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Abstract  

Introduction: Advancing age, comorbidity, and financial burden have been observed in chronic 

hepatitis B (CHB) patients globally. As Japan is leading the world in aging demographics, similar real-

world data are urgently needed for its CHB population to inform all stakeholders. Methods: This 

cross-sectional study characterized the demographics, comorbidities, and healthcare costs of a large 

Japanese real-world adult (≥18 years) CHB patient (ICD-10: B18.1) population from the Medical Data 

Vision database from 01/01/2012 to 31/12/2016. Comorbidities were identified by ICD-10 codes and 

the annual point-prevalence and Charlson Comorbidity Index (CCI) score were calculated. Annual 

mean and median all-cause healthcare utilization and costs per-patient were calculated. Comparison 

tests were conducted for CCI scores, prevalence of comorbidities and healthcare resource utilization 

and costs. Results: We identified 11,125 CHB patients. Between 2012 and 2016, the mean age 

increased from 62.0±13.3 to 65.2±13.2 years, and the percentage of those aged ≥65 years increased 

from 45.6% to 60.7%. The prevalence of cirrhosis remained similar (5.8% in 2012 and 5.6% in 2016, 

p=0.69) while hepatocellular carcinoma decreased from 6.3% to 4.5% (p<0.01). The prevalence of 

non-liver comorbidities increased (40.9% to 52.0% for cancer (p<0.01), 12.1% to 17.7% for 

osteoporosis (p<0.01), and 10.7% to 15.0% for renal impairment (p<0.01). Healthcare resource 

utilization and costs also increased, with a 119.3% increase in the median total healthcare costs from 

¥229,143 in 2012 to ¥502,467 in 2016 (p<0.01). Conclusions: The CHB population of Japan is 

predominantly elderly and carry a high non-liver comorbidity burden, while incurring increasing 

healthcare costs. 
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Introduction 

Chronic hepatitis B virus (HBV) infection leads to cirrhosis and hepatocellular carcinoma (HCC) and 

affected 257 million people worldwide in 2015 [1]. In Japan, the estimated prevalence of HBV 

infection was 0.6% in 2016 while the total estimated CHB population included 719,000 people [2]. In 

2019, the estimated number of deaths attributed to HBV infection in Japan was between 6,475–

8,750 [3].  

In the year 2000, almost 80% of the total Japan CHB population were 40 years of age or older while 

in 2016 the prevalence of HBV infection in Japanese children was very low (0.033%). These findings 

probably resulted from the institution of a selective program providing hepatitis B immune globulin 

and hepatitis B vaccination for infants born to hepatitis B surface antigen (HBsAg)-positive mothers 

in 1986, since the Japanese government only introduced universal hepatitis B vaccination for infants 

in 2016 [4, 5].  

This unique distribution of Japan’s CHB population results from Japan having one of the highest life 

expectancy and the lowest birth rates in the world [6, 7]. As the general population of Japan 

continues to age (36 million or 28% out of the total 126 million in 2019 being 65 years or older), the 

Japan CHB population is also likely to be aging [8]. Thus, the high proportion of elderly people in 

Japan highlights the importance of assessing and controlling healthcare utilization and expenditures 

in Japan, a country with the third-largest economy and the eleventh most populous in the world [9-

11]. 

Apart from the liver-related sequalae of CHB, non-liver comorbidities are additional concerns that 

can complicate the clinical management of an aging CHB population. As recently shown by a health 

care claims database study in the United States (US), the mean age of the CHB population in the US 

increased from 48 to 52 years between 2006 and 2015, with an increased prevalence of multiple 

comorbidities including cardiovascular diseases (CVD), diabetes, hyperlipidemia, renal impairment 

and bone-related diseases alongside increased healthcare resource utilization and cost [12]. In 

addition, compared to age and sex matched non-CHB controls, CHB patients were found to have a 

higher cumulative incidence of chronic kidney disease, which was also observed in a prior study 

using the Taiwan National Insurance database [12-14]. However, data characterizing the real-world 

CHB population in Japan are limited. 

Therefore, to assist clinical sectors in the management of the aging CHB population and inform other 

stakeholders to guide public health efforts and government resource allocation, we aimed to 

examine the demographics, prevalence of liver and non-liver comorbidities, healthcare resource 
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utilization and costs as well as their changes over time in a large nationwide real-world cohort of 

CHB patients in Japan using the Medical Data Vision Co. Ltd. (MDV, Tokyo, Japan) [15]. 

Materials and Methods 

Study design 

We performed a retrospective cross-sectional analysis of CHB patients in Japan using the MDV 

claims database from April 2008 to March 2017. Since 2008, the MDV database has collected 

monthly data on inpatient, outpatient and pharmacy claims in addition to disease-procedure 

combination claims. As of 2017, the MDV database included approximately 300 hospitals (inclusive 

of acute inpatient care and routine outpatient ambulatory care), covering more than 20 million 

patients across Japan [15].  

In our study, two subsets from the MDV database were used: Act data (containing information on 

treatment and procedures) and Disease data (containing information on diagnosed diseases). From 

these two datasets, we identified a total of 86,234 patients with CHB between April 2008 to March 

2017. Data in this period were used to determine eligibility of patients; however, the analyses were 

conducted on data between January 2012 and December 2016. Data prior to 2012 were excluded 

due to small patient numbers and data from 2017 were excluded as only the first three months of 

the calendar year were available.  

