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Cohort Study
Tracy R. Glass,1,2,  Huldrych F. Günthard,3,4 Alexandra Calmy,5 Enos Bernasconi,6 Alexandra U. Scherrer,7 Manuel Battegay,2,8 Ana Steffen,9 Jürg Böni,4  
Sabine Yerly,10 Thomas Klimkait,11 Matthias Cavassini,12 and Hansjakob Furrer13; for the Swiss HIV Cohort Study
1Department of Medicine, Swiss Tropical and Public Health Institute, Basel, Switzerland, 2University of Basel, Basel, Switzerland, 3Division of Infectious Diseases and Hospital Epidemiology, 
University Hospital Zurich, Zurich, Switzerland, 4Institute of Medical Virology, University of Zurich, Zurich, Switzerland, 5Division of Infectious Diseases, University Hospital Geneva, Geneva, 
Switzerland, 6Division of Infectious Diseases, Regional Hospital Lugano, Lugano, Switzerland, 7Swiss HIV Cohort Data Center, Zurich, Switzerland, 8Division of Infectious Diseases, University 
Hospital Basel, Basel, Switzerland, 9Division of Infectious Diseases, Kantonsspital St Gallen, St Gallen, Switzerland, 10Laboratory of Virology, Division of Infectious Diseases, Geneva University 
Hospitals, Geneva, Switzerland, 11Department of Biomedicine, University of Basel, Basel, Switzerland, 12Division of Infectious Diseases, University Hospital Lausanne, Lausanne, Switzerland, and 
13Department of Infectious Diseases, Bern University Hospital, University of Bern, Bern, Switzerland

Background. Since the advent of universal test-and-treat , more people living with human immunodeficiency virus (PLHIV) 
initiating antiretroviral therapy (ART) are asymptomatic with a preserved immune system. We explored the impact of asymptomatic 
status on adherence and clinical outcomes.

Methods. PLHIV registered in the Swiss HIV Cohort Study (SHCS) between 2003 and 2018 were included. We defined asymp-
tomatic as Centers for Disease Control and Prevention stage A within 30 days of starting ART, non-adherence as any self-reported 
missed doses and viral failure as two consecutive viral load>50 copies/mL after >24 weeks on ART. Using logistic regression models, 
we measured variables associated with asymptomatic status and adherence and Cox proportional hazard models to assess association 
between symptom status and viral failure.

Results. Of 7131 PLHIV, 76% started ART when asymptomatic and 1478 (22%) experienced viral failure after a median of 1.9 
years (interquartile range, 1.1–4.2). In multivariable models, asymptomatic PLHIV were more likely to be younger, men who have 
sex with men, better educated, have unprotected sex, have a HIV-positive partner, have a lower viral load, and have started ART more 
recently. Asymptomatic status was not associated with nonadherence (odds ratio, 1.03 [95% confidence interval {CI}, .93–1.15]). 
Asymptomatic PLHIV were at a decreased risk of viral failure (adjusted hazard ratio, 0.87 [95% CI, .76–1.00]) and less likely to de-
velop resistance (14% vs 27%, P < .001) than symptomatic PLHIV.

Conclusions. Despite concerns regarding lack of readiness, our study found no evidence of adherence issues or worse clinical 
outcomes in asymptomatic PLHIV starting ART.

Keywords.  HIV; antiretroviral therapy; asymptomatic; universal test and treat; clinical outcomes.

Many cohort studies have suggested a benefit of early treatment, 
and some guidelines already advocated in 2012 for starting 
treatment irrespective of CD4 cell count [1, 2]. However, only 
after evidence from 2 randomized trials, Strategic Timing of 
Antiretroviral Therapy and Early Antiretroviral Treatment in 
HIV-infected Adults, did the World Health Organization rec-
ommend in September 2015 that people living with human 

immunodeficiency virus (PLHIV) should begin antiretroviral 
therapy (ART) as soon as possible after diagnosis [3–6]. Prior 
to this, individual preference for timing of ART initiation varied 
widely, implying that shared decision making determined op-
timal start time [7].

