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Abstract
In the Netherlands, immigrant people living with HIV (PLWH) have poorer psychological and

treatment outcomes than Dutch PLWH. This cross-sectional field study examined risk factors

for non-adherence to combination Antiretroviral Therapy (cART) among immigrant PLWH.

First and second generation immigrant PLWH attending outpatient clinics at two HIV-treat-

ment centers in Rotterdam were selected for this study. Socio-demographic and clinical

characteristics for all eligible participants were collected from an existing database. Trained

interviewers subsequently completed questionnaires together with consenting participants

(n = 352) to gather additional data on socio-demographic characteristics, psychosocial vari-

ables, and self-reported adherence to cART. Univariable and multivariable logistic regres-

sion analyses were conducted among 301 participants who had used cART�6 months prior

to inclusion. Independent risk factors for self-reported non-adherence were (I) not having

attended formal education or only primary school (OR = 3.25; 95% CI: 1.28–8.26, versus

University), (II) experiencing low levels of social support (OR = 2.56; 95% CI: 1.37–4.82),

and (III) reporting low treatment adherence self-efficacy (OR = 2.99; 95% CI: 1.59–5.64).

Additionally, HIV-RNA >50 copies/ml and internalized HIV-related stigma were marginally

associated (P<0.10) with non-adherence (OR = 2.53; 95% CI: 0.91–7.06 and OR = 1.82;

95% CI: 0.97–3.43). The findings that low educational attainment, lack of social support, and

low treatment adherence self-efficacy are associated with non-adherence point to the need

for tailored supportive interventions. Establishing contact with peer immigrant PLWHwho

serve as role models might be a successful intervention for this specific population.
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Introduction
In the Netherlands, more than 40% of the 17,750 HIV patients enrolled in clinical care are
immigrants, with 86% of these immigrant people living with HIV (PLWH) originating from
outside of Western Europe [1]. Immigrant PLWH can therefore be considered a ‘key popula-
tion’ in Dutch HIV care. Despite an awareness that high levels of adherence to combination
Antiretroviral Therapy (cART) are crucial for virological suppression and subsequent benefi-
cial clinical outcomes [2, 3], previous research has shown that immigrant PLWH originating
from countries outside of Western Europe have poorer treatment and health outcomes than
Dutch PLWH. In fact, when treated with cART, immigrant PLWH less frequently reach viro-
logical suppression and more frequently experience virological failure [4–7]. This may be
attributable to a later diagnosis [8] and/or poor treatment adherence [6, 9–11]. Treatment
adherence has been found to be associated with a number of psychosocial factors including
depressive symptoms, internalized HIV-related stigma, disclosure concerns, quality of life, and
social support [12–14] and previous research has shown that immigrant PLWH tend to experi-
ence more depression, more internalized stigma, more disclosure concerns, less quality of life,
and less social support than Dutch PLWH [6, 15].

In this study, we assessed socio-demographic and psychosocial risk factors for non-adher-
ence to cART in immigrant PLWH enrolled in clinical care. Understanding risk factors for
non-adherence is important as this knowledge can serve as input for interventions aiming to
improve adherence, and subsequently clinical and psychosocial outcomes, among immigrant
PLWH in the Netherlands.

Methods

Participants and procedure
First and second generation immigrants with HIV, aged 18 or older, were eligible for inclusion
in this study. Participants born outside of Western Europe were categorized as first generation
immigrants and participants for whom one or both parents were born outside of Western
Europe were categorized as second generation immigrants. In order to participate, participants
had to be sufficiently fluent in at least one of the following languages: Dutch, English, French,
Spanish, or Portuguese.

Following medical ethics approval from the Medical Ethics Review Committee of the Eras-
mus University Medical Centre, eligible participants were recruited at outpatient clinics in two
Dutch HIV treatment centers (i.e., Erasmus University Medical Centre and Maasstad Hospital)
between November of 2012 and July of 2013. Eligible participants were selected consecutively
during their regular visits by their treating physician or HIV nurse. Information regarding gen-
der, date of birth, country of birth, most recent HIV-RNA value and CD4 cell count (with a
maximum of 46 days after their planned visit), and combination Antiretroviral Therapy (cART)
start date were collected from the ATHENA observational HIV cohort database (the Dutch
national HIV registry of HIV treatment centers). When incomplete, data were cross checked
with medical records. Eligible participants were defined as ‘cART experienced’ if they had
started treatment more than six months prior to inclusion. A plasma HIV-1 or HIV-2 RNA of
>50 copies/ml was defined as ‘detectable’. Trained interviewers completed a questionnaire
together with the participants, who all provided written informed consent prior to participation.

Questionnaire
Via the questionnaire, data measuring additional relevant socio-demographic characteristics,
psychosocial variables, and self-reported adherence to cART were collected. Items regarding
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alcohol and drug use in the past 30 days prior to questionnaire completion were retrieved from
the EuropASI [16].

Region of origin was determined by first determining country of birth for first generation
immigrants and the parent(s)’(s) country of birth for second generation immigrants and then
categorizing those countries into the following regions: Sub Saharan Africa, the Caribbean,
Latin America, or other. The ‘other’ category comprises Central, Eastern, and Southern Europe,
North Africa, Middle East, South Asia, East Asia, the Pacific region, Australia, New Zealand,
and North America. If both parents were immigrants and originated from different regions,
the participants`region of origin was based on the mother`s region of origin.

Social support was assessed using the eight-item modified Medical Outcomes Study Social
Support Survey (mMOS-SS)[17]. This scale is a widely used, and considered a reliable and
valid measure of social support. It contains two subscales, one that assesses instrumental social
support (e.g., ‘If you needed it, how often is someone available to prepare your meals if you are
unable to do it yourself?’) and one assessing emotional social support (e.g., ‘. . .to turn to for
suggestions about how to deal with a personal problem?’). Answers were provided on a 5-point
Likert scale ranging from 1 = ‘never’ to 5 = ‘always’. Internal reliability of the mMOS-SS in this
study was measured by Cronbach’s alpha (α = 0.89, Table 1). The average of the scores of both
subscales was subsequently transformed to a 0–100 scale [18] with higher scores indicating
greater social support.

