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Introduction and objectives: Clinical guidelines recommend specific drugs for type 2 diabetes (T2D), hyperten-
sion, and dyslipidemia in patients with non-alcoholic fatty liver disease (NAFLD) and/or non-alcoholic
steatohepatitis (NASH). We aimed to investigate the differences in prescription trends of antidiabetic, antihy-
pertensive, and lipid-lowering drugs among adult patients according to the presence of comorbid NAFLD
and/or NASH.
Methods: We conducted a cross-sectional analysis using a large claims database from January 2013 to Decem-
ber 2020.
Results: Among 7,716,908 people, 47,157 patients with T2D, 180,050 with hypertension, and 191,348 with
dyslipidemia were identified. A total of 8,897, 16,451, and 24,762 patients with NAFLD, as well as 435, 523,
and 1033 patients with NASH, had T2D, hypertension, and dyslipidemia, respectively. Among antidiabetic
drugs, sodium—glucose cotransporter-2 inhibitors (SGLT2is) and thiazolidine were more frequently pre-
scribed to patients with NAFLD than to those without NAFLD (non-NAFLD) (thiazolidine: 1.4% and 2.8% and
SGLT2is: 17.8% and 25.9% for non-NAFLD and NAFLD, respectively [2019—2020]). Among antihypertensive
drugs, angiotensin II receptor antagonists exhibited a slightly higher prescription ratio in patients with
NAFLD (33.6% vs. 39.0%). Regarding lipid-lowering drugs, fibrates were more frequently prescribed to
patients with NAFLD (10.3% vs. 18.4%).
Conclusions: Specific drugs tended to be prescribed to patients with NAFLD. However, the differences in pre-
scription ratios were not considerable. Further investigation is required to confirm the effects of drugs on the
prognosis of patients with NAFLD or NASH.

© 2022 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

a progressive type of NAFLD. Based on evidence from clinical studies,
clinical guidelines from medical societies recommend specific classes

Non-alcoholic fatty liver disease (NAFLD) is the leading cause of
liver disease worldwide [1,2]; however, no drug has been approved
for the treatment of NAFLD or non-alcoholic steatohepatitis (NASH),

Abbreviations: AASLD, the American Association for the Study of Liver Disease; ACEi,
angiotensin-converting enzyme inhibitors; «-Gl, @-glucosidase inhibitor; ARBs, angio-
tensin receptor blockers; ATC, Anatomical Therapeutic Classification; CCBs, calcium-
channel blockers; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1, glucagon-like pep-
tide-1; ICD-10, International Classification of Diseases, 10th Revision; JSGE, Japanese
Society of Gastroenterology; NAFLD, non-alcoholic fatty liver disease; NASH, non-alco-
holic steatohepatitis; SGLT2is, sodium—glucose cotransporter-2 inhibitors; SU, sulfo-
nylurea; T2D, type 2 diabetes
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of drugs for comorbid lifestyle-related diseases. In Japan, clinical
guidelines from the Japanese Society of Gastroenterology (JSGE) rec-
ommend thiazolidine for patients with NASH and comorbid type 2
diabetes (T2D) due to its beneficial effect on liver histology improve-
ment, such as steatosis, ballooning, and lobular inflammation [3].
Vitamin E (tocopherol) is also recommended for patients with NASH,
although it is not approved for the treatment of NAFLD or NASH
based on its beneficial effect on biochemical parameters (alanine
aminotransferase and aspartate aminotransferase) and liver histology
[3]. Clinical guidelines also mention statins for patients with dyslipi-
demia [3—5]. JSGE clinical guidelines recommend statins due to their
beneficial effect on the liver histology of patients with NASH,
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although corroborating evidence is limited due to the small number
of patients included [3]. Clinical guidelines from the American Associ-
ation for the Study of Liver Disease (AASLD) recommend statins, con-
sidering that the NAFLD population is at risk of cardiovascular
diseases [5]. Among antihypertensive drugs, angiotensin II receptor
antagonists are recommended for NAFLD with comorbid hyperten-
sion based on limited evidence regarding their potentially beneficial
effect on serum aminotransferase levels and liver histology, including
hepatic necroinflammation and fibrosis [3]. Guidelines recently pub-
lished by the JSGE and Japan Society of Hepatology recommend
sodium—glucose cotransporter-2 inhibitors (SGLT2is) and glucagon-
like peptide-1 (GLP-1) receptor agonists due to their beneficial effect
on serum aminotransferase levels and liver histology [6]. In the same
guidelines, angiotensin-converting enzyme inhibitors are also recom-
mended for hypertension, in addition to angiotensin receptor block-
ers (ARBs) [6]. In the clinical guidelines for T2D, hypertension, and
dyslipidemia, only renin—angiotensin system inhibitors have been
recommended for the reduction of NASH-induced liver fibrosis, and
no specific drug treatment has been recommended for patients with
NAFLD or NASH in the guidelines for T2D and dyslipidemia [7-9]. In
this clinical situation where recommendations on drug use are based
on clinical evidence, differences in drug prescriptions between
patients with lifestyle-related diseases and comorbid NAFLD or NASH
and those without these liver complications remain unclear.