Study population 

The study included adult patients who had at least one record of CHB (ICD-10: B18.1) and were aged 

18 years or older at their index date, i.e. date of first visit with a CHB diagnosis. Patients were 

excluded if they had hepatitis C, hepatitis D or human immunodeficiency virus coinfection; hepatitis 

B patients receiving interferon-based therapy were also excluded due to the potential for the 

treatment-related adverse events to skew the comorbidity and healthcare resource utilization 

analyses. Patients who received nucleot(s)ide analogue therapy (whether treatment-naïve or 

experienced at study entry) were eligible for inclusion. Patients must have had at least one claim for 

any disease, treatment, or procedure in the six months pre-index and post-index dates to ensure 

that patients included in the study accessed the healthcare system during the study duration. Table 

S1 describes further details of the inclusion and exclusion criteria of the study. 

Outcome measures 

Outcome measures included demographic characteristics (gender and age), diagnoses of 

comorbidities by ICD-10 codes, total all-cause healthcare resource utilization and healthcare costs. 

All analyses were summarized by calendar year (2012 to 2016). Patients were included in each year 
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if they had at least one claim in either Act data or Disease data in the years during or after the index 

date. 

For the demographic analyses, we extracted gender and age from the Sex and Age variables, 

respectively. We reported mean age with standard deviation (SD) in each year. We also reported age 

groups based on the age at their index date or first claim in that particular year (18–34, 35–44, 45–

54, 55–64, 65–74, and ≥75 years) and gender distribution in percentages. Patients aged ≥65 years 

were considered elderly [16]. 

We assessed the overall comorbidity burden of the study cohort via the Charlson Comorbidity Index 

(CCI) using ICD-10 codes for each patient from Disease data [17]. CCI scores can range from 0 to 28, 

with a higher number indicating a poorer health state. CCI scores were summed and divided by the 

number of patients to calculate the mean, per-patient CCI score for each year, accompanied by the 

SD. The median and interquartile range (IQR) were also reported for each year. We also assessed the 

prevalence of 47 pre-selected comorbidities, based on ICD-10 codes [18, 19]. With regards to bone 

fracture data, patients may have both pathological and non-pathological bone fractures within a 

year and therefore be included separately in these sub-groups, but only counted once in the “bone 

fracture (all)” category.  

We assessed all-cause healthcare resource utilization and costs for each calendar year using 

derivations in Act data. (Table S2) Briefly, we assessed the per-patient, per-year, all-cause healthcare 

resource utilization for each calendar year as below. Patients who had no claim for any of these 

healthcare visits were assumed to have not utilized that resource.  

• Number of patients with at least one inpatient admission 

• Mean, SD, median and IQR of the number and duration of inpatient admissions 

• Number of patients with at least one outpatient visit to the hospital  

• Mean, SD, median and IQR of the number of outpatient visits  

For all-cause healthcare costs, we calculated the per-patient, per-year, mean, SD, median and IQR of 

total and yearly healthcare costs, as well as costs of inpatient visit, outpatient visit, pharmacy or 

medication use, and diagnostic tests (including imaging, pathology, laboratory tests) for each 

calendar year by adding up the cost reported for each patient then dividing this sum by the number 

of patients who had claims in that calendar year. We categorized inpatient or outpatient resources 

based on the claims code assigned for each procedure within the MDV database. (Table S2) 

Inpatient costs refer to any costs associated with an inpatient stay in hospital, including physician 
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fees, accommodation costs, drug costs and diagnostic tests; similarly for outpatient costs. Pharmacy 

costs and diagnostic costs include costs within these categories incurred in both the inpatient and 

outpatient setting. We did not adjust for inflation as the Japanese core inflation rate was 

approximately 0.7% between 2012 and 2016 [20].  

Comparison tests were conducted for CCI scores, prevalence of the pre-selected comorbidities and 

healthcare resource utilization and costs to compare the differences between results in 2012 and 

2016. As samples in those two years were neither totally independent nor totally dependent, 

partially overlapping comparison tests were conducted [21]. The partially overlapping t-test was 

used for CCI score, healthcare resource utilization and costs while the partially overlapping z-test 

was used for prevalence of each pre-selected comorbidities. A p-value of less than 0.05 was 

considered statistically significant. 

Results 

Patient characteristics 

A total of 11,125 CHB patients met the eligibility criteria and were included in the analysis; the 

application of the exclusion criteria to derive the patient population is detailed in Table S3. The 

number of patients included in each year increased substantially, predominantly reflecting increased 

inclusion of centers within the MDV database over time. Around half (52%–54%) of the cohort were 

male. (Table 1) The mean age of our CHB cohort increased from 62.0 years in 2012 to 65.2 years in 

2016. (Table 1) The proportion of senior citizens (aged ≥65 years) increased from 45.6% in 2012 to 

60.7% in 2016. (Table 1) The proportion of very elderly patients aged ≥75 years also increased from 

17.0% in 2012 to 24.3% in 2016. (Table 1) 

Comorbidity burden 

Across each calendar year, we were able to estimate CCI scores for more than 96% of included 

patients. The mean CCI score per patient increased from 4.0 in 2012 to 4.8 in 2016, while the median 

score increased from 3.0 to 4.0. (Figure 1)  

The prevalence of the 47 selected comorbidities are presented in Table 2. From 2012 to 2016, the 

prevalence of most comorbidities increased significantly. While total cancer cases increased 

significantly over time (from 40.9% to 52.0%, p<0.01), the prevalence of HCC decreased significantly, 

from 6.3% in 2012 to 4.5% in 2016 (p<0.01) and the prevalence of cirrhosis remained stable across 

the period, from 5.8% in 2012 to 5.6% in 2016 (p=0.69). Other liver diseases, including non-alcoholic 
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fatty liver disease/steatohepatitis (2012: 3.7%; 2016: 4.1%, p=0.44) and alcoholic liver 

disease/alcoholic cirrhosis/alcoholic hepatitis (2012: 1.4%; 2016: 1.7%, p=0.45) also remained stable. 

