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Factors associated with viremia in people 
living with HIV on antiretroviral therapy 
in Guatemala
Dean W. Ortíz1* , Olivia Roberts‑Sano2, Hugo E. Marroquin1, Lindsey Larson2, Katherine B. Franco1, 
Andrej Spec2, Johanna R. Melendez1, Rodolfo Pinzón1, Ana J. Samayoa1, Carlos Mejia‑Chew2 and 
Jane A. O´Halloran2 

Abstract 

Introduction: Viral suppression prevents HIV transmission and disease progression, but socio‑economic and clinical 
factors can hinder the goal of suppression. We evaluated factors associated with viral non suppression (VNS) and 
persistent viremia (PV) in people living with HIV (PLHIV) receiving antiretroviral therapy (ART) in Guatemala.

Methods: We conducted a cross sectional analysis using data from an ongoing cohort of PLHIV attending the largest 
HIV clinic in Guatemala. Univariable and multivariable analyses were conducted between PLHIV with viral suppres‑
sion and detectable viremia. VNS was defined as most recent HIV RNA ≥ 200 copies/ml and PV as two consecutive HIV 
RNA ≥ 200 copies/ml.

Results: Of 664 participants, 13.3% had VNS and 7.1% had PV. In univariable analysis disaggregated by gender, low 
income, poor education, perceived difficulty attending healthcare, and alcohol use were associated with VNS in men 
while low CD4 at diagnosis, multiple prior ART regimens and treatment interruptions were significant in both gen‑
ders. Multiple prior ART regimens (adjusted Odds Ratio (aOR) 2.82, [95% confidence interval (CI) 1.59, 4.99], p < 0.01), 
treatment interruptions (aOR 4.51, [95% CI 2.13, 9.58], p < 0.01), excessive alcohol consumption (aOR 2.56, [95% CI 1.18, 
5.54], p < 0.05) perceived difficulty attending healthcare (aOR 2.07, [ 95% CI 1.25, 3.42], p < 0.01) and low CD4 at diag‑
nosis (aOR 2.34, 95% [CI 1.30, 4.20], p < 0.01) were independently associated with VNS on multivariable regression.

Conclusions: We conclude that socio‑economic and clinical factors influence viral suppression in our cohort and 
vary between men and women. Gender specific approaches are necessary to achieve the 90% suppression goal.

Keywords: HIV, Treatment outcomes, Health risk behavior, Health services accessibility, Sustained virologic 
suppression, Gender
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Background
Over the last two decades, huge strides have been made 
in the control of the HIV epidemic. This is widely attrib-
uted to the global scale-up in access to antiretroviral 

therapy (ART). In 2013, the Joint United Nations Pro-
gramme of HIV/AIDS (UNAIDS) proposed the 90–90–
90 goal as a benchmark to contribute to the end of the 
HIV epidemic. The goal was to diagnose 90% of peo-
ple living with HIV (PLHIV), provide ART for 90% of 
those diagnosed and achieve viral suppression in 90% of 
those receiving ART by 2020 [1, 2]. There has been sig-
nificant progress towards this goal, mainly driven by the 
efforts in south and east Africa. However, entire regions 
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continue to experience setbacks in the fight against HIV. 
Such is the case of Latin America, where no countries 
have reached the 90–90–90 goal, HIV new infections 
increased by 7% in the past eight years and only 55% of all 
the diagnosed PLHIV are virally suppressed [2–4].

Viral suppression plays a crucial role in limiting onward 
transmission of HIV. As HIV prevalence increases, viral 
suppression must be achieved in order to prevent new 
infections [5]. Several studies have pointed out that viral 
suppression decreases the likelihood of HIV transmis-
sion in the at-risk and general population and improves 
overall life quality and life expectancy [6–8]. Individuals 
failing to achieve viral suppression may progress to per-
sistent viremia, which is associated with double the risk 
of virologic failure and with higher rates of all-cause mor-
tality [9–11].

The main concern in Latin America is that progress, 
while steady, is uneven between regions [2]. In Guate-
mala, the country with the highest number of PLHIV in 
Central America, 62% of PLHIV know their HIV status, 
69% of all linked to care are taking ART and 80% taking 
ART are virally suppressed. In total, the percentage of all 
PLHIV in Guatemala with viral suppression is estimated 
at 34% [2, 3].