Therefore, this study aimed to evaluate the differences in trends in
drug use among adult patients of T2D, hypertension, and dyslipide-
mia according to the presence of comorbid NAFLD and/or NASH using
a large Japanese administrative database.

2. Methods
2.1. Source of data

Data were extracted from a large database of health insurance
claims, Mediscope®, which is developed and maintained by the Japan
Medical Information Research Institute, Inc. (Tokyo, Japan) [10]. This
database consists of medical, dental, dispensing, and diagnosis-pro-
cedure-combination claims data collected from 70 health insurers
nationwide. The database contains information on age, sex, and all
inpatient, outpatient, and pharmacy claims received from insurers.
Claims included diagnoses classified according to the International
Classification of Diseases, 10th Revision (ICD-10), and prescribed
medications. Dates were available for diagnosis, prescription, and dis-
pensation.

2.2. Patients

The dataset available on February 20, 2021, included 7,716,908
individuals covered by health insurers between January 2010 and
December 2020. First, numbers of patients diagnosed with NAFLD
(diagnosed according to K76.0 of the ICD-10 code) and/or NASH
(diagnosis under other specified inflammatory liver disease; K75.8)
were assessed. Prevalence of T2D (E11 and E14, excluding patients
who had E10, E12, or E13 diagnoses), hypertension (110, 111, 112, 113,
and 115), and dyslipidemia (E78) in patients diagnosed with NAFLD
and/or NASH was also assessed. Drug prescriptions for T2D, hyper-
tension, and dyslipidemia were aggregated, as they were specifically
mentioned in the clinical guidelines for NAFLD and NASH [3-5]. In
the light of the study objective, patients over 20 years old were
included. Patients had to be included in the database since equal or
more than180 days prior to the initial prescription of drugs for T2D,
hypertension, or dyslipidemia. In this study, we included prescription
data after January 2013 because the number of individuals included
in the dataset before 2012 was <25% of that after 2013 (Supplemental
Fig. 1). For the analysis of drug use, patients were categorized into
two groups: (1) patients without NAFLD and (2) patients with NAFLD
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(NAFLD and/or NASH). Patients with NAFLD were defined as those
having their initial diagnosis of NAFLD or NASH before the first pre-
scription of antidiabetic, antihypertensive, or lipid-lowering drugs. In
supplemental tabulations, patients with NAFLD were further divided
into two subgroups: (1) patients without a NASH diagnosis and (2)
patients diagnosed with NASH. Patients diagnosed with NASH were
defined as those having their initial NASH diagnosis before the first
prescription of the drugs. The prevalence of diseases that potentially
affect drug selection (ischemic heart disease, 20—125; heart failure,
150; stroke, 160—164; and chronic kidney disease, N18 and N19) was
assessed in each group.

