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Objective: This study examined the prevalence of chronic comorbidities and the use of co-medications
among people living with HIV (PLWH) on antiretrovirals in Japan, compared with age-matched con-
trols without HIV.
Methods: This was an observational, retrospective, cross-sectional study using a hospital claims database
of Japanese hospitals with advanced medical capabilities (i.e., advanced treatment hospitals, general
hospitals, acute care hospitals). We extracted data for PLWH aged >18 years with a prescription record of
antiretrovirals between January 2010 and December 2015, and for age-, sex-, and hospital-matched
people without HIV. For each group, chronic comorbidities (diabetes, hypertension, lipid disorders,
vascular diseases, chronic kidney failure, cancers, psychiatric disorders, osteoporosis, and hepatitis B/C
co-infection), and co-medications were examined by age group.
Results: We analyzed data for 1445 PLWH and 14,450 people without HIV. The proportion of patients
with multiple comorbidities was much greater among PLWH than controls of the same age group. Lipid
disorders and diabetes were more prevalent in PLWH than controls (31.6% vs. 10.3% and 26.8% vs. 13.2%,
respectively), both of which were more common in PLWH at earlier ages. Cancer was present in 8.1% of
PLWH and 8.9% of controls. A greater proportion of PLWH used multiple co-medications other than
antiretrovirals at earlier ages than controls.
Conclusion: PLWH taking antiretrovirals in Japan had a greater burden of comorbidities and co-
medications with increasing age than people without HIV. In addition to appropriate management of
comorbidities, medication reconciliation according to patients' co-medication profiles is important for
successful management of this patient population.
© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

dramatically increased the survival of people living with HIV
(PLWH) and has prolonged life expectancy [2,3]. The life expec-

The population with HIV infection is now aging, possibly owing tancy at age 20 years of PLWH has increased, from 19.1 years in
to an increase in later-life acquisition of HIV, late diagnosis, and 1996—1997 to 53.1 years in 2011, approaching the expectancy for

improved survival [1]. Antiretroviral therapy (ART) has people without HIV, with ART initiation at higher CD4 count further
narrowing the gap between people with and those without HIV [4].

Prolonged lifespan, owing to successful ART, poses the new

Abbreviations: ART, antiretroviral therapy; PLWH, people living with HIV; challenge of managing age-associated chronic comorbidities
ICD-10, International Statistical Classification of Diseases and Related Health among PLWH. The proportion of older people (age >50 years) with

Problems, 10th Revision.
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at least one chronic condition in addition to HIV exceeded 50% in a
French study [5], and even reached 94% among PLWH aged >50
years in a study in the United States [6]. In particular, cardiovascular

Chiyoda-ku, Tokyo 102-8667, Japan.
E-mail address: daniel.ruzicka@merck.com (D.J. Ruzicka).

https://doi.org/10.1016/j.jiac.2018.10.006
1341-321X/© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:daniel.ruzicka@merck.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiac.2018.10.006&domain=pdf
www.sciencedirect.com/science/journal/1341321X
http://www.elsevier.com/locate/jic
https://doi.org/10.1016/j.jiac.2018.10.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jiac.2018.10.006
https://doi.org/10.1016/j.jiac.2018.10.006

90 D.J. Ruzicka et al. / ] Infect Chemother 25 (2019) 89—95

disease, diabetes, renal disease [5,7], hypertension, and hypercho-
lesterolemia [7] have been reported to be common among PLWH.
By affecting mortality in this population [5,8-10], such age-
associated non-AlDS-related comorbidities hold great importance
in the treatment of PLWH in the ART era.

Chronic comorbidities raise another concern, namely, that of
polypharmacy. ART itself generally requires at least three medica-
tions, and the addition of medications for comorbidities among
people on ART leads to polypharmacy. Polypharmacy increases the
likelihood of drug—drug interactions [11] and even compromises
adherence [12], which is critical in lifelong ART. Changes in phar-
macokinetics and pharmacodynamics as a person ages [13,14] add
complexity and importance to the pharmacological management
particularly of older PLWH.