Several barriers to viral suppression have been identi-
fied and include but are not limited to stigma, difficulty 
in accessing healthcare because of location or financial 
status [12, 13], alcohol and substance misuse [2], educa-
tion [14], pill burden [15], and ART side effects [16]. To 
our knowledge, a detailed analysis on factors that influ-
ence virologic outcomes in PLHIV has not been per-
formed in Guatemala. We aimed to identify associated 
factors for virologic outcomes in the treatment of PLHIV 
in this Central American country.

Methods
We used data from baseline interviews obtained as part 
of an ongoing prospective cohort study on comorbidities 
in PLHIV attending the Dr. Carlos Rodolfo Mejia Villa-
toro Infectious Diseases Clinic at Roosevelt Hospital in 
Guatemala City. The clinic is the largest HIV clinic in 
the country and provides free care for over 5000 PLHIV 
nationwide. PLHIV 18 years or older attending the HIV 
clinic are eligible for enrollment in the cohort. PLHIV 
were enrolled after providing verbal consent, and data 
was collected with in-depth interviews, clinical evalua-
tion, and review of clinical files. The study was approved 
by the institutional review board of Roosevelt Hospital. 
The baseline interviews, containing questions on demo-
graphics, housing, medical conditions, and health risk 
factors, were conducted in Spanish and took place from 
July 2019 to February 2020. Study data were collected and 

managed using REDCap electronic data capture tools 
hosted at Washington University in Saint Louis [17].

Study design
For the current analysis we included all PLHIV enrolled 
in the cohort that had been prescribed at least six con-
secutive months of ART since their initial diagnosis and 
had a recent viral load. Recent viral load was defined 
as a HIV viral load taken within three months prior or 
one month following the enrollment interview for par-
ticipants with clinic visits every 3-months and viral load 
taken six months from enrollment at most for partici-
pants with 6-months clinic visits. Viral non-suppression 
(VNS) was defined as a viral load ≥ 200 copies/ml and 
persistent viremia (PV) was defined as two consecutive 
viral loads ≥ 200 copies/ml.

Variable definitions
The continuous variables age, travel time and travel cost 
to HIV care, individual monthly income, years of edu-
cation, number of prior ART regimens, CD4 count at 
diagnosis and days of treatment interruptions were recat-
egorized into binary variables for analysis. Age 50 and 
below or over 50 years was used to compare younger and 
older adults, respectively, as defined by the Center for 
Disease Control and Prevention (CDC) [18]. Travel time 
to healthcare was defined as commutes within an hour 
and greater than an hour based on a prior study regard-
ing accessibility in Guatemala [19]. Individual monthly 
income was evaluated by earning less than or equal to the 
“Canasta básica alimentaria” (CBA), or national food bas-
ket, which is the monthly cost to provide sufficient food 
for the average Guatemalan household. As of January 
2020, the cost was $464 [20]. Education level was divided 
by PLHIV that achieved above primary education (first 
six years of formal education) from those with less or no 
formal education. Travel cost considered whether the 
round-trip cost to the clinic exceeded the median cost for 
our study population ($2.6). Multiple-daily dosing refers 
to more than once-daily dosing of ART. Treatment inter-
ruptions were defined as missing seven days or more of 
ART between changing regimens. Multiple prior ART 
regimens was defined as having three or more prior ART 
regimens.

Categorical variables were defined as follows. Exces-
sive alcohol consumption was defined as binge drinking 
(four or more drinks in one occasion for women and five 
or more drinks for men) and heavy drinking (eight or 
more drinks in a week for women and 15 or more drinks 
in a week for men) within the past month, in accord-
ance with the CDC definitions [21]. Access to basic utili-
ties considered both running water and electricity in the 
participant’s residence. Indigenous participants were 
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self-identified. Perceived difficulty attending health-
care was defined according to the participant’s yes/no 
response to the question “¿Le parece dif ícil asistir a la 
clínica?” Translation: “Do you find it difficult to visit the 
clinic?”. A follow up question gave participants the fol-
lowing reasons to choose from: lack of income, lack of 
transportation, nobody to take care of children, difficulty 
getting time off from work, price of transportation, or 
other reasons (free answer). Comorbidities were reported 
by participants and verified in the clinical file. Prior AIDS 
defining illnesses were assessed according to the CDC 
definitions [22].