2.3. Prescription of drugs

Drug prescriptions after disease diagnosis (e.g., an antidiabetic
drug after T2D diagnosis) were included. Patients who had records of
drug prescriptions before disease diagnosis (e.g., an antidiabetic drug
before T2D diagnosis) were excluded from this survey. Drug catego-
ries were identified using Anatomical Therapeutic Classification
(ATC) codes. Antidiabetic drugs (ATC code: A10) included thiazoli-
dine, SGLT2i, GLP-1 receptor agonist, dipeptidyl peptidase-4 inhibitor
(DPP-4i), biguanide, «-glucosidase inhibitor («-GI), sulfonylurea
(SU), glinide, long-acting insulin, and other insulins. Antihypertensive
drugs (ATC codes: C2, C3, C7, C8, and C9) included ARBs, angiotensin-
converting enzyme inhibitors (ACEi), calcium-channel blockers
(CCBs), beta blockers, diuretics, and other antihypertensive drugs.
Lipid-lowering drugs (ATC codes: C10 and C11) included statins,
fibrates, ezetimibe, tocopherol (vitamin E), and other lipid-lowering
drugs. The proportion of drug prescriptions was calculated for each
2-year cycle (2013-2014, 2015-2016, 2017—-2018, and 2019-2020).

2.4. Data analyses

This study was a cross-sectional survey that investigated trends in
drug prescriptions, and the chi-squared test was used to summarize
patient characteristics and proportions of prescription drugs. All data
were analyzed using R with R studio software.

2.5. Ethical considerations

This study was approved by the Institutional Review Board of
Tohoku University School of Medicine on October 28, 2020 (registra-
tion number: 2020-1-667).

3. Results
3.1. Characteristics of patients with NAFLD in the database

The database included 283,200 patients with NAFLD and 9,146
patients with NASH. Between 2013 and 2020, the number of patients
with NAFLD increased (Table 1); however, the increase in the number
of patients was in concordance with the total number of patients
included in the database (Supplemental Fig. 1). The mean age of
patients with NAFLD was consistent throughout the study period.
The prevalence of T2D increased slightly during the study period
among patients with NAFLD (Table 1).

3.2. Drug prescriptions for T2D

A total of 47,157 eligible patients with T2D were divided into two
groups: (1) 38,044 T2D patients without NAFLD (non-NAFLD group)
and (2) 9,113 T2D patients with NAFLD (NAFLD group) (Fig. 1 and
Table 2). The mean age and sex ratio were similar between the two
groups (Fig. 1 and Table 2). The prevalence of the comorbidities was
similar between the two groups, except for the prevalence of
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Table 1.
Patient characteristics of NAFLD.

2013-2014 2015-2016 2017-2018 2019-2020

Cumulative number of 75,643 134,126 186,910 190,588
patients

Number of newly diag- 41,701 59,001 64,022 52,757
nosed patients

Age, mean (SD), year 49.4(10.6) 49.2(11.0) 493(11.1) 493(11.2)

Male (%) 63.4 63.0 63.7 64.5

Patients with T2D (%) 51.1 56.3 59.6 62.5

Patients with hyperten-  44.5 42.6 43.0 42.7
sion (%)

Patients with dyslipide-  67.1 67.2 68.4 69.75
mia (%)

Abbreviations: NAFLD = nonalcoholic fatty liver disease, SD = standard deviation,
T2D = type 2 diabetes mellitus.

dyslipidemia, which was higher in the NAFLD group (79.2—83.9%)
than in the non-NAFLD group (61.4—64.6%) (Table 2).

Among the patients with T2D, SGLT2i prescriptions increased
from 2013 to 2020 (Table 3). Thiazolidine, DPP-4i, «-GlI, SU, and gli-
nide prescriptions decreased slightly. Compared to the non-NAFLD
group, the NAFLD group was more likely to receive thiazolidine (4.1%
and 1.4% for the non-NAFLD group and 7.3% and 2.8% for the NAFLD
group in 2013-2014 and 2019-2020, respectively); nonetheless,
thiazolidine prescriptions were not considerably frequent among
patients with NAFLD. The NAFLD group was more likely to receive
SGLT2i than the non-NAFLD group (2.5% and 17.8% for the non-
NAFLD group and 3.5% and 25.3% for the NAFLD group in 2013-2014
and 2019-2020, respectively). In the NAFLD group, patients diag-
nosed with NASH were more likely to receive thiazolidine and SGLT2i
than those without a NASH diagnosis (thiazolidine: 6.8% and 2.4% for
patients without a NASH diagnosis and 20.0% and 10.6% for patients
diagnosed with NASH, respectively; SGLT2i: 3.5% and 25.3% for
patients without a NASH diagnosis and 7.5% and 37.1% for patients
diagnosed with NASH, respectively) (Supplemental Table 3).
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3.3. Drug prescriptions for hypertension

A total of 180,050 eligible patients with hypertension were
divided into the following groups: (1) 163,076 non-NAFLD patients
and (2) 16,974 patients with NAFLD (Fig. 1 and Table 4). The mean
age was similar between the two groups (Table 4). The proportion
of male patients was slightly higher in the NAFLD group than in the
control group. The prevalence of T2D and dyslipidemia was higher in
the NAFLD group (51.8—65.5% and 73.5—-74.2%, respectively) than in
the non-NAFLD group (33.9-45.2% and 39.2—43.7%, respectively)
(Table 4).

