PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Belaunzaran-Zamudio PF, Caro-Vega Y,
Giganti MJ, Castilho JL, Crabtree-Ramirez BE,
Shepherd BE, et al. (2020) Frequency of non-
communicable diseases in people 50 years of age
and older receiving HIV care in Latin America.
PLoS ONE 15(6): €0233965. https://doi.org/
10.1371/journal.pone.0233965

Editor: Bruno Pereira Nunes, Universidade Federal
de Pelotas, BRAZIL

Received: October 3, 2019
Accepted: May 15, 2020
Published: June 17, 2020

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0233965

Copyright: © 2020 Belaunzaran-Zamudio et al. This
is an open access article distributed under the
terms of the Creative Commons Attribution
License, which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author and source are
credited.

Data Availability Statement: Complete data for
this study cannot be publicly shared because of

RESEARCH ARTICLE

Frequency of non-communicable diseases in
people 50 years of age and older receiving HIV
care in Latin America

Pablo F. Belaunzaran-Zamudio®", Yanink Caro-Vega®'*, Mark J. Giganti, Jessica

L. Castilho®, Brenda E. Crabtree-Ramirez', Bryan E. Shepherd?, Fernando Mejia*,

Carina Cesar®, Rodrigo C. Moreira®, Marcelo Wolff’, Jean W. Pape®, Denis Padgett®,
Catherine C. McGowan?, Juan G. Sierra-Madero’, for the Caribbean, Central and South
American network for HIV epidemiology (CCASAnet)T

1 Departamento de Infectologia, Instituto Nacional de Ciencias Médicas y Nutricién Salvador Zubiran,
Mexico City, Mexico, 2 Department of Biostatistics, Vanderbilt University, Nashville, Tennessee, United
States of America, 3 Department of Medicine, Vanderbilt University, Nashville, Tennessee, United States of
America, 4 Instituto de Medicina Tropical Alexander von Humboldt, Universidad Peruana Cayetano Heredia,
Lima, Peru, 5 Fundacion Huesped, Buenos Aires, Argentina, 6 Fundacdo Oswaldo Cruz, Instituto Nacional
de Infectologia Evandro Chagas, Rio de Janeiro, Brazil, 7 Department of Infectious Diseases, Fundacion
Arriaran, Santiago de Chile, Chile, 8 Les Centres GHESKIO, Port-au-Prince, Haiti, 9 Instituto Hondurefio de
Seguridad Social, Tegucigalpa, Honduras

9 Membership of the Caribbean, Central and South American network for HIV epidemiology (CCASAnet) is
provided in the Acknowledgments.
* yanink.caro @infecto.mx

Abstract

Background

A growing population of older adults with HIV will increase demands on HIV-related health-
care. Nearly a quarter of people receiving care for HIV in Latin America are currently 50
years or older, yet little is known about the frequency of comorbidities in this population. We
estimated the prevalence and incidence of non-communicable diseases (NCDs) among
people 50 years of age or older (>50y0) receiving HIV care during 2000-2015 in six centers
affiliated with the Caribbean, Central and South American network for HIV epidemiology
(CCASAnet).

Methods

We estimated the annual prevalence, and overall prevalence and incidence of cardiovascu-
lar diseases, diabetes, hypertension, dyslipidemia, psychiatric disorders, chronic liver and
renal diseases, and non-AlDS-defining cancers, and multimorbidity (more than one NCD) of
people >50yo receiving care for HIV. Analyses were performed according to age at enroll-
ment into HIV care (<50yo and >50yo).

Results

We included 3,415 patients >50yo, of whom 1,487(43%) were enrolled at age >50 years.
The annual prevalence of NCDs increased from 32% to 68% and multimorbidity from 30%
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to 40% during 2000—2015. At the last registered visit, 53% of patients enrolled <50yo and
50% of those enrolled >50yo had at least one NCD. Most common NCDs at the last visit in
each age-group at enrolliment were dyslipidemia (36% in <50yo and 28% in >50yo), hyper-
tension (17% and 18%), psychiatric disorders (15% and 10%), and diabetes (11% and
12%).

Conclusions

The prevalence of NCDs and multimorbidity in people >50 years receiving care for HIV in
CCASAnet centers in Latin America increased substantially in the last 15 years. Our results
make evident the need of planning for provision of complex, primary care for aging adults liv-
ing with HIV.

Introduction

A growing population of older people with HIV is receiving care worldwide [1,2]. People living
with HIV (PLWHIV) now have extended life expectances due to use of combined antiretrovi-
ral therapies (cART). Meanwhile, the observed age at infection is also increasing [2,3]. By
2030, model-based projections estimate that around 75% of people receiving care for HIV in
high-income countries will be older than 50 years [4,5]. As the population of PLWHIV ages,
co-morbidities resulting from natural aging, effects of chronic inflammation, and long-term
use of cART are expected to also grow, increasing demands on HIV-related health care [5,6].

According to UNAIDS estimates, there were 4.2 million people aged 50 or older living with
HIV in low- and middle-income countries (LMIC) by 2013, accounting for 12% of all
PLWHIV in these regions [2]; in Latin America and the Caribbean, that proportion may be as
high as 24% [7,8]. A recent study by Carraquiry et al suggested that those starting cART at 50
years or older had an increased risk of death independent of CD4 count or AIDS when com-
pared with people starting cART at younger ages, despite decreased risk of virological failure
and treatment modification [9]. One possible reason for this difference could be the increased
presence of non-communicable diseases (NCDs) in the population over 50 years [10].

Among the general population of people aged 50 or older in Latin America, the prevalence
of NCDs is high. For example, recent studies from Brazil [11,12], Honduras [13], Mexico [14-
16], and Peru [17] have all reported estimates of the prevalence of diabetes mellitus (DM) in
older populations to be 12% or higher. Among those between the ages of 60 and 70 years in
Mexico, the estimated prevalence was as high as 36% [14]. The percentage of people 50 years
and older with hypertension (HTN) was estimated to be greater than 40% in urban and rural
settings in Mexico [14-16], Brazil [11,12], and Honduras [13]. Dyslipidemia was also higher
than 35% in both Brazil and Mexico [11,12,16].

While the frequency of NCDs among aging PLWHIV has been extensively studied in the
USA, Europe, and Africa [4-6, 18-20], few studies have addressed this emerging problem in
Latin America [21-25]. Published data from single-center cohorts of people older than 50
receiving care for HIV in Mexico and Brazil found high prevalence of (DM, 20-22%), HTN
(33-62%), dyslipidemia in Mexico (57%), and chronic liver (25%) and kidney disease (16%) in
Brazil. Moreover, the mean number of comorbidities was 1.4 in Mexico and 2 in Brazil, with
an overall prevalence of multimorbidity of 63% in Brazil [22,23]. Our goal is to further charac-
terize the magnitude of this problem in our region using data from five Latin American
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according to HIPAA Safe Harbor guidelines. Since
reidentification of de-identified datasets may be
possible when they are combined with publicly
available datasets, CCASAnet promotes the signing
of a Data Use Agreement before HIV clinical data
can be released. Instructions for how to obtain
CCASAnet data are outlined on the CCASAnet
website: https://www.ccasanet.org/collaborate/.

countries. The analysis of data from a larger and more heterogeneous population, provides
more generalizable results to inform planning care, and estimate costs and needs of HIV-
related healthcare in Latin America. Here, we summarize the prevalence of selected NCDs at
different time points, and overall incidence among PLWHIV >50 years of age receiving HIV
care. Patients were stratified by age at enrollment in care (<50 years at enrollment and > 50
years at enrollment) given possible differences in time of ART exposure, previous health his-
tory, HIV duration and severity, clinical outcomes, and mortality between people aging in care
and people diagnosed at older age [18, 26].

