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Late presentation to care and antiretroviral therapy (ART) initiation with advanced human immunodeficiency
virus (HIV) disease are common in Latin America. We estimated the impact of these conditions on mortality in the
region. We included adults enrolled during 2001-2014 at HIV care clinics. We estimated the adjusted attributable
risk (AR) and population attributable fraction (PAF) for all-cause mortality of presentation to care with advanced
HIV disease (advanced LP), ART initiation with advanced HIV disease, and not initiating ART. Advanced HIV
disease was defined as CD4 of <200 cells/uL or acquired immune deficiency syndrome. AR and PAF were
derived using marginal structural models. Of 9,229 patients, 56% presented with advanced HIV disease. ARs of
death for advanced LP were 86%, 71%, and 58%, and PAFs were 78%, 58%, and 43% at 1, 5, and 10 years
after enrollment. Among people without advanced LP, ARs of death for delaying ART were 39%, 32%, and 37%
at 1, 5, and 10 years post-enroliment and PAFs were 20%, 14%, and 15%. Among people with advanced LP,
ART decreased the hazard of death by 63% in the first year after enroliment, but 93% of these started ART; thus
universal ART among them would reduce mortality by only 10%. Earlier presentation to care and earlier ART
initiation would prevent most HIV deaths in Latin America.

acquired immune deficiency syndrome; adult; early diagnosis; HIV infection; Latin America; retrospective studies

Abbreviations: advanced LP, advanced disease with late presentation to care; AIDS, acquired immune deficiency syndrome; AR,
attributable risk; ART, antiretroviral therapy; CCASAnet, Caribbean, Central and South America network for HIV epidemiology;
HIV, human immunodeficiency virus; IPW, inverse-probability weighting; LI, late initiation of ART; LP, late presentation to
care; LTFU, lost to follow-up; NI, no ART initiation; PAF, population attributable fraction; PLWHIV, people living with human
immunodeficiency virus.

The use of combined antiretroviral therapy (ART) after
1996 was followed by an abrupt reduction in acquired
immune deficiency syndrome (AIDS) mortality (1), although
this was less dramatic in low- and middle-income countries
after the expansion of access to ART (2). Particularly,
mortality remains high in most of Latin America (3-6).
While the lower-than-expected impact of improved ART
access on mortality in our region has been attributed to the
frequency of late human immunodeficiency virus (HIV)

diagnosis and ART initiation (7), to our knowledge, no
formal assessment of the population impact of these factors
on mortality has been performed.

People living with HIV (PLWHIV) who are starting
ART in resource-poor settings have higher mortality during
the first months on therapy than do those in high-income
countries. Advanced immunosuppression when starting
ART is the main factor associated with these differences (8—
10). In Latin America, 37%—-76% of patients initiate ART
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with CD4 counts of <200 cells/uL (11, 12), and late ART
initiation is thought to be the main determinant of mortality
(13). Previous analyses, however, only considered patients
starting ART, although a high proportion of deaths could
occur before ART initiation (14). Here, we aimed to estimate
the potential impact that eliminating the combination of
presentation to care and starting ART with advanced HIV
disease would have on mortality among adults with HIV in
Latin America. Using the Caribbean, Central and South
America network for HIV epidemiology (CCASAnet)
cohort, we estimated the proportion of deaths attributable
to late presentation to care with advanced HIV disease
(advanced LP), initiating ART in this (late) stage (LI),
and the impact of not initiating ART (NI) in people with
advanced LP. As measures of impact, we estimated the
proportion of all deaths among people with advanced LP
and among the entire study population that could have
been prevented by earlier presentation (i.e., the attributable
risk (AR) and population attributable fraction (PAF),
respectively, of advanced LP on mortality). Similar measures
were used to estimate the impact of LI and NI. Both the
AR and the PAF are relevant to public health and consider
not only the magnitude of association between exposure
and outcome, but also the frequency of the exposure in the
population. The rationale for this study is to quantify the
potential public health benefit of implementing strategies
that reduce late diagnosis/linkage to care and reduce time to
ART initiation.