Internalized HIV-related stigma was assessed using the six-item Internalized AIDS-Related
Stigma Scale (IA-RSS) which has previously been validated in samples of PLWH in Sub Saha-
ran Africa [19]. An example item is: ‘Being HIV positive makes me feel dirty’. Because previous
research has shown that participants often struggle with binary answer options, we diverged
from the original binary answer options (agree/disagree) and expanded the number of answer
options to four ranging from 1 = ‘strongly disagree’ to 4 = ‘strongly agree’. Higher scores were
considered indicative of more internalized HIV-related stigma. The IA-RSS demonstrated suf-
ficient reliability in this study (α = 0.79, Table 1).

Self-efficacy for HIV treatment adherence was assessed using the HIV Treatment Adher-
ence Self-Efficacy Scale (HIV-ASES). This validated and widely used 12-item scale contains
items measuring the integration of HIV treatment (e.g., ‘In the past month, how confident
have you been that you can integrate your treatment into your daily routine?’) and

Table 1. Internal consistency analyses.

Variable domain Number of items Scoring range N Cronbach’s α

mMOS-SS 8 8–40 332 0.89

Instrumental social support 4 341 0.91

Emotional social support 4 339 0.77

IA-RSS 6 6–36 333 0.79

HIV-ASES 12 0–120 286 0.87

Integration 9 302 0.83

Perseverance 3 300 0.58

SF-12 12 346 0.83

Physical QoL 6 0–100 348 0.77

Mental QoL 6 0–100 346 0.76

Adherence 4 293 0.69

mMOS-SS, modified Medical Outcomes Study Social Support Survey; IA-RSS, Internalized AIDS-Related Stigma Scale; HIV ASES, HIV Treatment

Adherence Self-Efficacy Scale; SF-12, 12-item Short Form Health Survey.

doi:10.1371/journal.pone.0162800.t001
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perseverance (e.g., ‘. . .continue with your treatment even when you are feeling discouraged
about your health?’). Answers were provided on a 10-point scale with higher sores indicating
greater perceived self-efficacy [20]. In this study, Cronbach’s α was 0.87 (Table 1).

Physical and mental quality of life was measured using the 12-item Short Form Health Sur-
vey (SF-12) [21]. This 12-item scale is validated across age, medical condition, and treatment
groups and results are expressed as two meta-scores: the Physical Component Summary (PCS)
and the Mental Component Summary (MCS). Higher scores indicate a higher quality of life.
Cronbach`s α in our study was 0.77 for the PCS and 0.76 for the MCS (Table 1).

Self-reported adherence to cART was assessed by four items developed in previous studies
of adherence (α = 0.69, Table 1) (S1 Table). Two of the items measured adherence beliefs: Q1:
‘Thinking about the past four weeks, how would you rate your ability to take all your medica-
tions as your doctor prescribed them?’ (answers scored on a 6-point Likert scale ranging from
1 = ‘very poor’ to 6 = ‘excellent’) and Q2: ‘Thinking about the past four weeks, how often did
you take all your HIV antiretroviral medications as your doctor prescribed them?’ (answers
scored on a 5-point Likert scale ranging from 1 = ‘none of the time’ to 5 = ‘all of the time’)[22].
One item measured complete adherence in the previous week: Q3: ‘How many days in the past
week did you take all anti-HIV medicines that were prescribed?’ (answers scored on a 5-point
Likert scale ranging from 1 = ‘not one day’ to 5 = ‘all 7 days’)[23–25]. The final item measured
the most recent missed dose: Q4: ‘When was the last time you missed any of your anti-HIV
medications?’ (answers scored on a 6-point Likert scale ranging from 1 = ‘within the past week’
to 6 = ‘never missed’)[26]. Participants were classified as ‘non-adherent’ if they responded with
‘very poor’ to ‘good’ to Q1, ‘none of the time’ to ‘most of the time’ to Q2, ‘not one day’ to ‘5 or
6 days’ to Q3, and ‘within the past week’ to ‘2–4 weeks ago’ to Q4 (S2 Table). We also con-
ducted analyses using both stricter and less strict criteria for adherence (S2 Table) and these
results are presented in S3 and S4 Tables.

Statistical analysis
Chi2 and Fisher-Freeman-Halton Exact tests were used to compare categorical data between
groups while T-tests and the Mann-Whitney tests where used to compare continuous data,
when appropriate. Logistic regression analyses were then conducted to determine independent
risk factors for self-reported non-adherence in cART experienced participants. For these analy-
ses, scores from the psychosocial variables (social support, internalized HIV-related stigma,
treatment adherence self-efficacy, and physical and mental quality of life) were dichotomized
based on their median values:<75,>15,<105,<52, and<48.5. In multivariable analysis, we
included all variables demonstrating a P<0.15 in the univariable analyses.

Results

Participant characteristics
Of the 857 immigrant PLWH attending the two Dutch treatment centers, 352 participated in
this study (response = 41.1%). Reasons for non-inclusion were mainly refusal to participate
due to, for example, fear of third party disclosure of HIV status, not wanting to talk about HIV,
and lack of time (n = 234), and not having attended or having to reschedule the appointment
(n = 112)(Fig 1). The only significant differences between the pool of eligible immigrant
PLWH and the sample included were that the sample contained more cART experienced
patients (86.2% vs. 77.4%) and less patients with a detectable HIV-RNA when cART experi-
enced (11.0% vs. 17.3%) (Table 2).

Table 3 presents participant characteristics of the included sample of immigrant PLWH.
More than half (57.7%) were men. Most were first generation immigrants (94.6%) and most
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Fig 1. Flow diagram of patient inclusion. Legend. N = number of immigrant people living with HIV (PLWH).

doi:10.1371/journal.pone.0162800.g001

Table 2. Characteristics of eligible participants at baseline.