We previously examined chronic comorbidities and use of co-
medications in PLWH who were taking antiretrovirals in Japan,
using a large-scale hospital claims database [15]. In that study, we
found that older PLWH on antiretrovirals had more chronic
comorbidities and used more co-medications, suggesting the dif-
ficulty of appropriate management for this patient population. Still,
without comparison with a Japanese population without HIV, we
were unable to clarify whether our results only reflected conse-
quences of the normal aging process or those of HIV infection
coupled with aging. The objective of this study was to further
characterize the population of PLWH on antiretrovirals and to
generate a hypothesis by assessing whether PLWH on anti-
retrovirals in Japan indeed have a larger burden of chronic co-
morbidity and co-medication than people without HIV. Thus, we
examined the prevalence of the chronic comorbidities of interest
and use of co-medications among PLWH taking antiretrovirals in
Japan, compared with an age-matched control group of people
without HIV (not a general population), by describing these med-
ical profiles of each group using the same database as in our pre-
vious study.

2. Materials and methods
2.1. Study design and data source

This observational, retrospective, cross-sectional database study
examined the numbers and types of chronic comorbidities and co-
medications in people living with and those without HIV in Japan.
Data were extracted from a hospital claims database compiled by
Medical Data Vision Co., Ltd. The database contains information of
over 17 million patients in 288 acute care hospitals in Japan, ac-
counting for approximately 17% of all Japanese acute care hospitals
that use the diagnosis procedure combination/per-diem payment
system (as of January 2017), a hospital payment system uniquely
developed in Japan. Note that these hospitals referred to as “acute
care hospitals” here do not exclusively include acute care-only
hospitals. In Japan, the term is used to describe hospitals that
have advanced medical capability (i.e., advanced treatment hospi-
tals, general hospitals, and acute care hospitals). Thus, the database
used includes hospitals that provide both acute and chronic care
(excluding nursing homes or hospices). The database contains in-
formation on age, sex, department visited, date of medical service,
diagnosis codes, hospitalization, medical procedures, and
prescriptions.

2.2. Study population

This study used the same population of PLWH on antiretrovirals
as in our previous study [15]. Patients were aged >18 years with a
diagnosis record of HIV, according to the International Statistical
Classification of Diseases and Related Health Problems, 10th

Revision (ICD-10) codes B20-24: HIV disease resulting in infectious
and parasitic diseases (B20), malignant neoplasms (B21), other
specified diseases (B22), other conditions (B23), and unspecified
HIV disease (B24); in addition, patients had a prescription record of
ART between January 2010 and December 2015, which was the
study period. ART included nucleoside reverse transcriptase in-
hibitors, non-nucleoside reverse transcriptase inhibitors, protease
inhibitors, integrase strand transfer inhibitors, and entry inhibitors.

Each patient with HIV was matched with 10 patients who had
no record of HIV infection (ICD-10 codes B20-24), based on age at
the time of their last visit (age groups: 18—29, 30—39, 40—49,
50—59, 60—69, and >70 years), sex, and hospital within the same
database. Age, sex, and hospital were considered as potential con-
founders influencing chronic comorbidity development and co-
medication prescription. Thus, age, sex, and hospital were
included in matching factors to select the control group, to mini-
mize the differences in these potential confounders between the
two groups. Please note that people without HIV (control group) in
this study do not represent a healthy or general population because
these were patients from the same hospital claims database and
therefore were also hospitalized or outpatients seeking medical
treatment.

2.3. Definitions

We extracted the following data: demographic characteristics
(age and sex), diagnoses of chronic comorbidities of interest, and
prescriptions of ART and co-medications. The chronic comorbidities
investigated included diabetes, hypertension, lipid disorders,
vascular diseases, chronic kidney failure, cancers, psychiatric dis-
orders, osteoporosis, and hepatitis B/C co-infection. Considering
that the conditions and diseases defining these comorbidities can
only be treated with continuous medications and are unlikely to be
cured rapidly, patients were considered to have a particular co-
morbidity if the corresponding ICD-10 code(s) (Table 1) were
recorded at least once during the study period, regardless of
whether they were recorded before or after the HIV diagnosis.

