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Abstract

Objective: To examine the association between multimorbidity burden and incident heart failure (HF)
among people with HIV (PWH) and people without HIV (PWoH).
Patients and Methods: The HIV-HEART study is a retrospective cohort study that included adult PWH
and PWoH aged 21 years or older at Kaiser Permanente between 2000 and 2016. Multimorbidity burden
was defined by the baseline prevalence of 22 chronic conditions and was categorized as 0-1, 2-3, and 4 or
more comorbidities on the basis of distribution of the overall population. People with HIV and PWoH
were followed for a first HF event, all-cause death, or up to the end of follow-up on December 31, 2016.
Using Cox proportional hazard regression, hazard ratios and 95% CIs were calculated to examine the
association between multimorbidity burden and incident HF among PWH and PWoH, separately.
Results: The prevalences of 0-1, 2-3, and 4 or more comorbidities were 83.3%, 13.0%, and 3.7% in
PWH (n¼38,868), and 82.2%, 14.3%, and 3.5% in PWoH (n¼386,586), respectively. After multivariable
adjustment, compared with people with 0-1 comorbidities, the hazard ratios of incident HF associated
with 2-3 and 4 or more comorbidities were 1.33 (95% CI, 1.04-1.71) and 2.41 (95% CI, 1.78-3.25) in
PWH and 2.10 (95% CI, 1.92-2.29) and 4.09 (95% CI, 3.64-4.61) in PWoH, respectively.
Conclusion: Multimorbidity was associated with a higher risk of incident HF among PWH and PWoH,
with more prominent associations in PWoH and certain patient subgroups. The identification of specific
multimorbidity patterns that contribute to higher HF risk in PWH may lead to future preventative
strategies.
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B etter treatment and management of
HIV have led to improved survival
and less AIDS-related mortality among

people with HIV (PWH).1-3 With the aging of
PWH, morbidity and mortality associated with
aging-related causes have increased, and there
is a heavy burden of chronic conditions,
including hypertension, diabetes, respiratory
and renal diseases, cancers, cardiovascular dis-
eases (CVDs), and heart failure (HF).4-8

Although there is some evidence that excess
CVD risk in PWH vs people without HIV
(PWoH) has decreased over time,9 the risk of
outcomes among PWH, including HF10,11

and CVD mortality, remains high.12 The
Mayo Clin Proc Inn Qual Out n June 2022
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HIV-HEART study has previously reported a
73% higher risk of HF among PWH vs
PWoH after adjusting for sociodemographic
and clinical characteristics.13

The presence of multiple chronic condi-
tions, or multimorbidity, is associated with
lower functional status and quality of life in
PWoH, as well as higher medical costs,
disability, and mortality.14,15 Multimorbidity
is also prevalent in PWH, especially with the
aging of this population.5,16 The increasing
prevalence of co-occurring cardiovascular
and noncardiovascular comorbidities suggests
common etiologies and shared risk factors
that may influence the trajectory of
;6(3):218-227 n https://doi.org/10.1016/j.mayocpiqo.2022.03.004
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MULTIMORBIDITY AND INCIDENT HF IN PWH AND PWOH
multimorbidity, functional decline, and CVD
risk.17,18 Some comorbidities have treatment
recommendations that are discordant with
HIV care, and in PWH, this can create a diffi-
cult choice between managing their HIV and
conditions that potentially increase their risk
for CVDs.19-21 Previous studies have examined
multimorbidity in people with established
CVDs, but there is less research examining
the association between multimorbidity and
incident CVD.22 The impact of multimorbidity
burden on the risk of incident HF, especially
among PWH and PWoH, is largely unknown.
Given the poor prognosis associated with
HF,23 it is important to understand the ways
in which complex comorbidity burdens can
influence the risk of HF. This study expands
on previous findings from the HIV-HEART
study by examining the association of multi-
morbidity burden with incident HF among
PWH and PWoH.

