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Background: Antiretroviral therapy use has led to a decline in HIV-related mortality yet dis-

parities by gender and/or sexual orientation may exist. In this study, we estimated hazards

of death in people living with HIV (PLWH) according to gender and sexual orientation.

Methods: We included PLWH ≥ 18 years enrolled between 2000 and 2018 at INI/Fiocruz, Rio

de Janeiro, Brazil. Participants were grouped as cisgender or transgender women, cisgender

men who have sex with men (MSM) or men who have sex with women, or cisgender men

with unknown sexual orientation. We assessed disparities in the hazard of death using

Cox proportional hazards models.

Results: Among 5,576 PLWH, median age at enrollment was 35 years, 39% were MSM, 28%

cisgender women, 23% men who have sex with women, 5% transgender women, and 5%

men with unknown sexual orientation. A total of 795 deaths occurred in 39,141 person-

years of follow-up. Mortality rates per 1,000 person-years were: 82.4 for men with unknown

sexual orientation, 24.5 for men who have sex with women, 18.3 for cisgender, 16.6 for

transgender women, and 15.1 for MSM. Compared to MSM, men with unknown sexual ori-

entation had the highest death hazard ratio (adjusted hazard ratio [aHR] 2.93, 95% confi-

dence interval [CI] 2.35−3.81), followed by men who have sex with women (aHR 1.17, 95%CI

0.96, 1.43); death hazard ratios for cisgender and transgender women were not statistically

different.

Conclusion: We observed disparities in the hazard of death for men with unknown sexual

orientation and men who have sex with women despite universal access to antiretroviral

therapy in Brazil. Future work should characterize and assist men with unknown sexual
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TaggedEndTaggedPorientation with tailored policies and interventions. Increased hazard of death was not

observed for transgender women, which probably results from interventions implemented

in our service to reach, engage, retain, and support this population.

� 2023 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)TaggedEnd

TaggedH1Introduction TaggedEnd

TaggedPScale-up of antiretroviral therapy (ART) has led to increased

survival of people living with HIV (PLWH). As result, life

expectancy of PLWH in high income countries approaches

that of the population not living with HIV [1]. A study using

data from multiple clinical cohorts in Latin America and the

Caribbean including over 30,000 participants estimated that

life expectancy at age 20 years among PLWH increased from

31.0 years in 2003−2008 to 69.5 years in 2013−2017 [2]. More-

over, PLWH who initiated ART with CD4 counts greater than

200 cells/mm3 had similar life expectancy as the population

not living with HIV [2], highlighting the continued need for

early HIV diagnosis and ART therapy initiation to fully realize

the life expectancy gains. TaggedEnd

TaggedPNonetheless, disparities in mortality rates and survival

among PLWH stratified by demographic characteristics such

as sex assigned at birth, gender and sexual orientation exist.

Several observational studies found that cisgender women

had lower mortality rates and longer life expectancy than cis-

gender men [2,3], although mortality rates among cisgender

women vary largely across several regions [4]. A recent Dutch

study reported that transgender women had higher mortality

risk than cisgender women (standardized mortality ratio 2.8,

95% confidence interval [CI] 2.5−3.1), and cisgender men

(standardized mortality ratio SMR 1.8, 95% CI 1.6−2.0) [5].

Additionally, heterosexual cisgender men have lower life

expectancy than cisgender women and gay, bisexual and

other cisgender men who have sex with men (MSM) in Latin

America [2]. TaggedEnd

TaggedPThese disparities may possibly be explained by social

determinants of health (i.e., income level/poverty, employ-

ment, education, social support, discrimination, and stigma)

interdependently with late presentation to care. Social deter-

minants of health are the root of health inequalities, hinder-

ing access to health care and impacting all steps of the HIV

care continuum, including HIV testing, early diagnosis, ART

initiation, virologic suppression, and retention to care [6−9].

Moreover, the burden of social determinants varies across

gender and sexual orientation groups [10−12], with sexual

and gender minorities being additionally affected by minority

stress (i.e., stigma, prejudice and discrimination against their

identities), thus increasing their risk for negative health out-

comes [13]. TaggedEnd

TaggedPBrazil has made steady progress towards achieving

UNAIDS 95-95-95 targets by 2030 [14], and in 2020, 88% of

PLWH were diagnosed, 71% were receiving ART, and 63%

were virally suppressed [15]. However, late diagnosis prevails

and in 2016, 44% of PLWH in Brazil initiated ART with CD4

counts below 350 cells/mm3 [6]. Furthermore, two Brazilian

TaggedEndTaggedPstudies have shown disparities in late presentation (i.e., start-

ing ART with CD4 < 350 cells/mm3 or with AIDS defining ill-

ness) by sex, gender, and sexual orientation. Rodrigues et al.

found that, compared to cisgender women, MSM and hetero-

sexual cisgender men had higher odds for late presentation

(Rio de Janeiro, Brazil, 2005−2018) [8], while Pacheco et al.

