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Abstract

The number of people living with HIV (PLWH) >65 years is increasing in the United States. By 2035, the
proportion of PLWH in this age group is projected to be 27%. As PLWH live longer, they face age-related
comorbidities. We compared non-HIV disease and medication burden among PLWH (n=2359) and HIV-negative
individuals (n=2,010,513) 65 years using MarketScan® Medicare Supplemental health insurance claims from
2009 to 2015. Outcomes were common diagnoses and medication classes, prevalence of non-HIV conditions,
number of non-HIV conditions, and daily non-antiretroviral therapy (ART) medications over a 1-year period. We
examined age-standardized prevalence rates and prevalence ratios (PRs) and fit multivariable generalized linear
models, stratified by sex. PLWH were younger (mean 71 vs. 76 years) and a larger proportion were men (81% vs.
45%). The most common diagnoses among both cohorts were hypertension and dyslipidemia. Most non-HIV
conditions were more prevalent among PLWH. The largest absolute difference was in anemia (29.6 cases per 100
people vs.11.7) and the largest relative difference was in hepatitis C (PR =22.0). Unadjusted mean number of non-
HIV conditions and daily non-ART medications were higher for PLWH (4.61 conditions and 3.79 medications) than
HIV-negative individuals (3.94 and 3.41). In models, PLWH had significantly more non-HIV conditions than HIV-
negative individuals [ratios: men=1.272, (95% confidence interval, 1.233-1.312); women=1.326 (1.245-1.413)].
Among those with >0 daily non-ART medications, men with HIV had significantly more non-ART medications than
HIV-negative men [ratio=1.178 (1.133-1.226)]. The disease burden associated with aging is substantially higher
among PLWH, who may require additional services to effectively manage HIV and comorbid conditions.
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Introduction

IN THE UNITED STATES, there is a high prevalence of
multimorbidity and polypharmacy, the presence of mul-
tiple comorbid conditions and the use of multiple medica-
tions, especially among older persons. An estimated 26.5% of
people 18—44 years old have =1 chronic condition compared
to 85.8% of people >65 years.! Among individuals aged 20—
59, 17.3% used more than 3 medications in the past month
while among those aged 260 years, an estimated 27.3% used

3—4 medications in the past month and 36.7% used >5.°
Patients’ multimorbidity and polypharmacy can pose chal-
lenges for health care providers, who must attempt to co-
manage multiple conditions in a single patient while avoiding
possible drug—drug interactions.

The introduction of effective and tolerable combination
antiretroviral therapy (ART) has dramatically extended
the lifespans of people living with HIV (PLWH).? Older
PLWH and their health care providers must manage HIV
infection along with multiple other common age-related
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conditions. Evidence indicates that PLWH develop these
conditions at higher rates and earlier ages than HIV-
negative individuals, making elderly PLWH particularly
vulnerable to the challenges associated with multi-
morbidity and polypharmacy.*~’ Potential mechanisms for
this finding include the long-term effects of HIV infection
itself, side effects of ART, or prevalence of risk factors for
comorbidities.®’

To date, much of the research on older PLWH has defined
“older” as >50 years.>”'%"!2 Little research has focused on
PLWH who would traditionally be considered elderly in the
United States—those aged 65 and older insured through
Medicare—who may have different comorbidity profiles
than those 50+ years old."> The number of PLWH who are
265 years is increasing in the United States. By 2035, the
proportion of PLWH in this age group is projected to be
nearly 27%."* Additionally, most research has been limited to
HIV+ men with analyses of HIV+ women focusing on spe-
cific conditions, such as heart disease and cognitive impair-
ment,'>™° rather than the overall burden.

Our objective was to compare the non-HIV disease and
non-ART medication burden among elderly PLWH to that of
elderly HIV-negative individuals, overall and by sex. We
evaluated the most common diagnoses and medication clas-
ses and the prevalence of non-HIV conditions within the two
groups, and the number of non-HIV conditions and the
number of daily non-ART medications.

