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Background.  Integrase strand transfer inhibitor (InSTI)–based regimens are now recommended as first-line antiretroviral 
therapy (ART) for adults with human immunodeficiency virus, but evidence on long-term clinical effectiveness of InSTI-based regi-
mens remains limited. We examined whether InSTI-based regimens improved longer-term clinical outcomes.

Methods.  We included participants from clinical cohorts in the North American AIDS Cohort Collaboration on Research and 
Design who initiated their first ART regimen, containing either InSTI (ie, raltegravir, dolutegravir, and elvitegravir-cobicistat) or 
efavirenz (EFV) as an active comparator, between 2009 and 2016. We estimated observational analogs of 6-year intention-to-treat 
and per-protocol risks, risk differences (RDs), and hazard ratios (HRs) for the composite outcome of AIDS, acute myocardial infarc-
tion, stroke, end-stage renal disease, end-stage liver disease, or death.

Results.  Of 15 993 participants, 5824 (36%) initiated an InSTI-based and 10 169 (64%) initiated an EFV-based regimen. During 
the 6-year follow-up, 440 in the InSTI group and 1097 in the EFV group incurred the composite outcome. The estimated 6-year 
intention-to-treat risks were 14.6% and 14.3% for the InSTI and EFV groups, respectively, corresponding to a RD of 0.3% (95% con-
fidence interval, −2.7% to 3.3%) and a HR of 1.08 (.97–1.19); the estimated 6-year per-protocol risks were 12.2% for the InSTI group 
and 11.9% for the EFV group, corresponding to a RD of 0.3% (−3.0% to 3.7%) and a HR of 1.09 (.96–1.25).

Conclusions.  InSTI- and EFV-based initial ART regimens had similar 6-year composite clinical outcomes. The risk of adverse 
clinical outcomes remains substantial even when initiating modern ART.

Keywords.   integrase strand transfer inhibitors; treatment-naive adults with HIV; trial emulation; efavirenz; antiretroviral 
therapy.

Contemporary antiretroviral therapy (ART) is highly effec-
tive in suppressing plasma viremia and prolonging survival 
[1]. Because there is no cure for human immunodeficiency 
virus (HIV), people living with HIV may be exposed to ART 

for decades [2], so maximizing the safety and tolerability while 
maintaining strong potency remains a clinical priority.

Integrase strand transfer inhibitor (InSTI)–based regimens 
are now recommended widely as first-line ART for adults [3–5]. 
Randomized trials of InSTI-based regimens have demonstrated 
clear short-term evidence of strong potency as well as tolerability, 
compared with other regimens [6–13]. However, most random-
ized trials have been focused on short-term (48-week) surrogate 
biomarkers. Limited data are available regarding longer-term 
clinical effectiveness of InSTI-based regimens. The few existing 
observational studies that have examined the clinical effects and 
safety end points of InSTI-based regimens have limitations, such 
as insufficient sample size and limited follow-up [14, 15]. 
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In a collaboration of cohort studies in the United States and 
Canada, emulating a randomized trial, we aimed to examine 
whether those initiating a regimen of InSTI with tenofovir 
disoproxil fumarate [TDF] or tenofovir alafenamide, and 
emtricitabine [FTC]) had improved longer-term (6-year) clinical 
outcomes of AIDS-defining illnesses, all-cause mortality rate, and 
serious non-AIDS events compared with those initiating a reg-
imen of efavirenz (EFV) with the same backbone.