All
N = 857

Included
N = 352

Not included
N = 505

P

Mean age, years (SD) 41.4 (11.3) 41.8 (10.6) 41.1 (11.8) 0.37c

Male sex (%) 517 (60.3) 202 (57.4) 315 (62.4) 0.14d

Receiving cART (%)a <0.01d

> 6 months 688 (81.0) 301 (86.2) 387 (77.4)

< 6 months 86 (10.1) 22 (6.3) 64 (12.8)

No cART 75 (8.8) 26 (7.4) 49 (9.8)

CD4 cell count (%) 0.15d

<200 cells/mm3 55 (6.4) 19 (5.4) 36 (7.1)

200–349 cells/mm3 121 (14.1) 42 (11.9) 79 (15.6)

>350 cells/mm3 681 (79.5) 291 (82.7) 390 (77.2)

HIV-2 (%) 17 (2.0) 5 (1.4) 12 (2.4) 0.32d

Plasma HIV-RNA > 50 copies/ml (%)b 100 (14.5) 33 (11.0) 67 (17.3) 0.02d

Region of origin (%) 0.47d

Sub Saharan Africa 330 (38.5) 142 (40.3) 188 (37.2)

Caribbean 180 (21.0) 67 (19.0) 113 (22.4)

Latin America 164 (19.1) 72 (20.5) 92 (18.2)

Other 183 (21.4) 71 (20.2) 112 (22.2)

SD, standard deviation; cART, combination Antiretroviral Therapy.
a Eight patients were previously treated with cART due to an acute HIV-infection and excluded from this analyses (N = 849).
b When cART experienced (N = 688).
c T-test.
d Chi-square.

doi:10.1371/journal.pone.0162800.t002
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Table 3. Socio-demographic characteristics and psychosocial variables.

All
N = 352

Subjects on cARTa,b P

Adherent
N = 139

Non-adherent
N = 159

HIV-RNA >50 copies/ml (%) 33 (11.0)a 9 (6.5)c 23 (14.5)c <0.05d

Age <35 years (%) 95 (27.0) 25 (18.0) 34 (21.4) 0.46d

Male gender (%) 202 (57.4) 80 (57.6) 90 (56.6) 0.87d

1st generation immigrant (%) 333 (94.6) 133 (95.7) 153 (96.2) 0.81d

Region of origin (%) 0.14d

Sub Saharan Africa 143 (40.6) 52 (37.4) 72 (45.3)

Caribbean 69 (19.6) 26 (18.7) 36 (22.6)

Latin America 80 (22.7) 30 (21.6) 30 (18.9)

Other 60 (17.0) 31 (22.3) 21 (13.2)

Sexual orientation (%) 0.55e

Heterosexual 220 (62.5) 87 (62.6) 107 (67.3)

Homosexual/Bisexual 121 (34.4) 48 (34.5) 45 (28.3)

Does not know 8 (2.3) 4 (2.9) 4 (2.5)

Living situation (%) 0.49d

With family 138 (39.2) 61 (43.9) 57 (35.8)

Alone 130 (36.9) 49 (35.3) 60 (37.7)

Single parent 57 (16.2) 21 (15.1) 29 (18.2)

Other 27 (7.7) 8 (5.8) 13 (8.2)

Children (%) 203 (57.7) 83 (59.7) 102 (64.2) 0.48d

Educational attainment (%) <0.05d

No formal education / Primary school 82 (23.3) 25 (18.0) 52 (32.7)

Secondary school 109 (31.0) 45 (32.4) 48 (30.2)

Higher vocational school 86 (24.4) 37 (26.6) 31 (19.5)

University 73 (20.7) 32 (23.0) 26 (16.4)

Employment status (%) <0.05d

Paid employment 153 (43.5) 68 (48.9) 52 (32.7)

Unemployed 91 (25.9) 27 (19.4) 56 (35.2)

On sick leave 37 (10.5) 16 (11.5) 16 (10.1)

Other 71 (20.2) 28 (20.1) 35 (22.0)

Alcohol (%)

Alcohol in the past 30 days 198 (56.3) 81 (58.3) 83 (52.2) 0.29d

Alcohol use�3 days/week 58 (16.5) 17 (12.2) 30 (18.9) 0.12d

Drugs (%)

Drugs in the past 30 days 61 (17.3) 20 (14.4) 28 (17.6) 0.45d

Drugs use �3 days/week 36 (10.2) 10 (7.2) 19 (11.9) 0.17d

Psychosocial variables (median, IQR)g

Social support 75 (43.8–90.6) 81.3 (50.0–96.9) 65.6 (37.5–85.9) <0.001f

Int. HIV-related stigma 15 (12–19) 13 (12–17) 16 (12–19) 0.001f

Adherence self-efficacy 105 (89.8–116) 112.5 (98.8–119) 100 (87–110.5) <0.001f

Quality of life (physical) 52.3 (42.3–56.2) 53.7 (43.9–56.6) 50.2 (40.5–55.5) <0.05f

Quality of life (mental) 48.5 (37.6–56.5) 52.6 (41.2–58.1) 46.3 (37.2–55.2) <0.01f

IQR, Interquartile Range; cART, combination Antiretroviral Therapy; Int., Internalized.
a Subjects >6 months on cART (N = 301).
b Three participants had missing values for self-reported adherence and were therefore excluded from this analyses (N = 298).
c For 1 subject self-reported adherence score was missing, (N = 32).
d Chi-square.
e Fisher-Freeman-Halton Exact.
f Mann-Whitney Test.
g Missing values: social support (N = 20), internalized HIV related stigma (N = 19), adherence self-efficacy (N = 66), physical quality of life (N = 8), mental

quality of life (N = 8).

doi:10.1371/journal.pone.0162800.t003
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originated from Sub Saharan Africa (40.6%), followed by Latin America (22.7%), the Caribbean
(19.6%), and then regions categorized as ‘other’ (17.0%). About two-thirds (62.5%) self-identi-
fied as heterosexual. In terms of their living situation, 39.2% reported living with family, 36.9%
lived alone, and 16.2% were single parents. The majority had children (57.7%). Educational
attainment varied from having attended no formal education or only primary school (23.3%),
to having attended secondary school (31.0%), higher vocational school (24.4%), or university
(20.7%). In terms of employment, 43.5% were in paid employment, 25.9% were unemployed,
10.5% were on sick leave, and 20.2% reported having some other form of employment status.