found that compared to MSM, cisgender women, heterosex-

ual cisgender men, and men with unknown sexual orienta-

tion had higher odds for late presentation (Goiania, Brazil,

2009−2012) [16]. TaggedEnd

TaggedPIn this study, we estimated mortality rates and survival

curves among PLWH over the past 20 years and investigated

possible disparities in the hazard of death by gender and sex-

ual orientation while controlling for confounders. TaggedEnd

TaggedH1Methods TaggedEnd

TaggedH2Study design and participants TaggedEnd

TaggedPThe Instituto Nacional de Infectologia Evandro Chagas,

Fundaç~ao Oswado Cruz (INI/Fiocruz) is a reference institution

for care, research, and training in infectious diseases in Rio de

Janeiro, Brazil, established in 1918. A longitudinal observa-

tional clinical cohort maintains data on individuals receiving

HIV care since 1986, which has been used in several studies

[17,18]. Data on demographic variables, ART use, laboratory

results (including CD4 count and HIV viral load [VL]) and clini-

cal diagnosis (opportunistic illnesses, hospitalizations,

chronic diseases) are collected onto standardized forms and

updated regularly with outpatient and inpatient documenta-

tion. Collected data are routinely reviewed through internal

and external procedures for accuracy. For this study, we

included adults living with HIV (PLWH, aged ≥ 18 years at

cohort entry) enrolled from January 1, 2000, to December 31,

2018 and who had a minimum follow-up of one day. This pro-

cedure ensures that the study population included in this sur-

vival analysis is in fact at risk (alive at time zero) of having the

study event of interest (death) during follow-up. TaggedEnd

TaggedH2Main exposure of interest TaggedEnd

TaggedPStudy participants were categorized according to assigned sex

at birth, self-reported gender and sexual orientation as cis-

gender women, transgender women, cisgender men who

have sex with women (MSWo), gay, bisexual and other cis-

gender men who have sex with men (MSM) and cisgender

men with unknown/not disclosed sexual orientation (Munk).

One transgender man was excluded from the study. TaggedEnd

TaggedEnd2 braz j infect dis. 2023;27(2):102740
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TaggedH2Outcome and follow-up TaggedEnd

TaggedPThe primary outcome was death by any cause during follow-

up. Individual’s follow-up time was calculated for each partic-

ipant by subtracting the date of the end of follow-up from the

date of the start of follow-up. Start of follow-up was defined

as the date of cohort entry, here defined by the date of the first

medical appointment at INI/Fiocruz. End of follow-up was

defined as date of death, date of last clinic or laboratory visit

or date of study closure (December 31, 2018), whichever

occurred first. To account for Brazilian HIV care recommenda-

tions of clinic visits every six months [19], we added 180 days

to the date of last clinic or laboratory visit prior to defining

the end of follow-up. The assumption being that participants

are deemed lost on the date that they were expected to return

to the clinic. We explored the impact of this assumption in a

sensitivity analysis, described below, and the results are pre-

sented in the Supplementary Material. Accurately describing

mortality rates and hazards of death requires robust death

ascertainment. Particularly, if individuals deemed lost to fol-

low-up are in fact deceased, this could lead to potential bias

in the estimated survival. To improve death ascertainment

and reduce the possibility of this bias, information from

PLWH in cohort are routinely linked with the State of Rio de

Janeiro death registry to recover potential information regard-

ing death (SIM − Sistema de Informaç~ao de Mortalidade). This

linkage uses a previously validated algorithm published else-

where [20]. TaggedEnd

TaggedPStatus at the end of an individual’s follow up was catego-

rized into three mutually exclusive groups: a) Dead: for those

with death date before December 31, 2018; b) Alive: for those

not known to have died before December 31, 2018 and with

end of follow up occurring after January 1, 2018; and c) Loss to

follow-up (LTFU): for those not know to have died before

December 31, 2018 and with end of follow up before January 1,

2018. TaggedEnd

TaggedPGiven the extensive effort to comprehensively determine

vital status, we performed a sensitivity analysis that consid-

ered the censoring date for all non-deceased participants as

December 31, 2018, the study closure date (see Supplementary

Material). TaggedEnd

TaggedH2Covariates TaggedEnd

TaggedPSociodemographic variables at cohort entry included age,

self-reported race/skin color (White, Pardo/mixed, Black,

Other), education (< or ≥ 9 years [which is equivalent to have

completed primary education in Brazil]), emigrated to Rio de

Janeiro (yes/no). Laboratory variables included: CD4 and VL at

enrollment (closest result to cohort entry, +/- 365 days) and

CD4 nadir (lowest CD4 value ever recorded). Clinical variables

included: lifetime injection drug use (IDU, yes/no), hepatitis B

infection (defined by the presence of HBsAg) and hepatitis C

infection (defined by the presence of hepatitis C antibodies)

diagnosed at any time before or during follow-up, AIDS defin-

ing illness at enrollment (one year prior to 30 days after

enrollment), AIDS defining illness during follow-up (from

30 days after enrollment to 30 days before end of follow-up),

hospital admission during follow-up (due to any cause; we

excluded hospital admissions that ended in death), ART use

TaggedEndTaggedP(yes/no, defined as use of at least two nucleoside reverse tran-

scriptase inhibitors with a protease inhibitor, a non-nucleo-

side reverse transcriptase inhibitor, or an integrase inhibitor

for at least 30 days before end of follow-up), years of ART use

(calculated from the start of first ART regimen to date of death

or censoring), and year of cohort entry. For the analyses, AIDS

defining illnesses were categorized as: tuberculosis, non-

tuberculosis opportunistic infections (OI), and AIDS malig-

nancies. TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPDescriptive statistics for sociodemographic, laboratory, and

