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ABSTRACT

Objectives To examine the clinical characteristics of
patients with non-alcoholic steatohepatitis (NASH) and
associated comorbidities.

Design A case—control study using the national health
insurance and the long-term elderly health insurance
claims database.

Setting Eligible patients diagnosed with NASH (ICD-10
K-75.8, other inflammatory liver disease or K-76.0, other
fatty liver) between April 2015 and March 2020 were
included.

Participants Patients who met the diagnostic definitions
for NASH (n=545) were matched with non-NASH controls
(n=185264) and randomly selected according to sex, birth
year and residential area.

Interventions No interventions were made.

Primary and secondary outcome measures ORs were
estimated for the relationship between patient background,
such as age and sex, body mass index (BMI), NASH-related
comorbidities and lifestyle-related diseases.

Results In total, 545 patients with NASH (38.3% men)
and 185264 non-NASH controls (43.2% men) were
identified, with median ages of 68 (IQR 63.0-75.0) and 65
(IQR 44.0-74.0) years, respectively. BMI was significantly
higher in patients with NASH than in controls (25.8 kg/

m? vs 22.9 kg/m?, p<0.001). The proportions of women,
patients with hypertension, patients with dyslipidaemia
and patients with type 2 diabetes were higher in the NASH
group. In addition, NASH was associated with an increased
risk of hepatic cirrhosis (OR 28.81 (95% Cl 21.79 to
38.08)), followed by liver cancer (OR 18.38 (95% Cl 12.56
t0 26.89)). There was no significant association between
NASH and risk for depression (OR 1.11 (95% Cl 0.87 to
1.41)), insomnia (OR 1.12 (95% Cl 0.94 to 1.34)) or chronic
kidney diseases (OR 0.81 (95% CI 0.58 to 1.12)).
Conclusions In the daily medical care of patients, it is
necessary to consider sex and age differences and to pay
close attention to the risk of liver cancer, as well as other
lifestyle-related comorbidities associated with NASH.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD)
is the most common type of liver disease,
affecting  approximately 20%-30%  of
the global population.! NAFLD includes

,"? Shigeki Kawazoe, ' Sota Minami,* Kenji Fujimoto,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= In this study, analysis was performed using claims
data covering a wide range of age groups, including
elderly patients.

= Data extraction was limited to patients with a history
of liver biopsies, which may have been considered
to include a group with more severe non-alcoholic
steatohepatitis.

= A long-term observation period of 5 years was
established.

= Japan has several public health insurance systems,
but the data used in this study were obtained from
the National Health Insurance claims database and
therefore did not cover the whole of Japan.

= Secondary data were used in this study, and some
of them were missing.

non-alcoholic fatty liver (NAFL), which is
pathologically pure steatosis alone or a situ-
ation in which steatosis is accompanied by
inflammatory cell infiltration, and non-
alcoholic steatohepatitis (NASH), which is
accompanied by hepatic steatosis, inflamma-
tory cell infiltration, ballooning (hepatocel-
lular ballooning) and hepatic fibrosis.”

Liver tissue biopsy is the gold standard
for diagnosing NAFLD,”® which is consis-
tent with guidelines published overseas.
However, in clinical practice, performing
a liver biopsy with bleeding or pain in all
patients with NAFLD is not feasible. There-
fore, the proportion of patients undergoing
liver biopsy for a NASH diagnosis in clinical
practice is not fully understood. According
to Rinella and Sanyal,! the biopsy rate for
NASH diagnosis and the therapeutic drugs
prescription rate recommended by the
guidelines are low, and NASH is underdiag-
nosed.’ According to an estimate based on
a Markov model of the number of patients
with NAFL and NASH worldwide, the
number of patients with fibrotic NASH at

BM)

Tokutsu K, et al. BMJ Open 2023;13:€074851. doi:10.1136/bmjopen-2023-074851 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-3348-1969
http://dx.doi.org/10.1136/bmjopen-2023-074851
http://dx.doi.org/10.1136/bmjopen-2023-074851
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2023-074851&domain=pdf&date_stamp=2023-08-22

stage III or higher in Japan was predicted to increase
to 660000 in 2016 and 990000 by 2030.” Moreover,
although NASH prevalence has been estimated to
be approximately 3%-5% of the population,®? there
is insufficient evidence for NASH prevalence in the
general population due to selection bias in liver biop-
sies and diagnostic difficulties.

