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Age, adherence and injection drug use predict
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enrolled in a population-based antiretroviral drug
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Objectives: To characterize 1-year virological response to
antiretroviral therapy and its determinants by sex.
Methods: This is a population-based analysis of antiretroviral therapy naive HIV-positive adult men and
women. Factors associated with sex and with plasma HIV
RNA viral load suppression to below 500 copies/ml were
examined using non-parametric tests and logistic
regression analyses.
Results: A total of 739 subjects (92 women and 647
men) were eligible. Female participants were younger
(34 vs 37 years; P<0.001), less likely to have AIDS (6.5
vs 14.4%; P=0.039), more frequently injection drug
users (44.6 vs 25.2%; P=0.001) and were less likely to
be adherent to therapy (34.8 vs 62.9%; P<0.001) than
male participants. There was no difference in baseline
median CD4 count (P=0.424) or HIV RNA levels

(P=0.140), physician experience (P=0.057), or with
respect to antiretroviral regimens containing protease
inhibitors or non-nucleoside reverse transcriptase
inhibitors (P=0.911). With treatment, 46.7% (43/92) of
women and 64.8% (419/647) of men (P=0.001)
suppressed HIV RNA viral load to below 500 copies/ml
at 1 year. In a multivariate analysis, the association of
sex with HIV RNA response to antiretroviral therapy fell
from statistical significance (odds ratio 1.18; 95% CI:
0.72–1.95) after adjusting for adherence, injection drug
use and age.
Conclusion: Our data indicate that in this populationbased setting, sex differences in 1-year virological
response to antiretroviral therapy are explained by age,
adherence and injection drug use.

Introduction
Triple-drug antiretroviral therapy is currently recommended as the standard first-line therapy for patients
infected with HIV [1]. It has been shown to increase
short-term survival, decrease morbidity, improve CD4
cell counts and decrease plasma viral load [1–3]. Thus
far, clinical guidelines for antiretroviral therapy have
been established from studies performed predominantly among men, but are applied uniformly to
women and men [1,4]. With the increase in the incidence of HIV/AIDS in women in the last decade [5],
potential sex differences in HIV infection have become
important considerations in the assessment and treatment of men and women with HIV/AIDS. Differences
by sex in baseline plasma HIV-1 RNA levels [6–12],
CD4 lymphocyte (CD4) counts [10,13,14], and
progression to AIDS and death [15] have been
reported. However, the mechanisms for these differences remain largely unidentified and are still subject to
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debate as other studies have failed to confirm these
observations [16–20].
Inasmuch as it is important to study sex differences
in disease progression, because treatment guidelines
are based on disease markers and do not include a
stratification by sex, it is equally important to explore
sex differences in response to highly active antiretroviral therapy (HAART). In spite of several plausible
postulates, there has been little conclusive evidence to
indicate that there are clinically significant sex differences in viral load response to antiretroviral therapy
[21–25]. Information on relative viral load responses
to therapy between the sexes may provide relevant
information of assistance in determining how best to
achieve optimal treatment response in both men and
women. We conducted the present analyses to characterize and explore the determinants of plasma HIV
RNA suppression to below 500 copies/ml in women
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and men in British Columbia who first started tripledrug antiretroviral therapy between 1996 and 1998.
This is among the first population-based studies investigating sex differences in response to antiretroviral
therapy.

Methods
HIV/AIDS Drug Treatment Program
Since 1992, the HIV/AIDS Drug Treatment Program at
the British Columbia (BC) Centre for Excellence in
HIV/AIDS has distributed antiretroviral therapy at no
cost to eligible HIV-infected residents of BC.
Medication is dispensed on the basis of protocols
established by the Therapeutic Guidelines Committee
[26]. These guidelines are reviewed annually and have
remained consistent with those published by the
International AIDS society USA [1,27,28].

