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Abstract
Introduction: The “greying” of the HIV epidemic necessitates a better understanding of the healthcare needs of older HIV-
positive adults. As these individuals age, it is unclear whether comorbidities and their associated therapies or the ageing pro-
cess itself alter the response to antiretroviral therapy (ART). In this study, HIV treatment outcomes and corresponding risk
factors were compared between older ART initiators and those who were younger using data from the Caribbean, Central
and South America Network for HIV Epidemiology (CCASAnet).
Methods: HIV-positive adults (≥18 years) initiating ART at nine sites in Argentina, Brazil, Chile, Haiti, Honduras, Mexico and
Peru were included. Patients were classified as older (≥50 years) or younger (<50 years) based on age at ART initiation. ART
effectiveness was measured using three outcomes: death, virologic failure and ART treatment modification. Cox regression
models for each outcome compared risk between older and younger patients, adjusting for other covariates.
Results: Among 26,311 patients initiating ART between 1996 and 2016, 3389 (13%) were ≥50 years. The majority of patients
in both ≥50 and <50 age groups received a non-nucleoside reverse transcriptase inhibitor-based regimen (89% vs. 87%), did
not have AIDS at baseline (63% vs. 62%), and were male (59% vs. 58%). Older patients had a higher risk of death (adjusted
hazard ratio (aHR) 1.64; 95% confidence intervals (CI): 1.48 to 1.83) and a lower risk of virologic failure (aHR: 0.73; 95% CI:
0.63 to 0.84). There was no difference in risk of ART modification (aHR: 1.00; 95% CI: 0.94 to 1.06). Risk factors for death,
virologic failure and treatment modification were similar for each group.
Conclusions: Older age at ART initiation was associated with increased mortality and decreased risk of virologic failure in our
cohort of more than 26,000 ART initiators in Latin America and the Caribbean. To the best of our knowledge this is the first
study from the region to evaluate ART outcomes in this growing and important population. Given the complexity of issues
related to ageing with HIV, a greater understanding is needed in order to properly respond to this shifting epidemic.
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1 | INTRODUCTION

Worldwide, HIV-positive populations are ageing. In 2013, an
estimated 13% of the global adult population living with HIV
was 50 years and older (defined as “older adults” in HIV liter-
ature); increasing proportions of older HIV-positive adults
have been observed in all regions, ranging from 10% in low-
and middle-income countries to 30% in high-income countries.
By 2012, the estimated percentage of adults living with HIV
who were over the age of 50 was 15% in Latin America and
13% in the Caribbean [1].

In 2013, people aged 50 and over accounted for 18% of
new HIV diagnoses in the United States (U.S.) [2]. In addition
to sharing many of the same HIV risk factors as younger peo-
ple, older people face several unique issues. Women no longer
concerned about pregnancy may be less likely to practice safe
sex [3,4]. Erectile dysfunction medications may increase the
number of sexual interactions for older men [5]. Older people
may have an inaccurate perception of the risk for HIV infec-
tion in their peer group and less frequent discussions with
medical providers regarding sexual practices and drug use [6–
8]. Finally, age-related changes in the reproductive tract and
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immune system may enhance susceptibility to HIV acquisition
[1,9].
Older HIV populations present unique challenges at all

stages of the care continuum- timely diagnosis, linkage to care,
and for those retained on antiretroviral therapy (ART), fre-
quent co-morbidities and polypharmacy. Studies from the U.S.
and Canada have demonstrated that older adults often pre-
sent with lower CD4 counts and are more likely to have an
AIDS-defining condition at the time of HIV diagnosis com-
pared to their younger counterparts [10]. Once started on
ART, older adults have less CD4 recovery despite similar rates
of virologic suppression and higher rates of ART adherence
[11,12]. Recent mortality studies have shown that ART initia-
tion at higher CD4 counts may be particularly important for
older adults starting therapy [13]. In addition, as HIV-positive
adults age they have high accumulation of co-morbid condi-
tions, including renal and liver disease, and co-medication use,
that may affect their response to ART [14,15].
As ART coverage and access to HIV care continues to

expand, an increased awareness of the clinical needs of older
persons living with HIV is required in the context of different
regional settings. In the last few years, ART programmes have
achieved coverage of 47% and 44% of all HIV-positive adults
(15 years and older) in Latin America and the Caribbean
respectively [16]. In many low- and middle-income countries,
epidemiologic shifts from infectious to non-communicable dis-
ease (including cardiovascular disease, renal disease and can-
cers) are occurring concurrently among persons living with
HIV and may particularly affect ART outcomes of older HIV-
infected adults [17–19].
In this study, we analysed data from the Caribbean, Central

and South America Network (CCASAnet) cohort to describe
risk factors for disparities in outcomes (including death, ART
modification and virologic failure) following ART initiation in
older relative to younger adults living with HIV in Latin Amer-
ica and the Caribbean (LAC).

2 | METHODS

2.1 | Cohort description

This retrospective observational cohort study included HIV-posi-
tive adults (≥18 years) who initiated ART between 1996 and
2016 at nine CCASAnet sites: Hospital Fern�andez and Centro
M�edico Hu�esped in Buenos Aires, Argentina (HF/CMH-Argen-
tina) (data only available up until 2014); Instituto Nacional de
Infectologia Evandro Chagas in Rio de Janeiro, Brazil (INI-Brazil);
Fundaci�on Arriar�an in Santiago, Chile (FA-Chile); Le Groupe
Ha€ıtien d’Etude du Sarcome de Kaposi et des Infections Oppor-
tunistes in Port-au-Prince, Haiti (GHESKIO-Haiti); Instituto Hon-
dure~no de Seguridad Social and Hospital Escuela Universitario
in Tegucigalpa, Honduras (IHSS/HE-Honduras); El Instituto
Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an in
Mexico City, Mexico (INNSZ-Mexico); and Instituto de Medicina
Tropical Alexander von Humboldt in Lima, Peru (IMTAvH-Peru).
The CCASAnet cohort has been previously described [20].