METHODS

Study design, cohort description,
and analytical approach

We used clinical data from PLWHIV receiving care in
6 centers of CCASAnet: Fundacién Huésped in Buenos
Aires (FH-Argentina); Instituto de Pesquisa Clinica Evandro
Chagas, Fundacdo Oswaldo Cruz in Rio de Janeiro (FC-
Brazil); Fundacién Arriardn in Santiago (FA-Chile); Insti-
tuto Hondurefio de Seguridad Social and Hospital Escuela
in Tegucigalpa (IHSS/HE-Honduras); Instituto Nacional de
Ciencias Médicas y Nutricién Salvador Zubiran in Mexico
City (INCMNSZ-Mexico); and Instituto de Medicina Tropi-
cal Alexander von Humboldt in Lima (IMTAvH- Peru) (15).
We included all ART-naive adults (aged >18 years), enrolled
in care between January 1, 2001, and December 31, 2014,
who had a CD4 count recorded between 360 days before and
90 days after enrollment.

We performed 3 sets of analyses. First, we estimated the
impact of advanced LP on mortality in the whole cohort,
regardless of ART initiation; second, we estimated the
impact of LI among those who presented without advanced
LP; and third, we estimated the impact of NI among people
with advanced LP.

Outcomes and definitions

The primary endpoint was all-cause mortality. Methods
for mortality ascertainment differed by cohort site, with
varying levels of patient tracing and/or linkage to national
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death registries (13). We defined LP as enrollment in partic-
ipating centers and having AIDS or a CD4 count of <350
cells/uL, and we defined advanced HIV disease as having
AIDS or a CD4 count of <200 cells/uL (16). Patients were
classified accordingly as LP with advanced HIV disease
(advanced LP) and as LI if starting ART with advanced HIV
disease. Patients enrolled with advanced LP that did not start
ART were defined as NI. We did our primary analysis based
on the impact of advanced LP and LI. In secondary analysis,
we assessed the impact of LP and late ART initiation (16).
AIDS was defined using Centers for Disease Control and
Prevention (category C) or World Health Organization (stage
4) criteria. Patients whose last visit occurred more than 1
year before cohort closure were considered lost to follow-
up (LTFU), and their data were censored at their last visit
date. Otherwise, individuals were followed until death or
administrative censoring. Analyses assessed the impact of
starting ART on mortality; any information on nonadherence
or discontinuation of ART after ART initiation was not
included.

Statistical analysis

The AR of mortality due to exposure (advanced LP,
advanced LI among patients without advanced LP, and
NI among those with advanced LP) was computed as the
difference in the estimated probabilities of death between
being exposed and being nonexposed divided by the
probability of death in the exposed. Hence, the AR estimates
can be interpreted as the proportion of deaths among people
with the exposure that can be attributed to the exposure itself,
or as the proportion of deaths that could had been averted
had there been no exposure (17). The PAF of exposure on
mortality was estimated using Miettinen’s formula (18).
The PAF can be interpreted as the proportion of deaths in
the entire study population that would have been prevented
had exposed patients not been exposed. We used inverse-
probability weighting (IPW) methods to correct for potential
selection biases (19).

Specifically, to assess the impact of advanced LP on mor-
tality, we estimated probabilities of mortality after enroll-
ment for all participants in the cohort using [IPW Kaplan-
Meier estimates. IPW for advanced LP was constructed
using logistic regression and including study site, enrollment
date, sex, and age. Age and enrollment date were included
in the model using restricted cubic splines with 5 knots, with
the number of knots selected as explained in Web Appendix
1 (available at https://academic.oup.com/aje) (20). We com-
puted the adjusted AR and PAF of death due to advanced LP
from the IPW Kaplan-Meier estimates of survival compar-
ing patients with and without advanced LP. We computed
confidence intervals using bootstrap techniques with 200
replications.

