Received: 18 November 2022

W) Check for updates

Accepted: 27 February 2023

DOI: 10.1111/hiv.13483

ORIGINAL ARTICLE

What are the predictors of change in multimorbidity among
people with HIV? A longitudinal observational cohort study

Michael Casten® |
Craig Coorey* © |

"Western Sydney University School of
Medicine, Sydney, Australia

2North Coast Sexual Health Services,
MNCLHD NSW, Port Macquarie,
Australia

3The Kirby Institute, University of New
South Wales, Sydney, Australia

“Royal North Shore Hospital, Sydney,
Australia

Correspondence

Natalie Edmiston, School of Medicine,
Western Sydney University, Sydney,

NSW, Australia.

Email: n.edmiston@westernsydney.edu.au

Funding information
Mid North Coast Research Support Grant

Simone Herbert® |
Natalie Edmiston '

David J. Smith? | Kathy Petoumenos® |

Abstract

Introduction: Multimorbidity is common among people living with HIV
(PLWH), with numerous cross-sectional studies demonstrating associations
with older age and past immunosuppression. Little is known about the pro-
gression of multimorbidity, particularly in the setting of long-term access to
antiretrovirals. This study aims to determine factors predictive of change in
multimorbidity in PLWH.

Methods: People living with HIV who attended a regional HIV service were
recruited to a consented observational cohort between September 2016 and
March 2020. Demographic data, laboratory results and a Cumulative Illness
Rating Scale (CIRS) were collected at enrolment and first clinical review of
every subsequent year. Change in CIRS score was calculated from enrolment
to February 2021. Associations with change were determined through
univariate and multivariate linear regression.

Results: Of 253 people, median age was 58.9 [interquartile range (IQR):
51.9-64.4] years, 91.3% were male, and HIV was diagnosed a median of
22.16 years (IQR: 12.1-30.9) beforehand. Length of time in the study was a
median of 134 weeks (IQR: 89.0-179.0), in which a mean CIRS score change of
1.21 (SD 2.60) was observed. Being older (p < 0.001) and having a higher body
mass index (p = 0.008) and diabetes (p = 0.014) were associated with an
increased likelihood of worsening multimorbidity. PLWH with a higher level
of multimorbidity at baseline were less likely to worsen over time (p < 0.001).
Conclusion: As diabetes and weight predict worsening multimorbidity, rou-
tine diabetes screening, body mass index measurement, and multimorbidity
status awareness are recommended.
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INTRODUCTION

With widespread access to effective and safe antiretrovir-
als in developed countries, the vast majority of people liv-
ing with HIV (PLWH) now have undetectable viral loads
and decreased risk of immune deficiency [1]. Early diag-
nosis and access to treatment have resulted in the life
expectancy of PLWH resembling that of the general pop-
ulation [2, 3]. Despite these improvements, PLWH con-
tinue to have worse health outcomes than the general
population, with Australian hospitalization rates being
50-300% higher in PLWH [4].

There are approximately 28 000 PLWH currently liv-
ing in Australia, with 21.9% of these residing in regional/
rural areas [5]. PLWH in regional and remote areas are
older, under greater financial stress, have decreased
access to a primary care doctor for HIV management,
have more frequent unplanned admissions and experi-
ence greater levels of multimorbidity than their
metropolitan-based peers [5-7]. Multimorbidity is com-
monly defined as the presence of more than one health
condition in the same individual, and in the context of
HIV would be in addition to their HIV diagnosis [8]. The
prevalence of multimorbidity in the general population is
20-25%, in comparison to 28-46% in PLWH [1, 6, 9-13].
PLWH have been shown to accumulate morbidities at a
younger age, with the most common being asthma, car-
diovascular disease and osteoarthritis [1, 3, 5, 11, 14]. The
most common conditions in PLWH in Australia are anxi-
ety, depression, asthma, metabolic disease and osteoar-
thritis [5], with similar trends seen in other developed
countries with the addition of kidney and hepatic disease
[1, 11, 14]. An increase in the burden of multimorbidity
has been shown to greatly decrease quality of life,
increase the financial cost of healthcare, and increase
mortality in those affected [8]. Treatment goals of the
Global AIDS strategy set ‘95-95-95’ targets to have 95% of
PLWH aware of their status, receive treatment and
achieve viral suppression by 2030 [15]. A fourth target
pertaining to quality of life, such as reducing the level of
multimorbidity, has been adopted at a country level [5].