The prevalence of osteoporosis increased significantly from 12.1% to 17.7% (p<0.01) over time, with 

significant increases also seen in the occurrence of bone fractures (3.1% to 4.6%, p=0.01). 

Significantly more patients experienced renal impairment in 2016 compared to 2012 (increase from 

10.7% to 15.0%, p<0.01), driven partially by a significant increase in cases of chronic kidney disease 

(from 3.4% to 5.6%, p<0.01). (Table 2)  

All-cause healthcare resource use  

Across all calendar years, roughly one-third of CHB patients had at least one inpatient admission 

(due to any cause) and the mean, per-patient number of inpatient admissions per year increased 

from 0.58 in 2012 to 0.70 in 2016 (p<0.01). (Table 3) The mean, per-patient duration of inpatient 

admission increased slightly from 9 to 11 days from 2012 to 2016 (p=0.09). The median number of 

inpatient admissions and median duration of inpatient admissions were zero across all years, as two-

thirds of patients were not admitted as inpatients. The vast majority (≥89%) of all CHB patients had 

at least one outpatient visit each year, and the mean per-patient number of outpatient visits per 

year increased from 7.4 in 2012 to 12.0 in 2016 (p<0.01). The median number of outpatient visits 

doubled in the same time period (from 4.0 in 2012 to 8.0 in 2016). (Table 3) 

All-cause healthcare costs  

From 2012 to 2016, the mean total healthcare costs per patient per year increased from ¥846,178 to 

¥1,332,417 (p<0.01). The median total healthcare costs increased from ¥229,143 to ¥502,467 (Table 

4). In 2012 and 2013, inpatient costs represented a larger component of the total healthcare costs as 

compared to outpatient costs. However, by 2016, the mean outpatient cost was ¥711,523 per 

patient per year, while the mean per-patient inpatient cost was ¥621,894. (Table 4) The per-patient 

drug cost increased significantly between 2012 and 2016. Diagnostic costs remained the smallest 

cost component across all years, although these also increased significantly. (Table 4)  

Discussion/Conclusion 

This large real-world analysis has helped to characterize and assess the changes over time of the 

demographics, comorbidities, and healthcare resource utilization and costs of CHB patients in Japan. 

Our study showed that the majority of CHB patients in Japan are elderly, with a mean age of 65 years 

and with 61% being ≥65 years old in 2016 compared with 46% of patients in 2012. While the trend of 

advancing age has been observed in CHB patients from recent studies around the world, the mean 

age of our study population was approximately 10 to almost 16 years higher than CHB population in 
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the US (51.8±12.4 years in 2015) and neighboring Asian countries such as Korea (49.5±9.4 in 2015) 

and Hong Kong (55±15 in 2014–2017) [12, 22, 23]. Though Japan, as a whole, has an ageing 

population, the CHB patient population is on average substantially older than the general 

population: 23.4% of the population in Japan was ≥65 years old in 2012, compared with 45.6% of 

patients in our study for the same year [24]. This differential age distribution is likely due to the 

implementation of hepatitis B vaccination programs started in the late 1980s, which essentially 

eliminated HBV infections in patients under the age of 30. Unlike the US, where the majority of CHB 

cases are “imported” due to steady immigration from endemic countries, the immigrant population 

of Japan remains low at 2% over the past decade [25]. The use of antiviral treatment, which reduces 

the risk of disease progression (as potentially reflected by the decreasing prevalence of HCC and 

steady prevalence of cirrhosis observed in this study) may also help prolong the life expectancy of 

CHB patients and contribute to the ageing of the CHB population [26-28]. 

Another reason for the advanced age of CHB patients in Japan and elsewhere in the world can be 

due to delayed screening and diagnosis, such that HBV-infected patients do not get diagnosed until 

later in life. Indeed, the connection to care for CHB patients is suboptimal, even in high-income 

countries, as illustrated by a 15% liver disease awareness rate in a recent population-based survey 

study and an 19% CHB diagnoses rate among 198 million Americans with private insurance [29, 30].  

While the general trend in our study was an increase in the prevalence of comorbidities, we 

reported a decreasing trend of cirrhosis and HCC. This result is in line with other studies from Japan 

showing a decreasing contribution of viral hepatitis to overall national cirrhosis and HCC cases; with 

CHB-related cirrhosis cases dropping from 11.6% of overall cirrhosis cases in 2008 to 8.8% in 2016 

[31, 32]. This may reflect improvements in CHB treatment over the past decade.  