2.2 | Ethics and data management

Institutional ethics review boards from each participating site
and Vanderbilt University reviewed and approved the project.

Informed consent process was done at IMTAvH-Peru and
waived at all the other sites.
Clinical, laboratory and demographic data were collected at

each centre, de-identified and sent to the CCASAnet Data
Coordinating Center at Vanderbilt University (VDCC), Nash-
ville, TN, U.S. for data cleaning, processing and merging. The
VDCC checked data for internal consistency and performed
on-site data audits to verify accuracy of data received with
that contained in the medical record [21].

2.3 | Study definitions and outcomes

The baseline time point for this study (“ART initiation”) was
defined as the earliest time of starting ART at the CCASAnet
clinical site. ART was defined as a combination of at least three
antiretroviral drugs, where at least two drugs came from dif-
ferent classes or at least three drugs were nucleoside/nu-
cleotide reverse transcriptase inhibitors. Patients were
classified as older (≥50 years) or younger (<50 years) based
upon their age at baseline. The designation of “older” HIV-posi-
tive patients as ≥50 years old is based on the definition used
by the United States Centers for Disease Control [22].
The following patient characteristics at baseline were also

of interest due to their potential association with age at ART
initiation and HIV outcomes: sex, presence of AIDS-defining ill-
ness, probable route of HIV transmission, ART regimen, time
from HIV diagnosis to ART initiation, calendar year, plasma
HIV-1 viral load (VL) and CD4 count. Baseline VL and CD4
count were defined for each patient as the measurement clos-
est to ART initiation, no more than 180 days before or seven
days after.
ART effectiveness was measured using three outcomes:

death, virologic failure and ART treatment modification. The
time from ART initiation to event was calculated separately
for each outcome. If a patient did not have an event, they
were censored at the first of 31 December 2016 or the date
of their last clinical, pharmacy, or laboratory visit. A patient
was defined as lost to follow-up (LTFU) if they had zero visits
within the last 365 days that data was available for their
respective cohort.
Determination of virologic failure was based on whether

the patient experienced at least one of the following condi-
tions: (1) no VL measurements below 400 copies/ml after six
months of therapy, (2) a VL measurement above 1000 copies/
ml after at least one VL measurement below 400 copies/ml,
(3) or two consecutive values greater than 400 copies/ml
after at least one VL measurement below 400 copies/ml. The
threshold for classifying a measurement as undetectable was
set at 400 copies/ml to account for changing detection limits
of assays used at many of the sites over time. The second
condition was added because it corresponds with clinical prac-
tices at some sites in the region [23]. As VLs were not rou-
tinely performed at GHESKIO-Haiti, all patients from this site
were excluded from the virologic failure analysis. Patients
from other sites were also excluded from the virologic failure
analysis if they did not have a VL measurement after ART ini-
tiation. When the gap between measurements was greater
than one year, patients were censored at the last VL measure-
ment prior to the gap. Treatment modification was defined as
any drug dispensation change, including both single and multi-
ple drug substitutions.
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2.4 | Statistical analysis

Patients were excluded from the analysis cohort if they had
ART exposure prior to ART initiation or an undetectable VL
measurement at baseline. Baseline demographic, clinical, and
laboratory characteristics of older and younger patients were
compared using Wilcoxon Rank Sum and Chi-square tests for
continuous and categorical variables respectively. The propor-
tion of ART initiators who were over 50 years over time was
estimated for each site using a loess smoother.
Inverse-probability weighted estimates of the median and

interquartile range (IQR) CD4 count were calculated at 6, 12
and 24 months for older and younger patients with a corre-
sponding lab measurement at baseline. CD4 count levels at
each time point were determined by available laboratory val-
ues closest to the defined time �90 days. Patients who died
prior to each time point were assigned to have the worst rank
measurements (i.e. the lowest CD4 measurement) [24,25].
The probability of a missing value was modelled separately for
each laboratory measurement at each time point using logistic
regression models that included covariates for site, age, sex,
presence of AIDS-defining illness, year of ART initiation, ART
regimen, probable route of HIV transmission and the corre-
sponding baseline laboratory measurement. To account for dif-
ferences between age groups, the probability of being in the
older patient group given baseline values was also estimated
using logistic regression. Weights for each observation were
calculated by multiplying the inverse probability of a non-miss-
ing lab value by the inverse probability of being in the
observed age group; final weights were winsorized at the
99th percentile. p-values comparing age groups at each time
point were calculated using weighted Wilcoxon and Chi-square
tests using the “survey” package in R [26].
Kaplan–Meier estimates and 95% confidence intervals (CI)

for the probability of death over time were calculated for each
age group. The cumulative incidence and corresponding 95%
CI of treatment modification and virologic failure, accounting
for mortality as a competing risk, were estimated for each age
group. Treatment modification cumulative incidence estimates
were also calculated for specific periods of ART initiation
(1996 to 2001, 2002 to 2006, 2007 to 2011, 2012 to 2016).
Separate multivariable Cox regression models were fit to

compare the cause-specific hazard of an event between older
versus younger HIV-infected patients. Covariates for adjust-
ment were chosen a priori as potential confounders based on
their clinical relevance and availability, and included sex, clinical
AIDS at baseline, CD4 count, ART initiation year, ART regimen
class, intravenous drug use as HIV transmission risk, time from
HIV diagnosis to ART initiation. To account for differences in
the underlying hazard function between sites, adjusted Cox
models were also stratified by cohort [27]. As a sensitivity
analysis, separate models were fit using data from each age
group and period of ART initiation. Restricted cubic splines
with four knots were used to relax linearity assumptions for
continuous covariates. To assess the proportional hazards
assumption, we used the “cox.zph” function from the “survival”
package in R [28] to estimate the correlation coefficient
between transformed survival time and the scaled Schoenfeld
residuals corresponding to the age group covariate.
Age-specific mortality rates (per 100,000 person-years)