In the second analysis, among patients without advanced
LP, we estimated the impact of failing to start ART before
having advanced HIV disease; therefore, we included only
patients who presented to care with a CD4 of >200 cells/uL
and without AIDS. We used a dynamic marginal struc-
tural model to estimate probabilities of mortality over time
based on different treatment initiation conditions to correct
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selection biases arising from lack of randomization to time
of treatment initiation (19, 21). We compared the following
treatment initiation conditions: 1) start ART at a nonad-
vanced disease stage (CD4 of >200 cells/uL and no AIDS)
versus 2) start ART at an advanced HIV disease stage
(CD4 of <200 cells/uL or AIDS) (advanced LI)). This anal-
ysis was conducted using exposure time in each condition,
such that patients contributed follow-up time to the treatment
initiation condition with which their data were consistent,
and patients were artificially censored from specific treat-
ment conditions when their data no longer were consistent
with the condition (e.g., if someone started ART prior to
being in an advanced HIV disease stage, the patient would
be censored from condition 2 at the time of ART initiation;
when someone entered an advanced stage without having
started ART, they were censored from condition 1). Pooled
logistic regression (i.e., a discrete-time survival model) was
used to estimate the mortality hazard ratio of deferring
therapy. The pooled logistic regression model included time
(expanded using restricted cubic splines with 4 knots) and
was weighted by the inverse probability of not being cen-
sored (artificially or otherwise) at a given time point. Prior
to ART initiation or progression to advanced HIV disease,
the probability of not being artificially censored was set as
the inverse of the estimated cumulative probability of not
starting ART for patients in the advanced LI group. For
patients in the not-advanced LI group who had not yet started
ART, this was set as the inverse of the estimated cumula-
tive probability of not entering advanced HIV disease. The
probability of starting ART was estimated for those who
had not yet started ART using pooled logistic regression
and including time from enrollment, year of enrollment,
most recent CD4, time since most recent CD4 measurement,
age at enrollment, study site, and sex; continuous covariates
were expanded using restricted cubic splines with 4 knots.
The probability of progressing to advanced HIV disease
was estimated among those who had not started ART. The
predicted survival probability for those in the advanced LI
and not-advanced LI groups were estimated using a similar
model, except including an interaction between time from
enrollment and treatment condition. In all models, we used
log (time) and selected the number of knots as described
above (20). ARs and PAFs of mortality for LI and their
corresponding 95% confidence intervals were calculated as
previously explained, from the estimated probabilities of
death by treatment initiation condition, derived from the
dynamic marginal structural model.

In the third analysis, we assessed the impact of NI among
the advanced LP group. The goal was to compare the prob-
ability of mortality over time for advanced LP for imme-
diately starting ART versus never starting ART. We fitted a
standard marginal structural model (22), where the exposure
was starting ART. We adjusted for the same covariates
described above in our second analysis. The AR and PAF
were computed using estimates of the probabilities of mor-
tality predicted from the fitted marginal structural model,
and confidence intervals were computed using the bootstrap
with 200 replications. All primary analyses winsorized IPW
at the 2.5th and 97.5th percentiles; sensitivity analyses con-
sidered other percentiles.

In secondary analyses, we computed the population
impact of advanced LP on mortality under a more plausible
scenario of reducing advanced LP by approximately 50%.
In this calculation, we used the distribution of advanced LP
in the study population, the magnitude of the association
between advanced LP and death derived from the weighted
Kaplan-Meier estimates, and the expected attainable
reduction of advanced LP under normal programmatic
conditions (23). We chose an attainable 50% reduction
to achieve a prevalence of advanced LP of approximately
30%, because this is close to the overall prevalence reported
in Europe (24). We also repeated each set of analyses
using a CD4 count of <350 cells/uL. or AIDS to define
late presentation to care (LP) and late treatment initiation
(LI) in people presenting early to care. We computed
E values to assess sensitivity of results to unmeasured
confounding (25). We also repeated analyses excluding data
from INCMNSZ-Mexico because for most of the analysis
period, this site captured data only after patients were started
on ART. Analyses were performed in Mexico and the Data
Coordinating Center in the United States using R, version
1.2.1335 (R Foundation for Statistical Computing, Vienna,
Austria). Analysis scripts are available online (http://biostat.
mc.vanderbilt.edu/Archived Analyses).