METHODS

Study Design

The North American AIDS Cohort Collaboration on Research 
and Design (NA-ACCORD) is the largest consortium of clin-
ical and interval HIV cohorts in North America supported by 
the National Institutes of Health. Details on this collaboration 
have been published elsewhere [16]. Briefly, the NA-ACCORD 
consists of >20 single-site and multisite cohorts that prospec-
tively collect data on >180  000 adults living with HIV who 
had ≥2 care visits within 12  months at >200 clinical sites in 
the United States and Canada. Cohorts securely transfer dem-
ographic, medication, laboratory, diagnostic, and vital status 
data annually to the central Data Management Core (University 
of Washington, Seattle), where the data undergo quality con-
trol and are harmonized across cohorts for analyses by the 
Epidemiology/Biostatistics Core (Johns Hopkins University, 
Baltimore, Maryland). The human subjects research activities 
of the NA-ACCORD and each participating cohort have been 
approved by their respective local institutional review boards, 
the Johns Hopkins School of Medicine, and the University of 
North Carolina School of Medicine.

Study Population and Eligibility Criteria

This prospective cohort study included HIV-seropositive and 
ART-naive adults aged ≥18  years who initiated an ART reg-
imen consisting of TDF (or tenofovir alafenamide), FTC, and 
either an InSTI (ie, raltegravir [RAL], dolutegravir [DTG], or 
elvitegravir-cobicistat [EVG/COBI]) or EFV while under fol-
low-up between July 2009 and December 2016 from 16 clinic 
cohorts in the NA-ACCORD. We started follow-up in 2009, 
rather than 2007 when RAL was first approved by the Food and 
Drug Administration, because RAL was recommended only for 
those with drug resistance from 2007 through 2009. Patients ex-
cluded were (1) those having evidence of prior ART; (2) those 
with an undetectable HIV viral load measured between 90 days 
before to 7 days after ART initiation, as undetectable viral load 
may indicate unreported treatment; and (3) those having a his-
tory of acute myocardial infarction (MI) or stroke, end-stage 
renal disease (ESRD), or end-stage liver disease (ESLD).

Outcome Assessment

The primary outcome was a composite of the first occurrence 
of an AIDS-defining illness, a serious non-AIDS event, or 

death from any cause after ART initiation [17]. AIDS-defining 
illnesses were based on 1993 criteria of the Centers for Disease 
Control and Prevention (see Supplementary Material, section 
1, for specific AIDS-defining illnesses) [18]. Serious non-AIDS 
events were defined as follows: acute MI or stroke, ESRD (esti-
mated glomerular filtration rate consistently <30 mL/min/1.73 
m2 for ≥3 months), and ESLD (2 fibrosis 4 scores >3.25, greater 
than 6 months apart). ESRD and ESLD outcomes were based 
on laboratory tests, because the date through which ESRD and 
ESLD events are validated in the NA-ACCORD did not extend 
throughout the study follow-up. The diagnoses and laboratory 
tests were obtained from electronic medical records. The date 
of death was identified from queries to the US Social Security 
death index, the national death index, state (or provincial, 
for Canadian sites) death certificates, and electronic medical 
records.

Covariates

We selected baseline covariates that we considered to be po-
tential confounders for effect of ART initiation on the com-
posite outcome. Age, sex, race, ethnicity, and HIV acquisition 
risk group (men who have sex with men, injection drug use, 
heterosexual behavior, and other) were self-reported at enroll-
ment. Body mass index and history of any clinical AIDS diag-
nosis, hepatitis C infection (a positive antibody test, detectable 
RNA, or the presence of hepatitis C genotype test), hepatitis B 
infection (defined as a positive surface antigen test, a positive 
e antigen test, or a positive DNA test result), diagnosis of de-
pression or anxiety, diabetes mellitus (glycosylated hemoglobin 
≥6.5%, diabetes-specific medication, or a diagnosis with a 
diabetes-related medication), hypertension (clinical diagnosis 
and prescription of antihypertensive medication), elevated 
total cholesterol (≥240 mg/dL), and statin prescription were re-
corded at ART initiation. Baseline CD4 T-cell count (cells per 
microliter) and HIV viral load (copies per milliliter) were cap-
tured at the closest date to ART initiation within the window 
from 90  days before to 7  days after ART initiation. Calendar 
year at initiation was included and coded as dummy variables. 
Time-varying covariates, which were used to account for differ-
ential loss to follow-up and ART treatment changes, included 
time-updated CD4 T-cell count, HIV viral load, new occur-
rences of clinical diseases or conditions (ie, diabetes mellitus, 
depression, anxiety, and hypertension), elevated total choles-
terol, and new statin prescription after ART initiation.

