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Abstract

Objectives: Despite improvements in survival of people with HIV admitted to
the intensive care unit (ICU), late diagnosis continues to contribute to in-ICU
mortality. We quantify the population attributable fraction (PAF) of in-ICU
mortality for recent late diagnosis among people with HIV admitted to a
London ICU.

Methods: Index ICU admissions among people with HIV were considered
from 2000 to 2019. Recent late diagnosis was a CD4 T-cell count < 350 cells/pL
and/or AIDS-defining illness at/within 6 months prior to ICU admission.
Univariate comparisons were conducted using Wilcoxon rank-sum/Cochran-
Armitage/y*/Fisher's exact tests. We used Poisson regression (robust standard
errors) to estimate unadjusted/adjusted (age, sex, calendar year of ICU admis-
sion) risk ratios (RRs) and regression standardization to estimate the PAF.
Results: In all, 207 index admissions were included [median (interquartile
range) age: 46 (38-53) years; 72% male]; 58 (28%) had a recent late diagnosis,
all of whom had a CD4 count < 350 cells/pL, and 95% had advanced HIV
(CD4 count < 200 cells/pL and/or AIDS at admission) as compared with 57%
of those who did not have a recent late diagnosis (p < 0.001). In-ICU mortality
was 27% (55/207); 38% versus 22% in those who did and did not have a recent
late diagnosis, respectively (p = 0.02). Recent late diagnosis was independently
associated with increased in-ICU mortality risk (adjusted RR = 1.75) (95% con-
fidence interval: 1.05-2.91), with 17.08% (16.04-18.12%) of deaths being attrib-
utable to this.

Conclusions: There is a need for improved public health efforts focused on
HIV testing and reporting of late diagnosis to better understand potentially
missed opportunities for earlier HIV diagnosis in healthcare services.
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INTRODUCTION

It has been over a decade since the consensus definition
of late HIV diagnosis was published in HIV Medicine,
with this being defined as a CD4 T-cell count < 350 cells/
pL or having an AIDS-defining event regardless of CD4
count at the time of HIV diagnosis [1]. This definition
has enabled comparable longitudinal monitoring and
evaluation of public health initiatives aimed at earlier
HIV diagnosis and initiation of combination antiretrovi-
ral therapy (cART) [2-5]. Despite this, 42% of all new
HIV diagnoses in England were made late in 2020,
increasing the risk of potentially preventable mortality,
morbidity and onward transmission [6-8].

Previous studies have reported that late diagnosis is
associated with an increased risk of requiring specialist
care and intensive care unit (ICU) admission while in hos-
pital, often due to advanced immunosuppression and dis-
ease progression [9-11]. Consequently, those diagnosed
late tend to have higher rates of secondary/tertiary health-
care utilization, and thus direct medical costs to healthcare
systems primarily due to in-patient costs [12-14].

It is important to quantify the potentially preventable
deaths among people with HIV in the ICU that are attribut-
able to late diagnosis, as late diagnosis is an acknowledged
risk factor for in-ICU mortality [15]. These data may be used
to inform public health efforts aimed at earlier HIV diagnosis
in all healthcare services, including ICUs [16]. Previous stud-
ies have analysed in-hospital and/or in-ICU mortality out-
comes among people with HIV [17-20] and have estimated
the attributable risk of mortality to late diagnosis in general
populations of people with HIV [21-25]. However, there are
no studies that have quantified the population attributable
fraction (PAF) of in-ICU mortality to late diagnosis.

Thus, the aim of this study was to estimate the risk of
in-ICU mortality associated with and attributable to a
recent late diagnosis in the period leading up to ICU
admission using data from a cohort of people with HIV
admitted to the Royal Free Hospital (RFH; London, UK)
ICU between 2000 and 2019.

METHODS
Study design and participants

We analysed data from electronic health records of unse-
lected people with HIV (> 18 years old) admitted to the

RFH ICU between 1 January 2000 and 31 December
20109.

