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ABSTRACT

Objectives People with HIV have high levels of
multimorbidity, but studies often focus on high-risk
comorbidities such as hypertension or coronary artery
disease. We examined both high-risk and functional
comorbidities in an ethnically diverse clinic population to
compare the prevalence of comorbidities and different
patterns of multimorbidity.

Design Retrospective cross-sectional study.

Setting University-based primary care HIV clinic with two
locations in New York City.

Participants Patients who had been seen by a physician
at least once between 1 June 2016 and 31 May 2017.
Primary and secondary outcome measures Data
regarding demographics, diagnoses and lab values were
downloaded in a one-time data import from the electronic
medical record. Comorbidities were classified as high-risk
(with major impact on mortality) or functional (with major
impact on function), and multimorbidity was determined
for both classes in the total sample of 2751. Factors
associated with high-risk and functional multimorbidity
were determined first through bivariate analysis and then
through multivariable median regression in 2013 patients
with complete data.

Results Median age was 52 years (IQR 43-59).
Cisgendered women comprised 24.6% of the sample,
and 31.7% were African-American. Both functional and
high-risk comorbidities were common and risk increased
with age. Among those 75 and older, median number of
both functional and high-risk comorbidities was 3 (IQR
2—4). High-risk comorbidities were associated with age
(p<0.001), more years with an HIV diagnosis (p<0.001)
and being an African-American (p<0.001). Associated
with a higher number of functional comorbidities were
age (p<0.001), being a cisgender female (p<0.001), being
Hispanic (p=0.01) and more years with an HIV diagnosis
(p<0.001).

Conclusions Comorbidities with functional impact
increase with age in parallel to those with a more

direct impact on mortality and should be assessed and
monitored, especially as the population with HIV ages.

INTRODUCTION
With the advent of effective anti-retroviral
medication, people are living with HIV as a
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Strengths and limitations of this study

» It examines both functional and high-risk multimor-
bidity in older people with HIV.

» The study population is large and diverse.

» |t distinguishes between age-related and non-age-
related comorbidities in this population.

» It is from a single academic medical centre in New
York City.

» It is based on extraction of data from an electronic
health record.

chronic disease. Although many people with
HIV can live to near-normal life spans,' they
are at higher risk than their HIV negative
counterparts for comorbidities®™ like heart
disease,” bone disease’ and neuropsychiatric
illnesses like depression,® as well as geriatric
syndromes like falls and frailty.” Geriatric
assessment, which evaluates the impact of
medical and psychosocial factors on individ-
ual’s function, has been proposed as a way
to help optimise care of people with HIV as
they age."” WHO supports this focus on func-
tion, defining healthy ageing as ‘the process
of developing and maintaining the functional
ability that enables well-being in older age’.""

Multimorbidity, which has been defined as
the presence of two or more chronic condi-
tions,'” is increased in the population with
HIV."”> '* Multimorbidity has been assessed
in a wide variety of ways, with instruments
measuring anywhere from 4 to 102 different
conditions."”” Recent studies have identified
multimorbidity clusters'® as a way of gener-
ating hypotheses regarding disease aetiology
and risk. The focus of these studies has largely
been on illnesses with significant impact on
mortality. In ageing populations in particular,
mortality impact is insufficient; it is important
to examine multimorbidity in terms of func-
tional impact, as well.
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Many of the studies documenting multimorbidity have
been conducted as prospective cohorts using very selec-
tive populations. The advent of the electronic health
record (EHR) has enabled providers to maintain a more
comprehensive past medical history and problem list, and
despite its drawbacks,'” has provided opportunities to
expand study populations to a more representative sample
of people with HIV in the community who are receiving
medical care. We took advantage of such a system to study
the characteristics of the patients who attended a dedi-
cated HIV Clinic, the Centre for Special Studies at the
Weill Cornell Campus of New York Presbyterian Hospital.
This clinic, which dates from the early days of the AIDS
epidemic, provides care for approximately 3000 people
who have HIV throughout the New York City metropol-
itan area. This enables the study of a large, diverse group
of people with HIV without the selection bias associated
with studies of voluntary study participants. Our objec-
tives for this study were to examine the prevalence of
various comorbidities in a real-world sample, and to eval-
uate the relationship between functionally important and
high-risk comorbidities, HIV parameters and age.