The factors associated with development of multimor-
bidity in PLWH are well established through cross-
sectional studies [10, 14, 16-18], and models have been
created to hypothesize changes in multimorbidity [19,
20], although there remains a lack of longitudinal data in
understanding multimorbidity change in PLWH. The
most reported association with the development of multi-
morbidity in the general population is age, with the
established notion that as people age they accumulate
additional morbidities [8, 21]. Similarly, age is associated
with multimorbidity in PLWH, with those aged 50-64
years self-reporting the worst level of quality of life and

experiencing the greatest level of morbidity [5, 22]. Along
with age, the main variables associated with multimor-
bidity development in PLWH in developed countries are
sex, race, body mass index (BMI), HIV virulence, antire-
troviral use and time on medication [1, 10, 14, 16-18, 23].

Despite the research on associations with developing
multimorbidity, we know little about what variables may
influence multimorbidity over time in PLWH, with only
one longitudinal study identified in an urban Brazilian
context [18]. Age, AIDS diagnosis and nadir CD4 count
< 200 cells/pL were reported as predictors of worsening
multimorbidity over time in this study which followed a
cohort for a median of 3.9 years from the date of HIV
diagnosis [18]. In Australia there are no studies of multi-
morbidity change in PLWH and the only study is of
middle-aged Australian women [24]. The objective of this
study was to determine the variables that predict a
change in the level of multimorbidity over time in PLWH
who attended a regional HIV service in Australia.

METHODS
Setting

This observational, cohort study was conducted in North-
ern New South Wales (NSW) with PLWH attending the
Sexual Health Services (SHS) for specialist HIV care.
Northern NSW Local Health District is a geographical
area ranging from Tweed Heads in the north, to Tabulam
and Urbenville in the west and Grafton in the south [25].
It comprises an area of 20 732 km?* with a population esti-
mate of over 300 000 [25]. The area is home to 532 PLWH
who are actively treated with antiretrovirals, the majority
of whom receive antiretrovirals prescribed by the SHS
[26]. Through the SHS, PLWH are able to access special-
ist care, nursing and social work support [27]. There are
few primary care providers that are able to prescribe anti-
retrovirals in the area [28].

Participants

During routine appointments from September 2016 to
March 2020, PLWH were offered the opportunity to par-
ticipate in this study. Recruitment was voluntary, and
open to all PLWH who had specialist HIV care through
the SHS. Potential participants were provided with an
information sheet, and informed consent was obtained.
At recruitment, participants were given a short question-
naire of which medical practitioners were involved in
their care. Model of care was defined as shared care if a
primary care doctor was mostly or equally involved in
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care, and specialist-only care if all or almost all care was
from the HIV service.

Variables

Since 2012, all PLWH had a routine annual comprehen-
sive health review that included an assessment of multi-
morbidity. In addition to blood pressure, weight, relevant
physical exams and recommended monitoring blood
tests, including CD4 count and viral load [29], all body
systems were reviewed. This allowed for integrated
healthcare with an opportunity to measure the level of
multimorbidity in PLWH through the use of a validated
tool, the Cumulative Illness Rating Scale (CIRS) [30]. The
CIRS is a non-HIV-specific multimorbidity scoring tool
which rates 14 body systems on a scale utilizing a pub-
lished guideline [30, 31]. The scale ranges from a score of
0, reflecting the absence of disease in that body system, to
4, being system failure such as renal failure. Addition of
the system scores generates an overall CIRS score which
can potentially range from 0 to 56. All chronic diseases
present can be included in the CIRS within the relevant
body system; however, each system is only scored for the
most severe condition present, and multiple conditions
within one body system are not summed. There is no pre-
defined condition list, making CIRS more comprehensive
and inclusive than many multimorbidity measures [31].
A CIRS scoring guide and worksheet have been devel-
oped for PLWH and has been utilized at the service since
2012 [6]. CIRS scores were obtained for the cohort in the
majority of annual SHS visits through objective assess-
ment by their treating physician. The treating physician
had access to the CIRS scoring guide, and all previous
CIRS worksheets. To ensure consistency, benchmarking
of CIRS assessments was conducted between the two
principal assessors. Among PLWH in Australia, CIRS has
been shown to be associated with age and past AIDS [6]
and to predict unplanned admission [7].

