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Abstract

Objectives: The survival rate of people with HIV admitted to intensive care

units (ICUs) is approaching that of people without HIV. We conducted a

matched-cohort study of people with and without HIV admitted to ICU at a

large hospital to compare short-term mortality, during 2000–2019.
Methods: People with HIV were matched to people without HIV (1:2) on age,

sex, admission year and Acute Physiology and Chronic Health Evaluation

(APACHE)-II score. Applying logistic regression models fitted using indepen-

dence estimating equations, we describe population-averaged associations of

HIV with short-term (in-ICU, in-hospital) mortality during a patient's first

admission to ICU, and explore whether these varied by year.

Results: A total of 177 people with HIV were matched to 354 people without

HIV (71.2% vs. 71.2% male; median age: 47 vs. 48 years, median APACHE-II:

18 vs. 17, median admission year: 2013 vs. 2013). Among people with HIV,

73.4% were on antiretroviral therapy, 51.2% had HIV-RNA ≤50 copies/mL and

median CD4 T-cell count was 132 cells/μL. People with HIV had higher in-

ICU (24.3% vs. 15.3%) and in-hospital (31.6% vs. 20.1%) mortality. People with

HIV had 1.69-fold higher odds (95% confidence interval: 1.03–2.76) of in-ICU
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mortality and 1.86 (1.19–2.91) higher odds of in-hospital mortality than people

without HIV, adjusted for age, sex, year and APACHE-II. There was no

evidence that these associations varied by year (p-interaction-in-ICU= 0.90;

p-interaction-in-hospital= 0.46).

Conclusions: Our findings suggest that although outcomes have improved

over time, people with HIV continue to have higher short-term in-ICU and in-

hospital mortality following ICU admission compared with people without

HIV with similar characteristics.
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INTRODUCTION

The widespread use of antiretroviral therapy (ART) and
advances in medical care have dramatically changed the
demographic and clinical composition of the critically ill
patient population of people with HIV admitted to the
intensive care unit (ICU). This group now comprises an
older patient population with a sustained rise in admis-
sion diagnoses due to comorbidities and conditions unre-
lated to HIV [1–10]. In line with previously published
studies on short-term mortality outcomes (i.e. in-ICU
and/or in-hospital mortality) among people with HIV
admitted to ICU, we reported significant declines in
short-term mortality in a cohort of people with HIV
admitted to the ICU of the Royal Free Hospital (RFH;
London, UK) between 2000 and 2019 [3–6, 8–11]. Fur-
ther, we found that important clinical factors [i.e. CD4
T-cell count, Acute Physiology and Chronic Health Eval-
uation (APACHE) II score] associated with short-term
mortality in this population are unrelated to HIV, as also
reported in previously published studies [3–6, 8–11].

Although improved survival among people with HIV
admitted to ICU is evident, whether there are differences
in short-term mortality outcomes between people with
and without HIV admitted to ICU remains unclear. Pre-
vious ICU-/hospital-based studies have reported that peo-
ple with HIV have lower [7], higher [8, 9] or the same
[10, 11] mortality rates while in ICU, in hospital and/or
shortly after discharge as those seen in people without
HIV. The incongruity in the existing evidence base may
be due in part to heterogeneity in study periods, clinical
practices or the type(s) of ICU. Furthermore, demo-
graphic, clinical and behavioural characteristics of people
with HIV differ from those of people without HIV, but
these differences were often not taken into consideration.

In this study, we aimed to compare short-term mor-
tality outcomes among people with and without HIV
admitted to the RFH ICU between 2000 and 2019, and to

assess whether the decreasing trends in short-term
mortality we previously reported for people with HIV
were also seen among people without HIV.

METHODS

Data collection and study population

We gathered retrospective data on people with and without
HIV (at least 18 years of age) admitted to the RFH ICU
between 1 January 2000 and 31 December 2019. As previ-
ously described in Kanitkar et al. [4], the RFH is a large
central London teaching hospital with an HIV referral cen-
tre that manages one of the largest cohorts of adults living
with HIV in the UK (approximately 4000 people living with
HIV, June 2020). The RFH ICU is a combined medical and
surgical 34-bed unit, which manages approximately 2000
admissions per year [4]. The data extraction procedures and
sources have been previously described for people with HIV
in our cohort [4, 12]; similar procedures were used to
extract data for the people without HIV.

