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Background. The rate of acquired human immunodeficiency virus type 1 (HIV-1) drug resistance (ADR) has fallen dramatically 
since introduction of combined antiretroviral therapy (cART) in Switzerland. However, clinical experience indicates that there are 
still patients at risk of newly acquiring drug resistance despite having access to cART. Here, we characterized risk factors for ADR, to 
improve patient care and prevent emergence of drug resistance and treatment failure.

Methods. We performed a case-control study to identify risk factors for ADR in all patients starting their first cART in the 
Swiss HIV Cohort Study (SHCS) since 1996. The SHCS is highly representative and includes >75% of patients receiving ART in 
Switzerland. To this end, we implemented a systematic medical chart review to obtain more detailed information on additional 
parameters, which are not routinely collected in the SHCS. The collected data were analyzed using univariable and multivariable 
conditional logistic regression.

Results. We included in our study 115 cases and 115 matched controls. Unemployment (multivariable odds ratio [mOR], 2.9 
[95% confidence interval {CI}, 1.3–6.4]; P = .008), African origin (mOR, 3.0 [95% CI, 1.0–9.2]; P = .047), comedication with anti-in-
fectives (mOR, 3.7 [95% CI, 1.0–12.6]; P = .045), and symptoms of mental illness (mOR, 2.6 [95% CI, 1.2–5.5]; P = .012) were asso-
ciated with ADR in the multivariable model.

Conclusions. Although ADR has become very rare with cART due to new potent therapies, patients in socially challenging life 
situations or presenting with mental health issues are at higher risk for drug resistance. Prompt identification and adequate support 
of these patients before ADR will prevent treatment failure and HIV-1 transmission.

Keywords. HIV-1 drug resistance; risk factors; antiretroviral therapy; socioeconomic factors.

Emergence of human immunodeficiency virus type 1 (HIV-1) 
drug resistance has become less frequent with the introduction 
of combination antiretroviral therapy (cART) [1–7] due to its 
high effectiveness at suppressing human immunodeficiency 
virus (HIV) replication in infected individuals [8–10].

Consequently, in resource-rich settings with continuous 
access to cART and HIV-related care, HIV infection has become 
a controllable chronic illness with life expectancy approaching 

that of the general population [11–13]. However, clinical expe-
rience indicates that there are still patient groups at risk of newly 
acquiring drug resistance despite having access to cART [14]. 
Several studies indicate that low socioeconomic status (SES) not 
only increases vulnerability to HIV infection and is associated 
with having poorer virological and immunological outcomes, 
but also impedes engagement and retention of HIV-infected 
persons in clinical care [15–20]. Some European studies have 
also shown that lower SES is associated with nonadherence to 
antiretroviral therapy (ART) [20]. Nonadherence and subse-
quent drug resistance therefore still pose a major obstacle to 
successful treatment and elimination of HIV-1 transmission in 
resource-rich settings [7, 21, 22].

In contrast, in resource-limited settings, rising rates of 
acquired drug resistance may reflect not only poor adherence 
but also shortage of optimal regimens and a lack of viral load 
monitoring. Cost and laboratory availability severely limit 
monitoring and pose major hurdles for successful treatment 
[23]. For public health and prevention strategies, and to assess 
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requirements for new drugs, it is important to monitor the 
spread of drug resistance in the HIV-infected population [7]. 
Moreover, in resource-rich settings, it is crucial to analyze risk 
factors leading to resistance in the presence of already highly 
active antiretroviral therapy. Once risk factors are identified, 
patients at risk can be followed up closely and support can be 
intensified.

In the current study, we retrospectively characterize risk fac-
tors and examine sociodemographic correlates for the develop-
ment of drug resistance in a nationwide sample of HIV-positive 
patients receiving cART after 1996.

METHODS

Study Population and Design

We performed a case-control study to identify risk factors for 
acquired HIV-1 drug resistance (ADR) in patients starting their 
first cART regimen in the Swiss HIV Cohort Study (SHCS). 
The SHCS is an ongoing, nationwide, multicenter, clinic-based, 
observational study with continuous enrollment and semian-
nual study visits. At least 75% of all HIV-1–diagnosed adults 
receiving cART in Switzerland are enrolled in the SHCS. The 
SHCS has been approved by the ethical committees of all par-
ticipating institutions, and written informed consent has been 
obtained from all participants [24]. The SHCS has a linked drug 
resistance database, which includes sequences from genotypic 
resistance tests (GRTs) performed by the 4 authorized laborato-
ries in Switzerland. More than 12 000 sequences were generated 
retrospectively from the biobank to also cover treatment fail-
ing episodes and transmitted drug resistance, when drug resis-
tance testing was not performed routinely [25]. Sequences are 
stored in a central database (SmartGene; Integrated Database 
Network System version 3.8.1). All laboratories performed 
population-based sequencing [2, 25]. ADR has been defined 
as the occurrence of at least 1 major mutation listed by the 
International Antiviral Society–USA [22].