The RFH's Freenet ICU information system was used
to obtain data on ICU admissions, including underlying
diagnosis requiring ICU admission. RFH's ICU Intensive
Care National Audit & Research Centre (ICNARC) sub-
mission records over the study period were used to obtain
data on patient characteristics measured at ICU admis-
sion, including sex (at birth), age and Acute Physiology
and Chronic Health Evaluation (APACHE II) score. The
RFH WinPath (CliniSys, Chertsey, UK) blood results sys-
tem, supplemented by the ICU discharge summary docu-
mentation available on Freenet ICU, was used to obtain
data on the date of HIV-1 infection diagnosis, CD4 count
(cells/pL), HIV-1 viral load (VL) (RNA copies/mL) and
CcART status.

Variable definitions

In the absence of data on CD4 count at HIV diagnosis,
and as our primary interest was in people who were diag-
nosed late just prior to or at ICU admission in whom the
risk of mortality would be expected to be particularly
high [21, 26], we retrospectively identified individuals
with an HIV diagnosis within 6 months of their index
ICU admission and where the person had (1) a CD4
count < 350 cells/pL. at ICU admission, and/or (2) an
underlying diagnosis requiring ICU admission that was
an AIDS-defining illness as defined by US Centers for
Disease Control and Prevention (CDC) [27] regardless of
CD4 count (Figure 1). Individuals who did not meet these
criteria were considered not to have a recent late diagno-
sis, as were those with missing data on CD4 count but
with a HIV diagnosis date more than 6 months prior to
ICU admission, or missing data on HIV diagnosis date
but with a CD4 count > 350 cells/pL. Those with missing
data on both HIV diagnosis date and CD4 count, an HIV
diagnosis date in the 6 months prior to ICU admission
and missing CD4 count, or a CD4 count < 350 cells/pL
and missing HIV diagnosis date were excluded from the
primary analysis, as we could not be certain of their
recent late diagnosis classification. However, those
excluded were included in sensitivity analyses as
described in the following.

People were classified as having advanced HIV at
admission if they had a CD4 count < 200 cells/pL and/or
an AIDS-defining illness. People were classified as having
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Example patient defined as being recently diagnosed late:

Diagnosed

.
h- CD4 count: 250 cells/L

ICU admission

5 months

with HIV

Example patient defined as being not recently diagnosed late:

Diagnosed 10 months

S -
CD4 count: 325 cells/uL

ICU admission

with HIV

Exclusions due to indeterminable recent late diagnosis classification:

Scenario 1

Missing data on both HIV
diagnosis date and CD4

Scenario 2

HIV diagnosis date in the 6 months
prior to ICU admission but missing
count data on CD4 count

Scenario 3

CD4 count < 350 cells/uL
but missing HIV diagnosis date

FIGURE 1

an undetectable VL if their VL was < 50 copies/mL at
ICU admission. Lastly, people were classified as taking
any form of cART if they had (1) data on cART start date
pre-dating ICU admission; or (2) a VL < 1000 copies/mL
at ICU admission but no cART date, as it was considered
unlikely that these patients exhibiting viraemic control
were not on any form of cART.

Statistical analyses

We summarized data on patient characteristics and out-
comes collected at ICU admission by recent late diagnosis
group using counts (proportions) for categorical variables
and medians [interquartile ranges (IQRs)] for continuous
variables; univariate comparisons were conducted using
Wilcoxon rank-sum, x> and Fisher's exact tests, as appro-
priate. The Cochran-Armitage test was used to test for a
difference in (linear) trend between late diagnosis groups
across five 4-year groups based on ICU admission date
over the 20-year study period.

We estimated the unadjusted and adjusted relative
risk of in-ICU mortality (i.e. outcome) comparing the two
recent late diagnosis groups in terms of risk ratios (RRs)
using Poisson regression fitted with robust standard
errors [28]. Adjusted analyses included: linear calendar
year of ICU admission date (continuous), age (continu-
ous) and sex (binary). We did not adjust for clinical fac-
tors such as APACHE II score, advanced HIV and/or
undetectable VL, as we considered these variables to be

Schematic defining recent late diagnosis retrospectively from ICU admission

strongly influenced by a recent late diagnosis and thus
adjustment for them would remove the association of
interest.