PATIENTS AND METHODS

Study Population
The HIV-HEART study population was
derived from 3 Kaiser Permanente (KP) inte-
grated health care delivery systems that pro-
vide comprehensive care, including specialty
care (which includes HIV and cardiology spe-
cialists and other subspecialty care), as well as
pharmacy and laboratory services tracked
through integrated electronic health records.
Kaiser Permanente Northern California serves
more than 4.5 million members at 21
hospital-based medical centers and over 255
medical offices; KP Southern California serves
4.7 million members at 15 hospital-based
medical centers and over 230 medical offices;
and KP Mid-Atlantic States serves 800,000
members at 36 medical offices. The study
was approved by the institutional review
boards of each region, and a waiver of
informed consent was obtained because of
the observational nature of the study.

Identification of PWH and Matched PWoH
The KP Virtual Data Warehouse served as a
primary data source for subject identification
and characterization. The Virtual Data Ware-
house comprises an electronic health record
that contains data regarding linked demo-
graphic characteristics, administrative,
Mayo Clin Proc Inn Qual Out n June 2022;6(3):218-227 n https://d
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inpatient, outpatient, and health care utiliza-
tion of KP members.24 Each site also has
implemented comprehensive HIV registries
that maintain up-to-date lists of all PWH,
HIV transmission risk factors, dates of known
HIV infection, AIDS diagnoses, and HIV-
related laboratory and pharmacy data.

To ensure a comprehensive population
representing patients treated in the current an-
tiretroviral therapy era, we included all eligible
adult (aged �21 years) PWH diagnosed be-
tween 2000 and 2016. People without HIV
from the same source populations and study
period were frequency-matched up to 10:1
to PWH on the basis of the calendar year (ie,
the year of start of follow-up for PWH), age
(�1 year), sex, race, and primary KP treating
facility to account for possible practice differ-
ences across sites. Before matching, persons
listed in the HIV registries not otherwise iden-
tified as PWH during the study period were
excluded.

Multimorbidity
To characterize multimorbidity burden,
several conditions were included on the basis
of their high prevalence or association with
poor outcomes in older adults with HF previ-
ously delineated in earlier Cardiovascular
Research Network (CVRN) studies. This in-
cludes 13 comorbidities recommended by
the US Department of Health and Human Ser-
vices Strategic Framework on Multiple
Chronic Conditions (arthritis, asthma, atrial
fibrillation/flutter, cancer, chronic kidney dis-
ease, chronic obstructive pulmonary disease,
coronary heart disease, dementia, depression,
diabetes mellitus, hypertension, osteoporosis,
and stroke).25 On the basis of previous work
by the CVRN, we also included the following
9 conditions in our definition of multimorbid-
ity: abnormal thyroid function, anemia, aortic
valvular disease, chronic liver disease, hearing
impairment, peripheral artery disease, hospi-
talized bleeding, ventricular tachycardia, and
visual impairment. These included conditions
previously specified by Drye et al26 under a
task order from the Centers for Medicare and
Medicaid Services to systematically narrow
the list of chronic conditions identified by
Centers for Medicare and Medicaid Services’
Chronic Condition Warehouse to those most
relevant to placing persons at increased risk
oi.org/10.1016/j.mayocpiqo.2022.03.004 219
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for hospitalization.Similar to previous CVRN
studies,27 multimorbidity burden in the cur-
rent study was defined on the basis of the
overall distribution of comorbidities in the
study population with categories of 0-1 (no
multimorbidity), 2-3, and 4 or more
comorbidities.

Incident HF and Follow-up Time
The primary outcome of the current study was
incident HF, defined as the first HF event
occurring between 2000 and 2016 for all
PWH and PWoH. Patients with pre-existing
HF before cohort entry were excluded. Using
a previously validated approach,28-32 incident
HF was defined as a hospitalization with a pri-
mary discharge diagnosis of HF or having 3 or
more outpatient visits coded for HF with at
least 1 visit with a cardiologist using the Inter-
national Classification of Diseases Ninth /Tenth
Revision codes. This approach has previously
found a positive predictive value greater than
or equal to 95% of clinical HF for admissions
with a primary discharge diagnosis of HF on
the basis of this algorithm.33,34 The index
date was the date of entry of all PWH and
PWoH in the cohort, and the follow-up ended
at the first HF event, death, disenrollment, or
administrative censoring on or before
December 31, 2016.