clinical variables were compared using Kruskal-Wallis or t-

test for continuous variables and chi-square tests for categori-

cal variables. All-cause mortality rates per 1000 person-years

(PY) and 95% confidence intervals (CI) were calculated overall

and by gender/sexual orientation using Poisson regression

models with robust standard errors. Cox proportional hazards

regression models were used to assess whether gender/sex-

ual orientation groups were associated with mortality. All

covariates listed above were tested in unadjusted Cox regres-

sion models. Covariates with p-value < 0.20 were included in

the initial adjusted Cox regression model. The final adjusted

model included gender/sexual orientation and other covari-

ates with p-value <0.05. Age, square root transformed CD4,

log10 transformed VL, years of ART use and year of cohort

entry were included in the models using cubic splines with 3-

knots to relax the assumption of linear association. Missing

data (i.e., CD4 and VL at enrollment and nadir CD4 and educa-

tion) were multiply imputed using predictive mean matching

and 10 imputation replications. Imputation models included

all covariates in the initial model as well as the outcome of

interest. Participants with race/skin color categorized as

“other” were removed from the regression models, due to

small sample size (n = 13). Analyses were performed in R ver-

sion 4.1.2, using “survival”, “mice”, “rms”, “ggplot” packages. TaggedEnd

TaggedH2EthicsTaggedEnd

TaggedPThis study was approved by INI/Fiocruz institutional reviewer

board (CAAE: # 88392618.4.0000.5262) and was conducted

according to the Declaration of Helsinki principles. Partici-

pants provided written informed consent. TaggedEnd

TaggedH2Role of the funding source TaggedEnd

TaggedPThe funders of the study had no role in study design, data col-

lection, data analysis, data interpretation, or writing of the

report. All the authors had full access to the data in the study

and had final responsibility for the decision to submit it for

publication. TaggedEnd

TaggedH1Results TaggedEnd

TaggedH2Study participants characteristics TaggedEnd

TaggedPAmong 5576 participants included in this study, 28.2% were

cisgender women, 5.3% transgender women, 38.7% MSM,

braz j infect dis. 2023;27(2):102740 3



TaggedEndTaggedP22.7% MSWo and 4.9% Munk. At enrollment, overall median

age was 35 years (IQR 28−43), with transgender women being

the youngest group (median age 31 years, IQR 26−38) and

Munk the oldest group (median age 38 years, IQR 28−47). Most

of the participants were Pardo/mixed race (34.6%) or Black

(20.6%), with the largest proportion of Black among cisgender

and transgender women (25.5% and 25.4%, respectively) and

the lowest among Munk (19.2%). Forty-six percent of the par-

ticipants had less than nine years of education, and the high-

est proportion of low education was observed among

cisgender women (60.9%) and the lowest among MSM (25.6%).

A quarter of the study population had emigrated to Rio de

Janeiro (not different across all gender/sexual orientation

groups). Overall, less than 1% of the study population

reported lifetime IDU (Table 1). TaggedEnd

TaggedPAt enrollment, the median CD4 was 302 cells/mm3 (IQR 111

−535), lowest among MSWo (median 208 cells/mm3, IQR 69

−414) and highest among transgender women (median 485

cells/mm3, IQR 252,734). The median nadir CD4 was 197 cells/

mm3 (IQR 62−347), also lowest among MSWo (median 123

cells/mm3, IQR 35−264) and highest among transgender

women (median 327 cells/mm3, IQR 162−587). Overall, 15.3%

of the participants had tuberculosis at enrollment, with the

highest frequency observed among MSWo (24.7%) and lowest

among MSM (11.7%). Non-tuberculosis OIs at enrollment were

observed in 15% of the study population; most frequent

among Munk (24.3%) and least among transgender women

(2.7%). AIDS malignancies were present in 3.3% of the study

population at enrollment, with the highest frequency among

Munk (6.2%), followed by MSM (5%). Overall prevalence of

Hepatitis B was 5.2%, highest among transgender women

(8.7%) and lowest among cisgender women (3.1%). Hepatitis C

prevalence was 6.8% overall, not different across gender/sex-

ual orientation groups (Table 1). TaggedEnd

TaggedPOverall, 83% of the participants used ART for at least

30 days, with a median duration of 5.4 years (IQR 1.3−9.5). The

lowest frequency of ART use and the shortest ART duration

were observed among Munk (65.8% and median 2.3 years,

respectively). During follow-up, 7.7% of the participants had

tuberculosis (most frequent among MSWo, 10.6%); 12.8% had

non-tuberculosis OIs (most frequent among cisgender

women, 15.5%); and 1.8% had AIDS malignancies (most fre-

quent among Munk, 3.7%) (Table 1). TaggedEnd

TaggedH2Mortality rates and gender/sexual orientation disparities TaggedEnd

TaggedPMedian follow-up time was 6.5 years (IQR 2.8−10.6), longest

among cisgender women (median 7.8 years, IQR 4.1−11.5) and

shortest among Munk (median 2.9 years, IQR 0.8−5.9). A total

of 795 deaths were observed, yielding a mortality rate of 20.3/

1000PY (95% CI 18.9−21.8). The highest mortality rate was

observed among Munk (82.4/1000PY, 95% CI 66.4−100.9) and

the lowest among MSM (15.1/1000PY, 95% CI 13.3−17.2). A

total of 468 participants were deemed LTFU, yielding a rate of

12.0/1000PY (95% CI 10.9−13.1), with the highest among Munk

(47.8 /1000PY, 95% CI 35.8−62.1) and lowest among cisgender

women (8.4/1000PY, 95% CI 6.9−10.1) (Table 2). TaggedEnd

TaggedPGender and sexual orientation groups differed signifi-

cantly in survival (log-rank p-value < 0.0001; Fig. 1). The sur-

vival experience for Munk deviates significantly from the

TaggedEndTaggedPother groups and is marked by an initial steep drop in sur-

vival. By the end of the first year, survival probability was 78%

for Munk whereas it was 92% for MSWo, 96% for MSM and

98% for cisgender and transgender women. TaggedEnd

TaggedPCompared to MSM, the crude hazard of death was signifi-

cantly higher for Munk (crude hazard ratio [cHR] 4.51, 95% CI

3.51 − 5.79), MSWo (cHR 1.67, 95% CI 1.39−2.01) and cisgender

women (cHR 1.25, 95% CI 1.04−1.50); and non- significantly

lower for transgender women (cHR 0.85, 95% CI 0.53−1.21)