Following Poisson regression, regression standardiza-
tion was used to estimate unadjusted and adjusted PAFs
of in-ICU mortality for recent late diagnosis. The PAF
was of interest because it quantifies the proportion of in-
ICU deaths in our total study population that can be
attributed to recent late diagnosis. We followed the
Greenland and Drescher method for cohort studies to
estimate the PAF [29]; this approach has been applied
using regression standardization [30]. We wused the
stdReg package in R to compute Wald-type confidence
intervals (CIs) for the PAF using the delta method [31].

Sensitivity analyses

Bootstrap CIs (bsCIs; bias-corrected and accelerated
method) based on 1000 bootstrap replicates were calcu-
lated for the PAF, as the asymptotic normality assump-
tion of the Wald-type CIs might not be met given our
relatively small sample size.

To assess the sensitivity of results when considering
all patients who died in hospital, not only in the ICU, we
conducted an analysis on the attributable risk of in-
hospital mortality to recent late diagnosis and estimated
the PAF. In addition, to assess the sensitivity of results to
missing data in the exposure, we conducted a multiple
imputation analysis using the Substantive Model
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Compatible Fully Conditional Specification approach
under a missing at random assumption [32]. Further
details are provided in the Appendix S1.

All analyses were performed using R version 4.1.0,
with two-sided p-values < 0.05 considered to be statisti-
cally significant [33].

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 col-
lected were anonymized at the point of capture.

RESULTS
Patient characteristics

Of the 221 people with HIV (> 18 years old) admitted to
ICU over the 20-year study period, 207 were included in
the primary analyses (index admission only). At ICU
admission, the median (IQR) age of patients was
46 (38-53) years, most (72%) were male, a relatively large
proportion of admission diagnoses were lower respiratory
tract [31%; e.g. Pneumocystis jirovecii pneumonia (PCP)]
or other infections (13%; e.g. septic shock), the median
(IQR) APACHE 1II score was moderately high at 19 (14-
25), and the number of admissions was highest in 2016—
2019 (n = 59). For HIV-specific characteristics measured
at ICU admission, the median (IQR) time since HIV diag-
nosis was 6 (0-14) years, two-thirds had advanced HIV
(67%), 45% had an undetectable VL (< 50 copies/mL), the
median (IQR) CD4 count was low at 122 (29-297) cells/pL,
and 74% were receiving cART (or 53% overall had data
available on cART start date) (Table 1).

Over one-quarter (28%, 58/207) had a recent late diag-
nosis, of whom 10 (17%) were diagnosed at ICU admis-
sion [vs. 1 (1%) of those not recently diagnosed late;
p < 0.001], all had a CD4 count < 350 cells/pL and most
(95%) had advanced HIV (vs. 57% of those not recently
diagnosed late with advanced HIV; p < 0.001). Among
the 149 people without a recent late diagnosis, 10 either
had a CD4 count >350 cells/uL and a missing HIV diag-
nosis date (n = 7) or an HIV diagnosis more than
6 months prior to ICU admission and a missing CD4
count (n = 3); two were diagnosed with HIV within
6 months of ICU admission but with a CD4 count > 350
cells/pL (no AIDS-defining illness); and the remaining
137 were diagnosed more than 6 months prior to admis-
sion (106 with a CD4 count < 350 cells/pL, 31 with a
CD4 count > 350 cells/uL). There were no statistically

significant differences between the two groups for
median age [44 years (recently diagnosed late) vs.
46 years (not recently diagnosed late); p = 0.11], the pro-
portion who were male (66% vs. 74%; p = 0.23), median
APACHE 1II score (21 vs. 19; p = 0.28), and the distribu-
tion of main diagnosis category (p = 0.14) and year of
admission (p = 0.81). However, as expected, those
recently diagnosed late tended to include fewer people
with an undetectable VL (9% vs. 58%; p < 0.001) and they
were less likely to be receiving cART (33% vs. 88%;
p < 0.001) [or to have data available on cART start date
(14% vs. 68%; p < 0.001)] (Table 1).