Methods
Ethics statement

Institutional review board approval was obtained locally by each participating Caribbean, Cen-
tral and South American network for HIV Epidemiology (CCASAnet) site and by the CCASA-
net Data Coordinating Center at Vanderbilt University. In each of the sites contributing data
to this study, ethical regulations and policies permit retrospective analysis of de-identified clin-
ical data without informed consent when research is approved by an Institutional Review
Board or appropriately constituted ethics committee. Argentina-Comité de Bioética de Fun-
dacién Huésped. Brazil- Comité de Etica em Pesquisa (CEP), Fundacao Oswaldo Cruz, Insti-
tuto Nacional de Infectologia Evandro Chagas. Comissao Nacional de Etica em Pesquisa
(CONEP). Chile- Comite Etico Cientifico del Servicio de Salud Metropolitano Central. Haiti-
Comité des Droits Humains des Centres GHESKIO, and Weill Cornel Medical College Institu-
tional Review Board. Honduras-Comité de Etica en Investigacion Biomédica de la Unidad de
Investigacion Cientifica de la Universidad Nacional auténoma de Honduras. México-Comité
de Etica en Investigacién del Instituto Nacional de Ciencias Médicas y Nutricion Salvador
Zubiran. Perd—Comité Institucional de Etica, Universidad Peruana Cayetano Heredia. Van-
derbilt-Vanderbilt University Institutional Review Board.

Cohort settings and procedures

The Caribbean, Central and South American network for HIV Epidemiology (CCASAnet)
comprises a consortium of HIV health care centers from seven countries in Latin America
(Argentina, Brazil, Chile, Haiti, Honduras, Mexico and Peru) established to share anonymized
clinical data with the purpose of studying the epidemiology of HIV outcomes and care in our
region [27]. The characteristics of participating centers are widely heterogeneous; and include
private, public and non-government organization centers with different funding mechanisms,
infrastructure, size, and type of care (primary or tertiary care level), reflecting the different
HIV-care models throughout our region [28-32]. Patients enroll, are followed-up, and receive
care and treatment in collaborating sites according to local guidelines. Patients are followed
from date of cohort enrollment (date of first clinic visit) until date of death or date of last visit
(in the case of loss to follow-up).

CCASAnet cohort data is based on medical records used during routine patient care. CCA-
SAnet Standard Operating Procedures are used to consistently collect, code, organize and sub-
mit deidentified data to the CCASAnet Data Coordinating Center at Vanderbilt University
(VDCC; Nashville, TN, USA) for harmonization and assessment for internal consistency
between variables. Non-AIDS defining events are organized in a predefined list that encom-
passes 14 generic diagnosis: cerebrovascular disease, coronary artery diseases, end-stage renal
disorder, cirrhosis or end-stage liver disease, diabetes, non-AIDS-defining neoplasia, osteopo-
rosis or avascular necrosis of bone, Chagas diseases, dengue, malaria, HTLV-1, leishmaniasis,
dyslipidemia, and an additional open formatted category to allow for flexibility among all sites.
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Non-communicable disease diagnoses are included solely if recorded in the medical record by
the provider. Investigators at each site decide in which category any particular event is regis-
tered during data collection. Events might have been diagnosed during routine care since the
last HIV-care visit, and either registered in the clinical file or self-reported by patients if diag-
nosed elsewhere. The VDCC performs periodic quality assessment of data collection and vali-
dation through data audits to ensure accuracy [27, 33, 34].

Study population

This was an observational cohort analysis using clinical data from older PLWHIV (>50 years)
enrolled in participating sites in CCASAnet [27]. We included data from patients receiving
care at the six centers where data on non-communicable diseases are collected (Fundacion
Huesped in Argentina, Instituto Nacional de Infectologia Evandro Chagas -Fiocruz in Brazil,
Fundacion Arriaran in Chile, Instituto Hondurefio de Seguridad Social and Hospital Escuela
Universitario in Honduras, and Instituto Nacional de Ciencias Médicas y Nutricion Salvador
Zubiran in Mexico).

While the classification of ‘older PLWHIV” is not explicitly defined, a threshold of 50 years
of age is commonly used to indicate an aging or older HIV population [35]. In our own
research, we have used this threshold to assess how people enrolled at younger ages and receiv-
ing ART have contributed to growth of the older PLWHIV population compared to those
enrolled at older ages [7]. We maintain this categorization to explore how much each group
might contribute to the prevalence of comorbidities and multi-morbidity in our region. For
this study, we included all patients >50 years of age in the cohort during the time between
2000 and 2015 who had at least two clinic visits, including one after 50 years of age. Patients
were categorized according to their age at clinic enrollment: those <50 years old (yo) at enroll-
ment and retained in care after age 50yo (<50yo at enrollment) and those who enrolled in care
at age >50 years (>50yo at enrollment). Observation time was considered the time in care
after 50 years of age. The start of study observation time was different for each group: patients
>50yo at enrollment started follow-up on the registered date of enrollment in care in each cen-
ter, and patients <50yo at enrollment started follow-up at their first visit after their 50th birth-
day, regardless of age at diagnosis or date of enrollment in clinical care and ART initiation. All
patients were followed-up until the last visit to the center or death.

Outcomes, definitions and data sources

Information on NCDs for this study was retrieved from the central CCASAnet database. For
this analysis, NCDs were assigned to one of eight categories: diabetes (including any registered
diagnosis using the term diabetes); dyslipidemia (including diagnoses registered as dyslipide-
mia, high cholesterol and hyperlipidemia); psychiatric disorders (including diagnoses regis-
tered as depression, unspecified depression, depressive episode, panic attack, depressive
disorder, schizophrenia, personality disorder); hypertension (including diagnoses registered
using the term hypertension); liver diseases (including diagnoses registered as non-AIDS liver
event, hepatitis B, hepatitis C, chronic hepatitis C, hepatic steatosis, steatosis, chronic liver dis-
ease, liver insufficiency), cardio- and cerebrovascular diseases (any diagnosis registered as
cerebrovascular accident or stroke, cardiovascular disease, coronary artery disease, arterial
thrombosis, cerebral ischemia, myocardial infarction/thrombotic-ischemic disease, unspeci-
fied heart failure, peripheral vascular insufficiency, chest pain, or hypertensive heart disease);
renal diseases (all registered non-AIDS related renal disorders, including chronic tubulointer-
stitial nephritis, diabetic nephropathy, hypertensive nephropathy, nephrotic syndrome); and
non-AIDS-defining cancers. Patients with two or more NCDs were considered as having
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multimorbidity. Prevalent comorbidities included diagnoses recorded before or at the start of
observation time (first clinic visit for those >50 years old at entry and first visit after age 50 for
those <50 years old at entry). Incident diagnoses were all non-repeating diagnoses recorded
after start of observation period until death, loss to follow-up, or administrative censoring.

Statistical analysis

We summarized clinical and demographic characteristics of patients >50 years, by age at
enrollment (<50yo at enrollment and continued in care after 50yo and >50yo at enrollment).
We compared sociodemographic, clinical and medical history characteristics between these
groups to verify and document our assumption that they are different using chi-squared tests
for categorical variables and Kruskal-Wallis for continuous variables.

We estimated four different measures of frequency. First, to describe the temporal changes
in the burden of comorbidities, we evaluated the annual prevalence of any single comorbidity
and of multimorbidity during the study period (2000-2015) in all patients >50 years of age in
care that year. Next, to describe the prevalence of NCDs, we used different relevant timepoints
in care during individual follow-up (at baseline, during care, and at the end of follow-up) and
estimated the prevalence of any NCD, and of multimorbidity. We also estimated the preva-
lence of specific categories of NCDs at baseline, unadjusted incidence of these during care, and
prevalence at end of follow-up.

In the first analysis, we generated an annual cohort of patients >50yo with HIV-infection
for every calendar year between 2000-2015 with at least two visits each year, one occurring
after July 15th. Inclusion criteria guaranteed that patients were actively receiving care in a par-
ticular year and had the opportunity of being screened for clinical events during the whole
year. In the second analysis, we calculated the proportion of patients with one NCD and with
multimorbidity at baseline and at end of the follow-up (accumulated) for each age-at-enroll-
ment group. Any NCD reported at or before start of follow-up was defined as prevalent at
baseline, and these and any event diagnosed after baseline were included in the number of
comorbidites at end of follow-up. In the third and fourth analyses, we estimated the prevalence
of specific NCDs at baseline and at the end of follow-up as described above. We estimated
unadjusted incidence of specific NCDs by age-group, excluding prevalent diagnoses, using the
number of new registered diagnoses of specific NCDs over the total time of follow-up, censor-
ing observation time at the registered date of the NCD of interest.

