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Abstract

Objective: To estimate the prevalence of HIV drug resistance over time and identify risk factors 

for multi-class resistance.

Design: Prospective clinical cohort of HIV-infected patients at the University of North Carolina.

Methods: Among ART-experienced patients in care 2000–2016, we estimated annual 

prevalences of cumulative resistance, defined as ≥1 major mutation, by drug class. Clinical data 

and multiple imputation were used when genotypic data was missing, and mutations were carried 

forward in time. We estimated resistance odds ratios comparing characteristics of patients in care 

in 2016.

Results: 3,682 patients contributed 23,169 person-years. Prevalence of ≥1 major resistance 

mutation, irrespective of viral suppression, peaked in 2005 with 49% (95% CI 46, 52) and 

decreased to 38% (35, 40) in 2016. Resistance to NRTIs, PIs, and NNRTIs also peaked in 2005–

2007 and decreased to 28% (26, 31), 14% (12, 16), and 27% (24, 29) in 2016, respectively. In 

2016, prevalence of INSTI resistance was 2% (1, 3) and triple-class resistance 10% (9, 12). Over 

the study period, cumulative resistance was frequent among patients with detectable viremia, but 

uncommon among patients initiating ART post-2007. Among 1,553 patients in care in 2016, ART 

initiation at an older age, with an INSTI, and with higher CD4 were associated with resistance to 

fewer or no classes.
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Conclusion: Prevalence of resistance to older ART classes has decreased in the last ten years in 

this clinical cohort, while INSTI resistance has increased but remained very low. Patients with 

viremia continue to have a high burden of resistance even if they initiated ART recently.
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INTRODUCTION

Antiretroviral therapy (ART) reduces HIV morbidity and mortality and prevents forward 

HIV transmission.1,2 Poor ART adherence may lead to sub-therapeutic drug levels, 

incomplete suppression of viral replication, and selection of resistance,3,4 which can limit 

the success of subsequent therapy and result in further selection of resistance.5 Moreover, 

HIV strains with resistance-conferring mutations can be transmitted to others.6 Genotypic 

resistance testing, performed before initiating treatment or after virologic failure, helps guide 

clinicians in choosing an efficacious drug regimen.7 In addition, genotypic resistance testing 

of samples collected via population-based surveys provides drug resistance estimates in 

regions where genotypes may not be available for patient care.8–10

Drug resistance prevalence is affected by changes in treatment guidelines, including use of 

newer agents and genotypic resistance testing, as well as patient turnover due to care entry, 

loss to follow-up, or death. Capturing complete resistance history, even in currently 

suppressed patients, is essential to assess the burden of all resistance with a potential clinical 

impact on patients, for example after regimen modification or simplification. However, 

contemporary resistance prevalence is not well known, because few observational studies 

have been conducted since the introduction of newer boosted protease inhibitors (PIs)11,12 

and integrase strand transfer inhibitors (INSTIs),13–15 which have high barriers to resistance, 

limiting the selection of resistance mutations at virologic failure.11–13,16–19

Characterizing resistance prevalence is also challenging because resistance testing for 

individual patient care is not consistently done in all viremic patients. Prevalence estimates 

relying solely on available genotypes are susceptible to changes in the use of resistance 

testing and may exclude important groups of patients,20 and they fail to capture archived 

variants harboring resistance mutations.21–24 In this study, we used clinical information, 

available resistance tests, and multiple imputation to estimate changes in resistance 

prevalence between 2000 and 2016, and identify risk factors for multi-class resistance in an 

HIV clinical cohort.

METHODS

Study population

We included all ART-experienced patients in the University of North Carolina Center for 

AIDS Research HIV Clinical Cohort (UCHCC) with at least one HIV RNA viral load (VL) 

measurement after ART initiation between January 1, 2000 and December 31, 2016, 

including patients who first entered HIV care prior to 2000. The UCHCC is a prospective 
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clinical cohort of over 5,000 HIV-infected adults followed at UNC Hospitals after 1996.25 

Laboratory testing is collected electronically in real time. Diagnoses and medication 

information are abstracted twice yearly from medical records, and resistance mutations are 

abstracted from genotype reports as they are performed. Prospective data collection for the 

UCHCC and this secondary data analysis have both been approved by the UNC Institutional 

Review Board.