In general, the proportion of prescriptions for each category of
antihypertensive drugs was consistent throughout the study period
(Table 5). The proportion of ARB prescriptions was slightly higher in
the NAFLD group than in the non-NAFLD group (33.6% of the non-
NAFLD group and 39.0% of the NAFLD group in 2019-2020). In the
NAFLD group, the proportion of ARB prescriptions was also slightly
higher among patients diagnosed with NASH than in those without a
NASH diagnosis (38.8% of patients without a NASH diagnosis and
43.2% of patients diagnosed with NASH in 2019—-2020) (Table 5).

3.4. Drug prescriptions for dyslipidemia

A total of 191,348 eligible patients with dyslipidemia were
divided into 165,553 non-NAFLD patients and 25,796 patients with
NAFLD (Fig. 1 and Table 6). The mean age was similar between the
two groups (Table 6). The ratio of male patients was slightly higher in
the NAFLD group. The prevalence of T2D was higher in the NAFLD
group (52.3—-66.0%) than in the non-NAFLD group (39.0-52.0%)
(Table 6).

In general, the proportion of prescriptions for each category of
lipid-lowering drugs was consistent throughout the study period
(Table 7). The NAFLD group was more likely to receive fibrates than
the non-NAFLD group (9.4% and 10.3% for the non-NAFLD group and
15.0% and 18.4% for the NAFLD group in 2013-2014 and 2019-2020,
respectively). Conversely, the NAFLD group was less likely to receive

7,716,908 individuals in the Medi-Scope claims database

l

|

l

1,293,415 adult patients of type 2 diabetes
mellitus (defined as E11 or E14 of ICD-10
code, exclude patients who have a record of
E10, E12, or E13)

880,658 adult patients of hypertension
(defined as 110, 111, 112, 113, or I15 of ICD-
10 code)

1,242,832 adult patients of dyslipidemia
(defined as E78 of ICD-10 code)

{

{

l

174,939 patients who have records of
antidiabetic drug prescription after the first
diagnosis of type 2 diabetes mellitus (after
2013)

657,653 patients who have records of
antihypertensive drug prescription after the
first diagnosis of hypertension (after 2013)

547,292 patients who have records of lipid
lowering drug prescription after the first
diagnosis of hypertension (after 2013)

|

{

|

47,157 patients who were prescribed first
line antidiabetics at least 180 days after
database entry

180,050 patients who were prescribed first
line antihypertensive at least 180 days after
database entry

191,348 patients who were prescribed first
line lipid lowering drug at least 180 days
after database entry

|

|

|

9,113 patients who have diagnosis of NAFLD
before the first antidiabetic drug

16,974 patients who have diagnosis of
NAFLD before the first antihypertensive
drug