Clinical outcomes

Overall, the median (IQR) length of stay was 5 (2-12)
days and 27% died in ICU. Those recently diagnosed late
had a higher median length of stay (6 vs. 4 days;
p = 0.02) and a higher proportion of patients who died in
ICU (38% vs. 22%; p = 0.02) (Table 1). Before adjustment,
it was estimated that those recently diagnosed late had a
71% higher risk of in-ICU mortality compared with those
not recently diagnosed late [crude RR = 1.71 (95% CIL
1.10-2.68)]. After adjustment for age, sex and calendar
year (of ICU admission date), this estimate was slightly
amplified to 75% [adjusted RR = 1.75 (95% CI: 1.05-
2.91)] and recent late diagnosis was independently associ-
ated with in-ICU mortality (Table 2).

Using regression standardization and considering the
total study ICU population of people with HIV, it was
estimated that nine of the 55 in-ICU deaths [or 16.64%
(95% CI: 15.60-17.69), i.e. PAF] can be attributed to
recent late diagnosis before adjustment for potential con-
founders. After adjustment for age, sex and calendar year,
the estimated PAF was similar at 17.08% (95% CI: 16.04—
18.12), or nine of the 55 in-ICU deaths being attributable
to recent late diagnosis (Table 2).

The calculated 95% bsCls based on 1000 bootstrap rep-
licates were much wider than Wald-type CIs before (95%
bsCI: 2.59-33.51) and after (95% bsCI: 2.81-33.18) adjust-
ment, but the conclusions remained the same. Findings
considering in-hospital mortality as the outcome and after
multiple imputation were consistent with the results sum-
marized earlier; however, primarily for the multiple impu-
tation analysis, the point estimates were attenuated and
the CIs were wider (see Appendix S1).

DISCUSSION

We aimed to quantify the risk of in-ICU mortality among
people with HIV associated with and attributable to late
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TABLE 1 Summary of patient characteristics, year of admission and clinical outcomes

Characteristic [n (%) or Not recently diagnosed Recently diagnosed
median (IQR)] Overall (n = 207) late (n = 149) late (n = 58) p-value
Demographic factors
Age (years) 46 (38-53) 46 (40-54) 44 (36-52) 0.11
Male (sex at birth) 148 (71.5%) 110 (73.8%) 38 (65.5%) 0.23
Clinical factors
APACHE II 19 (14-25) 19 (13-25) 21 (14-26) 0.28
Missing 10 6 4
Advanced HIV? 138 (67.3%) 83 (56.5%) 55 (94.8%) < 0.001
Missing 2 2 0
Undetectable (VL < 50 copies/mL) 90 (45.0%) 85 (58.2%) 5(9.3%) < 0.001
Missing 7 3 4
CD4 count at admission 122 (29-297) 190 (64-380) 32 (12-83) < 0.001
Missing 3 3 0
Receipt of CART 147 (73.5%) 129 (88.4%) 18 (33.3%) < 0.001
Available cART start date? 109 (52.7%) 101 (67.8%) 8 (13.8%) < 0.001
Missing 7 3 4
Time since HIV diagnosis (days) 1996 (67-4997) 3303 (1648-6322) 24 (3-47) < 0.001
Missing 7 7 0
Primary diagnosis at admission category
Cardiovascular 7 (3.4%) 6 (4.0%) 1(1.7%) 0.14
Gastrointestinal 23 (11.1%) 18 (12.1%) 5(8.6%)
Infection 27 (13.0%) 18 (12.1%) 9 (15.5%)
Lower respiratory tract infection 65 (31.4%) 43 (28.9%) 22 (37.9%)
Neurological 20 (9.7%) 12 (8.1%) 8(13.8%)
Oncological/haematological 18 (8.7%) 11 (7.4%) 7 (12.1%)
Renal 12 (5.8%) 10 (6.7%) 2(3.4%)
Other” 35 (16.9%) 31 (20.8%) 4(6.9%)
Year of admission®
2000-2003 19 (9.2%) 14 (9.4%) 5 (8.6%) 0.81
2004-2007 42 (20.3%) 26 (17.4%) 16 (27.6%)
2008-2011 43 (20.8%) 37 (24.8%) 6 (10.3%)
2012-2015 44 (21.3%) 33 (22.1%) 11 (19.0%)
2016-2019 59 (28.5%) 39 (26.2%) 20 (34.5%)
Clinical outcomes
Length of stay (days) 5(2-12) 4(2-12) 6 (3-17) 0.02
Died in ICU 55 (26.6%) 33(22.1%) 22 (37.9%) 0.02

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; cART, combination antiretroviral therapy; IQR, interquartile range; VL, viral
load; ICU, intensive care unit.