Factors associated with self-reported non-adherence
Of the cART experienced participants, 53.4% were non-adherent (Table 3).

In terms of clinical characteristics, non-adherent participants were more likely to have a
detectable HIV-RNA (14.5% vs. 6.5%, P<0.05).

In terms of demographic characteristics, non-adherent participants were more likely to
have a lower educational attainment (32.7% vs. 18.0%, P<0.05) and less likely to have paid
employment (32.7% vs. 48.9%, P<0.05).

In terms of psychosocial variables, non-adherent participants had lower median social sup-
port scores (65.6 vs. 81.3, P<0.001), higher median internalized HIV-related stigma scores (16
vs. 13, P = 0.001), lower median adherence self-efficacy scores (100 vs. 112.5, P<0.001), and
lower median physical quality of life (50.2 vs. 53.7, P<0.05) and mental quality of life (46.3 vs.
52.6, P<0.01) scores.

In the univariable analyses reported in Table 4, having a detectable HIV-RNA (OR = 2.44;
95%CI: 1.09–5.48), not having attended formal education or only primary school (OR = 2.56;
95% CI: 1.27–5.18, vs. University), and being unemployed (OR = 2.71; 95% CI: 1.51–4.86, vs.
having a paid job) were factors associated with non-adherence. Participants experiencing low
social support (OR = 2.61; 95% CI: 1.61–4.23), high internalized HIV-related stigma
(OR = 2.45; 95% CI: 1.52–3.95), low treatment adherence self-efficacy (OR = 3.24; 95% CI:
1.93–5.44), low physical quality of life (OR = 1.75; 95% CI: 1.09–2.78) or low mental quality of
life (OR = 1.92; 95% CI: 1.21–3.07) were also more likely to be non-adherent to cART.

Several variables predicting non-adherence persisted in the multivariable analyses (Table 4).
These were: not having attended formal education or only primary school (OR = 3.25; 95% CI:
1.28–8.26, vs. University), experiencing low social support (OR = 2.56; 95% CI: 1.37–4.82), and
having low treatment adherence self-efficacy (OR = 2.99; 95% CI: 1.59–5.64). Having a detect-
able HIV-RNA and experiencing high internalized HIV-related stigma were also marginally
associated with non-adherence in the multivariable analyses (OR = 2.53; 95% CI: 0.91–7.06
and OR = 1.82; 95% CI: 0.97–3.43, respectively). When participants classified as ‘adherent’
based on Q1, Q2 and Q3 responded with ‘I’m not sure’ to Q4 were classified as ‘non-adherent’
(N = 2), the association between a detectable HIV-RNA and non-adherence was statistically
significant (OR = 3.17; 95%CI 1.10–9.11). Additional analyses showed an association between
non-adherence and having a HIV-RNA>400 copies/ml (OR = 5.59; 95%CI 1.23–25.44) (S5
Table).

Discussion
In this study, we assessed risk factors for non-adherence to cART among immigrant PLWH in
the Netherlands. The results demonstrated that non-adherence to cART is associated with a
lower educational attainment, experiencing low social support, and having low HIV treatment
adherence self-efficacy. A detectable HIV-RNA and experiencing high internalized HIV-
related stigma were also marginally associated with adherence in the multivariable analyses.

Risk Factors for Non-Adherence to cART in Immigrant PLWH in the Netherlands
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Table 4. Factors related to self-reported non-adherence in cART experienced patientsa.

Univariable Regression Multivariable Regression

Variable OR 95% CI P OR 95% CI P

HIV-RNA

<50 copies/ml 1 1

>50 copies/ml 2.44 1.09–5.48 <0.05 2.53 0.91–7.06 0.08

Age

�35 years 1

<35 years 1.24 0.69–2.21 0.46

Gender

Male 1

Female 1.04 0.66–1.65 0.87

1st generation immigrant

No 1

Yes 1.15 0.36–3.65 0.81

Region of origin

Sub Saharan Africa 1 1

Caribbean 1.00 0.54–1.86 1.00 1.72 0.75–3.93 0.19

Latin America 0.72 0.39–1.34 0.30 1.36 0.58–3.20 0.49

Other 0.49 0.25–0.95 <0.05 0.94 0.36–2.44 0.89

Sexual orientation

Homosexual /Bisexual 1

Heterosexual 1.31 0.79–2.15 0.28

Does not know 1.07 0.25–4.52 0.93

Living situation

With family 1

Single parent 1.48 0.76–2.88 0.25

Alone 1.31 0.78–2.21 0.31

Other 1.74 0.67–4.51 0.26

Educational attainment

University 1 1

Higher vocational school 1.03 0.51–2.09 0.93 1.03 0.42–2.52 0.95

Secondary school 1.31 0.68–2.54 0.42 0.71 0.29–1.71 0.45

No formal educ./ Prim. school 2.56 1.27–5.18 <0.01 3.25 1.28–8.26 <0.05

Employment status

Paid employment 1 1

Unemployed 2.71 1.51–4.86 <0.01 1.98 0.87–4.49 0.10

On sick leave 1.31 0.59–2.86 0.50 0.51 0.16–1.58 0.24

Other 1.64 0.88–3.02 0.12 1.19 0.50–2.84 0.69

Alcoholic beverage <30 days

No 1

Yes 0.78 0.49–1.24 0.29

Alcohol use�3 days per week

No 1

Yes 1.67 0.88–3.18 0.12 1.66 0.70–3.92 0.25

Drugs use < 30 days

No 1

Yes 1.27 0.68–2.38 0.45

Social support

(Continued)
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These findings are in line with those of other studies. For example, in a recent meta-analysis
conducted by Langebeek and colleagues, social support, HIV-related stigma, and adherence
self-efficacy were reported to be strongly associated with adherence to cART [12]. In addition,
O’Connor and colleagues previously demonstrated an association between higher educational
attainment and better adherence [27] while Glass and colleagues found that having only a basic
education versus having higher education is a risk factor for worsening adherence over time
[28]. Perhaps PLWH with greater educational attainment have better knowledge of HIV and
thus realize the importance of being adherent to cART.

