 9,155,000  (100%) 7,929,000  (100%) 
Men 44,288,000  (49.8%) 4,414,000  (48.2%) 3,690,000  (46.5%) 
AIDS/HIV 34,034  (0.0%) 3,793  (0.0%) 2,940  (0.0%) 
Any malignancya 5,775,260  (6.5%) 1,296,908  (14.2%) 1,323,445  (16.7%) 
Cerebrovascular disease 5,773,295  (6.5%) 1,404,663  (15.3%) 1,836,456  (23.2%) 
Chronic pulmonary disease 17,303,735  (19.5%) 2,445,425  (26.7%) 2,485,540  (31.3%) 
Congestive heart failure 4,317,076  (4.9%) 931,107  (10.2%) 1,374,790  (17.3%) 
Dementia 410,326  (0.5%) 83,286  (0.9%) 271,063  (3.4%) 
Diabetes mellitus 12,689,040  (14.3%) 2,891,848  (31.6%) 3,029,762  (38.2%) 
Hemiplegia or paraplegia 424,609  (0.5%) 81,998  (0.9%) 148,087  (1.9%) 
Liver disease 11,341,444  (12.8%) 2,094,406  (22.9%) 2,092,035  (26.4%) 
Metastatic solid tumor 1,235,336  (1.4%) 300,280  (3.3%) 292,970  (3.7%) 
Myocardial infarction 769,977  (0.9%) 197,033  (2.2%) 213,037  (2.7%) 
Peptic ulcer disease 11,238,524  (12.6%) 2,053,538  (22.4%) 2,165,800  (27.3%) 
Peripheral vascular disease 5,197,644  (5.8%) 1,181,335  (12.9%) 1,432,557  (18.1%) 
Renal disease 1,261,138  (1.4%) 257,988  (2.8%) 391,604  (4.9%) 
Rheumatologic disease 1,928,685  (2.2%) 374,826  (4.1%) 372,134  (4.7%) 
no disease 57,293,691  (64.4%) 3,803,485  (41.5%) 2,407,794  (30.4%) 
1 disease 8,464,436  (9.5%) 785,842  (8.6%) 758,403  (9.6%) 
2 diseases 6,799,080  (7.6%) 1,013,307  (11.1%) 908,900  (11.5%) 
3 diseases 5,534,827  (6.2%) 1,074,487  (11.7%) 1,047,899  (13.2%) 
4 diseases 4,261,753  (4.8%) 886,159  (9.7%) 923,584  (11.6%) 
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≥ 5 diseases 6,574,213  (7.4%) 1,591,721  (17.4%) 1,882,418  (23.7%) 
Multimorbidity 
(≥2 diseases among CCI) 23,169,873 (26.1%) 4,565,674 (49.9%) 4,762,801 (60.1%) 

aAny malignancy includes leukemia and lymphoma.       
       

 
Supplementary eTable 4. Hazard ratios in multimorbid individuals based on 
hospitalisation or death rates in a 5-year cohort of n = 111 088 men and n = 70 871 
women.  Cox regression analysis   

Overalla                         
 Full Model 20-39 years 40-59 years 60-71 years 
  HR 95%CI HR 95%CI HR 95%CI HR 95%CI 
Age 1.02 1.01 1.02          

Sex 0.97 0.95 0.99 0.36 0.34 0.37 1.29 1.25 1.33 1.44 1.38 1.51 
≥2 diseases 2.17 2.12 2.21 2.17 2.05 2.29 2.31 2.24 2.38 2.05 1.97 2.14 
Menb                         
Age 1.03 1.03 1.04          

≥2 diseases 2.04 1.98 2.10 2.81 2.56 3.07 2.25 2.17 2.34 1.94 1.84 2.04 
Womenb                         
Age 0.99 0.99 1.00          

≥2 diseases 2.22 2.15 2.30 1.91 1.78 2.04 2.42 2.30 2.54 2.28 2.12 2.44 
aReferences are female for sex, no disease for morbidity 
variables 

        

bReference is no disease for morbidity variables          

HR; hazard ratio, CI; confidence interval           
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cohort studies

Section/Topic Item 
# Recommendation Reported on page #

(a) Indicate the study’s design with a commonly used term in the title or the abstract 1 Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3-4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 7

Objectives 3 State specific objectives, including any prespecified hypotheses 7-8

Methods
Study design 4 Present key elements of study design early in the paper 10
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
10

(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 9-10Participants 6

(b) For matched studies, give matching criteria and number of exposed and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable
11

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

9-12

Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why
(a) Describe all statistical methods, including those used to control for confounding 12

(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed

Statistical methods 12

(e) Describe any sensitivity analyses

Results
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 
eligible, included in the study, completing follow-up, and analysed

Fig. 1

(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram Fig. 1

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 
confounders

Suppl. Table 2

(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount) 14

Outcome data 15* Report numbers of outcome events or summary measures over time Table 1, Suppl. 
Tables 3-4

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 
interval). Make clear which confounders were adjusted for and why they were included

16, Fig. 3

(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 12, Fig. 3

Discussion
Key results 18 Summarise key results with reference to study objectives 14-16
Limitations 17-18
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence
20-23

Generalisability 21 Discuss the generalisability (external validity) of the study results 19

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
24

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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