were calculated for the entire cohort as well as for each

individual country. The age groups (20 to 34, 35 to 44, 45 to
54, 55 to 64, 65 to 74, 75+) were chosen to correspond with
the age-specific mortality rates (per 100,000 individuals)
reported by the Pan-American Health Organization (PAHO)
[29]. We tabulated the length of time that each patient was in
a given age interval between their time of treatment initiation
and end of follow-up as well as the number of patients that
died for each age-interval. CI was calculated using a boot-
strapping procedure.
To account for missing covariate values, a multiple imputa-

tion procedure with 10 imputation replications was imple-
mented using the “mi” package in R [30]. This package uses a
chained equation approach to multiply impute missing values.
Imputations were generated using both baseline covariates
(sex, clinical AIDS at baseline, square-root transformed nadir
CD4 count, calendar year of ART initiation, indicator variables
for each ART regimen class at treatment initiation, intravenous
drug use as HIV transmission risk, time from HIV diagnosis to
ART initiation) and the respective outcomes (event indicator,
log-transformed time of event or censoring, and interaction of
the event indicator and time). For the virologic failure analysis,
a separate imputation was performed among just the cohort
of patients that met inclusion criteria. This multiple imputation
procedure assumes that data were missing at random.
All reported p-values are two-sided. Analyses were per-

formed using R Statistical Software (http://www.R-project.org);
analysis scripts are available at http://biostat.mc.vanderbilt.ed
u/ArchivedAnalyses.

3 | RESULTS

3.1 | Patient characteristics

A total of 26,311 adult ART initiators were included in this
study; 3389 (13%) were ≥50 years. The percentage of
patients ≥50 years was similar across cohorts: 9% in INNSZ-
Mexico, 10% in IHSS/HE-Honduras, 10% in IMTAvH-Peru,
11% in INI-Brazil, 11% in FA-Chile, 12% in HF/CMH-Argen-
tina, and 15% in GHESKIO-Haiti.
An additional 9807 adults were enrolled in the cohorts, but

were excluded from analysis; 4722 patients (4376 < 50 years
old and 346 ≥ 50 years old) never initiated ART and 5085
(4814 vs. 271) were not ART-na€ıve.
Baseline patient characteristics are shown in Table 1.

Patients were predominantly male (59% of older patients and
58% of younger patients). The median age at ART initiation
was 55 years (IQR: 52 to 59 years) for older patients and
34 years (IQR: 28 to 40 years) for younger ones. The propor-
tion of patients with clinical AIDS prior to starting ART was
18% for older patients and 19% for younger patients. Older
and younger patients had similar median CD4 count nadir
(184 vs. 182 cells/ll) and baseline values (187 vs. 186 cells/
ll). Older and younger patients also had similar VL (median
log10 viral load of 5.0 for both groups). Baseline VL was miss-
ing for 70% and 64% of older and younger patients respec-
tively, largely from the site in Haiti where VL was not
routinely measured; among patients at other sites, baseline VL
was missing for 30% and 31% of older and younger patients
respectively. The median year of ART initiation was 2010 for
both age groups. The majority of patients (89% vs. 87%)
started a regimen containing a non-nucleoside reverse
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transcriptase inhibitor (NNRTI) and time from diagnosis to
ART start was 105 (27 to 750) days in older patients and 153
(35 to 873) days for younger patients (p < 0.001).
The estimated proportion of ART initiators who were over

50 years varied by site and date of ART initiation (Figure 1).
The relative proportion of older patients increased over time
at GHESKIO-Haiti, IHSS/HE-Honduras, and IMTAvH-Peru.
Proportions fluctuated at HF/CMH-Argentina, INI-Brazil, and
FA-Chile, but remained mostly unchanged over time. Only one
site, INNSZ-Mexico, had an estimated decrease in the relative
proportion of older patients initiating ART over time.
Inverse probability weighted estimates for the median CD4

count at 6, 12 and 24 months since ART initiation are shown
in Table 2. CD4 counts were similar between age groups at
baseline after re-weighting for baseline covariates, but CD4
recovery was slightly higher among younger patients. CD4
counts were statistically lower in older patients after six (me-
dian 287 vs. 302; p = 0.04), 12 (318 vs. 353; p < 0.001) and
24 months (321 vs. 374; p < 0.001).
Cumulative incidence curves for mortality, ART modification

and virologic failure are shown in Figure 2. Incidence of mor-
tality was higher in older patients, while incidences of treat-
ment modification and virologic failure were higher in younger

patients. While the rate of ART modification has decreased
over time, incidence rates for treatment modification remained
slightly higher in younger patients across time periods (Figure
S1).
Of the 26,311 patients that initiated treatment, 2383 (9%)

died and an additional 9380 (36%) were LTFU during the
study period. Overall mortality rates increased by age cate-
gory, ranging from 1449 (95% CI: 1082 to 1833) per 100,000
person-years for patients 20 to 24 years to 6201 (95% CI:
3507 to 9595) for patients 75 and older (Table S1). While
mortality rates differed by country, trends according to age
were similar across all sites. (Table S2).
In adjusted Cox proportional hazard models, older patients

had a higher risk of death (adjusted hazard ratio (aHR) 1.64;
95% CI: 1.48 to 1.83) and a lower risk of virologic failure
(aHR: 0.73; 95% CI: 0.63 to 0.84), after multiply imputing
missing covariate values and adjusting for sex, presence of
AIDS-defining illness, intravenous drug use, ART regimen, time
from HIV diagnosis to ART initiation, ART initiation year, and
nadir CD4 count. There was no significant difference in the
hazard of ART modification by age (aHR: 1.00; 95% CI: 0.94
to 1.06), although the data suggested that the association
between age and ART modification changed over time (i.e. the

Table 1. Age-stratified characteristics of patients who initiated antiretroviral therapy across nine Caribbean, Central and South

America sites (n = 26,311)

Over 50 (n = 3389) Under 50 (n = 22,922) p-value

Age, years 55 (52 to 59) 34 (28 to 40)