(Fig. 2). TaggedEnd

TaggedPIn the final regression model, the adjusted hazard of death

remained significantly higher for Munk (adjusted [a]HR 2.93,

95% CI 2.35−3.81) and borderline higher for MSWo (aHR 1.17,

95% CI 0.96−1.43); while for cisgender women (aHR 0.93, 95%

CI 0.76−1.14) and transgender women (aHR 1.19, 95% CI 0.72

−1.94) the adjusted hazard of death was not significantly dif-

ferent fromMSM (Fig. 2). TaggedEnd

TaggedPFurthermore, results of the sensitivity analysis that

assumed study closure (December 31, 2018) as the censoring

date for all non-deceased participants corroborated the find-

ings described above (Supplementary Material Table 1 and

Figs. 1 and 2). TaggedEnd

TaggedH2Other factors associated with mortality risk TaggedEnd

TaggedPIn the final regression model, Pardo/mixed race and Black

races and low education (< 9 years) were factors associated

with an increased hazard of death. Tuberculosis, non-tuber-

culosis OI and AIDS malignancies at enrollment and hospital

admission during follow-up were also associated with an

increased hazard of death, while ART use decreased the haz-

ard of death. A positive association was observed between

increased age and hazard of death, while a negative associa-

tion was observed between increased CD4 at enrollment and

hazard of death. A “W” shape association was observed

between year of enrollment and hazard of death, with the

hazard of death decreasing from 2000 up to 2006, stabilizing

between 2006 and 2010, decreasing between 2010 and 2013

and increasing after 2014 (Fig. 3). TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPIn this study, we found significant disparities in mortality

among PLWH according to gender and sexual orientation,

with Munk and MSWo having higher hazards of death than

MSM. Munk had 3-fold higher hazard of death than MSM after

controlling for sociodemographic and clinical confounders,

suggesting that other unmeasured variables, such as socio-

economic status (i.e., poverty, employment, housing) and

stigma might play a role on the association between sexual

orientation and mortality among PLWH. Munk although

accounting for less than 5% of our study population repre-

sented 11% of the deaths, and had the highest mortality rate,

which was 4.5 times higher than MSM. Remarkably, one third

of Munk died after cohort entry and their poor survival experi-

ence is most pronounced during the first year of follow-up.

Munk were older at cohort entry, had the highest proportion

of non-tuberculosis OIs and AIDS malignancies diagnosis at

enrollment and during follow-up; conversely, they had the

TaggedEnd4 braz j infect dis. 2023;27(2):102740



TaggedEnd Table 1 – Study population characteristics by gender and sexual orientation, INI-Fiocruz, Rio de Janeiro, Brazil (2000−2018).

Cisgender
women

Transgender
women

MSM MSWo Munk Total P-value

N 1577 300 2159 1268 272 5576

Age at enrollment (years)

Median (IQR) 36 (28.9,43.9) 31 (25.5,38) 32.6 (26.2,40.6) 37.7 (31,46) 38.3 (28.2,47.1) 35 (27.9,43) < 0.001

Categorical, n (%) < 0.001

18−24 203 (12.9) 59 (19.7) 412 (19.1) 82 (6.5) 43 (15.8) 799 (14.3)

25−29 243 (15.4) 74 (24.7) 463 (21.4) 195 (15.4) 40 (14.7) 1015 (18.2)

30- 34 284 (18) 57 (19) 370 (17.1) 230 (18.1) 33 (12.1) 974 (17.5)

35−39 269 (17.1) 49 (16.3) 341 (15.8) 225 (17.7) 31 (11.4) 915 (16.4)

40−44 216 (13.7) 20 (6.7) 275 (12.7) 175 (13.8) 35 (12.9) 721 (12.9)

45−49 155 (9.8) 14 (4.7) 139 (6.4) 151 (11.9) 47 (17.3) 506 (9.1)

50+ 207 (13.1) 27 (9) 159 (7.4) 210 (16.6) 43 (15.8) 646 (11.6)

Race/skin color, n (%) < 0.001

White 608 (39) 90 (30.5) 1119 (52.4) 492 (39.5) 142 (53.4) 2451 (44.6)

Pardo/mixed 550 (35.3) 128 (43.4) 703 (32.9) 449 (36.1) 73 (27.4) 1903 (34.6)

Black 397 (25.5) 75 (25.4) 309 (14.5) 302 (24.3) 51 (19.2) 1134 (20.6)

Other 4 (0.3) 2 (0.7) 6 (0.3) 1 (0.1) 0 (0) 13 (0.2)

Education level, n (%) < 0.001

<9 961 (60.9) 175 (58.3) 553 (25.6) 759 (59.9) 114 (41.9) 2562 (45.9)

≥9 597 (37.9) 118 (39.3) 1594 (73.8) 489 (38.6) 146 (53.7) 2944 (52.8)

Missing 19 (1.2) 7 (2.3) 12 (0.5) 20 (1.6) 12 (4.4) 70 (1.3)

Migrant 0.282

No 1180 (74.8) 220 (73.3) 1627 (75.4) 958 (75.6) 189 (69.5) 4174 (74.9)