The remaining data were obtained through routine
clinical care including historical data contained in the clinic
database. This included date and country of birth, date of
HIV diagnosis, viral load, nadir CD4 count, presence of pre-
viously defined chronic health conditions [6], smoking sta-
tus, drug and alcohol usage, current antiretrovirals and
total number of all medications. Gender was recorded as
gender identity at the time of recruitment. BMI was calcu-
lated from recorded height and weight at recruitment, or,
for those with no recorded height (n = 33), the median
value was used to estimate BML.

Data were input into the clinic database by the treat-
ing physician after routine visits. All participant records
were quality-checked by the research team and any

missing data extracted from contemporaneous paper or
electronic records, meaning missing data for the analysis
were restricted to heights.

Data analysis

In July 2021 the data were extracted and de-identified.
Participant names were removed and dates of birth were
converted to age in years as of extraction date. Continu-
ous variables were assessed for normality through a
Shapiro-Wilk test, and descriptive statistics were used to
determine mean and standard deviation for those that
were normally distributed, and median and interquartile
range (IQR) if not.

For this analysis the outcome variable of interest was
change in CIRS score. This was calculated by subtracting
the CIRS score at recruitment from the last CIRS score
prior to data extraction, resulting in a follow-up period of
644 person-years. In order to decrease the burden on trial
participants, CIRS questionnaires were typically com-
pleted during their first routine of the year, regardless of
when they were entered into the study. Those without a
baseline or second CIRS scores were excluded from the
analysis. We compared key demographics between those
included and excluded from the analysis. Comparison was
by t-tests for means, Wilcoxon rank sum for medians and
x* test for categorical variables. Age was reported as
medians within the results and as mean in Table 2 for the
inclusion in the regression as it was normally distributed.

The dependent variable of interest was the time series
change of CIRS scores measured between the first and last
questionnaire. Predictor variables comprised time-point data
such as age at last follow-up, BMI at recruitment, model of
care and presence of defined disease at recruitment; time-
series data such as change to antiretrovirals or viral load
during follow-up; and demographic data such as sex, ever
diagnosis of defined disease, ever defined antiretroviral use
and nadir CD4 count. Associations with change in CIRS
score for all predictor variables were determined through
univariate linear regression. All variables with a significance
level of 0.05 or less were included in a multivariate linear
regression to determine the best prediction model of multi-
morbidity. As the recruitment period lasted 3.5 years, length
of time in the study varied, and so it was included a priori
in the multivariate analysis to prevent potential confound-
ing. Analysis was conducted on SPSS [32].

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement Guidelines
were used in the reporting of this observational cohort
study [33]. Ethics approval was obtained from North Coast
Human Ethics Research Committee (approval no. LNR143)
prior to the commencement of the study.
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RESULTS

Of the 332 recruited to the study, one withdrew and
17 did not have a baseline CIRS score recorded. Of the
314 remaining, 61 did not have a second CIRS score
recorded, of whom 10 died, 25 had confirmed transfer of
care, eight were lost to follow-up and 18 remained in care
(Figure 1). The 78 excluded from the study were younger
[median age 52.6 years (IQR: 46.7-60.3) vs 58.9 years
(IQR: 51.0-64.4), p < 0.001], had a shorter duration of
HIV [mean 18.3 years (SD 10.5) vs 21.6 years (SD 10.5),
p = 0.014] and had a lower median recruitment CIRS
score [6 (IQR: 3-9) vs 7 (IQR: 4-10), p = 0.022]. They
were otherwise similar to the included cohort (Table 1).
Those who died had a median CIRS score of 8.5 (IQR: 6—
10) but were of a similar age to those included in the
analysis. No participants were recorded as deceased after