With a rapidly ageing CHB population in our study, it is unsurprising that the prevalence of most non-

liver comorbidities increased over time. This is an important finding for clinicians to consider during 

the course of the management and monitoring of these patients. In fact, our comorbidity analyses 

demonstrated that the mean CCI score of CHB patients in the present study increased by almost one 

point, from 4.0 in 2012 to 4.8 in 2016. In addition, as with the mean age discussed above, the mean 

CCI was higher among the CHB population of this study than in a 2015 study from the US (2.6±3.0 

among Medicaid patients) [12]. 

Somewhat daunting is that by 2016, the majority of the Japanese CHB population in this study had 

gastroesophageal diseases (58.2%), cancer (52.0%), or CVD (52.0%) while approximately one-third 

had hypertension (39.1%) or diabetes (35.6%). All of these comorbidities were substantially higher 

than the prevalence of any malignancy, CVD, hypertension, and diabetes findings from the US (7.3%, 
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11.8%, 32.0% and 15.3%, respectively, in 2015) or Hong Kong (23.6%, 22.2%, 28.6% and 20.1%, 

respectively, in 2014–2017) studies [12, 23]. The results likely reflect the particularly aged nature of 

the CHB population in Japan, with the hypertension prevalence (58.2%) being similar to that 

reported in 2016 for Japanese men aged 50–59 years (60.8%) and women aged 60–69 years (58.5%) 

[33]. However, the diabetes prevalence (35.6%) in our study is much higher than in the general 

Japanese population (8.3%-16%) [34]. These discrepancies could be due to surveillance bias in which 

people with one chronic disease such as CHB undergo more screening and surveillance for other 

comorbidities.   

Approximately one-quarter (25.5%) of the study CHB population also had bone-related diseases 

(osteoporosis, osteoarthritis or vitamin D deficiency) and 15.0% exhibited renal impairment of some 

degree. CHB patients with bone and renal disorders or patients who are at risk of such impairments 

may require special considerations such as medication dosage adjustment and/or avoidance of 

antiviral medications that can compromise bone or renal health, as per international CHB 

management guidelines [35, 36].  

We observed an increase in resource utilization and costs in our study cohort over time, a finding 

that is consistent with data from other countries [37, 38]. By 2016, median all-cause healthcare costs 

among CHB patients in this study were ¥502,467, translating to a 119.3% increase from ¥229,143 in 

2012. This rise in the costs corresponds with a rise in the utilization of healthcare resources, 

including both the number of inpatient admissions and outpatient visits. However, we caution 

against interpretation that the rising cost was due solely to CHB, as our analysis considered all costs 

incurred by CHB patients, not only CHB-related costs. 

Apart from the limitations already highlighted, the study has further limitations pertaining to the use 

of the MDV database. Despite the increasing coverage of the database, patients may have sought 

care at facilities not covered by the MDV database used in this study, though this is unlikely since 

patients with chronic conditions tend to follow up with their regular physician. In addition, the MDV 

database only covers certain medical centers that include both acute care hospitals and outpatient 

clinics. Thus, our analyses did not capture any resource use or costs of CHB patients managed in 

other types of healthcare facilities such as ambulatory centers or primary care facilities, if they were 

not attached to acute care hospitals. Any effect is likely to be limited, as specialized medical 

institutions are appointed as the primary care provider for viral hepatitis in Japan [9]. The MDV 

database does not include clinical or laboratory data for the vast majority of patients; as such, we 

were unable to characterize the clinical and laboratory characteristics of our study population or 

investigate their potential associations with study outcomes. Similarly, the lack of clinical data to 
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adjust for background differences between the treated and untreated groups also limited our ability 

to investigate the effect of antiviral therapy on study outcomes. Finally, we excluded data pre-2011 

from our study, due to unstable fluctuations in patient demographics. Nevertheless, even the 2012 

data may be subject to such fluctuations, as potentially indicated by the 8% increase in patients 

attending outpatient visits between 2012 and 2013. Therefore, the 2012 data should be interpreted 

with caution. 

In conclusion, the CHB patient population in Japan is elderly with an advancing mean age. Between 

2012 and 2016, 61% were aged 65 years or older and one in four were aged 75 years or older by 

2016. Over this time period, liver-related morbidities decreased but the non-liver comorbidity 

burden increased; by 2016, more than half of the study population presented with either cancer or 

CVD, one-third with diabetes, one-third with hypertension, one-quarter with bone disorders, and 

15% with renal impairment. Assessment and consideration of these highly prevalent and relevant 

non-liver comorbidities are important in this elderly CHB population.  
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Figure Legends 

Fig. 1. Mean and Median Charlson Comorbidity (CCI) score in the study population by calendar year 

CCI, Charlson Comorbidity Index. 

 





Table 1 Patient characteristics of the study population by calendar year 

Parameter Variable 

CHB population 

2012 2013 2014 2015 2016 

(N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556) 

Gender, % 
Male 53.6 54.4 51.9 51.6 52.3 

Female 46.4 45.6 48.1 48.4 47.7 

Age, years Mean±SD 62.0±13.3 62.7±13.2 63.6±13.4 64.5±13.4 65.2±13.2 

Age group,  

% 

18–34 years 3.7 3.7 3.6 3.4 3.0 

35–44 years 7.4 6.9 6.6 6.1 5.7 

45–54 years 12.6 12.0 11.0 10.7 10.1 

55–64 years 30.7 28.4 25.5 21.7 20.5 

65–74 years 28.6 30.4 32.7 35.6 36.4 

≥75 years 17.0 18.6 20.6 22.5 24.3 

CHB, chronic hepatitis B; SD, standard deviation. 
 