Now, due to the Joint United Nations Programme on HIV/
AIDS goal of 90% of PLHIV knowing their human immu-
nodeficiency virus (HIV) status [8], we have seen PLHIV 
not only starting ART earlier, but presenting earlier as well. 
Combined with the advent of a universal test-and-treat ap-
proach, a higher share of PLHIV initiating ART will be 
asymptomatic, leading to concerns regarding suboptimal 
adherence [9, 10]. Although there remains limited experi-
ence with PLHIV starting ART at CD4 counts > 500 cells/µL, 
starting ART with higher CD4 cell count has been shown to 
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be a risk factor for treatment interruptions and viral failure 
[11–13]. Critics of the test-and-treat strategy suggest that it 
could lead to “over-testing, over-treatment, side-effects, re-
sistance and potentially reduced autonomy of the individual 
in their choices of care” [14]. A mathematical modeling study 
in men who have sex with men (MSM) predicted that despite 
a 34% reduction in new infections, 19% reduction in deaths, 
and 39% reduction in new AIDS cases with test and treat, a 
near doubling of the prevalence of multidrug resistance (9.1% 
compared to 4.8%) by 2023 [15]. However, real-world data 
from the Swiss HIV Cohort Study (SHCS) do not support 
this bleak view, with evidence that emergence of drug resist-
ance dramatically decreased over time [16] despite increasing 
numbers treated at higher CD4 levels [2, 17]. A recent study 
from rural South Africa did not find an association between 
CD4 cell count at ART initiation and suboptimal adherence, 
and viral suppression at 12 months was 97% [18]. A similar 
study looking at asymptomatic PLHIV in South Africa and 
Uganda found high adherence (measured with electronic 
monitoring) and viral suppression among those with early-
stage infection [19].

There have been only a few key studies on PLHIV starting 
ART with high CD4 cell counts in sub-Saharan Africa [18, 20], 
and even fewer from resource-rich settings [13]. Given the 
concerns regarding a universal test-and-treat policy, we util-
ized the comprehensive data from the SHCS to address these 
important questions in a high-income setting. We assessed 
trends in starting ART over time and the potential impact of 
symptom status at ART initiation on adherence and treatment 
outcomes.

METHODS

The SHCS was established in 1988 and includes all consenting 
PLHIV 18 years or older [21]. Data on clinical and behavioral 
factors are collected every 6 months while laboratory data are 
collected every 3–6 months. The SHCS is representative of the 
Swiss epidemic, including 72% of those on ART and at least an 
estimated 50% of all PLHIV [22, 23].

We considered PLHIV registered in SHCS between 2003 
(when adherence was first measured) and 2018 for inclusion. 
We excluded PLHIV who started ART before 2000, those with 
HIV type 2 (HIV-2), and those who were pregnant at time of 
starting ART. Database closure was 30 April 2019.

Adherence

The SHCS adherence questionnaire was introduced in 2003 and 
contains 2 self-report questions addressing missed doses (daily, 
more than once a week, once a week, once every second week, 
once a month, never) and consecutive missed doses (yes, no) 
in the last 4 weeks. Classifying PLHIV as missing 0, 1, 2, or > 2 
doses has shown to be predictive of virological failure and mor-
tality [24].

Treatment Outcomes

Durability of first regimen was defined as time from starting 
ART until any change in ART regimen. Treatment interruption 
was defined as stopping ART for > 1 week after ART initiation 
and categorized by length of treatment interruption in days 
(7–30, 31–60, 61–90, 91–180, > 180). Planned treatment inter-
ruptions as part of clinical studies were excluded.

Virological suppression was defined as plasma HIV RNA < 50 
copies/mL after a maximum of 24 weeks on ART. Two thresh-
olds were considered in the estimation of virological failure: 
plasma HIV type 1 (HIV-1) RNA ≥ 50 and ≥ 200 copies/mL. 
Virological failure defined as 2 consecutive viral loads above the 
threshold after achieving viral suppression or a minimum of 24 
weeks on ART.