Sex 0.248

Male 2014 (59%) 13,378 (58%)

Probable route of transmission <0.001

Heterosexual 970 (29%) 5581 (24%)

MSM 400 (12%) 5452 (24%)

IDU 4 (0%) 198 (1%)

Other 21 (1%) 75 (0%)

Unknown 1995 (59%) 11,616 (51%)

Clinical stage, baseline 0.179

AIDS 617 (18%) 4424 (19%)

Not AIDS 2124 (63%) 14,244 (62%)

Missing 648 (19%) 4254 (19%)

Nadir CD4 count, cells/ll 184 (75 to 298) 182 (71 to 295) 0.157

Missing 422 (12%) 2663 (12%) 0.167

Baseline CD4 count, cells/ll 187 (78 to 304) 186 (73 to 303) 0.207

Missing 559 (16%) 3547 (15%) 0.133

Baseline viral load (log10) 5.0 (4.4 to to 5.5) 5.0 (4.4 to 5.4) 0.074

Missing 2385 (70%) 14,692 (64%) <0.001

Baseline ART class 0.003

NNRTI 3008 (89%) 19,861 (87%)

Boosted PI 275 (8%) 2244 (10%)

Other 106 (3%) 817 (4%)

ART initiation year 2010 (2007 to 2013) 2010 (2006 to 2013) <0.001

Time from HIV diagnosis to ART initiation, days 105 (27 to 750) 153 (35 to 873) <0.001

Missing 44 (1%) 255 (1%) 0.387

ART, antiretroviral therapy; IDU, injection drug use; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor, PI,
protease inhibitor.
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proportional hazards assumption was violated). As a sensitivity
analysis, we examined associations during the first three years
after staring ART and then among those still remaining event
free three years post-ART initiation. Older patients had a non-
significant higher risk of ART modification during the first
three years (aHR: 1.07; 0.99 to 1.15), but a lower risk after
three years (aHR: 0.82; 95% CI: 0.72 to 0.93). The hazards of
death and virologic failure were similar for both time periods
(Table 3).
As shown in Table S3, clinical AIDS and a lower CD4 at

baseline were predictive of an increased risk of death. Female

sex, AIDS, lower CD4, earlier year of ART initiation, and start-
ing a regimen that did not include NNRTI were predictive of
ART modification (Table S3). Similarly, female sex, lower CD4,
earlier year of ART initiation, and starting a non-NNRTI regi-
men were associated with an increased risk of virologic failure.
Age remained a strong predictor of mortality, even within age
strata. (Tables S4 and S5). Among patients ≥50 years, the haz-
ard of mortality was 48% higher for patients starting ART at
age 60 years than at age 50. Among patients <50 years, the
hazard of death was 24% lower for patients starting ART at
age 40 compared to a similar patient starting just before their
50th birthday. When analyses were performed separately
among adults ≥50 and <50 years, lower CD4 count was still
associated with death and treatment modification, AIDS was
still predictive of death, and PI-based regimens remained a
risk factor for treatment modification. Female sex was still
predictive of both treatment modification (aHR: 1.30; 95% CI:
1.23 to 1.37) and virologic failure (aHR: 1.33; 95% CI: 1.20 to
1.47) in younger patients; however, associations were no
longer significant among adults ≥50 years. Similarly, PI-based
regimens and CD4 were predictive of virologic failure and
AIDS was predictive of treatment modification only among
younger patients.
Four variables (intravenous drug use as HIV transmission

risk, presence of AIDS-defining illness, baseline CD4 count,
and time from HIV diagnosis to ART initiation) had missing
values for some patients and were imputed for analyses.

Figure 1. Estimated proportion of ART initiators older than 50 years during the study period. Points at top and bottom of the figure corre-
spond to the date of ART initiation for individual patients over 50 years and under 50 years respectively. ART, antiretroviral therapy.

Table 2. Changes in CD4 count over time by age group

Over 50

(n = 2830)

Under 50

(n = 19,375) p-value

CD4 count, cells/ll

Baseline 184 (71 to 299) 186 (74 to 303) 0.505

Six monthsa 287 (162 to 440) 302 (176 to 451) 0.044

12 monthsa 318 (181 to 485) 353 (218 to 524) <0.001

24 monthsa 321 (131 to 496) 374 (199 to 550) <0.001

ART, antiretroviral therapy.
aInverse probability weighting was used to account for missing lab
measurements.
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Summary statistics comparing imputed values from a single
replication with the observed values for the four incomplete
variables are reported in Table S6. Results from an analysis
that only included patients with complete data (n = 9304;
Table S7) were similar for mortality (n = 9304; aHR for older
vs. younger patients: 1.67; 95% CI: 1.38 to 2.03), treatment
modification (n = 9304; aHR: 1.06; 95% CI: 0.97 to 1.17), and
virologic failure (n = 7276; aHR: 0.81; 95% CI: 0.68 to 0.97).

4 | DISCUSSION

In our study of more than 26,000 HIV-positive adults on ART
in LAC, older age at time of ART initiation was associated with
increased mortality, blunted CD4 recovery, and decreased risk
of virologic failure. Given that the relative proportion of ART-
initiating patients over 50 years is increasing across the
region, the results from this study provide important insight
regarding the impact of ageing on ART outcomes for this
growing population in the LAC region.
The clinical profile of patients in our cohort highlighted differ-

ences between older patients and their younger counterparts

at the time of ART initiation. In our cohort, younger and older
patients had similar CD4 counts and clinical AIDS status at the
time of ART initiation; the same has been previously described
in studies from resource-limited settings from Sub-Saharan
Africa [31,32]. These findings contrast with earlier studies from
high-income countries, where older patients tended to have
lower CD4 counts and more advanced disease compared to
those who were younger [10]. However, it is unclear whether
these differences are due to temporal effects, given that the
time periods for these studies are only partially overlapping.
While our findings suggest that older patients are not being dis-
proportionately marginalized from initiating care, the observed
shorter length of time from HIV diagnosis to ART initiation in
older patients may suggest a quicker engagement in care follow-
ing diagnosis compared to younger persons.
The combination of higher mortality risk and blunted CD4

recovery despite less virologic failure among older patients in
our cohort is not unique to the LAC region [31–35]. Studies
from high-income countries and resource-limited settings have
also shown higher rates of virologic suppression among older
patients as a result of better treatment adherence compared
to younger patients [33,12,36–38]. Possible explanations for a

Figure 2. Crude cumulative incidence of mortality, regimen modification and virologic failure.