Methods
Data source

This observational, cross-sectional analysis was conducted
using the IBM Watson Health MarketScan® Medicare Sup-
plemental and Coordination of Benefits Database, a propri-
etary administrative health care claims database, comprising
health care claims for over 9 million covered lives from 1995
to 2015. Enrollees are insured through Medicare supple-
mental insurance plans paid for by employers. The data in-
clude enrollee demographic and enrollment information,
inpatient and outpatient medical claims, and outpatient
pharmacy claims. Patients enter the database when their en-
rollment begins and exit the database when they disenroll or
die.

The CUNY SPH Institutional Review Board granted this
study IRB exemption. The MarketScan database satisfies the
conditions set forth in Sections 164.514 (a)-(b)lii of the
Health Insurance Portability and Accountability Act of 1996
privacy rule regarding the determination and documentation
of statistically deidentified data. All data were previously
collected.

Patient selection

PLWH =65 years and HIV-negative individuals 265 years
were selected. The group of PLWH included individuals with
(i) 22 claims with an International Classification of Diseases,
Ninth Edition, Clinical Modification (ICD-9-CM) diagnosis
of HIV (042, 795.71, V08, 079.53) in any position (primary
or secondary) or (ii) one claim with an HIV diagnosis and >1
claim for ART between January 1, 2010 and September 30,
2015. The comparator group comprised individuals with no
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claims with an HIV diagnosis and no claims for ART from
January 1, 2009 to September 30, 2015 (referred to as ““HIV-
negative individuals’”).

The service date on a patient’s most recent claim with an
HIV diagnosis was referred to as the index date for PLWH, to
evaluate diagnoses and medication use at an individual’s
oldest age in the database. A pseudo-index date for HIV-
negative individuals was randomly assigned based on the
distribution of calendar year for index dates among PLWH.
Both groups were required to have 12 months of continuous
enrollment in the Medicare Supplemental database before
their index date to evaluate the study outcomes (evaluation
period). Patients were required to be >65 years old at the start
of the evaluation period.

Detailed information on the methods can be found in the
Supplementary Data.

Exposure

The primary exposure of interest was HIV status.

Outcomes

The outcomes examined were as follows: (i) the most
common non-HIV three-digit ICD-9-CM diagnosis codes
appearing in the two groups, (ii) the most common non-ART
therapeutic classes for filled medication prescriptions in the
two groups, (iii) prevalence of non-HIV conditions in the two
groups, (iv) the number of non-HIV health conditions diag-
nosed in individuals, and (v) the number of daily non-ART
medications by individuals. All outcomes were based on
health care claims with service dates in the 12 months before
and including the index date.

The most common non-HIV health conditions were based
on ICD-9-CM diagnosis codes on inpatient or outpatient
claims, rolled up to the unique three-digit level to combine
similar conditions. On outpatient ﬂlpharmacy claims, thera-
peutic class was based on Redbook ™, a database containing
drug product information. All unique three-digit ICD-9-CM
diagnosis codes present/unique therapeutic classes filled
among the PLWH group were identified. This process was
repeated for men with HIV, women with HIV, the overall
HIV-negative group, HIV-negative men, and HIV-negative
women.

The prevalence of the following non-HIV conditions was
evaluated: ischemic heart disease (including myocardial
infarction, angina, and atherosclerosis), congestive heart
failure, cardiac dysrhythmia, hypertension, dyslipidemia,
non-rheumatic heart valve disorders, peripheral vascular
disease, dementia, cerebrovascular disease, rheumatologic
disease, osteoarthritis, osteoporosis, peptic ulcer dis-
ease/esophageal reflux, liver disease, hepatitis C, diabetes,
hemiplegia/paraplegia, kidney disease, non-AIDS defining
cancer (cancers other than Kaposi’s sarcoma, cervical cancer,
and non-Hodgkin’s lymphoma), benign prostate hyperplasia,
anemia, unspecified acquired hypothyroidism, glaucoma,
cataract, retinal disorders (including nondiabetic retinopathy,
and retinal or macular degeneration), anxiety, depression,
schizophrenia, bipolar disorder, substance abuse, and tobacco
use disorder. This list was based on the conditions included in
the Deyo Charlson Comorbidity Index,” which is a claims-
based measure of comorbidity score, the most common di-
agnoses in both PLWH and HIV-negative individuals in this
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dataset, and conditions included in other analyses of co-
morbidities.*>”*'"2* For each individual, the number of
aforementioned non-HIV conditions present was counted
(minimum of 0 and maximum of 32) as was the number of
daily non-ART medications. AIDS-defining cancer did not
contribute to the number of non-HIV conditions. To calculate
the number of daily medications, the days’ supplies of all
non-ART outpatient pharmacy claims during the evaluation
period were summed and the sum was divided by 366 days, in
a method similar to the calculation for medication posses-
sion ratio.”*