Cancers were classified as AIDS-defining and non-AIDS-defining
cancers. AIDS-defining cancers included Burkitt lymphoma (B21.1/
C83.7), Kaposi sarcoma (B21.0/C46), non-Hodgkin lymphoma

Table 1
Chronic comorbidities.
Category Included pathologies ICD-10 codes
Diabetes Diabetes type II E11-14
Hypertension - 110, 112, 114—-15
Lipid disorders Hypercholesterolemia, E78.0-78.5
hyperlipidemia
Vascular Myocardial infarction 122
diseases Stroke 164
Angina pectoris 120
Hypertensive heart and renal 111,113
diseases
Chronic kidney — N18—-19
failure
Cancers Any malignancy B21.0—21.2, C00—97
Psychiatric Mania and depression F30-32
disorders Anxiety F40—-41
Psychosis F20-29
Dementia FO1, FO3
Insomnia F51
Osteoporosis — M80—-81
Hepatitis B/C Chronic hepatitis B/C B18

co-infection

Abbreviation: ICD-10, International Statistical Classification of Diseases and Related
Health Problems, 10th Revision.



D.J. Ruzicka et al. / ] Infect Chemother 25 (2019) 89—95 91

(B21.2/C82-85 except for €83.7/C91.5), and cancer of the cervix
uteri (C53). All other cancers were defined as non-AIDS-defining
cancers.

Co-medications were defined as non-ART drugs prescribed for a
total >30 days during the study period, based on the therapeutic
subgroups (2nd level) of the Anatomical Therapeutic Chemical codes.

2.4. Ethics statement

The requirement for informed consent was waived because this
was an observational study using de-identified claims data, and the
Japanese Ethical Guidelines for Medical and Health Research
Involving Human Subjects do not apply to a study exclusively using
de-identified data.

2.5. Statistical analysis

All the data were summarized descriptively for each group. For
the difference in proportions between the two groups, the 95%
confidence interval (CI) was calculated using the Newcombe score
method. All statistical analyses were performed using SAS release
9.4 (SAS Institute Inc., Cary, NC, USA).

Table 2
Characteristics of people living with and those without HIV.

PLWH People without HIV
(n = 1445) (n = 14,450)
n (%) n (%)
Male 1306 (90.4) 13,060 (90.4)
Age (years), mean (SD) 47.0 (12.7) 47.3 (13.7)
Age category (years)
18-29 100 (6.9) 1000 (6.9)
30-39 309 (21.4) 3090 (21.4)
40-49 510 (35.3) 5100 (35.3)
50-59 256 (17.7) 2560 (17.7)
60-69 188 (13.0) 1880 (13.0)
>70 82 (5.7) 820 (5.7)
Key drug class in ART
INSTI 789 (54.8) -
NNRTI 359 (24.9) -
Pl 617 (42.8) -

Abbreviations: PLWH, people living with HIV; SD, standard deviation; ART, antire-
troviral therapy; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside
reverse transcriptase inhibitor; PI, protease inhibitor.
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3. Results
3.1. Patient characteristics

A total of 1445 PLWH who had antiretroviral prescriptions and
14,450 people without HIV were included in the analysis (Table 2).
In both groups, the mean age was 47 years and 90.4% were male.

3.2. Chronic comorbidities

More PLWH on antiretrovirals had at least one chronic comor-
bidity compared with people without HIV (67.3% vs. 34.9%). Older
patients had a greater number of chronic comorbidities in both
groups, but the proportion of patients with multiple chronic
comorbidities was substantially greater in PLWH than in controls of
the same age group (Fig. 1). The proportions of patients with two or
more comorbidities among PLWH aged 30—39 years (21.0%) and
40—49 years (32.5%) were comparable to control patients aged
50—59 years (22.5%) and 60—69 years (31.5%), respectively.