25,796 patients who have diagnosis of
NAFLD before the first lipid lowering drug

Fig. 1. Flow chart showing the selection of the study population for data analyses.
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Table 2
Characteristics of the T2D study population.
Non-NAFLD NAFLD
Year period 2013-2014  2015-2016  2017-2018  2019-2020  2013-2014  2015-2016  2017-2018  2019-2020
n 5,456 10,816 11,844 9,928 1,030 2,266 2,993 2,824
Age, mean (SD), year 53.6(9.2) 53.0(9.8) 53.1(9.9) 53.0(10.4) 52.1(8.9) 52.2(9.3) 52.2(9.2) 52.3(9.6)
Male (%) 64.8 63.4 64.4 64.3 65.9 68.0 67.6 69.8
Comorbidities (%)
Hypertension 54.9 53.9 54.9 55.9 60.1 62.8 61.2 62.2
Dyslipidemia 61.4 61.5 62.5 64.6 814 79.2 82.1 83.9
Ischemic heart disease 171 19.9 22.1 24.2 18.2 23.1 25.8 27.6
Heart failure 135 17.2 20.1 22.3 129 193 209 229
Stroke 8.9 11.2 12.9 14.0 7.3 11.6 13.2 14.7
Chronic kidney disease 3.5 4.6 54 6.1 4.1 5.9 6.0 7.8
Abbreviations: NAFLD = nonalcoholic fatty liver disease, SD = standard deviation.
Table 3
Prescription ratio for antidiabetic drugs in T2D study population.
Non-NAFLD NAFLD
Year period 2013-2014  2015-2016  2017-2018  2019-2020  p-value®  2013-2014  2015-2016  2017-2018  2019-2020  p-value®
Drug class (%)
Thiazolidine 41 24 1.7 14 <0.001 7.3 35 3.0 2.8 <0.001
SGLT2is 2.5 83 135 17.8 <0.001 3.7 12.8 20.6 259 <0.001
GLP-1 receptor agonists 0.2 0.1 0.3 0.4 <0.001 0.3 0.1 0.4 0.9 <0.001
DPP-4is 52.7 495 448 41.0 <0.001 52.5 474 446 40.5 <0.001
Biguanide 18.8 20.5 22.0 23.8 <0.001 21.5 25.1 24.2 254 0.066
a-Gl 9.2 6.3 44 3.9 <0.001 8.7 55 4.8 39 <0.001
Su 9.3 5.5 35 2.9 <0.001 6.7 4.6 2.6 21 <0.001
Glinide 1.5 1.1 0.9 0.8 <0.001 1.5 0.7 0.6 04 0.001
Long-acting insulin therapy 1.8 2.0 24 2.5 <0.001 13 0.9 14 1.2 0.711
Other insulin therapy 14.8 17.6 19.8 19.7 <0.001 8.8 9.7 9.5 9.1 0.863

Abbreviations: «-Gl = «-glucosidase inhibitors, DPP-4i = dipeptidyl peptidase-4 inhibitors, GLP-1 = glucagon-like peptide-1, NAFLD = nonalcoholic fatty liver disease,

SGLT2i = sodium glucose cotransporter 2 inhibitor, SU = sulfonyl urea.
¢ Chi-squared test for trend in proportions.

statins than the non-NAFLD group (77.3% and 78.9% for the non-NAFLD
group and 70.0% and 70.0% for the NAFLD group in 2013-2014 and
2019-2020, respectively), although the difference in proportions of pre-
scriptions was not considerably vast. In the NAFLD group, patients diag-
nosed with NASH were more likely to receive tocopherol (vitamin E)
than those without a NASH diagnosis (5.4% and 5.8% for patients with-
out a NASH diagnosis and 13.0% and 18.0% for patients diagnosed with
NASH in 2013-2014 and 2019-2020, respectively) (Supplemental
Table 7). Patients diagnosed with NASH were less likely to receive sta-
tins than those without a NASH diagnosis (70.6% and 70.8% for patients
without a NASH diagnosis and 47.8% and 53.0% for patients diagnosed

with NASH in 2013-2014 and 2019-2020, respectively) (Supplemental
Table 7).

4. Discussion

To the best of the authors’ knowledge, this is the first study to
evaluate the differences in prescription trends of drugs for adult
patients of T2D, hypertension, and dyslipidemia according to the
presence of comorbid NAFLD using a large Japanese administrative
database. Prescription patterns of specific drugs among non-NAFLD
patients were consistent with those among patients with NAFLD,

Table 4
Characteristics of the hypertension study population.
Non-NAFLD NAFLD
Year period 2013-2014  2015-2016  2017-2018  2019-2020  2013-2014  2015-2016  2017-2018  2019-2020
n 22,755 46,594 51,920 41,807 1,784 4,220 5,591 5,379
Age, mean (SD), year 522 51.9 52.1 52.2 51.6 51.7 51.7 51.6
(9.0) (9.2) (9.2) (9.5) (8.8) (8.9) (9.0) (9.0)