Results
Cohort characteristics

We included 3,415 patients who were followed for a median of 3.7 years at ages >50 years
between 2000 and 2015. Of these, 1,928 (56%) were <50 years at enrollment and 1,487 (43%)
>50 years at enrollment. Median ages at start of follow-up time for this study were 50.5yo0 and
55.2yo for each group. Patients <50yo at enrollment were followed a median time of 3.1 years
after reaching 50 years (cumulative time of 7,821 years in follow-up). In contrast, those >50yo
at enrollment were followed for 4.6 years (8,064 cumulative years in follow-up). While most
patients <50yo at enrollment were receiving ART at start of follow-up time (93%), only 32%
of those >50yo at enrollment were receiving ART at start of follow-up. Median CD4 counts at
start of follow-up were 463 cells/mm’ among people <50yo at enrollment and 246 cells/mL
among those >50yo at enrollment. While the study period encompasses a 15-year period
(2000-2015), 50% of all person time of observation in this study occurred between 2010 and
2015 (Table 1). Most patients were followed-up until 2015 and were administratively censored
(79% in patients enrolled< = 50 and 73% in those enrolled >50yo). The remaining
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Table 1. Demographic and clinical characteristics at start of follow-up " of 3,415 patients 50 years and older receiving HIV care in six centers in Latin America affil-
iated with CCASAnet, by age at enrollment in HIV care * (2000-2015).

Characteristics * <50yo at enrollment in HIV care >50yo at enrollment in HIV care Combined p-value
(n=1,928) (n=1,487) (n=3,415)
Male 1,382 (72%) 1,094 (73%) 2,476 (72%) 0.23
Age, (years) 50.5 (50.2-50.7) 55.2 (53-60) 50.8 (50.4-54.6) <0.001
CD4 count, (Cells/rnm3) s 463 (302-670) 246 (98-447) 373 (196-582) <0.001
Probable route of transmission, n (%)
Heterosexual 832 (43%) 693 (47%) 1,525 (45%) 0.80
Homosexual 520 (27%) 315 (21%) 835 (24%)
Other 264 (14%) 142 (9%) 406 (9%)
Unknown 312 (16%) 337 (23%) 649 (19%)
Year of enrollment in care 2003 (2001-2007) 2008 (2005-2012) 2005 (2002-2009) | <0.001
Year of enrollment in the cohort (started 2011 (2008-2013) 2008 (2005-2012) 2010 (2006-2013) | <0.001
follow-up)
Time in follow-up since enrollment in care 10.9 (7.7-13.3) 4.6 (2-8.4) 8.4 (4.2-12) <0.001
(years)
Time in follow-up in the >50yo cohort (years) 3.1(1.4-6.14) 4.6 (2-8.4) 3.7 (1.6-6.9) <0.001
Receiving cART at start of follow-up, n (%) 1,800 (93%) 478 (32%) 2,278 (67%) <0.01
Years on cART before start of follow-up 6.0(2.8-10.3) 0 (0-0.4) 2.9 (0-8) <0.001
At least one comorbidity, n (%) 818 (42%) 260 (17%) 1078 (31%) <0.001
Center "' n (%)
FH-Argentina 632 (33%) 578 (39%) 1210 (35%) <0.001
FC-Brazil 694 (36%) 461 (31%) 1155 (34%)
FA-Chile 355 (18%) 226 (15%) 581 (17%)
IHSS/HE-Honduras 124 (6%) 97 (6%) 221 (6%)
INCMNSZ-México 123 (6%) 125 (8%) 248 (7%)

+ Follow-up started the date of the first visit after their 50 birthday for patients <50yo at enrollment and the registered first visit date in the clinic for patients >50yo at
enrollment.

} Patients were dichotomized into two groups according to age at enrollment: people enrolled in care before 50 years old and ageing in care after 50yo (<50y at
Enrollment) and patients enrolled in care at 50 years or older (>50y at Enrollment).

§ Continuous variables are reported as medians (interquartile range).

¢ Missing information on CD4 count for 322 among <50at enrollment and 213 patients >50 at enrollment.

1 FH-Argentina (Fundacion Huesped), FC-Brazil (Instituto Nacional de Infectologia Evandro Chagas, Fiocruz), FA-Chile (Fundacion Arriaran), IHSS/HE-Honduras
(Instituto Hondurefo de Seguridad Social and Hospital Escuela Universitario in Honduras), INCMNSZ-Meéxico (Instituto Nacional de Ciencias Médicas y Nutricion

Salvador Zubiran)

https://doi.org/10.1371/journal.pone.0233965.t001

participants were lost to follow-up (17%) or died (8%). Compared to those >50yo at enroll-
ment, a higher proportion of patients <50yo at enrollment were administratively censored
(79% vs 73%, respectively) and a lower proportion died (5% vs 11%, respectively).

Frequency of non-communicable diseases

A total of 3,343 NCDs were reported, of which 1,550 (46%) were diagnosed during follow-up.
The proportion of patients >50 years of age with at least one NCD increased from 32% to 68%
between 2000 and 2015 and those with multimorbidity from 30% to 40% (Fig 1).

At least one NCD at or before starting follow-up was reported in 1,078 (31%) patients.

At the start of study follow-up time, 814 (42%) patients <50yo at enrollment versus 260
(17%) patients >50yo at enrollment had one or more NCD. By the end of follow-up the pro-
portion of patients with any NCDs was approximately 50% regardless of whether patients
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Fig 1. Annual prevalence of non-communicable diseases (NCDs) and multimorbidity " in people 50 years of age or older receiving HIV care in six centers in Latin
America affiliated with CCASAnet * (2000-2015). + Multimorbidity defined as having two or more NCDs.

https://doi.org/10.1371/journal.pone.0233965.9001

entered clinical care before (53%) or after age 50 years (50%) (Fig 2). The overall incidence of
NCDs was 9.75 per 100 person-years of follow-up: 6.31 per 100 person-years (494 NCDs in
7,821 years of follow-up) among those enrolled before 50yo and 13.09 per 100 person-years
(1,056 NCDs in 8,064 years of follow-up) among patients enrolled after 50yo.

Distribution of specific-types of non-communicable diseases

Prevalence and incidence of specific types of NCDs at start and end of follow-up are shown in
Table 2. Among patients <50yo at enrollment the most common comorbidities at the start
and end of follow-up were dyslipidemia (27% and 36%), hypertension (13% and 17%), psychi-
atric disorders (11% and 15%), and diabetes (7% and 11%). Similarly, among patients >50yo
at enrollment, dyslipidemia (3% and 28%), hypertension (8% and 18%), psychiatric disorders
(1% and 10%), and diabetes (4% and 12%) were the most frequent disorders at baseline and
end of follow-up, respectively. At the end of follow-up, the accumulated proportion of patients
with cardiovascular diseases (7% vs. 8%), liver (9% vs. 9%), and renal disease (2% vs. 4%), and
non-AIDS-defining malignancy (3% vs. 5%) were similar between patients <50 and >50 yo at
enrollment. Thus, the estimated incidence of most individual comorbidities was apparently
higher among those enrolled after 50 years of age.

Discussion

This observational, multi-national cohort study shows that a very high proportion of people 50
years of age and older receiving care for HIV in Latin America have non-communicable
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Fig 2. Prevalence of non-communicable diseases (NCD)", and multimorbidity (more than one NCD) at start of follow-up* and at end of follow-up® in patients 50
years of age or older receiving HIV care in six centers in Latin America affiliated with CCASAnet ™. + Including any of the following: diabetes, psychiatric disorders,
liver diseases, cardio- and cerebrovascular diseases, renal diseases, and non-AIDS-defining malignancy. } Patients <50 at enrollment started follow-up the date of the
first visit after their 50 birthday and those >50 at enrollment in the date of first registered visit to the clinic. § Prevalence of NCDs and multimorbidity at end of follow-
up includes NCDs diagnosed before or at start of follow-up and NCDs diagnosed during follow-up. 11 Caribbean, Central and South American network for HIV
epidemiology (CCASAnet).

https://doi.org/10.1371/journal.pone.0233965.9g002

diseases and multimorbidity, and it highlights the increasing need of healthcare models for
older people with HIV that integrate prevention and care of NCDs [25,36,37]. We observed
that close to 70% of patients >50 years in 2015 experienced at least one comorbidity, and half
of them two or more. We also observed that at the last individual follow-up visit, around half
of patients >50yo receiving HIV care in our centers developed at least one NCD and half of
these had at least two NCDs, regardless of age at enrollment in care. Dyslipidemia, hyperten-
sion, psychiatric disorders, and diabetes were amongst the most frequent NCDs, highlighting
also the increasing frequency of risk factors for cardiovascular disorders. Epidemiologic data
of NCDs among older PLWHIV in Latin America are notably scarce [21-23]. Thus, this study
contributes to fill an important knowledge gap and provides information for better compre-
hension of healthcare needs of older people with HIV in our region [25, 36-38].