Resistance

The SHCS has a linked drug resistance database, which in-
cludes sequences from genotypic resistance tests performed 
by 4 authorized laboratories in Switzerland. More than 
12  000 sequences were generated retrospectively from the 
biobank to cover episodes of treatment failure and trans-
mitted drug resistance, when drug resistance testing was not 
performed routinely [25]. Sequences are stored in a central 
database (SmartGene; Integrated Database Network System 
version 3.9.0). All laboratories performed population-based 
sequencing [25, 26].

Transmitted drug resistance defined as any surveillance drug 
resistance mutation detected in tests done within 30  days of 
starting ART or earlier [27]. Acquired drug resistance was de-
fined as the occurrence of at least 1 new major mutation listed 
by the International Antiviral Society from samples > 30 days 
after starting ART [28].

Exposure

The exposure was asymptomatic status of the PLHIV prior to 
starting ART. As the cohort does not record information on 
symptom status, but reported Centers for Disease Control and 
Prevention (CDC) stage since inception, we defined asympto-
matic as CDC stage A until 30 days after starting ART.

Confounders

The following potential baseline (ART start) confounders are 
included in all models: age, gender, risk group for HIV infection 
(MSM vs heterosexual, injecting drug use, and other), higher 
education (> 9 years of schooling), white ethnicity, self-reported 
unprotected sex (previous 6 months), stable partnership (pre-
vious 6 months), living alone, psychiatric problems (treatment 
by psychiatrist in previous 6 months), legal problems (impris-
onment within previous 6 months), viral load (−90/+30 days of 
ART initiation), and calendar year. In models for duration of 
first ART and viral failure, ART regimen and transmitted re-
sistance were also included. In the model for viral failure, the 
average time between RNA measurements was included to 
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address potential bias due to variation in timing of follow-up. 
Baseline CD4 cell count was not included as a confounder due 
to its high correlation with asymptomatic status.

Statistical Analysis

Baseline was date of ART start. Baseline characteristics were 
described according to symptom status using appropriate sum-
mary measures. We compared the treatment experience of 
PLHIV—such as duration of first ART and treatment interrup-
tions—according to exposure group using χ 2 tests or Wilcoxon 
rank-sum test of medians, as appropriate.

Multivariable logistic regression models were used to assess 
predictors of starting ART when asymptomatic. Generalized 
estimating equations estimated the association between 
symptom status at starting ART and self-reported nonadherence 
over time accounting for repeated questionnaires in the same 
individual. Multivariable Cox proportional hazards models 
estimated the association between starting ART when asymp-
tomatic and (1) duration of first ART regimen and (2) viral 
failure. The proportional hazard assumption was assessed with 
Schoenfeld residuals. Prespecified potential confounders de-
scribed above were included in all multivariable models. As a 
sensitivity analysis, we considered the subset of PLHIV starting 
ART from 2010 onward to account for the increase in later years 
of asymptomatic starting ART that also corresponded to better 
profile of ART drugs and shorter follow-up time. In a further 
sensitivity analysis, those with missing viral load outcome data 
were considered to have viral failure. Data are presented with 
odds ratios (ORs) or hazard ratios (HRs) and 95% confidence 
intervals (CIs). Data were analysed using Stata version 14 soft-
ware (StataCorp, College Station, Texas).

RESULTS

There were 8107 PLHIV newly registered in the SHCS between 
2003 and 2018. Of these, 7131 were eligible for the study and 
976 (12%) were excluded; 318 did not start ART during the 
study period, 427 started ART prior to 2000, 219 were preg-
nant within 6  months of starting ART, and 12 had HIV-2 
(Supplementary Figure 1).