Short-term mortality outcomes

Short-term mortality outcomes were in-ICU and in-hospital
mortality at a patient's index admission (i.e. first admission)
to our ICU. These were defined as death occurring prior
to ICU or hospital discharge, respectively, with those dying
in-ICU also considered to have died in-hospital.

Variables

HIV status was the primary variable of interest. Additional
variables summarized and/or included in the statistical
modelling (measured at or prior to ICU admission) were
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age, sex, calendar year of a person's index admission to our
ICU and APACHE II score. HIV-specific variables (mea-
sured at or prior to ICU admission) summarized were CD4
count, undetectable HIV viral load (plasma HIV-RNA ≤50
copies/mL), advanced HIV (CD4 count <200 cells/μL and/or
an AIDS-defining illness), recent known HIV diagnosis
(within 3 months of ICU admission) and receipt of ART.

Statistical analysis

People with HIV were matched to people without HIV
using a 1:2 matching ratio and coarsened exact exposure-
driven matching without replacement [13]. We matched
on age (<30, 30–44, 45–59, ≥60 years), sex (male/female),
year (singe-year groups, 2000–2019) and APACHE II
(<15, 15–29, ≥30). People with missing data on the
matching variables and/or the outcome variables were
excluded prior to matching. We summarized individual's
characteristics and outcomes (i.e. short-term mortality
outcomes and length of ICU stay) using medians [inter-
quartile ranges (IQRs)] for continuous variables and
counts (percentages) for categorical variables. Descriptive
characteristics are provided for those with and without
HIV in the full matched cohort, as well as in the full
group of people who were eligible for matching. Descrip-
tive characteristics are also provided for those with and
without complete data for matching.

Regarding short-term mortality outcomes, plots of the
observed crude proportions of short-term mortality out-
comes by HIV status and admission year categorized into
4-year periods are presented before and after matching.
The Woolf test was conducted for both in-ICU and in-
hospital mortality in the overall unmatched cohort before
excluding those with missing data to assess whether the
observed crude trends in short-term mortality across
the calendar periods differed by HIV status before matching
and adjustment for measured potential confounders. For
the primary analyses, logistic regression models were fitted
using independence estimating equations (IEEs) to esti-
mate population-averaged odds ratios (ORs) and to obtain
valid standard errors that account for matching [14]. The
logistic regression models included HIV status and were
further adjusted for age and APACHE II in their continu-
ous forms to correct for any residual imbalances [14]. The
primary association of interest was the main term of HIV
status, but we also assessed whether trends in short-term
mortality over the 20-year period differed by HIV status
through the inclusion of an interaction term. Wald tests
were used to assess statistical significance. We present plots
of population-averaged probabilities of short-term mortality
over the 20-year period by HIV status predicted using the
estimates of the final models.

Sensitivity analyses

As matching can result in a smaller sample, reducing
study power [15], we also fitted the same models in the
full unmatched dataset after excluding those with missing
data on matching and outcome variables and adjusting for
age, sex, year and APACHE II. To assess the sensitivity of
results to missing data, we refitted the matched IEE
models after multiple imputation (MI) under a missing at
random assumption with 50 imputed datasets.

As estimated ORs might exaggerate the magnitude of
the association between HIV status and mortality out-
comes (which are not rare outcomes) [16], we estimated
population-averaged risk ratios (RRs) for the associations
of HIV status using the predicted population-averaged
probabilities for short-term mortality in the final logistic
regression models in the primary matched analysis only
and 95% confidence intervals (CIs) were obtained using
the bootstrap with 1000 bootstrap replicates [17].

All analyses were performed using R version 4.1.0,
with two-sided p-values <0.05 considered to be statisti-
cally significant.

Ethics

This project was registered as a clinical audit with RFH
in July 2020, and confirmed to be an audit by
RFH Research and Innovation in October 2021. All data
collected were anonymized at the point of capture.