Table 2 Prevalence of 47 selected comorbidities in the study population by calendar year  

Disease group Comorbidity 

Year p-value^ 

2012 2013 2014 2015 2016  

(N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556)  

n % n % n % n % n %  

Neoplasms 

Total cancer  528 40.9 977 43.4 1,968 46.7 3,201 49.7 4,450 52.0 <0.01* 

Lymphoma, leukemia 145 11.2 270 12.0 526 12.5 901 14.0 1,327 15.5 <0.01* 

Hepatocellular 

carcinoma 
81 6.3 140 6.2 221 5.3 311 4.8 383 4.5 <0.01* 

Hematologic 

diseases 

Anemia 262 20.3 455 20.2 929 22.1 1,569 24.4 2,183 25.5 <0.01* 

Neutropenia 97 7.5 196 8.7 415 9.9 711 11.1 1,004 11.7 <0.01* 

Coagulopathy 98 7.6 175 7.8 372 8.8 676 10.5 992 11.6 <0.01* 

Endocrine, 

nutritional and 

metabolic 

diseases 

Any endocrine 

disorders 
409 31.7 759 33.7 1,542 36.6 2,471 38.4 3,483 40.7 <0.01* 

Diabetes 357 27.7 666 29.6 1,356 32.2 2,173 33.8 3,045 35.6 <0.01* 

Hyperlipidemia 277 21.5 523 23.2 949 22.5 1,498 23.3 2,064 24.1 0.02* 

Hypercholesterolemia 88 6.8 185 8.2 337 8.0 562 8.7 808 9.4 <0.01* 



Disease group Comorbidity 

Year p-value^ 

2012 2013 2014 2015 2016  

(N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556)  

n % n % n % n % n %  

Thyroid disorders 80 6.2 139 6.2 290 6.9 464 7.2 683 8.0 0.02* 

Overweight/obesity 4 0.31 2 0.09 10 0.24 16 0.25 30 0.35 0.82 

Vitamin D deficiency 0 0.00 0 0.00 3 0.07 5 0.08 15 0.18 0.13 

Mental, 

behavioral, 

functional 

disorders and 

factors 

influencing health 

status 

Mental health 

conditions 
141 10.9 268 11.9 554 13.2 903 14.0 1,231 14.4 <0.01* 

Alcohol 

use/abuse/dependent, 

alcoholism 

20 1.5 33 1.5 75 1.8 116 1.8 150 1.8 0.58 

Substance abuse 5 0.39 9 0.40 15 0.36 27 0.42 34 0.40 0.96 

Fibromyalgia/chronic 

fatigue syndrome 
0 0.00 0 0.00 2 0.05 4 0.06 2 0.02 0.58 

Smoking 1 0.08 4 0.18 8 0.19 13 0.20 14 0.16 0.46 

Neurologic 

disorders 
Epilepsy 39 3.0 53 2.4 102 2.4 167 2.6 235 2.7 0.55 

Circulatory 

system diseases 

CVD (All) 604 46.8 1,068 47.4 2,059 48.9 3,315 51.5 4,447 52.0 <0.01* 

Hypertension 455 35.2 781 34.7 1,503 35.7 2,421 37.6 3,346 39.1 <0.01* 



Disease group Comorbidity 

Year p-value^ 

2012 2013 2014 2015 2016  

(N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556)  

n % n % n % n % n %  

Heart failure 136 10.5 247 11.0 555 13.2 932 14.5 1,341 15.7 <0.01* 

CVD: Coronary heart 

disease 
150 11.6 271 12.0 470 11.2 766 11.9 1,074 12.6 0.31 

Cerebrovascular 

disease 
100 7.7 174 7.7 356 8.5 579 9.0 807 9.4 0.04* 

Thrombosis 51 4.0 93 4.1 212 5.0 351 5.5 556 6.5 <0.01* 

CVD: Stroke 54 4.2 89 4.0 177 4.2 295 4.6 409 4.8 0.31 

CVD: Deep venous 

thrombosis 
22 1.7 43 1.9 106 2.5 165 2.6 283 3.3 <0.01* 

CVD: Peripheral 

vascular disease 
34 2.6 54 2.4 90 2.1 165 2.6 220 2.6 0.89 

CVD: Myocardial 

infarction 
5 0.39 15 0.67 25 0.59 48 0.75 71 0.83 0.09 

Respiratory 

disorders 
Asthma/COPD 192 14.9 326 14.5 627 14.9 1,115 17.3 1,712 20.0 <0.01* 



Disease group Comorbidity 

Year p-value^ 

2012 2013 2014 2015 2016  

(N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556)  