Table 3. Adjusted hazard ratios and corresponding 95% confidence intervals comparing older patients (≥50 years) versus a refer-

ence group of younger patients (<50 years) for death, ART modification, and virologic failure outcomes using different periods of

follow-up data

Entire follow-up period During first three years of follow-up After first three years of follow-up

Outcome

Death 1.64 (1.48 to 1.83) 1.70 (1.50 to 1.92) 1.50 (1.22 to 1.84)

ART modification 1.00 (0.94 to 1.06) 1.07 (0.99 to 1.15) 0.82 (0.72 to 0.93)

Virologic failure 0.73 (0.63 to 0.84) 0.74 (0.63 to 0.86) 0.68 (0.47 to 0.99)

ART, antiretroviral therapy.
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higher mortality risk in older patients include multi-morbidi-
ties, polypharmacy, chronic infection with viral pathogens (e.g.
CMV), lower CD4/CD8 ratio, or other age-related factors, as
well as an increased risk of AIDS-related complications given
poor immunologic recovery despite ART [1,9]. A recent study
by Edwards et al. highlighted the importance of ART initiation
at higher CD4 counts in older adults to improve survival ben-
efit [13]. Considering the median CD4 count at ART initiation
was <200 cells/ll for all adults in our cohort, there is a need
for earlier diagnosis and ART initiation in the LAC region,
especially for older patients.
In our study, there was no difference in ART modification

by age group over time in the overall adjusted Cox regression
analysis. Studies from high-income regions have shown con-
flicting results regarding the association of older age and need
for ART modification with some studies indicating a decreased
risk of regimen switch and others showing an increased likeli-
hood with older age [39,40]. Studies that have shown
increased risk of ART modification for older adults have attrib-
uted the observation to higher rates of drug toxicities and
adverse events [40]. A recent study from Torres et al. in Brazil
noted a trend where rates of drug toxicities and ART modifi-
cation during the first year of therapy increased with age [41].
Consistent with this, we also found in this study a trend
towards a slightly increased risk of ART modification in older
adults within the first three years of ART initiation. Con-
versely, older age was associated with a decreased risk of
ART modification after the first three years in this study.
While the reasons for ART modification were not available for
our study, it is possible that drug toxicities and adverse events
disproportionately contribute to early ART modification while
virologic outcomes are greater determinants of later changes.
The availability and tolerability of ART regimens has substan-

tially changed during the 20-year span of this study. Our study
sites are middle to low-income countries and drug access is
uneven in Latin America and the Caribbean. Although better
and less toxic drug regimens exist, they were not available for
free or were prescribed only for particular cases at our sites.
For example, ART was provided for free by the Ministry of
Health in Peru since the end of 2004, but treatment was very
conservative and influenced by costs. Protease inhibitors (PIs)
and newer drug classes were only prescribed under special cir-
cumstances. Between 2005 and 2010, there was a considerable
boost in ART initiation at CCASAnet sites that corresponded to
improved drug access, changes in guideline recommendations,
and increased national campaigns. While rates of treatment
modification varied over time, the increased risk in older adults
relative to young patients remained consistent.
Lastly, our analyses of outcomes stratified by younger and

older age groups revealed important findings regarding how
patient characteristics at the time of ART initiation may influ-
ence treatment outcomes by age. Most strikingly was the
observation that increasing age was associated with risk of
mortality in both those age <50 years and those ≥50 years,
underscoring the continuous effect of ageing and risk of mor-
tality. Secondly, we found that the sex differences in ART mod-
ification and virologic failure observed in our primary analysis
were mitigated and no longer statistically significant when
analyses were restricted to those ≥50 years of age. It is possi-
ble that sex differences in healthcare-seeking behaviour and
family responsibilities, including pregnancy, that occur in early

adulthood but are less pronounced in later years of life
explain this difference. However, we also note that the relative
frequency of men who had sex with men (MSM) was lower in
the older age group. It is possible that the observed differ-
ences in association by sex between older and younger
patients are due to unmeasured confounding. Lastly, increased
risk of virologic failure associated with PI use (compared to
NNRTI) was only observed in patients <50 years of age. For
those over 50 years of age, PI use remained associated with
increased likelihood of ART modification, underscoring ques-
tions about tolerability, side effects and the role of co-morbidi-
ties rather than virologic failure as reasons for ART
modification in older patients.
Age specific mortality rates of older adults included in the

study were higher than age specific mortality rates reported
by PAHO for the entire population. The difference is likely
due to multiple factors such as immunosenescense and inflam-
mation due HIV infection, ART toxicity, stigma and discrimina-
tion, higher risk of substance use, higher risk of malignancies
and opportunistic diseases than HIV-uninfected counterparts.
We note, however, that the relative differences between mor-
tality rates from our cohort and the general population
decreased in older age groups. Given that death data sources
differ by country and certain countries represented in CCA-
SAnet (including Haiti) are not included in the reported PAHO
regional estimates, comparisons of mortality between the HIV
clinical cohort of CCASAnet and the general population should
be interpreted with prudence.
A noteworthy limitation of our study is the limited availabil-