Data collection
HIV-1 antibody-positive participants are recruited into
the provincial HIV/AIDS Drug Treatment Program upon
completion of a physician administered drug request
enrolment form. Upon enrolment, each participant is
asked to complete a programme consent form and
survey, and the physician is asked to complete a clinical
staging form. The clinical staging form records participant-specific information on HIV/AIDS-related
conditions according to the World Health Organization’s
clinical staging system [29]. Participant surveys and clinical staging forms are re-administered annually.
Our retrospective analysis was restricted to HIV-positive men and women who first started triple-drug
antiretroviral therapy between August 1996 and
September 1998. Participants were followed until
January 31 2001. In June 1996 the BC Centre for
Excellence in HIV/AIDS adopted plasma viral loaddriven antiretroviral therapy guidelines, consistent with
those put forward by the International AIDS Society –
USA [30]. In brief, antiretroviral therapy naive individuals with plasma viral load >100000 copies/ml were
offered triple-drug regimens (that is, two nucleosides plus
a protease inhibitor or a non-nucleoside reverse transcriptase inhibitor), while those with plasma viral loads
from 5000 to 100000 copies/ml were offered dual nucleoside therapy. In July of 1997, the guidelines were revised
to recommend triple combination therapy for all antiretroviral-naive individuals with plasma viral loads
≥5000 copies/ml or a CD4 cell count below 500
cells/mm3 [1,27,28]. Later on, the guidelines were revised
again, and combination therapy is now recommended for
patients with CD4 <350 cells/mm3.
Participants were included in the study if they were
18 years of age or older, had baseline plasma HIV RNA
levels above 500 copies/ml, and had at least 16 months
570

of follow-up after initiation of antiretroviral therapy.
Baseline values refer to the last measures taken prior to
the first start date of antiretroviral therapy. Plasma
viral load was measured using Amplicor HIV-1
Monitor (Roche Diagnostic Systems, Branchburg,
NJ, USA). For this study, plasma viral load of 500
copies/ml was chosen as the threshold measure for
suppression and non-suppression of viral load in
keeping with testing standards for the period beginning
in August 1996, and for consistency through the study
period. Sixteen months of follow-up was selected a
priori, as it provides a conservative time window for
virological suppression after 1 year from treatment
start date.
Patient information was obtained through selfadministered voluntary questionnaire. For this study,
adherence was defined as the number of months of
medication dispensed divided by the number of months
of follow-up in the first year, expressed as percentages.
Ninety-five percent adherence to therapy has been
associated with high treatment success as measured by
viral load suppression [31, 32]. Thus, adherent participants in this study are considered to be those who
have been 95% adherent to treatment. Physician experience was estimated from the cumulative number of
treated HIV-positive patients the physician had
followed at the time when the participant first started
antiretroviral therapy [33].

Outcome measures
The primary outcome measure in our analysis was
plasma HIV RNA viral load suppression to less than
500 copies/ml in the last available viral load measurement, at least 1 year after the start of antiretroviral
therapy.

Statistical analysis
We followed an intent-to-treat principle – subjects
were retained in their initial treatment groups irrespective of therapy switching – because it provided us with
the most conservative estimate of true treatment effect.
Statistical comparisons of baseline data stratified by
sex and by viral load response were conducted using
distribution-free methods. Categorical variables and
continuous variables were compared with Pearson’s χ2
statistics and Wilcoxon rank sum non-parametric tests,
respectively.
Logistic regression analyses were used to determine
if sex, age, AIDS, baseline HIV RNA levels, baseline
CD4, injection drug use, adherence and physician
experience were associated with HIV RNA suppression
to less than 500 copies/ml after initiation of triple-drug
antiretroviral therapy. To assess independent predictors
of HIV RNA viral load suppression, variables significant in univariate analyses (P<0.05) were considered in
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multivariate logistic regression models. As have others
[34], we evaluated suppression levels by fitting logistic
models since we sought to evaluate factors associated
with ever achieving plasma HIV RNA suppression.
This approach was selected since we assumed that ever
achieving HIV RNA suppression would be more clinically relevant than the time to HIV RNA suppression
[35]. All reported P-values are two-sided.