Yes 394 (25.0) 79 (26.3) 532 (24.6) 310 (24.4) 83 (30.5) 1398 (25.1)

Missing 3 (0.2) 1 (0,3) 0 0 0 4 (0.1)

Lifetime IDU, n (%) 0.223

No 1566 (99.3) 296 (98.7) 2143 (99.3) 1251 (98.7) 271 (99.6) 5527 (99.1)

Yes 11 (0.7) 4 (1.3) 16 (0.7) 17 (1.3) 1 (0.4) 49 (0.9)

Tuberculosis at enrollment, n (%) < 0.001

No 1300 (82.4) 254 (84.7) 1831 (84.8) 901 (71.1) 219 (80.5) 4505 (80.8)

Yes 216 (13.7) 30 (15.3) 253 (11.7) 313 (24.7) 40 (14.7) 852 (15.3)

Non-tuberculosis OI at enrollment, n (%) < 0.001

No 1288 (81.7) 284 (94.7) 1814 (84) 964 (76) 199 (73.2) 4549 (81.6)

Yes 242 (15.3) 8 (2.7) 263 (12.2) 256 (20.2) 66 (24.3) 835 (15)

Aids malignancies at enrollment, n (%) < 0.001

No 1558 (98.8) 294 (98) 2026 (93.8) 1230 (97) 251 (92.3) 5359 (96.1)

Yes 18 (112) 6 (2) 109 (5) 36 (2.8) 17 (6.2) 186 (3.3)

CD4 at enrollment (cells/mm3)

Median(IQR) 324 (116.2,575.8) 484.5 (252.2,733.5) 336 (143,550) 208 (69,414) 279 (71,541) 302 (110.8,535) < 0.001

Categorical, n (%) < 0.001

<200 501 (31.8) 51 (17) 617 (28.6) 575 (45.3) 84 (30.9) 1828 (32.8)

200−349 260 (16.5) 33 (11) 418 (19.4) 225 (17.7) 35 (12.9) 971 (17.4)

350−499 234 (14.8) 43 (14.3) 373 (17.3) 159 (12.5) 25 (9.2) 834 (15)

500+ 447 (28.3) 115 (38.3) 593 (27.5) 203 (16) 61 (22.4) 1419 (25.4)

missing 135 (8.6) 58 (19.3) 158 (7.3) 106 (8.4) 67 (24.6) 524 (9.4)

VL at enrollment (copies/mL), n (%) < 0.001

<1000 388 (24.6) 82 (27.3) 401 (18.6) 223 (17.6) 86 (31.6) 1180 (21.2)

1000−99,999 644 (40.8) 111 (37) 953 (44.1) 489 (38.6) 66 (24.3) 2263 (40.6)

100,000+ 322 (20.4) 44 (14.7) 544 (25.2) 383 (30.2) 47 (17.3) 1340 (24)

missing 223 (14.1) 63 (21) 261 (12.1) 173 (13.6) 73 (26.8) 793 (14.2)

CD4 nadir (cells/mm3)

Median(IQR) 195.5 (62,325) 326.5 (162,587) 227 (79,376) 123 (35,263.5) 185 (45,397) 197 (62,347) < 0.001

Categorical, n (%) < 0.001

<50 318 (20.2) 22 (7.3) 381 (17.6) 374 (29.5) 59 (21.7) 1154 (20.7)

50−199 462 (29.3) 66 (22) 563 (26.1) 413 (32.6) 56 (20.6) 1560 (28)

200−349 412 (26.1) 56 (18.7) 550 (25.5) 270 (21.3) 42 (15.4) 1330 (23.9)

350+ 336 (21.3) 136 (45.3) 611 (28.3) 174 (13.7) 69 (25.4) 1326 (23.8)

missing 49 (3.1) 20 (6.7) 54 (2.5) 37 (2.9) 46 (16.9) 206 (3.7)

Hepatitis B coinfection, n (%) < 0.001

No 1528 (96.9) 274 (91.3) 2017 (93.4) 1207 (95.2) 259 (95.2) 5285 (94.8)

Yes 49 (3.1) 26 (8.7) 142 (6.6) 61 (4.8) 13 (4.8) 291 (5.2)

Hepatitis C coinfection, n (%) 0.551

No 1460 (92.6) 278 (92.7) 2025 (93.8) 1176 (92.7) 256 (94.1) 5195 (93.2)

Yes 117 (7.4) 22 (7.3) 134 (6.2) 92 (7.3) 16 (5.9) 381 (6.8)

braz j infect dis. 2023;27(2):102740 5



TaggedEndTaggedPlowest proportion of ART use. Though we do not know which

sexual orientation would be most applicable to the men in

the Munk category, we hypothesize that this group was heter-

ogenous, consisting of a combination of MSM and MSWo. For

instance, the high frequency of AIDS malignancies observed

in Munk (even higher than MSM) suggests that part of the

group consisted of MSM, since Kaposi Sarcoma (historically

TaggedEndTaggedPthe most common AIDS malignancy in our cohort) [21,22] is

much more common among MSM than other groups due to

human herpes virus-8 sexual transmission [23]. Conversely,

the Munk group was older and less educated, characteristics

that are more similar to the MSWo participants. The

unknown sexual orientation status might constitute missing

information resulting from severe health conditions at cohort

Table 1 (continued)

Cisgender
women

Transgender
women

MSM MSWo Munk Total P-value

N 1577 300 2159 1268 272 5576

ART use, n (%) < 0.001

No 309 (19.6) 46 (15.3) 329 (15.2) 169 (13.3) 93 (34.2) 946 (17)