Statistical Analyses

Our inclusion and exclusion criteria restricted our study pop-
ulation to those we believe initiated ART while under obser-
vation from 2009 to 2016, to avoid selection bias due to the 
inclusion of prevalent ART users [19]. The study mimicked the 
setting of a randomized controlled trial, where patients are ran-
domly assigned to either the InSTI-based regimen or the active 
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comparator EFV-based regimen through adjustment for base-
line confounders measured in the NA-ACCORD. Each partic-
ipant was followed up from the date of ART initiation (study 
entry for individuals and time origin for our study design) until 
the earliest date of first occurrence of the composite outcome, 
date of loss to follow-up (defined as 18 months after the date 
of last CD4 T-cell count or HIV viral load measurement), or 
administrative end of follow-up (at 6 years, cohort-specific end 
date, or 31 December 2016).

Missing baseline covariates were imputed 10 times using 
multiple imputation by chained equations [20, 21] (see 
Supplementary Material, section 2, for the proportion of 
missing values for each baseline covariate). The imputation 
model included all baseline covariates, treatment variable, the 
binary outcome indicator, and the cumulative reference hazard 
[21]. Baseline CD4 T-cell count and HIV viral load were log-
transformed to avoid negative imputed values.

For primary analyses, we estimated the observational an-
alog of the intention-to-treat effect of initiating an InSTI-based 
regimen compared with initiating the EFV-based regimen, re-
gardless of ART treatment changes. For the intention-to-treat 
analysis, in each imputed data set, we accounted for baseline 
confounding and differential loss to follow-up by constructing 
inverse probabilities of treatment weights and of censoring 
weights, respectively. These weights were combined and applied 
to the Cox proportional hazard model for the composite out-
come for initiating an InSTI-based regimen versus initiating the 
EFV-based regimen. A  robust standard error for hazard ratio 
(HR) was calculated for each imputed data set. We also estimated 
the 6-year intention-to-treat risk of the composite outcome for 
each treatment group and the corresponding 6-year intention-
to-treat risk difference (RD) using inverse probability-weighted 
Kaplan-Meier estimators [22, 23]. 

We estimated the 6-year risks because few patients in the 
InSTI group were followed up for >6 years after ART initiation. 
The standard error for RD was estimated from a nonparametric 
bootstrap of 200 random samples with  replacement for each 
imputed data set. Rubin’s rule was applied to pool the results 
across imputed data sets to obtain the pooled HR and the 6-year 
RD with 95% confidence intervals (CIs).

We also estimated the per-protocol effect of initiating and re-
maining on an InSTI-based regimen, compared with initiating 
and remaining on the EFV-based regimen [24, 25]. For per-
protocol analyses, participants were additionally censored when 
they deviated from their initial treatment regimen (ie, treatment 
changes). Treatment changes included treatment discontinu-
ations and switches. Treatment changes that were considered 
allowable exceptions and thus were not censored included (1) 
a change from one InSTI-based regimen to another (for in-
stance, from a RAL-based regimen to a DTG-based regimen); 
(2) a change from the EFV-based regimen to a nonnucleoside 
reverse-transcriptase inhibitor–based regimen of rilpivirine, 

TDF and FTC; and (3) a switch between TDF and tenofovir 
alafenamide. The inverse probability of censoring weights was 
revised to censor at the minimum of loss to follow-up or treat-
ment changes [26] and was combined with the inverse proba-
bility of treatment weights to estimate the 6-year per-protocol 
risks, RD, and HR.