Covariates
Baseline covariates, including age categories
(21-34, 35-54, 55-64, and �65 years), sex,
race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, Asian/Pacific
Islander, other), neighborhood-level income
(above/below median census-based household
income), body mass index (calculated as the
weight in kilograms divided by the height in
meters squared) categories (<18.5, 18.5-
24.9, 25.0-29.9, and �30 kg/m2), smoking
status (ever and nonsmoker), alcohol use dis-
orders, and illicit drug use disorders, were
identified at or within 4 years before the index
date.

Statistical Analyses
The baseline characteristics of the HIV-HEART
study were calculated among PWH and PWoH
using t tests for continuous variables and c2

tests for categorical variables to find statisti-
cally significant differences by HIV status.
Mayo Clin Proc Inn Qual Out n June 2022
The cumulative number of chronic comorbid-
ities among the entire population and sepa-
rately for PWH and PWoH are described in
Supplemental Table 1 (available online at
http://www.mcpiqojournal.org). Multimorbid-
ity burden among PWH and PWoH, sepa-
rately, was described overall and within the
categories of age, sex, and race/ethnicity. The
number, person-time, and the rate per 100
person-years of incident HF were also
described among PWH and PWoH. Using
the Cox proportional hazards regression,
multivariable adjusted hazard ratios (aHRs)
and 95% CIs for the association of multimor-
bidity burden with incident HF were calcu-
lated separately among PWH and PWoH,
overall and by age group, sex, and race/
ethnicity. Multimorbidity burden was
modeled with indicators 2-3 and 4 or more
comorbidities, with the lowest category (0-1)
serving as a reference group. Multivariable-
adjusted models included simultaneous
adjustment of age, sex, race/ethnicity, neigh-
borhood income, body mass index, smoking
status, alcohol use, and illicit drug use. To
determine whether the associations between
multimorbidity burden and incident HF were
different between PWH and PWoH, we tested
the hypothesis of no interaction between HIV
status and multimorbidity categories by calcu-
lating the P values for the overall association
and within the subgroups of age, sex, and
race/ethnicity. All statistical tests were
2-sided, with P<.05 considered statistically
significant. SAS 9.4 was used for all analyses.
RESULTS

Baseline Characteristics
People with HIV (n¼38,868) and PWoH
(n¼386,586) were similar with respect to
age (mean, 41.4 years), sex (88% men), and
race/ethnicity (38% White, 21% Black, 20%
Hispanic, 4% Asian/Pacific Islander, and 17%
other/unknown). (Table 1) Compared with
PWoH, PWH were more likely to live below
the median level of income (n¼4213
[10.8%] vs n¼32,865 [8.5%], P<.001), had
lower proportions of overweight or obese indi-
viduals (n¼5637 [14.5%] vs n¼97,387
[25.2%], P<.001), and had lower proportions
of nonsmokers (n¼6548 [16.8%] vs
n¼88,487 [22.9%], P<.001). Compared
;6(3):218-227 n https://doi.org/10.1016/j.mayocpiqo.2022.03.004
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TABLE 1. Sociodemographic Factors and Multimorbidity Burden Among People Without and With HIV

Baseline charactersitics PWoH (n¼386,586) PWH (n¼38,868) P value

Age (y) mean � SD 41.4 (10.8) 41.4 (10.8) .87

Age group (y), n (%) .97
21-34 112,750 (29.2) 11,294 (29.1)
35-54 232,067 (60.0) 23,363 (60.1)
55-64 34,319 (10.6) 3455 (9.2)
�65 7450 (1.9) 756 (2.0)