Results
Of 856 Drug Treatment Program participants, 117
(13.7%) were excluded from the study. Those who
were excluded from this study were significantly more
likely to be women. Our analysis was based on 739
participants who started naive on triple combination
antiretroviral therapy upon enrolment into the
HIV/AIDS Drug Treatment Program between August
1996 and September 1998. In total, there were 92
women (12%) and 647 men (88%) in this study group.
Median follow-up time for participants in this study
was 28 (IQR: 22–33) months.
As shown in Table 1, female participants were
younger (median 34 vs 37 years; P<0.001), less likely
to have AIDS (6.5 vs 14.4%; P=0.039) and more
likely to be injection drug users (44.6 vs 25.2%;
P=0.001) than male participants. There was no sex
difference with respect to median baseline CD4 count
(P=0.424), median baseline HIV RNA levels
(P=0.140) or physician experience (P=0.057). Female
participants were less likely to be 95% adherent to
their antiretroviral treatment regimen (34.8 vs
62.9%; P=0.001) than male participants. There was
no statistically significant sex difference with respect
to antiretroviral regimens containing protease
inhibitors or non-nucleoside reverse transcriptase
inhibitors (P=0.911).
Table 2 shows that men were significantly more
likely to achieve HIV RNA levels below 500 copies/ml
than women. Specifically, 43 out of 92 (46.7%)
women and 419 out of 647 (64.8%) men (P=0.001)
achieved an HIV RNA viral load response. Participants
who achieved HIV RNA suppression to below 500
copies/ml were more likely to be older (38 vs 35 years;
P<0.001) and to have a lower median baseline CD4
lymphocyte count (270 vs 340 cells/mm3; P=0.003).
Those with a diagnosis of AIDS (P=0.003) and those
who were 95% adherent to antiretroviral treatment
(P=0.001) were more likely to suppress viral load.
Injection drug users were less likely to achieve viral
load suppression than those who did not use injection
drugs (50.0 vs 67.3%; P=0.001). Baseline plasma viral
load was not significantly different in those who did
and did not achieve an HIV RNA response to below
500 copies/ml (P=0.650).
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Table 1. Association between sex and clinical characteristics
of 739 HIV-positive participants first prescribed any triple
combination antiretroviral therapy between August 1 1996
and September 30 1998 (column percentages shown)
Baseline variable

Female (n=92)

Age (years)
Median
34
(interquartile range) (29–40)

Male (n=647)

P-value

37
(32–44)

<0.001

Plasma HIV RNA (copies/ml)
Median
105 000
140 000
0.140
(interquartile range) (35 000–340 000) (55 000–310 000)
CD4 (cells/mm3)
Median
310
(interquartile range) (160–440)

300
(130–450)

0.424

AIDS diagnosis
No
Yes

86 (93.5%)
6 (6.5%)

554 (85.6%)
93 (14.4%)

0.039

Injection drug use
Yes
No

41 (44.6%)
51 (55.4%)

163 (25.2%)
484 (74.8%)

0.001

95% adherence
Yes
No

32 (34.8%)
60 (65.2%)

407 (62.9%)
240 (37.1%)

0.001

Physician experience
Median
48
(interquartile range) (3–92)

43
(5–137)

0.057

HAART regimen
PI
NNRTI

567 (87.6%)
80 (12.4%)

0.911

81 (88.0%)
11 (12.0%)

As shown in Table 3, there was no statistically significant sex difference in HIV RNA suppression to below
500 copies/ml after adjusting for adherence, injection
drug use and age (adjusted odds ratio 1.18; 95% CI:
0.72–1.95). In confirmatory analyses, we found that no
combination of other potential confounders (baseline
plasma viral load, baseline CD4 counts, physician experience, AIDS diagnosis, non-nucleoside reverse
transcriptase inhibitor and protease inhibitor regimens)
significantly changed these estimates, and these estimates were not significantly affected when adherence
was considered as a continuous variable (data not
shown). Model diagnostics did not detect any significant interactions. Also, since treatment guidelines
changed during the study period, we evaluated whether
calendar period might confound any sex effect. In both
univariate and multivariate analyses, calendar period
(before versus after July 1997) was not statistically
significant (data not shown). Results were similar,
where gender was significant univariately but fell from
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Table 2. Association between HIV RNA plasma viral load
response below 500 copies/ml and clinical characteristics of
739 HIV-positive participants
HIV RNA response
Baseline variable

Not suppressed: Suppressed:
P-value
≥500 copies/ml <500 copies/ml
(n=277)
(n=462)

Discussion

Sex
Female
Male

49 (53.3%)
228 (35.2%)

Age

35.3 (31.6-42.0) 37.7 (32.9-44.0) <0.001

43 (46.7%)
419 (64.8%)

0.001

Plasma HIV RNA (copies/ml)
Median
130 000
130 000
0.650
(interquartile range)
(48 000–340 000) (50 000–300 000)
CD4 (cells/mm3)
Median
(interquartile range)

340
(180–480)

270
(120–430)

0.003

AIDS
Yes
No

24 (24.2%)
253 (39.5%)

75 (75.8%)
387 (60.5%)

0.003

Injection drug use
Total number of IDU
102 (50.0%)
Total number of non-IDU 175 (32.7%)

102 (50.0%)
360 (67.3%)

0.001

90 (20.5%)

349 (79.5%)

0.001

187 (62.3%)

113 (37.7%)

95% adherence
Total number who
were ≥95% adherent
Total number who
were <95% adherent

the non-suppressed participants, 36% of the men were
adherent while only 16% of the women were adherent.
The same pattern is seen with injection drug users,
with a higher proportion of men (49%) having 95%
adherence than women (27%). Likewise, among the
non-injection drug users, a higher proportion of males
were 95% adherent than females (68 vs 41%).

