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Abstract

Introduction: The impact of HIV infection on the aging process is disputed

and largely unknown. We aimed to identify whether people living with HIV

experience premature, accelerated, and/or accentuated aging by investigating

the development of four age-related non-communicable diseases in people liv-

ing with versus without HIV.

Methods: This population-based matched cohort study design used UK-based

primary care electronic health records from the IQVIA Medical Research Data-

base. Between January 2000 and January 2020, all people living with and with-

out HIV aged ≥18 years were eligible. Outcomes included cardiovascular

disease (CVD), hypertension, type 2 diabetes mellitus (T2DM), and chronic

kidney disease (CKD), which were identified by Read codes. We used age at

diagnosis to investigate premature aging and age at exit date to investigate

accentuation and acceleration. For each outcome, people with and without

HIV were excluded if they had the outcome of interest at baseline. Participants

were matched based on propensity scores (1:1 ratio). Linear regression was

used to report any difference in age at diagnosis between the two groups and

to report the prevalence trends for age at exit date.

Results: In total, 8880 people living with HIV were matched with 8880 people

without HIV and were found to have an earlier onset of CVD (54.5 vs. 56.8;

p = 0.002). Similarly, people living with HIV had an earlier onset of hyperten-

sion (49.7 vs. 51.4; p = 0.002). No difference was found for T2DM or CKD

(53.4 vs. 52.6; p = 0.368 and 57.6 vs. 58.1; p = 0.483, respectively). The burden

of CKD increased over time, whereas no difference in the burden was found

for the other conditions.

Conclusion: The earlier development of CVD and hypertension in people liv-

ing with HIV than in those without HIV indicates premature aging, whereas

the increased burden of CKD indicates accelerated aging.
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INTRODUCTION

The increased availability of antiretroviral therapy (ART)
has significantly improved the life expectancy of people
living with HIV [1]. However, some studies suggest that
biological age is dissimilar between people with and
without HIV, with the former experiencing premature
aging [2]. This concept has been driven by an exponential
amount of evidence that, irrespective of age, people living
with HIV have an elevated risk for age-associated condi-
tions such as cardiovascular disease (CVD), hypertension,
type 2 diabetes mellitus (T2DM), dementia, and bone,
liver, and kidney diseases, among others [3, 4]. However,
whether people living with HIV experience pathophysio-
logical damage at an earlier age (i.e. premature age), at
an increasing rate (i.e. accelerated age), or at the same
rate (i.e. accentuated age) compared with people without
HIV has been much disputed [5]. Determining this dis-
tinction is imperative for developing therapeutic tailored
interventions to ensure healthy aging and further
improvements in the life expectancy of people living
with HIV.

Aging is distinguished by various biological deficits,
including changes to the immune system, proteins, cells,
lipids, and tissues [6, 7]. Similar damaging effects have
been identified in young people living with HIV, indicat-
ing that the biological impact of HIV infection and/or
exposure to ART may emulate the aging process [8]. To
date, studies that have attempted to investigate the aging
process in people living with HIV have often had major
design limitations, including small samples, short follow-
up time, restricted range of participant demographics,
and the inability to match people living with HIV with
those without HIV and to control for known confounders
[2]. Thus, the degree of certainty in existing evidence is
low, as is the feasibility of ascertaining whether the
impact on age is due to HIV-related mechanisms or exter-
nal factors related to people living with HIV
(i.e. smoking, deprivation, ethnicity, and mental illness,
among others [9]). Additionally, many studies have
focused on epigenetic [10] or neurocognitive aging [2];
however, recognizing that the impact of HIV infection on
immune aging is vital to understand the increased risk of
cardiometabolic conditions in people living with HIV [3].
Given the extreme complexities of both the aging process
and the biological impacts of HIV infection, a perfectly
designed study is implausible. However, longitudinal
studies with large well-matched and controlled samples

will strengthen the evidence base available to deduce
whether HIV accelerates or accentuates aging.

To enhance the existing yet limited evidence, we car-
ried out a population-based matched cohort study to
identify whether people living with HIV are at risk of pre-
mature, accelerated, and/or accentuated aging by investi-
gating any differences in age at diagnosis for CVD,
hypertension, T2DM, and chronic kidney disease (CKD)
between people with and without HIV.

MATERIALS & METHODS

Study design and population

Data were extracted from the IQVIA Medical Research
Database (IMRD)-UK, a UK population-representative
database of primary care electronic records [11]. Further
details on the data source are described elsewhere [3].
The Scientific Review Committee provided ethical
approval (SRC reference number: 20SRC067).