Number of participants recruited
n =332

Number of participants withdrawn
n=1

Number of participants with no baseline
[———> | CIRS completed
n=17

v

Number of participants with baseline CIRS
completed
n=314

Number of participants with no follow up
> | CIRS completed as no longer in care
n=43

Deceased
> n=10

Confirmed transfer of care
> n=25

Lost to follow-up
n=28

Number of participants with no follow-up
l———p | CIRS completed but still in care
n=18

v

Number of participants with baseline and
follow-up CIRS completed
n =253

FIGURE 1
period

Flowchart of participants through the follow-up

a second CIRS score but within the study period. Lack of
second CIRS score for those remaining in care and
missed recruitment was primarily due to time constraints
of consultations; refusal was not formally documented
but was minimal. Overall CIRS score by age bracket is
shown in Table 2.

The change in CIRS score analysis was conducted for
the 253 participants with a second CIRS score (Table 3).
This cohort was reflective of regional PLWH; the major-
ity were male (91.3%), had a median age of 58.9 years
(IQR: 51.9-64.4), were born in Australia (82.6%), were
first diagnosed a median 22.16 years ago (IQR: 12.1 to
30.9) and had a mean BMI of 25.3 (SD 4.1). Most (74.7%)
of the cohort had ever used tobacco. Model of care was
evenly split between shared care with a primary care
doctor and HIV specialist (49.8%) and HIV specialist
only (50.2%). Of the cohort, 32.0% had a nadir CD4
count < 200 cells/pL, and 85.8% maintained a viral load
< 50 copies/mL from recruitment. AIDS had ever been
diagnosed in 17.8%, and hepatitis C had ever been diag-
nosed in 14.6%. Use of antiretrovirals revealed 70.0% had
been exposed to tenofovir disoproxil fumarate (TDF),
and 21.7% to zidovudine. A change in antiretroviral ther-
apy since recruitment occurred in 72.7% of the cohort,
and the median number of all antiretroviral and
non-antiretroviral medications taken by participants at
recruitment was 4 (IQR: 2.0-6.0).

Median CIRS score at recruitment was 7 (IQR: 4.0-
10.0), with a median of 4 different body systems affected
(IQR: 3.0-6.0). Median time in the study was 134 weeks
(IQR: 89.0-179.0). Mean CIRS score change for all partic-
ipants was 1.21 (SD 2.60) and was normally distributed as
tested by Shapiro-Wilk, with 69.4% of participants having
a CIRS score change of between —2 and +2 points
(Figure 2).

In the univariate analysis (Table 3), factors associated
with change in CIRS score were age (B = 0.330, p = 0.029),
nadir CD4 count < 200 cells/pL (B = —0.902, p = 0.010),
recruitment CIRS score (B = —0.126, p = 0.001), BMI
(B = 0.106, p = 0.008), antiretroviral change (B = 0.761,
p = 0.038) and a diabetes mellitus (diabetes) diagnosis at
recruitment (B = 1.781, p = 0.026). The multivariate analy-
sis (Table 4) found that age (B = 0.054, p < 0.001), BMI at
recruitment (B = 0.100, p = 0.008) and diabetes diagnosis
at recruitment (B = 1.835, p = 0.014) predicted a worsening
CIRS score by the time of follow-up, while keeping all other
variables constant. A higher recruitment CIRS score
(B = —0.185, p <0.001) predicted a decline in follow-up
CIRS score. For an increase of one point in participants’
recruitment CIRS score, follow-up CIRS scores are pre-
dicted to decline by 0.185 points. Change to antiretroviral
therapy (B = 0.335, p = 0.332) and nadir CD4 count < 200
cells/pL were not statistically significant in the multivariate
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TABLE 1 Baseline demographics of all participants, comparing those who were included in the final analysis and those excluded due to
lack of follow-up Cumulative Illness Rating Scale (CIRS) score