Self-reports are widely used in other studies of adherence and self-reported adherence has
been found to be associated with HIV-RNA in multiple studies [29]. In our study, we combined
four questions to determine self-reported adherence and conducted analyses using various cut-
off points such that the criteria for adherence were either stricter or less strict (S2 Table). These
analyses yielded the same predictors for non-adherence as those presented in this paper. We
are, therefore, confident that the self-reported measure of adherence employed in our study
was an appropriate measure for determining risk factors for adherence.

Not completely in line with previous studies demonstrating that HIV-related stigma is a
predictor of adherence [6, 12], in our study, internalized HIV-related stigma was only margin-
ally significant in the prediction of adherence. Our study, in its reliance on voluntary participa-
tion, may have recruited a sample with less internalized stigma than the eligible study
population (stigma may very well have been a reason for non-participation and for non-adher-
ence) thus yielding this only marginally significant association.

In addition to exploring risk factors for non-adherence, our study documented adherence
and the extent to which immigrant PLWH have a detectable HIV-RNA. In accordance with
previous research [4–6], we found that, compared to the general HIV population in the Nether-
lands whereby 91% of all PLWH on cART were virologically suppressed in 2014 [1], the eligible
study population of immigrant PLWH contained more PLWH with detectable HIV-RNA. In
fact, HIV-RNA was detectable in 14.5%. This is relatively in line with a previous study con-
ducted in the Netherlands showing that 15% of immigrant PLWH had a detectable HIV-RNA

Table 4. (Continued)

Univariable Regression Multivariable Regression

Variable OR 95% CI P OR 95% CI P

High social support 1 1

Low social support 2.61 1.61–4.23 <0.001 2.56 1.37–4.82 <0.01

Internalized HIV-related stigma

Low internalized stigma 1 1

High internalized stigma 2.45 1.52–3.95 <0.001 1.82 0.97–3.43 0.06

Self-efficacy

High self-efficacy 1 1

Low self-efficacy 3.24 1.93–5.44 <0.001 2.99 1.59–5.64 <0.01

Quality of life

High physical QoL 1 1

Low physical QoL 1.75 1.09–2.78 <0.05 1.49 0.78–2.88 0.23

High mental QoL 1 1

Lowmental QoL 1.92 1.21–3.07 <0.01 1.24 0.65–2.38 0.52

Educ, Education; Prim, Primary; QoL, Quality of Life.
aAll variables with a P<0.15 in the univariable analyses were submitted in multivariable analyses.

doi:10.1371/journal.pone.0162800.t004
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[6]. However, the percentage of PLWH with detectable HIV-RNA was lower in our study sam-
ple (11.0%). A possible explanation for this discrepancy is that those who voluntarily partici-
pated represent a somewhat better performing patient population. If this is the case, our
findings regarding risk factors for non-adherence may be even more relevant in the broader
immigrant PLWH population. Another possible explanation is that current cART regimes are
more effective than previous regimes, even when adherence is not optimal [30]. This conten-
tion appears to, at least in part, be supported by the fact that, in our study, 51.1% of the partici-
pants with an undetectable HIV-RNA were non-adherent compared to 71.9% of the
participants with a detectable HIV-RNA. This, however, does not, in any way, justify non-
adherence as non-adherence predisposes one to detectable HIV-RNA [6] and adherence levels
to certain cART regimes of 70% still have been shown to promote residual HIV replication,
even in the absence of virological rebound in plasma [31].

This study has a number of strengths and a few limitations that should be considered in the
interpretation of the findings. One strength is that we successfully recruited and included 352
PLWH from a population that is generally very hard to reach and, in doing so, collected sub-
stantial data on their clinical, socio-demographic, and psychosocial characteristics. This is, to
our knowledge, the largest sample of immigrant PLWH recruited for a study on risk factors for
non-adherence to cART in the Netherlands to date. A second strength is that, in measuring
adherence, we included both objective (biomarkers) and subjective (self-reported items)
measures.

A possible limitation is that our sample may not fully represent the broader immigrant
PLWH population in the Netherlands. Our response rate was 41.1% and our sample contained
a lower percentage of cART experienced patients with a detectable HIV-RNA than in the eligi-
ble study population indicating the possibility of selection bias in the main analysis. As such,
our results may, in fact, underestimate the predictive value of the risk factors for non-adher-
ence found. Given reasons for non-participation reported, it is quite possible that those refus-
ing to participate experience more HIV-related stigma and related disclosure concerns than
those who did participate thereby leading to an underestimation of the predictive value of
HIV-related stigma. This is supported by findings from other studies indicating significant per-
ceived stigma and disclosure concerns due to anticipated stigma among immigrant PLWH in
the Netherlands [15, 32]. Another limitation is that data from 18.8% of the sample were miss-
ing for treatment adherence self-efficacy. Participants struggled to understand the items in this
scale, despite assistance. A final limitation is the cross-sectional nature of this study. Because
treatment with cART is currently a lifelong commitment and adherence is complex, it is possi-
ble that predictors of adherence change over time. We, therefore, suggest that future studies
longitudinally measure adherence and its associated risk factors on multiple occasions over a
longer period of time.