Ethical considerations

Institutional ethics review boards from each participating
site and the data coordinating center reviewed and approved
procedures. We followed the principles outlined in the Dec-
laration of Helsinki by the 41st World Medical Assembly.

RESULTS

Baseline characteristics

We included 9,229 patients enrolled in care in 6
CCASAnet centers between 2001 and 2014 (Table 1).
Median age at enrollment was 34 years (interquartile range,
28-42) and 75% were men. Median CD4 at enrollment was
198 cells/uL (interquartile range, 68-381). Patients were
followed for a median of 4 years (interquartile range, 1-7).
Sociodemographic and clinical characteristics at enrollment
by exposure group are summarized in Web Table 1.

Frequency of advanced LP, advanced LI, and NI

There were 5,162 (56%) patients with advanced LP, of
whom 93% started ART. Among 4,067 patients without
advanced LP, 3,119 (77%) started ART, 82% (n = 2,571)
while they were asymptomatic, with a CD4 of >200 cells/uL.
(Figure 1). Sex, age, site, and year at enrollment were all
independently associated with advanced LP (Web Table 2).

Mortality

Seven hundred (7.6%) patients died during the study
period, and 1,717 (19%) were LTFU. Figure | shows the
proportion of deaths according to stage at enrollment
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Table 1.

Central and South America Network for HIV Epidemiology, 2000-2014

Demographic and Clinical Characteristics of 9,229 Patients Enrolled in Care in 6 Clinical Care Centers? Participating in the Caribbean,

Argentina Brazil Chile Honduras Mexico Peru All Sites
(n=1,636) (n=2,008) (n=1,415) (n=777) (n=786) (n=2,607) (n = 9,229)
Characteristic
No. % No. % No. % No. % No. % No. % No. %
Age, years® 36 (30-44) 34 (28-42) 34 (28-41) 36 (30-43) 33(28-41) 33 (27-41) 34 (28-42)
Male sex 1,175 72 1,435 71 1281 91 433 56 702 89 1926 74 6,952 75
CD4 at enroliment, cells/uL? 214 292 267 123 142 156 198 (68-81)
(81-366) (104-507) (96-453) (58-205) (43-309) (54-324)
AIDS® 353 22 562 28 355 25 291 37 432 55 948 36 2,941 32
AIDS or CD4 of <200 816 50 888 44 625 44 621 80 560 71 1,652 63 5,162 56
AIDS or CD4 of <350 1,197 73 1,215 61 896 63 738 95 664 84 2,087 80 6,797 74
Transmission route
Heterosexual 647 40 920 46 322 23 456 59 225 29 1,590 61 4,160 45
Homosexual 486 30 772 38 1,083 77 64 8 523 67 987 38 3,915 42
Other 115 7 33 2 5 <1 2 <1 17 2 23 1 195 2
Unknown 388 24 283 14 5 <1 255 33 21 3 7 <1 959 10
Lost to follow-up 625 38 174 9 187 13 152 19 106 13 473 18 1,717 19

Abbreviations: AIDS, acquired immune deficiency syndrome; HIV, human immunodeficiency virus; IQR, interquartile range.
@ Characteristics for patients included in the analysis according to site of enrollment in the Caribbean, Central and South America network

for HIV epidemiology cohort.
b Values are expressed as median (IQR)

¢ AIDS was defined using Centers for Disease Control and Prevention (category C) or World Health Organization (stage 4) criteria.

and ART initiation. Figure 2 shows the weighted survival
probabilities and hazard ratios after enrollment for people
with advanced LP compared with those without advanced
LP (Figure 2A), for advanced LI versus nonadvanced LI
among those without advanced LP (Figure 2B), and NI in
people with advanced LP compared with those that initiated
ART (Figure 2C).