We assessed the robustness of our estimates using 3 sec-
ondary analyses: (1) we restricted the composite outcome only 
to the most HIV-relevant events—AIDS and death, as well as 
restricted to serious non-AIDS events; (2) we also adjusted 
for individual cohorts as a potential confounder; and (3) we 
repeated the analyses stratified by baseline CD4 T-cell count 
(≤200/μL vs >200/μL). SAS software (version 9.4; SAS Institute) 
was used for all analyses.

RESULTS

Of 15 993 eligible participants, 5824 (36.4%) initiated an InSTI-
based regimen, and 10 169 (63.6%) initiated the EFV-based reg-
imen between 2009 and 2016. Among 5824 patients initiating 
InSTI, 1840 (31.6%) initiated RAL, 3361 (57.7%) initiated 
EVG/COB, and 639 (10.7%) initiated DTG. Characteristics at 
ART initiation of the study population are shown in Table  1. 
Compared with those in the EFV group, the participants in the 
InSTI group were more likely to be female and nonblack, report 
male-to-male sexual contact, and have a previous diagnosis of 
depression or anxiety. Secular trends showed an increased pro-
portion initiating an InSTI-based regimen from 2009 to 2016 
(see Supplementary Material, section 3).

During a median follow-up of 2.0 years (interquartile range, 
1.2–3.2), 440 (7.6%) of the 5824 participants who initiated an 
InSTI-based regimen incurred the composite outcome. Among 
these, 288 (5.0%) had an incident diagnosis of AIDS, 16 (0.3%) 
had a diagnosis of acute MI or stroke, 7 (0.1%) incurred ESRD, 
40 (0.7%) incurred ESLD, and 89 (1.5%) died. Of the 10 169 par-
ticipants initiating the EFV-based regimen with a median fol-
low-up of 3.8 years (interquartile range, 2.3–5.3), 1097 (10.8%) 
experienced the composite outcome. Among these, 671 (6.6%) 
had AIDS, 61 (0.6%) had a diagnosis of acute MI or stroke, 26 
(0.3%) had ESRD, 116 (1.1%) incurred ESLD, and 223 (2.2%) 
died. A total of 3104 (19.4%) among 15 993 participants were 
lost to follow-up, including 13.4% in the InSTI group (782 of 
5824) and 22.8% in the EFV group (2322 of 10 169). The crude 
risk of loss to follow-up is shown in the Supplementary Material 
(section 4).

After accounting for baseline confounding and differen-
tial loss to follow-up, the intention-to-treat HR of the com-
posite outcome for initiating an InSTI-based regimen versus 
initiating the EFV-based regimen was 1.08 (95% CI, .97–1.19). 
The intention-to-treat 6-year risk of the composite outcome 
was 14.6% for initiating an InSTI-based regimen and 14.3% for 
initiating the EFV-based regimen, corresponding with a 6-year 
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RD of 0.3% (95% CI, −2.7% to 3.3%) (Table  2). The Kaplan-
Meier risk curve for intention-to-treat analyses across 6-year 
follow-up is depicted in Figure 1.

Fifty-four percent of the participants initiating an InSTI-
based regimen (3140 of 5824) and 68% of the those initiating 
the EFV-based regimen (6964 of 10  169) had a treatment 

change before incurring the composite outcome, being lost to 
follow-up or completing the study. The crude risk of treatment 
change is shown in the Supplementary Material (section 4). 
The 6-year risk of treatment change was 85.9% for the InSTI 
group and 83.2% for the EFV group. After accounting for base-
line confounding, differential loss-to-follow-up, and treatment 

Table 2.  Estimated 6-Year Risk Differences and Hazard Ratios for the Composite Outcome in Adults Initiating an Integrase Strand Transfer Inhibitor–
Based Versus an Efavirenz-based Regimen in the North American AIDS Cohort Collaboration on Research and Design (July 2009 to December 2016)

Analysis Participants, no. Duration, person-years Outcomes, no.a 6-y Risk, % 6-y RD (95% CI), %
HR  