Trends in ART Start

During the study period, PLHIV started ART a median of 9 (in-
terquartile range [IQR], 3–94) weeks after being diagnosed with 
HIV. The time between HIV diagnoses and starting ART de-
creased from a median of 66 (IQR, 1–276) weeks for those diag-
nosed in 2000 to 2 (IQR, 1–4) weeks in 2018. There was a trend 
toward earlier start of ART over time; 33% started ART within 
4 weeks of HIV diagnosis in 2000 compared to 75% in 2018 
(Figure  1A). Median CD4 count at ART start was 279 (IQR, 
156–420) cells/µL and 16% started ART with CD4 count > 500 
cells/µL. There was a clear trend toward higher CD4 cell counts 

at ART initiation over time (Figure 1B); however, 28% started 
ART with a CD4 count < 200 cells/µL in 2018.

Symptom Status at ART Start

Overall, 76% started ART when asymptomatic and this in-
creased over time from 62% in 2003 to 83% in 2017 (P < .001). 
Median CD4 cell counts at ART initiation were significantly 
higher in asymptomatic PLHIV compared to symptomatic 
(median, 318 vs 123, respectively; P < .001). Integrase inhibi-
tors were prescribed to 3% of PLHIV starting ART in 2009 
compared to 80% in 2018. Baseline characteristics according to 
symptom status are presented in Table 1.

Multivariable logistic regression models found that asymp-
tomatic PLHIV starting ART were younger, were MSM, were 
more educated, had unprotected sex, had a stable HIV-positive 
partner, had a lower viral load, and started ART in a more re-
cent calendar year (Supplementary Table 1).

Adherence According to Symptom Status and CD4 Cell Count

Self-reported adherence was recorded at each semiannual 
visit and PLHIV completed a median of 13 (IQR, 6–22) ad-
herence reports. Adherence was high with PLHIV reporting 
never having missed a dose of ART on 87% of questionnaires. 
Trends in adherence over time remained relatively stable with 
slightly better adherence reported in the first year on ART and 
no difference between symptomatic and asymptomatic PLHIV 
(Supplementary Figure 2).

Correspondingly, in multivariable repeated-measures lo-
gistic regression models, asymptomatic status at ART start 
was not significantly associated with nonadherence during fol-
low-up (OR, 1.03 [95% CI, .93–1.15]; Table 2) but with other 
factors such as younger age, lower education levels, unpro-
tected sex, lack of stable partnerships, and psychiatric problems 
(Supplementary Table 2). In sensitivity analyses, there remained 
no evidence of an association between asymptomatic status and 
nonadherence when considering the subset of PLHIV starting 
after 2009 (OR, 1.11 [95% CI, .93–1.32]) or including only the 
first 2 years on ART (OR, 0.88 [95% CI, .58–1.32]) (Table 2).

Similar to asymptomatic status, we did not find an associa-
tion between CD4 count at ART initiation and nonadherence 
in univariable (per 100 cells/µL increase: OR, 1.01 [95% CI, .99–
1.03]) or multivariable models (OR, 1.02 [95% CI, .99–1.05]).

Treatment Outcomes According to Symptom Status

Treatment interruptions of 7  days or longer were not un-
common; 18% interrupted ART at any point during follow-up 
and 8% in the first year on ART (Table 3). Asymptomatic PLHIV 
had their first treatment interruption sooner after starting ART 
(median, 61 vs 85 weeks, P = .002), and the length of their first 
treatment interruption was longer than in symptomatic PLHIV 
(median, 26 vs 9 weeks, P < .001). However, these differences 
were no longer significant in the subset of PLHIV who started 
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ART after 2009 (median time to first interruption: 57 vs 73 
weeks, P = .28; median length of interruption: 11 vs 10 weeks, 
P = .30). Sixty percent of PLHIV with a treatment interruption 
experienced confirmed viral failure, but this did not differ ac-
cording to asymptomatic status.

Regimen changes were significantly less common in the 
asymptomatic PLHIV (86% vs 92%, P < .001). Duration of first 
regimen was significantly longer in asymptomatic PLHIV (me-
dian, 79 vs 57 weeks, P < .001) (Figure  2A). These effects re-
mained even in PLHIV starting ART after 2009.