NASH is strongly associated with metabolic syndrome,
obesity, diabetes mellitus (DM), hypertension and dyslipi-
daemia,' and the major causes of death are cardiovascular
and liver disease-related events.® Obesity and DM are risk
factors for cardiovascular and liver disease-related events,
including decompensated cirrhosis and liver cancer.
Overseas guidelines propose evaluating liver function by
abdominal echography and blood tests in patients with
obesity or DM.? In the Evidence-based Clinical Practice
Guidelines for Nonalcoholic Fatty Liver Diseases/Nonal-
coholic Steatohepatitis 2020 (2nd edition) of Japan (the
NASH/NAFLD guideline),10 it is recommended that
primary care physicians assess liver function in patients
with risk factors including obesity, DM, dyslipidaemia and
hypertension, and identify all cases of NAFLD fibrosis
progression (as primary screening). As NASH is often
asymptomatic and cirrhosis may already be present at
the time of diagnosis, efficient screening and timing of
referral to a gastroenterologist are important. In NASH,
liver fibrosis progresses by one stage in approximately
7 years and progresses faster in patients with comorbid
metabolic diseases such as obesity and DM."" Therefore, it
is recommended that the degree of fibrosis in the NASH
group should be regularly evaluated, and, depending on
the results, follow-up observation or screening should be
performed for liverrelated diseases such as liver failure
and liver cancer, and non-liver-related diseases such
as cerebrocardiovascular events and cancers of other
organs.”

Japan, with a universal health insurance system, has
almost all residents covered by medical insurance.
Understanding the medical situation of local residents
is possible by investigating the claims data of medical
insurance provided by the administration.'® Each munic-
ipality serves as a payer of the National Health Insur-
ance (NHI), and the municipalities jointly established
the ‘Federation of National Health Insurance Organi-
zations’ to provide insurance services. Each prefecture
has one payer.

The University of Occupational and Environmental
Health, Japan has used health insurance claims data
by closely cooperating with payers in the NHI; the data
enables the understanding of the disease information of
NHI beneficiaries every month. Eguchi et al”® showed that
age-specific NAFLD prevalence was higher in middle-aged
men and older women, with differences in the age distri-
bution of NAFLD onset between both sexes. To obtain
data on the late-stage elderly, in this study, we matched
the NHI claims and the health insurance database for
persons aged 275 years individually and constructed an
original database.

METHODS

Study design and data source

Japan’s health insurance system is commonly divided
into three types: company health insurance for those
employed in a business, NHI for residents of each region
and long-term elderly health insurance (LEHI) for those
aged 275 years. NHI is a mutual assistance programme
in which enrolled members pay premiums to a financial
pool to which the national government and local munic-
ipalities add funds. This case—control study was analysed
using the NHI and LEHI claims databases, comprising
inpatient, outpatient and dispensing service data from
domestic payers over April 2015 (through March 2020),
provided by the public institution in Japan.

The data included the age and sex of each beneficiary,
the type of service used, the month during which the
service was used, monthly expenditures on the use of
the services and exit information (death or move-out).
We prepared a panel database combining basic medical
check-up data and claims databases conducted on a
patient-by-patient basis to examine the clinical character-
istics of patients with NASH.