(95% CI)

Crudeb       

  EFV 10 169 38 029.3 1097 14.2 0 1

  InSTI 5824 13 240.8 440 13.1 −1.1 (−4.1 to 1.9) 0.99 (.88–1.10)

Intention to treatc       

  EFV 10 169 38 029.3 1097 14.3 0 1

  InSTI 5824 13 240.8 440 14.6 0.3 (−2.7 to 3.3) 1.08 (.97– 1.19)

Per protocold       

  EFV 10 169 25 100.8 672 11.9 0 1

  InSTI 5824 9313.0 325 12.2 0.3 (−3.0 to 3.7) 1.09 (.96 –1.25)

Abbreviations: CI, confidence interval; EFV, efavirenz; HR, hazard ratio; InSTI, integrase strand transfer inhibitor; RD, risk difference. 
aThe composite outcome included AIDS-defining illnesses, acute myocardial infarction or stroke, end-stage renal disease, end-stage liver disease, or death.
bCrude analysis did not account for baseline confounding, differential loss to follow-up, or treatment changes (uncensored).
cIntention-to-treat analyses accounted for baseline confounding and differential loss to follow-up.
dPer-protocol analyses accounted for baseline confounding, differential loss to follow-up, and treatment changes (ie, treatment discontinuations or switches).

Table 1.  Characteristics of 15 993 Human Immunodeficiency Virus–Infected Adults Initiating an Integrase Strand Transfer Inhibitor–Based or Efavirenz-
based Antiretroviral Therapy Regimen in the North American AIDS Cohort Collaboration on Research and Design (July 2009 to December 2016)

Characteristic

Participants by Regimen, No. (%)

InSTI Baseda  
(n = 5824)

EFV Baseda  
(n = 10 169)

Overall   
(n = 15 993)

Age, median (IQR), y 37.0 (28.0–48.0) 41.0 (31.0–50.0) 40.0 (30.0–50.0)

Female sex 894 (15.3) 1101 (10.8) 1995 (12.5)

Black race 2351 (40.4) 4611 (45.3) 6962 (43.5)

Hispanic ethnicity 722 (12.4) 1350 (13.3) 2072 (13.0)

BMI, median (IQR)b 25.1 (22.3–28.7) 25.1 (22.3–28.6) 25.1 (22.3–28.6)

Injection drug use 566 (9.7) 1033 (10.2) 1599 (10.0)

Male-to-male sexual contact 3209 (55.1) 4523 (44.5) 7732 (48.4)

Heterosexual behavior 1349 (23.2) 2030 (20.0) 3379 (21.1)

Previous AIDS diagnosis 480 (8.2) 735 (7.2) 1215 (7.6)

Hepatitis B 214 (3.7) 426 (4.2) 640 (4.0)

Hepatitis C 564 (9.7) 1123 (11.0) 1687 (10.6)

Previous depression diagnosis 859 (14.8) 1038 (10.2) 1897 (11.9)

Previous anxiety diagnosis 692 (11.9) 727 (7.2) 1419 (8.9)

Diabetes mellitus 284 (4.9) 545 (5.4) 829 (5.2)

Hypertension 817 (14.0) 1792 (17.6) 2609 (16.3)

Statin prescription 340 (5.8) 806 (7.9) 1146 (7.2)

Elevated total cholesterol 224 (3.9) 508 (5.0) 732 (4.6)

Baseline CD4 T-cell count, 
median (IQR), cells/μL 

349.0 (173.0–524.0) 323.0 (178.0–461.0) 332.0 (177.0–485.0)

Baseline viral load, median 
(IQR), copies/mL

40 432.0 (8829.0–139 000.0) 36 754.5 (7482.5–123 182.0) 38 440.0 (8017.0–128 000.0)

Calendar year at initiation, 
median (IQR)

2014 (2013–2015) 2011 (2010–2012) 2012 (2010–2014)