Measures

ART-experienced patients contributed data to a given calendar year of analysis if they had at 

least one VL measurement in that year (defined as being in care), even if they subsequently 

discontinued ART. Patients who were out of care and had no VL in a given calendar year 

were excluded for that year but could contribute to subsequent years. For each calendar year, 

patients were considered viremic if they met any of the following: two consecutive VL>500 

copies/mL at least 90 days post-ART initiation; one VL>500 and no evidence of care the 

following calendar year; or a genotype test performed post-ART initiation. We defined 

antiretroviral drug resistance by agent class as having one or more major (bolded) mutation 

in the 2017 IAS-USA list,26 including genotypes performed both before and after ART 

initiation. Genotypes performed prior to ART initiation were available for 31% of patients in 

this study. The drug classes examined were nucleoside reverse transcriptase inhibitor 

(NRTI), non-nucleoside reverse transcriptase inhibitor (NNRTI), protease inhibitor (PI), and 

integrase strand transfer inhibitor (INSTI). Resistance to entry and fusion inhibitors was not 

considered in this study.

Analysis

For every calendar year from 2000 to 2016, we estimated the prevalence of resistance among 

all patients receiving care that year, as well as patients who were viremic that year. 

Prevalence for each year was calculated by dividing the total number of patients with 

resistance (both new and prior resistance) by the number of eligible patients that year. We 

also estimated resistance prevalence in the subset of patients who initiated ART in 2007 or 

later. For each group, we estimated resistance to at least one, two, three, or four classes, and 

resistance to NRTIs, PIs, NNRTIs, and INSTIs. INSTI and four-class resistance were only 

estimated starting in 2007. Among patients with triple-class resistance, we estimated the 

annual proportion of patients with viremia.

Our algorithm for estimating resistance prevalence using clinical information to impute 

missing genotypic information was adapted from published work (Fig. 1).27 Resistance 

mutations from genotype testing were carried forward in time. Suppressed patients, 

including those with no prior genotype test, were assumed to have no new mutations. For 

patients with viremia in a given year, resistance status for a drug class was considered 

missing if: no new genotype was obtained, resistance to that class was not already known, 

and the patient was not known to be off ART. Patients with missing resistance status were 

assumed not to have any transmitted resistance mutations to classes to which they had never 

been exposed, with the exception of NNRTI. This decision was based on research conducted 

in the UCHCC, where we estimated that, during most of the study period, approximately 5–

10% of newly infected patients each year had transmitted resistance mutations to NNRTIs, 
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whereas estimates for PIs and NRTIs were much lower.28 Patients with missing resistance 

who became suppressed without a change in ART regimen were assumed to have no new 

mutations.

After applying these assumptions based on available clinical information, 10% of patient-

years still had an unknown resistance status for some of the drug classes, and <1% of 

patient-years had an unknown resistance status for all four classes. For the remaining 

missing resistance, we conducted fifty multiple imputations with the SAS procedure MI and 

the Markov Chain Monte Carlo method with a single chain, assuming a multivariate normal 

distribution.29 Model estimates and statistical tests from multiply imputed data sets were 

combined using Rubin’s rules.30 The variables used for multiple imputation were calendar 

year, age at ART initiation, sex, race, ethnicity, HIV risk factor, proximal CD4 cell count and 

VL, number of drug exposures in each class, and a history of ART initiation with NRTIs 

only. Only viremic patient-years were included in the multiple imputation model, as 

associations between these characteristics and resistance can vary by HIV RNA suppression.
27 Once resistance to a class was imputed, it was considered present in all future years.

After imputing missing resistance status for all patient-years, we estimated the prevalence of 

drug resistance for each calendar year from 2000 and 2016, including both new and prior 

resistance. We fit separate logistic regression models with GEE to compare patient-years in 

different calendar periods, and to estimate time trends in each prevalence estimate, using 

year as a linear predictor and including linear splines with a knot when a peak was observed. 

For patients in care in 2016, we used cumulative logistic regression (i.e. ordinal logistic 

regression) with unequal slopes to model the odds of having resistance to 0, ≥1, ≥2, or ≥3 

classes. We estimated unadjusted odds ratios and 95% confidence intervals comparing 

patient demographic and clinical characteristics. In a secondary analysis, we estimated 

adjusted odds ratios with a multivariable model including important characteristics selected 

a priori. P values were two-sided and <0.05 was considered statistically significant. All 

analyses were conducted using SAS software, version 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

The study population comprised 3,682 patients who contributed 23,168 person-years in care 

after initiating ART (Table 1). Overall, 30% of patient-years were contributed by women, 

42% by men who have sex with men (MSM), and 58% by African American patients. Half 

of patient-years were contributed by patients who initiated ART prior to 1999 (interquartile 

range [IQR] 1996, 2005), and 34% by patients whose first ART regimen contained only 