Frequency of NCDs

We observed a lower prevalence of NCDs at the start of follow-up in patients >50yo at enroll-
ment, but the prevalence of any comorbidity and multi-morbidity was similar at the end of fol-
low-up. While people enrolled in HIV care at 50yo or older had an apparently lower
prevalence of NCDs at baseline and higher incidence during follow-up, increased opportuni-
ties for diagnosis after enrollment in regular medical care for HIV-infection are likely to
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Table 2. Prevalence and incidence ' of non-communicable diseases (NCDs) in patients 50 years and older receiving HIV care in six centers in Latin America * affili-
ated with CCASAnet ® by age at enrollment in HIV care (<50yo and >50yo at enrollment).

Specific non- <50yo at enrollment (1,928 patients) >50yo at enrollment (1,487 patients)
communicable disorders | g, of follow-up ¢ | End of follow-up 7" |  Incidence®® (NCD/ Start of follow- | End of follow-up™ |  Incidence®® (NCD/
(1,437 NCDs) (1,931 NCDs) 100-person-years) up‘”IE (356 NCDs) (1,412 NCDs) 100-person-years)
Dyslipidemia 525 (27%) 697 (36%) 2.20 52 (3%) 419 (28%) 4.69
Hypertension 247 (13%) 320 (17%) 0.90 115 (8%) 271 (18%) 1.93
Psychiatric 222 (11%) 293 (15%) 0.91 22 (1%) 148 (10%) 1.61
Diabetes 136 (7%) 206 (11%) 0.87 61 (4%) 183 (12%) 1.51
Liver Diseases 147 (8%) 167 (9%) 0.25 50 (3%) 132 (9%) 1.05
Cardiovascular 99 (5%) 141 (7%) 0.52 36 (2%) 124 (8%) 1.09
Malignancies 39 (2%) 64 (3%) 0.32 10 (<1%) 77 (5%) 0.86
Renal Disease 22 (1%) 43 (2%) 0.26 10 (<1%) 58 (4%) 0.59

t Prevalence when starting follow-up, at end of follow-up, and incidence of specific NCDs.

§ Caribbean, Central and South America network for HIV epidemiology (CCASAnet).

¢ Date of the first visit after their 50" birthday.

Tt Date of last registered visit to the center, registered date of diagnosis of the NCD or death.

§$ Number of specific NCDs events newly diagnosed during follow-up over the total number of years of follow-up.

1% Date of first registered visit to the clinic.

https://doi.org/10.1371/journal.pone.0233965.t1002

account for most of this difference. Antiretroviral associated dyslipidemia might also partially
explain these differences. Allmost all patients in our centers were initiated on efavirenz- or
boosted lopinavir-based regimens with ziduvudine and lamivudine during the study period
[28-30], and dyslipidemia, a common complication of former first-line ART regimes [39], was
the most common incident NCD among patients >50yo at enrollment. Importantly, more
than two-thirds of patients older than 50yo receiving care for HIV in these centers in Latin
America, regardless of their age at enrollment, had concomitant NCDs that increase their car-
diovascular risk and require integrated management in our clinics.

Results of the study in context

The prevalence of diabetes, non-AIDS-defining cancer, psychiatric disorders, hypertension,
and cardiovascular, renal, and liver diseases in our cohort was lower than in cohorts of older
PLWHIV in high-income countries [18-20,40]. Differences in the frequency of environmen-
tal, genetic and individual risk factors for NCDs might explain these disparities [41,42] Previ-
ous studies in Italy found that people aging while receiving HIV care more frequently had
several specific NCDs, multimorbidity, and polypharmacy than people of similar age diag-
nosed and enrolled in care later in life [18,26]. In contrast, we saw that patients enrolled in
care after 50 years of age had a lower prevalence of NCDs than those who reached 50 years of
age while in care, whereas those enrolled after 50 years had a higher incidence of NCDs. This
discrepancy may potentially be explained by the shorter time in observation for both groups in
our study and considerable larger differences of time living with HIV between groups in Italy
(>10 years in comparison with around 5 years in this study), rather than age itself [18,22,26].
In previous, single center studies with a limited number of participants in Brazil (n = 184) and
Mexico (n = 208), the overall prevalence of diabetes, dyslipidemia, hypertension, cardiovascu-
lar disorders, non-AIDS related neoplasia, chronic non-AIDS related liver and kidney diseases,
and of multimorbidity was significantly higher than that at the end of follow-up in our study
[22,23]. In contrast, the prevalence of multimorbidity in 2014 was lower than 15% in a large,
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multisite, cohort study in Brazil, but the cohort included all adults 18yo and older receiving
care, so the mean age of the study population was significantly younger [21].

We observed a lower prevalence of NCDs in our cohort relative to prevalence estimates cor-
responding to the general population in Latin America. [11-17]. It is unclear whether this is
due to incomplete ascertainment of NCDs or selection biases that make a cohort of patients
longitudinally receiving treatment and care at a health center not comparable with a represen-
tative sample of the general population.

Opverall, our study provides robust and generalizable evidence on the frequency of NCDs in
older people with HIV by including a large, multinational cohort of older people receiving care
for HIV in a diverse group of clinical centers comprising different HIV-care models and popula-
tions throughout our region [27-31]. Our results have important implications for HIV care in
Latin America as NCDs in PLWHIV, particularly in older populations, significantly reduce sur-
vival [10], increase health care costs [4,5,43], and are associated with other geriatric syndromes
that increase complexity of care [18,23,44-46], and may reduce HIV therapeutic options [18,46].

Limitations

The scope of our study is limited to the initial identification and description of the problem
and has a number of important limitations to consider. First, we are unable to provide infor-
mation on relevant risk factors for NCDs as CCASAnet does not routinely collect data on diet,
physical activity, body composition, or tobacco use. Similarly, we focused on NCDs and multi-
morbidity as measures of morbidity; nonetheless, other unmeasured variables (e.g., disability,
polypharmacy, neurocognitive decline, and other geriatric syndromes) might be more relevant
to health-related quality of life and healthcare needs in aging people [23, 43-47]. In future
studies, we plan to address these limitations with prospective data collection of relevant risk
factors and clinical assessments for geriatric syndromes, including data on people of similar
age without HIV-infection. Further epidemiological, clinical and policy research is needed to
specifically address these implications in the region [4,5,25,36-38,47].

We acknowledge several other methodological limitations in our work, such as the uncer-
tainty about the representativeness of CCASAnet participating centers of routine HIV-care in
Latin America. As with any other observational study, our estimates might be biased due to
non-participation and attrition, and other of several biases arising from factors which might
include differences in participation in care and quality of care at each center. We classified our
study population in two groups based on their age at enrollment in care. We acknowledge this
is an arbitrary distinction that does not necessarily accurately depict a complex aging biological
process intertwined with the effects of long-term toxicity of ART. Nonetheless, ours is a
descriptive study aiming to quantify this emerging problem and we found this a useful solution
to describe separately subgroups in our population of interest that present different morbidity
patterns. Despite systematic efforts to improve data quality and management in CCASAnet
[33,34], this data is subject to potential information biases as NCDs diagnoses were included
solely if recorded in the medical record by the provider. Clinical file management practices
may have differed by site and over time, and screening for NCDs is not standardized across
centers [48]. Health care seeking behavior also affects recognition and capture of diagnoses for
these conditions. Thus, underdiagnosis and under-reporting of NCDs might have led us to
underestimate the real frequency of these disorders [49-51].