Excluded/without
follow-up CIRS
Total (n = 331) Included (n = 253) score (n = 78) p*
Age as of 01 March/21 years [median (IQR)] 57.5 (49.2-63.1) 58.9 (51.9-64.4) 52.6 (46.7-60.3) <0.001
Gender [n (%)]
Male 307 231 (75.2) 76 (24.8) 0.068
Female 24 22 (91.7) 2(8.3)
Country of birth [n (%)]
Australia 270 209 (77.4) 61 (22.6) 0.381
Other 61 44 (72.1) 17 (27.9)
Duration of HIV at 1 March/21 years [mean (SD)] 20.8 (10.6) 21.6 (10.5) 18.3 (10.5) 0.014
Recruitment CIRS score [median (IQR)] 7 (4-10) 7 (4.0-10.0) 6 (3-9) 0.022
Tobacco use [n (%)]
Never 80 64 (80.0) 16 (20.0) 0.518
Ever 247 189 (76.5) 58 (23.5)
Ever AIDS diagnosis [n (%)]
No 275 208 (75.6) 67 (24.4) 0.448
Yes 56 45 (80.4) 11 (19.6)
Ever Hep-C diagnosis [n (%)]
No 280 216 (77.1) 64 (22.9) 0.477
Yes 51 37 (72.5) 14 (27.5)
Model of care [n (%)]
Shared care 170 126 (74.1) 44 (25.9) 0.307
Specialist only 161 127 (78.9) 34 (21.1)
Pharmacotherapy [n (%)]
Any exposure to zidovudine 66 55(83.3) 11 (16.7) 0.140
Any exposure to tenofovir disoproxil fumarate 230 177 (77.0) 53(23.0) 0.736

Note: Bold has been used for variables with p < 0.05.
2t-tests for means, Wilcoxon rank sum for medians and Xz test for categorical variables.

TABLE 2 Number Cumulative Illness Rating Scale (CIRS) score recorded at baseline and last follow-up by age group

Age group No. of participants No. of participants with No. of participants with Median baseline

(years) recruited baseline CIRS score follow-up CIRS score CIRS score (IQR) Range
0-29 5 5 4 5(3-6) 1-6
30-39 26 24 13 3 (1.5-4.5) 0-9
40-49 54 51 40 5(3-7) 0-20
50-59 110 107 81 7 (4-9) 1-18
60-69 108 99 89 9(5-11) 2-21
70-100 28 28 26 10.5 (8-12) 2-20

analysis. All results were controlled for length of time in DISCUSSION

study. The incidence of predefined disease was found to

increase in all diseases, with the most prevalent being  This study represents the first effort to examine the
vascular disease and the largest change detected in renal change in multimorbidity in PLWH over time in an
disease (Table 5). Australian context, and only the second globally.
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TABLE 3 Univariate analysis of predictors of mean change in Cumulative Illness Rating Scale (CIRS) score. A univariate linear
regression model was used to analyse the relationship between each predictor and mean CIRS score change