Yes 1268 (80.4) 254 (84.7) 1830 (84.8) 1099 (86.7) 179 (65.8) 4630 (83)

ART use duration

(years), median(IQR)

6.1 (1.4,10.3) 3 (1.2,6.2) 5.1 (1.2,8.7) 6.5 (2.4,10.5) 2.3 (0,6.2) 5.4 (1.3,9.5) < 0.001

Tuberculosis during follow-up, n (%) < 0.001

No 1449 (91.9) 282 (94) 2019 (93.5) 1134 (89.4) 264 (97.1) 5148 (92.3)

Yes 128 (8.1) 18 (6) 140 (6.5) 134 (10.6) 8 (2.9) 428 (7.7)

Non-tuberculosis OI during follow-up, n (%)

No 1333 (84.5) 282 (94) 1916 (88.7) 1078 (85) 251 (92.3) 4860 (87.2)

Yes 244 (15.5) 18 (6) 243 (11.3) 190 (15) 21 (7.7) 716 (12.8)

Aids malignancies during follow-up, n (%)

No 1567 (99.4) 299 (99.7) 2106 (97.5) 1244 (98.1) 262 (96.3) 5478 (98.2)

Yes 10 (0.6) 1 (0.3) 53 (2.5) 24 (1.9) 10 (3.7) 98 (1.8)

Hospital admission during follow-up, n (%)

No 913 (57.9) 236 (78.7) 1454 (67.3) 654 (51.6) 168 (61.8) 3425 (61.4)

Yes 664 (42.1) 64 (21.3) 705 (32.7) 614 (48.4) 104 (38.2) 2151 (38.6)

Year of enrollment, n (%) < 0.001

2000−2002 189 (12) 3 (1) 171 (7.9) 125 (9.9) 25 (9.2) 513 (9.2)

2003−2006 291 (18.5) 6 (2) 370 (17.1) 263 (20.7) 40 (14.7) 970 (17.4)

2007−2010 467 (29.6) 40 (13.3) 520 (24.1) 390 (30.8) 42 (15.4) 1459 (26.2)

2011−2013 344 (21.8) 35 (11.7) 469 (21.7) 250 (19.7) 61 (22.4) 1159 (20.8)

2014−2016 169 (10.7) 134 (44.7) 334 (15.5) 150 (11.8) 68 (25) 855 (15.3)

2017−2018 117 (7.4) 82 (27.3) 295 (13.7) 90 (7.1) 36 (13.2) 620 (11.1)

MSM, gay, bisexual and other cisgender men who have sex with men; MSWo, cisgender men who have sex with women; Munk, cisgender men

with unknown/not disclosed sexual orientation; IQR, interquartile range; IDU, injection drug use; ART, antiretroviral therapy; OI, opportunistic

illness; VL, viral load.

TaggedEnd Table 2 – Mortality overall and by gender/sexual orientation, INI-Fiocruz, Rio de Janeiro, Brazil (2000−2018).

Cisgender
women

Transgender
women

MSM MSWo MUnk Total P value

(n = 1577) (n = 300) (n = 2159) (n = 1268) (n = 272) (n = 5576)

Follow-up time (years)

Total PY 12,557 1082 14,928 9507 1067 39,141 < 0.001

Median (IQR) 7.8 (4.1,11.5) 3.0 (1.6,4.2) 6.4 (2.9,10.4) 7.2 (3.2,11.1) 2.9 (0.8,5.9) 6.5 (2.8,10.6) < 0.001

Final outcome, n (%) < 0.001

Alive 1241 (78.7) 241 (80.3) 1767 (81.8) 931 (73.4) 133 (48.9) 4313 (77.3)

Dead 230 (14.6) 18 (6) 226 (10.5) 233 (18.4) 88 (32.4) 795 (14.3)

LTFU 106 (6.7) 41 (13.7) 166 (7.7) 104 (8.2) 51 (18.8) 468 (8.4)

Mortality rate

(95%CI) per 1000

PY

18.3 (16.1−20.8) 16.6 (10.1−25.5) 15.1 (13.3−17.2) 24.5 (21.6−27.9) 82.4 (66.4−100.9) 20.3 (18.9−21.8) <0.001

LTFU rate (95%CI)

per 1000 PY

8.4 (6.9−10.1) 37.9 (27.4−50.7) 11.1 (9.5−12.9) 10.9 (9.0−13.2) 47.8 (35.8−62.1) 12.0 (10.9−13.1) <0.001

MSM, gay, bisexual and other cisgender men who have sex with men; MSWo, cisgender men who have sex with women; Munk, cisgender men

with unknown/not disclosed sexual orientation; PY, person-years; IQR, interquartile range; LFTU, loss to follow-up; CI, confidence interval.
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TaggedEnd TaggedFigure

Fig. 1 –Survival curves by gender and sexual orientation, INI-Fiocruz, Rio de Janeiro, Brazil (2000−2018). TaggedEnd