NRTI agents. Compared to person-years in the 2000–2005 calendar period, person-time in 

the 2012–2016 period was more likely contributed by patients who were older (median age 

48 [IQR 39, 55] vs. 42 [IQR 36, 48]), less likely to be viremic (11% vs. 44%), having 

initiated ART more recently (median year 2004 [IQR 1998, 2010] vs. 1997 [IQR 1995, 

2000]), with higher CD4 cell counts (median 286 [IQR 106, 443] vs. 237 [IQR 67, 404]) and 

less likely to have used NRTI-only regimens (22% vs. 48%) (All P <0.05).
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Prevalence of Resistance over Time

Over the study period, the estimated prevalence of resistance to NRTI and PI drugs increased 

between 2000 and 2005 to a peak of 42% and 23% and decreased to 28% and 14% in 2016, 

respectively (Fig. 2A, all P <0.05). Resistance to NNRTIs increased between 2000 and 2007 

to a peak of 30% and decreased to 27% in 2016 (both P <0.05). Prevalence of resistance to 

at least one, two, and three classes of drugs all increased from 2000 to 2005 and decreased 

from 2005 to 2016 (Fig. 2B, all P <0.05 for both increase and decrease). Their peaks in 2005 

were 49%, 32%, and 14%, and they declined to 38%, 22%, and 10% in 2016, respectively. 

INSTI and four-class resistance increased from 2007 to 2016 but remained low with 

prevalences of 2% and 1% in 2016, respectively (both P <0.05). Eleven patients had 

observed mutations for all four classes of drugs, cumulatively on all available genotypes 

(Table, Supplemental Digital Content 1). Their most common mutations were M184V (10 

patients) for NRTI, M46I (6 patients) for PI, K103N (8 patients) for NNRTI, and Q148H (5 

patients) for INSTI. Almost two-thirds of these patients initiated ART either with only 

NRTIs (45%) or an unboosted PI (18%), and the median CD4 count of these eleven patients 

was 53 (IQR 9, 330) at ART initiation.

The proportion of patients in care who had detectable viremia in a given year decreased over 

the study period from 44% in 2000 to 10% in 2016 (not shown, P <0.05). Among patients 

who had viremia during a given calendar year, resistance to NNRTIs and INSTIs increased 

over the study period (Fig. 2C, both P <0.05), while resistance to NRTIs and PIs did not 

change significantly (P = 0.18 and 0.07, respectively). In 2016, resistance prevalence was 

52% for NRTI, 57% for NNRTI, 26% for PI, and 11% for INSTI agents. Resistance to at 

least one drug class remained above 50% throughout the period with no evidence of change 

(P = 0.87), reaching 69% in 2016 (Fig. 2D). Two-class resistance did not change over time 

either (P = 0.25), while three-class and four-class resistance increased (both P <0.05). These 

were estimated to be 46%, 26%, and 5% in 2016, respectively.

In patients who initiated ART in 2007 or later, regardless of viremia, the prevalence of 

resistance to each class remained low between 2007 and 2016 and was estimated to be 8% 

for NRTI, 3% for PI, 16% for NNRTI, 1% for INSTI drugs in 2016 (Fig. 2E). Only INSTI 

resistance increased between 2007 and 2016 (P <0.05). One-class resistance prevalence was 

20% in 2016, while multi-class resistance was uncommon, with 6% for two, 2% for three, 

and <1% for four classes, and these did not change significantly over time (Fig. 2F). 

However, among patients initiating ART since 2007 with viremia in a given year, one-class 

resistance prevalence was 53% (95% Confidence Interval [CI] 40, 66) in 2016 with no 

detected change over time (Fig., Supplemental Digital Content 2, P = 0.83). INSTI 

resistance prevalence increased to 7% (95% CI 0, 14) in 2016 (P <0.05), but resistance to 

other classes or several classes did not appear to change. However, the number of patients in 

this subgroup was small, and our prevalence estimates were imprecise.