n % n % n % n % n %  

Digestive systems 

diseases 

Peptic ulcer disease, 

dyspepsia, GERD, 

esophagitis 

660 51.1 1,194 53.0 2,359 56.0 3,712 57.7 4,977 58.2 <0.01* 

Cirrhosis 75 5.8 141 6.3 256 6.1 378 5.9 475 5.6 0.69 

Irritable bowel 

syndrome and 

inflammatory bowel 

disease 

59 4.6 96 4.3 190 4.5 311 4.8 415 4.9 0.64 

NAFLD, hepatic 

steatosis 
48 3.7 93 4.1 165 3.9 258 4.0 355 4.1 0.44 

Pancreatitis 30 2.3 66 2.9 123 2.9 175 2.7 268 3.1 0.09 

ALD/alcoholic 

cirrhosis/alcoholic 

hepatitis 

18 1.4 30 1.3 72 1.7 113 1.8 142 1.7 0.45 

Musculoskeletal 

and connective 

tissues Diseases 

Osteoporosis, 

osteoarthritis, vitamin 

D deficiency 

229 17.7 439 19.5 972 23.1 1,556 24.2 2,184 25.5 <0.01* 

Osteoporosis (Strict) 156 12.1 301 13.4 679 16.1 1,098 17.1 1,515 17.7 <0.01* 



Disease group Comorbidity 

Year p-value^ 

2012 2013 2014 2015 2016  

(N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556)  

n % n % n % n % n %  

Rheumatoid arthritis, 

lupus 
110 8.5 238 10.6 510 12.1 797 12.4 1,067 12.5 <0.01* 

Bone fracture† (All) 40 3.1 70 3.1 155 3.7 284 4.4 395 4.6 0.01* 

Bone fracture† (Non-

pathological) 
39 3.0 68 3.0 149 3.5 271 4.2 380 4.4 0.01* 

Bone fracture† 

(Pathological) 
1 0.08 3 0.13 8 0.19 20 0.31 25 0.29 0.16 

Genitourinary 

system diseases 

Renal impairment 138 10.7 252 11.2 542 12.9 894 13.9 1,283 15.0 <0.01* 

Chronic kidney disease 44 3.4 81 3.6 188 4.5 324 5.0 481 5.6 <0.01* 

Nephrolithiasis 14 1.1 27 1.2 49 1.2 65 1.0 74 0.86 0.41 

Chronic pyelonephritis 2 0.15 3 0.13 10 0.24 19 0.30 26 0.30 0.31 

Others Edema 53 4.1 82 3.6 133 3.2 228 3.5 349 4.1 0.96 

†Vertebral, hip, wrist, humerus, clavicle/rib, pelvis, lower/upper leg. ^Results from the partially overlapping z-test comparing prevalence in 2012 

and 2016. *Statistically significant (p<0.05). 

ALD, alcoholic liver disease; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; GERD, gastroesophageal reflux disease; 

NAFLD, non-alcoholic fatty liver disease. 



Table 3 All-cause healthcare resource utilization of the study population by calendar year 

 

 

2012 2013 2014 2015 2016 p-value^ 

 

(N= 

1,291) 

(N= 

2,253) 

(N= 

4,212) 

(N= 

6,435) 

(N= 

8,556) 

 

Number of patients 

with at least one 

inpatient admission 

n (%) 
458 

(35.5) 

784 

(34.8) 

1,526 

(36.2) 

2,377 

(36.9) 

3,089 

(36.1) 

 

Number of inpatient 

admissions 

Mean 

± SD 

0.58 

± 1.1 

0.60 

± 1.1 

0.67 

±1.3 

0.71 

±1.4 

0.70 

±1.4 

<0.01* 

 
Median 

± IQR 

0.00 

± 1.0 

0.00 

± 1.0 

0.00 

± 1.0 

0.00 

± 1.0 

0.00 

± 1.0 

 

Duration of inpatient 

admission (days) 

Mean 

± SD 

9.3 

± 24.3 

10.1 

± 24.4 

9.8 

± 23.0 

10.9 

± 25.6 

10.6 

± 25.2 

0.09 

 
Median 

± IQR 

0.0 

± 7.0 

0.0 

± 8.0 

0.0 

± 8.0 

0.0 

± 9.0 

0.0 

± 8.0 

 

Number of patients 

with at least one 

outpatient visit 

n (%) 
1,150 

(89.1) 

2,194 

(97.4) 

4,109 

(97.6) 

6,281 

(97.6) 

8,376 

(97.9) 

 

Number of outpatient 

visits 

Mean 

± SD 

7.4 

± 12.4 

10.6 

± 13.2 

11.1 

± 13.2 

11.6 

± 13.9 

12.0 

± 14.2 

<0.01* 

 
Median 

± IQR 

4.0 

± 7.0 

7.0 

± 9.0 

8.0 

± 10.0 

8.0 

± 10.0 

8.0 

± 11.0 

 

^Results from the partially overlapping t-test comparing difference in mean values in 2012 and 2016. 
*Statistically significant. 



N, total population in year of interest; n, number of patients who had at least one claim for the 
corresponding resource; IQR, interquartile range; SD, standard deviation. 
 