We restricted the analysis to patients who received potent 
cART defined as treatment with at least 3 drugs from 2 dif-
ferent drug classes (nucleoside analogue reverse transcriptase 
inhibitor [NRTI], nonnucleoside reverse transcriptase inhibi-
tor, boosted protease inhibitor [PI], integrase inhibitor, or entry 
inhibitor). Patients who had in their medical history an expo-
sure to mono/dual/triple NRTI therapies or regimens including 
unboosted PIs were excluded from the analysis.

We identified 115 cases that acquired a drug resistance muta-
tion, proven by a GRT, after cART initiation. Subsequently, we 
randomly matched 115 controls (1:1) based on the following 
criteria: plasma HIV-1 RNA at treatment initiation (<1000, 
1000–9999, or ≥10  000 copies/mL), CD4 cell count at base-
line (0–99, 100–199, or ≥200 cells/µL), year of cART initia-
tion (1998 or earlier, 1999–2006, after 2006), presence of a 
baseline drug resistance mutation, and the SHCS study center 

(Basel, Bern, Geneva, Lausanne, Lugano, St Gallen, or Zürich) 
(Supplementary Table 1). The latter was implemented to exclude 
documentation and treatment bias between the SHCS centers. 
The follow-up time of the controls (cART initiation until last 
follow-up) had to be at least as long as for the cases (cART initi-
ation until detection of ADR).

Potential Risk Factors for ADR

In addition to the routinely collected data in the SHCS [24] 
we hypothesized that additional factors that are not routinely 
documented in the 6-biannual questionnaire could be associ-
ated with ADR mutations. Therefore, we additionally defined 
potential relevant factors relevant for acquiring drug resis-
tance that were not documented in the SHCS protocol and 
subsequently performed a medical records review on all 230 
patients and collected detailed information beyond the docu-
mented SHCS questionnaire (Supplementary Table 2). We not 
only looked at the medical chart documentation at the time 
point of GRT and the previous visits (all visits in the 6 months 
prior to GRT) but also screened all available admission letters 
and hospitalization documentation during the 6 months prior 
to GRT. We did not include any time points after GRT in our 
analysis. As depression is frequent among HIV-infected per-
sons [26, 27] and the presence of mental health disorders has 
been found to correlate with reduced adherence [28], we ana-
lyzed medical chart documentation for symptoms of mental 
illness, diagnosis of mental health disorders, and documented 
psychiatric treatment (psychiatric hospitalization, outpatient 
mental health treatment, treatment by a psychiatrist or psy-
chiatric medication).

We systematically looked at the 3-quarterly visit documenta-
tion up to 6 months prior to GRT.

To evaluate whether coinfections or complicated medica-
tion regimens (due to additional treatment of infections) may 
have led to adherence problems, we screened for comedication 
with anti-infectives in the 6  months prior to and at the time 
point of GRT. We screened whether the patients had an addi-
tional treatment with antibiotic, antimycobacterial, antifun-
gal, antiviral (other than ART), or antiparasitic medication. 
Additionally we screened specifically what medication was pre-
scribed and whether drug–drug interactions were expected. We 
also screened for documented ART drug level measurements 
(Supplementary Table 2).

Additionally, as we hypothesized that difficulties in commu-
nication and reduced information might largely affect adher-
ence, we specifically looked for language barrier. Language 
barrier was defined when, in the medical chart, it was clearly 
stated that the patient and doctor could not communicate 
as they did not speak the same language. In the SHCS, this 
applies to patients who do not speak French, Italian, German, 
or English.
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Self-reported adherence in the SHCS questionnaire has been 
previously validated to predict viral failure, HIV drug resis-
tance, and mortality [29–31].

Statistical Analysis

We performed univariable and multivariable conditional logis-
tic regression to identify risk factors for ADR. We included 
factors from the univariable model with a P value < .1 in the 
multivariable models or factors, which were previously known 
to be associated with drug resistance. We systematically looked 
for collinear factors. If identified, we only included 1 of these 
factors in the multivariable model. We performed sensitivity 
analyses including only patients with a perfect match based on 
the above-mentioned criteria. We did not include self-reported 
adherence in the final multivariable analysis, only in a sensi-
tivity analysis, as adherence is most likely on the causal path 
toward ADR. We performed statistical analyses with Stata ver-
sion 15.1/SE software (StataCorp, College Station, Texas).