Viral load outcomes were not assessable in 71 (1%) PLHIV 
who stopped participation or died without having viral load 
recorded after starting ART. Of the 7060 evaluable PLHIV, 

median time to viral suppression was 18 weeks after starting 
ART (IQR, 10–32 weeks) (Table 3).

A further 313 (4%) PLHIV did not have viral loads recorded 
after achieving viral suppression or 24 weeks on ART, leaving 
6747 who could be evaluated for viral failure. Asymptomatic 
PLHIV were less likely to experience confirmed viral failure at 
a threshold of 50 copies/mL (20% vs 27%, P < .001), and me-
dian time to virological failure was longer in the asymptomatic 
PLHIV (103 [IQR, 61–217] weeks) vs symptomatic PLHIV (93 
[IQR, 50–218] weeks) (P = .02; Figure 2B, Table 3).

In multivariable Cox proportional hazards models, asympto-
matic PLHIV were at a decreased risk of confirmed viral failure 
at the threshold of RNA < 50 copies/mL (HR, 0.87 [95% CI, 

Figure 1. Trends in time until starting antiretroviral therapy (ART) in weeks by year of human immunodeficiency virus (HIV) diagnosis (A) and CD4 count (cells/µL) at time 
of starting ART by year of starting ART (B).
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.76–1.00], P = .05; Supplementary Table 3). In sensitivity ana-
lyses considering the subset of PLHIV starting ART from 2010 
onward, the association was even stronger (HR, 0.63 [95% CI, 
.49–.82], P < .001; Table 2).

For the threshold of RNA < 200 copies/mL, the association 
between asymptomatic status and viral failure was not signif-
icant in multivariable models (HR, 1.14 [95% CI, .95–1.37], 
P = .151; Supplementary Table 3). In the subset of PLHIV 
starting ART from 2010 onward, the association was significant 
in univariable but not multivariable models (HR, 0.81 [95% CI, 
.53–1.23], P = .317; Table 2).

More than 71% (n = 5073) of PLHIV had at least 1 resist-
ance test done prior to or within 30  days of starting ART. 
Transmitted resistance was found in 13% (n = 656): 5% to nu-
cleoside reverse transcriptase inhibitors (NRTIs; 240/5049), 7% 
to nonnucleoside reverse transcriptase inhibitors (NNRTIs; 
359/5049), 3% to protease inhibitors (PI; 141/5055) and < 0.1% 
to integrase inhibitors (1/1543). After starting ART, 1025 were 
tested for resistance > 30 days after starting ART. Of these, 641 
(63%) had a baseline resistance test and could be evaluated for 
newly acquired resistances of which 185 (29%) were detected: 
22% to NRTIs (142/636), 18% to NNRTIs (114/636), 3% to PIs 

Table 1.  Characteristics at Start of Antiretroviral Therapy According to Symptom Status

Characteristic

Symptomatic Asymptomatic Total

(n = 1862) (n = 5269) (N = 7131)

Age, y, median (IQR) 41 (33–50) 37 (30–45) 38 (31–46)

Male sex 1322 (71) 4156 (79) 5478 (77)

White 1324 (71) 3841 (73) 5165 (73)

Education < 9 y 497 (27) 1121 (21) 1618 (23)

Risk group for HIV infection    

 MSM 643 (37) 2974 (59) 3617 (53)

 Heterosexual 933 (53) 1739 (34) 2672 (39)

 Injection drug use 133 (8) 296 (6) 429 (6)

 Other 51 (3) 65 (1) 116 (2)

Stable partnershipa    

 No stable partner 776 (44) 2081 (42) 2857 (42)

 Stable partner, unknown HIV status 300 (17) 651 (13) 951 (14)

 Stable partner, HIV negative 470 (27) 1365 (27) 1835 (27)

 Stable partner, HIV positive 220 (12) 876 (18) 1096 (16)

Sexual behaviora    

 No partner/protected sex 1508 (85) 3745 (75) 5253 (77)