Men, n (%) 339,135 (87.7) 34,125 (87.8) .68

Race/ethnicity, n (%) .98
White 146,555 (37.9) 14,796 (38.1)
Black 81,519 (21.1) 8161 (21.0)
Hispanic 79,104 (20.5) 7928 (20.4)
Asian/Pacific Islander 14,983 (3.9) 1506 (3.9)
Other/Unknown 64,425 (16.7) 6477 (16.7)

Neighborhood-level low-median income, n (%) <.001
Yes 32,865 (8.5) 4213 (10.8)
No 283,393 (73.3) 24,748 (63.7)
Missing 70,328 (18.2) 9907 (25.5)

Body mass index (kg/m2) (%) <.001
<18.5 872 (0.2) 259 (0.7)
18.5-24.9 31,073 (8.0) 4373 (11.3)
25-29.9 49,447 (12.8) 3647 (9.4)
�30 47,940 (12.4) 1990 (5.1)
Missing 257,254 (66.6) 28,599 (74.6)

Smoking status, n (%) <.001
Ever smoker 53,086 (13.7) 5377 (13.8)
Nonsmoker 88,487 (22.9) 6548 (16.8)
Missing 245,013 (63.4) 26,943 (69.3)

Alcohol use, n (%) 28,768 (7.4) 4178 (10.8) <.001

Illicit drug use, n (%) 20,363 (5.3) 6022 (15.5) <.001

Multimorbidity burden, n (%) <.001
0-1 317,853 (82.2) 32,372 (83.3)
2-3 55,312 (14.3) 5056 (13.0)
�4 13,421 (3.5) 1440 (3.7)

PWH, people with HIV; PWoH, people without HIV.

MULTIMORBIDITY AND INCIDENT HF IN PWH AND PWOH
with PWoH, PWH were more likely to be
diagnosed for alcohol use (n¼4178 [10.8%]
vs n¼28,768 [7.4%], P<.001) and illicit
drug use (n¼6022 [15.5%] vs n¼20,363
[5.3%], P<.001). Overall, 32,372 (83.3%),
5056 (13.0%), and 1440 (3.7%) of PWH
had 0-1, 2-3, and 4 or more comorbidities,
respectively. Similarly, 317,853 (82.2%),
55,312 (14.3%), and 13,421 (3.5%) of
PWoH had 0-1, 2-3, and 4 or more comorbid-
ities, respectively. These distributions of the
number of comorbidities overall and among
PWH and PWoH, separately, are listed in
Supplemental Table 1.
Mayo Clin Proc Inn Qual Out n June 2022;6(3):218-227 n https://d
www.mcpiqojournal.org
Multimorbidity Burden Among PWH and
PWoH
Among adults aged 21-34 years, the preva-
lences of multimorbidity in PWH having 2-3
and 4 or more comorbidities were 9.1% and
1.1%, respectively, and those in PWoH were
7.0% and 0.5%, respectively (Table 2). Among
adults aged 35-54 years, the prevalences of
multimorbidity in PWH having 2-3 and 4 or
more comorbidities were 13.6% and 3.6%,
respectively, and those in PWoH were 15.1%
and 2.8%, respectively. Among adults aged
55-64 years, the prevalences of multimorbidity
in PWH having 2-3 and 4 or more
oi.org/10.1016/j.mayocpiqo.2022.03.004 221
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TABLE 2. Multimorbidity Burden Among People Without and With HIV, Stratified by Age, Sex, and Race/Ethnicitya

Multimorbidity burden, n (%b)

PWoH PWH

0-1 2-3 �4 0-1 2-3 �4

Age group (y)
21-34 104,351 (92.6) 7854 (7.0) 545 (0.5) 10,141 (89.8) 1026 (9.1) 127 (1.1)
35-54 190,611 (82.1) 34,972 (15.1) 6484 (2.8) 19,348 (82.8) 3181 (13.6) 834 (3.6)
55-64 20,090 (58.5) 10,028 (29.2) 4201 (12.2) 2458 (71.1) 664 (19.2) 333 (9.6)
�65 2801 (37.6) 2458 (33.0) 2191 (29.4) 425 (56.2) 185 (24.5) 146 (19.3)