Male (%) 54.2 56.2 57.1 57.7 67.2 67.1 67.4 69.1
Comorbidities (%)
T2D 339 38.5 423 452 51.8 61.2 63.1 65.5
Dyslipidemia 39.2 393 41.0 43.7 73.5 72.9 73.9 74.2
Ischemic Heart Disease 14.8 17.6 18.7 19.2 19.6 23.0 25.7 26.6
Heart Failure 10.9 14.0 16.0 17.7 11.1 16.5 193 21.0
Stroke 10.6 121 13.6 13.8 9.8 13.1 15.0 154
Chronic Kidney Disease 2.6 3.0 3.6 41 4.0 5.7 6.3 6.5

Abbreviations: NAFLD = nonalcoholic fatty liver disease, SD = standard deviation, T2D = type 2 diabetes.
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Table 5
Prescription ratio for antihypertensive drugs in hypertension study population.
Non-NAFLD NAFLD

Year period 2013-2014  2015-2016  2017-2018  2019-2020  p-value®  2013-2014  2015-2016  2017-2018  2019-2020  p-value®
Drug class (%)
ARBs 41.6 37.5 35.6 33.6 <0.001 459 43.1 39.5 39.0 <0.001
ACE inhibitors 3.2 3.1 2.7 24 <0.001 4.0 35 3.1 2.5 <0.001
CCBs 50.4 52.6 55.6 58.0 <0.001 46.0 46.7 51.1 52.6 <0.001
Beta blockers 8.1 8.9 8.4 8.6 0.623 7.2 8.0 8.0 7.7 0.25
Diuretics 52 5.1 4.8 5.1 0.236 5.7 5.1 4.6 43 0.005
Others 3.2 2.7 2.3 2.4 <0.001 2.5 2.1 1.6 19 0.087

Abbreviations: ARB = angiotensin receptor blocker, ACE = angiotensin converting enzyme, CCB = calcium channel blocker, NAFLD = nonalcoholic fatty liver disease.

¢ Chi-squared test for trend in proportions.

Table 6
Characteristics of the dyslipidemia study population.
Non-NAFLD NAFLD
Year period 2013-2014  2015-2016  2017-2018  2019-2020  2013-2014  2015-2016  2017-2018  2019-2020
n 25,160 46,660 48,882 44,850 3,129 6,405 8,153 8,109
Age, mean (SD) 52.5 523 52.3 523 50.7 50.5 50.4 50.4
(8.8) (9.0) (9.3) (9.5) (9.2) (9.6) (9.6) (9.7)

Male (%) 493 50.5 51.5 52.0 62.4 62.3 62.5 64.9
Comorbidities (%)
T2D 39.0 45.0 494 52.0 52.3 58.0 62.3 66.0
Dyslipidemia 39.7 39.2 40.7 41.0 433 441 459 47.2
Ischemic Heart Disease 14.4 17.6 19.8 20.2 15.6 20.1 23.2 24.8
Heart Failure 9.2 122 15.1 16.8 9.8 133 16.9 18.8
Stroke 8.8 10.9 13.1 133 83 124 139 13.7
Chronic Kidney Disease 2.6 34 4.1 4.7 3.6 53 6.3 6.9

Abbreviations: NAFLD = nonalcoholic fatty liver disease, SD = standard deviation, T2D = type 2 diabetes.

with modest differences. Among patients with NAFLD, differences in
prescription patterns were observed between patients with and
those without a NASH diagnosis. These differences appeared to be
influenced by the recommendations in the clinical guidelines for
NAFLD and NASH. Notably, the number of patients with NASH was
relatively modest.

Thiazolidine presents certain concerns regarding its safety, such as
weight gain, fracture, heart failure, and bladder cancer [11-14]. In the
non-NAFLD and NAFLD groups, decreasing trends in thiazolidine pre-
scriptions were observed. In the NAFLD group, a higher proportion of
thiazolidine prescriptions was observed in patients diagnosed with
NASH than in those without a NASH diagnosis, although this drug did
not have the highest proportion of prescriptions among patients with
T2D and comorbid NASH. The proportion of thiazolidine prescriptions
in patients diagnosed with NASH was maintained throughout the study
period. It was suggested that thiazolidine maintained its proportion of
prescriptions among patients diagnosed with NASH due to evidence
regarding its beneficial effect on NAFLD and NASH [3,15—17]. The pro-
portion of SGLT2i prescriptions increased throughout the study period

Table 7
Prescription ratio for lipid lowering drugs in dyslipidemia study population.