METHODS

This study was designed to determine the distribution and
correlates of high-risk and functional comorbidities in a
large population with HIV. Information from all patients
who had been seen by a physician at least once at the
Centre for Special Studies between 1 June 2016 and 31
May 2017 was downloaded from the EHR (EPIC Hyper-
space 2019) into an Excel spreadsheet. Data of interest
included demographics, socioeconomic conditions
as documented in the social work notes, medications,
medical history, surgical history, problem list, geriatric
scales when available, vital signs, lab data and miscella-
neous items (eg, whether the patient had seen one of the
clinic’s four psychiatrists in the past year).

Patient and public involvement
There was no patient/public involvement in the design
or execution of this study.

The presence or absence of a comorbidity was deter-
mined by checking the problem list, past medical history
or surgical history for specific International Classification
of Disease (ICD)-10 codes, or in the case of renal disease
and diabetes, searching for specific lab values. The
criteria for each of the comorbidities is included in online
supplemental digital content table 1. Data were analysed
via SPSS (IBM SPSS Statistics for Windows, V.25). When
medians are reported, IQR are presented as the 25th and
75th percentiles.

Comorbidities were classified in several ways. We first
used a very inclusive definition, including all of the
comorbidities that were in the original database. We also
used more specific measures, one focused on diseases that
had a high impact on mortality, termed ‘high-risk’ and
the other focused on diseases that had a higher impact on

functional impairment (eg, walking or carrying out tasks
of daily living), termed ‘“functional’. In the absence of a
literature to categorise them, these comorbidities were
grouped by consensus of two of the study authors (ELS,
M]JG) prior to the analysis. The classification for each of
the comorbidities is presented in abbreviated fashion in
table 1. More detail is provided in online supplemental
digital content table 2. Three of the comorbidities (cere-
brovascular disease, lipohypertrophy/lipoatrophy and
obesity) were felt to have significant high-risk and func-
tional implications, and were included in both groups.

Sex was divided into male and female based on self-
identification; transgender status was coded based on
the person either explicitly noting themselves as being
transgender in their gender identity or a dissociation
between the coding for their sex assigned at birth and
their gender identity. For clarity in data presentation, we
divided age into the following categories: 18-49, 50-64,
65-74 and 75+, but age was used as a continuous variable
for the statistical analyses. Spearman correlation values
were calculated for continuous variables and the point-
biserial method was used for categorical values. P values
are reported in the table for each variable; those with
multiple categories were calculated using multinomial
logistic regression to obtain a x” statistic.

Because the distribution of the number of comorbidi-
ties in this study (see online supplemental digital content
figure 1) was skewed leftward and did not approximate
a normal distribution, we used median regression, a
more robust estimation technique under these circum-
stances.'® In general, when the assumptions of a mean-
based method are met, mean-based methods are more
precise, but when those assumptions are not met, such
as in the case of this study where the distribution of the
dependent variable is skewed, a median-based method
maintains precision better without incurring the disad-
vantages of potentially arbitrary transformations."”

Additionally, we conducted a multivariable median
regression analyses of sociodemographic and HIV-
related risk factors for comorbidity outcomes. Variables
used included age, smoking status, gender and risk
factors for HIV positivity. Risk factors were: men who
have sex with men (MSM), injection drug use (IDU),
haemophilia and unprotected sex with the opposite sex
(USWOS). Because a great deal more data were missing
on the two essential variables of years with HIV diagnosis
and race/ethnicity, we conducted a regression anal-
ysis on the people (n=2013) who had complete data,
including those two variables. The regression analysis for
the sample with complete data is reported in the main
study tables; that of the larger sample with incomplete
data is reported in online supplemental digital content
table 3. In initial analysis, when we did not test for inter-
actions, we had paradoxical effects wherein people who
had quit smoking had worse outcomes than smokers.
We probed this effect with the age interaction, viewing
age as the closest proxy to how long someone may have
smoked.
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Risk group <0.001