RESULTS

In total, there were data on 20 197 index ICU admissions,
221 and 19 976 among people with and without HIV,
respectively (full dataset). Of these, complete data on
matching and outcome variables were available for
14 275 admissions (208 and 14 067 among people with
and without HIV) that were eligible for matching (eligible
dataset). In the eligible dataset, people with HIV tended
to be younger (median age 46 vs. 62 years for people with
and without HIV, respectively), male (71.6% vs. 57.9%),
have a higher APACHE II score (median 19 vs. 16), and
be admitted in earlier years of the study period (median
2012 vs. 2014). Among people with HIV, median CD4
count was 127 cells/μL, 47.4% had an undetectable
HIV viral load, 72.7% were receiving ART, 24.5% were
diagnosed with HIV within 3 months of their index
admission to ICU, and 66.3% had advanced HIV. People
with HIV had a longer ICU stay (median 5 vs. 2 days)
and higher in-ICU (27.9% vs.13.8%) and in-hospital
(37.5% vs. 18.5%) mortality (Table 1).
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We matched 177 people with HIV to 354 people without
HIV (matched dataset). Within this subgroup, slight differ-
ences remained for age (median 47 vs. 48 years) andAPACHE
II (median 18 vs. 17). Compared with the eligible unmatched
cohort, the matched cohort represented a relatively younger
(median age 47 years), mostly (71.2%) male population with a
moderate APACHE II (median 17) and slightly earliermedian
year of ICU admission of 2013. The characteristics of people
with HIV in the matched cohort were similar to the eligible
sample of people with HIV (Table 1). People with HIV had a
longer ICU stay (median 5 vs. 3 days) and higher in-ICU
(24.3% vs. 15.3%) and in-hospital (31.6% vs. 20.1%)mortality in
thismatched subgroup (Table 1).

In-ICU mortality

Among those with data on in-ICU mortality in the full
dataset, in-ICU mortality for people with HIV

decreased from 41.7% in 2000–2003 to 20.0% in 2016–
2019, and for those without HIV it decreased from
17.6% in 2000–2003 to 12.3% in 2016–2019 (Table A2).
There was little evidence that crude trends in in-ICU
mortality over time differed by HIV status in this full
dataset (Woolf test, p = 0.07). The observed calendar
trends in in-ICU mortality by HIV status in the eligible
and matched datasets are presented in Figure 1.
Despite a persistently higher in-ICU mortality in those
with HIV, in-ICU mortality declined at a similar rate
for both groups. People with HIV had 1.69-fold higher
odds (95% CI: 1.03–2.76) of in-ICU mortality than peo-
ple without HIV, after adjusting for age, sex, year
and APACHE II, with no evidence that this association
varied by year (p-interaction = 0.90; Figure 2).
Population-averaged predicted probabilities of in-ICU
mortality from 2000 to 2019 by HIV status estimated
using the model without an interaction are presented
in Figure 3.
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FIGURE 1 Observed proportions of intensive care unit (in-ICU) and in-hospital mortality by HIV status using the eligible and

matched datasets.
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In-hospital mortality

Among those with data on in-hospital mortality in the
full dataset, in-hospital mortality for people with HIV
decreased from 58.3% in 2000–2003 to 23.1% in 2016–2019,
and for those without HIV it decreased from 26.7% in
2000–2003 to 16.5% in 2016–2019 (Supplementary Material
S1). In contrast to in-ICU mortality, there was some evi-
dence that crude trends in in-hospital mortality over time
differed by HIV status in this full dataset (Woolf test
p = 0.01). The observed calendar trends in in-hospital
mortality by HIV status in the eligible and matched data-
sets are presented in Figure 1. As observed for in-ICU mor-
tality, people with HIV had persistently higher in-hospital
mortality than those without HIV, with similar rates of
decline in this outcome over time. People with HIV had
1.86-fold higher odds (95% CI: 1.19–2.91) of in-hospital
mortality than people without HIV, after adjusting for age,
sex, year and APACHE II, with no evidence that this associ-
ation varied by year (p-interaction = 0.48; Figure 2).
Population-averaged predicted probabilities of in-hospital
mortality from 2000 to 2019 by HIV status estimated using
the model without an interaction are presented in Figure 3.