 



Table 4 All-cause healthcare costs among the study population by calendar year 

 
 2012 2013 2014 2015 2016 p-value^ 

 (N=1,291) (N=2,253) (N=4,212) (N=6,435) (N=8,556)  

Total 
healthcare 
costs (JPY, ¥) 

Mean±SD 
846,178 

± 1,537,605 
229,143 

± 853,426 

1,045,423 
± 1,715,049 

399,655 
± 1,139,165 

1,092,215 
± 1,640,742 

435,384 
± 1,276,873 

1,261,248 
± 1,965,406 

489,058 
± 1,487,444 

1,332,417 
± 2,049,712 

502,467 
± 1,540,814 

<0.01* 

Median±IQR 

Inpatient costs 
(JPY, ¥) 

Mean±SD 
496,755 

± 1,232,022 
0 

± 440,347 

534,012 
± 1,358,322 

0 
± 473,204 

538,055 
± 1,231,344 

0 
± 521,360 

623,209 
± 1,471,906 

0 
± 580,384 

621,894 
± 1,463,743 

0 
± 586,604 

<0.01* 

Median±IQR 

Outpatient 
costs (JPY, ¥) 

Mean±SD 
349,423 

± 782,989 
106,878 

± 278,263 

511,411 
± 899,423 
202,918 

± 491,111 

554,160 
± 930,093 
219,100 

± 511,608 

638,039 
± 1,155,284 

240,129 
± 559,920 

711,523 
± 1,283,907 

270,402 
± 601,592 

<0.01* 

Median±IQR 

Pharmacy/drug 
costs (JPY, ¥) 

Mean±SD 
331,798 

± 740,431 
63,972 

± 276,426 

462,680 
± 1,002,037 

119,555 
± 448,040 

489,395 
± 933,362 
130,413 

± 472,314 

581,985 
± 1,202,836 

149,040 
± 540,375 

633,063 
± 1,306,028 

163,614 
± 563,428 

<0.01* 

Median±IQR 

Diagnostic test 
costs (JPY, ¥) 

Mean±SD 
105,229 

± 132,752 
56,871 

± 121,139 

140,132 
± 153,977 

93,360 
± 137,519 

146,767 
± 153,578 
100,620 

± 142,579 

160,898 
± 166,303 
112,031 

± 155,774 

168,466 
± 183,447 
112,941 

± 159,335 

<0.01* 

Median±IQR 

^Results from the partially overlapping t-test comparing difference in mean costs in 2012 and 2016. *Statistically significant. 
IQR, interquartile range; JPY, Japanese yen (¥); SD, standard deviation. 



SUPPORTING INFORMATION 

Table S1 Eligibility criteria for the study population 

Inclusion criteria Exclusion criteria 

Have at least one ICD-10 diagnosis code 
for CHB (B18.1) 

Have at least one ICD-10 diagnosis code for 
hepatitis B with delta-agent (B18.0) 

Aged ≥18 at patient’s index date (i.e. first 
visit for CHB when this age criterion is 

met, extracted from the variable 
DataMonth from Disease data) 

Have at least one ICD-10 diagnosis code for 
HIV (B20, B97.3, Z21, Z71.7) 

At least one claim for any disease, 
treatment, or procedure in the six months 
pre-index and post-index dates to ensure 

that patients included in the study 
accessed the healthcare system during the 

study duration 

Have at least one ICD-10 diagnosis code for 
acute and chronic hepatitis C  

(B17.1, B18.2) 
 

At least one test code for HBsAg (receipt 
code 160049510), plus test codes for one 

of the following: 

• hepatitis B e-antigen (HBeAg; 
receipt code 160050010), 

• HBV DNA PCR (receipt codes 
160160350 or 160175150), or 

• hepatitis B core antibody (anti-
HBc; receipt code 160120710)  

Have at least one claim for interferon alfa, 
interferon alfa-2b, pegylated interferon alfa-

2a or pegylated interferon alfa-2b 

CHB, chronic hepatitis B; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; 
anti-HBc, hepatitis B core antibody; HBV, hepatitis B virus; HIV, human immunodeficiency 
virus. 



Table S2 Derivations of all-cause healthcare resource use items and costs 

Resource Derivation 
Date requirements 

Use Cost 

Total 
Nyugaikbn=1 (outpatient visit) or  

Nyugaikbn=2 (inpatient visit) 
N/A 

ActDate must occur after 

index date and in year of 

interest 

For each cost category, 
we used the Money 
variable in Act data. 

Inpatient 

Number of visits Nyugaikbn=2 (inpatient visit) At least one date from the dates 

between AdmittingDate and 

DischargingDate must occur after 

index date and in year of interest. Duration of visit 

For claims where Nyugaikbn=2 (inpatient visit), 

duration will be calculated as 

DischargingDate – AdmittingDate 

Outpatient Number of visits Nyugaikbn=1 (outpatient visit) 
ActDate must occur after index date 

and in year of interest 

Diagnostic tests 
Where DataKbn=60 (Examination Pathology) or 

70 (Diagnostic Imaging) 
N/A 

Drug use  

Where DataKbn=21 (medication internal), 22 

(medication potion), 23 (medication external 

use), 24 (medication preparing medication), 25 

(medication prescription), 26 (medication 

narcotics or toxin), 27 (medication basic fee on 

receiving prescription), 28 (medication other), 

31 (Injection Hypodermic or intramuscular), 32 

(Injection Intravenous) or 33 (Injection Other) 

N/A 

 
  



Table S3 Cohort selection 

Criteria 
Number of included 

patients 

Patients with ≥ 1 claim(s) for CHB (B18.1) in the  

Medical Data Vision database, April 2008–March 2017 
86,234 

Patients who were at least 18 years old 86,061 

Patients with with ≥1 claim(s) in six months pre-index date 

and ≥1 claim(s) in six months post-index date,  

January 2012–December 2016 

32,036 

 

Patients with ≥1 claim(s) for HBsAg test and ≥1 claim(s) for 

one of the tests for HBeAg, HBV DNA PCR, or  

anti-HBc 

12,608 

Number of patients without any of the following claims:  

1) ICD-10 diagnosis code for hepatitis B (delta agent) 

infection 

2) ICD-10 diagnosis code for HIV infection 

3) ICD-10 diagnosis code for hepatitis C 

4) Interferon alfa  

5) Interferon alfa-2b 

6) Peginterferon alfa-2a or -2b 

11,125 

(Final study cohort 

included in  

study analysis) 

CHB, chronic hepatitis B; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; 
anti-HBc, hepatitis B core antibody; HBV, hepatitis B virus; HIV, human immunodeficiency 
virus; PCR, polymerase chain reaction. 
 



