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The rate of comorbidities not related to human immuno-
deficiency virus (HIV) infection or acquired immunodefi-
ciency syndrome (AIDS) among HIV-infected patients may
be higher than expected. We assessed the incidence of co-
morbidities not related to HIV infection or AIDS by CD4
cell count and highly active antiretroviral therapy (HAART)
use status in an HIV clinical practice. A total of 2824 patients
contributed 9172 person-years of longitudinal data during
the period 1997-2006. Among patients with a CD4 cell count
<350 cells/mm?, receipt of HAART was associated with a
significantly decreased incidence of comorbidities not related
to HIV infection or AIDS.

Recent research has suggested that the rate of comorbidities
not related to HIV infection or AIDS among HIV-infected pa-
tients may be higher than expected. This concern was raised
particularly by results from the Strategies for Management of
Antiretroviral Therapy Study, a clinical trial of continuous ver-
sus interrupted combination antiretroviral therapy [1]. In ad-
dition, other researchers have found increased rates of hepatic,
cardiovascular, metabolic and/or endocrine, renal, neurologic,
and pulmonary events and non—AIDS-defining malignancy
among HIV-infected patients [2-7].

If the risk of many of these comorbidities is increased because
of HIV infection or advancing immunosuppression, early
HAART use may prevent the occurrence of these comorbidities.
This analysis assessed the incidence of comorbidities not related

Received 18 March 2008; accepted 30 June 2008; electronically published 9 September
2008.

Reprints or correspondence: Dr. Richard D. Moore, Rm. 8059, 1830 E. Monument St.,
Baltimore, MD 21287 (rdmoore@jhmi.edu).

Clinical Infectious Diseases 2008;47:1102—4

© 2008 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2008/4708-0018$15.00

DOI: 10.1086/592115

to HIV infection or AIDS by CD4 cell count and HAART use
status in a large HIV clinical practice.

Methods. This analysis is based on data collected as part
of the Johns Hopkins HIV Clinical Cohort study. This is a
clinic-based observational study of a cohort of patients receiv-
ing longitudinal HIV primary care at the Johns Hopkins HIV
ambulatory clinic in Baltimore, Maryland [8]. Comprehensive
data collection is based on information abstracted from medical
records, electronic laboratory sources, and pharmacy claims.
Diagnoses are determined for all Johns Hopkins Hospital ad-
missions and also for admissions that occur at outside hospitals
with use of obtained discharge summaries. Collection of data
begins at clinic enrollment and continues longitudinally for the
duration of clinical care. As part of the cohort study, we track
continuity of HIV care on the basis of visits to the HIV clinic
during each 6-month period after clinic enrollment.

The analysis in our study is based on data collected for
patients who first presented for HIV care during the period
1997-2005. The follow-up period extended through December
2006. For each hospitalization for acute illness, the primary
diagnosis and the first-listed secondary diagnosis were identi-
fied. Comorbid medical conditions were stratified on the basis
of International Classification of Diseases, Ninth Revision, Clin-
ical Modification codes for these diagnoses and were grouped
by organ system with use of the Clinical Classifications software
developed by the Agency for Healthcare Research and Quality
[9]. Categories used in this analysis included cardiovascular,
renal, hepatic and/or gastrointestinal, pulmonary, malignancy
(non—AIDS-defining and nonskin malignancies, except mela-
noma), and neurologic diagnoses. Obstetric conditions, trauma,
psychiatric conditions and substance abuse, infectious diseases,
other medical diagnoses, and AIDS-defining illnesses were all
excluded. All diagnoses were confirmed by review of medical
records by trained research assistants to be the clinical diagnoses
recorded by the provider of record. Only those periods during
which the patient was documented to be receiving follow-up
care were used.

We also determined associated CD4 cell counts and HAART
use status at the time of diagnosis. HAART was defined as a
protease inhibitor or nonnucleoside reverse-transcriptase in-
hibitor administered in combination with nucleoside reverse-
transcriptase inhibitors. Other data abstracted included de-
mographic characteristics of the patients (i.e., age, sex,
self-reported race, and HIV transmission risk group) and prior
HAART use status. The CD4 cell count used was the one ob-
tained before diagnosis that was closest to the date of diag-
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nosis—no earlier than 180 days before diagnosis and no later
than 14 days before diagnosis—to minimize a transient effect
on these values that may have resulted from an acute illness.
The median time from measurement of a CD4 cell count to
diagnosis was 58 days.

Incidence rates were computed as the number of diagnoses
(numerator) divided by the person-time contributed; rates were
reported as the number of diagnoses per 100 person-years.
Negative binomial regression analysis (SAS Genmod; SAS) was
used to compute incidence rate ratios and associated 95% Cls
within each of 3 CD4 cell count strata (<200 cells/mm?’, 201-
350 cells/mm?, and >350 cells/ymm?), which were then further
stratified by status of HAART receipt. General estimating equa-
tions adjustment (exchangeable correlation) for clustering of
individual patients was used in the computation of the inci-
dence rate ratio.

Results. A total of 2824 patients contributed 9172 person-
years of longitudinal data through December 2006. The median
age of the patients at clinic enrollment was 38 years (range,
18-81 years); 66% of the patients were male. Seventy five per-
cent of the patients were black, and 23% were non-Hispanic
white persons. Forty-one percent were injection drug users,
27% were men who had sex with men, and 31% were hetero-
sexual (HIV transmission risk groups).

