
Observational Study Medicine®

OPEN
The changing patterns of
 comorbidities
associated with human immunodeficiency virus
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Abstract
The objective of this paper is to determine the temporal trend of the association of 66 comorbidities with human immunodeficiency
virus (HIV) infection status among Medicare beneficiaries from 2000 through 2016.
We harvested patient level encounter claims from a 17-year long 100% sample of Medicare records. We used the chronic

conditions warehouse comorbidity flags to determine HIV infection status and presence of comorbidities. We prepared 1 data set per
year for analysis. Our 17 study data sets are retrospective annualized patient level case histories where the comorbidity status reflects
if the patient has ever met the comorbidity case definition from the start of the study to the analysis year.
We implemented one logistic binary regression model per study year to discover the maximum likelihood estimate (MLE) of a

comorbidity belonging to our binary classes of HIV+ or HIV– study populations. We report MLE and odds ratios by comorbidity and
year.
Of the 66 assessed comorbidities, 35 remained associated with HIV– across all model years, 19 remained associated with HIV+

across all model years. Three comorbidities changed association from HIV+ to HIV– and 9 comorbidities changed association from
HIV– to HIV+.
The prevalence of comorbidities associated with HIV infection changed over time due to clinical, social, and epidemiological

reasons. Comorbidity surveillance can provide important insights into the understanding and management of HIV infection and its
consequences.

Abbreviations: ADHD = attention deficit hyperactivity disorder, AIDS = acquired immune deficiency syndrome, AUD = alcohol
use disorder, CCW = chronic conditions warehouse, CDC=U.S. Centers for Disease Control and Prevention, CKD= chronic kidney
disease, CMS = Centers for Medicare and Medicaid Services, HAART = highly active antiretroviral therapy, HAD = HIV associated
dementia, HAND = HIV associated neurocognitive disorders, HCC = CMS hierarchical condition category, HIV = human
immunodeficiency virus, HIV/AIDS= human immunodeficiency virus/acquired immune deficiency syndrome, IRU= immune recovery
uveitis, MLE = maximum likelihood estimate, MS DRG = Medicare severity-diagnosis related group, OUD = opioid use disorder,
OUD-O = opioid use disorder - overarching, SSDI = Social Security Disability Insurance, U.S. = United States, VRDC = Virtual
Research Data Center.
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1. Introduction

The United States (US) has seen the epidemiology of human
immunodeficiency virus/acquired immune deficiency syndrome
(HIV/AIDS) shift drastically since the identification of the
epidemic in 1981. Originally reported in the US as a rare disease
of very few urban, white homosexual men in Los Angeles, HIV
has become a global pandemic infecting tens of millions and has
contributed to a substantial mortality burden inside and outside
the US.[1–3] Without a cure or vaccine, HIV will likely remain a
major healthcare concern for generations to come, necessitating
the re-evaluation of the clinical vulnerabilities of HIV positive
patients.
The U.S. Centers for Disease Control and Prevention (CDC)

reports around 1.3 million patients diagnosed with AIDS since
the beginning of the epidemic through 2017 in the US.[3]

Incidence of progression to AIDS and related mortality are often
used as standard metrics for evaluating HIV patient outcomes. In
view of the decreasing AIDS incidence and mortality, monitoring
comorbidity among HIV positive patients could become an
important effort in understanding and evaluating the clinical
management options and outcomes for HIV disease itself.[3,4]

The increase in age at diagnosis in the US, the proliferation of
infections among heterosexuals in urban and rural settings, and
the higher prevalence of HIV among African Americans
demonstrate that the HIV epidemic in the US affects different
sub-populations at different points in time.[3,5] Patients who are
already sick with common health conditions like diabetes,
obesity, and other poverty-related conditions when they contract
HIV will still face those pre-existing conditions post HIV
diagnosis, further complicating HIVmanagement. Comorbidities
such as drug and substance abuse can have complex relationship
among themselves and with HIV transmission and progres-
sion.[6–9] Injection drug use facilitates transmission of HIV and
other infections that often co-occur with HIV. HIV-related
neuropathological disorders such as HIV-associated dementia
(HAD) and HIV-associated neurocognitive disorders (HAND)
are more common in drug abusers than in other risk groups.[10]