Sex
Male 284,120 (83.8) 44,781 (13.2) 10,234 (3.0) 28,796 (84.4) 4211 (12.3) 1118 (3.3)
Female 33,733 (71.1) 10,531 (22.2) 3187 (6.7) 3576 (75.4) 845 (17.8) 322 (6.8)

Race/ethnicity
White 116,896 (79.8) 23,778 (16.2) 5881 (4.0) 12,035 (81.3) 2100 (14.2) 661 (4.5)
Black 61,954 (76.0) 15,204 (18.7) 4361 (5.4) 6412 (78.6) 1323 (16.2) 426 (5.2)
Hispanic 66,968 (84.7) 9961 (12.6) 2175 (2.8) 6790 (85.7) 908 (11.5) 230 (2.9)
Asian/Pacific Islander 12,623 (84.3) 2010 (13.4) 350 (2.3) 1283 (85.2) 184 (12.2) 39 (2.6)
Other/Unknown 59,412 (92.2) 4359 (6.8) 654 (1.0) 5852 (90.4) 541 (8.4) 84 (1.3)

aPWH, people with HIV; PWoH, people without HIV.
bRow percentages.
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comorbidities were 19.2% and 9.6%, respec-
tively, and those in PWoH were 29.2% and
12.2%, respectively. Among adults aged 65
years and older, the prevalences of multimor-
bidity in PWH having 2-3 and 4 or more
comorbidities were 24.5% and 19.3%, respec-
tively, and those in PWoH were 33.0% and
to 3 4+ 0 to 1

ltimorbidity burden (# of comorbidities)

2 to 3 4+

oH PWH

21-34 35-54 55-64 65+

ident heart failure among people without and
up. PWH, people with HIV; PWoH, people
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29.4%, respectively. The distribution of multi-
morbidity burden was similar among PWH
and PWoH by sex and race/ethnicity, with
the largest multimorbidity burden observed
among women and Black individuals regard-
less of their HIV status.
Rates of Incident HF by Multimorbidity
Burden
Over a median follow-up of 3.8 years (inter-
quartile range, 1.4-9.0 years), the rates of inci-
dent HF per 100 person-years were 0.19,
0.31, and 0.76 in PWH having 0-1, 2-3, and
4 or more comorbidities, respectively, and
0.11, 0.29, and 0.83 in PWoH having 0-1,
2-3, and �4 comorbidities, respectively. The
rates of incident HF were higher with
advancing age and greater multimorbidity
burden (Figure 1; Supplemental Table 2, avail-
able online at http://www.mcpiqojournal.org).
Among PWH having 4 or more comorbidities,
the rates of incident HF were similar for indi-
viduals aged 55-64 years and 65 years or
older, and the rates were higher than those
in PWoH with 4 or more comorbidities.
Among PWH having 0-1 or 2-3 comorbidities,
the absolute rates of incident HF were higher
than those in PWoH having 0-1 or 2-3 comor-
bidities for women and for Black and White
individuals (Figure 2; Supplemental Table 2).
;6(3):218-227 n https://doi.org/10.1016/j.mayocpiqo.2022.03.004
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MULTIMORBIDITY AND INCIDENT HF IN PWH AND PWOH
As only few individuals within categories were
stratified by HIV status, multimorbidity, and
race/ethnicity, we interpreted these rates
cautiously.

Hazard Ratio of Incident HF Overall and by
Age
Among PWH, the aHRs of incident HF were
1.33 (95% CI, 1.04-1.71) and 2.41 (95% CI,
1.78-3.25) for having 2-3 and 4 or more
comorbidities, respectively, compared with 0-
1 comorbidities (Table 3). Among PWoH,
the aHRs of incident HF were 2.10 (95% CI,
1.92-2.29) and 4.09 (95% CI, 3.64-4.61) for
having 2-3 and 4 or more comorbidities,
respectively, compared with 0-1 comorbid-
ities. In PWH aged 35-54 years and 55-64
years with 4 or more comorbidities, a higher
adjusted risk of incident HF (aHR, 2.74;
95% CI, 1.74-4.30 and aHR, 2.70; 95% CI,
1.68-4.33, respectively) was observed
compared with PWH in the same age groups
having 0-1 comorbidities; other age-specific
hazard ratios were not significantly different
from the 0-1 comorbidities group. People
without HIV aged 35-54 years had the highest
adjusted risk of incident HF when comparing
any multimorbidity to having 0-1 comorbid-
ities (aHR, 2.49; 95% CI, 2.22-2.79 and
aHR,5.77; 95% CI, 4.86-6.85 for 2-3 and 4
or more comorbidities, respectively).