TaggedEnd TaggedFigure

Fig. 2 –Crude and adjusted hazards of death by gender and sexual orientation, INI-Fiocruz, Rio de Janeiro, Brazil (2000−2018). TaggedEnd
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TaggedEndTaggedPentry, with consequent rapid progression to early death, thus

hindering the capture of a comprehensive medical and social

history. Alternatively or concomitantly, it might result from

concealment of sexual orientation to health care professio-

nals, possibly driven by stigma and discrimination. The

rationales to support both hypotheses are detailed below. TaggedEnd

TaggedPAs early mortality was most frequent among Munk, this

may partially explain the missing information for sexual ori-

entation. The high proportion of Munk participants with

missing CD4 at enrollment, missing CD4 nadir, no ART use

prior to end of follow-up supports the hypothesis that for at

least a fraction of these participants, advanced disease and

early mortality soon after cohort entry might have prevented

us to collect the sexual orientation information aswell as lab-

oratory data. The second hypothesis, concealment of sexual

orientation, might have been driven by stigma and discrimi-

nation. Sexual concealment may act as a functional adapta-

tion to hostile structural contexts; in societies where

heteronormativity norms prevail (including Brazil), sexual

and genderminorities are often victim of stigma, discrimina-

tion and violence [24]. In Brazil, a multicity population-based

survey of MSM conducted in 2016, found that 65% of the

respondents had been discriminated against because of their

sexual orientation [25]. Interestingly, a prior survey, con-

ducted in 2009 [26], with a similar rationale to that of the 2016

study, had reported a much lower frequency of discrimina-

tion based on sexual orientation (28%), pointing to an

increase in societal conservatism in most recent years, cou-

pled with increased awareness of what constitutes discrimi-

natory acts [27]. Fear of disclosure of sexual orientation

TaggedEndTaggedPdelays access to care [28] as suggested in a previous study

with PLWH in Brazil that showed cisgender men with

unknown sexual orientation had 2.5 times the odds for late

presentation relative toMSM [16]. TaggedEnd

TaggedPIn our study, we also found that MSWo had a higher haz-

ard of death compared to MSM. This finding was expected as

life expectancy among PLWH is lower in heterosexual men

compared to women and MSM in Latin America [2]. Moreover,

in a previous analysis of our cohort (2000−2011), hazard of

AIDS-related death among heterosexual men was twice

higher than that of women [18]. Studies in Brazil have shown

that late presentation is frequent among heterosexual men. A

study conducted in Salvador in 2010−2011 showed that 79%

of heterosexual men had first CD4 count < 350 cell/mm3 [29].

Also, heterosexual men had higher odds for late presentation

than MSM and women in Goiania (2009−2012) [16]. On the

other hand, a recent study with a sample of young conscripts

in Brazil, mostly heterosexual men, has found that 85% of the

participants had never been tested for HIV and that antici-

pated HIV stigma was associated with delay in HIV testing

[30]. Altogether, these findings can be partially explained by

cultural and gender norms that prevail in Brazil, hegemonic

masculinity is often associated with men’s risky behavior

(feelings of invulnerability), which include alcohol and drug

use, pleasure seeking, lack of self-care, and denial of health

information and services [31−34]. Nonetheless, heterosexual

men are often left out of HIV prevention and care policies and

programs [31,34]. TaggedEnd

TaggedPWe found that cisgender women had an adjusted hazard

of death similar to that of MSM. This finding is somewhat

TaggedEnd TaggedFigure

Fig. 3 –Other factors associated with hazard of death in the final adjusted Cox regression model, INI-Fiocruz, Rio de Janeiro,

Brazil (2000−2018). TaggedEnd
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TaggedEndTaggedPdifferent from a study with PLWH in Latin America and the