The chronic inflammatory response to infection and toxicities
from anti-retroviral therapy may also be implicated in comor-
bidities that HIV positive patients experience, in addition to the
direct effects of HIV infection.[11,12]

In this study, we examined 66 comorbidities to assess the
degree to which they were associated with HIV positive patients,
and how that association changed over time. Our primary source
of data was Medicare claims data from 1999 to 2016. Our
sample is larger than most published studies, covering about a
quarter of known patients living with HIV in the US. Our study
contributes a longitudinal, population level perspective over a
period that witnessed significant changes in the demographics
and treatment options of HIV infection.

2. Methods

2.1. Study population, HIV status, and comorbidity
definitions

Our data was sourced from the Virtual Research Data Center’s
(VRDC) chronic conditions warehouse (CCW).[13] We acquired
access to a 100% sample of Medicare encounter level claims data
spanning 1999 to 2016. Our first observation year was 2000, and
our final year was 2016. Not all cases entered the study on the
same start day or at the same age, and cases only left on death.
2

Cases and controls could enroll in Medicare and be included in
the study at any time over the study period.
HIV positive cases were defined using the CCWHIV/AIDS case

definition. To be HIV positive Medicare beneficiaries needed 1
inpatient or 2 outpatient claims within 2 years demonstrating
explicit The International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM), The International
Classification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM), Medicare Severity-Diagnosis Related Group (MS
DRG) or CMS hierarchical condition category (HCC) codes for
HIV infection. We considered this case definition as conservative
and had a low likelihood of false positivity but could potentially
under-identify cases such as patients who did not bill HIV-related
services through Medicare. Therefore, we supplemented the
Medicare HIV flag with the HIV flag from Medicaid data, even
though morbidity data only came from Medicare. There was a
high degree of overlap of HIV positive patients between the 2
sources. The vast majority (over 99.9%) of the HIV positive
Medicaid patients were dual-enrolled to both Medicare and
Medicaid over the study period. The first date of an HIV-related
code might only reflect the first service claim and not the start of
infection. Therefore, for all patients who were ever flagged as
HIV positive, we assumed that they had been positive from the
beginning of their observation period.
WedefinedHIVnegative controls as individualswhowere never

flagged for HIV positivity at any time in the whole study period.
This was necessary to avoid erroneously recruiting HIV positive
cases as controls since we did not have a definite start date of HIV
infection. Controls were enrolled on an annual basis from the
Medicare population, which was the sole source of comorbidity
data. Controlswerematchedon case sex, race/ethnicity, 5-year age
groups, and the first 3 digits of the home zip-code (our strata). Five
controlswere enrolled for each case using simple random sampling
within the matching strata. Controls were re-assigned every year
because of the attrition of both cases and controls through
mortality and dis-enrollment from Medicare.
Similar to HIV status, comorbidity identification also relied on

the CCW flags. The full list of case definitions is available as
supplementary material. A comorbidity was identified in a
patient if it was ever flagged in any year prior to and including the
observation year. This cumulative approach was adopted
because most of the comorbidities were chronic conditions
which should persist once diagnosed, but not all of them would
necessarily appear on a claim within a given year.
2.2. Statistical method