Among patients estimated to have triple-class resistance, the proportion with HIV viremia 

each year decreased over the study period (Fig. 3, P <0.05). In 2000, 94% of 84 patients with 

triple-class resistance had viremia, compared to 67% of 172 patients in 2005, 37% of 170 

patients in 2010, and 25% of 163 patients in 2016.
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Risk Factors for Resistance in 2016

In 2016, 1,553 ART-experienced patients were in care and 155 (10%) of them were viremic 

(Table 2). One-third of these patients initiated ART prior to 2000, and 14%, 15%, and 30% 

with an INSTI-, bPI-, or NNRTI-based regimen, respectively. Thirty percent had been 

exposed to over eight ART agents. In separate models for each characteristic, examining 

odds of no resistance, single, dual, and triple class resistance, race/ethnicity, female sex, and 

IDU were not associated with having any major resistance, while being MSM, older age at 

ART initiation, and higher nadir CD4 counts were associated with no or lower levels of 

resistance (Table 2). Patients who had detectable viremia in 2016 had 3.58 times (95% CI 

2.43, 5.27) the odds of two-class resistance, compared to suppressed patients. Compared to 

patients who had initiated ART with an NNRTI-based regimen, patients who had initiated 

with an INSTI had lower odds of resistance (odds ratio [OR] 0.25 for two classes; 95% CI 

0.10, 0.59), while those who had initiated with unboosted PIs, NRTI-only and other 

regimens had greater odds of resistance. Exposure to more than eight drugs substantially 

increased the likelihood of resistance with an OR of two-class resistance of 16.15 (95% CI 

11.74, 22.22). In a secondary analysis, in a multivariable model including race/ethnicity, 

sexual risk group, IDU, detectable HIV viral load, nadir CD4 count, age at ART initiation, 

and first ART regimen, most associations were unchanged with the exception of MSM status 

and INSTI and bPI regimens which were similar to unadjusted estimates but less precise and 

no longer statistically significant (Table, Supplemental Digital Content 3).

DISCUSSION

In this study, the prevalence of resistance to NRTI, NNRTI, and PI agents increased from 

2000 to 2005–2007 and subsequently decreased through 2016. The proportion of patients 

with HIV viremia decreased over time, though those with viremia had a consistently high 

prevalence of resistance including multi-class resistance. Resistance to INSTI drugs and 

four-class resistance were consistently low although slight increases were observed since 

2007. Most patients initiating ART in more recent years remained virologically suppressed, 

however the patients with detectable virus experienced a high burden of resistance to at least 

one class, especially NNRTIs and NRTIs.

Decreases in resistance beginning in the mid-2000s can be attributed to several changes in 

ART regimens used in that period. Atazanavir and darunavir, approved in 2003 and 2006, 

respectively, have high barriers to resistance, are effective against virus resistant to earlier 

PIs, and can be given once daily, facilitating adherence.12,17,31–33 Additionally, efavirenz 

became available in a single-tablet regimen in 2006, and etravirine, active against virus 

resistant to earlier NNRTIs, was approved in 2008.34,35 Boosted PIs and efavirenz were 

frequently prescribed as first-line therapy in our cohort through the early 2010s,36 likely 

resulting in the high rates of virologic suppression and lower resistance acquisition we 

observed. Additionally, the introduction of these agents, as well as INSTIs,34,37 allowed 

patients harboring resistant HIV variants to achieve and maintain virologic suppression, 

limiting acquisition of additional resistance mutations.

NNRTI resistance persisted through the end of the study period, as did resistance among 

patients with viremia. This persistence is likely linked to patients experiencing virologic 
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failure on NNRTI-based regimens, which have low barriers to resistance with emerging 

variants frequently having both NNRTI and NRTI resistance.38,39 Transmitted resistance to 

NNRTIs was observed in 5–10% of patients in our cohort annually in the 2000s and may 

have contributed as well.28 In addition, there was a large uptake of raltegravir and 

elvitegravir in our cohort.36 While these potent drugs lead to high rates of viral suppression,
14,15,36 20–50% of virologic failures on these agents in clinical trials have emergence of 

resistance, frequently including both INSTI and NRTI mutations.40,41 If similar resistance 

emergence occurred in our patients, this may have contributed to the unchanging resistance 

prevalence in viremic patients, as well as to the small increase in INSTI resistance between 

2007 and 2016 in our entire cohort.

Dolutegravir has a high barrier to resistance than first-generation INSTIs, with no emergence 

of resistance to INSTI or NRTI in first-line studies and rare case reports in clinical practice.
13,17,18,42 The recently approved INSTI bictegravir may have a similar barrier to resistance.
43–45 Uptake of these agents in clinical practice, especially in new single-tablet formulations, 

will likely limit emergence of variants with INSTI and NRTI resistance and help maintain 

INSTI prevalence at the low levels observed in this study. Notably, transmitted resistance to 

INSTIs remains very rare in North Carolina46 and is unlikely to contribute substantially to 

increases in overall INSTI resistance.