Study population and eligibility criteria

The inclusion criterion was patients of any age with a
record of at least one episode of NASH during the study
period from April 2015 to March 2020. An episode of
NASH was defined as NASH diagnosis (ICD-10 K-75.8;
other inflammatory liver diseases or K-76.0; other fatty
liver). Furthermore, patients whose disease name string
could be confirmed as ‘hepatitis’, ‘non-alcoholic’ and
‘NASH’ in the claims data were also included in the anal-
ysis. Using ICD-10; K-75.8 and K-76.0, we have learned
that differentiating patients with NASH from patients
with NAFLD is extremely difficult. Since a definitive
diagnosis of NASH is histopathological diagnosis by liver
biopsy and it is essential to confirm pathologically charac-
teristic finding, patients diagnosed with NASH after liver
biopsy (percutaneous needle biopsy, endoscopic biopsy
and endoscopic ultrasound-guided fine-needle aspiration
biopsy) indication were selected. Controls that never had
a claim associated with NASH were randomly selected
from patients who visited a medical facility at least once
between April 2015 and March 2020.

The exclusion criterion was claims for any of the
following conditions at any time: hepatitis B virus,
hepatitis C virus, HIV, alcoholic liver disease, toxic liver
injury, copper metabolism disorder, autoimmune hepa-
titis, Gaucher’s disease, lysosomal acid lipase deficiency,
biliary cirrhosis, cholangitis or iron metabolism disorder.
ICD-10 codes were used to identify the patients with
these diseases. It should be noted that, given the expert
opinion that a liver biopsy may be performed for a defin-
itive diagnosis of autoimmune hepatitis to extract a purer
sample in patients with NASH, patients with autoimmune
hepatitis were excluded.

A patient was defined as having a comorbidity if they
had atleast one claim for the relevant ICD-10 code during
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the analysis period. Fourteen comorbidities of interest
identified using ICD-10 diagnosis codes (online supple-
mental table 1) were prespecified: hypertension, dyslip-
idaemia, type 2 diabetes (T2D), osteoporosis, insomnia,
depression, hepatic cirrhosis, liver cancer, cancer,
colorectal adenomas, chronic kidney disease (CKD),
gastro-oesophageal reflux disease (GERD), cardiovas-
cular disease (CVD) and sleep apnoea syndrome (SAS).
The prevalence of these predefined comorbidities has
been reported in all patients with NASH and non-NASH
comparators.

According to our definition, each patient classified as
having NASH was compared with non-NASH compar-
ators randomly selected from the original database by
sex, birth year and residential area (online supplemental
figure 1).

Data collection

Baseline data on all patient characteristics (age, sex),
date of death (if data were recorded), prescribed drugs
for treating NASH, and NASH-related comorbidities were
collected. Age and sex were obtained as of April 2015.
The dates of death and prescribed drugs for treating
NASH-related comorbidities were obtained at any time
during the study period. Height, weight and laboratory
test values were also obtained from patients’ available
data at any time during the study period. Body mass index
(BMI) was calculated from the data of height and weight
recorded.

Information on the pathological classification of NASH
could not be obtained due to the unavailability of medical
examination test results in the NHI and LEHI claims
databases.

Statistical analyses

We designed a case—control study to compare the occur-
rence of comorbidities between the NASH and non-
NASH groups during the analysis period and to assess
the relationship between NASH and comorbidities.
ORs for age, sex, life-related diseases (hypertension,
dyslipidaemia, T2D) and NASH-related comorbidities
were evaluated. All analyses were conducted for the two
groups: the NASH group, in which patients had at least
one record of being diagnosed with NASH, and the non-
NASH group, in which the patients had no record of
being diagnosed.

Descriptive statistics were conducted using logistic
regression models to analyse the relationship of NASH
with sex, age, lifestyle-related diseases, death and comor-
bidities, along with their ORs and 95% ClIs. Differences
between the NASH and non-NASH groups were evalu-
ated using Pearson’s x* test for categorical variables and
independent t-tests for continuous variables. Statistical
significance was set at p<0.05.

All statistical analyses were performed using Stata V.17.0
released in April 2021 (Stata Corp).

Patient and public involvement
Patients and members of the public were not involved in
the conduct of the study.