Enrolled in Care (>2001)
(n =9,229 patients)

Potentially averted deaths if advanced LP, advanced LI,
and NI were eliminated

The AR and PAF of mortality for advanced LP, advanced
LI among people without advanced LP, and NI among
advanced LP are shown in Table 2. We estimated that elim-
inating advanced LP would have prevented 86%, 71%, and

Late Presentation
(CD4 <200 or AIDS at
Enrollment)
(n=5,162; 56%)

Presentation Not Late

(CD4 >200 and
Asymptomatic)
(n =4,067; 44%)

Started ART No ART Started ART

No ART

(n =4,809; 93%) (n =353;7%) (n=3,119; 77%)

(n =948; 23%)

Delayed
(CD4 >200 and
Asymptomatic)

Final Outcome
Death (n =111; 19%)
LTFU (n = 165; 47%)

Final Outcome
Death (n =473; 10%)
LTFU (n = 738; 15%)

ART Initiation Not

(n=2,571; 82%)

Disease Not Advanced
(CD4 >200 and
Asymptomatic)

(n =894; 94%)

Final Outcome
Death (n = 20; 2%)
LTFU (n = 359; 40%)

Final Outcome
—{ Death (n =53;2%) —
LTFU (n = 357; 14%)

(n =548; 18%)

Delayed ART Initiation
(CD4 <200 or AIDS)

Final Outcome
- Death (n =12; 22%)
LTFU (n = 20; 37%)

Advanced Disease in FU
(CD4 <200 or AIDS)
(n =54; 6%)

Final Outcome
— Death (n=31;6%) —
LTFU (n = 78; 14%)

Figure 1.

Distribution of patients enrolled in 6 human immunodeficiency virus (HIV) care centers in Latin America, according to stage of HIV

disease at enroliment and at antiretroviral treatment initiation, in the Caribbean, Central and South America network for HIV epidemiology cohort,
2001-2014. AIDS, acquired immune deficiency syndrome; ART, combined antiretroviral therapy; FU, follow-up; LTFU, lost to follow-up.
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Figure 2. Adjusted survival probability after enroliment in care in 6 HIV care centers, according to human immunodeficiency virus (HIV) disease
stage at enroliment and at treatment initiation, for participants in the Caribbean, Central and South America network for HIV epidemiology cohort,
2001-2014. A) Advanced late presentation (LP) versus LP without advanced disease (n = 5,162 patients vs. n = 4,067 patients). B) Advanced
late initiation of antiretroviral therapy (ART) (LI) versus LI without advanced disease among LP patients (n = 602 patients vs n = 3,465 patients).
C) Initiating versus not initiating ART among advanced LP patients (n = 4,809 patients vs n = 353 patients). Advanced HIV disease was defined
as having acquired immune deficiency syndrome (AIDS) or a CD4 count of <200 cells/pL. AIDS was defined using Centers for Disease Control
and Prevention (category C) or World Health Organization (stage 4) criteria. Presentation with advanced HIV disease was defined as having
advanced HIV disease at enroliment in care (defined as the first visit in each center).

58% of deaths at 1, 5, and 10 years after enrollment, respec-
tively, among those enrolled with advanced HIV disease and
78%, 58%, and 43% of all deaths. In secondary analysis,
we estimated that reducing advanced LP from 56% to 30%
would had prevented 66% (95% confidence interval: 54, 77)
of all deaths occurring in the first year after enrollment, 42%
(95% confidence interval: 34, 51) of deaths in the first 5

years, and 29% (95% confidence interval: 20, 38) of deaths
in the first 10 years.

Among people without advanced LP, ARs of death for
delaying ART were 39%, 32%, and 37% at 1, 5, and
10 years after enrollment, and PAFs were 20%, 14%,
and 15%, respectively. Among people with advanced LP,
ART decreased the hazard of death by 63% in the first
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Population Attributable Fraction

Attributable Deaths

Time After

Table 2. Attributable Risk of Deaths and Population Attributable Fraction of Deaths? Due to Late Presentation to Care, Delayed Antiretroviral Initiation, and Not Initiating Antiretrovial
Therapy, Among Those Presenting to Care With Advanced Disease® at 1, 5, and 10 Years After Enrollment in Care, Central and South America Network for HIV Epidemiology, 2000-2014
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Abbreviations: advanced LI, advanced disease and late initiation of antiretroviral therapy; advanced LP, advanced disease and late presentation; AIDS, acquired immune deficiency

syndrome; HIV, human immunodeficiency virus; N/A, not applicable.