Statistical analysis
Statistical analyses were performed using SPSS (Statisti-
cal Package for the Social Sciences) software version 23. 
Baseline characteristics were analyzed with respect to 
frequency and percentage. Normality was evaluated for 
all numeric variables using Shapiro Wilk test with kurto-
sis and skewness. Baseline characteristics were compared 
with the nonparametric Pearson x2 and Fisher’s exact test 
of independence for categorical variables and Mann–
Whitney U test for continuous variables with interquar-
tile range. Binary logistic regression was performed to 
explore the association between each variable and VNS 
and PV. Multivariable logistic regression models were fit-
ted with variables at p ≤ 0.05 to evaluate independent fac-
tors associated with VNS and PV.

Results
Of 929 participants enrolled in the cohort, 664 had a 
recent viral load and had completed at least six months 
of ART. The median age was 39 years [interquartile range 
(IQR) 32–48], 356 (53.6%) were male, 493 (74.2%) were 
heterosexual and 99 (14.9%) self-identified with indig-
enous ethnicity. Almost half of the participants (49.2%) 
had less than or equal to primary education and only 60 
(9.0%) had a bachelor’s degree or higher. A total of 441 
(66.4%) participants reported being employed. Out of 
these, 23.7% (158) were females and 42.6% (283) were 
males. Five hundred sixty had no income or earned less 
than the CBA with 211 (31.8%) having to borrow money 
to cover travel costs. The main transportation used was 
public buses (606, 91.3%). Travel time varied greatly, 
but 80 (12%) participants traveled four or more hours to 
reach healthcare.

Comorbidities were present in 408 (61.4%) and only 
21 (3.2%) participants were co-infected with hepati-
tis B. Median CD4 count and viral load at diagnosis 
were 178 cells/mm3 (IQR 57–341) and 77,000 copies/
ml (IQR 21,248–252,252) respectively. Current median 
CD4 count was 473 cells/mm3 (IQR 283–689). A total 
of 262 (39.5%) of our participants were in their first ART 

regimen, 402 (60.5%) had at least one prior ART regimen 
and 105 (15.8%) had multiple prior ART regimens. Other 
characteristics arranged by virologic status are presented 
in Table 1. VNS was present in 88 (13.3%) participants on 
recent HIV viral load testing. Differences between those 
with viral suppression and VNS are illustrated in Table 1. 
Of those who were not virally suppressed, 47 (7.1%) had 
PV.

On univariable analysis, excessive alcohol consump-
tion, perceived difficulty attending healthcare, having no 
comorbidities, treatment interruptions, multiple prior 
ART regimens, multiple-daily dosing, low CD4 count 
at diagnosis, past AIDS-defining illness and sexuality 
were associated with VNS (p ≤ 0.05) and were included 
in the multivariable analysis (Table  2). In the multivari-
able analysis, treatment interruptions (aOR 4.51, [95% 
CI 2.13, 9.58], p < 0.01), multiple prior ART regimens 
(aOR 2.82, [95% CI 1.59, 4.99], p < 0.01), excessive alcohol 
consumption (aOR 2.56, [95% CI 1.18, 5.54], p = 0.017), 
low CD4 count at diagnosis (aOR 2.34, [95% CI 1.30, 
4.20], p < 0.01), bisexual orientation (aOR 4.04, [95% CI 
1.33,12.32], p = 0.014), and perceived difficulty attending 
healthcare (aOR 2.07, [95% CI 1.25, 3.42], p < 0.01), were 
all associated with increased risk of VNS. Among those 
with perceived difficulty, the most commonly reported 
reasons for such difficulty were difficulty getting time off 
from work (72, 28.6%) and price of transportation (71, 
27.5%) (Additional file  3: Table  S3), but no association 
was found between specific reasons for perceived dif-
ficulty attending healthcare and VNS (Additional file  3: 
Table S3).