RESULTS

Study Population

The selection of the 115 patients with ADR after cART initia-
tion is depicted in Supplementary Figure 1. All patients started 
directly with ≥3 drugs from at least 2 different drug classes. 
The year of cART initiation was subdivided in 3 categories: 
(1) before 1999 for 6 (1.7%); (2) between 1999 and 2006 for 78 
(67.8%); and (3) after 2006 for 31 patients (27%).

Overall, 91 (79.1%) cases and 93 (80.9%) controls had a base-
line viral load >10 000 copies/mL. The median baseline viral load 
was 5.2 (interquartile range [IQR], 4.9–5.7) log10 RNA copies/mL 
and 5.1 (IQR, 4.7–5.6) log10 RNA copies/mL in cases and controls, 
respectively. High viral loads >100 000 copies/mL were found in 
65% of controls and 57% of cases. Pretreatment drug resistance 
mutations were found in a minority of patients (n = 18 [7.8%]). 
In the study population 22 (19%) cases vs 38 (33%) controls were 
men who have sex with men, 38 (33%) cases vs 45 (39%) controls 
were heterosexual men, and 43 (37%) cases vs 27 (23%) controls 
were heterosexual women. In the transmission group, 12 (10.4%) 
cases vs 5 (4.3%) controls were identified as injection drug users.

Sociodemographic Factors Largely Determine the Development of ADR

We identified several risk factors that strongly correlated with 
ADR in the univariable as well as in the multivariable model 
(Figure 1, Supplementary Table 3). First, we focused on origin 
of the patients and analyzed whether geographical and socio-
cultural background influenced adherence and ADR. We found 
a strong correlation with increased risk for developing ADR and 
African origin (multivariable odds ratio [mOR], 3.0 [95% con-
fidence interval {CI}, 1.0–9.2]; P = .047). We further analyzed 
characteristics of this group (Figure 2A). We found in the uni-
variable model that being a migrant seeking asylum was highly 
associated with ADR (univariable odds ratio [uOR], 2.6 [95% 

CI, 1.1–6.0]; P < .023), as well as having a language barrier (uOR, 
2.6 [95% CI, 1.4–4.7]; P = .002) or being female (uOR, 2.2 [95% 
CI, 1.2–3.8]; P = .007). Because of collinearity with the origin, 
we did not include these factors in the multivariable model.

We also analyzed socioeconomic factors and found that 
unemployment bears a relevant risk (mOR, 2.9 [95% CI, 1.3–
6.4]; P  =  .008) (Figure 1, Supplementary Table 3). In a more 
detailed analysis of this subgroup (Figure 2B), limited educa-
tion (uOR, 3.3 [95% CI, 1.4–7.7]; P = .006), being an injection 
drug user (uOR, 3.9 [95% CI, 1.2–12.9]; P < .021), and exces-
sive consumption of alcohol were associated with ADR (uOR, 
3.0 [95% CI, 1.3–7.2]; P < .013). Because of the collinearity of 
these factors with unemployment, we did not include them in 
the multivariable model.

On the contrary, having a stable income and being able to 
work >50% of the time was a strongly protective factor (uOR, 
0.27 [95% CI, .14–.52]; P < .001).

Overall, older age tended to have a protective effect upon 
ADR development (mOR per 10-year increase, 0.73 [95% CI, 
.5–1.0]; P = .073) (Figure 1, Supplementary Table 3).

Importantly, when we analyzed only patients with a perfect 
match (n = 144), we had an almost identical result, which con-
firms the robustness of the analysis (data not shown).

Mental Health Issues Severely Impacts ADR

We found that mental health issues correlated with ADR (Figure 
1, Supplementary Table 3). A  clear association of ADR to the 
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Figure 1. Risk factors for acquired drug resistance under antiretroviral therapy. 
Univariable and multivariable conditional logistic regression. Abbreviation: CI, con-
fidence interval.
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documented diagnosis of depression (uOR, 2.0 [95% CI, 1.1–
3.8]; P =  .029; Table 1) was ascertained. We analyzed whether 
side effects had an influence upon adherence and subsequently 
on ADR. We therefore additionally assessed side effects that 
can be associated with mental health disorders and that are 
not included in the SHCS questionnaire. Nightmares (uOR 4.0 
[1.4–11.0] P = .007), mood swings (uOR, 4.1 [95% CI, 1.8–9.4]; 
P = .001), and tiredness (uOR, 4.7 [95% CI, 1.6–13.7]; P = .005) 
were associated with ADR (Table 1). When analyzing only the 
subgroup of patients with diagnosed mental health disorders 
and who are in psychiatric treatment in the multivariable model, 
the key findings were corroborated (Supplementary Table 5).