Studies limited to clinical specimens of patients with virologic failure have reported high 

prevalence of resistance to NRTI, PI, and NNRTI drugs and multi-class combinations, as we 

found in our cohort among patients with detectable viremia.47–50 In addition, a North 

Carolina study of available genotypes reported a 7% INSTI resistance prevalence for viremic 

individuals assumed to be treatment-experienced, similar to the estimate in viremic patients 

in 2016 in our study.46 A large study of North American cohorts (including UCHCC data), 

which first developed the imputation algorithm adapted in our study, also found an 

increasing trend in resistance prevalence for the period 2000–2005 among all patients, 

regardless of viremia.27 However, their estimates were lower than the ones presented here, 

likely because they defined resistance as intermediate level or above per the Stanford 

algorithm rather than a single major mutation.51 In a large Swiss cohort, using different 

imputation methods to estimate resistance, investigators reported a similar decrease in 

overall and triple-class resistance, and lower resistance prevalences for patients who have 

initiated ART more recently.52,53

Our cohort previously reported that exposure to more ART drugs and ART initiation with 

unboosted PIs were strong predictors of triple-class resistance.54 In this study, we found that 

patients who had been exposed to fewer drugs and initiated ART in recent years with potent 

INSTI-based regimens had lower odds of prevalent resistance. MSM status and older age at 

ART initiation were also associated with lower odds of resistance, consistent with studies 

showing lower risk of acquiring mutations for these patients.55–58 These associations likely 

reflect patient characteristics linked to better treatment adherence,33,59,60 and therefore 

virologic suppression. Additionally, we found an association between high nadir CD4 counts 

and lower resistance, which may be explained by patients in more recent years entering care 

earlier with higher CD4 counts and lower viral loads, as well as by a possible lower 

incidence of drug toxicity when initiating ART with high CD4 counts that may lead to better 
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adherence and fewer treatment interruptions.61 Higher nadir CD4 may also reflect health-

seeking behavior leading to earlier HIV testing and care and to better treatment adherence.
33,59,60,62–64

To our knowledge, this is the first US study to examine the prevalence of drug resistance in 

an entire clinical cohort since the uptake of INSTI agents. Our approach builds on a 

previously developed algorithm used to address missing genotypes and extends prior studies 

by including more recent observation time and new agents. This study benefits from 

granular longitudinal data used to impute missing resistance and represent what clinicians 

might see in their patient populations over time, although this imputation relied on strong 

clinical and statistical assumptions. In contrast, studies with only one genotype available per 

patient are likely to miss archived mutations and underestimate the burden of potentially 

clinical relevant resistance, and studies restricted to viremic patients can overestimate true 

prevalence.20 Capturing previously acquired resistance is especially important in populations 

where patients have had many ART exposures, as past mutations can resurface and impact 

treatment decisions such as regimen changes or simplifications to fewer than three drugs.

One limitation of this study is that our estimates could be underestimating resistance 

prevalence if mutations occurred prior to the introduction of genotype testing or prior to 

entering care at UNC. Secondly, this study used data from a single clinical site in the 

southeastern US and may not be representative of other geographical settings. Future studies 

will need to confirm the trends we observed in other patient populations as well as determine 

whether the increasing uptake of second-generation INSTIs has the expected impact on drug 

resistance prevalence.

In the UCHCC, HIV drug resistance has become less prevalent, and INSTI resistance 

remains rare. Patients who initiated ART in the last decade have consistently low resistance 

prevalence estimates, and patients who have accumulated triple-class resistance are 

increasingly able to achieve virologic suppression. Among patients currently in care, those 

who have initiated ART in recent years with potent regimens, have been exposed to fewer 

agents, and were not as immunosuppressed at initiation are less likely to harbor highly 

resistant virus. These trends are likely to persist with continued uptake of potent drugs with 

high resistance barriers. Meanwhile, non-adherent patients failing therapy may continue to 

develop resistance in spite of novel regimens. Continuing to monitor HIV drug resistance in 

the clinical setting is important to identify trends and factors that can limit effective 

treatment options and can reduce the impact of ART on patient and community health.

Supplementary Material
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Figure 1. 
Algorithm to impute missing data on resistance mutations.
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Figure 2. 
Estimated prevalence of resistance mutations and 95% confidence bands by drug class and 

multiclass combinations. Among all ART-experienced patients in care, 2000–2016 (Panels A 

and B); among ART-experienced patients in care with HIV viremia, 2000–2016 (Panels C 

and D); among patients in care who initiated ART in 2007 or later, 2007–2016 (Panels E and 

F).
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Figure 3. 
Prevalence of HIV viremia among patients with estimated triple-class drug resistance, 2000–

2016.
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Table 1.