(row percentages presented).

significance in the multivariate model, when we evaluated the time to suppression using cox regression
analyses.
Table 4 shows results of a sub-analysis focusing on
treatment adherence. In our cohort, participants who
were more likely to be adherent to treatment were male
and were slightly older. Among the suppressed individuals, there were a higher proportion of men who were
adherent than women (78 vs 56%). Similarly, among

Our data demonstrate that women prescribed triple
combination antiretroviral therapy in British
Columbia, Canada, did not achieve as full viral load
suppression as men after at least 1 year of follow-up.
However, our analyses indicate that sex differences in
virological suppression after 1 year are explained by an
imbalance of known predictors (age, injection drug use
and adherence) between men and women.
Sex differences in biological markers of HIV
disease have been reported [6–12,36], however, the
clinical significance of these findings is still unclear
[9,16]. Further, several prospective studies have
found no difference according to sex in survival and
progression to AIDS, in spite of some initial viral load
differences in men and women [15,17,37]. Overall,
whether a clinically important sex difference in viral
load or time to progression to AIDS exists is still
unclear. However, what of sex differences in response
to treatment once started?
Antiretroviral therapy has been shown to benefit
men and women [38], and at present, treatment guidelines recommend antiretroviral treatment based on
clinical, virological and immunological status, but not
sex [1]. Many biological reasons have been postulated
for why women might have a different response to
antiretroviral treatment than men. Women and men
may show differential drug absorption [39], disparities
in median body weight [40] and hormonal differences
[4,41], all of which theoretically may result in differential response to treatment. Further, recent work
suggests that a sex difference in virus–host interactions
not explained by clinical disease status may exist
[6,42,43]. In spite of many plausible postulates, there
has been little conclusive evidence to indicate that there
are clinically significant sex differences in virological

Table 3. Multivariate logistic regression models of clinical factors associated with HIV RNA plasma viral load response below
500 copies/ml among 739 participants first prescribed any triple combination antiretroviral therapy
Variables

Model
Sex (male vs female)
95% adherence (yes vs no)
IDU (yes vs no)
Age (10 year increments)
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Unadjusted
odds ratio

95% confidence
intervals

P-value

Adjusted
odds ratio

95% confidence
intervals

P-value

2.09
6.42
0.49
1.40

1.35–3.25
4.62–8.92
0.35–0.68
1.17–1.67

0.001
<0.001
<0.001
<0.001

1.18
5.67
0.65
1.29

0.72–1.95
4.06–7.97
0.45–0.95
1.03–1.53

0.508
<0.001
0.024
0.023
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response to ART [21]. Indeed, the present populationbased study finds little evidence of a sex difference in the
potential to achieve a virological response to treatment.
At baseline, we saw no significant difference in
median plasma HIV RNA levels between the sexes. As
this is an observational study of only those people
accessing treatment, this finding is not surprising.
More importantly, however, we found that plasma HIV
RNA levels at baseline did not predict viral load
suppression after 1 year of antiretroviral therapy in
men or women, nor did viral load suppression to
below 500 copies/ml differ by sex in participants who
were 95% adherent to treatment. Thus, initial viral
load, and male or female sex do not appear to predict
the potential to suppress viral load in our population.
Older participants in our cohort were more likely to
suppress viral load after 1 year of treatment. This may
reflect survivor bias or, we postulate, that this trend
may be explained in large part by the fact that slightly
older participants were more adherent to treatment.
These results are similar to other study findings that
older participants tend to have better adherence to
ART [44,45], and we suspect thus may reflect more
stable lifestyles, social support and generally better
overall health.
In our study population, only 59.4% of participants
were 95% adherent to treatment. Very little adherence
data have been reported among observational rather
than clinical trial cohorts, and these observational results
are consistent with other published reports [45,46]. Suboptimal adherence has been suggested as the leading
cause of virological failure of antiretroviral therapy [47].
Although a discrete sex difference in response to
treatment fell from statistical significance in our multivariate model, our sub-analysis investigating adherence
showed that women are less adherent to antiretroviral
treatments than men, and women who inject drugs
(most of HIV-infected women in our sample) have the
most difficulty with treatment adherence. Therefore,
women in our study have many of the characteristics
that would predict that they will be among the least
likely to succeed in suppressing viral load after at least
1 year of follow-up.
Even after controlling for adherence, injecting
drugs predicted virological failure in our cohort. The
frequency of transmission of drug-resistant HIV
within the population of injection drug users in
Vancouver has been found to be extremely low [49],
thus we do not believe that drug resistance at baseline
was a likely confounder in this study. However, HIVinfected injection drug users often present with a
complicated array of medical and psychosocial issues.
Indeed, injection drug users in Vancouver are less
likely to have stable housing or reliable access to food
and shelter than non-injection drug users, which may
Antiviral Therapy 8:6