@ Estimations in 6 clinical care centers participating in the Caribbean, Central and South America network for HIV epidemiology.

b Advanced HIV disease was defined as having AIDS or a CD4 count of <200 cells/uL. AIDS was defined using Centers for Disease Control and Prevention (category C) or World Health

Organization (stage 4) criteria. Presentation with advanced HIV disease was defined as having advanced HIV disease at enroliment in care (defined as the first visit in each center).

¢ Not estimated because most patients presenting to care with advanced HIV disease not initiating ART did not reach 10 years of follow-up.

year after enrollment, but 93% of these started ART; thus
universal ART among them would reduce mortality by
only 10%.

Secondary analysis and sensitivity analysis

We observed very similar results when estimating the
impact of LP to care (CD4 of <350 cells/uL or AIDS at
enrollment), late ART initiation among non-LP, and not
initiating ART among LP (Web Table 3). These results are
presented in Web Figures 1-4. Our results were robust to
the choice of winsorization level for the IPW. We observed
no changes when excluding INCMNSZ-Mexico from anal-
yses. The estimated E value for our advanced LP analysis
was 6.12, meaning that an unmeasured confounder with an
association with both advanced LP and death with a risk ratio
of at least 6.12 (for the point estimate to be 1) or 5.33 (for
the upper limit of the 95% confidence interval to include
1) would be needed to explain away the observed hazard
ratio. The E values for the association between advanced
LI and death were 2.5 for the point estimate and 1.36 for
the upper limit of the 95% confidence interval. E values
for the association between NI and death were 4.84 for the
point estimate and 3.18 for the 95% confidence interval to
include 1.

DISCUSSION

Using model-based ARs and PAFs of mortality in a multi-
national observational cohort in Latin America, we found
that during the first year after enrollment, 86% of deaths
occurring among people with advanced LP and 78% of
deaths in the entire cohort could have been prevented by
eliminating advanced LP, which occurred in 56% of patients.
Even reducing advanced LP to the more plausibly obtainable
goal of 30%, would eliminate approximately two-thirds of
all deaths occurring during the first year of enrollment.
Starting ART before advanced disease in all patients present-
ing with nonadvanced HIV disease would have prevented a
lower proportion of deaths (39% among advanced LI, and
20% among all non-LP the first year in care). Finally, starting
ART in all patients with advanced LP would have prevented
66% of deaths during the first year after enrollment for NI
but only 10% of deaths among all patients with advanced LP.

The implications of our results are better understood
when considering that around 850,000 people died due to
AIDS in Latin America during this period (26). Our results
suggest that the absolute number of HIV-related deaths that
could have been prevented in Latin America by reducing
advanced LP is likely in the hundreds of thousands, and
more importantly, tens of thousands of annual deaths could
be prevented in the next decade by reducing advanced LP
and by initiating ART in all adults with HIV. The estimated
PAFs for mortality of advanced LP were particularly high
due to the high frequency of this condition. The benefits of
starting ART earlier for people who enroll in care without
advanced disease are also apparent, although not as striking,
due in part to the low frequency of early presentation, an
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already relatively high frequency of ART initiation, and
lower mortality risk in these patients. Even so, a quarter of
all deaths over 10 years among people without advanced LP
would have been averted had they all started ART before
progressing to advanced HIV disease. In contrast, not start-
ing ART for people with advanced LP entailed a very high
short- and long-term mortality, but the estimated PAF was
low because most of them did start ART. In the present
context of guidelines to treat all adults with HIV (27), the
goals of eliminating all LI in nonadvanced LP and NI in all
advanced LP should by all rights be attained immediately,
although the goal of rapid ART initiation in all populations
faces challenges.