 Reported unprotected sex 238 (13) 1133 (23) 1371 (20)

 Refused to answer 6 (0) 31 (1) 37 (1)

 Unknown/missing 27 (2) 102 (2) 129 (2)

Living alonea 680 (38) 1965 (39) 2645 (39)

Receiving psychiatric treatmenta 214 (12) 704 (14) 918 (14)

Legal problems (including imprisonment)a 20 (1) 89 (2) 109 (2)

Initial ART regimen    

 NNRTI 707 (38) 1979 (38) 2686 (38)

 PI-based 904 (49) 2093 (40) 2997 (42)

 Integrase inhibitor 202 (11) 1037 (20) 1239 (17)

 Triple nucleoside/FI/other 49 (3) 160 (3) 209 (3)

CD4 count, cells/µL, median (IQR) 123 (36–269) 318 (217–459) 279 (156–420)

CD4 count category, cells/µL    

 < 200 1060 (64) 920 (21) 1980 (33)

 200–349 338 (20) 1577 (36) 1915 (32)

 350–499 158 (10) 999 (23) 1157 (19)

 ≥ 500 104 (6) 877 (20) 981 (16)

HIV RNA, log copies/mL, median (IQR) 11 (10–13) 11 (9–12) 11 (9–12)

HIV RNA category, copies/mL    

 < 10 000 337 (20) 1310 (30) 1647 (28)

 10 000–49,999 281 (17) 1127 (26) 1408 (24)

 ≥ 50 000 1046 (63) 1864 (43) 2910 (49)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; FI, fusion inhibitor; HIV, human immunodeficiency virus; IQR, interquartile range; MSM, men who have sex with men; NNRTI, nonnucleoside re-
verse transcriptase inhibitor; PI, protease inhibitor.
aIn the previous 6 months.
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(20/632), and 6% to integrase inhibitors (4/63). Asymptomatic 
PLHIV were less likely to develop resistance (24% vs 37%, 
P < .001) even in the subset who started ART after 2009 (12% 
vs 24%, P = .02).

DISCUSSION

Our study found no evidence to suggest that asymptomatic 
PLHIV struggle with adherence to ART or experience worse 
treatment outcomes compared to symptomatic PLHIV starting 
ART. On the contrary, asymptomatic PLHIV reported a similar 
number of missed doses of ART and treatment interruptions, 
along with a longer duration of their first ART regimen, and 
lower rates of viral failure and acquired resistance. However, 
these univariable associations potentially could have been con-
founded by the increase of asymptomatic PLHIV in recent 
years, which corresponded to both shorter time on ART and 
simpler, more tolerable regimens. After adjusting for a com-
prehensive list of confounders, asymptomatic PLHIV did not 
report more nonadherence and remained less likely to experi-
ence viral failure at the threshold of RNA < 50 copies/mL. These 
results are particularly encouraging considering the already low 
rates of virologic failure and emergence of drug resistance in 
the cohort [29].

After 2008, we found clear trends in PLHIV starting ART 
more quickly and with higher CD4 cell counts. This increase 
coincided with the release of the Swiss statement postulating 
the near zero risk of PLHIV with suppressed viral load passing 
the virus on to uninfected partners [30] and with new ART 
treatment guidelines suggesting starting ART when CD4 

counts fell below 500 cells/μL [31]. Correspondingly, asympto-
matic PLHIV starting ART were younger, were MSM, had un-
protected sex, and were in a stable partnership. Starting ART 
within 4 weeks of diagnosis increased dramatically over time 
to 75% in 2018 while those starting within 1 week remained 
relatively stable at 24%. As in many other countries, late pre-
sentation to care and late ART initiation remain a concern in 
Switzerland with little progress made since 2008 when almost 
one-third of PLHIV started ART with a CD4 count < 200 cells/
µL [23, 32–34].