Univariable analysis disaggregated by gender (Addi-
tional file  1: Table  S1 and Additional file  2: Table  S2), 
showed that men’s perceived difficulty attending health-
care was associated with VNS (aOR 3.05, [95% CI 1.66, 
5.59], p < 0.01), but the same association was not seen in 
women (aOR 1.36, [95% CI 0.68,2.72], p = 0.371). Multi-
ple-daily dosing (aOR 4.33, [95% CI 2.33, 8.04], p < 0.01), 
excessive alcohol consumption (aOR 2.19, [95% CI 1.02, 
4.67] p = 0.042), income below or equal to the CBA (aOR 
3.49, [95% CI 1.34,9.10], p = 0.010), and primary educa-
tion or less (aOR 2.01, [95% CI 1.10,3.65], p = 0.022) were 
also significantly associated with VNS in men but not in 
women. Past AIDS defining illnesses, treatment inter-
ruptions, low CD4 count at diagnosis and having multi-
ple prior ART regimens were still significantly associated 
with VNS in both genders in univariable analysis. In sep-
arate multivariable models however, only multiple prior 
ART regimens was significant in both men and women.

In the univariable analysis for PV as the outcome of 
interest, past AIDS defining illness, low CD4 count at 
diagnosis, treatment interruptions, multiple prior ART 
regimens, multiple-daily dosing, bisexual orientation, 
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perceived difficulty attending healthcare, and having 
no comorbidities were significantly associated with PV. 
In the multivariable analysis, participants with multi-
ple prior ART regimens (aOR 4.63, [95% CI 2.36, 9.09], 
p < 0.01), treatment interruptions (aOR 4.33, [95% CI 
1.72,10.87], p < 0.01), and low CD4 count at diagnosis 
(aOR 2.36, [95% CI 1.07,5.22], p = 0.03) were associated 
with higher odds of PV, as shown in Table 3. These vari-
ables were also significantly associated with VNS.

Discussion
To our knowledge, a detailed analysis on factors that 
influence virologic outcomes in PLHIV has not been 
performed in Guatemala. Our study found factors asso-
ciated with VNS and PV among PLHIV in Guatemala, 

complementing prior findings about the modifiable and 
unmodifiable factors associated with detectable viremia 
in PLHIV on ART [23–28]. Several studies have demon-
strated that the risk for negative outcomes such as mor-
tality, virologic failure and AIDS increases for PLHIV at 
low viremic levels, starting from 50 to 200 copies/ml [24, 
29]. Therefore, 200 copies/ml was used in this study as a 
threshold to identify people with detectable viremia.

Perceived difficulty attending healthcare was one of 
the variables associated with VNS. Several socio-eco-
nomic factors have been shown to have a negative impact 
on perception of HIV care such as quality of services, 
financial fairness, transportation convenience, per-
ceived negative attitude, and stigma [30]. However, none 
of the reasons for perceived difficulty in our study was 

Table 1 Characteristics of 664 virally suppressed and non‑suppressed PLHIV on ART in Guatemala

MSM, men who have sex with men; ART, antiretroviral therapy; IQR, interquartile range
a Comparisons were calculated with Chi-squared test for categorical variables and Mann–Whitney U for continuous variables bIn dollars

Variable Total (664) Viral Suppression (576) Viral Non-
suppression (88)

p-valuea

Age in years (IQR) 39 [32, 48] 40 [33, 48] 37.5 [34.5,44.5] 0.512

Male n (%) 356 (53.6%) 305 (53%) 51 (58%) 0.381

Sexual orientation n (%) 653 (98.3%) 0.016

 MSM 112 (16.9%) 105 (18%) 7 (8%)

 Bisexual 48 (7.2%) 38 (7%) 10 (11%)

 Heterosexual 493 (74.2%) 425 (74%) 68 (77%)

Non‑indigenous ethnicity n (%) 565 (85.1%) 488 (85%) 77 (88%) 0.496

Years of education (IQR) 6 [3, 11] 7 [3, 11] 6 [4, 9] 0.164

Individual monthly  incomeb (IQR) 150 [0.375] 182 [0.389] 51 [0.318] 0.058

Working status 441 (66.4%) 391 (67.0%) 50 (56.8%) 0.052

Home owner n (%) 422 (63.6%) 362 (63%) 60 (68%) 0.333

Lack of access to basic utilities n (%) 80 (12.0%) 67 (12%) 13 (15%) 0.399

Smoking n (%) 77 (11.6%) 60 (10%) 17 (19%) 0.015

Excessive alcohol consumption n (%) 65 (9.8%) 51 (9%) 14 (16%) 0.038

Prior illicit drug use n (%) 70 (10.5%) 57 (10%) 13 (15%) 0.165

Travel time to healthcare in minutes (IQR) 90 [60, 150] 90 [45,150] 90 [60,180] 0.395