Demographic and clinical characteristics of ART-experienced patient-years in care, 2000–2016.

Characteristic All Patient-Years
N=23,169

2000–2005
N=7,020

2006–2011
N=8,172

2012–2016
N=7,977

Sexual risk group, N (%)

 Heterosexual male 6,497 (28%) 2,278 (32%) 2,298 (28%) 1,921 (24%)

 Female 6,837 (30%) 2,171 (31%) 2,400 (29%) 2,266 (28%)

 MSM 9,835 (42%) 2,571 (37%) 3,474 (43%) 3,790 (48%)

IDU
a
, N (%) 2,849 (12%) 1,118 (16%) 1,008 (12%) 723 (9%)

Race/ethnicity, N (%)

 White 7,601 (33%) 2,336 (33%) 2,667 (33%) 2,598 (33%)

 African American 13,504 (58%) 4,143 (59%) 4,707 (58%) 4,654 (58%)

 Hispanic or other 2,064 (9%) 541 (7%) 798 (10%) 725 (9%)

Initial ART regimen

 NRTI-only 7,761 (34%) 3,396 (48%) 2,572 (31%) 1,793 (22%)

 Ritonavir-boosted PI 3,100 (13%) 411 (6%) 1,355 (17%) 1,334 (17%)

 Unboosted PI 3,488 (15%) 1,498 (21%) 1,190 (15%) 802 (10%)

 NNRTI 6,173 (27%) 1,237 (18%) 2,314 (28%) 2,622 (33%)

 INSTI 902 (4%) 0 (0%) 111 (1%) 791 (10%)

 Other
b 1,745 (8%) 478 (7%) 630 (8%) 637 (8%)

Year of ART start, median (IQR) 1999 (1996, 2005) 1997 (1995, 2000) 2000 (1996, 2005) 2004 (1998, 2010)

Age at ART start, median years (IQR) 36 (29, 44) 36 (30, 43) 36 (30, 44) 36 (29, 44)

CD4 at ART start
c
, median cells/mm3 (IQR) 253 (78, 416) 237 (67, 404) 240 (68, 403) 286 (106, 443)

Current HIV viremia
d
, N (%) 5,694 (25%) 3,055 (44%) 1,797 (22%) 842 (11%)

Current CD4 count
e
, median cells/mm3 (IQR) 504 (301, 729) 401 (211, 628) 496 (304, 714) 596 (395, 807)

Current age, median years (IQR) 45 (37, 52) 42 (36, 48) 46 (38, 52) 48 (39, 55)

Abbreviations. ART: antiretroviral therapy. IDU: injection drug use. INSTI: integrase strand transfer inhibitor. IQR: interquartile range. MSM: men 
who have sex with men. NNRTI: non-nucleoside reverse transcriptase inhibitor. NRTI: nucleoside reverse transcriptase inhibitor. PI: protease 
inhibitor.

a
IDU identified as a risk factor for HIV acquisition.

b
Includes NRTI-sparing regimens (244 person-years), regimens containing more than two classes of agents (724 person-years), regimens 

containing only an anchor agent (165 person-years), and unknown regimens (612).

c
Missing for 5,422 (23%) person-years.

d
Defined as two HIV RNA >500 copies/mL post-ART initiation, or one RNA >500 copies/mL post-ART initiation with no care in the subsequent 

calendar year, or having a genotype test performed post-ART initiation.

e
Missing for 581 (3%) person-years.

AIDS. Author manuscript; available in PMC 2019 November 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DAVY-MENDEZ et al. Page 17

Ta
b

le
 2

.

D
em

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 A

R
T-

ex
pe

ri
en

ce
d 

pa
tie

nt
s 

in
 c

ar
e 

in
 2

01
6,

 a
nd

 o
dd

s 
ra

tio
s 

of
 H

IV
 d

ru
g 

re
si

st
an

ce
 w

ith
 9

5%
 c

on
fi

de
nc

e 

in
te

rv
al

s.

N
um

be
r 

of
 R

es
is

ta
nt

 D
ru

g 
C

la
ss

es

C
ha

ra
ct

er
is

ti
c

N
 (

%
) 

or
 m

ed
ia

n
(I

Q
R

)
1 

or
 m

or
e 

(N
 =

 5
84

)
2 

or
 m

or
e 

(N
 =

 3
39

)
3 

or
 m

or
e 

(N
 =

 1
63

)

O
R

 (
95

%
 C

I)
a

P
O

R
 (

95
%

 C
I)

a
P

O
R

 (
95

%
 C

I)
a

P

To
ta

l
1,

55
3 

(1
00

%
)

Se
xu

al
 r

is
k 

fa
ct

or

 
H

et
er

os
ex

ua
l m

al
e

36
8 

(2
4%

)
1 

(r
ef

.)
1 

(r
ef

.)
1 

(r
ef

.)