RESULTS
Patient characteristics
Patient background characteristics are shown in online
supplemental table 2. In total, 545 patients with NASH
(209 men and 336 women) were selected from the claims
databases, and 185264 non-NASH controls (80051 men
and 105213 women) were identified, with median (IQR)
ages of 68 (63.0-75.0) and 65 (44.0-74.0) years, respec-
tively. Among the NASH group, the most frequently
prescribed agents were statins (53.2%), followed by angio-
tensin receptor blockers (ARBs) (45.9%), and vitamin E
(12.1%), and among the non-NASH group, they were
ARBs (22.2%), statins (21.4%) and ACE inhibitor (2.8%).
Table 1 summarises the height, weight, BMI and blood
test values of patients whose data could be extracted for
each group. In total, 220 patients were identified in the
NASH group, and 44913 patients were identified in the
non-NASH group. BMI was significantly higher than in
the NASH versus non-NASH group (25.8 kg/m” vs 22.9
kg/m?, p<0.001). The laboratory test value (>5%) was also
higher than in the NASH versus non-NASH group, except
for high-density cholesterol (54.0mg/dL and 61.0mg/
dL, respectively) and low-density lipoprotein cholesterol
(109.0mg/dL and 117.0 md/dL, respectively).

Comorbidities

Table 2 summarises NASH-related comorbidities of
patients in each group. The prevalence rates of all NASH-
related comorbidities were significantly higher in the
NASH versus the non-NASH group, except that of auto-
immune hepatitis. The five most prevalent comorbidities
had rates above 50% in the NASH group: dyslipidaemia
(82.6 %), hypertension (78.7 %), GERD (69.9%), T2D
(62.2%) and CVD (56.0%). In the non-NASH group, the
rates were not higher than 50%: hypertension (46.5%)
being the most common comorbidity, followed by dyslip-
idaemia (36.4%).

Age, sex and life-related disease as risk factors for NASH
The influence of sex, age and life-rated disease on NASH
has been reported previously."* Multiple logistic regres-
sion models were used to assess the effect of sex, age and
lifestyle-related diseases on NASH prevalence. Figure 1
shows the ORs for factors associated with NASH preva-
lence. Significantly higher risks were observed among
women, patients with hypertension, patients with dyslip-
idaemia and patients with T2D, compared with the non-
NASH group; the ORs for dyslipidaemia and T2D were
very high (4.39 and 5.83, respectively). The association
with age was insignificant, compared with that in the non-
NASH group.

In a separate multiple logistic regression model exam-
ining the association between mortality due to NASH and
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Table 1 Characteristics of the patients with specific health examination data in analysed NASH and non-NASH groups
NASH group Non-NASH group
N=220 N=44913 P value
Degree of obesity; median (IQR)
Body weight, kg 63.9 (55.4-71.5) 56.0 (48.9-64.0) <0.001
Height, cm 156.8 (150.8-163.8) 156.0 (149.8-163.4) 0.400
Body mass index, kg/m? 25.8 (28.4-28.1) 22.9 (20.8-25.2) <0.001
Laboratory test values; median (IQR)
AST, U/L 31.0 (23.0-52.0) 22.0 (19.0-26.0) <0.001
ALT, U/L 31.5 (21.0-55.5) 17.0 (13.0-23.0) <0.001
y-GTP, U/L 42.0 (27.0-77.0) 22.0 (16.0-34.0) <0.001
SBP, mm Hg 130.0 (121.0-140.0) 129.0 (119.0-140.0) 0.220
DBP, mm Hg 75.0 (70.0-81.5) 74.0 (67.0-80.0) 0.020
HbA1c, % 6.0 (5.7-6.5) 5.7 (5.4-6.0) <0.001
TG, mg/dL 127.5 (90.5-171.0) 95.0 (70.0-134.0) <0.001
HDL, mg/dL 54.0 (44.5-63.0) 61.0 (51.0-73.0) <0.001
LDL, mg/dL 109.0 (91.0-127.5) 117.0 (99.0-138.0) <0.001

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBP, diastolic blood pressure; HbA1c, haemoglobin A1c; HDL, high-density
lipoprotein cholesteryl; LDL, low-density lipoprotein cholesterol; NASH, non-alcoholic steatohepatitis; SBT, systolic blood pressure; TG,

triglyceride; y-GTP, y-guanosine triphosphate.

each risk factor, adjusted for sex, age and lifestyle-related
diseases, the ORs for age and T2D were significantly
higher than those in the non-NASH group (figure 2).