Table 4. Sub-analysis of adherence
Variables

95% adherent Non-adherent P-value

Median age

37.5

35.7

<0.001

Women
Men

32 (34.8%)
407 (62.9%)

60 (65.2%)
240 (37.1%)

0.001

PVL-suppressed
Total number of women
Total number of men

24 (55.8%)
325 (77.6%)

19 (44.2%)
94 (22.4%)

0.002

Not suppressed
Total number of women
Total number of men

8 (16.3%)
82 (36.0%)

41 (83.7%)
146 (64.0%)

0.008

30 (73.2%)
84 (51.5%)

0.013

21 (41.2%)

30 (58.8%)

0.001

328 (67.8%)

156 (32.2%)

IDU
Total number of IDU-women 11 (26.8%)
Total number of IDU-men
79 (48.5%)
Non-IDU
Total number of
non-IDU-women
Total number of
non-IDU-men
(row percentages presented).

reflect a disorganized lifestyle and generally poorer
health status [50]. Collection of more detailed
psychosocial and medical information (that is, concurrent mental illness, co-infection with hepatitis C virus)
may help to further explain the disparity in viral load
suppression between users and non-users in our cohort
in spite of similar quantitative markers of HIV disease.
This is one of the first population-based investigations of sex differences in virological response to
antiretroviral therapy. Our study findings may therefore be more reflective of ‘real life’ trends as compared
to results from clinical trials. The present study was
carried out within a province-wide treatment
programme in which all individuals theoretically have
access to medical attention, treatment and laboratory
monitoring free of charge. Also, the study is based on
treatment-naive participants; therefore, our results are
not confounded by previous therapy use. Finally, our
attention to adherence in a sub-analysis was unique
and underlines the fact that adherence remains one of
the major obstacles for marginalized populations with
respect to treatment success.
Our study may have been limited in a number of
ways. Firstly, the number of women was relatively
small; this reduces statistical power and the likelihood
of detecting statistically significant differences. Also,
our measure of adherence was based on prescriptions
dispensed. One major problem in studying adherence is
the lack of a standard measurement [48]. In the case of
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prescription fills, physicians may have prescribed
medications that were picked up but not taken and
therefore, some participants may not have achieved
viral load suppression despite filling each prescription.
We suspect this may only confer a conservative bias to
our results, and this measure of adherence has previously been shown to accurately predict adherence
effects on viral load suppression [31].
Clinical outcomes other than viral load are presently
being evaluated in our population. These are especially
important to investigate, as a recent study evaluating
sex and clinical outcomes after starting HAART in the
UK found that women tended to have equal or even
slightly better clinical outcomes than men after initiating HAART, as measured by hospital admissions,
and development of a new AIDS-defining illness or
death [51]. There was no statistically significant difference in the proportion of men and women on protease
inhibitor- and non-nucleoside reverse transcriptase
inhibitor-containing regimens in this study. This is
important to consider in exploring both virological
response as well as adherence to treatment, as both
protease inhibitors and non-nucleoside reverse transcriptase inhibitors have been associated with particular
side effects. We did not capture data regarding adverse
effects, including depression. Sex may modify the risk
of adverse events and tolerance with certain antiretroviral medications, and women have been found in some
settings to suffer more acutely from side effects [52] and
from depression [53]. Finally, non-injection drug use
(such as crack cocaine) may affect adherence. These
issues warrant further study in this population.
In summary, our results demonstrate that sexrelated differences in the suppression of plasma HIV
RNA to below 500 copies/ml after 1 year of antiretroviral therapy are readily explained by known
confounders such as age, adherence and injection drug
use. However, as women in our sample were on average
younger, poorly adherent to treatment and injecting
drugs, they were least likely to suppress viral load after 1
year. Although these data do not allow us to address the
specific reasons why women and injection drug users in
our study cohort did poorly and had difficulty adhering
to their treatment regimens, our results do suggest an
immediate need for greater efforts to promote treatment
adherence, as well as further initiatives to identify and
remove barriers to successful treatment for younger
people, injection drug users and especially women.
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