The study period comprised the 20 years from
1 January 2000 to 1 January 2020. Adults aged ≥18 years
with an HIV diagnosis on or after the study start date
were eligible for inclusion. For each outcome assessed,
people living with HIV and the control group (people
without HIV) were excluded if they had the outcome of
interest at baseline. HIV diagnosis and all outcomes
were identified using Read codes and defined by the first
coded diagnosis. Read codes represent a hierarchical
clinical coding system that was introduced in the UK
in 1985.

Outcome definitions

A previous study conducted by the authors [3] found
that people living with HIV were at higher risk for com-
posite CVD (comprising peripheral vascular disease,
stroke, myocardial infarction, ischaemic heart disease,
and heart failure), hypertension, T2DM, and CKD.
These conditions were chosen as the primary outcomes
in the current study. Conditions were clinically diag-
nosed in primary or secondary care settings of the UK
national health service. The first of any event was used,
and all subsequent events were not considered. The age
at diagnosis was determined based on the date the Read
code was given.
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Statistical methods

All analyses were conducted in Stata 14.0 (College Sta-
tion, Texas, USA). Propensity scores were calculated for
each of the four outcome groups using a multivariate
logistic regression with the following covariates entered,
chosen based on data availability and existing evidence of
risk factors for age-related conditions in the general pop-
ulation and in people living with HIV [9, 12, 13]: age at
study entry, sex, ethnicity, deprivation (i.e. Townsend
quintiles [14]), smoking status, substance use
(i.e. alcohol, cocaine, or other drug misuse), body mass
index, lipid-lowering drug use, and depression, anxiety,
and severe mental illness (i.e. schizophrenia, bipolar dis-
order, or psychosis). Hypertension, T2DM, and CKD at
baseline were also entered as covariates for the CVD out-
come group; CVD, T2DM, and CKD at baseline were
entered as covariates for the hypertension outcome
group; CVD, hypertension, and CKD at baseline were
entered as covariates for the T2DM outcome group; and
CVD, hypertension, and T2DM at baseline were entered
as covariates for the CKD outcome group. People living
with HIV were then matched using a 1:1 ratio with peo-
ple without HIV based on propensity scores. The accu-
racy of matching was assessed by comparing the
propensity score density before and after matching and
the standardized mean difference between the two
groups.

Unadjusted and adjusted linear regressions with
robust standard errors were used to determine any statis-
tically significant difference between age at diagnosis
between people with and without HIV for each outcome.
Adjusted models included all variables used for propen-
sity score matching aside from age at study entry. A uni-
variable linear regression was conducted for each
outcome using an interaction term for age group (<30,
31–39, 40–49, 51–59, 61–69, ≥70 years) at the time of the
exit date and HIV status. Exit date for each participant
was the earliest date of the following: death, date of the
outcome event, study end date, date they transferred
practices, or date of last medical record available. Mar-
gins from the interaction term were plotted with 95%
confidence intervals (CIs). A p-value < 0.05 was consid-
ered statistically significant.

RESULTS

Over the 20-year study period, 8880 CVD-free people liv-
ing with HIV were identified and matched with 8880
CVD-free individuals without HIV, 8520 hypertension-
free people living with HIV were matched with 8520
hypertension-free controls, 8926 T2DM-free people living

with HIV were matched with 8926 T2DM-free controls,
and 9135 CKD-free people living with HIV were matched
with 9135 CKD-free controls. No differences were seen
between the density curves or standardized mean differ-
ences after matching for any outcome, indicating that
both groups were similar in age, sex, ethnicity, depriva-
tion, smoking status, substance use, body mass index,
lipid-lowering drug use, depression, anxiety, severe men-
tal illness, CVD, hypertension, T2DM, and CKD where
these baseline events were included. For the CVD out-
come group, 35% of people living with HIV were female;
mean age at study entry was 41 years (± standard
deviation 11); 37% were white, 23% were Black, 36% were
missing ethnicity data, less than 5% was considered
Asian, mixed ethnicity, or other; 23% were considered
most deprived; 30% were current smokers; 9% experi-
enced substance abuse; and 39% were of normal weight.
Demographics were similar across all outcome groups
(Table 1).

People living with HIV were diagnosed with CVD at a
younger age than people without HIV (54.5
vs. 56.8 years, adjusted p = 0.002; 95% CI �5.477 to
�1.263), and the same was observed for hypertension
(49.7 vs. 51.4 years, adjusted p = 0.002; 95% CI �3.042 to
�0.658) (Table 2). There was no difference in age at diag-
nosis for T2DM (53.4 and 52.6 years, adjusted p = 0.368;
95% CI �1.100–2.963) or CKD (57.6 and 58.1 years,
adjusted p = 0.483; 95% CI �4.245–2.012). No evidence
was found for accentuated aging in people living with
HIV for any of the outcomes (Figure 1); however, there
was evidence of accelerated aging in people living with
HIV based on CKD starting from age 40 years.