 
Fe

m
al

e
44

8 
(2

9%
)

0.
98

 (
0.

73
, 1

.3
1)

0.
89

0.
88

 (
0.

63
, 1

.2
4)

0.
47

1.
04

 (
0.

65
, 1

.6
8)

0.
86

 
M

SM
73

7 
(4

7%
)

0.
77

 (
0.

59
, 1

.0
0)

<
0.

05
0.

71
 (

0.
51

, 0
.9

7)
<

0.
05

0.
78

 (
0.

50
, 1

.2
4)

0.
29

ID
U

b
12

8 
(8

%
)

1.
29

 (
0.

88
, 1

.8
8)

0.
19

1.
39

 (
0.

89
, 2

.1
6)

0.
15

1.
49

 (
0.

80
, 2

.7
8)

0.
21

R
ac

e/
et

hn
ic

ity

 
W

hi
te

49
8 

(3
2%

)
1 

(r
ef

.)
1 

(r
ef

.)
1 

(r
ef

.)

 
A

fr
ic

an
 A

m
er

ic
an

91
6 

(5
9%

)
1.

11
 (

0.
88

, 1
.4

1)
0.

37
1.

13
 (

0.
85

, 1
.5

0)
0.

39
1.

25
 (

0.
82

, 1
.8

9)
0.

30

 
H

is
pa

ni
c 

or
 o

th
er

13
9 

(9
%

)
1.

15
 (

0.
77

, 1
.7

2)
0.

49
0.

97
 (

0.
59

, 1
.6

0)
0.

91
0.

56
 (

0.
22

, 1
.4

6)
0.

24

In
iti

al
 A

R
T

 r
eg

im
en

 
N

R
T

I-
on

ly
33

1 
(2

1%
)

4.
26

 (
3.

12
, 5

.8
1)

<
0.

01
5.

87
 (

4.
03

, 8
.5

4)
<

0.
01

5.
95

 (
3.

46
, 1

0.
21

)
<

0.
01

 
R

ito
na

vi
r-

bo
os

te
d 

PI
23

8 
(1

5%
)

1.
46

 (
1.

02
, 2

.0
8)

<
0.

05
1.

28
 (

0.
78

, 2
.0

9)
0.

33
1.

15
 (

0.
53

, 2
.5

0)
0.

73

 
U

nb
oo

st
ed

 P
I

15
0 

(1
0%

)
4.

32
 (

2.
89

, 6
.4

7)
<

0.
01

5.
37

 (
3.

38
, 8

.5
3)

<
0.

01
5.

49
 (

2.
87

, 1
0.

51
)

<
0.

01

 
N

N
R

T
I

47
3 

(3
0%

)
1 

(r
ef

.)
1 

(r
ef

.)
1 

(r
ef

.)

 
IN

ST
I

22
7 

(1
5%

)
0.

62
 (

0.
41

, 0
.9

3)
<

0.
05

0.
25

 (
0.

10
, 0

.5
9)

<
0.

01
0.

12
 (

0.
02

, 0
.8

8)
<

0.
05

 
O

th
er

13
4 

(9
%

)
1.

98
 (

1.
31

, 2
.9

9)
<

0.
01

2.
52

 (
1.

53
, 4

.1
6)

<
0.

01
3.

05
 (

1.
49

, 6
.2

4)
<

0.
01

E
xp

os
ur

e 
to

 >
8 

A
R

V
s

47
0 

(3
0%

)
8.

44
 (

6.
52

, 1
0.

92
)

<
0.

01
16

.1
5 

(1
1.

74
, 2

2.
22

)
<

0.
01

26
.5

8 
(1

4.
32

, 4
9.

34
)

<
0.

01

D
et

ec
ta

bl
e 

H
IV

 v
ir

al
 lo

ad
c

15
5 

(1
0%

)
4.

31
 (

2.
88

, 6
.4

5)
<

0.
01

3.
58

 (
2.

43
, 5

.2
7)

<
0.

01
3.

66
 (

2.
30

, 5
.8

3)
<

0.
01

Y
ea

r 
of

 A
R

T
 s

ta
rt

, p
er

 1
-y

ea
r 

in
cr

ea
se

20
05

 (
19

98
, 2

01
1)

0.
90

 (
0.