in all groups, which is consistent with a previous study reporting the
trends of antidiabetic drugs in Japan [18]. A higher proportion of pre-
scriptions was observed in the NAFLD group than in the non-NAFLD
group, especially after 2015. In the NAFLD group, the proportion of
SGLT2i prescriptions was even higher in patients diagnosed with NASH
than in those without a NASH diagnosis, though a definitive assessment
of the 2013-2014 period was difficult due to the small number of
patients diagnosed with NASH. SGLT2is were recently mentioned in the
clinical guidelines issued in 2020 [6]; however, a higher proportion of
prescriptions was observed before the issuance of these guidelines. Sev-
eral studies have reported the efficacy of SGLT2i in NAFLD or NASH after
2016 [19-22]. However, these studies provided limited evidence to
support the efficacy of SGLT2is due to their study designs (open-label,
single-arm, and limited-sample-sized studies or those with endpoints
such as ALT or AST), and valid evidence regarding the beneficial effect of
SGLT2is on the prognosis of patients with NAFLD or NASH has not been
demonstrated. A recent study in Japan reported that SGLT2is were more
frequently prescribed to patients with T2D with higher body mass
indexes (BMIs), and hemoglobin Alc and BMI were independently

Non-NAFLD NAFLD

Year period 2013-2014  2015-2016  2017-2018  2019-2020  p-value® 2013-2014 2015-2016  2017-2018  2019-2020  p-value®
Drug class (%)

HMG-CoA reductase inhibitors ~ 77.3 77.9 77.6 79.1 <0.001 70.0 69.5 69.8 70.0 0.687
Fibrates 9.6 9.1 9.3 10.3 <0.001 15.0 15.6 15.2 184 <0.001
Ezetimibe 3.7 3.2 3.2 31 <0.001 6.8 52 4.8 43 <0.001
Tocopherol 6.5 6.3 6.6 53 <0.001 5.6 59 6.9 6.4 0.192
Others 4.1 4.8 4.6 38 <0.001 43 53 5.6 3.6 0.002

Abbreviations: HMG-CoA = hydroxymethylglutaryl-CoA, NAFLD = nonalcoholic fatty liver disease.

¢ Chi-squared test for trend in proportions.
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associated with SGLT2i prescriptions [23]. A relatively high BMI has
been reported as a risk factor for fatty liver. In addition, among patients
with diabetes, those with relatively high liver fat content have report-
edly been associated with a higher BMI [24]. A relatively high BMI and
NAFLD are known risk factors for cardiovascular diseases, and SGLT2is
reduce the risk of cardiovascular diseases [25—27]. It is possible that
SGLT2is were selected for patients with NAFLD who had higher BMIs.

Among antihypertensive drugs, ARBs were the only drugs recom-
mended for patients with NAFLD/NASH and comorbid hypertension.
Some studies have demonstrated the efficacy of ARBs on biochemical
parameters and liver histology [28—-31]. Both clinical evidence and
clinical-guideline recommendations have been suggested to influ-
ence a higher proportion of drug prescriptions in the NAFLD group.
However, the difference in the proportion of ARB prescriptions
between the non-NAFLD and NAFLD groups was not vast. Among
antihypertensive drugs, CCBs have predominantly been used; how-
ever, the popularity of ARB use is approaching that of CCBs [32]. It
has been suggested that ARBs are used regardless of the presence of
NAFLD. In addition, clinical evidence appears to suggest that the ben-
eficial effect of selecting ARBs is less robust than that of CCBs.