4CD4 count < 200 cells/pL and/or an AIDS-defining illness at admission.

"The “other” category primarily includes those recovering from operation [22/35 (62.9%)]. There were 7/35 (20.0%) patients with an intentional drug overdose;
and it is important to note that no patients had an immune reconstitution inflammatory syndrome (IRIS)-related diagnoses.

p-value is based on a Cochran-Armitage test for linear trend using the 4-year groups, not single calendar years.

dWhether or not a patient has a cART start date available regardless of VL (no missing data on this variable, while there is missing data when determining
receipt of cART considering VL as well).
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TABLE 2
(complete case analysis)

Crude

Parameter Estimate (95% CI)
(a) RR, recent late diagnosis

No Ref.

Yes 1.71 (1.10-2.68)
(b) PAF of in-ICU mortality for recent late diagnosis

PAF (%) - Wald-type Cls 16.64 (15.60-17.69)

PAF (%) — bootstrap CIs 16.64 (2.59-33.51)

Unadjusted and adjusted results from the Poisson regression (robust standard errors) and regression standardization analyses

Adjusted age | sex 4 linear calendar year

p-value RR (95% CI) p-value
Ref.
0.02 1.75 (1.05-2.91) 0.03

= 17.08 (16.04-18.12) =
- 17.08 (2.81-33.18) -

Abbreviations: CI, confidence interval; RR, risk ratio; PAF, population attributable fraction.

diagnosis within 6 months prior to or at ICU admission.
We estimated that in an already critically ill population
of people with HIV, those with a recent late diagnosis
had a 75% higher risk of in-ICU mortality relative to
those who did not have a recent late diagnosis; and 17%
of in-ICU deaths could have potentially been prevented if
these recent late diagnoses had been avoided, adjusting
for age, sex and calendar year of ICU admission. This
means that approximately nine of the 55 deaths poten-
tially could have been avoidable in this population of
people with HIV admitted to the RFH ICU between 2000
and 2019. Although this number may seem modest, this
result highlights that even in a population of people with
HIV admitted to the ICU with an already poor prognosis,
in-ICU mortality continues to be attributable to recent
late diagnosis, a preventable risk factor for in-ICU mor-
tality that may be avoidable by earlier HIV testing and
diagnosis.

The persistent problem of late diagnosis and its associ-
ation with an increased risk of mortality among people
with HIV in general is well documented [8, 21, 22, 34-37].
A 10-year study using data collected between 1999 and
2008 from a national cohort of people with HIV in
England and Wales estimated that 60% of all-cause mortal-
ity was attributable to late diagnosis [38]. Another study in
Singapore that used data collected between 2012 and 2016
from a cohort of their population of people with HIV esti-
mated that 78% of short-term mortality was attributable to
late diagnosis [23]. These previous studies on general
populations of people with HIV are informative and our
findings are consistent with these studies in relation to late
diagnosis generally being associated with an increased risk
of mortality and resulting in potentially avoidable excess
deaths. However, our findings are not directly comparable
to these previous studies that used data collected from gen-
eral populations of people with HIV, and our estimated
PAF of in-ICU mortality for recent late diagnosis is mark-
edly lower than the estimates of the previous studies

noted. We believe this is because our total study popula-
tion comprises people with HIV with an already poor
prognosis that required admission to ICU, and our study
outcome is specific to in-ICU mortality.