Despite these limitations, our study provides very much needed information that may
guide the development of specific guidelines of integrated health care for the older, adult HIV
population, as currently only a few countries offer recommendations for preventive, integrated
primary care for older people living with or without HIV in our region [52-55].
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Conclusions and potential impact

Our findings have important implications for planning healthcare services for older people liv-
ing with HIV in Latin America. The high prevalence of comorbidities and multimorbidity
among older people living with HIV in our region should be taken into consideration to plan
for the provision of integrated care [17,30]. Increasing age and frequencies of NCDs in this
population may increase costs for primary prevention, screening, care and treatment of NCDs
[4, 5, 40-44], and have an impact on the quality of care and choices of available cART [43].
Furthermore, NCDs also increase mortality in patients with complete virologic suppression
and adequate immune recovery receiving cART, underscoring, the importance of identifying
the frequency of non-AIDS associated risk factors for mortality of older people living with
HIV [10, 41].

Acknowledgments

The Caribbean, Central and South American network for HIV epidemiology (CCASAnet)
includes research teams in the following sites: Fundacion Huésped, Argentina: Pedro Cahn,
Carina Cesar, Valeria Fink, Omar Sued, Emanuel Dell'Isola, Cleyton Yamamoto, Florencia
Cahn; Instituto Nacional de Infectologia-Fiocruz, Brazil: Beatriz Grinsztejn, Valdilea Veloso,
Paula Luz, Raquel de Boni, Sandra Cardoso Wagner, Ruth Friedman, Rodrigo C. Moreira;
Universidade Federal de Minas Gerais, Brazil: Jorge Pinto, Flavia Ferreira, Marcelle Maia; Uni-
versidade Federal de Sao Paulo, Brazil: Regina Célia de Menezes Succi, Daisy Maria Machado,
Aida de Fatima Barbosa Gouvéa; Fundacién Arriaran, Chile: Marcelo Wolff, Claudia Cortes,
Maria Fernanda Rodriguez, Gladys Allendes; Les Centres GHESKIO, Haiti: Jean William
Pape, Vanessa Rouzier, Adias Marcelin, Christian Perodin; Hospital Escuela Universitario,
Honduras: Marco Tulio Luque. Instituto Hondurefio de Seguridad Social, Honduras: Denis
Padgett. Instituto Nacional de Ciencias Médicas y Nutricion Salvador Zubiran, Mexico: Juan
Sierra Madero, Brenda Crabtree Ramirez, Pablo F Belaunzaran, Yanink Caro Vega. Instituto
de Medicina Tropical Alexander von Humboldt, Peru: Eduardo Gotuzzo, Fernando Mejia,
Gabriela Carriquiry. Vanderbilt University Medical Center, USA: Catherine C McGowan,
Bryan E Shepherd, Timothy Sterling, Karu Jayathilake, Anna K Person, Peter F Rebeiro, Mark
J Giganti, Jessica Castilho, Stephany N Duda, Fernanda Maruri, Hilary Vansell.

Author Contributions
Conceptualization: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Jessica L. Castilho,
Bryan E. Shepherd, Carina Cesar, Catherine C. McGowan, Juan G. Sierra-Madero.

Data curation: Yanink Caro-Vega.

Formal analysis: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Mark J. Giganti, Bryan
E. Shepherd.

Funding acquisition: Catherine C. McGowan, Juan G. Sierra-Madero.

Investigation: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Mark J. Giganti, Jessica L.
Castilho, Brenda E. Crabtree-Ramirez, Bryan E. Shepherd, Fernando Mejia, Carina Cesar,
Rodrigo C. Moreira, Marcelo Wolff, Jean W. Pape, Denis Padgett, Catherine C. McGowan,
Juan G. Sierra-Madero.

Methodology: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Mark J. Giganti, Jessica L.
Castilho, Bryan E. Shepherd, Fernando Mejia, Rodrigo C. Moreira, Marcelo Wolft, Jean W.
Pape, Denis Padgett, Catherine C. McGowan, Juan G. Sierra-Madero.

PLOS ONE | https://doi.org/10.1371/journal.pone.0233965 June 17, 2020 11/15


https://doi.org/10.1371/journal.pone.0233965

PLOS ONE

Comorbidities and HIV in Latin America in people 50 years of age and older

Project administration: Catherine C. McGowan.
Resources: Catherine C. McGowan, Juan G. Sierra-Madero.

Supervision: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Jessica L. Castilho, Brenda
E. Crabtree-Ramirez, Bryan E. Shepherd, Carina Cesar, Rodrigo C. Moreira, Marcelo
Wolff, Jean W. Pape, Denis Padgett, Catherine C. McGowan, Juan G. Sierra-Madero.

Validation: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Jessica L. Castilho, Brenda E.
Crabtree-Ramirez, Bryan E. Shepherd, Fernando Mejia, Carina Cesar, Rodrigo C. Moreira,
Marcelo Wolff, Jean W. Pape, Denis Padgett, Catherine C. McGowan, Juan G. Sierra-
Madero.

Writing - original draft: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Mark J. Giganti,
Jessica L. Castilho, Brenda E. Crabtree-Ramirez, Bryan E. Shepherd, Fernando Mejia,
Carina Cesar, Rodrigo C. Moreira, Marcelo Wolff, Jean W. Pape, Denis Padgett, Catherine
C. McGowan, Juan G. Sierra-Madero.

Writing - review & editing: Pablo F. Belaunzaran-Zamudio, Yanink Caro-Vega, Mark J.
Giganti, Jessica L. Castilho, Brenda E. Crabtree-Ramirez, Bryan E. Shepherd, Fernando
Mejia, Carina Cesar, Rodrigo C. Moreira, Marcelo Wolff, Jean W. Pape, Denis Padgett,
Catherine C. McGowan, Juan G. Sierra-Madero.

References

1. Joint United Nations Programme on HIV/AIDS (2014) The Gap Report 2014. People aged 50 years and
older. [Internet]. Geneva. Available from: http://www.unaids.org/sites/default/files/media_asset/12_
Peopleaged50yearsandolder.pdf.

2. Costagliola D. Demographics of HIV and aging. Curr Opin HIV AIDS. 2014 Jul; 9(4):294-301. https:/
doi.org/10.1097/COH.0000000000000076 PMID: 24824889

3. Joint United Nations Programme on HIV/AIDS (2013) HIV and aging. A special supplement to the
UNAIDS report on the global AIDS epidemic 2013. Available from http://www.unaids.org/sites/default/
files/media_asset/20131101_JC2563_hiv-and-aging_en_0.pdf.

4. SmitM, Brinkman K, Geerlings S, Smit C, Thyagarajan K, van Sighem A et al. Future challenges for
clinical care of an ageing population infected with HIV: a modelling study. Lancet Infect Dis. 2015; 15:
810-18 https://doi.org/10.1016/S1473-3099(15)00056-0 PMID: 26070969

5. SmitM, Cassidy R, Cozzi-Lepri A, Quiros-Roldan E, Girardi E, Mammone A et al. Projections of non-
communicable disease and health care costs among HIV-positive persons in Italy and the U.S.A.: A
modelling study. PLoS ONE 2017; 12(10): e0186638. https://doi.org/10.1371/journal.pone.0186638
PMID: 29059202

6. WongC, Gange SJ, Moore RD, Justice A, Buchacz K, Abraham A et al. Multimorbidity Among Persons
Living with Human Immunodeficiency Virus in the United States. Clin Infect Dis. 2018; 66(8):1230-8.
https://doi.org/10.1093/cid/cix998 PMID: 29149237

7. Caro-Vega Y, Belaunzaran-Zamudio PF, Crabtree-Ramirez B, Shepherd B, Mejia F, Giganti M et al.
Trends in proportion of older HIV-infected people in care in Latin America and the Caribbean: a growing
challenge. Epidemiol Infect. 2018 Jul: 146(10):1308-1311. https://doi.org/10.1017/
$0950268818001346 PMID: 29843838

8. Zitko P. Resultados parciales del Reporte 2018. VII Taller Latinoamericano de VIH. Bogota, Colombia.
23 de Mayo del 2018.