Comorbidities as risk factors for NASH

The ORs for NASH and NASH-related comorbidities,
adjusted for sex, age and lifestyle-related diseases, are
shown in online supplemental table 3. In a multiple
logistic regression model examining the association

between NASH and developing comorbidities, compared
with non-NASH, the risk of developing hepatic cirrhosis
was the greatest (OR 28.81, 95%CI 21.79 to 38.08),
followed by that for liver cancer (OR 18.38, 95% CI
12.56 to 26.89), GERD (OR 3.08, 95% CI 2.53 to 3.73),
colorectal adenomas (OR 2.54, 95% CI 1.25 to 5.16),
colon cancer (OR 2.36, 95% CI 1.70 to 3.28), cancer (OR
2.16, 95% CI 1.79 to 2.62), SAS (OR 1.82, 95% CI 1.20 to

Table 2 NASH-related comorbidities identified in the analysed population

NASH group Non-NASH group

Combination or disease, n (%) N=545 N=185264 P value
Dyslipidaemia 450 (82.6%) 67463 (36.4%) <0.001
Hypertension 429 (78.7%) 86101 (46.5%) <0.001
Gastro-oesophageal reflux disease 381 (69.9%) 53156 (28.7%) <0.001
Type 2 diabetes 339 (62.2%) 26732 (14.4%) <0.001
Cardiovascular disease 305 (56.0%) 54293 (29.3%) <0.001
Insomnia 225 (41.3%) 48487 (26.2%) <0.001
Osteoporosis 188 (34.5%) 38149 (20.6%) <0.001
Cancer 166 (30.5%) 22310 (12.0%) <0.001
Hepatic cirrhosis 71 (13.0%) 632 (0.3%) <0.001
Depression 80 (14.7%) 18038 (9.7%) <0.001
Chronic renal failure 42 (7.7%) 9136 (4.9%) 0.005
Liver cancer 34 (6.2%) 428 (0.2%) <0.001
Sleep apnoea syndrome 24 (4.4%) 2368 (1.3%) <0.001
Colorectal adenomas 8 (1.5%) 634 (0.3%) <0.001

NASH, non-alcoholic steatohepatitis.
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——Sex (female) ——
——Age 1
Have hypertension
Have dyslipidemia

——Have type2 diabetes

Odds Ratio  95% Cl

1.32 1.11-1.57
0.99 0.99 - 1.00
1.57 1.23-2.00
4.39 3.41-5.65

4.83-7.04

i 5.83

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

0Odds ratio (95% CI)

Figure 1
and life-related diseased.

2.76), CVD (OR 1.40, 95% CI 1.16 to 1.69) and osteopo-
rosis (OR 1.25, 95% CI 1.02 to 1.53). No significant differ-
ence in comorbidities was observed for depression (OR
1.11, 95%CI 0.87 to 1.41), insomnia (OR 1.12, 95% CI
0.94 to 1.34) and CKD (OR 0.81,95% CI 0.58 to 1.12).

There was no significant difference in the OR for oste-
oporosis (OR 1.03, 95%CI 0.94 to 1.13) between the
NASH and non-NASH groups; however, the OR signifi-
cantly increased to 6.68 (95% CI 6.47 to 6.91) in women.
The OR for CKD was less <1, and it was not significantly
elevated in the NASH group. However, when patients
with NASH had a history of hypertension, dyslipidaemia
or T2D, the ORs increased significantly to 4.33 (95% CI
4.00 to 4.68), 1.35 (95% CI 1.29 to 1.41) and 2.08 (95%
CI 1.99 to 2.18), respectively, which has been shown to
increase the risk of developing CKD.