Caribbean that found lower mortality rate and higher life

expectancy among cisgender women than MSM [2], and dif-

ferent from a previous study of AIDS and non-AIDS mortality

in our cohort (2000−2011) [18]. Compared to MSM, cisgender

women in our study were more likely to be Black (25% of the

women, the highest proportion across the groups), less edu-

cated (60% had not completed primary school) and had low

CD4 counts (nadir and at enrollment). In addition, they were

less likely to use ART, had more OIs (tuberculosis and non-

tuberculosis) and were more likely to have a hospital admis-

sion during follow-up than MSM. These factors probably con-

tributed to cisgender women’s higher mortality rates. Results

from the Cox regression models suggest that adjustment for

these factors resulted in a hazard of death that was not differ-

ent fromMSM. TaggedEnd

TaggedPTransgender women had the second lowest mortality rate

in our study (only after MSM). At first, this finding may be sur-

prising since Brazil leads the global statistics for numbers of

death and violence against transgender women [35], and the

number of homicides against sexual and gender minorities

has been increasing steadily over the years [36]. Transgender

women are disproportionately affected by HIV, with an esti-

mated 30% prevalence of HIV infection in Rio de Janeiro in

2016 [37]. Moreover, transgender women face barriers to HIV

testing, care and treatment, and stigma and discrimination

play an essential role in reducing the access of transgender

women to medical visits and HIV testing services [38]. To situ-

ate our results within the broader context of high mortality

risk among transgender women living with HIV [5] we need to

highlight some critical findings. First, 72% of transgender

women included in our study enrolled after 2014 as a result of

a series of interventions developed and implemented to reach

and engage transgender women in HIV prevention and care in

our clinic [39,40] (i.e., gender neutral space, transgender staff,

community engagement, partnership with stakeholders and

non-governmental organizations). A large population-based

study aiming to recruit transgender women in Rio de Janeiro

was conducted in 2015−2016 and those participants were

offered routine HIV prevention, HIV care and endocrinological

cross-gender care [37,39]. As a consequence, compared to

other groups, transgender women included in our study were

younger, had the highest CD4 counts (at enrollment and

nadir) and the lowest proportion of non-tuberculosis OI at

enrollment. Altogether, our findings suggest that the low

mortality observed among transgender women enrolled in

our cohort may be partly explained by their relative better

health when compared to the other groups. Moreover, our

findings suggest that active interventions to reach, test and

engage transgender women in care may counteract the dele-

terious structural factors driving mortality in transgender

women living with HIV. TaggedEnd

TaggedPFinally, our results underscore the association between

social determinants of health and late presentation to HIV

care with the risk of death among PLWH. Pardo/mixed and

Black race and low education were strongly associated with a

higher death hazard. Moreover, proxies of late presentation

(i.e., lower CD4 counts and AIDS defining illnesses) were asso-

ciated with an increased risk of death, while ART use reduced

the risk of death. In addition, a worrisome upward trajectory

TaggedEndTaggedPof the hazard of death in most recent years (between 2015

and 2018) was observed, though this finding was not

completely unexpected. A previous study from our cohort

(2004−2015) has shown that very early mortality (i.e., deaths

occurring up to 90 days after enrollment) remained high over

the years, unlike deaths occurring between 90 and 365 days

after enrollment [41]. Likewise, in the present study, survival

curves, particularly for Munk, show a steep drop in survival

probabilities in early follow-up. The spread of the HIV epi-

demic among vulnerable populations, the persistence of late

presentation, and the increased of poverty and social inequal-

ities in Brazil over the past decade [42] likely contributed to

this finding. TaggedEnd

TaggedPOur study has limitations. First, 8.4% of our study popula-

tion were deemed lost to follow-up; however, we periodically

update vital status for our cohort participants through linkage

with the State of Rio de Janeiro mortality database, allowing

us to assume with reasonable confidence that participants

classified as lost to follow-up were indeed alive as of Decem-

ber 31, 2018 (further corroborated by the sensitivity analysis

shown in the Supplementary Material). Second, we did not

differentiate causes of death, preventing us to assess gender

and sexual orientation disparities related to specific causes of

death (AIDS, non-AIDS, violent deaths). Third, we did not

have information on potential confounders, mainly socioeco-

nomic status (i.e., income, employment, housing), behavior

factors (alcohol, smoking) and stigma. Fourth, most of the

transgender women were recently enrolled in the cohort

(from 2014 onwards) and future studies will be needed to bet-

ter assess mortality trends in upcoming years, particularly for

this group. Finally, our results are likely not representative of

the entire population of PLWH in Brazil given that our partici-

pants represent a convenience sample. In addition, we found

higher overall mortality rates (period 2000−2018, 20.3/1000

PY) than a recent study including PLWH in Latin America and

the Caribbean (the Caribbean, Central and South America net-

work for HIV epidemiology [CCASAnet], period 2003−2017,

17.9/1000 PY) [2] and a previous study from our clinical cohort

(INI-Fiocruz, period 2000−2011, 10.2/1000 PY) [18]. It is very

likely that differences in the studies’ specific eligibility criteria

explain the different rates. Specifically, the current study pop-

ulation includes individuals who did not use ART and whose

follow up was minimal. In contrast, the CCASAnet study

restricted the study population to ART users [2]. Likewise, the

study population of the prior INI-Fiocruz analysis excluded

participants with less than 60 days of follow-up and also

excluded IDU, Munk, and individuals with no CD4 count [18].

These criteria potentially excluded population groups with

higher hazards of death from the two aforementioned stud-

ies. TaggedEnd

TaggedH1Conclusions TaggedEnd

TaggedPOur results highlight important disparities in mortality risk by

gender and sexual orientation among PLWH, and that Munk

and MSWo have increased risk of death compared to MSM.

Future studies should aim to better characterize and under-

stand this population of men with concealed sexual orienta-

tion and their outcomes, including in-depth qualitative

braz j infect dis. 2023;27(2):102740 9



TaggedEndTaggedPresearch, to help tailor policies and interventions to improve

outcomes in this population. Finally, we did not observe an

increased risk of death among transgender women, which

may be explained by specific strategies (gender neutral space,

transgender staff, community engagement, partnership with

stakeholders and non-governmental organizations) imple-

mented in our service to reach, engage, retain, and support

transgender women. TaggedEnd
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Sa�ude Coletiva. 2020;25:1709–22. TaggedEnd

TaggedP37. Grinsztejn B, Jalil EM, Monteiro L, et al. Unveiling of HIV
dynamics among transgender women: a respondent-driven
sampling study in Rio de Janeiro. Brazil. Lancet HIV. 2017;4:
e169–76. TaggedEnd

TaggedP38. Costa AB, Fontanari AMV, Catelan RF, et al. HIV-Related
healthcare needs and access barriers for brazilian transgender
and gender diverse people. AIDS Behav. 2018;22:2534–42.TaggedEnd

TaggedP39. Garcia Ferreira AC, Esteves Coelho L, Jalil EM, et al.
Transcendendo: a cohort study of HIV-infected and
uninfected transgender women in Rio de Janeiro, Brazil.
Transgender Health. 2019;4:107–17.TaggedEnd

TaggedP40. Bezerra DRB, Jalil CM, Jalil EM, et al. Complementary
recruitment strategies to reach men who have sex with men
and transgender women: the experience of a large Brazilian
HIV prevention service. AIDS Behav. 2022. https://doi.org/
10.1007/s10461-022-03609-5. Published online February 5. TaggedEnd

Ta ggedP41. Leite PHAC, Coelho LE, Cardoso SW, et al. Early mortality in a
cohort of people living with HIV in Rio de Janeiro, Brazil, 2004-
2015: a persisting problem. BMC Infect Dis. 2022;22:475. TaggedEnd

TaggedP42. Neri M. Qual foi o impacto da crise sobre a pobreza e a
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