Sensitivity analyses

The estimated ORs were generally consistent between
the primary matched analyses and sensitivity analyses
using the eligible dataset before MI and the full dataset
after MI with and without matching. The estimated
RRs for the associations of HIV status in the matched
analyses were attenuated relative to the estimated ORs
[HIV status-adjusted, population-averaged RR (in-ICU
mortality): 1.57 (95% bootstrap CI: 1.01–2.37); HIV
status-adjusted, population-averaged RR (in-hospital
mortality): 1.63 (1.10–2.32)], as expected given the high

prevalence of the short-term mortality outcomes over
the study period.

DISCUSSION

Our study aimed to compare short-term mortality between
people with and without HIV admitted to our ICU
over the period 2000–2019. We estimated that, on average,
people with HIV had 1.69-fold and 1.86-fold higher odds
of in-ICU and in-hospital mortality than people without
HIV, respectively, after adjusting for key confounders, and
trends in these outcomes over time did not differ signifi-
cantly. Therefore, despite advances in ART and intensive
care management, people with HIV continue to remain at
an increased risk of short-term mortality relative to people
without HIV, with similar demographic characteristics
during the period 2000–2019 in our ICU cohort.

Short-term mortality decreased for both people with and
without HIV admitted to our ICU. This is consistent with
declining trends in in-ICU and in-hospital mortality
reported in the general population despite an increase in
disease severity and age-related comorbidities [18, 19]. Simi-
lar improvements in survival are documented also among
people with HIV admitted to ICU [2, 5, 11, 20]. The overall
in-ICU and in-hospital mortality in our cohort are similar to
a previous UK-based retrospective study using data collected
between 1999 and 2009 which found in-ICU and in-hospital
mortality rates of 31% and 43%, respectively, for people with
HIV, compared with 20% and 26% for general medical
patients in their ICU cohort [11]. Advances in both ART
and intensive care strategies since the end of this previous
study may help to explain the slightly lower short-term mor-
tality seen in people with and without HIV in our ICU
cohort (using data on our cohort before missing data exclu-
sions prior to matching). It is also important to acknowledge
that, among other factors, improvements in survival among

FIGURE 2 Estimated association of HIV status (referent: people without HIV), and p-values for the association of HIV status and HIV

status � year interaction from analyses before and after multiple imputation [odds ratios and 95% confidence intervals (CIs)]. *p-value for

the HIV status association from a model without an HIV status � calendar year interaction.
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patients with and without HIV admitted to ICU and differ-
ences in short-term mortality between ICUs/studies are also
influenced by local admission and discharge policies [21].

Despite observed and estimated improvements
in survival for both groups, people with HIV had persis-
tently higher probabilities of both in-ICU and in-hospital
mortality over the 20-year period in our ICU cohort. This
is consistent with previous population-based reports of
persistently higher short-term mortality for people with
HIV compared with demographically and/or clinically
similar people without HIV [22–24]. This is also consistent
with studies that compared people with and without HIV
admitted to ICU reporting higher in-ICU and in-hospital
mortality relative to people without HIV [8, 9]. By contrast,
several previous ICU-/hospital-based studies have reported
either lower [7] or no difference [10, 11, 25] in short-term
mortality for people with HIV relative to people without
HIV. However, these studies often included heterogenous
patient populations of people with and without HIV that
were not matched or did not appropriately handle

confounding using other approaches (e.g. regression adjust-
ment) and/or similar to our cohort, making it difficult to
compare our results directly. Additionally, we emphasize
that one cannot infer from our data whether differences in
short-term mortality within and across ICUs/studies arise
from possible health inequalities and/or inequities between
these two groups. This would require future research stud-
ies to retrieve more comprehensive data on a number of
measures, including critical care policies, potential HIV-
related stigma in ICU(s) and patient lifestyle and socioeco-
nomic variables [26].