DISCUSSION

Using the NHI and LEHI claims databases, we constructed
an original database and examined the clinical charac-
teristics of patients with NASH for 5 years from April
2015 to March 2020. It has been reported that NAFLD/
NASH prevalence varies by age and sex.”” 1% In a cross-
sectional study'” conducted among 8352 participants who

Forest plot of risk adjusted ORs of diagnosed with non-alcoholic steatohepatitis according to patients’ background

underwent health checkups from 2009 to 2010 at three
health centres in Japan, NAFLD prevalence was 29.7%
overall, more than 30% in men aged 30-60 years, and
increased with age in women aged 30-60 years old. It is
considered that decreased oestrogen levels due to ageing
and menopause affect NAFLD progression in women."*
Similar to that of NAFLD prevalence, there are more
middle-aged men and older women in the age distribu-
tion of NASH prevalence. In this study, the median age of
the NASH group was 68 years (IQR, 63.0-75.0), showing
an older age and a higher proportion of women than men
(38.3% vs 61.7%). This finding also suggests that NASH
prevalence is higher in older women.

NAFLD or NASH is strongly associated with obesity.
This study showed that BMI was significantly higher in
the NASH group than in the non-NASH group (25.8 kg/
m? vs 22.9 kg/m? p<0.001). Obesity is the most common
manifestation of metabolic syndrome and the most
important risk factor for NAFLD/NASH, which can also
be regarded as a liver lesion."” The WHO diagnostic
criteria define BMI >25kg/ m? as overweight and BMI
>30kg/m” as obesity. In Japan, the definition of obesity
as judged by the Japan Society for Study of Obesity is BMI
>25 kg/mQ, which is lower than the WHO value. This is

71315

Odds Ratio 95% Cl

——NASH vs. non-NASH
—— Sex (female) -
- Age

Have hypertension

1.30 085 - 197
0.59 0.56 - 0.62
1.09 1.09 - 1.09
0.96 090 - 1.01

—e— Have dyslipidemia - 0.58 0.55 - 0.61
—— Have type2 diabetes a 1.34 1.26 - 143
0.00 0.50 1.00 1.50 2.00
Odds ratio (95% Cl)

Figure 2 Forest plot of risk adjusted ORs for mortality based on patients’ background and life-related diseases. NASH, non-

alcoholic steatohepatitis.
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because Japanese people are more likely to develop fatty
liver if their BMI is less than 25 kg/m® and develop fatty
liver at a high rate after their BMI exceeds 25 kg/m* A
previous study reported NAFLD/NASH prevalence in
non-obese participants (BMI <28kg/m?) to be <10% and
that in highly obese participants (BMI >30kg/m?) to be
approximately 80%.'" It has also been reported body
weight loss 27% led to a decrease in the prevalence rates
of hepatic steatosis, inflammatory cell infiltration, and
ballooning decreased by 7% or more of body weight loss,
and improved NAFLD activity score.'® The present study
also showed that the median BMI was >25kg/ m? in the
NASH group, suggesting the importance of liver lesions
and active lifestyle interventions in daily medical practice
for NAFLD/NASH. However, it is essential to improve
the consciousness of the patients for lifestyle interven-
tions, and maintenance of the target achievement rate
and adherence may become an issue. Similar to previous
research,'”®” the results of the present study may support
NAFLD/NASH association with several metabolic comor-
bidities, including T2D, dyslipidaemia, hypertension and
CVD. Regarding CKD, patients with NASH were shown
to have a higher risk of complications if they had hyper-
tension or T2D. Management of these conditions may
complicate the treatment of NASH, impacting clinical
care outcomes.