In a sensitivity analysis, the following conditions were
not included when summing the number of non-HIV con-
ditions because of their potential to be adverse events of
ART?: hypertension, osteoporosis, ischemic heart disease,
dyslipidemia, liver disease, depression, kidney disease, and
anemia.

Covariates

The following demographic characteristics were based on
enrollment information: age, United States Census Bureau
region,”® and urbanicity based on residence in a Metropolitan
Statistical Area.”’ These variables were included as covari-
ates because they may be risk factors for certain health
conditions or affect risk factors.

Analyses

Demographic characteristics were stratified by HIV status
and sex and compared using #-tests and chi-squared tests. The
most common diagnoses and medication therapeutic classes
were ranked. Among conditions that were present in =215% of
PLWH or HIV-negative individuals, the rank of each con-
dition was compared between PWLH and HIV-negative in-
dividuals. The same was done for HIV+ men and women with
conditions present in =215% of either group. The rankings
were descriptive in nature and unadjusted; therefore, no sta-
tistical comparisons were made. Ranks were used as a way of
describing the most common conditions/medication classes
in each group and comparing them between groups, regard-
less of the prevalence of those conditions/medication classes,
because the top conditions could be the same between the two
groups even while the proportion of people with each con-
dition differed. Next, the prevalence of each non-HIV con-
dition was compared between PLWH and HIV-negative
individuals and also between sexes. To account for differ-
ences in age and sex, direct standardization was used to
calculate prevalence rates per 100 people with 95% confi-
dence intervals (CIs). Prevalence ratios (PRs) are also pre-
sented.

Finally, multivariable models were fit to determine the
association between HIV status and the number of non-HIV
conditions and daily non-ART medications. The number of
non-HIV conditions was modeled using generalized linear
models with a log link and negative binomial distribution.
The number of daily non-ART medications was modeled in
a two-stage process because of the proportion of individuals
with 0 medications. The odds of having 0 non-ART medi-
cations was modeled using logistic regression models.
Among patients who had a non-ART medication, the number
of daily non-ART medications was modeled using general-
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ized linear models with log link and gamma distribution. In
all models, the primary exposure was HIV status and cov-
ariates were age group, region, and urbanicity. Separate
models were fit for men and women. p-Values <0.05 were
considered statistically significant. However, given the large
size of the PLWH cohort in this analysis, the magnitude of the
effect estimates should be considered in addition to the p-
values.
Analyses were conducted with SAS 9.4 (Cary, NC).

Results
Patient selection and patient characteristics

Overall, 2359 individuals (1909 men and 450 women)
met our criteria for being HIV+ and 2,010,513 people
(895,123 men and 1,115,390 women) met our criteria for the
HIV-negative comparison group (Supplementary Fig. S1).
Mean age was significantly lower for PLWH than HIV-
negative individuals (71.42 vs. 76.01 years, p<0.001;
Table 1). A significantly larger proportion of PLWH was men
(80.92% vs. 44.52%, p < 0.001) and lived in an urban area than
HIV-negative individuals (93.22% vs. 84.14%, p<0.001).
Similar trends were noted when comparing HIV+ men to HIV-
negative men and HIV+ women to HIV-negative women
(Supplementary Table S1). Among PLWH, men were signif-
icantly younger than women (p <0.001) and the proportion of
men living with HIV and residing in the South was signifi-
cantly higher than women with HIV who more commonly
lived in the Northeast or West (p <0.001; Table 1).