Hazard Ratio of Incident HF by Sex and
Race/Ethnicity
Male PWH having 4 or more comorbidities vs
0-1 comorbidities had a high adjusted risk of
incident HF (aHR 2.59; 95% CI, 1.89-3.55).
Differences in HF risk among male PWH
with 2-3 comorbidities vs 0-1 comorbidities
and female PWH with any level of multimor-
bidity vs 0-1 comorbidities were not statisti-
cally significant. Among male and female
PWoH, any level of multimorbidity vs 0-1
comorbidities was associated with a higher
adjusted risk of incident HF. Among race/
ethnicity groups in PWH, results varied but
were largely not statistically different
comparing those with 2-3 and 4 or more
comorbidities to 0-1 comorbidities. Among
race/ethnicity groups in PWoH, the adjusted
risk of incident HF doubled between those
having 2-3 and 4 or more comorbidities
compared with 0-1 comorbidities. The highest
Mayo Clin Proc Inn Qual Out n June 2022;6(3):218-227 n https://d
www.mcpiqojournal.org
risk of incident HF associated with multimor-
bidity was found among Hispanic individuals
(aHR 3.22; 95% CI, 2.55-4.07 and aHR,
6.02; 95% CI, 4.32-8.39 for 2-3 and 4 or
more comorbidities, respectively).

Tests for Differences by HIV Status
The incident HF risk associated with the cate-
gories of multimorbidity was lower in PWH
oi.org/10.1016/j.mayocpiqo.2022.03.004 223
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TABLE 3. Multivariable Adjusted Hazard Ratios and 95% Confidence Intervals for the Association Between Multimorbidity Burden and
Incident Heart Failure Among Adults Without and With HIV, Overall, and by Age, Sex, and Race/Ethnicitya

Baseline charactersitics PWoH PWH P valueb

Multimorbidity burden 0-1 2-3 �4 0-1 2-3 �4

Overall 1.0 (ref) 2.10 (1.92-2.29) 4.09 (3.64-4.61) 1.0 (ref) 1.33 (1.04-1.71) 2.41 (1.78-3.25) <.001

Age group (y)
21-34 1.0 (ref) 1.93 (1.08-3.45) 8.10 (3.30-19.86) 1.0 (ref) 1.56 (0.63-3.87) 3.49 (0.69-17.56) .46
35-54 1.0 (ref) 2.49 (2.22-2.79) 5.77 (4.86-6.85) 1.0 (ref) 1.25 (0.86-1.81) 2.74 (1.74-4.30) <.001
55-64 1.0 (ref) 1.70 (1.45-1.98) 3.85 (3.20-4.65) 1.0 (ref) 1.44 (0.94-2.23) 2.70 (1.68-4.33) .29
�65 1.0 (ref) 1.45 (1.16-1.81) 2.43 (1.93-3.05) 1.0 (ref) 1.36 (0.66-2.78) 1.44 (0.69-2.97) .35

Sex
Male 1.0 (ref) 2.12 (1.94-2.32) 4.08 (3.60-4.63) 1.0 (ref) 1.25 (0.96-1.65) 2.59 (1.89-3.55) <.001
Female 1.0 (ref) 1.79 (1.36-2.35) 4.09 (2.90-5.78) 1.0 (ref) 1.65 (0.90-3.03) 1.30 (0.48-3.51) .01