When considering studies specific to ICU populations
of people with HIV, it is evident that these people are
now presenting to care with non-AIDS-related events,
and short-term mortality has markedly improved in these
populations, often owing to advances in ICU clinical
practices and better access to cART [10, 39-42]. We
recently presented findings using data from the same
cohort as in this paper that provide further evidence of a
marked improvement in in-hospital and in-ICU survival
among people with HIV since 2000 [43]. Despite this, the
number of ICU admissions for people with HIV has
remained relatively stable [44].

Late diagnosis remains a major risk factor for both
ICU mortality and ICU admission, where it has been
reported that people diagnosed late have a nearly nine-
fold increased risk of ICU admission compared with
those not diagnosed late [9, 15]. In our present study,
28% of people admitted to ICU were diagnosed late
within 6 months prior to or at their index ICU admission.
There was no statistically significant reduction in the pro-
portion recently diagnosed late over the study period
(2000-2019), although it varied over this time, increasing
from 26% in 2000-2003 to 34% in 2016-2019. Most of
those with a recent late diagnosis presented to ICU with
advanced HIV, a primary diagnosis of lower respiratory
tract (e.g. PCP) or other infection (e.g. septic shock), a
detectable VL (> 50 copies/mL) and severe immunosup-
pression based on CD4 count. The clinical characteristics
of those with a recent late diagnosis are unsurprising, as
a high proportion of opportunistic infections such as PCP
and advanced HIV among patients with a recent HIV
diagnosis presenting to ICU has been reported previously
[18]. The median length of stay was higher for those
recently diagnosed late (6 vs. 4days), indirectly
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suggesting greater ICU utilization and, thus, likely higher
medical costs among this group. This aligns with previ-
ous studies that reported higher healthcare utilization
and medical costs among those diagnosed late
[12, 13, 45]. The proportion who died in the ICU among
those recently diagnosed late in our study population
(38%) is comparable to two previous studies in the UK
that reported the in-ICU mortality of patients with newly
diagnosed HIV after hospitalization and who were also
all probably diagnosed late, where estimates were 31%
[17] and 26% [46]. The proportion in our study is possibly
higher because we considered diagnoses within 6 months
prior to or at ICU admission. However, care is also
needed when comparing our results with other ICU-/hos-
pital-based studies, as the differences could also be due to
differences in the time period(s) examined, patient demo-
graphics, and ICU admission criteria and clinical prac-
tice. Furthermore, our focus on recent late diagnosis
means that our PAF may be underestimated if those diag-
nosed late more than 6 months before admission con-
tinue to experience poor ICU mortality outcomes.

Although the previous studies summarized above
have shown that in-ICU mortality can be linked to recent
late diagnosis, we did not identify any studies on in-ICU
mortality that specifically quantified comparable mea-
sures of risk of in-ICU mortality. Therefore, although our
data may be perceived as largely confirmatory that people
diagnosed late have an increased risk of in-ICU mortality,
the quantification of the ICU population impact of recent
late diagnosis using the PAF is a unique feature of our
work. In this context, the results of our study also indi-
cate that there is a need for public health interventions
aimed at scaling up access to and uptake of HIV testing
in primary and secondary healthcare services (including
prior to the escalation of care to ICU) to help ensure
prompt recognition and treatment of HIV and thus pre-
vent the progression to critical illness. Such interventions
would aid in reducing the proportion of those diagnosed
late being admitted to ICU, and thus in reducing medical
costs; and, most importantly, avoid potentially prevent-
able in-ICU deaths. Additionally, with no notable decline
in the ICU admission rate of people with HIV and the
Increased risk of ICU admission and mortality among
those diagnosed late, it is important to continue to
involve infectious disease specialists early when provid-
ing critical care to people with HIV.