Conclusion
In conclusion, our findings provide important insights for the development of theory and evi-
dence-based interventions that aim to improve adherence to cART in immigrant PLWH. In
addition to monitoring patients with low educational attainment, low social support, and low
treatment adherence self-efficacy, we recommend the development of interventions that aim to
increase social support and treatment adherence self-efficacy while considering the impact of
education on adherence. This could potentially take the form of more intensive counselling
and formal support from HIV care providers or informal support by trained peers. Also, given
the possibility that our findings underestimated the effects of HIV-related stigma on adherence,
interventionists may want to consider engaging in efforts to reduce or combat the effects of
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HIV-related stigma. Interventions seeking to improve adherence should subsequently be evalu-
ated for effect, while controlling for variability in the standard of care provided to control
groups as this can influence the effect sizes of behavior change interventions [33, 34]. Also, in
the development of such interventions, it is imperative that cultural background of immigrant
PLWH and possible challenges such as language barriers and cultural appropriateness be
considered.

Supporting Information
S1 Table. Self-reported adherence questions.
(PDF)

S2 Table. Adherence measures.
(PDF)

S3 Table. Adherence I. Factors related to self-reported adherence in cART experienced
patients. Educ, Education; Prim, Primary; QoL, Quality of Life. aAll variables with a P<0.15 in
the univariable analyses were submitted in multivariable analyses.
(PDF)

S4 Table. Adherence III. Factors related to self-reported adherence in cART experienced
patients. Educ, Education; Prim, Primary; QoL, Quality of Life. aAll variables with a P<0.15 in
the univariable analyses were submitted in multivariable analyses.
(PDF)

S5 Table. Association between adherence and HIV-RNA.
(PDF)

Acknowledgments
The authors thank the participants for their time and willingness to contribute to this study.
We also thank dr. Jeanine F.J.B. Nellen (AMC) for her intellectual input when this study was
being conceived. In addition, we thank the physicians and nurses at Erasmus University Medi-
cal Centre and Maasstad Hospital, and the members of the interview team, for their efforts dur-
ing the inclusion period. Lastly, we thank our colleagues from the ATHENA observational
HIV cohort, particularly Fleur B. Bruinsma-Broekman, for contributing to the data collection.

Author Contributions

Conceptualization: AVMEGW IB.

Data curation: SKB.

Formal analysis: SKB DAMCV.

Funding acquisition: AV.

Investigation: SKB IB.

Methodology: PTN AERB SES.

Project administration: SKB IB.

Resources: AV KP PTN AERB SES.

Supervision: AV.

Risk Factors for Non-Adherence to cART in Immigrant PLWH in the Netherlands

PLOS ONE | DOI:10.1371/journal.pone.0162800 October 5, 2016 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162800.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162800.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162800.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162800.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162800.s005


Visualization: SKB DAMCV PTN SES AV.

Writing – original draft: SKB.

Writing – review & editing: SKB DAMCV PTN IB SES AERB MEGW KP AV.

References
1. Van Sighem A, Gras L, Smit C, Stolte I, Reiss P. Monitoring Report 2014: Monitoring of Humaan Immu-

nodeficiency Virus (HIV) infection in the Netherlands. Amsterdam: Stichting Hiv Monitoring, 2014. Avail-
able from: http://www.hiv-monitoring.nl/files/8914/1527/1076/SHM_Monitoring_report_2014.pdf.

2. May MT, Gompels M, Delpech V, Porter K, Orkin C, Kegg S, et al. Impact on life expectancy of HIV-1
positive individuals of CD4+ cell count and viral load response to antiretroviral therapy. AIDS. 2014; 28
(8):1193–202. doi: 10.1097/QAD.0000000000000243 PMID: 24556869

3. Lima VD, Harrigan R, Bangsberg DR, Hogg RS, Gross R, Yip B, et al. The combined effect of modern
highly active antiretroviral therapy regimens and adherence on mortality over time. J Acquir Immune
Defic Syndr. 2009; 50(5):529–36. doi: 10.1097/QAI.0b013e31819675e9 PMID: 19223785

4. Nellen JF, Wit FW, DeWolf F, Jurriaans S, Lange JM, Prins JM. Virologic and immunologic response to
highly active antiretroviral therapy in indigenous and nonindigenous HIV-1-infected patients in the Neth-
erlands. J Acquir Immune Defic Syndr. 2004; 36(4):943–50. PMID: 15220701

5. Nellen JFJB, Nieuwkerk PT, Burger DM, Wibaut M, Gras LA, Prins JM. Which method of adherence
measurement is most suitable for daily use to predict virological failure among immigrant and non-immi-
grant HIV-1 infected patients? Aids Care-Psychological and Socio-Medical Aspects of Aids/Hiv. 2009;
21(7):842–50.

6. Sumari-de Boer IM, Sprangers MA, Prins JM, Nieuwkerk PT. HIV stigma and depressive symptoms are
related to adherence and virological response to antiretroviral treatment among immigrant and indige-
nous HIV infected patients. AIDS Behav. 2012; 16(6):1681–9. doi: 10.1007/s10461-011-0112-y PMID:
22198315

7. Van den Berg JB, Hak E, Vervoort SC, Hoepelman IM, Boucher CA, Schuurman R, et al. Increased risk
of early virological failure in non-European HIV-1-infected patients in a Dutch cohort on highly active
antiretroviral therapy. HIV Med. 2005; 6(5):299–306. PMID: 16156876

8. Schouten M, Van Velde AJ, Snijdewind IJ, Verbon A, Rijnders BJ, Van der Ende ME. Late diagnosis of
HIV positive patients in Rotterdam, the Netherlands: risk factors and missed opportunities. Ned Tijdschr
Geneeskd. 2013; 157(15):A5731. PMID: 23575291

9. Mannheimer S, Friedland G, Matts J, Child C, Chesney M. The consistency of adherence to antiretrovi-
ral therapy predicts biologic outcomes for human immunodeficiency virus-infected persons in clinical tri-
als. Clin Infect Dis. 2002; 34(8):1115–21. PMID: 11915001