Injection drug use 9 0.8 108 8.1 35 13.8 3 7.3

UsSwos 220 19.7 408 30.5 86 34.0 13 31.7

USWOS+IDU 5 0.4 71 5.3 22 8.7 1 2.4

Other 160 18.7 189 17.4 39 18.1 5 15.2

Hispanic 260 30.4 329 30.2 59 27.4 6 18.2

Asian-American 14 1.6 13 1.2 1 0.4 8 19.5

Multimorbidity 557 49.8 1124 83.9 236 93.3 40 97.6 0.45  <0.001

Functional comorbidity 620 55.5 1084 81.0 225 88.9 41 100 0.34  <0.001

Cardiovascular (H) 267 23.9 725 54.1 170 67.2 32 78.0 0.37  <0.001

Hypertension (H) 168 15.0 567 42.4 161 63.6 27 65.8 0.37  <0.001

Cerebrovascular (H,F) 17 1.5 90 6.7 36 14.2 12 29.3 0.19  <0.001

Lipohypertrophy/ lipoatrophy (H,F) 252 22.5 416 31.1 73 28.8 9 22.0 0.09  <0.001

Non-HIV cancer (H) 4 0.4 31 2.3 5 2.0 3 7.3 0.09  <0.001

Bone/joint (F) 33 3.0 186 13.9 83 32.8 13 31.7 0.30  <0.001

Neurological (F) 39 3.5 193 14.4 62 24.5 18 43.9 0.24  <0.001

Gastrointestinal (F) 79 71 117 8.7 26 10.3 5 12.2 0.04  <0.001

COPD/emphysema (H) 24 2.2 198 8.1 39 15.4 7 171 0.17  <0.001

p values (Spearman’s correlation) are calculated using age as a continuous variable. P values for variables with multiple categories are calculated using a multinomial logistic
regression.

Multimorbidity is defined as two or more comorbidities. Comorbidity categories: H, high-risk; F, functional.

COPD, chronic Obstructive Pulmonary Disease; FTM, female to male; IDU, injection drug use; MSM, men who have sex with men; MTF, male to female; USWOS, unprotected sex with
the opposite sex.
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RESULTS

For the total sample of 2751, the median age was 52 years
of age (IQR 43-59); 24.6% of the population identified
as female. There were 33 male-to-female and 4 female-
to-male (FTM) transgender individuals, representing
1.4% of the sample. The population was very racially
diverse with Hispanic-Americans (29.9%) and African-
Americans (31.7%) being well-represented. Most patients
in our sample were current (26.8%) or former (33%)
smokers. More than half of those 65 and older were
former smokers. The most common risk factor for HIV in
our sample was MSM (57.7%) with unprotected hetero-
sexual sex (USWOS) being the second leading risk factor
(30%). The median number of years with HIV diagnosis
was 19.00 (IQR 11-26).

Table 1 provides the frequency of basic variables,
divided into age categories. Viral load was inversely
related to age, as was risk of current smoking. In general,
race/ethnicity was not related to age, although there was
a small increase in likelihood of being white in the older
age groups.

Functional and high-risk comorbidities were common
in all age groups, but risk increased with age. All patients
in the over 75 age group had at least one comorbidity.
Multimorbidity, defined as having two or more comorbid-
ities, was very common, affecting nearly half the group
under 50 and increasing with age; nearly 100% of people
75 and older had multimorbidity.

Different comorbidities showed different patterns with
age. Some, like cardiovascular disease (CVD), genitouri-
nary disease and hypertension (HTN), demonstrated
marked increase in risk with increasing age. Other
comorbidities like gastrointestinal disease or cancer
demonstrated a weaker link. Mental health problems
were highly prevalent in all age groups, slightly more so
in older patients. Obesity, although common, showed no
relationship to age.

Descriptive statistics for continuous variables in our
sample are shown in table 2. Number of comorbidities, as
expected, increased with age, starting with a median of 1
(IQR=0-3) for those under 50 and increasing to a median
of 5 (IQR=4-7) in the 75+ age group. Comorbidities of
each classification were common, with slightly more

high-risk than functional comorbidities in each age cate-
gory. Although some participants had no comorbidities,
the maximum number of comorbidities was 13 inclusive,
with 8 in the high risk and 7 in the functional categories.