Several types of chronic comorbidities were substantially more
prevalent in PLWH on antiretrovirals than controls, particularly
lipid disorders (31.6% vs. 10.3%), hepatitis B/C co-infection (18.2% vs.
2.5%), diabetes (26.8% vs.13.2%), and psychiatric disorders (15.2% vs.
6.5%) (Fig. 2). The prevalence of cancers was similar between the
two groups (8.1% in PLWH and 8.9% in people without HIV).

Table 3 summarizes the proportions of patients with different
types of cancer in each group. Among PLWH on antiretrovirals,
5.5% had AIDS-defining cancers. Non-AIDS-defining cancers were
present in 3.6% of PLWH on antiretrovirals and 8.2% of non-HIV
controls. The most common types of cancer in PLWH were non-
Hodgkin lymphoma (4.2%), followed by Kaposi sarcoma (1.1%),
and bronchus or lung cancers (0.6%); among people without HIV,
the most common were stomach cancers (1.2%), bronchus or
lung cancers (1.0%), and non-Hodgkin lymphoma (0.7%). The
proportions of cancer types were also summarized using the
number of patients with any cancer in each group as a denom-
inator. Of 117 PLWH with cancer on antiretrovirals, 68.4% had
AIDS-defining cancers and 44.4% had non-AIDS-defining cancers
(Supplementary Table 1).

Evaluated by age, the prevalence of diabetes, hypertension, lipid
disorders, and osteoporosis was much greater among PLWH on
antiretrovirals than controls, particularly in older age groups
(Fig. 3). This gap was notable for diabetes and lipid disorders; the
proportion of diabetes among PLWH aged 30—39 and 40—49 years
(17.2% and 24.9%, respectively) corresponded to that among control

b) People without HIV

=5 comorbidities
4 comorbidities
m 3 comorbidities
= 2 comorbidities
1 comorbidity
= No comorbidity

18-29 30-39 40-49 50-59 60-69 =270

Age (years)

Fig. 1. Proportion of patients with different number of chronic comorbidities, by age group.
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Fig. 2. Prevalence of each type of chronic comorbidity among people living with and
those without HIV.

patients aged 50—59 and 60—69 years (17.2% and 24.9%, respec-
tively). The proportion of lipid disorders among PLWH in the age
groups 18—29 and 30—39 years (13.0% and 20.1%, respectively) was
similar to that among control patients in the age groups 50—59 and
60—69 years (14.6% and 18.6%, respectively). The proportions of
psychiatric disorders and hepatitis B/C co-infection were also larger
among PLWH, but both shifted in parallel with their non-HIV
counterparts across all age groups.

3.3. Co-medications

More PLWH on antiretrovirals than people without HIV used
two or more co-medications, other than ART (59.4% vs. 24.2%). The
proportions of patients using three or more co-medications among
PLWH aged 18—29 years (28.0%) and 30—39 years (28.8%) were
similar to those among control patients aged 60—69 years (28.5%)
and >70 years (28.2%), as shown in Fig. 4.

Table 3

Table 4 summarizes the 10 most common co-medications
among PLWH on antiretrovirals and the corresponding pro-
portions among controls. Antacids, antiflatulents, and anti-
ulcerants were most commonly prescribed in both groups (31.7%
in PLWH and 15.1% in people without HIV). The gap between PLWH
and non-HIV controls was largest for systemic antibacterial drugs
(22.2% vs. 2.6%).

4. Discussion

This is the first real-world evidence study that used cross-
sectional study design and a large healthcare database in Japan to
elucidate the chronic comorbidity and medication profiles of PLWH
on antiretrovirals compared with age-matched controls. The results
demonstrated that chronic comorbidities and co-medications were
more prevalent and started earlier in PLWH on antiretrovirals than
in people without HIV. HIV is recognized as a chronic disease, and
its treatment requires integrated management of HIV infection and
chronic comorbidities rather than mere antiretroviral management
[16]. Our study delineating comorbidities and medication profiles
of a population with HIV on antiretrovirals in Japan is important to
support medical professionals who treat this population in estab-
lishing optimal management strategies.