In the non-NAFLD and NAFLD groups, statins were the most fre-
quently prescribed drugs, with an enormous difference in prescrip-
tion proportion compared to other drug classes. Accumulating
clinical evidence reveals that the lowering of low-density lipoprotein
cholesterol by statins potentially mitigates the risk of atherosclerotic
cardiovascular diseases [7]. Although statins are recommended for
patients with NAFLD and NASH based on their efficacy in both liver
function improvement and prevention of cardiovascular disease,
which is reportedly a high risk in patients with NAFLD, [3—5] a lower
proportion of statin prescriptions was observed in the NAFLD group
than in the non-NAFLD group, especially among patients with NASH.
Statins are considered to be associated with the risk of liver injury
[5]. In package inserts of statins, it is noted that statins should be
avoided in patients with a history of liver injury, and they pose a risk
of worsening liver injury in patients with cirrhosis. The prevalence of
cirrhosis was notably higher in the NAFLD group, especially in
patients diagnosed with NASH than in the non-NAFLD group (Supple-
mental Table 8); thus, this was suggested to be the cause of the rela-
tively lower proportion of prescriptions in the NAFLD group. Another
hypothesis is that statins were avoided in patients with NAFLD due
to their risk of liver injury, although in the AASLD NAFLD/NASH clini-
cal guidelines, it is noted that the risk of severe liver injury is rare
among patients with NASH [5]. Remarkably, fibrates, which are not
mentioned in the guidelines, exhibited a higher proportion of pre-
scriptions in the NAFLD group than in the non-NAFLD group. Fibrates
are recommended for hypertriglyceridemia. In some reports, patients
with NAFLD (or fatty liver) have been reported to exhibit higher
serum triglyceride levels than those without NAFLD [33,34]. Rela-
tively high serum triglyceride levels and hypertriglyceridemia preva-
lence might have been the causes of the higher proportion of fibrate
prescriptions in the NAFLD group. In patients diagnosed with NASH,
the proportion of vitamin E prescriptions was notably higher than
that in patients without a NASH diagnosis. In Japan, vitamin E has not
been approved for the treatment of NASH, though it is recommended
by clinical guidelines. Apparently, in this clinical setting, vitamin E
was likely to be selected as the treatment option in patients with dys-
lipidemia and comorbid NASH compared to those without a NASH
diagnosis. However, the proportion of vitamin E prescriptions was
not predominant in patients diagnosed with NASH and comorbid
dyslipidemia.

This study has certain limitations. First, the study utilized data
from administrative claims, which did not include the clinical status
of patients, such as vitals and laboratory parameters. Therefore, we
could not assess important confounding factors, including the sever-
ity of T2D, hypertension, and dyslipidemia. Differences in the severity
of these diseases among the three tested groups are possible. In
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addition, the database was based on claims to employee health insur-
ers; thus, it mainly comprised the working-age population and had
limited data regarding the older population. It has been reported that
there are many patients with NAFLD in Japan, especially women
[35,36]. This population imbalance included in the database might
have affected the generalizability of our findings. Finally, it is appar-
ent that patients who were clinically diagnosed with NAFLD or NASH
did not necessarily have a disease code for NAFLD or NASH, thus
causing underdiagnosis within the database. Sixty-two percent of
patients with newly diagnosed diabetes have reportedly been associ-
ated with NAFLD in a study with subjects who underwent health
checkups [37]. In this study, patients with T2D and comorbid NAFLD/
NASH merely constituted 24% of the study population (Fig. 1), which
is smaller than that reported previously [37]. Furthermore, consider-
ing the estimated NAFLD prevalence of approximately 18% in Japan
[38], the number of patients in the NAFLD and/or NASH groups also
appeared smaller than that in the non-NAFLD/non-NASH groups
among those with both hypertension and dyslipidemia (Fig. 1). In
addition, based on estimates of NAFLD’s natural history, in which
approximately 25% of the NAFLD population progresses to NASH, the
number of patients in the NASH group also appeared smaller. NAFLD
and NASH are not adequately diagnosed in claims, possibly because
there is no drug approved for the treatment of these liver diseases. It
is further apparent that only a small population was diagnosed with
NASH among patients with NAFLD because NASH diagnosis requires
an invasive biopsy, and the treatment for patients diagnosed with
NASH emphatically differs from that for patients without a NASH
diagnosis. Therefore, the sensitivity of NASH diagnosis within the
database was expectedly low. This potentially renders it difficult to
accurately estimate the proportion of prescriptions for patients who
are clinically diagnosed with NAFLD and NASH.

5. Conclusion

In conclusion, this study provides information regarding the
trends in drug prescriptions for T2D, hypertension, and dyslipidemia
in patients with NAFLD. Further accumulation of clinical evidence
regarding drugs used for T2D, hypertension, and dyslipidemia in
terms of their beneficial effects on NAFLD and NASH is anticipated,
especially their long-term benefits on the prognosis of patients. Such
evidence potentially influences the appropriate management of
NAFLD and NASH with comorbid lifestyle-related diseases.
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