Mean CIRS score

Total (n = 253) change (SD) B SE p
Age as of 01 March/21 years [mean (SD)] 57.4 (10.9) 1.21 (2.60) 0.330 0.150 0.029
Gender [n (%)]
Male 231 (91.3) 1.21 (2.599) 0.026 0.582 0.964
Female 22 (8.7) 1.18 (2.702)
Country of birth [n (%)]
Australia 209 (82.6) 1.25 (2.595) —0.249 0.432 0.565
Other 44 (17.4) 1.0 (2.659)
Duration HIV at 01 March/21 years [median (IQR)] 22.16 (12.1-30.9) 1.21 (2.60) 0.025 0.016 0.115
Nadir CD4 cell count [n (%)]
<200 cells/pL 81 (32.0) 0.59 (2.774) —0.902 0.349 0.010
>200 cells/pL 172 (68.0) 1.49 (2.474)
Viral load since recruitment [n (%)]
<50 copies/mL 217 (85.8) 1.20 (2.581) 0.052 0.469 0.912
>50 copies/mL 36 (14.2) 1.25 (2.771)
Medications at recruitment [median (IQR)] 4 (2.0-6.0) 1.21 (2.60) 0.028 0.047 0.555
Recruitment CIRS score [median (IQR)] 7 (4.0-10.0) 1.21 (2.60) —0.126 0.039 0.001
CIRS systems affected at recruitment [median (IQR)] 4 (3.0-6.0) 1.21 (2.60) —0.068 0.043 0.117
BMI at recruitment [mean (SD)] 25.3 (4.1) 1.21 (2.60) 0.106 0.040 0.008
Tobacco use [n (%)]
Never 64 (25.3) 1.19 (2.069) 0.024 0.377 0.949
Ever 189 (74.7) 1.21 (2.765)
Mental health diagnosis at recruitment [n (%)]
No 177 (70.0) 1.10 (2.396) 0.346 0.357 0.334
Yes 76 (30.0) 1.45 (3.035)
Alcohol or other drug concern at recruitment [n (%)]
No 208 (82.2) 1.28 (2.674) —0.439 0.428 0.306
Yes 45(17.8) 0.84 (2.236)
Vascular disease at recruitment [n (%)]
No 148 (58.5) 1.09 (2.653) —0.267 0.332 0.422
Yes 105 (41.5) 1.36 (2.535)
Renal disease at recruitment [n (%))
No 240 (94.9) 1.23 (2.614) —0.541 0.742 0.467
Yes 13(5.1) 0.69 (2.428)
Diabetes mellitus at recruitment [n (%)]
No 242 (95.7) 1.13 (2.474) 1.781 0.796 0.026
Yes 11 (4.3) 2.91 (4.460)
Ever AIDS diagnosis [n (%)]
No 208 (82.2) 1.18 (2.411) 0.128 0.429 0.765
Yes 45(17.8) 1.31 (3.383)
Ever hepatitis C diagnosis [n (%)]
No 216 (85.4) 1.24 (2.586) —0.241 0.464 0.604
Yes 37 (14.6) 1.00 (2.728)
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TABLE 3 (Continued)

Mean CIRS score
Total (n = 253) change (SD) B SE p

Model of care [n (%)]

Shared care 126 (49.8) 1.39 (2.520) —0.365 0.327 0.265

Specialist only 127 (50.2) 1.02 (2.680)
Pharmacotherapy [n (%)]

Any exposure to zidovudine 55 (21.7) 1.21 (2.60) 0.504 0.396 0.205

Any exposure to tenofovir disoproxil fumarate 177 (70.0) 1.21 (2.60) —0.270 0.357 0.450
Any change to antiretrovirals since recruitment 184 (72.7) 1.21 (2.60) 0.761 0.365 0.038

Note: Bold has been used for variables with p < 0.05.

75

60

45
N

Count

15—/

O,
-6-5-4-3-2-10 12 3 456 7 8 9101112131

mmmm CIRSs change 2 per. mov. avg. (CIRSs change)

FIGURE 2 Change in Cumulative Illness Rating Scale score
(CIRSs). For each participant, the change in CIRS score was
calculated by subtracting the CIRSs at recruitment from the last
CIRSs prior to data extraction

Increasing age, increasing BMI and having diabetes were
associated with worsening multimorbidity, while having
a higher baseline level of multimorbidity was protective.
No HIV-related variables were associated with multimor-
bidity change in our cohort.

Multimorbidity change was measured through
change in CIRS score, with a mean CIRS score change
of 1.21 observed over a median of 134 weeks. The
absence of dramatic rises in multimorbidity increase was
also demonstrated in a Brazilian study [18], although
this had several differences from our cohort: it followed
progression of multimorbidity in newly diagnosed
PLWH; recruitment date was from antiretroviral initia-
tion; recruitment began in 2006; it had a higher propor-
tion of female participants (33% vs 8.7%); and the mean
age was lower (36.9 vs 57.4) [18]. Nevertheless, the con-
sistency of finding minimal progression of PLWH in the
current era is reassuring. In our study, a higher level of
multimorbidity at recruitment was demonstrated to have
a protective effect in multimorbidity change. It is
possible that identification of multimorbidity by HIV
specialists may motivate interventions to decrease multi-
morbidity, and hence routine multimorbidity measure-
ments may have outcome benefits for PLWH.