One area of research that requires further study that we
were not able to explore due to data limitations is the occur-
rence of missed opportunities for HIV testing among those
admitted to ICU who are diagnosed late. The British HIV
Association (BHIVA) Standards of Care recommends that a
critical case (or ‘look back’) review be conducted to better
understand whether missed opportunities for HIV testing

were likely [47]. Previous studies have reported that around
60% of people diagnosed late experience missed opportuni-
ties for HIV testing, with most occurring in non-specialist
primary care settings [11, 48]. However, there are many
missed opportunities for HIV testing that occur among peo-
ple admitted to hospital. It has been reported that only
about 5% of patients admitted to a large UK ICU who quali-
fied for HIV testing according to UK HIV testing guidelines
were tested, of whom approximately 7% tested positive [49].
Therefore, we encourage future studies to obtain data on
look-back reviews conducted in ICU populations to better
understand missed opportunities for HIV testing. This may
identify the most appropriate care settings on which to
focus HIV testing initiatives in this population of critically
ill people with HIV, to ensure earlier HIV diagnosis and
timely entry into the HIV care pathway, as well to avoid
potential preventable deaths.

A key strength of our work is that it is the first study
to provide an estimate of PAF of in-ICU mortality for
recent late diagnosis among people with HIV admitted to
ICU using data from a cohort at a large hospital in
London, UK, over a 20-year period. Another strength is
that we conducted a sensitivity analysis on missing data
in the exposure to ensure robustness of our results to
potential bias due to missingness.

However, our study is not without its limitations. ICU
admission was not protocolized and based on the discre-
tion of the on-call intensivist for a particular day of
admission over the study period, and thus the likely exis-
tence of varying clinical and/or physiological thresholds
for admission introduced selection/sampling bias. This
has probably biased the results towards the null com-
pared with studies on attributable risk of all-cause mor-
tality to late diagnosis in general populations of people
with HIV. This is probably because our study population
was likely to have a higher proportion of deaths among
those not recently diagnosed late than would be observed
in the general population of people with HIV. Thus, this
limits the generalizability of our findings to other popula-
tions of people with HIV and mortality in general. We
note that our analyses, which are based on a population
of people admitted to ICU, will not capture any deaths
following late diagnosis that are not associated with an
ICU admission. Additionally, this is a single-centre study
conducted in an ICU at a hospital experienced in HIV
care with a relatively small sample size, limiting both the
power and the generalizability of the results to other ICU
populations of people with HIV. Although data were not
retrievable from additional hospitals/centres for this
study, we suggest that future studies explore the possibil-
ity of including data from multiple hospitals/centres.

Furthermore, we retrospectively classified a recent
late diagnosis as one that occurred within 6 months prior
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to or at ICU admission. We recognize that this does not
exactly align with the consensus definition that classifies
late diagnosis based on a CD4 count < 350 cells/pL or
presentation to care with an AIDS-defining illness at or
near the HIV diagnosis date. However, historic informa-
tion on CD4 counts at the time of HIV diagnosis may
often be unavailable to those providing care to people
with HIV admitted to ICU. Given that the highest mortal-
ity risk associated with late diagnosis has been reported
to be during the first 6-12 months, we used a modified
definition of ‘recent late diagnosis’ to provide a prag-
matic definition that would have clinical relevance to the
ICU care setting. The results of our study rely on the
assumption of no unmeasured confounding. We were not
able to account for important confounders such as acqui-
sition risk, drug use, ethnicity/race, immigration status
and socioeconomic status. We acknowledge that we can-
not rule out the possibility that a combination of unmea-
sured confounders could explain away the effect of late
diagnosis. Therefore, we recommend that future studies
retrieve data on potential confounders not accounted for
in our study. Lastly, the results also rely on the accuracy
of the observed covariates gathered from retrospective
data sources.

CONCLUSIONS

The results from this analysis estimated that a recent late
diagnosis of HIV is associated with an increased risk of
in-ICU mortality and that a moderate number of in-ICU
deaths among people with HIV admitted to the RFH ICU
between 2000 and 2019 can be attributed to recent late
diagnosis within 6 months prior to or at ICU admission.
These deaths could have potentially been avoided by ear-
lier HIV testing, diagnosis and cART initiation. Our find-
ings further support the need for improved public health
efforts focused on earlier HIV testing and diagnosis to
prevent the progression of HIV resulting in critical illness
and potentially avoidable deaths in the ICU due to late
diagnosis in an era of highly effective cCART and advance-
ments in clinical practice and diagnostic technology.
Additionally, further research is needed on the character-
ization of missed opportunities for HIV testing among
people with HIV admitted to ICU.
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