Most common diagnoses and medications

The diagnoses ranked first, second, and third among both
PLWH and HIV-negative individuals were essential hyper-
tension (ICD-9-CM 401; PLWH=479% vs. HIV-
negative =59.4%), disorders of lipid metabolism (ICD-9-CM
272;35.7% vs. 46.9%), and symptoms involving respiratory
system and other chest symptoms (ICD-9-CM 786; 31.3% vs.
26.3%; Table 2). Differences in rank were noted for diag-
noses of symptoms involving the urinary or digestive
symptoms (ICD-9-CM 788 and 787), which were more
highly ranked and more common among PLWH (ranked 15
and 16th most common among PLWH vs. 27th and 28th
among HIV-negative individuals). Other retinal disorders
(ICD-9-CM 362) and osteoarthritis and allied disorders
(ICD-9-CM 715) were ranked higher among HIV-negative
individuals (ranked 15th and 11th most common among HIV-
negative individuals vs. 28th and 29th among PLWH). For
both PLWH and HIV-negative individuals, therapeutic
medication classes related to heart conditions were com-
monly used (ranks first, second, fourth, and fifth most com-
mon among PLWH vs. ranks first through fourth among
HIV-negative individuals). Non-HIV antiviral medications,
including those used for influenza, viral hepatitis, cytomeg-
alovirus, and herpes, were more common among PLWH than
among HIV-negative individuals (ranked 11th most common
among PLWH vs. outside of the top 20 conditions for HIV-
negative individuals). Thyroid medications were ranked
higher among HIV-negative individuals than PLWH (ranked
10th most common among HIV-negative individuals vs. 31st
among PLWH).
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF PEOPLE LIVING WITH HIV AND HIV-NEGATIVE INDIVIDUALS
PLWH HIV-negative individuals PLWH: men PLWH: women
N=2359 N=2,010513 N=17909 N=450
N/mean  %/SD N/mean %/SD p-Value N/mean %/SD N/mean %/SD p-Value
Age (mean, SD) 71.42 5.19 76.01 7.56 <0.001 71.26 491 7212 6.20 0.001
Age group (N, %)
65-69 1084 4595 498,688 24.80 <0.001 884  46.31 200 44.44  <0.001
70-74 770  32.64 501,139 24.93 628  32.90 142 31.56
75-79 301 12.76 383,888 19.09 253 13.25 48 10.67
80-84 122 5.17 306,351 15.24 92 4.82 30 6.67
85+ 82 3.48 320,447 15.94 52 2.72 30 6.67
Men (N, %) 1909  80.92 895,123 44.52 <0.001
Region (N, %)
Northeast 653  27.68 460,866 22.92 <0.001 503  26.35 150 33.33  <0.001
North Central 350 14.84 640,903 31.88 287 15.03 63 14.00
West 720  30.52 598,610 29.77 543 2844 177 39.33
South 615  26.07 300,761 14.96 560  29.33 55 12.22
Unknown 21 0.89 9373 0.47 16 0.84 5 1.11
Urbanicity (N, %)
Urban 2199  93.22 1,691,591 84.14 <0.001 1793 9392 406 90.22 0.019
Rural 143 6.06 310,512 15.44 104 5.45 39 8.67
Unknown 17 0.72 8410 0.42 12 0.63 5 1.11

PLWH, people living with HIV; SD, standard deviation.

Diagnoses of other forms of chronic ischemic heart disease
(ICD-9-CM 414, such as coronary atherosclerosis and an-
eurysm of heart or coronary vessels), of other dermatoses
(ICD-9-CM 702, such as actinic or seborrheic keratosis), and
of symptoms involving the urinary system (ICD-9-CM 788)
were ranked higher and were more common among men
living with HIV compared to women living with HIV,
whereas special screening for malignant neoplasms (ICD-9-
CM V76), other and unspecified anemias (ICD-9-CM 285),
and osteoarthritis and allied disorders were ranked higher
among women with HIV (Supplementary Table S2). Un-
classified agents (which include medications for benign
prostate hyperplasia) and non-HIV antivirals were more
highly ranked among men living with HI'V than women living
with HIV.