This study focused on the changing trend of comorbidities that
were associated with HIV infection over the 17years observation
period. To quantify the association of comorbidities, we created a
logistic regression model for each study year, using all
comorbidities as covariates and HIV status as the variable of
interest. This method is commonly employed among logistic
regression association studies.[14–17] It is important not to confuse
this with a cause-and-outcome study, which typically uses
exposure as covariates and disease as the outcome variable of
interest. What we are examining is the association (not causality)
between comorbidities and HIV infection. By including all
comorbidities in one annual regressionmodel (instead of separate
models for each morbidity), we can adjust for the influence of
multiple comorbidities co-occurring in the same patient at the
same time.
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From each year’s regression model, we obtained the maximum
likelihood estimate (MLE) for each comorbidity as an indicator
of the level of association with HIV infection. Simply put, the
MLE is the weight assigned to each comorbidity in the regression
model after the model has been optimized to yield the highest
probability (maximum likelihood) that the observed data can be
explained by the model. The higher theMLE, the more important
a comorbidity is in explaining the difference between HIV
patients and controls. A positive MLE generally indicates that a
comorbidity is more likely to be seen in HIV infected patients and
a negative MLE indicates that it happens more in the controls.
The magnitude of association is reflected in the absolute value of
the MLE. Annual case counts, MLE, and standard errors are
available in supplementary materials for all 66 comorbidities.
Ours was an unmatched analysis, meaning that our logistic

regression models did not know which patient was matched to
which control. It was a pragmatic choice since the sheer number
of strata in our study would make matched analysis prohibitively
expensive to compute. Unmatched regression has been compared
with matched regression and found to be acceptable and may
even have some advantages (e.g., improved causality attribution)
in certain circumstances.[18–20]
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3. Results

3.1. Study population and controls

Table 1 details a total of 411,904 distinct HIV positive patients
with 4,054,116 patient-years of observation. There were
20,242,935 HIV negative controls. Yearly under matched rate
(<5 controls) ranged from 0.08% to 0.26%. Overall, 39% of
HIV positive patients died in the study period. The yearly
mortality rate ranged from 3.63% to 4.59%. Survivors had an
average of 9 observation years, and mortality cases had an
average of 7 observation years. Compared with the estimated
HIV incidence and prevalence in the US from the CDC statistics
for 2016, our cohort represented about 25.7% of patients with
knownHIV infection in the US.[21] We hadmore women (31% vs
23%), white (48% vs 30%) patients, and fewer Hispanics (7% vs
21%). Our patients tended to be older, with 63% (vs 32%) over
55years old.
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3.2. Association of comorbidities with HIV infection

We plotted MLE and 95% confidence for upper and lower
bounds. MLE values above 0 are associated with HIV+ cases and
MLE values below 0 are associated with HIV– controls. Out of
the 66 comorbidities, 12 were relatively rare affecting <5000
(2% or fewer) HIV positive patients in any model year. Another
23 comorbidities had negative or neutral (not statistically
significant) MLEs in most years, meaning that they were not
associated with HIV infection. We focus our presentation here on
the remaining 31 comorbidities with >5000 cases and positive
association with HIV infection. These 31 comorbidities could be
divided into 3 groups.
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3.3. Comorbidities with persistent positive association with
HIV infection

We identified 19 comorbidities with significantly positive HIV
associations in at least half of the observation years (Figs. 1 and
2). They could broadly be separated into 2 subgroups, 10 high
3
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Figure 1. Comorbidities with persistent HIV+ association (higher MLE). The figure plots the higher range of maximum likelihood estimate (y axis) for each
comorbidity that maintained HIV+ association (MLE above 0) across yearly (x axis) logistic regression models. Confidence intervals at 95% (error bars) are plotted
along with the yearly model MLE by comorbidity type. Logistic regression models were computed using the proc logistic procedure in SAS 9.4. HIV=human
immunodeficiency virus, MLE=maximum likelihood estimate.
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association morbidities (MLE always above 0.3, Fig. 1), and 9
low association morbidities (MLE always below 0.3 but above 0,
Fig. 2). The high association morbidities were viral hepatitis,
leukemias and lymphomas, hyperlipidemia, colorectal cancer,
depression, drug use disorders, anemia, Alzheimer disease and
related disorders, asthma, and tobacco use disorders. Low
association morbidities included major depressive affective
disorder, chronic obstructive pulmonary disease, cataract, liver
disease (excluding viral hepatitis), deafness and hearing im-
pairment, personality disorders, benign prostatic hyperplasia,
stroke or transient ischemic attack, and anxiety disorders.