Borrows money for transport to care n (%) 211 (31.8%) 180 (31%) 31 (35%) 0.455

Round‑trip travel  costb (IQR) 2.5 [1.25, 7.5] 2.27 [1.3,6.49] 2.66 [1.04,8.04] 0.741

Perceived difficulty attending healthcare n (%) 258 (38.9%) 210 (37%) 48 (55%) 0.001

Participants with comorbidities n (%) 408 (61.4%) 363 (63%) 45 (51%)

 Dyslipidemia 298 (44.9%) 293 (44%) 5 (5%)

 Hypertension 59 (8.9%) 53 (9%) 6 (7%) 0.030

 Diabetes 36 (5.4%) 32 (5.6%) 4 (4.5%)

Past AIDS‑defining illness n (%) 221 (33.3%) 178 (31%) 43 (49%) 0.001

 Current tuberculosis diagnosis 3 (0.5%) 1 (0.2%) 2 (2.3%)

CD4 count at diagnosis (IQR) 174 [57, 341] 178 [55,346] 58 [24.5,145.5] 0.000

Treatment interruptions ≥ seven days n (%) 42 (6.3%) 26 (5%) 16 (18%) 0.000

Multiple prior ART regimens n (%) 105 (15.8%) 74 (13%) 31 (35%) 0.000

Multiple‑daily dosing n (%) 181 (27.2%) 142 (25%) 39 (44%) 0.001

Integrase inhibitor‑based regimen n (%) 234 (35.2%) 196 (34%) 38 (43%) 0.094
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significantly associated with VNS, suggesting that each 
participant may have individualized difficulties that influ-
ence their viral load suppression.

We found that paradoxically, having no comorbidities 
increases the risk of VNS and PV. Several studies have 
found no association or a similar association to our study 
[31–33]. This may be explained by more frequent interac-
tions with healthcare for people with comorbidities, due 
to their chronic conditions, where they may be encour-
aged to seek HIV care [34, 35].

In this study, indigenous ethnicity and age did not have 
an impact on VNS or PV. This differs from other stud-
ies where ethnic minorities [36, 37] and younger popula-
tions [10, 27, 37, 38] are more likely to experience worse 
outcomes in HIV care. Our findings may have been influ-
enced by the low frequency of older PLHIV and those 
who self-identify as indigenous in our cohort, and further 
studies are needed in these populations.

Gender was also not associated with VNS in the overall 
population, in keeping with previous research on gender 
and detectable viremia [39, 40]. However, analysis disag-
gregated by gender showed important differences (Addi-
tional file  1: Table  S1 and Additional file  2: Table  S2). 
Lower individual income, low educational attainment, 
engaging in risk behaviors, bisexual orientation and per-
ceived difficulty attending healthcare exclusively had an 
impact on viremia in men. Individual income may be less 
relevant in women due to differences in workforce partic-
ipation in the cohort (23.7% in women vs 42.6% in men) 
[41]. Other studies have examined the interplay between 
gender, HIV and risk behaviors and have observed that 
the prevalence of heavy alcohol consumption is higher 
in men with HIV than in women [42], at-risk drinking in 
men is predictive of virologic failure [43], and MSM who 
engage in higher risk drinking are more likely to engage 
in HIV risk behaviors [44]. We emphasize these gender 

Table 2 Univariable and multivariable logistic regression of viral non‑suppression in 647 PLHIV on ART in Guatemala

MSM men who have sex with men, ART  antiretroviral therapy, aOR adjusted odds ratio, CI confidence interval

Significant variables (p < 0.05) in univariable analysis were entered into multivariable analysis
a Monthly income ≤ Canasta Básica Alimentaria, the cost to feed an average Guatemalan household per month
b $2.6 was the median cost of transport reported in the cohort

Variable Univariable Multivariable

aOR 95% CI p-value aOR 95% CI p-value

Smoking 2.06 1.14–3.73 0.017 1.73 0.83–3.60 0.141

Excessive alcohol consumption 1.95 1.03–3.69 0.041 2.56 1.18–5.54 0.017

Perceived difficulty attending healthcare 2.09 1.33–3.29 0.001 2.07 1.25–3.42 0.005