Prevalence of non-HIV conditions

After age-sex standardization, hypertension and dyslipi-
demia remained the most prevalent non-HIV conditions for
both PLWH and HIV-negative individuals (Fig. 1A). How-
ever, the rates were higher among PLWH than HIV-negative
individuals [hypertension=68.4 per 100 (95% CI 62.6-74.2)
vs. 60.9 (60.8-61.0); dyslipidemia=54.0 per 100 (95% CI
49.1-59.0) vs. 46.9 (46.8-47.0)]. Most conditions examined
were more prevalent among PLWH. The largest absolute
differences were seen in anemia [29.6 per 100 (95% CI 25.4—
33.8) vs.11.7 (95% CI 11.6-11.7)] and kidney disease [20.5
per 100 (95% CI 17.4-23.7) vs. 8.1 (95% 8.0-8.1)]. The
largest relative differences were found among less prevalent
conditions: hepatitis C (PRpLwH vs. HIV-negative = 22.0), liver
disease (PRpLwh vs. HIV-negative=4.4), and schizophrenia
(PRpLWH vs. HIV-negative = 3-2). AIDS-defining cancer was also
more prevalent among PLWH (PRp wH vs. HIV-negative = 3.8).

Among PLWH, large differences in age-standardized prev-
alence rates were noted in the prevalence of osteoporosis that
was more common among women [PLWH men =3.0 per 100
(95% CI 1.9-4.2) vs. PLWH women=12.9 (95% CI 8.5—
17.2); PRjen vs. women=0.2] and hemiplegia/paraplegia that
was more common among men [PLWH men=1.9 (95% CI
0.9-2.8) vs. PLWH women=0.4 (95% CI 0-0.9); PR e vs.
women=4.7] (Fig. 1B). Comparisons of prevalence rates
between HIV+ men and HIV-negative men and HIV+ women
and HIV-negative women were similar to the overall PLWH
and HIV-negative comparisons (Supplementary Fig. S2A, B).

Multimorbidity and polypharmacy

In unadjusted analyses, the average number of non-HIV
conditions and average number of daily non-ART med-
ications were 4.61 conditions (median=4) and 3.79 med-
ications (median=3.16) for PLWH compared to 3.94
conditions (median=4) and 3.41 medications (medi-
an=2.95) among HIV-negative individuals (Supplementary
Table S3). While over three-quarters of the PLWH and HIV-
negative cohorts had >2 non-HIV conditions and more than
one-quarter had =5 daily non-ART medications, both were
more common among PLWH. The number of comorbid
conditions was similar between HIV+ men and HIV+
women; however, HIV+ men tended to use more non-ART
medications.

The number of non-HIV conditions and daily non-ART
medications increased with age for both PLWH and HIV-
negative individuals (Fig. 2A, B). Within each age stratum,
the number of non-HIV conditions was higher for PLWH.
The mean and median number of conditions for PLWH aged
65-69 was similar to those HIV-negative individuals
aged 75-79 [PLWH mean=4.02 (median=4) vs. HIV-



Downloaded by 68.173.231.15 from www.liebertpub.com at 08/26/19. For personal use only.

COMORBIDITIES AMONG ELDERLY PLWH 97
TABLE 2. RANK AND PREVALENCE OF THREE-DIGIT DIAGNOSES AND THERAPEUTIC CLASSES PRESENT IN 215%
OF PEOPLE LIVING wWITH HIV OR HIV-NEGATIVE INDIVIDUALS
HIV-negative
PLWH individuals
Rank N % Rank N %
Most common three-digit ICD-9-CM diagnosis codes (N, %)
401 Essential hypertension 1 1129 479 1 1,195,074 59.4
272 Disorders of lipid metabolism 2 842 357 2 942,840 46.9
786 Symptoms involving respiratory system and other chest symptoms 3 738 313 3 529,172 26.3
780 General symptoms 4 711 30.1 5 504,101 25.1
250 Diabetes mellitus 5 611 259 6 484,451 24.1
366 Cataract 6 523 222 4 505,396 25.1
729 Other disorders of soft tissues 7 496 21.0 10 392912 195
414 Other forms of chronic ischemic heart disease 8 493 209 9 393,455 19.6
719 Other and unspecified disorder of joint 9 479 203 7 430,153 21.4
427 Cardiac dysrhythmias 10 433 184 13 363,473 18.1
V04 Need for prophylactic vaccination and inoculation against certain viral 11 432 183 12 377,809 18.8
diseases
702 Other dermatoses 12 423 179 8 398,251  19.8
V58 Other and unspecified aftercare 13 389 16.5 21 259,277 12.9
724 Other and unspecified disorders of back 14 370 157 14 346,474 172
788 Symptoms involving urinary system 15 366 155 27 224,619 112
787 Symptoms involving digestive system 16 364 154 28 221,600 11.0
362 Other retinal disorders 28 281 11.9 15 309,609 154
715 Osteoarthritis and allied disorders 29 279 11.8 11 386,352 19.2