88
, 0

.9
1)

<
0.

01
0.

86
 (

0.
84

, 0
.8

8)
<

0.
01

0.
85

 (
0.

83
, 0

.8
8)

<
0.

01

A
ge

 a
t A

R
T

 s
ta

rt
, p

er
 1

0-
ye

ar
 in

cr
ea

se
35

 (
28

, 4
4)

0.
76

 (
0.

68
, 0

.8
4)

<
0.

01
0.

70
 (

0.
62

, 0
.8

0)
<

0.
01

0.
71

 (
0.

59
, 0

.8
6)

<
0.

01

N
ad

ir
 C

D
4 

co
un

t, 
pe

r 
10

0-
ce

ll 
in

cr
ea

se
18

8 
(5

0,
 3

51
)

0.
74

 (
0.

69
, 0

.7
9)

<
0.

01
0.

64
 (

0.
59

, 0
.7

0)
<

0.
01

0.
55

 (
0.

47
, 0

.6
4)

<
0.

01

A
ge

c , p
er

 1
0-

ye
ar

 in
cr

ea
se

50
 (

40
, 5

7)
1.

15
 (

1.
06

, 1
.2

6)
<

0.
01

1.
28

 (
1.

15
, 1

.4
2)

<
0.

01
1.

34
 (

1.
14

, 1
.5

8)
<

0.
01

AIDS. Author manuscript; available in PMC 2019 November 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DAVY-MENDEZ et al. Page 18

N
um

be
r 

of
 R

es
is

ta
nt

 D
ru

g 
C

la
ss

es

C
ha

ra
ct

er
is

ti
c

N
 (

%
) 

or
 m

ed
ia

n
(I

Q
R

)
1 

or
 m

or
e 

(N
 =

 5
84

)
2 

or
 m

or
e 

(N
 =

 3
39

)
3 

or
 m

or
e 

(N
 =

 1
63

)

O
R

 (
95

%
 C

I)
a

P
O

R
 (

95
%

 C
I)

a
P

O
R

 (
95

%
 C

I)
a

P

C
D

4 
co

un
tc , p

er
 1

00
-c

el
l i

nc
re

as
e

61
4 

(4
06

, 8
47

)
0.

90
 (

0.
86

, 0
.9

3)
<

0.
01

0.
86

 (
0.

82
, 0

.9
0)

<
0.

01
0.

83
 (

0.
78

, 0
.8

9)
<

0.
01

A
bb

re
vi

at
io

ns
. A

R
T

: a
nt

ir
et

ro
vi

ra
l t

he
ra

py
. A

R
V

: a
nt

ir
et

ro
vi

ra
ls

. C
I:

 c
on

fi
de

nc
e 

in
te

rv
al

. I
D

U
: i

nj
ec

tio
n 

dr
ug

 u
se

. I
N

ST
I:

 in
te

gr
as

e 
st

ra
nd

 tr
an

sf
er

 in
hi

bi
to

r. 
IQ

R
: i

nt
er

qu
ar

til
e 

ra
ng

e.
 M

SM
: m

en
 w

ho
 h

av
e 

se
x 

w
ith

 m
en

. N
N

R
T

I:
 n

on
-n

uc
le

os
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r. 
N

R
T

I:
 n

uc
le

os
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r. 
O

R
: o

dd
s 

ra
tio

. P
I:

 p
ro

te
as

e 
in

hi
bi

to
r.

a E
st

im
at

es
, 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
s,

 a
nd

 P
 v

al
ue

s 
fr

om
 lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

s 
w

ith
 c

um
ul

at
iv

e 
lo

gi
ts

 a
nd

 u
ne

qu
al

 s
lo

pe
s 

(i
.e

. o
rd

in
al

 lo
gi

st
ic

 r
eg

re
ss

io
n)

. E
ac

h 
m

od
el

 in
cl

ud
es

 o
ne

 c
ha

ra
ct

er
is

tic
.

b ID
U

 id
en

tif
ie

d 
as

 a
 r

is
k 

fa
ct

or
 f

or
 H

IV
 a

cq
ui

si
tio

n.

c M
ea

su
re

d 
in

 2
01

6.

AIDS. Author manuscript; available in PMC 2019 November 13.


	Abstract
	INTRODUCTION
	METHODS
	Study population
	Measures
	Analysis

	RESULTS
	Prevalence of Resistance over Time
	Risk Factors for Resistance in 2016

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