According to the NASH/NAFLD guidelines,"” some
therapeutic drugs for dyslipidaemia, hypertension and
DM have been suggested to be effective for NASH,
and aggressive treatment of patients with complica-
tions of these lifestyle-related diseases is recommended.
Therefore, this survey investigated the proportion of
prescriptions for antihyperlipidaemic, hypertensive
and antidiabetic drugs. As a result, the proportion of
prescriptions was 53.2% for statins and 45.9% for ARBs
in the NASH group, which was significantly higher than
21.4% and 22.2%, respectively, in the non-NASH group,
less than 50%. Premature mortality in NASH is related
to both hepatic (cirrhosis and hepatocellular carcinoma)
and extra-hepatic complications, largely CVD. Many
therapeutic agents have been tested but are still non-
approved, specifically for NASH. Moreover, presently,
there is no drug with sufficient evidence of improving
fibrosis in patients with NASH. Many clinical studies on
drug therapy and development for NASH are expected to
be conducted in the future.

The prevalence of lifestyle-related diseases in NAFLD
in Japan is reported to be approximately 60%—-80% for
dyslipidaemia, 40% for hypertension and 20%-50% for
DM." The results of this study focusing on NASH also
showed that the complication rates of dyslipidaemia,
hypertension, GERD and T2D were significantly higher
in the NASH group than in the non-NASH group (82.6%
vs 36.4 %, p<0.001; 78.7% vs 46.5%, p<0.001; 69.9% vs
28.7%, p<0.001; 62.2% vs 14.4%, p<0.001), higher than
those of lifestyle-related diseases in NAFLD. In a study
by Terai et al,”' who estimated complications in patients
with NAFLD/NASH using the Medical Data Vision claims

database, dyslipidaemia prevalence in the 67-74 years
group was 57.9%, hypertension prevalence was 57.2% and
T2D prevalence was 32.5%, lower than the rates reported
in the present study (82.6%, 78.7% and 62.2%, respec-
tively). However, CVD prevalence was 75.8%, higher than
that in the present study (56.0%). This is because the
database used by Terai et al’' summarises the health insur-
ance data for acute-care hospitals in Japan but does not
include information on health insurance data for general
practitioners and core hospitals. This may have contrib-
uted to the higher proportion of CVD cases requiring
surgery. In the present study, a multivariate analysis was
performed for sex, age and risk factors for lifestyle-related
diseases in NASH. The OR was 21 for factors other than
age. Among them, dyslipidaemia (OR 4.39, 95% CI 3.41
to 5.65) and T2D (OR 5.83, 95% CI 4.83 to 7.04) showed
an OR >4, indicating that these are major risk factors
for NASH. In addition, T2D increased the risk of death
from NASH (OR 1.34, 95% CI 1.26 to 1.43). These results
suggest that more aggressive interventions are needed for
patients with dyslipidaemia and T2D.

NAFLD should be considered a systemic disease that
presents with many comorbidities and other lifestyle-
related diseases.”* A multivariate analysis was performed
for risk factors for comorbidity of NASH (risk of onset).
Cirrhosis (OR 28.81, 95% CI 21.79 to 38.08) and liver
cancer (OR 18.38, 95% CI 12.56 to 26.89) were signif-
icant and major risk factors for comorbidity. Cancer
development from NAFLD occurs at an annual rate of
approximately 0.04%, while hepatocarcinogenesis from
NASH cirrhosis occurs at an annual rate of approximately
2%-3%.% Our analysis showed a higher risk factor than
that reported in previous studies. In a hospital-based
study,” 68 patients with NASH cirrhosis (mean age, 63
years; 57% men) were observed for an average of 3.4
years, of whom seven patients developed cancer. Further-
more, the 5-year cumulative rate of hepatocellular carci-
noma among patients with NASH was 11.3%, which was
lower than the 30.5% rate of hepatitis C virus cirrhosis
in the study group.** In a median $.2-year observational
study of 195 patients with NASH cirrhosis (mean age
56.6 years, 44.1% men), 25 (12.8%) participants devel-
oped hepatocarcinogenesis, a lower rate than 20.3% of
hepatitis C virus cirrhosis evident for the control group.
In NASH, liver fibrosis progresses by one step every 7
years."! The observation period of this study was 5 years,
whereas the observation period of Yatsuji et af® and Ascha
et al’® was approximately 8 years, which may have been
related to the difference in cancer incidence; thus, our
results are acceptable. The prognosis of NASH cirrhosis
worsens with increasing degrees of fibrosis and severity of
cirrhosis.”® Since liver cancer is the most important vital
prognostic factor in patients with cirrhosis, it is important
to monitor its course in consideration of carcinogenesis.