Abbreviations: BMI, body mass index; EFV, efavirenz; InSTI, integrase strand transfer inhibitor; IQR, interquartile range. 
aBoth regimens included the same backbone of tenofovir disoproxil fumarate (or tenofovir alafenamide) and emtricitabine. 
bBMI calculated as weight in kilograms divided by height in meters squared.
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changes, the adjusted per-protocol HR of the composite out-
come for initiating and remaining on an InSTI-based regimen 
versus initiating and remaining on the EFV-based regimen 
was 1.09 (95% CI, .96–1.25). The adjusted per-protocol 6-year 
risk of the composite outcome was 12.2% for initiating and re-
maining on an InSTI-based regimen, and 11.9% for initiating 
and remaining on the EFV-based regimen, corresponding with 
a 6-year RD of 0.3% (95% CI, −3.0% to 3.7%) (Table  2). The 
Kaplan-Meier risk curve for per-protocol analyses across 6-year 
follow-up is depicted in Figure 1.

Effect estimates were similar under the secondary analyses 
for restriction to most relevant clinical events, restriction to se-
rious non-AIDS events, including confounding by cohort as a 
confounder, and stratification by baseline CD4 T-cell count (see 
Supplementary Material, section 5).

DISCUSSION

Using this large collaboration of North American HIV cohorts, 
we found similar effects on the composite clinical outcome 
between InSTI-based and EFV-based initial ART regimens in 
both intention-to-treat and per-protocol analyses. This finding 
is consistent with the previous literature [14], but with a broader 
spectrum of clinical outcomes, longer follow-up, and larger 
sample size, these results provide more assurance of the clin-
ical effectiveness of the initiation of InSTI-based ART. However, 
they do not suggest that InSTI-based regimens have better clin-
ical outcomes than the EFV-based regimen. Furthermore, our 
study showed that, in this sample with a median age of 40 years, 
the 6-year risk of clinical outcomes was substantial for both 
InSTI and EFV groups (14% in intention-to-treat analyses and 
12% in per-protocol analyses).

Findings of existing randomized trials focused on short-term 
biomarkers suggest that patients initiating InSTI-based regi-
mens experienced more rapid antiretroviral activity and fewer 
adverse events and drug interactions than those initiating other 
regimens [6–13, 27]. Direct comparisons of the efficacy and 
safety of InSTI-based regimens with those of EFV-based regi-
mens have been performed in several randomized controlled 
trials: STARTMRK (RAL vs EFV) [6, 7, 28–30], SINGLE (DTG 
vs EFV) [9, 31], and Study 102 (EVG vs EFV) [11, 27, 32, 33]. 

The STARTMRK trial found noninferiority of the RAL-based 
regimen to the EFV-based regimen on viral suppression at week 
48 and 96, but findings also suggested significantly fewer drug-
related clinical adverse events in the RAL group [6, 7, 28–30]. 
At week 240, the study showed that RAL induced significantly 
better viral suppression [28]. In the SINGLE study directly com-
paring DTG plus abacavir-lamivudine with the coformulated 
EFV/FTC/TDF, the DTG-based regimen was found to have a 
more favorable tolerability profile and a lower rate of treatment 
discontinuations [9, 31]. The Study 102 trial, which compared 
coformulated EVG/COBI/FTC/TDF versus coformulated EFV/
FTC/TDF, showed significantly better immunological recovery 
in the EVG group but comparable rates of viral suppression and 
similar numbers of treatment discontinuations [11, 27, 32, 33]. 