In the subset of PLHIV who interrupted ART after initiation, 
asymptomatic PLHIV stopped earlier and for a longer time than 
symptomatic PLHIV. As this effect dissipated in those starting 
ART in later calendar years, this observed difference was likely 
reflective of an earlier era with less tolerable ART regimens and 
a corresponding lack of willingness on the part of asymptomatic 
PLHIV to endure side effects of treatment [35]. Results from 
the Treatment as Prevention (TasP) trial in South Africa, where 
PLHIV criteria for initiating ART were randomly assigned, 
starting ART at higher CD4 cell counts was not associated with 
suboptimal adherence [18]. Despite significant structural bar-
riers, Haberer and colleagues found high median adherence 
and viral suppression at 12  months (89% and 90%, respec-
tively, in Uganda; 76% and 86%, respectively, in South Africa) 
among asymptomatic men and nonpregnant women initiating 
ART [19]. Among other factors, poor adherence was associated 
with trouble coping with HIV diagnosis. Newly diagnosed and 
asymptomatic PLHIV may not feel empowered to delay ART 
start, with clear evidence favoring immediate start, and it will 
be important to identify and support this potentially vulnerable 

Table 2. Regression Models for the Association Between Asymptomatic Status and Self-reported Nonadherence to Antiretroviral Therapy and Clinical 
Outcomes

Characteristic Univariable Multivariable P Value

Outcome: Self-reported nonadherencea    

  2003–2018 1.03 (.95–1.13) 1.03 (.93–1.15) .576

  Subset starting ART 2010–2018 1.17 (1.02–1.36) 1.11 (.93–1.32) .246

  First 2 years on ART 1.07 (.77–1.48) 0.88 (.58–1.32) .535

Outcome: Confirmed viral failureb    

 Two consecutive HIV RNA > 50 copies/mL    

  2003–2018 0.73 (.66–.82) 0.87 (.76–1.00) .05

  With missing outcome excluded 0.74 (.66–.82) 0.87 (.76–1.00) .05

  With missing outcome = failure 0.78 (.71–.86) 0.87 (.76–1.00) .05

  Subset starting ART 2010–2018 0.52 (.42–.64) 0.63 (.49–.82) < .001

 Two consecutive HIV RNA > 200 copies/mL    

  2003–2018 0.93 (.81–1.08) 1.14 (.95–1.37) .149

  With missing outcome excluded 0.94 (.81–1.08) 1.14 (.95–1.37) .149

  With missing outcome = failure 0.96 (.85–1.09) 1.14 (.95–1.37) .149

  Subset starting ART 2010–2018 0.61 (.43–.86) 0.81 (.53–1.23) .316

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus.
aGeneralized estimating equation models to account for the clustering from repeated measures of self-reported nonadherence in the same individual. Odds ratios and 95% confidence 
intervals (CIs) for the association between starting ART when asymptomatic and any self-reported missed doses of ART. The full model is reported in Supplementary Table 2.
bCox proportional hazards model for time to virological failure. Hazard ratios and 95% CIs for the association between starting ART when asymptomatic and confirmed virological failure. 
The full model is reported in Supplementary Table 3.
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subset. Wagner and colleagues are conducting a trial to assess 
readiness to start ART on adherence that may shed light on this 
important issue [36].

Our study has several strengths and limitations. The SHCS 
is known for comprehensive data collection in a real-world set-
ting over many years, allowing us to assess patterns in starting 
ART and treatment outcomes before and after start of test 

and treat. We assessed many outcomes, including repeated 
adherence and resistance, often not measured in cohorts. On 
the other hand, the SHCS does not record key variables of in-
terest, such as reported symptoms or reason for starting ART. 
In addition, adherence data are self-reported and susceptible 
to underreporting due to social desirability bias compared to 
more objective measures of adherence [37, 38]. However, this 

Table 3. Outcomes According to Asymptomatic Status at Antiretroviral Therapy Start

Characteristic

Symptomatic Asymptomatic Total

(n = 1862) (n = 5269) (N = 7131)

Years on ART, median (IQR) 8.1 (3.8–11.6) 6.4 (3.2–9.8) 6.8 (3.3–10.3)