Median regression results for those with complete data
(including race/ethnicity and length of time diagnosed
with HIV) are included in table 3. The beta value describes
the change in conditional median number of comorbid-
ities associated with a one unit increase in the variable
of interest, with a positive value reflecting an increase,
and negative value reflecting a decrease in the condi-
tional median number of comorbidities. The following
paragraphs describe the predictors from the different
multimorbidity classes. The non-demographic correlates
did not differ substantively from the larger population
with missing data, as described in online supplemental
digital content table 3 except that for high-risk comorbid-
ities, the correlation with having quit smoking reached
significance.

All comorbidities

Associated with a higher number of comorbidities were
age (p<0.001), being a cisgender female (p=0.04), being a
transgender FITM (p=0.04), more years with an HIV diag-
nosis (p<0.001), being a Hispanic-American (p=0.03),
and being an African-American (p<0.001). Associated
with fewer comorbidities were having the risk factors of
MSM (p<0.001) and USWOS (p=0.009). Note in this anal-
ysis and for the other comorbidities following, the FTM
effect was statistically significant in all three analyses, but
there was only one person in the smaller sample.

High-risk comorbidities

Associated with a higher number of high-risk comor-
bidities were age (p<0.001), being a transgender FTM
(p=0.04), more years with the diagnosis (p<0.001) and
being an African-American (p<0.001). Associated with
fewer comorbidities were having the risk factors of MSM
(p<0.001) and IDU (p=0.007). The interaction of age
and being a former smoker was also significant (p=0.001)
and positive, indicating that the risk from being a former
smoker increased with age.

Table 2 HIV parameters and comorbidity types by age category

Total Under 50 50-64 65-74 75+

Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (1Q) p P value
Years with HIV diagnosis 19 (11-2) 12 (6-19) 22 (17-27) 24 (19-27) 24 (18-29) 0.51 <0.001
Nadir CD4 number 168.5 (50-296) 200 (61.5-338.5) 140 (40-253) 143 (60.5-247) 200 (50-347)  -0.17 <0.001
Most recent CD4 number 578 (392-783) 584 (402-791) 589 (388-805) 556 (393-712) 523 (288-650) -0.04 0.02
Most recent CD8 number 771 (536-1048) 761 (548-1006) 779 (531-1082) 788 (523-1032) 712 (537-1106) 0.01  0.57
All comorbidity 3 (1-4) 1(0-3) 3 (2-5) 5 (3-6) 5 (4-7) 0.54 <0.001
High-risk comorbidity 1(1-3) 1 (0-3) 2 (1-3) 3 (2-3) 3 (2-4) 0.49 <0.001
Functional comorbidity 1(0-2) 1(0-1) 1(1-2) 3 (1-3) 3 (2-4) 0.45 <0.001

Data are expressed as median and IQR; p, Spearman’s correlation coefficient.
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Table 3 Multivariable median regressions predicting number of total, high-risk and functional comorbidities for the sample

with all demographic variables (n=2013)

Inclusive High risk Functional

Comorbidity B (SE) P value B (SE) P value B (SE) P value
Age (per year) 0.08 (0.01) <0.001 0.05 (0.003) <0.001 0.04 (0.004)  <0.001
Sex (reference=male)

Cisfemale 0.36 (0.18) 0.04 -0.15(0.12) 0.21 0.39 (0.11) <0.001

FTM 3.69 (1.82) 0.04 2.38 (1.16) 0.04 1.52 (0.51) <0.001

MTF 0.46 (0.38) 0.23 —-0.14 (0.56) 0.8 0.23 (0.32) 0.48
Smoking (reference=non-smoker)

Quit 0.17 (0.12) 0.17 0.13 (0.09) 0.14 0.09 (0.08) 0.28

Active <0.01 (0.15) 0.99 0.05 (0.10) 0.65 —-0.02 (0.09) 0.83
Risk factor (no reference)

MSM -0.80 (0.20) <0.001 —-0.68 (0.14) <0.001 -0.11 (0.15) 0.46

IDU -0.28 (0.22) 0.2 -0.34 (0.13) 0.007 —0.08 (0.14) 0.83

Haemophilia -0.94 (0.91) 0.3 -0.34 (0.76) 0.66 —-0.42 (0.50) 0.4

USWOS —-0.56 (0.21) 0.009 —-0.16 (0.14) 0.24 -0.18 (0.15) 0.24

Yrs w/Dx 0.04 (0.01) <0.001 0.02 (.005) <0.001 0.02 (0.005)  <0.001
Race (reference=white)