3.4. Comorbidities that became positively associated with
HIV infection during the study period

Nine comorbidities acquired HIV positive association during our
study period (Fig. 3). These included acute myocardial infarction,
Figure 2. Comorbidities with persistent HIV+ association (higher MLE). The figure p
that maintained HIV+ association (MLE above 0) across yearly (x axis) logistic regre
yearly model MLE by comorbidity type. Logistic regression models were computed
virus, MLE=maximum likelihood estimate.
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osteoporosis, hip/pelvic fracture, chronic kidney disease, bipolar
disorder, pressure ulcers and chronic ulcers, cystic fibrosis and
other metabolic developmental disorders, blindness and visual
impairment, and ADHD (Attention Deficit Hyperactivity Disor-
der) and other conduct disorders. Among these conditions, hip/
pelvic fracture, chronic kidney disease and pressure ulcers and
chronic ulcers began with neutral (insignificant) association and
flipped to positive association by the end of the study period,
while the remaining conditions changed from negative to positive
association.

3.5. Comorbidities that became less associated with HIV
infection during the study period

Three comorbidities became less associated with HIV infection
during our observation period: alcohol use disorder (AUD), opioid
use disorder – overarching (OUD-O) as well as fibromyalgia,
lots the lower range of maximum likelihood estimate (y axis) for each comorbidity
ssion models. Confidence intervals 95% (error bars) are plotted along with the
using the proc logistic procedure in SAS 9.4. HIV=human immunodeficiency



Figure 3. Comorbidities that change association to HIV+ cases. The figure plots the maximum likelihood estimate (y axis) for each comorbidity that changed from
HIV– association (MLE below 0) to HIV+ (MLE above zero) association across yearly (x axis) logistic regression models. Confidence intervals 95% (error bars) are
plotted along with the yearly model MLE by comorbidity type. Logistic regressionmodels were computed using the proc logistic procedure in SAS 9.4. HIV=human
immunodeficiency virus, MLE=maximum likelihood estimate.
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chronic pain, and fatigue (Fig. 4). AUD had neutral association in
early years and became negatively associatedwithHIV infection in
later years. OUD-Owas a composite status that evaluated 3 other
OUD comorbidities and returned true if any of the underlying
OUD comorbidities were true. The 3 underling OUD comorbid-
ities were OUD treatment in a hospital or emergency department,
medication assisted treatment for OUD and OUD diagnosed on a
claimwith specific ICD-9-CM or ICD-10-CM codes. OUD-Owas
positively associated with HIV infection in early years but became
negatively associated in later years. Fibromyalgia, chronic pain,
and fatigue were positively associated in early years, but the
association became neutral in later years.

4. Discussion

To the best of our knowledge, among similar studies of
comorbidities in HIV infected patients, our study contains the
Figure 4. Comorbidities that became associated with HIV– controls. The figure plo
from HIV+ association (MLE above zero) to HIV– (MLE below 0) association across
are plotted along with the yearly model MLE by comorbidity type. Logistic regressi
human immunodeficiency virus, MLE=maximum likelihood estimate.
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biggest sample of patients in the US. According to CDC estimates,
around 1.1 million people were living with HIV at the end of
2016, of which about 14% did not know they had HIV.[21] Our
study covers about a quarter (25.7%) of known HIV infected
individuals in the US. We cover the 17-year period from 2000 to
2016, during which both the anti-HIV treatment options and
outcomes had undergone significant evolution. Since we focus on
prevailing trends occurring over many years, we are less liable to
be distracted by chance findings of “significant” results in point-
to-point cross-sectional studies. Compared with studies that
modeled comorbidities individually, ours is a regression study
using all comorbidities as covariates, which is more robust and
can adjust for the influence of multiple comorbidities. Since our
methodology relies on a stable and continuous source of
Medicare claims data, the analysis can be repeated as necessary
to observe changes over time. Moreover, the data set we use is
publicly available, so our results can be independently validated.
ts the maximum likelihood estimate (y axis) for each comorbidity that changed
yearly (x axis) logistic regression models. Confidence intervals 95% (error bars)
on models were computed using the proc logistic procedure in SAS 9.4. HIV=
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There are 2 important caveats in interpreting our results.
Firstly, the Medicare HIV population may not be representative
of the overall US HIV population. Secondly, since the normal age
for Medicare eligibility is 65years, our study subjects (both cases
and controls) under 65years (making up 78% of our HIV
positive cases), need to be additionally qualified to receive
Medicare. The most common reason is through Social Security
Disability Insurance (SSDI) that entitles a patient to Medicare
coverage at any age if they present with some qualifying
disability. For this reason, our controls should be considered to
have more health issues compared with the general population. If
a comorbidity is found to be positively associated with HIV
infection over controls, the fact that the controls are sicker than
the general population would lend more weight to the
observation. On the other hand, if a comorbidity is negatively
or neutrally associated with HIV infection, the result should be
interpreted with care.
A case in point is the rather surprising finding in our study that