10. Staehelin C, Keiser O, Calmy A, Weber R, Elzi L, Cavassini M, et al. Longer term clinical and virological
outcome of sub-Saharan African participants on antiretroviral treatment in the Swiss HIV Cohort Study.
J Acquir Immune Defic Syndr. 2012; 59(1):79–85. doi: 10.1097/QAI.0b013e318236be70 PMID:
21937923

11. Ammassari A, Trotta MP, Murri R, Castelli F, Narciso P, Noto P, et al. Correlates and predictors of
adherence to highly active antiretroviral therapy: overview of published literature. J Acquir Immune
Defic Syndr. 2002; 31 Suppl 3:S123–7. PMID: 12562034

12. Langebeek N, Gisolf EH, Reiss P, Vervoort SC, Hafsteinsdottir TB, Richter C, et al. Predictors and cor-
relates of adherence to combination antiretroviral therapy (ART) for chronic HIV infection: a meta-analy-
sis. BMCMed. 2014; 12:142. doi: 10.1186/PREACCEPT-1453408941291432 PMID: 25145556

13. Mannheimer SB, Matts J, Telzak E, Chesney M, Child C, Wu AW, et al. Quality of life in HIV-infected
individuals receiving antiretroviral therapy is related to adherence. AIDS Care. 2005; 17(1):10–22.
PMID: 15832830

14. Wasti SP, Simkhada P, Randall J, Freeman JV, Van Teijlingen E. Factors influencing adherence to
antiretroviral treatment in Nepal: a mixed-methods study. PLoS One. 2012; 7(5):e35547. doi: 10.1371/
journal.pone.0035547 PMID: 22563464

15. Stutterheim SE, Bos AE, Shiripinda I, De Bruin M, Pryor JB, Schaalma HP. HIV-related stigma in Afri-
can and Afro-Caribbean communities in the Netherlands: manifestations, consequences and coping.
Psychol Health. 2012; 27(4):395–411. doi: 10.1080/08870446.2011.585426 PMID: 21678184

16. Kokkevi A, Hartgers C. EuropASI: European adaptation of a multidimensional assessment instrument
for drug and alcohol dependence. European Addiction Research 1995; 1(4):208–10.

Risk Factors for Non-Adherence to cART in Immigrant PLWH in the Netherlands

PLOS ONE | DOI:10.1371/journal.pone.0162800 October 5, 2016 12 / 13

http://www.hiv-monitoring.nl/files/8914/1527/1076/SHM_Monitoring_report_2014.pdf
http://dx.doi.org/10.1097/QAD.0000000000000243
http://www.ncbi.nlm.nih.gov/pubmed/24556869
http://dx.doi.org/10.1097/QAI.0b013e31819675e9
http://www.ncbi.nlm.nih.gov/pubmed/19223785
http://www.ncbi.nlm.nih.gov/pubmed/15220701
http://dx.doi.org/10.1007/s10461-011-0112-y
http://www.ncbi.nlm.nih.gov/pubmed/22198315
http://www.ncbi.nlm.nih.gov/pubmed/16156876
http://www.ncbi.nlm.nih.gov/pubmed/23575291
http://www.ncbi.nlm.nih.gov/pubmed/11915001
http://dx.doi.org/10.1097/QAI.0b013e318236be70
http://www.ncbi.nlm.nih.gov/pubmed/21937923
http://www.ncbi.nlm.nih.gov/pubmed/12562034
http://dx.doi.org/10.1186/PREACCEPT-1453408941291432
http://www.ncbi.nlm.nih.gov/pubmed/25145556
http://www.ncbi.nlm.nih.gov/pubmed/15832830
http://dx.doi.org/10.1371/journal.pone.0035547
http://dx.doi.org/10.1371/journal.pone.0035547
http://www.ncbi.nlm.nih.gov/pubmed/22563464
http://dx.doi.org/10.1080/08870446.2011.585426
http://www.ncbi.nlm.nih.gov/pubmed/21678184


17. Moser A, Stuck AE, Silliman RA, Ganz PA, Clough-Gorr KM. The eight-item modified Medical Out-
comes Study Social Support Survey: psychometric evaluation showed excellent performance. J Clin
Epidemiol. 2012; 65(10):1107–16. doi: 10.1016/j.jclinepi.2012.04.007 PMID: 22818947

18. Health R. Medical Outcomes Study: Social Support Survey Scoring Instructions [Website]. RAND;
[cited 2015 13-04-2015]. Available from: http://www.rand.org/health/surveys_tools/mos/mos_
socialsupport_scoring.html.

19. Kalichman SC, Simbayi LC, Cloete A, Mthembu PP, Mkhonta RN, Ginindza T. Measuring AIDS stigmas
in people living with HIV/AIDS: the Internalized AIDS-Related Stigma Scale. AIDS Care. 2009; 21
(1):87–93. doi: 10.1080/09540120802032627 PMID: 19085224

20. Johnson MO, Neilands TB, Dilworth SE, Morin SF, Remien RH, Chesney MA. The role of self-efficacy
in HIV treatment adherence: validation of the HIV Treatment Adherence Self-Efficacy Scale (HIV-
ASES). J Behav Med. 2007; 30(5):359–70. PMID: 17588200

21. Ware J Jr., Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and pre-
liminary tests of reliability and validity. Med Care. 1996; 34(3):220–33. PMID: 8628042

22. Berg KM,Wilson IB, Li X, Arnsten JH. Comparison of antiretroviral adherence questions. AIDS Behav.
2012; 16(2):461–8. doi: 10.1007/s10461-010-9864-z PMID: 21181252

23. Nieuwkerk P, Gisolf E, Sprangers M, Danner S, Prometheus Study G. Adherence over 48 weeks in an
antiretroviral clinical trial: variable within patients, affected by toxicities and independently predictive of
virological response. Antivir Ther. 2001; 6(2):97–103. PMID: 11491422