No comorbidities 1.63 1.04–2.56 0.034 1.72 1.04–2.84 0.033

Past AIDS defining illness 2.14 1.36–3.36 0.001 1.23 0.72–2.11 0.450

Low CD4 count at diagnosis 2.55 1.54–4.22 0.000 2.34 1.30–4.20 0.004

Treatment interruption ≥ seven days 4.70 2.41–9.18 0.000 4.51 2.13–9.58 0.000

Multiple prior ART regimens 3.69 2.24–6.09 0.000 2.82 1.59–4.99 0.000

Multiple‑daily dosing 2.43 1.53–3.86 0.000 1.59 0.92–2.74 0.095

Sexual orientation

 MSM 1.00 0.036 1.00 0.064

 Bisexual 3.95 1.4–11.11 0.009 4.04 1.33–12.3 0.014

 Heterosexual 2.40 1.07–5.38 0.033 1.61 0.66–3.91 0.298

Age 50 and below 1.11 0.62–1.98 0.723

Male 1.23 0.78–1.93 0.381

Not indigenous ethnicity 1.26 0.65–2.47 0.496

Primary education or less 1.39 0.88–2.19 0.157

Individual income ≤  CBAa 2.00 0.94–4.27 0.074

Home owner 1.27 0.78–2.05 0.334

Lack of access to basic utilities 1.32 0.69–2.50 0.400

Prior illicit drug use 1.58 0.83–3.02 0.168

Travel time to healthcare > 1 h 1.27 0.79–2.04 0.330

Borrows money for transport to care 1.20 0.75–1.92 0.456

Travel cost ≥ $2.6  roundtripb 1.15 0.74–1.81 0.534

Integrase inhibitor‑based regimen 1.47 0.93–2.32 0.095
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differences due to our concern that men are getting left 
behind in the fight against the HIV epidemic [45] which 
calls to revise policies regarding men’s sexual health 
services.

Unlike VNS, we found no social or economic variables 
associated with PV. However, the same variables related 
to HIV background were significantly associated with 
both VNS and PV. Having multiple prior ART regimens 
was independently associated with both outcomes with 
the highest odds ratio of all relevant variables. Simi-
lar findings are reported in South Africa [46], Uganda 
[47], and the United States [48] where having multiple 
prior ART regimens or being on 2nd line therapy was 
significantly associated with PV. We agree with other 
hypotheses that multiple ART changes are more likely 
associated with poor adherence, acquired drug resistance 
mutations, and long-term drug toxicities that influence 
treatment efficacy and viral suppression [46–48]. Not all 

studies support this link between the viral suppression 
and ART history [49], but this finding should encourage 
further research on reasons for multiple ART changes 
and HIV outcomes in Guatemala, especially since the 
HIV treatment guidelines were updated in December 
2019 to include integrase inhibitors as first line of therapy 
[50, 51].

Low CD4 count at diagnosis was another variable sig-
nificantly associated with VNS and PV, similar to what 
was found in several cohort studies [23, 52–54]. Pro-
gressing to advanced disease before treatment may put 
patients at higher risk of persistent viremia once treat-
ment is started as a consequence of increased viral res-
ervoir size, but further research is needed to understand 
this association.

We also demonstrate that treatment interruptions are 
associated with VNS as well as PV. This result is similar to 
what is reported from multiple studies where missing any 

Table 3 Univariable and multivariable logistic regression of persistent viremia in 647 PLHIV on ART in Guatemala

MSM men who have sex with men, ART  antiretroviral therapy, aOR adjusted odds ratio, CI confidence interval

Significant variables (p < 0.05) in univariable analysis were entered into multivariable analysis
a monthly income ≤ Canasta Básica Alimentaria, the cost to feed an average Guatemalan household per month
b $2.6 was the median cost reported in the cohort