Most common medication therapeutic classes (N, %)
Antihyperlipidemic drugs: not elsewhere classified
Cardiac: beta blockers
Analgesics/antipyretics: opiate agonists
Cardiac: ACE inhibitors
Cardiac: calcium channel blockers
Psychotherapeutic agents: antidepressants

Gastrointestinal drugs miscellaneous: not elsewhere classified

Unclassified agents, not elsewhere classified®
Quinolones: not elsewhere classified
Antibiotics: penicillins

Antivirals: not elsewhere classified®

1 1309 555 1 1,055,239 52.5
2 768 326 2 698,536  34.7
3 745 316 5 494,203 24.6
4 69 295 3 525,286  26.1
5 576 244 4 505,870 25.2
6 575 244 8 404,924 20.1
7 559 237 6 456,400 22.7
8 481 204 17 284,251 14.1
9 468 19.8 13 342,238 17.0
10 437 185 11 352,024 175

11 437 185 >23 82,416 4.1

Anxiolytics, sedatives, and hypnotics: benzodiazepines 12 413 175 19 253,656 12.6
Analgesics/antipyretics: nonsteroid/anti-inflammatory 13 408 173 12 347236 173
Adrenals and combinations: not elsewhere classified® 14 402 170 9 376,190 18.7
Antibiotics: erythromycin and macrolide 15 392 16.6 15 291,700 14.5
Cardiac drugs: not elsewhere classified 16 387 164 7 409,221 204
Anti-inflammatory skin/mucous membrane agents and combinations: 17 369 15.6 18 269,633 134
miscellaneous
Anti-inflammatory agents eye, ear, nose, and throat: not elsewhere classified 18 364 154 14 325,192 16.2
Thyroid/antithyroid, thyroid hormones 31 223 95 10 371,322 185

“Unclassified agents includes medications for benign prostate hyperplasia. Antivirals include medications for hepatitis, influenza,

cytomegalovirus, and herpes. Adrenals include corticosteroids.

ICD-9-CM, International Classification of Diseases, Ninth Edition, Clinical Modification.

ACE, angiotensin-converting enzyme.

negative=4.21 (4)] whereas PLWH 70-74 years old were
similar to HIV-negative individuals =85 years [PLWH
mean=4.69 (median=4) vs. HIV-negative=4.70 (4)].
Trends were similar when evaluating daily non-ART
medications with PLWH 65-69 years old resembling HIV-
negative individuals 70-74 years old [PLWH mean=3.58
(median=2.92) vs. HIV-negative =3.62 (3.21)] and PLWH
70-74 years old resembling HIV-negative individuals
aged 80-84 [PLWH mean=3.88 (median=3.18) vs. HIV-
negative =3.83 (3.48)].

In adjusted models, men living with HIV had 27% (ra-
tio=1.272, 95% CI 1.233-1.312) more non-HIV conditions

than HIV-negative men and women living with HIV had 33%
(ratio=1.326, 95% CI 1.245-1.413) more non-HIV condi-
tions than HIV-negative women (Table 3). Results were
similar when excluding conditions that may be side effects of
ART. HIV+ men were 48% (ratio=0.523, 95% CI 0.427-
0.642) less likely to have no non-ART medications than HIV-
negative men and among those with non-ART medications,
had 18% more daily non-ART medications (ratio=1.178,
95% CI 1.133-1.226) than HIV-negative men. Similar trends
were found when comparing HIV+ women and HIV-negative
women; however, the effect estimates were smaller and were
not significant or were marginally significant (p=0.043 in
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FIG. 1. (A, B) Standardized prevalence of non-HIV conditions and AIDS-defining cancer per 100 people with 95%

confidence intervals and prevalence ratios for (A) PLWH versus HIV-negative individuals and (B) HIV+ men versus HIV+
women. PLWH, people living with HIV; PR, prevalence ratio.

adjusted model). Age was found to be a strong positive pre-
dictor of both the number of non-HIV conditions and daily
non-ART medications (Supplementary Tables S4A-C).