Table S4 The RECORD statement – checklist of items, extended from the STROBE statement, that should be reported in observational 
studies using routinely collected health data 
 

 Item 
No. 

STROBE items RECORD items Location in 
manuscript where 
items are reported 

 1 (a) Indicate the study’s design with a 
commonly used term in the title or 
the abstract (b) Provide in the 
abstract an informative and balanced 
summary of what was done and what 
was found 

RECORD 1.1: The type of data used should be 
specified in the title or abstract. When 
possible, the name of the databases used 
should be included. 
 
RECORD 1.2: If applicable, the geographic 
region and timeframe within which the study 
took place should be reported in the title or 
abstract. 
 
RECORD 1.3: If linkage between databases 
was conducted for the study, this should be 
clearly stated in the title or abstract. 

RECORD 1.1: Page 1, 
3 
 
RECORD 1.2: 
Page 1, 3 (timeframe 
is excluded from the 
title for simplicity) 
 
RECORD 1.3: N/A 

Background 
rationale 

2 Explain the scientific background and 
rationale for the investigation being 
reported 

 Page 4–5 

Objectives 3 State specific objectives, including 
any prespecified hypotheses 

 Page 4–5 

Study Design 4 Present key elements of study design 
early in the paper 

 Page 5 

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 

 Page 5–6 



recruitment, exposure, follow-up, and 
data collection 

Participants 6 (a) Cohort study - Give the eligibility 
criteria, and the sources and methods 
of selection of participants. Describe 
methods of follow-up 
Case-control study - Give the 
eligibility criteria, and the sources and 
methods of case ascertainment and 
control selection. Give the rationale 
for the choice of cases and controls 
Cross-sectional study - Give the 
eligibility criteria, and the sources and 
methods of selection of participants 
 
(b) Cohort study - For matched 
studies, give matching criteria and 
number of exposed and unexposed 
Case-control study - For matched 
studies, give matching criteria and 
the number of controls per case 

RECORD 6.1: The methods of study 
population selection (such as codes or 
algorithms used to identify subjects) should 
be listed in detail. If this is not possible, an 
explanation should be provided.  
 
RECORD 6.2: Any validation studies of the 
codes or algorithms used to select the 
population should be referenced. If 
validation was conducted for this study and 
not published elsewhere, detailed methods 
and results should be provided. 
 
RECORD 6.3: If the study involved linkage of 
databases, consider use of a flow diagram or 
other graphical display to demonstrate the 
data linkage process, including the number 
of individuals with linked data at each stage. 

RECORD 6.1: Page 5–
6, Table S1 
 
RECORD 6.2: N/A 
 
RECORD 6.3: N/A 

Variables 7 Clearly define all outcomes, 
exposures, predictors, potential 
confounders, and effect modifiers. 
Give diagnostic criteria, if applicable. 

RECORD 7.1: A complete list of codes and 
algorithms used to classify exposures, 
outcomes, confounders, and effect modifiers 
should be provided. If these cannot be 
reported, an explanation should be provided. 

Page 5–7 
Table S2 

Data sources/ 
measurement 

8 For each variable of interest, give 
sources of data and details of 

 Page 5–7 



methods of assessment 
(measurement). 
Describe comparability of assessment 
methods if there is more than one 
group 

Bias 9 Describe any efforts to address 
potential sources of bias 

 Page 5–7 

Study size 10 Explain how the study size was 
arrived at 

 Page 5–7 
Table 1, Table S3 

Quantitative 
variables 

11 Explain how quantitative variables 
were handled in the analyses. If 
applicable, describe which groupings 
were chosen, and why 

 Page 5–7 

Statistical methods 12 (a) Describe all statistical methods, 
including those used to control for 
confounding 
(b) Describe any methods used to 
examine subgroups and interactions 
(c) Explain how missing data were 
addressed 
(d) Cohort study - If applicable, 
explain how loss to follow-up was 
addressed 
Case-control study - If applicable, 
explain how matching of cases and 
controls was addressed 

  Page 5–7 



Cross-sectional study - If applicable, 
describe analytical methods taking 
account of sampling strategy 
(e) Describe any sensitivity analyses 

Data access and 
cleaning methods 

 .. RECORD 12.1: Authors should describe the 
extent to which the investigators had access 
to the database population used to create 
the study population. 
 
RECORD 12.2: Authors should provide 
information on the data cleaning methods 
used in the study. 

RECORD 12.1:  Page 
5–7 
 
RECORD 12.2:  Page 
5–7 
 
 

Linkage  .. RECORD 12.3: State whether the study 
included person-level, institutional-level, or 
other data linkage across two or more 
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