Variable Univariable Multivariable

aOR 95% CI p-value aOR 95% CI p-value

Past AIDS‑defining illness 2.62 1.43–4.79 0.002 1.46 0.73–2.91 0.281

Low CD4 count at diagnosis 3.21 1.56–6.60 0.001 2.36 1.07–5.22 0.033

Treatment interruption ≥ seven days 5.73 2.55–12.88 0.000 4.33 1.72–10.87 0.002

Multiple prior ART regimens 6.03 3.23–11.25 0.000 4.63 2.36–9.09 0.000

Multiple‑daily dosing 2.24 1.22–4.11 0.009 1.39 0.70–2.76 0.335

Perceived difficulty attending healthcare 1.82 1.00–3.31 0.049 1.66 0.85–3.21 0.132

No comorbidities 1.91 1.05–3.48 0.033 1.92 0.99–3.70 0.051

Age 50 and below 1.09 0.51–2.33 0.809

Male 1.54 0.83–2.85 0.163

Not indigenous ethnicity 1.54 0.59–4.03 0.370

Primary education or less 1.39 0.75–2.55 0.284

Individual income ≤  CBAa 2.06 0.72–5.91 0.175

Home owner 1.37 0.71–2.62 0.341

No basic utilities access 1.32 0.57–3.09 0.509

Prior illicit drug use 1.35 0.54–3.34 0.511

Travel time to healthcare > 1 h 1.19 0.63–2.23 0.584

Borrows money for transport to care 1.22 0.65–2.27 0.530

Travel cost ≥ $2.6  roundtripb 1.33 0.72–2.41 0.355

Integrase inhibitor‑based ART 1.22 0.66–2.27 0.514

Sexual orientation

 MSM 1.00 0.123

 Bisexual 5.74 1.35–24.35 0.018

 Heterosexual 2.71 0.81–8.98 0.103

Smoking 2.10 0.96–4.57 0.062

Excessive alcohol consumption 1.51 0.61–3.75 0.371
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amount of days of ART is significantly associated with 
PV [25, 27, 38, 47]. Other studies have related treatment 
interruptions and poor adherence to poor education, 
HIV stigma, low socioeconomic status, risk behaviors, 
treatment fatigue, and young age [55, 56]. These treat-
ment interruptions may occur due to lack of HIV care 
facilities or treatment support programs in Guatemala, in 
addition to individual challenges in attending care. This 
could be a key area of intervention to impact both the 
percentage of PLHIV taking ART and the proportion of 
those that are virally suppressed.

There are important limitations in our study. Although 
all participants were selected randomly, a small number 
of people declined participation mainly due to insuf-
ficient time to conduct an interview. Those that were 
temporarily lost to follow up in HIV care, hospitalized 
in-patient, or attending prenatal care were not captured 
in this cohort. Adolescents were not considered due to 
health policies regarding age and sexual health consent. 
Transgender population and sex workers are under-
represented in our cohort due to the lack of public out-
reach and gender specific programs [2]. We were unable 
to include HIV subtypes and clades for our participants 
because this data is not available as standard of care. 
However, one cohort study previously published from 
our clinic showed that 98.9% of sequences performed 
belong to  BPandemic clade [57]. Treatment interruptions 
were only captured in participants lost to follow up for 
more than three months or with ART that differed in at 
least one drug or differed in doses, but not in those that 
did not change regimen or dosing. During treatment 
interruptions some participants may share treatment 
with a partner or split pills. For prior ART switches, we 
were able to accurately capture reasons for treatment 
switch due to lack of prior information for some of the 
files. Household income, which was not available in this 
data, may be a better measurement of economic status 
than individual income.

Conclusions
This is the first study, to our knowledge, demonstrating 
potential social and clinical influences on VNS and PV 
in PLHIV in Guatemala. In our analysis, we found that 
social factors such as excessive alcohol consumption, 
perceived difficulty attending healthcare, and bisexual 
orientation were significantly associated with VNS in 
PLHIV in Guatemala. In this cohort low CD4 count 
at diagnosis, treatment interruptions, multiple prior 
ART regimens, and multiple-daily dosing were signifi-
cantly associated with both VNS and PV. This highlights 
potential areas of improvement to advance towards 
achieving the goal of 90% suppression. Simplifying 

regimens when possible, addressing personal barri-
ers, improving access to ART outside of the clinic, and 
concentrating efforts on groups at greater risk are key 
interventions to continue improving viral suppression. 
The strong link between perceived difficulty attending 
healthcare and VNS warrants further exploration, as 
PLHIV often need to overcome barriers to optimal care.
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