9. Carriquiry G, Giganti MJ, Castilho JL, Jayathilake K, Cahn P, Grinsztejn B et al. Virologic failure and
mortality in older ART initiators in a multisite Latin American and Caribbean Cohort. J Int AIDS Soc.
2018 Mar; 21(3): e25088. https://doi.org/10.1002/jia2.25088 PMID: 29569354

10. Obel N, Omland LH, Kronborg G, Larsen C, Pedersen C, Pedersen G et al. Impact of Non-HIV and HIV
Risk Factors on Survival in HIV-Infected Patients on HAART: A Population-Based Nationwide Cohort
Study. PLoS ONE. 2011 Jul 25; 6(7): €22698. https://doi.org/10.1371/journal.pone.0022698 PMID:
21799935

11. Costa KS, Francisco PM, Malta DC, Berti de Azevedo-Barros M. Sources of medicines for hypertension
and diabetes in Brazil: telephone survey results from Brazilian state capitals and the Federal District,

PLOS ONE | https://doi.org/10.1371/journal.pone.0233965 June 17, 2020 12/15


http://www.unaids.org/sites/default/files/media_asset/12_Peopleaged50yearsandolder.pdf
http://www.unaids.org/sites/default/files/media_asset/12_Peopleaged50yearsandolder.pdf
https://doi.org/10.1097/COH.0000000000000076
https://doi.org/10.1097/COH.0000000000000076
http://www.ncbi.nlm.nih.gov/pubmed/24824889
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
https://doi.org/10.1016/S1473-3099(15)00056-0
http://www.ncbi.nlm.nih.gov/pubmed/26070969
https://doi.org/10.1371/journal.pone.0186638
http://www.ncbi.nlm.nih.gov/pubmed/29059202
https://doi.org/10.1093/cid/cix998
http://www.ncbi.nlm.nih.gov/pubmed/29149237
https://doi.org/10.1017/S0950268818001346
https://doi.org/10.1017/S0950268818001346
http://www.ncbi.nlm.nih.gov/pubmed/29843838
https://doi.org/10.1002/jia2.25088
http://www.ncbi.nlm.nih.gov/pubmed/29569354
https://doi.org/10.1371/journal.pone.0022698
http://www.ncbi.nlm.nih.gov/pubmed/21799935
https://doi.org/10.1371/journal.pone.0233965

PLOS ONE

Comorbidities and HIV in Latin America in people 50 years of age and older

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

2011.[Article in Portuguese]. Cad Saude Publica. 2016 Feb; 32(2):e00090014. https://doi.org/10.1590/
0102-311X00090014 Epub 2016 Feb 23. PMID: 26910253

Saude. Md. Vigitel Brasil 2014: Vigilancia de fatores de risco e proteg¢do para doengas cronicas por
inquérito telefonico. Brasilia. Secretaria de Vigilancia em Saude. Departamento de Vigilancia de Doen-
cas e Agravos ndo Transmissiveis e Promogéao da Saude. 2015. Available from: http://bvsms.saude.
gov.br/bvs/publicacoes/vigitel_brasil_2014.pdf

Montalvan Sanchez EE, Urrutia SA, Rodriguez AA, Duarte G, Murillo A, Rivera R, et al. Cardiovascular
risk assessment in the resource limited setting of Western Honduras: An epidemiological perspective.
Int J Cardiol Heart Vasc. 2020 Feb 4; 27:100476. https://doi.org/10.1016/j.ijcha.2020.100476 eCollec-
tion 2020 Apr PMID: 32309530

Basto-Abreu A, Barrientos-Gutiérrez T, Rojas-Martinez R, Aguilar-Salinas C, Lépez-Olmedo N, De la
Cruz-Gongora V. et al. Prevalence of diabetes and poor glycemic control in Mexico: results from Ensa-
nut 2016. Salud Publica Mex. 2020 Mar-Apr; 62:50-59. Available from: https://doi.org/10.21149/10752
PMID: 31869561

Campos-Nonato |, Hernandez-Barrera L, Pedroza-Tobias A, Medina C, Barquera S. Hypertension in
Mexican adults: prevalence, diagnosis and type of treatment. Ensanut MC 2016. Salud Publica Mex
Mar-Apr. 2018; 60:233-243. https://doi.org/10.21149/8813

Hernandez-Alcaraz C, Aguilar-Salinas CA, Mendoza-Herrera K, Pedroza-Tobias A, Villalpando S, Sha-
mah-Levy T et al. Prevalencia de dislipidemias, diagndstico previo, trata~miento y control: resultados
de la Ensanut 2012. Salud Publica Mex. 2020; 62:137-146. Available from: https://doi.org/10.21149/
10520 PMID: 32237556

Seclen SN, Rosas ME, Arias AJ, Huayta E, Medina CA. Prevalence of diabetes and impaired fasting
glucose in Peru: report from PERUDIAB, a national urban population-based longitudinal study. BMJ
Open Diabetes Res Care. 2015 Oct 19; 3(1):e000110. https://doi.org/10.1136/bmjdrc-2015-000110
eCollection 2015. PMID: 26512325

Guaraldi G, Malagoli A, Calcagno A, Mussi C, Celesia BM, Carli F et al. The increasing burden and com-
plexity of multi-morbidity and polypharmacy in geriatric HIV patients: a cross sectional study of people
aged 65-74 years and more than 75 years. BMC Geriatr. 2018 Apr 20; 18(1):99. https://doi.org/10.
1186/512877-018-0789-0 PMID: 29678160

Hirschhorn LR, Kaaya SF, Garrity PS, Chopyak E, Fawzi M C. Cancer and the 'other’ noncommunic-
able chronic diseases in older people living with HIV/AIDS in resource-limited settings: a challenge to
success. AIDS. 2012 Jul 31; 26 Suppl 1:5S65-75.

Nguyen KA, Peer N, Mills EJ, Kengne A. A Meta-Analysis of the Metabolic Syndrome Prevalence in the
Global HIV-Infected Population. PLoS ONE. 2016; 11(3): e0150970. https://doi.org/10.1371/journal.
pone.0150970 PMID: 27008536

Castilho JL, Escuder MM, Veloso V, Gomes JO, Jayathilake K, Ribeiro S et al. Trends and predictors of
non-communicable disease multimorbidity among adults living with HIV and receiving antiretroviral ther-
apy in Brazil. J Int AIDS Soc. 2019; 22(1):e25233. https://doi.org/10.1002/jia2.25233 PMID: 30697950

Maciel RA, Klick HM, Durand M, Sprinz E. Comorbidity is more common and occurs earlier in persons
living with HIV than in HIV uninfected matched controls, aged 50 years and older: A cross-sectional
study. Int J Infect Dis. 2018 May; 70:30-35. https://doi.org/10.1016/j.ijid.2018.02.009 PMID: 29476902

Avila-Funes JA, Belaunzaran-Zamudio PF, Tamez-Rivera O, Crabtree-Ramirez B, Navarrete-Reyes
AP, Cuellar-Rodriguez JM et al. Correlates of Prevalent Disability Among HIV-Infected Elderly Patients.
AIDS Res Hum Retroviruses. 2016 Feb; 32(2):155-62. https://doi.org/10.1089/AID.2015.0171 PMID:
26559405

Hidalgo JA, Florez A, Agurto C, Pinedo Y, Ayarza R, Rodriguez L, et al. Metabolic and Cardiovascular
Comorbidities Among Clinically Stable HIV Patients on Long-Term ARV Therapy in Five Ambulatory
Clinics in Lima-Callao, Peru. Open AIDS J. 2018; 12: 126-135. https://doi.org/10.2174/
1874613601812010126 PMID: 30450147

Crabtree-Ramirez B, Del Rio C, Grinsztejn B, Sierra-Madero J. HIV and noncommunicable diseases
(NCDs) in Latin America: a call for an integrated and comprehensive response. J Acquir Immune Defic
Syndr. 2014 Sep 1; 67 Suppl 1:S96-8. https://doi.org/10.1097/QAI.0000000000000261 PMID:
25117966

Guaraldi G, Zona S, Brothers TD, Carli F, Stentarelli C, Dolci G et al. Aging with HIV vs. HIV Serocon-
version at Older Age: A Diverse Population with Distinct Comorbidity Profiles. PLoS ONE. 2015; 10(4):
e€0118531. https://doi.org/10.1371/journal.pone.0118531 PMID: 25874806

McGowan CC, Cahn P, Gotuzzo E, Padgett S, Pape JW, Wolff M et al. Cohort profile: Caribbean, Cen-
tral and South America Network for HIV research (CCASAnet) collaboration within the International Epi-
demiologic Databases to Evaluate AIDS (leDEA) programme. Int J Epidemiol. 2007; 36(5):969-76.
https://doi.org/10.1093/ije/dym073 PMID: 17846055