In this study, PLWH on antiretrovirals experienced a greater
comorbidity burden than controls, which is consistent with previ-
ous studies in terms of total number of comorbidities as well as
specific types of comorbidity (e.g., lipid disorders, diabetes, hy-
pertension, and chronic kidney failure). In prior research, PLWH
were reported to have more age-associated comorbidities than
people without HIV [17-19], particularly noninfectious ones (e.g.,
cardiovascular disease, hypertension, bone fractures, kidney failure,
and diabetes mellitus) [17,18]. HIV-associated immune activation
and chronic inflammation; ART, particularly protease inhibitors
[20,21]; as well as conventional risk factors (e.g., obesity and
smoking) [21] induce metabolic dysfunction and may result in the
comorbidities most commonly reported in PLWH (lipid disorders,

Proportions of patients with different types of cancer among people living with and those without HIV.

PLWH People without HIV Differences in %

(n = 1445) (n = 14,450)

n (%) n (%) % (95% CI)

AIDS-defining cancers 80 (5.5) 118 (0.8) 47 (3.6, 6.0)
Non-Hodgkin lymphoma 61 (4.2) 100 (0.7) 3.5 (2.6,4.7)
Kaposi sarcoma 16 (1.1) 0 (0.0) 1.1 (0.7,1.8)
Burkitt lymphoma 5 (0.3) 0 (0.0) 0.3 (0.1, 0.8)
Cervix uteri 2 (0.1) 18 (0.1) 0.0 (-0.1,0.4)
Non-AIDS-defining cancers® 52 (3.6) 1189 (8.2) —4.6 (-5.6, —3.5)

Bronchus or lung 8 (0.6) 147 (1.0) -0.5 (-0.8,0.1)
Secondary malignant neoplasm of bone and bone marrow 6 (0.4) 50 (0.3) 0.1 (-0.2,0.6)
Colon 3 (0.2) 58 (0.4) -0.2 (-04,0.2)
Breast 3 (0.2) 54 (0.4) -0.2 (-0.3,0.2)
Malignant neoplasm, without specification of site 3 (0.2) 39 (0.3) -0.1 (-0.2,0.3)
Secondary malignant neoplasm of brain and cerebral meninges 3 (0.2) 28 (0.2) 0.0 (-0.1,0.4)
Acute myeloblastic leukemia (AML) 3 (0.2) 26 (0.2) 0.0 (-0.1,0.4)
Multiple myeloma 3 (0.2) 18 (0.1) 0.1 (-0.1,0.5)
Stomach 2 (0.1) 170 (1.2) -1.0 (-1.3, -0.6)
Secondary malignant neoplasm of lung 2 (0.1) 61 (0.4) -03 (-0.4,0.1)
Liver cell carcinoma 2 (0.1) 58 (0.4) -0.3 (-0.4,0.1)
Sigmoid colon 2 (0.1) 37 (0.3) -0.1 (-0.3,0.3)
Thoracic part of esophagus 2 (0.1) 33 (0.2) -0.1 (-0.2,0.3)
Skin of trunk 2 (0.1) 0 (0.0) 0.1 (0.0, 0.5)

PLWH: people living with HIV.

Percentages are calculated using the number of patients of each group as a denominator.

The total may not be equal to 100% for multiple records.

¢ Types of non-AIDS-defining cancers present in more than one person living with HIV are listed.
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Fig. 3. Prevalence of each type of chronic comorbidity by age among people living with and those without HIV. Note: Black line indicates people living with HIV (PLWH); light gray

line indicates people without HIV.

diabetes, and hypertension). Associated with these comorbidities,
cardiovascular diseases were expected to be more prevalent among
PLWH than controls in this study; however, the prevalence was
similar between the two groups (3.8% in PLWH and 4.8% in con-
trols). Vascular diseases being defined by relatively severe condi-
tions (e.g., myocardial infarction and stroke) in this study may be
partly responsible for the relatively low prevalence in both groups.
A broader definition of vascular diseases might lead to a different
result in the prevalence between the two groups.