ity of data regarding key indicators, including treatment adher-
ence, reasons for ART modification, comorbidities and causes
of death. A large percentage of patients (36%) were lost to
follow-up during this 20-year observational study and have
unknown outcomes. Lack of cause of death limits our ability to
classify deaths as HIV-related or age-related. Given that mor-
tality is expected to increase with age, we cannot be certain
that associations between age and mortality in this study are
related to HIV. Further study of the role of co-morbidities
(notably cardiovascular, renal, and liver disease), polypharmacy,
and ART toxicity in older HIV-positive adults in this region is
needed to address these lingering questions and to guide
therapy in this important patient population.
As with other studies using routinely collected clinical care

data, key variables were missing for some patients in our
study. The lack of VL data for GHESKIO-Haiti required the
exclusion of the entire site from analyses involving virologic
failure outcomes; an additional 4174 patients (16%) were
excluded from other sites. Furthermore, over 60% of the
cohort was missing at least one covariate. Reasons for data
being missing for specific covariates vary. Laboratory measure-
ments such as CD4 and VL were collected less frequently at
some sites because of costs in the earlier years of ART and
due to changing guidelines for virologically suppressed
patients in later years; HIV diagnosis date was sometimes
unknown by clinics; probable route of HIV transmission was
sometimes not recorded or categorized as unknown by
patient self-report; clinical AIDS status at baseline was not
always available from medical records. Although results were
similar between complete case and multiply imputed analyses,
these high levels of missingness merit prudence when inter-
preting study findings.
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5 | CONCLUSIONS

Our study highlights the higher risk of death among older
patients on ART in LAC, while lower risk of virologic failure
and similar risk of ART modification. This study represents, to
our knowledge, the first analysis of ART outcomes focused on
older HIV populations in Latin America and the Caribbean.
The generalizability of our findings is strengthened by the
number of patients contributing data from multiple, diverse
sites across the region. Given the complexity of issues related
to ageing with HIV, a greater understanding is needed in
order to properly respond to this shifting epidemic.

AUTHORS ’ AFF I L IAT IONS

1Instituto de Medicina Tropical Alexander von Humboldt, Lima, Peru; 2Vander-
bilt University, Nashville, TN, USA; 3Fundaci�on Hu�esped, Buenos Aires, Argen-
tina; 4Instituto Nacional de Infectologia Evandro Chagas-Fundac�~ao Oswaldo
Cruz, Rio de Janeiro, Brazil; 5Fundaci�on Arriar�an, Santiago, Chile; 6Le Groupe
Ha€ıtien d’Etude du Sarcome de Kaposi et des Infections Opportunistes Port-au-
Prince, Haiti and Weill Cornell Medical College, New York, NY, USA; 7Instituto
Hondure~no de Seguridad Social and Hospital Escuela Universitario, Tegucigalpa,
Honduras; 8Instituto Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an,
Mexico City, Mexico

COMPET ING INTERESTS

The authors declare that they have no competing interests.

AUTHORS ’ CONTR IBUT IONS

GC, MG, KJ, PC, BG, MW, JWP, DP, JS, EG, CM and BS conceived and designed
the study. GC, MG, KJ and EG performed data abstraction. KJ contributed to data
management. GC, MG, JC, BS and EG analysed the data. GC, MG and JC wrote
the draft manuscript. GC, MG, JC, KJ, PC, BG, MW, JWP, DP, JS, EG, CM and BS
contributed to the critical appraisal of the manuscript. GC, MG, JC, KJ, PC, BG,
MW, JWP, DP, JS, EG, CM and BS approved the final version of the manuscript.

ACKNOWLEDGEMENTS

We gratefully acknowledge all patients, caregivers and data managers involved
in the CCASAnet cohorts.

FUNDING

“This work was supported by the NIH-funded Caribbean, Central and South
America network for HIV epidemiology (CCASAnet), a member cohort of the
International Epidemiologic Databases to Evaluate AIDS (leDEA)
(U01AI069923). This award is funded by the following institutes: Eunice Ken-
nedy Shriver National Institute of Child Health & Human Development
(NICHD), Office of The Director, National Institutes of Health (OD), National
Institute of Allergy and Infectious Diseases (NIAID), National Cancer Institute
(NCI), and the National Institute of Mental Health (NIMH).”

REFERENCES

1. UNAIDS. HIV and aging. A special supplement to the UNAIDS report on the
global AIDS epidemic 2013. Geneva, 2013. [cited 2016 Jan 05]. Available from:
http://www.unaids.org/sites/default/files/media_asset/20131101_JC2563_hiv-and-
aging_en_0.pdf
2. CDC. HIV Among People Aged 50 and Over. [cited 2016 Oct 09]. Available
from: http://www.cdc.gov/hiv/group/age/olderamericans/index.html
3. Schick V, Herbenick D, Reece M, Sanders SA, Dodge B, Middlestadt SE, et al.
Sexual behaviors, condom use, and sexual health of Americans over 50: implica-
tions for sexual health promotion for older adults. J Sex Med. 2010;7 Suppl
5:315–29.
4. Durvasula R. HIV/AIDS in older women: unique challenges, unmet needs.
Behav Med. 2014;40(3):85–9.
5. Cooperman NA, Arnsten JH, Klein RS. Current sexual activity and risky sex-
ual behavior in older men with or at risk for HIV infection. AIDS Educ Prev.
2007;19(4):321–33.