Comedication With Anti-infectives Increases ADR

We also studied whether a higher pill burden with comedication 
led to an increased risk of ADR. We found that comedication 
with anti-infectives (eg, antibiotic, antimycobacterial, antifun-
gal, antiviral [other than ART], antiparasitic medication) cor-
related with ADR (mOR, 3.7 [95% CI, 1.0–12.6]; P = .045). We 
were not able to assess whether specific anti-infective therapies 
were leading to ADR as the sample size of the different sub-
groups was too small. We also analyzed whether there were pos-
sible drug–drug interactions or drug level measurements that 
explained why ADR developed in patients with anti-infectives. 
However, no obvious drug–drug interactions were noticed and 
drug levels were rarely measured (only in 47 patients).

Adherence Is Associated With ADR

As expected, low self-reported adherence is closely associated 
with the occurrence of drug resistance. Compared to controls, 
more cases missed the dose at least once a month (18.3% vs 
15.7%) or at least once a week (36.5% vs 2.6%). We did a sen-
sitivity analysis including adherence in the multivariable model. 
The risk was 3.7 (95% CI, 1.2–11.6) and 9.4 (95% CI, 2.4–36.5) 
times increased among patients who missed the dose at least once 
a month or at least once a week, compared to patients who never 
missed a dose (Supplementary Table 4). However, we cannot con-
firm that it is associated with barriers to care as shown in other 
studies [14, 19, 32]. On the contrary, in our cohort we detected 
a higher number of visits (>4 in 12 months) being correlated to 
ADR (OR, 2.67 [95% CI, 1.37–5.18]; P = .004). This shows that 
in the SHCS, patients at risk are more closely followed up before 
detection of ADR. However, the increased visit frequency seemed 
not to be sufficient to avoid ADR. Whether low SES favored also 
an avoidance coping strategy was not explored in this study.

Unexplained Cases of ADR

Remarkably, patients with ADR and without any risk factor 
identified in the multivariable model (African origin, unem-
ployment, comedication with anti-infectives, mental health 
issues, age <45  years) were rarely identified (n  =  5 [4%]). 
Patients with ADR had a median of 3 (IQR, 2–4) of the men-
tioned risk factors in the multivariable model (Figure 1).
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Figure 2. Detailed analyses of sociocultural and socioeconomic factors based on origin (A) and job status (B). P values are based on Fisher exact test. Abbreviations: HET, 
heterosexual; IDU, injection drug user; MSM, men who have sex with men.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz178/5370584 by U

niversitaetsbibliothek Bern user on 23 M
ay 2019



Analysis of ADR in the Swiss HIV Cohort Study • cid 2019:XX (XX XXXX) • 5

DISCUSSION

Although ADR has become very rare in Switzerland since the 
introduction of cART [6], full access to ART, viral load mon-
itoring, and resistance testing, there are still individuals who 
experience treatment failure due to ADR. In this study, we 
clearly identified risk factors for emergence of drug resistance 
in this generally highly successfully treated patient population.

One of the key results our study reveals is that the patient’s 
origin and sociocultural background largely affect treatment 
outcome. Being of black ethnicity, originating from Africa, 
and arriving to Switzerland as a migrant seeking asylum affects 
treatment success and leads to more ADR. We also show that 
this is further aggravated when difficulties in communication 
with the healthcare team due to language barrier are met.

When analyzing the influence of sex in the univariable 
model, being a woman is clearly more often associated with 
ADR. A possible explanation for this result may be the myriad 
of psychosocial stressors observed in women living with HIV, 
such as caregiving and household responsibilities, the already 
described financial related stressors, and relationship problems 
[33–36]. In summary, additional to the psychosocial stressors 
of (mostly female) migrants, impaired communication and 

therefore obstacles due to misunderstanding largely affect treat-
ment success.

We also show that unemployment and limited education 
are associated with higher likelihood of developing drug resis-
tance. Our findings support previous findings that low SES is 
associated with lower drug adherence [15–17]. However, we 
cannot confirm that it is associated with barriers to care as 
shown in other studies [14, 32]. On the contrary, the increased 
visit numbers before ADR show that a problem in adherence 
and incumbent risk were noticed and a strong effort was put 
to improve patient care. Nevertheless, it shows that the mech-
anisms in place still were not strong enough to prevent ADR. 
These findings also highlight that different subgroups can expe-
rience similar stressors, which negatively impact adherence and 
subsequently lead to ADR.