Race/ethnicity
White 1.0 (ref) 1.76 (1.55-1.99) 3.89 (3.29-4.59) 1.0 (ref) 1.29 (0.89-1.86) 3.17 (2.15-4.67) .16
Black 1.0 (ref) 2.06 (1.78-2.39) 3.99 (3.26-4.88) 1.0 (ref) 1.40 (0.92-2.15) 1.44 (0.76-2.72) .01
Hispanic 1.0 (ref) 3.22 (2.55-4.07) 6.02 (4.32-8.39) 1.0 (ref) 1.47 (0.65-3.33) 1.54 (0.53-4.47) .11
Asian/Pacific Islander 1.0 (ref) 2.36 (1.29-4.33) 4.74 (2.02-11.09) 1.0 (ref) 0.67 (0.08-5.71) 16.39 (5.08-52.9) .12
Other/unknown 1.0 (ref) 3.64 (2.54-5.22) 6.39 (3.41-11.95) 1.0 (ref) 1.34 (0.57-3.17) dc <.001

aPWH, people with HIV; PWoH, people without HIV; ref, reference.
bFor the joint hypothesis test that the associations of multimorbidity categories with incident heart failure are different among PWH and PWoH.
cNo HF events observed.
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than in PWoH (P interaction by HIV status
<.001). This was most prominent not only
among individuals aged 35-54 years (P inter-
action by HIV status <.001) and men (P inter-
action by HIV status <.001) but also among
women and Black individuals (both P interac-
tion by HIV status ¼.01).

DISCUSSION
In this study of adults receiving care in 3
geographically diverse integrated health care
delivery systems, multimorbidity burden was
found to be similar in PWH and PWoH. Hav-
ing 2-3 and 4 or more comorbidities vs no
multimorbidity was associated with incident
HF after adjusting for sociodemographic,
behavioral, and clinical characteristics among
both PWH and PWoH. The multivariable as-
sociations of incident HF with 4 or more
comorbidities vs no multimorbidity and, sepa-
rately, 2-3 comorbidities vs no multimorbidity
were smaller in magnitude among PWH than
among PWoH. The prevention and subse-
quent management of multiple chronic condi-
tions is important for minimizing HF risk as
the population ages overall, especially in
vulnerable groups such as PWH.
Mayo Clin Proc Inn Qual Out n June 2022
Our finding of multimorbidity burden
associated with a higher risk of incident HF
is consistent with those of previous studies.
In a population-based, retrospective cohort
study in the United Kingdom, multimorbidity
burden among individuals with HF was found
to increase over time, with the number of pa-
tients with incident HF having 3 or more
comorbidities increasing from 68% to 86% be-
tween 2002-2004 and 2011-2013.35 The
composition of multimorbidity in HF has
also changed over time, with HF in more
recent years occurring less with predominantly
cardiovascular risk factors and more with a
combination of cardiovascular and noncardio-
vascular comorbidities, indicating a need for
earlier patient-centered multimorbidity care.36

In the current study, our definition of mul-
timorbidity is consistent with those in the pre-
vious studies in the CVRN and includes
chronic conditions, CVD risk factors, age-
related functional impairments, and depres-
sion. Biologically, many chronic comorbidities
promote inflammation and cardiac dysfunc-
tion, which can increase the risk of HF.37 It
has also been suggested that bidirectional in-
fluences between chronic conditions and age-
;6(3):218-227 n https://doi.org/10.1016/j.mayocpiqo.2022.03.004
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related functional impairments can promote
cellular senescence and mitochondrial
dysfunction, increasing cardiovascular aging
and impacting the health-related quality of
life.38,39 Ultimately, there is a need to better
understand the ways in which chronic condi-
tions, functional limitations, and mental health
coexist to influence the risk of HF.