opioid use disorder (OUD) has changed from positively
associated with HIV to negatively associated, despite the known
association of intravenous drug use and HIV transmission. One
explanation is there has been a bigger increase in OUD among
our controls compared with cases. Patients with disabling injuries
and musculoskeletal problems make up a significant proportion
of SSDI enrollees,[22] and these patients are especially vulnerable
to develop OUD. The interplay between HIV infection and OUD
is complex and needs to be understood in the broader context of
the opioid epidemic in the US, with its far-reaching medical-social
consequences.[37–40] Similar factors may be at play for the
decreasing trend of association observed for fibromyalgia,
chronic pain and fatigue, and alcohol use disorders.
The fact that our study reaffirms some morbidities that are well

known to be more prevalent among HIV patients lends support
to our method and results. Most of the conditions that are found
to have persistently high positive association fall into this group.
They include viral hepatitis, drug use disorders, anemia,
hyperlipidemia, tobacco use disorder, depression, dementia,
and some cancers. Perhaps more interesting is the finding that
some conditions have acquired positive association in the course
of our study period. This may reflect the impact of changing
demographics of HIV patients or evolution in treatment. We
highlight some conditions here for discussion.
4.1. Bone mineral density, osteoporosis, and fractures

Our observation period from 2000 to 2016 witnessed the
emergence of what we would now consider popular HIV
medications like: tenofovir-emtricitabine (Truvada), approved in
2004 and tenofovir-emtricitibine-efavirenz (Atripla), approved in
2006.[23,24]ManyHIVmedications (especially protease inhibitors)
have on-label warnings about bone mineral density, osteoporosis,
and fracture.[25–28] Our results did show that osteoporosis and
fractures become more positively associated with HIV infection
over the observationperiod.Another factorwhichmaybeat play is
the increasing association of HIV infection with viral hepatitis.
Some studies have shown that hepatitis-C could be a risk factor for
osteoporosis and fracture.[26,28]
4.2. Chronic kidney disease

Chronic kidney disease (CKD) was observed as changing its HIV
association from neutral to positive. This trend is particularly
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alarming because our controls already have a higher than normal
incidence of CKD, which is one of the qualifying conditions for
Medicare enrollment before the age of 65. Many emerging HIV
medications over the study period are implicated in directly
causing or exacerbating an existing kidney injury.[29–32] Protease
inhibitors and specific combination therapies have been impli-
cated in CKD.[28] Preventing CKD is key to the survival of these
patients as HIV positive patients are difficult organ transplant
candidates and dialysis cases.
4.3. Acute myocardial infarction