Discussion

We found that the most common diagnoses and medica-
tions used were similar among elderly PLWH and HIV-
negative individuals in the United States. However, many
common conditions were more prevalent among PLWH.
PLWH tended to have a greater non-HIV disease burden and
non-ART medication burden, each similar to that of HIV-
negative individuals between 5 and 10 years older. Differences

in non-ART medication use were larger when comparing
HIV+ men to HIV-negative men, than when comparing HIV+
and HIV-negative women where the differences were only
marginally significant.

Other analyses conducted in resource-rich countries and
in younger patient populations have also shown that PLWH
tend to have more non-HIV health conditions than similarly
aged HIV-negative individuals, and that these differences
become more pronounced after ages 40-50 years.*%2%%°
PLWH have been found to be at higher risk for cardiovas-
cular disease,15 -30-35 stroke, 33.3637" renal disease, 7,30.33,34
malignancies,”**>* chronic obstructive 2pulmonary disor-
der,3 bone fractures,” 3334 and diabetes.”*** Older PLWH
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FIG. 2. (A, B) Number of non-HIV conditions (A) and number of daily non-antiretroviral therapy medications per day

(B), stratified by HIV status and age. yo, years old.

also use more medications in total and more non-ART
medications than older HIV-negative individuals“®** Si-
milar to our analysis, a Spanish study of people 50-64 years
old found that HIV+ men had more concomitant meds and
more long-term polypharmacy than HIV-negative men.*’
HIV+ women had similar numbers of concomitant medica-
tions but more long-term polypharmacy than HIV-negative
women.*? Other comparative analyses conducted in the
Netherlands and in Italy have also reported that PLWH re-
semble HIV-negative individuals 5-10 years older in terms of
non-HIV disease and non-ART medication burden.*” Inter-
estingly, small epigenetic studies of DNA methylation of
PLWH and HIV-negative individuals have reported similar
results.***

The proportion of PLWH in the United States =65 years is
projected to increase from 5.4% in 2015 to 26.9% in 2035. In
2035, 44% of PLWH in this age group are projected to have
>3 comorbid conditions, driven by hypertension, dyslipide-
mia, diabetes, and cancer."* Additionally, multimorbidity
appears to be increasing among PLWH over time regardless
of age.*® Caring for these patients will involve managing
multiple non-HIV conditions and multiple non-ART medi-
cations, in addition to HIV and ART.¥

Multimorbidity and polypharmacy among elderly PLWH
are of significant clinical concern. Comorbidities like chronic
kidney disease and cardiovascular disease have been associated
with increased 5-year mortality*® and a higher number of
comorbidities has been associated with lower self-reported
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Ratio (95% CI)
1.326 (1.245-1.413)  <0.001

1.221 (1.134-1.315) <0.001
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1.086 (1.003—1.176)
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Ratio (95% CI)
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0.726
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Ratio (95% CI)
1.214 (1.138-1.296) <0.001

0.856 (0.598-1.227)
1.015 (0.936-1.100)

Model 1: crude
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p-Value

Individuals

Ratio (95% CI)
1.136 (1.100-1.173)  <0.001

Men: PLWH vs. HIV-negative
1.089 (1.046-1.133) <0.001

WITH NON-ART MEDICATIONS COMPARING PLWH AND HIV-NEGATIVE INDIVIDUALS, STRATIFIED BY SEX

g no non-ART 0.579 (0.473-0.710) <0.001
'Ns for models of number of non-HIV conditions and odds of no non-ART medications were: men with HIV =1909; HIV-negative men

°Ns for models of number of daily non-ART medications were: men with HIV=1811; HIV-negative men

CI, confidence interval; ART, antiretroviral therapy.