24. Nieuwkerk PT, De Boer-Van der Kolk IM, Prins JM, Locadia M, Sprangers MA. Self-reported adherence
is more predictive of virological treatment response among patients with a lower tendency towards
socially desirable responding. Antivir Ther. 2010; 15(6):913–6. doi: 10.3851/IMP1644 PMID: 20834104

25. Nieuwkerk PT, Sprangers MA, Burger DM, Hoetelmans RM, Hugen PW, Danner SA, et al. Limited
patient adherence to highly active antiretroviral therapy for HIV-1 infection in an observational cohort
study. Arch Intern Med. 2001; 161(16):1962–8. PMID: 11525698

26. Chesney MA, Ickovics JR, Chambers DB, Gifford AL, Neidig J, Zwickl B, et al. Self-reported adherence
to antiretroviral medications among participants in HIV clinical trials: the AACTG adherence instru-
ments. Patient Care Committee & AdherenceWorking Group of the Outcomes Committee of the Adult
AIDS Clinical Trials Group (AACTG). AIDS Care. 2000; 12(3):255–66. PMID: 10928201

27. O'Connor JL, Gardner EM, Mannheimer SB, Lifson AR, Esser S, Telzak EE, et al. Factors associated
with adherence amongst 5295 people receiving antiretroviral therapy as part of an international trial. J
Infect Dis. 2013; 208(1):40–9. doi: 10.1093/infdis/jis731 PMID: 23204161

28. Glass TR, Battegay M, Cavassini M, De Geest S, Furrer H, Vernazza PL, et al. Longitudinal analysis of
patterns and predictors of changes in self-reported adherence to antiretroviral therapy: Swiss HIV
Cohort Study. J Acquir Immune Defic Syndr. 2010; 54(2):197–203. doi: 10.1097/QAI.
0b013e3181ca48bf PMID: 20035231

29. Simoni JM, Kurth AE, Pearson CR, Pantalone DW, Merrill JO, Frick PA. Self-report measures of antire-
troviral therapy adherence: A review with recommendations for HIV research and clinical management.
AIDS Behav. 2006; 10(3):227–45. PMID: 16783535

30. Shuter J. Forgiveness of non-adherence to HIV-1 antiretroviral therapy. J Antimicrob Chemother. 2008;
61(4):769–73. doi: 10.1093/jac/dkn020 PMID: 18256112

31. Pasternak AO, De Bruin M, Jurriaans S, Bakker M, Berkhout B, Prins JM, et al. Modest nonadherence
to antiretroviral therapy promotes residual HIV-1 replication in the absence of virological rebound in
plasma. J Infect Dis. 2012; 206(9):1443–52. doi: 10.1093/infdis/jis502 PMID: 22927449

32. Stutterheim SE, Shiripinda I, Bos AE, Pryor JB, De Bruin M, Nellen JF, et al. HIV status disclosure
among HIV-positive African and Afro-Caribbean people in the Netherlands. AIDS Care. 2011; 23
(2):195–205. doi: 10.1080/09540121.2010.498873 PMID: 21259132

33. De Bruin M, Viechtbauer W, Hospers HJ, Schaalma HP, Kok G. Standard care quality determines treat-
ment outcomes in control groups of HAART-adherence intervention studies: implications for the inter-
pretation and comparison of intervention effects. Health Psychol. 2009; 28(6):668–74. doi: 10.1037/
a0015989 PMID: 19916634

34. De Bruin M, Viechtbauer W, Schaalma HP, Kok G, Abraham C, Hospers HJ. Standard care impact on
effects of highly active antiretroviral therapy adherence interventions: A meta-analysis of randomized
controlled trials. Arch Intern Med. 2010; 170(3):240–50. doi: 10.1001/archinternmed.2009.536 PMID:
20142568

Risk Factors for Non-Adherence to cART in Immigrant PLWH in the Netherlands

PLOS ONE | DOI:10.1371/journal.pone.0162800 October 5, 2016 13 / 13

http://dx.doi.org/10.1016/j.jclinepi.2012.04.007
http://www.ncbi.nlm.nih.gov/pubmed/22818947
http://www.rand.org/health/surveys_tools/mos/mos_socialsupport_scoring.html
http://www.rand.org/health/surveys_tools/mos/mos_socialsupport_scoring.html
http://dx.doi.org/10.1080/09540120802032627
http://www.ncbi.nlm.nih.gov/pubmed/19085224
http://www.ncbi.nlm.nih.gov/pubmed/17588200
http://www.ncbi.nlm.nih.gov/pubmed/8628042
http://dx.doi.org/10.1007/s10461-010-9864-z
http://www.ncbi.nlm.nih.gov/pubmed/21181252
http://www.ncbi.nlm.nih.gov/pubmed/11491422
http://dx.doi.org/10.3851/IMP1644
http://www.ncbi.nlm.nih.gov/pubmed/20834104
http://www.ncbi.nlm.nih.gov/pubmed/11525698
http://www.ncbi.nlm.nih.gov/pubmed/10928201
http://dx.doi.org/10.1093/infdis/jis731
http://www.ncbi.nlm.nih.gov/pubmed/23204161
http://dx.doi.org/10.1097/QAI.0b013e3181ca48bf
http://dx.doi.org/10.1097/QAI.0b013e3181ca48bf
http://www.ncbi.nlm.nih.gov/pubmed/20035231
http://www.ncbi.nlm.nih.gov/pubmed/16783535
http://dx.doi.org/10.1093/jac/dkn020
http://www.ncbi.nlm.nih.gov/pubmed/18256112
http://dx.doi.org/10.1093/infdis/jis502
http://www.ncbi.nlm.nih.gov/pubmed/22927449
http://dx.doi.org/10.1080/09540121.2010.498873
http://www.ncbi.nlm.nih.gov/pubmed/21259132
http://dx.doi.org/10.1037/a0015989
http://dx.doi.org/10.1037/a0015989
http://www.ncbi.nlm.nih.gov/pubmed/19916634
http://dx.doi.org/10.1001/archinternmed.2009.536
http://www.ncbi.nlm.nih.gov/pubmed/20142568