The prevalence of cancer was similar between PLWH on anti-
retrovirals (8.1%, n = 117) and people without HIV (8.9%, n = 1286).
As demonstrated in a previous study [22], AIDS-defining cancers
remain a particular concern for PLWH, accounting for about 70% of
PLWH with cancer but only <10% of their non-HIV counterparts.
Various authors have demonstrated that even some non-AIDS-
defining cancers, such as Hodgkin's lymphoma and anal, liver,
and lung cancers are more prevalent in PLWH than in the general
population [22,23]. These reports suggest that these non-AIDS-
related cancers be attributed to traditional lifestyle cancer risk
factors such as smoking, which are more commonly observed in
PLWH than in people without HIV [24]. Another possible explana-
tion is that an immune system compromised by HIV infection may
predispose patients to oncogenic viral infection [25]. In this study,
however, stomach cancers were present in 1.2% (n = 170) of people
without HIV and only in 0.1% (n = 2) of PLWH; similar trends were
also observed for bronchus or lung cancers (1.0% vs. 0.6%, respec-
tively) and liver cell carcinoma (0.4% vs. 0.1%, respectively). These

results are inconsistent with trends suggested in previous studies
[22,23], which might be caused by the small number of PLWH who
had cancer (n = 117) and possible selection bias owing to use of
claims database of hospitals with advanced medical capabilities to
select the controls in our study. Comparing the prevalent cancer
types among people without HIV in this study (e.g., stomach,
bronchus or lung, and non-Hodgkin lymphoma) with those among
the general population in Japan (e.g., prostate, stomach, and lung
cancers) [26] may support our inference that our control group
might be somewhat biased. Therefore, the overall trends of cancer
between people with and without HIV in Japan (e.g., the overall
prevalence of cancer and common cancer types) might not be fully
depicted in our study and should be further investigated in future
studies.

We compared the results of an HIV cohort from our previous
study with those of age-matched controls and found that PLWH on
antiretrovirals tended to have >2 comorbidities, diabetes, and lipid
disorders at an age 20—30 years younger than controls. The results
imply that PLWH have a greater comorbidity burden at earlier ages
than people without HIV, which seems to corroborate the hy-
pothesis of premature aging among PLWH [17,18]. One possible
theory discussed in other studies is that persistent inflammatory
and immune changes induced by HIV infection may underlie pre-
mature aging by accelerating the normal aging process [27-29]. The
exact mechanisms of premature aging in PLWH have yet to be
clarified in future studies that comprehensively evaluate the
multifaceted aging process [30] and diverse risk factors in people
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Fig. 4. Proportion of patients with different number of co-medications, by age group.

Table 4
Ten most common co-medications among people living with HIV.

PLWH People without HIV Differences in %
(n = 1445) (n = 14,450)
(%) n (%) % (95% CI)

Antacids, antiflatulents and anti-ulcerants 458 (31.7) 2175 (15.1) 16.6 (14.2,19.2)
Systemic antibacterials (22.2) 381 (2.6) 19.6 (17.5, 21.8)
Psycholeptics 318 (22.0) 942 (6.5) 15.5 (13.4,17.7)
Systemic antihistamines 268 (18.5) 502 (3.5) 15.1 (13.1,17.2)
Lipid-regulating/anti-atheroma preparations 249 (17.2) 797 (5.5) 11.7 (9.8, 13.8)
Anti-inflammatory and anti-rheumatic products 224 (15.5) 884 (6.1) 9.4 (7.6,11.4)
Antidiarrheals, oral electrolyte replacers and intestinal anti-inflammatories 175 (12.1) 549 (3.8) 8.3 (6.7,10.1)
Agents acting on the renin-angiotensin system 160 (11.1) 900 (6.2) 4.8 (3.3,6.6)
Vitamins 148 (10.2) 579 (4.0) 6.2 (4.7,7.9)
Cough and cold preparations 138 (9.6) 290 (2.0) 7.5 (6.1,9.2)

Abbreviation: PLWH, people living with HIV.

with and those without HIV [29]. Nevertheless, our findings suggest
that PLWH on antiretrovirals may benefit from the prevention of
comorbidities and active screening for early detection of
comorbidities.