In the current study, there was a high risk
of HF associated with having high and moder-
ate multimorbidity burdens compared with no
multimorbidity, but the magnitude of these
associations was smaller in PWH compared
with PWoH. This suggests a smaller gradient
of multimorbidity-associated HF risk in
PWH. The presence of multiple chronic
comorbidities in PWH may result from a
chronic state of inflammation due to infection,
lifestyle-related risk of disease, and aging.40,41

Given better treatment and management of
HIV and the longer life expectancy of
PWH, multimorbidity burden from
non-AIDS diseases, particularly diabetes,
CVDs, noneAIDS-defining cancer, and osteo-
porosis is increasingly important in the care of
this population.42 Managing complex treat-
ment regimens associated with multiple
chronic conditions is challenging in the case
of PWH, and often care for HIV takes prior-
ity.19 Many chronic comorbidities are also
discordant with HIV (ie, not directly related
in pathogenesis or management) and care for
these conditions can remain subopti-
mal.20,21,43 However, contemporary advances
in primary care guidance may help reduce
some treatment discordances.44

People with HIV are at a greater risk of
developing comorbidities earlier in life.45 In
an earlier KP study of PWH, there was a 16-
year gap between comorbidity-free years
among PWH compared with PWoH, although
the gap in comorbidity-free years for athero-
sclerotic CVD, diabetes, and cancer narrowed
between 2000 and 2016 and was approxi-
mately 9 years in more recent years.46 In the
current study, the multimorbidity burden in
PWH was lower than that reported in a previ-
ous study.47 This may be explained by the
younger age of our population compared
with other studies examining multimorbidity
in PWH, or that the KP population is reflective
of an insured population (public and private).
In previous studies, HF risk was
Mayo Clin Proc Inn Qual Out n June 2022;6(3):218-227 n https://d
www.mcpiqojournal.org
independently associated with HIV status after
controlling for demographic characteristics
and cardiovascular risk factors.48,49 In the cur-
rent study, after multivariable adjustment for
baseline sociodemographic and behavioral fac-
tors, we found high rates of incident HF in
PWH having both moderate and higher multi-
morbidity burdens that included cardiovascu-
lar and noncardiovascular comorbidities.
People with HIV may have a closer connection
to care than the PWoH and be more likely to
receive earlier detection of comorbidities and a
diagnosis of HF. Additionally, PWoH may not
receive routine care as frequently as PWH;
thus, there is a lower threshold of monitoring
for advanced conditions like HF, except in
older or particularly high-risk individuals.

We acknowledge some limitations. Our
cohort included insured adults (including
Medicaid and Medicare) receiving care in 3
large US integrated health care delivery sys-
tems; therefore, these results may not be fully
generalizable to uninsured populations or
those in nonintegrated health care settings.
However, the racial/ethnic and sociodemo-
graphic composition of our cohort is represen-
tative of the current population with HIV in
the Unites States.50 Information on the left
ventricular ejection fraction was not available
for approximately 40% of patients; therefore,
we did not assess the association of multimor-
bidity with incident HF phenotypes. Auto-
mated clinical databases were used to
identify comorbidities, which may have led
to some misclassification. However, this is
likely nondifferential by HIV status. Time-
updated comorbidity status and control of
comorbidities before HF were not assessed,
which may change the risk of incident HF
over time. Our approach to defining multi-
morbidity burden as the cumulative number
of baseline conditions includes a comprehen-
sive list of cardiovascular and noncardiovascu-
lar conditions associated with age-related
decline; however, there is currently no gold
standard. Examples of common approaches
for defining multimorbidity include the Charl-
son and Elixhauser indices, which may be less
applicable for use by health care providers in a
real-world setting.51 Finally, because of the
small numbers of incident HF events in certain
race/ethnicity subgroups, results for these in-
dividuals should be interpreted cautiously.
oi.org/10.1016/j.mayocpiqo.2022.03.004 225
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CONCLUSION
In conclusion, multimorbidity was associated
with a higher risk of incident HF among
both PWH and PWoH, with more prominent
associations in PWoH and in certain patient
subgroups. Identifying specific multimorbidity
patterns that are linked to excessive HF risk
and how they contribute to high HF risk in
PWH is warranted to develop more effective
surveillance and preventative strategies.
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