6. Harawa NT, Leng M, Kim J, Cunningham WE. Racial/ethnic and gender dif-
ferences among older adults in nonmonogamous partnerships, time spent single,
and HIV testing. Sex Transm Dis. 2011;38(12):1110–7.
7. Akers A, Bernstein L, Henderson S, Doyle J, Corbie-Smith G. Factors associ-
ated with lack of interest in HIV testing in older at-risk women. J Womens
Health. 2007;16(6):842–58.
8. Hughes AK. HIV knowledge and attitudes among providers in aging: results
from a national survey. AIDS Patient Care STDS. 2011;25(9):539–45.
9. High KP, Brennan-Ing M, Clifford DB, Cohen MH, Currier J, Deeks SG, et al.
HIV and aging: state of knowledge and areas of critical need for research. A
report to the NIH Office of AIDS Research by the HIV and Aging Working
Group. J Acquir Immune Defic Syndr. 2012; 60 Suppl 1:S1–18.
10. Althoff KN, Gebo KA, Gange SJ, Klein MB, Brooks JT, Hogg RS, et al. CD4
count at presentation for HIV care in the United States and Canada: are those
over 50 years more likely to have a delayed presentation? AIDS Res Ther.
2010;15(7):45.
11. Althoff KN, Justice AC, Gange SJ, Deeks SG, Saag MS, Silverberg MJ, et al.
Virologic and immunologic response to HAART, by age and regimen class. AIDS.
2010;24(16):2469–79.
12. Ghidei L, Simone MJ, Salow MJ, Zimmerman KM, Paquin AM, Skarf LM,
et al. Aging, antiretrovirals, and adherence: a meta analysis of adherence among
older HIV-infected individuals. Drugs Aging. 2013;30(10):809–19.
13. Edwards JK, Cole SR, Westreich D, Mugavero MJ, Eron JJ, Moore RD,
et al. Age at entry into care, timing of antiretroviral therapy initiation, and 10-
year mortality among HIV-seropositive adults in the United States. Clin Infect
Dis. 2015;61(7):1189–95.
14. Schouten J, Wit FW, Stolte IG, Kootstra NA, van der Valk M, Geerlings SE,
et al. Cross-sectional comparison of the prevalence of age-associated comorbidi-
ties and their risk factors between HIV-infected and uninfected individuals: the
AGEhIV cohort study. Clin Infect Dis. 2014;59(12):1787–97.
15. Smit M, Brinkman K, Geerlings S, Smit C, Thyagarajan K, Sighem A, et al.
Future challenges for clinical care of an ageing population infected with HIV: a
modelling study. Lancet Infect Dis. 2015;5(7):810–8.
16. UNAIDS. AIDS by the numbers 2015. Geneva, 2015. [cited 2016 Jan 05].
Available from: http://www.unaids.org/en/resources/documents/2015/AIDS_by_
the_numbers_2015
17. Webber L, Kilpi F, Marsh T, Rtveladze K, Brown M, McPherson K. High
rates of obesity and non-communicable diseases predicted across Latin America.
PLoS One. 2012;7(8):e39589.
18. Ordunez P, Prieto-Lara E, Pinheiro Gawryszewski V, Hennis AJ, Cooper RS.
Premature Mortality from Cardiovascular Disease in the Americas – Will the
Goal of a Decline of “25% by 2025” be Met? PLoS One. 2015;10(10):
e0141685.
19. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H. A com-
parative risk assessment of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet. 2012;380(9859):
2224–60.
20. McGowan CC, Cahn P, Gotuzzo E, Padgett D, Pape JW, Wolff M, et al.
Cohort Profile: Caribbean, Central and South America Network for HIV research
(CCASAnet) collaboration within the International Epidemiologic Databases to
Evaluate AIDS (IeDEA) programme. Int J Epidemiol. 2007;36(5):969–76.
21. Duda SN, Shepherd BE, Gadd CS, Masys DR, McGowan CC. Measuring the
quality of observational study data in an international HIV research network.
PLoS One. 2012;7(4):e33908.
22. Centers for Disease Control and Prevention. Diagnoses of HIV infection
among adults aged 50 years and older in the United States and dependent areas,
2010–2014. HIV Surveillance Supplemental Report 2016; 21(No. 2). [cited 2016
Dec 13]. Available from: http://www.cdc.gov/hiv/library/reports/surveillance/
23. Cesar C, Jenkins CA, Shepherd BE, Padgett D, Mej�ıa F, Ribeiro SR, et al.
Incidence of virological failure and major regimen change of initial combination
antiretroviral therapy in the Latin America and the Caribbean: an observational
cohort study. Lancet HIV. 2015;2(11):e492–500.
24. Lok JJ, Bosch RJ, Benson CA, Collier AC, Robbins GK, Shafer RW, et al.
Long-term increase in CD4+ T-cell counts during combination antiretroviral
therapy for HIV-1 infection. AIDS. 2010; 24:1867–76.
25. Luz PM, Belaunzuran-Zamudio PF, Crabtree-Ramirez B, Caro-Vega Y, Hoces
D, Rebeiro PF, et al. CD4 response up to 5 years after combination antiretrovi-
ral therapy in human immunodeficiency virus-infected patients in Latin America
and the Caribbean. Open Forum Infect Dis. 2015;2(2):ofv079.
26. Lumley T, Scott AJ. Two-sample rank tests under complex sampling. Biome-
trika. 2013;100(4):831–42.
27. Giganti MJ, Luz PM, Caro-Vega Y, Cesar C, Padgett D, Koenig S, et al. A
comparison of seven Cox regression-based models to account for heterogeneity

Carriquiry G et al. Journal of the International AIDS Society 2018, 21:e25088
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25088/full | https://doi.org/10.1002/jia2.25088

8

http://www.unaids.org/sites/default/files/media_asset/20131101_JC2563_hiv-and-aging_en_0.pdf
http://www.unaids.org/sites/default/files/media_asset/20131101_JC2563_hiv-and-aging_en_0.pdf
http://www.cdc.gov/hiv/group/age/olderamericans/index.html
http://www.unaids.org/en/resources/documents/2015/AIDS_by_the_numbers_2015
http://www.unaids.org/en/resources/documents/2015/AIDS_by_the_numbers_2015
http://www.cdc.gov/hiv/library/reports/surveillance/
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25088/full
https://doi.org/10.1002/jia2.25088