Overall, these trials suggested that InSTIs had a better viro-
logical response and tolerability with fewer treatment discon-
tinuations, in contrast with our finding that InSTIs lead to a 
higher 6-year risk of treatment changes and had comparable 
long-term clinical effects with EFV. The discrepancies between 
clinical trials and observational data may be due in part to the 
shorter duration of follow-up in clinical trials, because some 
adverse effects may occur only after prolonged treatment ex-
posure. Therefore, further research is warranted to incorporate 

Figure 1.  Risk of the composite outcome (AIDS-defining illnesses, acute myocardial infarction or stroke, end-stage renal disease, end-stage liver disease, or death) among 
15 993 human immunodeficiency virus–infected adults initiating an integrase strand transfer inhibitor (InSTI)–based or an efavirenz (EFV)–based regimen between July 2009 
and December 2016 in the North American AIDS Cohort Collaboration on Research and Design. Left, Intention-to-treat analyses that accounted for baseline confounding and 
differential loss-to-follow-up. Right, Per-protocol analyses that accounted for baseline confounding, differential loss to follow-up, and treatment changes.
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and investigate the reasons for treatment changes and provide 
additional insights on the tolerability of InSTI-based initial an-
tiretroviral therapy in a real-world observational setting.

Our study is subject to limitations. First, one key challenge in 
analyzing observational data is that the treatment was not ran-
domly assigned. That means that all baseline confounders should 
be measured and adjusted for to achieve comparability of treat-
ment groups and to emulate a randomized trial. It is possible that 
residual confounding was present. Second, ESRD and ESLD out-
comes were based on laboratory tests. In addition, acute MI or 
stroke were based on diagnosis data, because adjudicated events 
in NA-ACCORD were not available for all cohorts throughout the 
follow-up period. Thus, our outcome data may suffer from meas-
urement error. Future studies on validated outcomes, including 
validated MI and cancer outcomes, are a worthwhile addition. 

A third limitation was that we did not assess additional 
chronic disease outcomes or their proxies, such as weight gain 
or metabolic disorders, for which there is some evidence of en-
hanced risk when comparing InSTI-based with other regimens. 
Although there are currently both trial and observational data 
supporting the association of some InSTI-based regimens with 
more rapid weight gain [34–37], and increases in waist circum-
ference [38], these may be intermediates of hard outcomes that 
we did assess in this analysis. We further felt that quantifying 
these relationships would be beyond the scope of this analysis 
and may merit separate study. Finally, we only estimated the 
overall clinical effects of InSTI class and did not distinguish the 
clinical outcomes for each distinct InSTI agent, because such 
detailed analyses would require a larger study.

Several strengths of our study are worth noting. We used a large 
observational pooling project and emulated a randomized trial 
[39]. First, the size, breadth, prolonged follow-up, and represent-
ativeness of the NA-ACCORD data allowed us to more accurately 
quantify the clinical effectiveness of InSTI-based initial ART regi-
mens with adjustment for many potential confounders. Second, we 
restricted analyses to participants starting ART so that prior ART 
could not bias the results [19]. We also set time zero of our analyses 
to align with time zero of a randomized trial when eligibility cri-
teria are met and treatment strategies are assigned. Furthermore, 
we adopted modern causal and statistical approaches for intention-
to-treat and per-protocol analyses to ameliorate the concerns of 
baseline confounding, differential loss to follow-up, and treatment 
discontinuations and switches, which are difficult to address using 
traditional regression methods, and provide comprehensive evi-
dence about the effectiveness of InSTIs. Our analytical approaches 
also allowed us to estimate the more patient-relevant measures of 
interest (ie, absolute risks and RDs), in addition to HRs.

In conclusion, using a rigorous methodological approach, 
our study found similar 6-year risks of composite clinical out-
comes for initial InSTI-based regimens and the EFV-based 
regimen by leveraging a large multisite observational cohort 
collaboration in the United States and Canada. Given the lack 

of existing or forthcoming longer-term randomized evidence, 
prospective cohort studies in real-world settings contribute to 
the evidence base and complement findings from randomized 
clinical trials. With principled causal and statistical methods, 
one can leverage observational data to obtain more accurate ef-
fect estimates, provide the best available evidence, and address 
timely and important questions that inform policy decision 
making and treatment guidelines.
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