Our results demonstrated the greater burden of co-medications
among PLWH on antiretrovirals than people without HIV. In this
study, younger PLWH commonly used multiple co-medications,
suggesting the extended duration of exposure to polypharmacy
and its potential adverse effects, e.g., drug—drug interactions,
which adds complexity to the difficult management of poly-
pharmacy in PLWH [31-33]. Unfortunately, it was not possible to
reveal the reasons behind the greater use of co-medications in
PLWH on antiretrovirals than people without HIV because this was
a cross-sectional study, in which we considered that all events
during a study period occurred at a single time point. As most co-
medications commonly prescribed for PLWH on antiretrovirals
are not related to the examined chronic comorbidities, our results
may not be largely attributable to the greater number of chronic
comorbidities, although this must have contributed somewhat to
polypharmacy among PLWH on antiretrovirals with these comor-
bidities. Polypharmacy constitutes a great concern in HIV treat-
ment, particularly for older patients, which is supported by our
results showing the greater number of co-medications used by
older PLWH on antiretrovirals compared with controls of the same
age group. In addition to HIV infection, aging generally reduces
renal and hepatic functional reserve and compromises drug
metabolism [13], making older patients susceptible to the negative

effects of polypharmacy; these extend beyond adverse drug re-
actions to poor adherence and progression of geriatric syndromes
[34]. Although identifying the risk factors for such polypharmacy is
outside the scope of this study, our results showing the large co-
medication burden on older PLWH in Japan suggest that individu-
ally tailored approaches to HIV management, including medication
reconciliation, are important, particularly for this population.

This study has some limitations to be considered. First, gener-
alizability of the present findings may be limited. The database
used consists of data collected from hospitals with advanced
medical capabilities; therefore, the control group did not represent
a healthy or general population. The conditions of patients in the
control group may have been more clinically severe than those
observed in other hospitals without advanced medical capabilities
or in the general population. Thus, comorbidity types in the control
group may have been overestimated. Likewise, our results on
common co-medication types among PLWH taking antiretrovirals
may not be generalizable to all PLWH on antiretrovirals in Japan
because treatment patterns for comorbidities in hospitals included
in the database of this study may differ from those in hospitals that
treat PLWH but were not included in the database. Moreover, the
definition of HIV based on ART may make our findings inapplicable
to PLWH who are not on ART. Second, as this is a cross-sectional
study and we cannot specify the date of HIV infection without
the availability of corresponding data in the database, our defini-
tions of comorbidities and co-medications included those before
HIV infection and/or diagnosis; therefore, we cannot infer causality
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between HIV infection and comorbidities. Third, a possibility of
misclassification cannot be excluded because of the nature of a
retrospective study using a hospital claims database. For example,
data of patients who received other diagnoses or medications at
different hospitals were not entered into the database used in this
study. Our results regarding comorbidities and co-medications may
have been underestimated owing to such missing information.
Furthermore, because we used a preexisting hospital claims data-
base, our analysis lacks important data from the included hospitals,
such as HIV infection status (e.g., CD4 counts and HIV RNA levels),
time from HIV diagnosis, and ART duration, as well as all data from
hospitals not included in this database. Nevertheless, because there
are few available data on the comorbidity and comedication pro-
files of Japanese PLWH on antiretrovirals, in comparison with a
non-HIV-infected cohort, we believe the insights of this study are
meaningful for clinicians and researchers.

In conclusion, the present study showed that PLWH on anti-
retrovirals in Japan had a greater burden of comorbidities and co-
medications at younger ages than people without HIV, and the
burden tended to increase with age. In addition to appropriate
prevention and management of comorbidities, medical pro-
fessionals who care for PLWH on antiretrovirals, especially older
patients, are required to perform proper medication reconciliation.
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