across multiple HIV treatment cohorts in Latin America and the Caribbean.
AIDS Res Hum Retroviruses. 2015;31(5):496–503.
28. Grambsch PM, Therneau TM. Proportional hazards tests and diagnostics
based on weighted residuals. Biometrika. 1994;81(3):515–26.
29. Pan American Health Organization/World Health Organization, Communi-
cable Diseases and Health Analysis/Health Information and Analysis. PLISA
Database. Health Situation in the Americas: Basic Indicators 2017. [cited 2018
Jan 10]. Available from: https://hiss.paho.org/pahosys/grp.php
30. Su YS, Gelman A, Hill J, Yajima M. Multiple imputation with diagnostics (mi)
in R: opening windows into the black box. J Stat Softw. 2011;45(2):1–31.
31. Cornell M, Johnson LF, Schomaker M, Tanser F, Maskew M, Wood R, et al.
Age in antiretroviral therapy programmes in South Africa: a retrospective, multi-
centre, observational cohort study. Lancet HIV. 2015;2(9):e368–75.
32. Mutevedzi PC, Lessells RJ, Rodger AJ, Newell M-L. Association of age with
mortality and virological and immunological response to antiretroviral therapy in
rural South African adults. PLoS One. 2011; 6(7):e21795.
33. Fatti G, Mothibi E, Meintjes G, Grimwood A. Antiretroviral treatment out-
comes amongst older adults in a large multicentre cohort in South Africa. PLoS
One 2014;9(6):e100273.
34. Balestre E, Eholi�e SP, Lokossue A, Sow P, Charurat M, Minga A, et al. Effect
of age on immunological response in the first year of antiretroviral therapy in
HIV-1-infected adults in West Africa. AIDS. 2012;26(8):951–7.
35. Viard JP, Mocroft A, Chiesi A, Kirk O, Røge B, Panos G, et al. Influence of
age on CD4 cell recovery in human immunodeficiency virus-infected patients
receiving highly active antiretroviral therapy: evidence from the EuroSIDA study.
J Infect Dis. 2001;183(8):1290–4.
36. Maskew M, Brennan A, MacPhail P, Sanne I, Fox MP. Poorer ART outcomes
with increasing age at a large public sector HIV clinic in Johannesburg, South
Africa. J Int Assoc Physicians AIDS Care (Chic). 2012;11(1):57–65.
37. Pirrone V, Libon D, Sell C, Lerner C, Nonnemacher M, Wigdahl B. Impact of
age on markers of HIV-1 disease. Future Virol. 2013;8(1):81–101.
38. Barclay TR, Hinkin CH, Castellon SA, Mason KI, Reinhard MJ, Marion SD, et al.
Age associated predictors of medication adherence in HIV-positive adults: health
beliefs, self-efficacy, and neurocognitive status. Health Psychol. 2007;26(1):40–9.
39. Kowalska JD, Kubicka J, Siwak E, Pulik P, Firlazg-Burkacka E, Horban A,
et al. Factors associated with the first antiretroviral therapy modification in
older HIV-1 positive patients. AIDS Res Ther. 2016;7(13):2.
40. Prosperi MC, Fabbiani M, Fanti I, Zaccarelli M, Colafigli M, Mondi A, et al.
Predictors of first-line antiretroviral therapy discontinuation due to drug-related
adverse events in HIV-infected patients: a retrospective cohort study. BMC
Infect Dis. 2012;12(12):296.
41. Torres TS, Cardoso SW, Velasque LS, Veloso VG, Grinsztejn B. Incidence
rate of modifying or discontinuing first combined antiretroviral therapy regimen

due to toxicity during the first year of treatment stratified by age. Braz J Infect
Dis. 2014;18(1):34–41.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:
Figure S1. Crude cumulative incidence of regimen modifica-
tion by age group and timing of ART initiation.
Table S1. Comparison of age-specific mortality rates (per
100,000 person years) between CCASAnet patients and the
general population using 2014 data from the Pan-American
Health Organization
Table S2. Comparison of age-specific mortality rates (per
100,000 person years) by country between CCASAnet
patients and the general population using data from the Pan-
American Health Organization
Table S3. Comparison of all-cause mortality, treatment modifi-
cation and virologic failure between older and younger
patients
Table S4. Comparison of hazard ratios for all-cause mortality,
treatment modification and virologic failure among patients
≥50 years old
Table S5. Comparison of hazard ratios for all-cause mortality,
treatment modification and virologic failure among patients
<50 years old
Table S6. A comparison of imputed values (from a single repli-
cation) and observed values for all variables with missing
observations
Table S7. Comparison of all-cause mortality (n = 9304), treat-
ment modification (n = 9304) and virologic failure (n = 7276)
between older and younger patients USING ONLY COM-
PLETE CASES DATA

Carriquiry G et al. Journal of the International AIDS Society 2018, 21:e25088
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25088/full | https://doi.org/10.1002/jia2.25088

9

https://hiss.paho.org/pahosys/grp.php
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25088/full
https://doi.org/10.1002/jia2.25088

	Outline placeholder
	1
	1
	2
	2
	3
	jia225088-bib-0001
	jia225088-bib-0002
	jia225088-bib-0003
	jia225088-bib-0004
	jia225088-bib-0005
	jia225088-bib-0006
	jia225088-bib-0007
	jia225088-bib-0008
	jia225088-bib-0009
	jia225088-bib-0010
	jia225088-bib-0011
	jia225088-bib-0012
	jia225088-bib-0013
	jia225088-bib-0014
	jia225088-bib-0015
	jia225088-bib-0016
	jia225088-bib-0017
	jia225088-bib-0018
	jia225088-bib-0019
	jia225088-bib-0020
	jia225088-bib-0021
	jia225088-bib-0022
	jia225088-bib-0023
	jia225088-bib-0024
	jia225088-bib-0025
	jia225088-bib-0026
	jia225088-bib-0027
	jia225088-bib-0028
	jia225088-bib-0029
	jia225088-bib-0030
	jia225088-bib-0031
	jia225088-bib-0032
	jia225088-bib-0033
	jia225088-bib-0034
	jia225088-bib-0035
	jia225088-bib-0036
	jia225088-bib-0037
	jia225088-bib-0038
	jia225088-bib-0039
	jia225088-bib-0040
	jia225088-bib-0041