Psychological symptoms have been recognized to interfere 
with activities of daily life, physical functioning, interpersonal 
relationships, and adherence [36, 37]. Our study shows a sig-
nificant correlation between mental health issues and ADR. 
Also, the presence of side effects associated with mental health 
issues or even disguising psychiatric problems (eg, tiredness, 
mood swings, nightmares) also correlated with ADR. The 

Table 1. Univariable Conditional Logistic Regression for the Association of Mental Health Issues and Acquired Drug Resistance

Characteristic Controls (n = 115), No. (%) Cases (n = 115), No. (%) uOR (95% CI) P Value

Depression

 No 90 (78) 74 (64) Ref … …

 Yes 23 (20) 37 (32) 2.0 (1.1–3.8) .029

 Unknown 2 (2) 4 (3) 2.6 (.5–14.6) .286

Psychiatric treatment

 No 92 (80) 81 (70) Ref … …

 Yes 21 (18) 31 (27) 1.6 (.9–3.0) .117

 Unknown 2 (2) 3 (3) 1.8 (.3–11.3) .513

Mood swings

 No 101 (88) 66 (57) Ref … …

 Yes 9 (8) 27 (23) 4.1 (1.8–9.4) .001

 Unknown 5 (4) 22 (19) 6.7 (2.2–20.3) .001

Nightmares

 No 102 (89) 72 (63) Ref … …

 Yes 8 (7) 21 (18) 4.0 (1.4–11.0) .007

 Unknown 5 (4) 22 (19) 5.7 (1.9–16.8) .002

Sleeping disorder

 No 95 (83) 69 (60) Ref … …

 Yes 15 (13) 24 (21) 2.2 (1.0–4.7) .056

 Unknown 5 (4) 22 (19) 5.7 (1.9–16.7) .002

Tiredness

 No 102 (89) 73 (63) Ref … …

 Yes 5 (4) 16 (14) 4.7 (1.6–13.7) .005

 Unknown 8 (7) 26 (23) 4.6 (1.9–11.3) .001

Alcohol abuse

 No 100 (87) 82 (71) Ref … …

 Yes 7 (6) 20 (17) 3.0 (1.3–7.2) .013

 Unknown 8 (7) 13 (11) 1.9 (.7–5.0) .172

Abbreviations: CI, confidence interval; uOR, univariable odds ratio.
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described symptoms could therefore reflect an underlying and 
undiagnosed mental disorder, rather than ART-associated 
side effects. Remarkably, no association was found to psychi-
atric treatment or comedication with antidepressant. With 
the clear association of mental health issues and ADR, future 
improvement of patient care needs to focus not only on diag-
nosis mental health disorders but also adequate treatment. 
Overall, our results corroborate previous findings showing 
a clear association between depression and nonadherence to 
ART [28, 38].

We found an association with comedication with anti-infec-
tives. Polypharmacy impacts how drugs are tolerated; increases 
possible drug interaction; and, most importantly, also leads to 
reduced adherence [39, 40]. The association of anti-infectives 
with ADR might hint to more complicated drug regimens, 
more side effects, and indirectly also toward more drug–drug 
interactions, explaining this finding. In these patients with 
more a complicated course of HIV infections, a more regular 
and close guidance during the time of multiple therapies is 
advised [41].

The study has been systematically conducted in a prospec-
tively followed, well-characterized, representative patient 
population in a real-world setting with full access, monitor-
ing, and resistance testing for all (at least 75% of all ART-
treated adults in Switzerland are enrolled in the SHCS [6]), 
which allowed a careful matched case-control study and a 
detailed records review. However, the study has limitations. 
The retrospective analysis of patient charts and the varying 
quality of documentation and sometimes missing informa-
tion may have influenced the results. Moreover, the diag-
nosis of mental health issues was based on documentation 
by the treating infectious disease specialist and could have 
been incompletely documented. Importantly, the documen-
tation and diagnosis of mental health issues will improve, as 
the SHCS cohort has implemented an exact questionnaire 
addressing these topics since 2014.

In conclusion, we show that ADR is still of concern in the 
era of cART in vulnerable patient groups that face a multitude 
of challenges. The factors we identified here—lower education 
status, psychiatric comorbidities, and being a migrant seeking 
asylum—will help practitioners identify these patients early 
on. However, multidisciplinary efforts are likely needed to help 
patients overcome these significant barriers to adherence, and 
might include social services, counseling, or a referral to a psy-
chiatrist. This study suggests that with improved patient care 
and previous knowledge of the identified risk factors, a further 
reduction of ADR can be achieved.
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