Other 0.04 (0.16) 0.79 -0.05 (0.11) 0.67 0.06 (0.11) 0.56

Hispanic 0.34 (0.15) 0.08 0.02 (0.10) 0.85 0.20 (0.10) 0.01

African-American 0.60 (0.15) <0.001 0.37 (0.11) <0.001 0.14 (0.10) 0.2

Asian-American —0.36 (0.46) 0.44 —0.08 (0.23) 0.75 —-0.42 (0.26) 0.1
Smoking/age Interactions

Quit x age 0.01 (0.01) 0.31 0.02 (0.01) <0.001 0.01 (0.01) 0.4

Active x age <-0.01 (0.01) 0.81 <0.01 (0.01) 0.88 —-0.01 (0.01) 0.39

Beta values reflect the effect of the variable on median number of comorbidities. For example, cisfemales have a median 0.36 higher
number of comorbidities than cismales; that includes both high risk and functional comorbidities. Beta values for age reflect risk per year

of increase in median number of comorbidities.

FTM, female to male; HP, haemophilia; IDU, injection drug use; MSM, men who have sex with men; MTF, male to female; RF, risk factor;
USWOS, unprotected sex with the opposite sex; Yrs w/Dx, years with diagnosis.

Functional comorbidities

Associated with a higher number of functional comor-
bidities were age (p<0.001), being a cisgender female
(p<0.001), being a transgender FITM (p<0.001), being
Hispanic (p<0.01) and having more years with an HIV
diagnosis (p<0.001). No variables were associated with
having fewer number of functional comorbidities.

DISCUSSION

The risk of individual comorbidities and multimorbidity
is higher in people with HIV than in their counterparts
without HIV,*” and the impact of this higher prevalence
is not fully understood. In this study, we have used the
electronic record of a university-based practice caring for
a large, diverse population with HIV and demonstrated
that: (1) Comorbidities with primarily functional conse-
quences had a prevalence as high as those with a direct
impact on mortality; (2) Different comorbidities had
different relationships to age and (3) Although age and
number of years with an HIV diagnosis were associated

with both high-risk and functional comorbidities as a
group, being Hispanic, cisgender female and FTM trans-
gender were associated with functional comorbidities.
Multimorbidity is simple in its fundamental definition,
that is, two or more chronic comorbidities, but complex
in its meaning. Prevalence of multimorbidity is highly
variable and depends on the number of comorbidi-
ties under study. For example, Guaraldi et af’ evaluated
people treated at Modena University and included five
comorbidities: CVD (combining myocardial infarction,
stroke, coronary artery bypass surgery, angioplasty and
angina into one category), HTN, diabetes mellitus (DM),
renal disease and fractures, and found that the preva-
lence of multimorbidity was 46.9% in people with HIV
over 60 years of age. Wong et al”’ examined the NA-AC-
CORD population and restricted their comorbidity list to
HTN, DM, chronic kidney disease, hypercholesterolemia,
end-stage liver disease and non-AIDS-related cancers, and
found a prevalence of multimorbidity in people with HIV
60 and older in 2009 to be 53%. Maggi et al'® evaluated
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eight categories (CVD events, DM, HTN, dyslipidaemia,
hepatitis C antibody positive, psychiatric illness, osteo-
penia/osteoporosis and renal impairment), and found
that 77.1% of people 60 and older with HIV had multi-
morbidity. As with these studies, our sample demonstrated
high levels of multimorbidity, given the inclusiveness of
our definition. Of note, these studies focused largely on
high-risk comorbidities (except osteoporosis/fractures
and mental health); our study also investigated other,
highly prevalent functional comorbidities that have
significant impact on quality of life.

Multimorbidity, frailty and mortality are interrelated.”'
Multimorbidity can be studied to elucidate prognosis as
well as aetiology of disease. Multimorbidity has been used
to predict mortality and functional decline® **; in these
analyses, individual comorbidities are chosen based on
impact and are usually assigned weights, the sum of which
provides an assessment of risk. Multimorbidity studies
have also examined the relationships between comor-
bidities. In these cases, comorbidities can be grouped
together through common etiologies (eg, linkage to
obesity),** or used to identify unexpected clusters.'®*

It is not surprising that in our study age was the stron-
gest driver of most individual comorbidities and multi-
morbidity. We did note that while age had a strong
influence on both functional and high-risk multimor-
bidity, individual comorbidities demonstrated different
age-related patterns. It is likely that obesity and mental
health burdens did not change substantially with age as
they showed high prevalence in all ages.