Adherence    

 Adherence questionnaires, median (IQR) 17 (8–26) 12 (6–21) 13 (6–22)

 Worst reported missed doses in year 1    

  0 missed doses 1205 (82) 3196 (82) 4401 (82)

  1 missed dose 161 (11) 456 (12) 617 (12)

  2 missed doses 49 (3) 112 (3) 161 (3)

  ≥ 3 missed doses 52 (4) 116 (3) 168 (3)

Treatment interruptions    

 Any treatment interruption 335 (18) 963 (18) 1298 (18)

  During year 1 128 (7) 428 (8) 556 (8)

 Time until first treatment interruption, wk, median (IQR) 85 (19–233) 61 (14–167) 66 (16–188)

 Length of first treatment interruption, wk, median (IQR) 9 (3–35) 26 (6–104) 20 (5–87)

  Category of length of interruption, d    

   ≤ 30 96 (29) 166 (17) 262 (20)

   31–60 67 (20) 109 (11) 176 (14)

   61–90 28 (8) 77 (8) 105 (8)

   90–180 42 (13) 109 (11) 151 (12)

   > 180 102 (30) 502 (52) 604 (47)

 Duration of first ART regimen, wk, median (IQR) 57 (12–162) 79 (22–187) 74 (20–181)

Viral load    

 Viral suppressiona (n = 7060) 1794 (97) 5103 (98) 6897 (98)

  Within 24 wk (n = 4048) 1065 (64) 3272 (74) 4337 (71)

  Time to viral suppression, wk, median (IQR) 20 (12–33) 17 (9–32) 18 (10–32)

 HIV-1 RNA ≥ 50 copies/mL (n = 6747)    

  Viral failureb 484 (27) 994 (20) 1478 (22)

  Time to viral failure, wk, median (IQR) 93 (50–218) 103 (61–217) 99 (57–217)

 HIV-1 RNA ≥ 200 copies/mL (n = 6747)    

  Viral failureb 266 (15) 651 (13) 917 (14)

  Time to viral failure, wk, median (IQR) 149 (80–280) 115 (70–248) 122 (71–260)

Resistance    

 Transmitted resistance (n = 5073) 180 (14) 4603 (12) 640 (13)

  NRTI 70 (5) 170 (5) 240 (5)

  NNRTI 108 (8) 251 (7) 359 (7)

  PI 43 (3) 98 (3) 141 (3)

  Integrase inhibitor 0 (0) 1 (0) 1 (0)

 Newly acquired resistance (n = 641) 90 (37) 95 (24) 185 (29)

  NRTI 75 (31) 67 (17) 142 (22)

  NNRTI 55 (23) 59 (15) 114 (18)

  PI 10 (4) 10 (3) 20 (3)

  Integrase inhibitor 2 (7) 2 (6) 4 (6)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; HIV-1, human immunodeficiency virus type 1; IQR, interquartile range; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside 
reverse transcriptase inhibitor; PI, protease inhibitor.
aViral suppression: viral load < 50 copies/mL.
bViral failure: 2 consecutive HIV-RNA viral loads above the stated threshold after achieving viral suppression.
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adherence measure correlates well with treatment outcomes 
[24, 39]. The “asymptomatic” classification is based solely on the 
CDC stage and may potentially misclassify true symptom status 
in some cases. Overall, our conclusions were robust to the many 
sensitivity analyses conducted.

This is the first study to report comprehensive clinical pic-
ture of asymptomatic PLHIV starting ART in a high-income 
setting. The data are encouraging, and there is no reason to 
suspect changes given the potent and tolerable drugs currently 
available. However we should not become complacent and 
should continue to study readiness, adherence, and symptom 
management. Especially important is reducing late presentation 
through earlier diagnosis and engagement into care. With addi-
tional cost and resources required to treat PLHIV earlier, dif-
ferentiated care models are especially important for monitoring 
newly diagnosed PLHIV starting ART and providing targeted 
support for vulnerable groups—younger, less educated, and 
lacking social support.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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