DISCUSSION

In a well-controlled, matched sample of people with and
without HIV, CVD and hypertension occurred on average
around 2 years earlier in people living with HIV, indicat-
ing premature aging. The prevalence trends for CKD
indicated accelerated aging in people living with HIV.
Few studies have used the same age-related conditions as
a proxy for biological age, making comparability a chal-
lenge. However, one study conducted in the USA
reported differences in prevalence for CVD, hyperten-
sion, and T2DM across various age groups for people
with and without HIV [15]. The authors found that peo-
ple living with HIV had a higher prevalence of T2DM for
all age groups; however, the difference for CVD and
hypertension was only seen in the younger age groups,
supporting our findings. Differences could be due to the
age groups defined, sample sizes, and selection biases
reported in the US study [15]. Our study included more
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age groups to better identify trends, although this
resulted in smaller sample sizes for each group. For
instance, the prevalence of T2DM in people living with
HIV aged ≥60 years was two percentage points higher
than in people without HIV, but the 95% CIs were wide
and overlapped.

Given the similarities between people living with HIV
and their matched controls in terms of key demo-
graphics, socioeconomic status, lifestyle behaviours, and
comorbidities, premature aging identified by CVD and
hypertension diagnoses implies that either underlying
mechanisms of HIV infection and/or exposure to ART
are important drivers. However, compared with other
risk factors such as smoking, the aging effect of HIV/ART
is not as large; for instance, smoking has been found to
result in coronary atherosclerosis 10 years earlier than
never smoking [16]. It is difficult to ascertain what
aspects of living with HIV have the most impact on our
results, i.e. CD4 count, viral load, exposure to ART, or
just the presence and duration of HIV. ART data were
not available within our dataset, although ART coverage
was 86% in 2011 (earliest reported data), with 94% of
those on ART experiencing viral suppression. This
increased to 99% on ART and 97% virally suppressed by
2020 [17]. ART coverage and viral suppression may have
been lower prior to 2011, so the diverse and numerous
biological impacts of a high viral load may contribute to
our results [10]. Although ART partially restores biologi-
cal defects in people living with HIV [10], disturbances to
the immune system are moderately sustained, including
T-cell changes, an imbalance of T-helper cells, and cell
alterations of the innate immune system [18]. While the
impact of ART on aging and the development of comor-
bidities is complex and unclear [9, 10, 19], evidence sug-
gests that certain ART, particularly older ART, can
increase the risk and potentially the early onset of cardio-
metabolic conditions [20]. The presence of HIV in the
body leads people living with HIV on or off treatment to
also experience microbial translocation, epithelial dys-
function, an imbalance in pro- and anti-inflammatory
cytokines, and cell senescence, which can result in
chronic inflammation and immune deregulation [8]. In
aging people without HIV, the same physiological
changes occur as a natural phenomenon [6] and are asso-
ciated with atherosclerotic burden and development of
hypertension. Such changes occurring earlier in people
living with HIV are likely a key contributor to premature
aging in people living with HIV [8, 21].

Some of the aforementioned components of immune
system dysfunction and chronic inflammation are also
associated with the development of T2DM and CKD;
however, we found that these conditions did not occur
earlier in people living with HIV than in people withoutT
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HIV. This indicates that the impact of living with HIV
may not affect organ-specific deterioration earlier than in
people without HIV. However, evidence of an increased
burden of CKD was seen in people living with HIV. This
could be due to increased exposure time to ART. How-
ever, the impact of ART on CKD is well known [22, 23]
and could influence screening practices, potentially con-
tributing to an inproved identificaiton of CKD as people
living with HIV age. Further investigations are needed
for improved understanding of this phenomenon.

A limitation of this study is the lack of data about
ART, CD4, and viral load, which meant we were
unable to further investigate which aspects of living
with HIV impact on aging. Although the majority of
people living with HIV within our sample were under-
stood to be on ART and virally suppressed [17], certain
ART may impact comorbidity risk differently, and
nadir CD4 count may play a role in the earlier develop-
ment of comorbidities [19]. Screening bias could be
present for all outcomes investigated, as people with
any chronic condition may be screened more often
than the general population. Although we matched
people with and without HIV on a number of

confounders, unmeasured confounders may still have
differed between the two groups.

Our study partially supports the model of prema-
ture and accelerated aging in people living with HIV.
CVD and hypertension developed at a younger age in
people living with than in those without HIV, and the
burden of CKD increased over time. These findings are
likely due to the persistent immune response, chronic
inflammation, and/or exposure to various ART over
time. Further investigations into these mechanisms
will prove useful in adding to our global understanding
of the aging process in people living with HIV. As the
life expectancy of people living with HIV continues to
increase, future research should prioritize ascertaining
how to alleviate any increased aging in people living
with HIV to ensure optimal wellbeing and quality of
life as they age.
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