Our findings that women had higher multimorbidity
burdens than men are also consistent with the litera-
ture®?” although this seemed to hold only for functional
multimorbidity; a recent study also found that women had
poorer physical function than men, lending credence to
our findings of high functional burden in this group.”
We cannot rule out diagnostic bias as a reason why women
did not have a higher prevalence of high-risk multimor-
bidity in our population.

EHR data are incomplete, and there are biases in
choosing to evaluate complete records rather than being
more inclusive and analysing all records.” We chose to
feature those with complete demographic and HIV-
related data because of the importance of these variables.
In general, other risk factors for each type of multimor-
bidity were similar in both the partial and full samples.

Certain findings are surprising. In the high-risk multi-
morbidity sample, we found that IDU, like MSM, was asso-
ciated with fewer comorbidities. We do not know if this is
related to unknown confounders or biases such as earlier
death in the most vulnerable; we also do not know the
duration of IDU. This inverse association with IDU did
not hold true for functional multimorbidity. In addition,
we found that current tobacco use was not associated
with greater numbers of both high-risk and functional
comorbidities, although having quit was associated with
increased risk in the full sample. We do not know how
many pack-years patients in this cohort have smoked, or

29 30

when they quit. There was an interaction between having
quit and age for those with high-risk multimorbidity, and
we suspect that older smokers may have been more likely
to quit because of poor health. This may explain the para-
doxical finding that having quit smoking correlated with
high-risk comorbidity. Rather, those who are older may
not have benefited from having quit smoking and yet may
still carry the risk of many years of tobacco use.

We were interested in comorbidity as encountered by
the clinician, not as a predictive measure. Overall comor-
bidity burden has an impact on both mortality and func-
tion,23 and our decision to divide comorbidities into those
with mortality and functional impact was not designed for
prognostic purposes; instead itwas designed from the clini-
cian’s perspective, in directing attention and resources
to patients and subpopulations. The clinic population is
large and diverse, and our findings are generalisable to
the larger population with HIV: The significant burden
of functional multimorbidity described in this study high-
lights the importance of acknowledging and addressing
this burden.

There are a number of limitations to this study. It is
from a single academic medical centre in New York City,
but its size and the diversity of its population compen-
sate to a large degree. Itis based on automated extraction
of ICD-10 codes and labs from an EHR; neither patient
interview nor note review was possible to add missing
data, making it likely that some comorbidities, particularly
arthritis, were underestimated.*” Geriatric syndromes like
frailty or social stressors like loneliness are rarely coded as
ICD-10 diagnoses and are also missing from the analysis.
In addition, ICD-10 codes were extracted from the past
medical history, surgical history and problem list, and
these are only as accurate as the providers maintaining
them. Because of this, there is no method to determine
if a problem was resolved or considered active. Another
limitation of this study is the lack of literature classifying
comorbidities; for this reason, the authors determined
which comorbidities would fall into the functional and
high-risk classification groups; while these were deter-
mined a priori, there may be some unknown bias in the
choices. There were insufficient data about socioeco-
nomic status to add these data to the analysis, and this
may have resulted in unknown confounding. Finally, we
cannot rule out diagnostic bias as a reason for differences
in morbidity prevalence in different demographic groups.

CONCLUSIONS

In our large sample of adults with HIV, we found signif-
icant burdens of functional multimorbidity in addition
to high-risk comorbidities. Diseases that have an impact
on function are highly prevalent and increase with age;
they likely are additive to the more commonly recognised
comorbidities seen in this population and may have a
significant impact on quality of life. Future research is
needed to better define and catalogue functional comor-
bidities, understand how they cluster and who is at highest

6

Siegler E, et al. BMJ Open 2021;11:2047199. doi:10.1136/bmjopen-2020-047199



risk for them, and assess their impact on people ageing
with HIV.
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