PLOS ONE | https://doi.org/10.1371/journal.pone.0233965 June 17, 2020 13/15


https://doi.org/10.1590/0102-311X00090014
https://doi.org/10.1590/0102-311X00090014
http://www.ncbi.nlm.nih.gov/pubmed/26910253
http://bvsms.saude.gov.br/bvs/publicacoes/vigitel_brasil_2014.pdf
http://bvsms.saude.gov.br/bvs/publicacoes/vigitel_brasil_2014.pdf
https://doi.org/10.1016/j.ijcha.2020.100476
http://www.ncbi.nlm.nih.gov/pubmed/32309530
https://doi.org/10.21149/10752
http://www.ncbi.nlm.nih.gov/pubmed/31869561
https://doi.org/10.21149/8813
https://doi.org/10.21149/10520
https://doi.org/10.21149/10520
http://www.ncbi.nlm.nih.gov/pubmed/32237556
https://doi.org/10.1136/bmjdrc-2015-000110
http://www.ncbi.nlm.nih.gov/pubmed/26512325
https://doi.org/10.1186/s12877-018-0789-0
https://doi.org/10.1186/s12877-018-0789-0
http://www.ncbi.nlm.nih.gov/pubmed/29678160
https://doi.org/10.1371/journal.pone.0150970
https://doi.org/10.1371/journal.pone.0150970
http://www.ncbi.nlm.nih.gov/pubmed/27008536
https://doi.org/10.1002/jia2.25233
http://www.ncbi.nlm.nih.gov/pubmed/30697950
https://doi.org/10.1016/j.ijid.2018.02.009
http://www.ncbi.nlm.nih.gov/pubmed/29476902
https://doi.org/10.1089/AID.2015.0171
http://www.ncbi.nlm.nih.gov/pubmed/26559405
https://doi.org/10.2174/1874613601812010126
https://doi.org/10.2174/1874613601812010126
http://www.ncbi.nlm.nih.gov/pubmed/30450147
https://doi.org/10.1097/QAI.0000000000000261
http://www.ncbi.nlm.nih.gov/pubmed/25117966
https://doi.org/10.1371/journal.pone.0118531
http://www.ncbi.nlm.nih.gov/pubmed/25874806
https://doi.org/10.1093/ije/dym073
http://www.ncbi.nlm.nih.gov/pubmed/17846055
https://doi.org/10.1371/journal.pone.0233965

PLOS ONE

Comorbidities and HIV in Latin America in people 50 years of age and older

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Cesar C, Shepherd BE, Krolewiecki AJ, Fink VI, Schechter M, Tuboi SH et al. Rates and reasons for
early change of first HAART in HIV-1-infected patients in 7 sites throughout the Caribbean and Latin
America. PLoS One. 2010; Jun 1; 5(6):e10490. https://doi.org/10.1371/journal.pone.0010490 PMID:
20531956

De Boni RB, Shepherd BE, Grinsztejn B, Cesar C,Cortés C, Padgett D et al. Substance Use and Adher-
ence Among People Living with HIV/AIDS Receiving cART in Latin America. AIDS Behav. 2016 Nov;
20(11): 2692—-2699. https://doi.org/10.1007/s10461-016-1398-6 PMID: 27091028

Caro-Vega Y, Belaunzaran-Zamudio PF, Crabtree-Ramirez BE, Shepherd BE, Grinsztejn B, Wolff M
et al. Durability of Efavirenz Compared With Boosted Protease Inhibitor-Based Regimens in Antiretrovi-
ral-Naive Patients in the Caribbean and Central and South America. Open Forum Infect Dis. 2018 Mar
2; 5(3):0fy004. https://doi.org/10.1093/ofid/ofy004 PMID: 29527539

Belaunzaran-Zamudio PF, Caro-Vega YN, Shepherd BE, Crabtree-Ramirez BE, Luz PM, Grinsztejn B
et al. Monitoring of HIV treatment in seven countries in the WHO Region of the Americas. Bull World
Health Organ. 2015 Aug 1; 93(8):529-39. https://doi.org/10.2471/BLT.14.147447 PMID: 26478610

Fritz CQ, Blevins M, Lindegren ML, et al. Comprehensiveness of HIV care provided at global HIV treat-
ment sites in the leDEA consortium: 2009 and 2014. J Int AIDS Soc. 2017 Jan 6; 20(1):20933. https:/
doi.org/10.7448/1AS.20.1.20933 PMID: 28364561

Duda SN, Shepherd BE, Gadd CS, et al. Measuring the quality of observational study data in an interna-
tional HIV research network. PLoS One 2012.; 7(4):€33908. https://doi.org/10.1371/journal.pone.
0033908 PMID: 22493676

Duda SN, Wehbe FH, Gadd CS. Desiderata for a computer-assisted audit tool for clinical data source
verification audits. Stud Health Technol Inform. 2010; 160(Pt 2):894-898. PMID: 20841814

Séanchez-Conde M., Diaz-Alvarez J., Dronda F. and Braiias F., 2019. Why are people with HIV consid-
ered “older adults” in their fifties?. European Geriatric Medicine, 10(2), pp.183—-188.

Oni T, McGrath N, BeLue R, Roderick P, Colagiuri S, May CR et al. Chronic diseases and multi-morbid-
ity—a conceptual modification to the WHO ICCC model for countries in health transition. BMC Public
Health. 2014 Jun 9; 14:575. https://doi.org/10.1186/1471-2458-14-575 PMID: 24912531

OAR Working Group on HIV and Aging. 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 Jul 1; 60(Suppl 1): S1-18.

Narayan KM, Miotti PG, Anand NP, Kline LM, Harmston C, Gulakowski R et al. HIV and noncommunic-
able disease comorbidities in the era of antiretroviral therapy: a vital agenda for research in low- and
middle-income country settings. J Acquir Immune Defic Syndr. 2014 Sep 1; 67 Suppl 1:S2-7. https://
doi.org/10.1097/QAI.0000000000000267 PMID: 25117958

Haubrich RH, Riddler SA, DiRienzo AG, Komarow L, Powderly WG, Klingman K et al. Metabolic out-
comes in a randomized trial of nucleoside, nonnucleoside and protease inhibitor-sparing regimens for
initial HIV treatment. AIDS. 2009 Jun 1; 23(9):1109-18. https://doi.org/10.1097/QAD.
0b013e32832b4377 PMID: 19417580

Petoumenos K, Huang R, Hoy J, Bloch M, Templeton DJ, Baker D et al. Prevalence of self-reported
comorbidities in HIV positive and HIV negative men who have sex with men over 55 years—The Austra-
lian Positive & Peers Longevity Evaluation Study (APPLES). PLoS ONE. 2017 Sep 8; 12(9):e0184583.
https://doi.org/10.1371/journal.pone.0184583 PMID: 28886173

Qasim A, Turcotte M, de Souza RJ, Samaan MC, Champredon D, Dushoff J et al. On the origin of obe-
sity: identifying the biological, environmental and cultural drivers of genetic risk among human popula-
tions. Obes Rev. 2018 Feb; 19(2):121-149. hitps://doi.org/10.1111/obr.12625 PMID: 29144594

Budnik LT, Adam B, Albin M, Banelli B, Baur X, Belpoggi F et al. Diagnosis, monitoring and prevention
of exposure-related non-communicable diseases in the living and working environment: DiMoPEXx-proj-
ect is designed to determine the impacts of environmental exposure on human health. J Occup Med
Toxicol. 2018 Feb 5; 13:6. https://doi.org/10.1186/512995-018-0186-9 eCollection 2018. PMID:
29441119

Guaraldi G, Zona S, Menozzi M, Carli F, Bagni P, Berti A et al. Cost of noninfectious comorbidities in
patients with HIV. Clinicoecon Outcomes Res. 2013 Sep 23; 5:481-8. https://doi.org/10.2147/CEOR.
S40607 PMID: 24098086

Zamudio-Rodriguez A, Belaunzaran-Zamudio PF, Sierra-Madero J, Cuellar-Rodriguez J, Crabtree-
Ramirez B, Alcala-Zermeno JL et al. Association between Frailty and HIV-Associated Neurodegenera-
tive Disorders among Older Adults Living with HIV. AIDS Res Hum Retroviruses. 2018 Feb 1. https://
doi.org/10.1089/A1D.2017.0100 PMID: 29385834