The increase in prevalence of specific conditions dem-
onstrates the accumulative nature of predefined condi-
tions. A compounding effect has been demonstrated in
the general population, with the presence of one disease
predisposing to the accumulation of another [24, 34, 35].
The high prevalence of individual morbidities has been
documented widely in PLWH [1] and has also been
observed to accumulate over time [18]. The modest mean
increase in CIRS score but frequent new diagnosis of spe-
cific conditions suggests that multiple factors besides pre-
defined conditions are contributing to multimorbidity
levels. These factors probably include improvement and
resolution of existing health conditions through medical
management occurring at the same time as development
of new or worsening conditions. No negative association
was found between CIRS score progression and the
model of care received by the PLWH, which is reassuring
for regional Australia where HIV specialists may be the
only healthcare provider [5].

In a cross-sectional setting, age has been demon-
strated to be associated with the onset of multimorbidity
in PLWH [8, 21]. Studies from other high-income coun-
tries have also demonstrated that PLWH have an
increased burden of multimorbidity compared with the
age-matched general population [1, 10, 36, 37]. In our
study, age is confirmed as predicting worsening morbid-
ity, in agreement with Castilho et al.’s findings that older
PLWH were more at risk of developing greater multimor-
bidity than their younger peers when stratified by 10-year
intervals [18].

Obesity has been firmly established in the develop-
ment of morbidities such as diabetes, cardiovascular dis-
ease, joint disorders, mood disorders and hypertension
[16, 38-40], so it is consistent that BMI predicts worsen-
ing multimorbidity and this has been demonstrated in
the general population in Australia [41]. The association
between BMI and the development of multimorbidity in
PLWH has been demonstrated [14, 16], with American
PLWH classified as obese upon antiretroviral initiation
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TABLE 4

Multivariate analysis of predictors of mean change in Cumulative Illness Rating Scale (CIRS) score. A multivariate linear

regression model was created to predict CIRS score change based on the significant predictors identified in the univariate analysis.

Length of time in the study was controlled for in this analysis

Mean CIRS score

Total (n = 253) change (SD) B SE P
Age as of 1 March/21 years [mean (SD)] 57.4 (10.9) 1.21 (2.60) 0.054 0.015 <0.001
Nadir CD4 cell count [n (%)]
<200 cells/pL 81 (32.0) 0.59 (2.774) —0.612 0.334 0.068
>200 cells/pL 172 (68.0) 1.49 (2.474)
Recruitment CIRS score [median (IQR)] 7 (4.0-10.0) 1.21 (2.60) —0.185 0.041 <0.001
BMI, mean (SD) 25.3 (4.1) 1.21 (2.60) 0.100 0.038 0.008
Diabetes mellitus at recruitment [n (%))
No 242 (95.7) 1.13 (2.474) 1.835 0.743 0.014
Yes 11 (4.3) 2.91 (4.460)
Any change to antiretroviral since recruitment [n (%)] 184 (72.7) 1.21 (2.60) 0.335 0.345 0.332

Note: Bold has been used for variables with p < 0.05.

TABLE 5
recent Cumulative Illness Rating Scale (CIRS)

Recruitment (n = 253)

Mental health 76 (29.6)
Alcohol or other drug abuse 45 (17.8)
Vascular disease 105 (41.5)
Renal disease 13 (5.1)
Diabetes mellitus 11 (4.3)

Note: date are presented as n (%).

having a 1.5-fold risk of developing multimorbidity [16].
As PLWH age, they are doing so in the same obesogenic
environment as the general population [16, 41], but are
exposed to additional risk factors such as the use of inte-
grase inhibitors, return to health phenomena and recent
cessation of TDF, which have been shown to impact the
BMI of PLWH [16, 42-44]. BMI was not explored in
Castilho et al. [18]

Our study demonstrated that having a diabetes diag-
nosis was associated with worsening multimorbidity
over time. Diabetes was not found to be a predictor of
worsening multimorbidity in Castilho et al. [18], where
the mean age and incidence of diabetes was consider-
ably lower than in our cohort. Men who have sex with
men (MSM) who also have HIV have significantly
greater odds of developing diabetes than HIV-negative
MSM, with an Australian study finding a 97% increased
odds [45]. PLWH have unique risk factors for the devel-
opment of diabetes, such as higher rates of previous or
current hepatitis C infection, lipodystrophy and previ-
ous exposure to some protease inhibitors and nucleo-
side analogs [46].