After liver cancer and cirrhosis, GERD showed the
highest OR. In the present study, the complication rate
of GERD in the NASH group was as high as 69.9% and
was also a high-risk factor. Several cross-sectional and
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cohort studies have investigated the association between
NAFLD and GERD risk.>”™ However, their results
have been conflicting so far. Some studies have shown
a higher prevalence of GERD among patients with
NAFLD, compared with the general population, while
other studies have failed to find a significant association
between NAFLD and GERD risk. Obesity is a potential
confounding factor in clinical studies on the association
between NAFLD and GERD, as it has been established
as a common risk factor for both diseases.” *® A system-
atic review and meta-analysis of observation studies of
NAFLD patients with and without obesity in the develop-
ment of GERD by Xue et al’” showed a significant associ-
ation between NAFLD and GERD risk. However, to our
knowledge, no study has defined a temporal or causal
relationship between NAFLD and GERD. As NASH is
advanced from NAFLD, GERD risk should be consid-
ered in clinical practice.

Limitations

First, our results may not be generalisable to all patients
with NASH in Japan. Japan has several public health
insurance systems; however, the database used only
contained data from the NHI and did not cover the
whole of Japan. Moreover, missing records and insuffi-
cient data entries were inevitable. The NHI covers self-
employed, unemployed and retired persons aged <75
years. Therefore, to obtain data for the oldest of the
older population, we added data on health insurance for
persons aged <75 years. However, each patient’s medical
record may not trace the patient’s full medical history if
the patient moved or switched to employer-based health
insurance.

Second, the lack of information must be acknowledged.
NASH and its comorbidities were categorised based on
ICD-10 three-character code block categories. A stable
version of the ICD-11 was released in 2018 and officially
endorsed by all WHO members during the 72nd World
Health Assembly in 2019. The original code for NASH in
ICD-11 is given but has not yet been officially enforced
in Japan. Third, the current state of NASH diagnosis in
Japan has not been clarified, and it was difficult to accu-
rately extract NASH cases from actual medical care data
in Japan. Furthermore, the study results suggest that the
prevalence of NASH is higher in older women. However,
there is a possibility of selection bias (eg, those who
visited a healthcare provider, had a blood test or agreed
to undergo a liver biopsy). There are also limitations in
drawing firm conclusions about the exact age and sex
distributions, given that they are not necessarily represen-
tative of all Japanese patients.

This study showed that NASH is significantly involved in
the development of intrahepatic lesions such as cirrhosis
and liver cancer. To better understand the complex aeti-
ology of NASH, it may be necessary to investigate its
relationship with extrahepatic primary cancers, such as
extra-hepatic cancer.

CONCLUSIONS

The database we developed combines a large health
claims database with specific medical examination data.
Therefore, our study is the first to include an overview of
NASH-attributable patients in Japan. NASH is expected
to become an increasingly common health disorder from
social and epidemiological perspectives because of the
recent increase in prevalence and the diversity of diseases
and conditions. The results of this study indicated that
NASH is associated with high risks of complications of
liver cancer and cirrhosis, and that coexisting lifestyle-
related diseases increase the risk of death and the risk
of complications of GERD. In the daily medical care of
patients with NASH, it is necessary to consider sex and
age and pay close attention to liver lesions and various
other lifestyle-related neoplasms.
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