Avila-Funes JA, Zamudio-Rodriguez A, Mufioz-Nevarez LA, Belaunzaran-Zamudio PF, Diaz-Ramos
JA, Alcala-Zermeno JL et al. Correlates of depressive symptoms among older adults living with HIV. Int

PLOS ONE | https://doi.org/10.1371/journal.pone.0233965 June 17, 2020 14/15


https://doi.org/10.1371/journal.pone.0010490
http://www.ncbi.nlm.nih.gov/pubmed/20531956
https://doi.org/10.1007/s10461-016-1398-6
http://www.ncbi.nlm.nih.gov/pubmed/27091028
https://doi.org/10.1093/ofid/ofy004
http://www.ncbi.nlm.nih.gov/pubmed/29527539
https://doi.org/10.2471/BLT.14.147447
http://www.ncbi.nlm.nih.gov/pubmed/26478610
https://doi.org/10.7448/IAS.20.1.20933
https://doi.org/10.7448/IAS.20.1.20933
http://www.ncbi.nlm.nih.gov/pubmed/28364561
https://doi.org/10.1371/journal.pone.0033908
https://doi.org/10.1371/journal.pone.0033908
http://www.ncbi.nlm.nih.gov/pubmed/22493676
http://www.ncbi.nlm.nih.gov/pubmed/20841814
https://doi.org/10.1186/1471-2458-14-575
http://www.ncbi.nlm.nih.gov/pubmed/24912531
https://doi.org/10.1097/QAI.0000000000000267
https://doi.org/10.1097/QAI.0000000000000267
http://www.ncbi.nlm.nih.gov/pubmed/25117958
https://doi.org/10.1097/QAD.0b013e32832b4377
https://doi.org/10.1097/QAD.0b013e32832b4377
http://www.ncbi.nlm.nih.gov/pubmed/19417580
https://doi.org/10.1371/journal.pone.0184583
http://www.ncbi.nlm.nih.gov/pubmed/28886173
https://doi.org/10.1111/obr.12625
http://www.ncbi.nlm.nih.gov/pubmed/29144594
https://doi.org/10.1186/s12995-018-0186-9
http://www.ncbi.nlm.nih.gov/pubmed/29441119
https://doi.org/10.2147/CEOR.S40607
https://doi.org/10.2147/CEOR.S40607
http://www.ncbi.nlm.nih.gov/pubmed/24098086
https://doi.org/10.1089/AID.2017.0100
https://doi.org/10.1089/AID.2017.0100
http://www.ncbi.nlm.nih.gov/pubmed/29385834
https://doi.org/10.1371/journal.pone.0233965

PLOS ONE

Comorbidities and HIV in Latin America in people 50 years of age and older

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

J Geriatr Psychiatry. 2018 Jun 13. https://doi.org/10.1002/gps.4922 [Epub ahead of print] PMID:
29896759

Guaraldi G, Menozzi M, Zona S, Calcagno A, Silva AR, Santoro A, et al. Impact of polypharmacy on
antiretroviral prescription in people living with HIV. J Antimicrob Chemother. 2017 Feb; 72(2):511-514.
https://doi.org/10.1093/jac/dkw437 PMID: 27834193

Guaraldi G & Pallela FJ. Clinical implications of aging with HIV infection: perspectives and the future
medical care agenda. AIDS 2017, 31 (Suppl 2):S129-S135

Fink VI, Shepherd BE, Cesar C, Krolewiecki A, Wehbe F, Cortés C et al. Cancer in HIV-infected persons
from the Caribbean, Central and South America. J Acquir Inmune Defic Syndr. 2011 Apr 15; 56
(5):467-73. https://doi.org/10.1097/QAI.0b013e31820bb1c3 PMID: 21239992

van Zoest RA, van der Valk M, Wit FW, Vaartjes |, Kooij KW, Hovius JW et al. Suboptimal primary and
secondary cardiovascular disease prevention in HIV-positive individuals on antiretroviral therapy. EurJ
Prev Cardiol. 2017 Aug; 24(12):1297-1307. https://doi.org/10.1177/2047487317714350 PMID:
28578613

Reyes Fentanes MJ. Evaluacion de la atencion médica preventiva primaria en pacientes mayores de
50 arios VIH positivos, atendidos por los médicos de la clinica de VIH del INCMNSZ [Infectious Dis-
eases Specialist thesis]. Mexico City: Universidad Nacional Auténoma de México; 2015. 36p.

Ville-Benavides R, Caro-Vega Y, Delgado-Avila B, Sierra-Madero J, Garcia-Carranca A, Crabtree-
Ramirez B. HPV in HIV: Current anal cancer screening practices in HIV positive MSM population: a sin-
gle centre, 10-year follow-up study in Mexico City. Presented at: HIV & Hepatitis in the Americas; 2019
Apr 4-6; Bogota, Colombia. Abstract Supplement HIV & Hepatitis in the Americas Journal of the Inter-
national AIDS Society 2019, 22(S1):e25263. Available from: https://onlinelibrary.wiley.com/doi/epdf/
10.1002/jia2.25263

World Health Organization. Noncommunicable diseases country profiles 2018. Geneva: World Health
Organization; 2018. Licence: CC BY-NC-SA 3.0 IGO

Ministerio de Salud y Desarrollo Social. Guia practica para la atencion integral de personas adultas con
VIH en el primer nivel de atencion. Argentina. 2018. Available from: http://www.msal.gob.ar/images/
stories/bes/graficos/0000001366¢cnt-2018-10_guia-vih_per-nivel-atencion-adultos.pdf

Secretaria de Salud. Guia Mexicana para mayores de 50. Mexico. 2018: https://www.gob.mx/cms/
uploads/attachment/file/422447/Gu_a_Adultos_Mayores.pdf

Organizacion Panamericana de la Salud. Guias de la OMS: Directrices unificadas sobre el uso de los
antirretrovirales para el tratamiento y la prevencion de la infeccién por el VIH. Recomendaciones para
un enfoque de salud publica. 2.a ed. Washington, D.C.: Organizaciéon Panamericana de la Salud;
2018. Licencia: CC BY-NC-SA 3.0 IGO. Available from:https://www.paho.org/hg/index.php?option=
com_topics&view=rdmore&cid=7168&item=antirretrovirales&cat=scientific_technical&type=guias-
7168&Itemid=40737&lang=es

PLOS ONE | https://doi.org/10.1371/journal.pone.0233965 June 17, 2020 15/15


https://doi.org/10.1002/gps.4922
http://www.ncbi.nlm.nih.gov/pubmed/29896759
https://doi.org/10.1093/jac/dkw437
http://www.ncbi.nlm.nih.gov/pubmed/27834193
https://doi.org/10.1097/QAI.0b013e31820bb1c3
http://www.ncbi.nlm.nih.gov/pubmed/21239992
https://doi.org/10.1177/2047487317714350
http://www.ncbi.nlm.nih.gov/pubmed/28578613
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jia2.25263
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jia2.25263
http://www.msal.gob.ar/images/stories/bes/graficos/0000001366cnt-2018-10_guia-vih_per-nivel-atencion-adultos.pdf
http://www.msal.gob.ar/images/stories/bes/graficos/0000001366cnt-2018-10_guia-vih_per-nivel-atencion-adultos.pdf
https://www.gob.mx/cms/uploads/attachment/file/422447/Gu_a_Adultos_Mayores.pdf
https://www.gob.mx/cms/uploads/attachment/file/422447/Gu_a_Adultos_Mayores.pdf
https://www.paho.org/hq/index.php?option=com_topics&view=rdmore&cid=7168&item=antirretrovirales&cat=scientific_technical&type=guias-7168&Itemid=40737&lang=es
https://www.paho.org/hq/index.php?option=com_topics&view=rdmore&cid=7168&item=antirretrovirales&cat=scientific_technical&type=guias-7168&Itemid=40737&lang=es
https://www.paho.org/hq/index.php?option=com_topics&view=rdmore&cid=7168&item=antirretrovirales&cat=scientific_technical&type=guias-7168&Itemid=40737&lang=es
https://doi.org/10.1371/journal.pone.0233965