#Adjusted for age group, region, and urbanicity.

b

medications, among individuals with
women=1,115,390.

non-ART medication use®

medications”
Ratio for number of daily non-ART

conditions®
Excluding potential ART side effects

TABLE 3. MODELING RESULTS FOR NUMBER OF NON-HIV CoNDITIONS, NO NON-ART MEDICATIONS, AND NUMBER OF DAILY NON-ART MEDICATIONS AMONG THOSE
Ratio for odds of havin

Ratio for number of non-HIV
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quality of life in both HIV+ and HIV-negative individuals.*’
In the general population, polypharmacy has been associated
with short-term mortality, frailty, disability, and adverse
drug events.’®>* Many medications for comorbid condi-
tions, like cardiovascular disease, may interact with certain
types of ART>*° and several studies have found that drug—
drug interactions are common among PLWH.'*°"° Both
multimorbidity and polypharmacy have been associated
with lower adherence to ART and other medications.®*®!
Additionally, PLWH with comorbid conditions may priori-
tize ART over other medications, such as diabetes medica-
tions, potentially leading to worse outcomes for comorbid
conditions.®?

The potential mechanisms by which HIV infection may
result in multimorbidity include chronic inflammation and
immune compromise by the virus, side effects of ART that
negatively influence ART adherence or that develop into
chronic conditions, or the higher prevalence of traditional
risk factors for certain chronic conditions among PLWH.%®
Longer duration of HIV infection has been found to drive
comorbidity prevalence independent of age.® Even PLWH
with successfully controlled HIV have higher mortality rates
compared with age-matched HIV-controls.®® ART is also
associated with adverse events, including decreases in bone
density, dyslipidemia, hepatitis/liver disease, and chronic
kidney disease;25 however, an increased disease burden
was still associated with HIV when these conditions were
excluded. Additionally, the increased number of comorbid-
ities reported among PLWH may be due to higher prev-
alence of disease risk factors, such as smoking and substance
abuse.”®* Another potential factor is low rates of receipt
of guideline-recommended care, specifically prescriptions
for aspirin and statins for cardiovascular disease, among
PLWH.**%

The strengths of our analysis include examining a large,
geographically diverse population of PLWH 265 years. Age
65 is the traditional cutoff used to define “‘older” in general
population in the United States and is linked to eligibility for
Medicare insurance. We also stratified our results by sex.
Many previously published United States-based analyses
have utilized data from the Veterans Administration health
care system, where >90% of the sample are men. Lastly, we
evaluated all diagnoses and medications recorded in the in-
dividuals’ claims histories over a year-long period and in-
cluded a wide range of non-HIV conditions, including both
physical and mental health conditions.

This study also has limitations. First, claims are generated
for billing purposes. There may be coding errors. Patients
may receive a misdiagnosis that is recorded in claims and
conditions for which they do not seek care will not appear in
the database. Health care services covered by other insurance
plans, such as Medicaid, or paid for out-of-pocket would also
not appear in the database. HIV status was inferred from
claims and misclassification may have occurred if patients
in the HIV-negative cohort had undiagnosed or untreated
HIV. However, the proportion of undiagnosed patients is
likely very small relative to our total number of HIV-negative
individuals and therefore, is unlikely to have affected our
conclusions. Second, race, socioeconomic status, lifestyle
behaviors, and HIV-related variables, such as disease dura-
tion, viral load, and CD4 counts, are not available in claims
data. Because of this limitation, we could not evaluate
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potential causal relationships between HIV duration, ART use,
or risk factors and multimorbidity or polypharmacy. Substance
abuse and tobacco use disorder are likely under-coded.

Third, we assumed that patients took their medications as
directed (e.g., a 30-day fill was taken for 30 days). The cal-
culation of daily medications did not account for the length of
time on the medication. Medications for short-term condi-
tions, such as antibiotics for infection, contributed to the
calculation for this analysis, while over-the-counter medi-
cations are not included. Fourth, the individuals analyzed had
Medicare Supplemental and likely have higher socioeco-
nomic status and more generous medical and pharmacy
benefits than other elderly PLWH, limiting generalizability.
Despite having more women than other studies, the number
of HIV+ women was still small and more research is needed
to evaluate multimorbidity and polypharmacy in women.
Lastly, PLWH may be in more contact with health care
providers than HIV-negative individuals, which may result in
more frequent screenings for and earlier diagnosis of non-
HIV conditions and more prescriptions.

In conclusion, elderly PLWH experience many of the same
non-HIV conditions as elderly HIV-negative individuals;
however, PLWH tend to have more non-HIV conditions and
use more medications. Understanding the comorbidities
facing elderly PLWH is key to the effective co-management
of HIV and multiple comorbidities.
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