Several studies have documented concerns of disproportionate
prevalence of acute myocardial infarction (AMI) among HIV
positive patients.[33–36] The higher incidence of AMI could be
explained partly by the improved survival, as more HIV positive
patients are living to older age, at which the natural incidence of
AMI is higher. However, our age-controlled study still shows a
HIV positive association that has developed over the past decade.
The emergence of AMI as a HIV positive comorbidity is
concerning. Some HIV medications or the infective process itself
may contribute to AMI risk. In our study, the HIV associations
for ischemic heart disease and heart failure were always negative,
meaning that these conditions were associated with controls
rather than HIV positive cases. This may suggest that AMI
among HIV positive patients could have different pathophysiol-
ogy compared with HIV negative patients.
4.4. Blindness and visual impairment

Before the introduction of highly active antiretroviral therapy
(HAART), 50% to 75% of HIV infected patients developed
visual problems.[37] Cytomegalovirus retinitis was the most
frequent cause of visual loss in patients with AIDS. With the
widespread use of HAART, other causes of visual loss are
becoming more important. Among them is immune recovery
uveitis (IRU), which is the paradoxical worsening of treated
opportunistic infection after the initiation of antiretroviral
therapy.[38] Immune recovery uveitis is thought to be due to a
dysregulation of the expanding population of CD4+ T cells
specific for a co-infecting opportunistic pathogen such as
cytomegalovirus. IRU is now one of the leading causes of ocular
morbidity in HIV patients. Some studies have found higher
incidence of cataract among HIV positive patients, which may
also be related to IRU.[39,40] Ischemic maculopathy is another
cause of ocular morbidity which has been found to be caused by
HIV microvasculopathy. Other conditions that contribute to
visual impairment in HIV patients include uveitis, glaucoma,
Herpes Zoster ophthalmicus, optic nerve disease, and diabetic
retinopathy.[41–43]
4.5. Skin ulcers

Increased incidence of pressure ulcers has been reported in HIV
infected patients.[44] Potential contributing factors includemuscle
weakness, emaciation, and loss of adipose tissue associated with
chronic illness, which make HIV patients more susceptible for
development of pressure ulcers.[45] It has also been observed that
there is an increased incidence of venous ulcers in HIV infected
patients.[46] One hypothesis is that this is related to venous
insufficiency secondary to repeated self-injection in lower limb
veins in intravenous drug users.
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Apart from the above comorbidities, 3 other conditions have
acquired positive HIV association during our study period. The
rise of bipolar disorder could be related to the increased incidence
and awareness of depressive illnesses in HIV infected patients.
The other 2 comorbidity labels are rather heterogeneous. Cystic
fibrosis and other metabolic developmental disorders include
non-specific conditions like unspecified vitamin deficiency, which
could be related to nutritional insufficiency in HIV patients.
ADHD and other conduct disorders include diagnoses such as
delinquency and disruptive behavior, which could be related to
the psychosocial challenges of living with HIV infection.
Sometimes HIV related dementia, which includes attention issues
is coded as ADHD in U.S. billing systems due to the lack of a
specific ICD10-CM code for “HIV related dementia,” not to be
confused with the more severe yet similarly named “AIDS related
dementia.”[47,48]

Our study has the following limitations. Our data did not allow
us to estimate the date of first HIV diagnosis. For this reason, we
have not been able to study the effect of the length ofHIV infection
on comorbidities. Our study did not cover HIV patients who
received care outside of Medicare and Medicaid. One example is
the RyanWhite program run by theHealthResources and Services
Administration. Our comorbidity data only came from Medicare
data, so it is possible (though unlikely) that comorbidities only
appearing on Medicaid claims would be missed.
5. Conclusion

Medicare claims are a useful source of data forHIV related research.
The Medicare cohort covers a quarter of all US patients living with
HIV infection. Through a case-control retrospective study, we
managed to reaffirm some comorbidities (e.g., viral hepatitis, drug
use disorders) that are already known to be more prevalent in HIV
positive patients. We also identified emerging concerns (e.g., acute
myocardial infarction, chronic kidney disease) that have become
more positively associated with HIV infection through the 17-year
observationperiod.These trends are likely tobe related to changes in
patient demographics and evolution in treatment.
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