These findings contribute to the knowledge of a pre-
viously well-documented problem in our region, namely
presentation with advanced HIV disease (11, 12, 28) and
late ART initiation (11, 29, 30), by quantifying their pop-
ulation impact on AIDS-related mortality in Latin America.
A skeptic might suggest that presentation to care and ART
initiation with advanced HIV disease are already known to
affect patient mortality, and that these results are largely con-
firmatory. However, quantification of the population impact
of these phenomena in Latin America is important to demon-
strate the magnitude of the problem. Our results also help to
identify the potential impact of reducing gaps in the con-
tinuum of care for PLWHIV in the region. While previous
studies by our group and others had focused on the survival
of PLWHIV starting ART (13), measures of association
by themselves are insufficient to determine public health
impacts.

Our results show that most deaths among PLWHIV
in our region can be prevented with the implementation
of evidence-based, effective, and available strategies to
reduce the proportions of undiagnosed people, improve
linkage to care, and increase ART use. In British Columbia,
widespread HIV screening increased the proportion of
PLWHIV diagnosed at earlier stages and effectively reduced
the incidence of AIDS-defining events, all-cause mortality,
and the proportion of deaths from AIDS-related causes
(1, 31). Expansion of testing services—including routine
HIV-care testing for all patients receiving emergency care
(32), community-based and home-based testing (33, 34),
supervised or unsupervised self-testing (35), and targeted
testing of high-risk groups (36)—have all improved early
diagnosis and ART initiation in regions with concentrated
epidemics, such as ours. Similarly, large-scale interventions
to reduce time between diagnosis and enrollment in care,
such as point-of-care technology (37), peer-navigator
programs (38), and home-based initiation of care (39), have
successfully increased enrollment in care and reduced time
to ART initiation in other settings. These same interventions
would help identify people who die before HIV diagnosis
or enrollment in care, which are not included in this cohort
and suggest that we might be underestimating the impact of
eliminating advanced LP.

Of note, we employed modern causal inference tech-
niques incorporating IPW to obtain properly adjusted esti-
mates of the AR and PAF. Despite the propriety of AR and
PAF for measuring the population impact of a risk factor and
recent developments in their use (40—42), we have not seen

these measures used in conjunction with methods that permit
the inclusion of time-varying confounders or the comparison
of dynamic treatment strategies. Our application of dynamic
marginal structural modeling to estimate the AR and PAF of
late ART initiation on mortality is methodologically innova-
tive. That said, the limited number of centers contributing
information and the characteristics of these centers might
limit the generalizability of our estimates. Nonetheless, our
results are in agreement with previous studies about late HIV
diagnosis (7, 11,28),LP (11, 12, 28), and LI (29, 30) in Latin
America.

Among potential limitations of the study is that the
aggregated estimates might obscure heterogeneity across
the region. In addition, because 75% of the study population
was enrolled before 2011, our results might not be applicable
to people enrolled in care recently, particularly in an era of
universal-treatment guidelines. However, quantification of
the potential impact of earlier enrollment in care and earlier
ART initiation in the past can be used to motivate better
policy and implementation in the future, in particular in our
region, where the frequency of late diagnosis and mortality
has overall remained constant. Also, we did not have
cause-of-death information, and as with all observational
studies, there could be confounding variables that were
not accounted for in our analyses. High E values obtained
in sensitivity analyses suggest that important unmeasured
confounders (e.g., drug use) are unlikely to explain away
the associations between exposures and mortality (43), but
they could alter AR and PAF estimates. Finally, some of our
study sites had high rates of LTFU that might have biased
our estimates toward a reduction in the magnitude of the
impact of advanced LP and advanced LI, considering that
these are associated with higher LTFU rates (13) and people
who are LTFU are typically more likely to die than those
remaining in care (44).

In conclusion, the majority of deaths among PLWHIV
in Latin America are attributable to advanced LP, and to a
lesser extent to delaying ART initiation. Earlier presentation
to care, and earlier initiation of ART after enrollment would
substantially reduce mortality among PLWHIV in Latin
America, mainly during the 5 years after enrollment in
care but even 10 years later. Our results show that most
deaths among PLWHIV in our region are preventable
using existing, evidence-based, effective interventions to
improve early diagnosis, linkage to care, and early ART
initiation.
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