During longitudinal follow-up, 817 comorbid events not re-
lated to HIV infection or AIDS occurred in 679 patients. These
included cardiovascular (206 events), hepatic and/or gastro-
intestinal (185), renal (168), non-AIDS malignancy (110), pul-
monary (90), and neurologic (58) events.

The incidence rate of comorbidity diagnosis and the inci-
dence rate ratio associated with receiving versus not receiving

Table 1.
count and HAART use.

HAART, stratified by CD4 cell count, are shown in table 1. The
incidence rate of comorbidities not related to HIV infection or
AIDS decreased as the CD4 cell count increased. Of note, not
receiving HAART, compared with receiving HAART, was as-
sociated with a significantly higher risk of comorbidity among
patients with a CD4 cell count <350 cells/mm?; not receiving
HAART was associated with a higher risk of comorbidity among
those who had a CD4 cell count >350 cells/mm?, but the as-
sociation was not statistically significant. Other factors asso-
ciated with an increased risk of comorbidities not related to
HIV infection or AIDS in multivariate analysis were age >50
years, injection drug use (transmission risk group), and black
race (P<.05 for all).

In a separate analysis (data not shown), the higher incidence
rate of comorbidity diagnosis among patients not receiving
HAART, compared with those receiving HAART, was found
both among patients who had previously received HAART and
among those who had never received HAART. The duration
of previous HAART use was not associated with a high rate of
comorbidity diagnosis.

Conclusions. Recent evidence from observational studies
and a clinical trial suggests that rates of comorbidities not re-
lated to HIV infection or AIDS among demographically similar
HIV-uninfected individuals are higher than expected [1-7].
This suggests that HAART may be effective in reducing the rate
of comorbidities not related to HIV infection or AIDS in ad-
dition to reducing the rate of AIDS-defining illnesses. The Strat-
egies for Management of Antiretroviral Therapy Study may
have provided the best evidence of the efficacy of HAART in
preventing non—AIDS-related comorbidities [1], although it is
not known how well the results from this trial can be gener-

Incidence rate and incidence rate ratio of noninfectious comorbidity, stratified by CD4 cell

No. of events/no.

CD4 cell count, HAART use of person-years

Incidence rate of

noninfectious comorbidity,

Incidence rate
ratio (95% CI)® P

no. of events per
100 person-years

<200 cells/mm?

Yes 125/1029

No 400/1495
201-350 cells/mm?

Yes 64/1022

No 151/1172
>350 cells/mm?

Yes 103/2023

No 185/2386
All

Yes 292/4074

No 736/5053

0.53 (0.42-0.67)  .001
1.2
2.7

0.58 (0.41-0.81)  .002
0.6
1.3

0.78 (0.52-1.15) .16
0.5
0.8

0.63 (0.53-0.75)° 001
0.7
15

@ Adjusted for age, sex, race, and HIV transmission risk group (injection drug user vs. non-injection drug user).

® Also adjusted for CD4 cell count.
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alized to clinical contexts in which structured interruption of
therapy does not occur. Our results demonstrate that comor-
bidities not related to HIV infection or AIDS that result in
hospitalization are relatively common in our clinical practice.
The incidence rate of these comorbidities was highest when the
CD4 cell count was low, and the incidence rate ratio was sig-
nificantly higher among patients not using HAART who had
a CD4 cell count <350 cells/mm?’ than it was among the other
patients; this indicated a protective effect associated with
HAART use. The overall rate of non—AIDS-related comorbid-
ities was lower among patients with a CD4 cell count >350
cells/mm’ than it was among patients with a CD4 cell count
<350 cells/mm’. There was also a higher relative risk associated
with not using HAART, compared with using HAART, but the
association was not statistically significant.

Other factors associated with a high incidence of comorbid-
ities not related to HIV infection or AIDS were injection drug
use, black race, and older age. Other researchers have revealed
that injection drug use is associated with high AIDS-defining
morbidity and mortality [1], and older age is well-known to
be associated with most of these non—AIDS-related comorbid-
ities. In the United States, compared with non-Hispanic white
race, black race has been found to be associated with a higher
risk of renal, cardiovascular, pulmonary, and other disease
[10,11].

Although International Classification of Diseases, Ninth Re-
vision, Clinical Modification coding was used to categorize di-
agnoses, we did not rely on coding alone; we also required the
diagnoses to be consistent with the clinical diagnoses in the
medical records. However, because our data were retrospective,
we were limited to relying on the diagnoses of the care pro-
viders. Therefore, there is the possibility of some degree of
misclassification. Unfortunately, our sample size was not suf-
ficient to support analyses of individual diagnostic categories
(e.g., cardiovascular conditions only). Another caveat is that
the use of HAART could be a surrogate for better engagement
in HIV care, making hospital admission less likely. For that
reason, we restricted our analysis to a longitudinal follow-up
period during which the patients were documented to have
received care in our HIV clinic; thus, the bias may have been
mitigated.

In summary, this analysis provides evidence from clinical
practice that HAART use is associated with a decreased risk of
comorbidities not related to HIV infection or AIDS among
patients with a CD4 cell count <350 cellsymm’. HAART may
have a protective effect on the occurrence of comorbidities not
related to HIV infection or AIDS and may reduce the risk of
AIDS-defining illness.
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