Change in specified health conditions over time. Rate of prevalence of disease is compared between recruitment and most

Most recent CIRS (n = 253) Increase in prevalence (%)

114 (45.1) 33.30
59 (23.3) 23.70
149 (58.9) 29.50
27 (10.7) 51.90
21(8.3) 47.60

Limitations of this study include the relatively short
mean duration of follow-up. Analysis required a second
CIRS score, and therefore a significant minority were
excluded due to a variety of reasons, with the most com-
mon being transfer of care. Overall, those excluded were
younger with lower recruitment CIRS score, but those
who died had higher recruitment CIRS score. Due to the
heterogeneity of those excluded, the impact of attrition
bias is likely to be minimal. The summative nature of
CIRS score allows for changes in one body system to be
masked in the overall score if other systems improved.
Multimorbidity scoring is highly affected by methodol-
ogy. We have elected to utilize CIRS as it does not have a
predefined list of conditions and is therefore more consis-
tent than studies that use a non-standardized predefined
list of chronic conditions [31]. The absence of a patient-
reported level of multimorbidity is also a limitation.
Participants identifying as female are represented at a
level similar to that of the total Australian population of
PLWH (8.7% vs 10.6%), but require greater total partici-
pant numbers to determine if sex is a predictor of CIRS
score change [5].
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The setting of this study was regional NSW. This pop-
ulation tends to be older, engage less in shared care and
travel further for medical care than PLWH in metropoli-
tan areas. The expansion of this cohort to include a
greater geographical area of both metropolitan and rural
services, as well as correlation with self-reported mea-
sures of quality of life would assist in confirming the
external validity of these findings. Comparisons between
metropolitan and rural services would also be of use, par-
ticularly for planning and delivery of future health
services.

Implications

As our study found BMI and diabetes to predict
increases in multimorbidity in PLWH, HIV care should
address these health issues. Model of care was not asso-
ciated with multimorbidity progression so the choice of
care model should be informed by preferences of the
affected community within resource limitations. Care
models should incorporate systems to identify patients
with a BMI >25 kg/m? and/or a diagnosis of diabetes as
being at risk for worsening multimorbidity. Managing
weight and diabetes are frequent activities in primary
care, with current guidelines recommending BMI and
waist circumference measurement every 2 years, and a
fasting blood glucose or HbAlc every 3 years for high-
risk people [47]. In Australia, PLWH are recommended
to have fasting blood glucose checked at entry into care,
then yearly, and BMI measured every 6-24 months [48].
There are mixed recommendations for screening and
diagnosis of diabetes in PLWH, with European guide-
lines including HbAlc if blood glucose levels are ele-
vated, and American guidelines not recommending
HbAlc for diagnosis with a preference for random or
fasting glucose only [43, 49]. There may be utility in reg-
ular HbAlc or fasting glucose screening in Australian
PLWH. Poor collection of height limits accuracy of BMI
calculations, and HIV care services should ensure these
data are recorded. Current interventions recommend
counselling of lifestyle changes, pharmacotherapy and
dietician referral for the management of diabetes and
BMI [43, 48], but the importance of these variables as
predictors of worsening multimorbidity suggest that fur-
ther intervention may be worthwhile. The use of public
health campaigns specific to PLWH, population-specific
exercise programmes and community-based services are
possibilities for greater intervention.

Multimorbidity is likely as PLWH age, yet the protec-
tive effect of baseline CIRS score demonstrates potential
benefits from measuring multimorbidity and that multi-
morbidity in PLWH can be effectively managed.

CONCLUSION

Multimorbidity increases over time for PLWH and diabe-
tes, higher BMI and older age predict greater increases.
Except for age, these predictors allow for a point of inter-
vention in the medical management of PLWH to improve
health outcomes.
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