One area of research that we were not able to explore is
whether there were differences in primary admission diag-
noses and other measures of severity of illness and organ
dysfunction, such as need for mechanical ventilation,
between people with and without HIV. It has been previ-
ously reported that reasons for ICU admission are becoming
similar in people with and without HIV, with most patients
admitted due to acute respiratory failure and bacterial sep-
sis [2]. While we have included APACHE II as a measure of
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FIGURE 3 Population-averaged predicted (using model without interaction) probabilities of intensive care unit (in-ICU) and in-hospital

mortality by HIV status [and 95% confidence intervals (CIs)] from the logistic regressions fitted using independence estimating equations

without an interaction between HIV status � year, adjusted for age, sex, year and APACHE II (single-year increments).
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disease severity, it has not been prospectively validated in
critically ill people with HIV; APACHE II, however, is
widely accepted to be accurate in predicting ICU mortality
in people with HIV in the ART era [27, 28]. In addition, we
were not able to retrieve data on specific comorbidities and
severity of illness and organ dysfunction factors which are
key predictors of in-ICU mortality for both people with and
without HIV, such as cancer, sepsis and need for mechani-
cal ventilation [2, 25, 29].

While we focused on short-term mortality in general,
further exploration of trends and differences in specific
causes of death would be useful, particularly given the
decline in HIV-related causes of death among people with
HIV admitted to ICU. Therefore, future studies should
retrieve comparable and reliable data on primary admission
diagnoses, states of immunosuppression, measures of sever-
ity of illness and organ dysfunction and cause of death.
These can provide a more comprehensive clinical descrip-
tion of the patient population under study and be used to
describe general short-term mortality, specific cause of death
and their trends over time, as well as assessing whether dif-
ferences in trends exist between people with and without
HIV for a given condition or comorbidity.

Although previous studies have compared short-
term mortality between people with and without HIV,
the key strength of our study is the 20-year period,
which to our knowledge has not been considered by
previous ICU-/hospital-based studies comparing short-
term mortality between people with and without HIV.
Another key strength is our use of analyses that appro-
priately accounted for matching in our inferences and
was further bolstered by sensitivity analyses that
accounted for missing data.

However, we must acknowledge important limita-
tions to our study. Most importantly, matching on age,
sex, year and APACHE II was probably not sufficient to
fully account for confounding; as such, our results may
only be interpreted as associational rather than causal
and should not be used alone to guide policy-making
or clinical decision-making. There are important unmea-
sured confounders that future studies should consider,
such as ethnicity/race and socioeconomic status [30–32].
Furthermore, other factors may also have changed over
the 20-year period, including clinical and non-protocolized
ICU admission practices and/or methods of data collec-
tion, which may have introduced sampling bias or affected
the accuracy of the retrospective data sources used [12].
While our models considered a linear trend of the
associations of in-ICU and in-hospital mortality out-
comes over time in order to ensure interpretability, a
non-linear term for calendar year may be preferable.
Although we have previously reported data on primary
ICU admission diagnoses for the people with HIV in our

study [4], we were not able to retrieve comparable data
for the group of people without HIV. In assessing
changes in the associations of HIV status with ICU out-
comes, we recognize that our ‘exposure’ (HIV status)
captures not only the direct biological effects of infec-
tion (e.g. immunosuppression, exposure to viraemia)
but also possible consequences of ART and management
strategies. Lastly, this was a single-centre study conducted
in the ICU of a large hospital that is experienced in HIV
care; with a relatively small sample size accounted for in
the primary matched analysis, and a small sample size of
people with HIV overall, this limited both the power and
generalizability of the results to other ICU populations of
people with and without HIV.

CONCLUSION

In conclusion, despite similar declining trends in short-term
mortality for both people with and without HIV admitted to
our ICU, as well as advances in both ART and intensive care
management, people with HIV had persistently higher prob-
abilities of short-term mortality relative to people without
HIV between 2000 and 2019 in our ICU cohort. It is hoped
that our robust analyses will motivate continued epidemio-
logical and clinical research in this area. We also hope that
researchers will conduct similar observational studies,
appropriately controlling for confounding, to generate a
more comparable evidence base in order to better inform
intensive care strategies. Moreover, although data were not
retrievable from additional ICUs for this study, future stud-
ies should explore the possibility of including data from
multiple ICUs, with a similar 20-year or longer study period.
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