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Abstract Abstract 

Objectives:: To investigate adherence to antiretroviral therapy over 48 weeks, to investigate 

thee association between adherence and treatment-related symptoms, and to investigate the 

impactt of adherence on virological response over 48 weeks among established predictors of 

treatmentt success. 

Design:: Prospective adherence assessments within a clinical trial of ritonavir/saquinavir 

versuss ritonavir/saquinavir/stavudine in the Netherlands and Belgium. 

Patients:: Hundred-sixty protease inhibitor- and stavudine naive HIV-1 infected patients. 

Mainn outcomes: Adherence and symptoms assessed by a self-report questionnaire at weeks 

12,, 24, 36 and 48, correlation between adherence and symptoms, predictors of HIV-1 RNA 

beloww 400 copies/ml at week 48 and of the area about the change from baseline over 48 

weekss (ACFB) in serum HIV-1 RNA. 

Results:: The percentages of patients reporting skipping medication, deviation from time 

schedulee and dietary prescriptions at separate time-points ranged from 12% to 15%, 32% to 

35%% and 17% to 22%, respectively. The percentage that changed their level of adherence 

duringg 48 weeks ranged from 29% for skipping medication to 48% for deviation from time-

schedule.. Higher levels of experienced side-effects were associated with lower levels of 

adherence.. Not skipping medication was independent predictor of both having a serum HIV-1 

RNAA below 400 copies/ml at week 48 and the ACFB over 48 weeks in serum HIV-1 RNA. 

Conclusions:: Adherence was an independent predictor of virological response over 48 weeks. 

Thee level of adherence is variable within patients over time. This confirms the need for 

continuedd adherence monitoring in all patients as part of standard medical practice. 
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Introduction Introduction 

Highlyy active antiretroviral therapy (HAART) for HIV-1 infection is able to suppress plasma 

HIV-11 RNA below detectable concentrations [1,2]. Factors shown to affect virological 

responsee include baseline HIV-1 RNA, baseline CD4+ cell count, and previous antiretroviral 

therapyy [3-5]. Additionally, suboptimal patient adherence proved to be related with failure to 

achievee or maintainn viral suppression [6-8]. The only study investigating the relative 

contributionn of adherence among established predictors of viral suppression found that 

compliance,, measured as keeping clinic appointments, was the single independent predictor 

off  virological response to HAART [9]. 

Adherencee may be hampered by toxicities associated with HAART. However, studies 

investigatingg the relation between side-effects and adherence led to inconsistent results [10-

13].. To date, studies of adherence to HAART have reported on a follow-up period of 

maximallyy six months. Therefore, it is not known whether patients change their level of 

adherencee during a prolonged time period as observed among other diseases requiring 

continuouss therapy [14]. 

Wee investigated patient adherence over 48 weeks in a clinical trial comparing treatment with 

ritonavirr (RTV)/saquinavir (SQV) versus RTV/SQV/stavudine (d4T) [15]. We examined the 

associationn between adherence and disease- or treatment-related symptoms. Additionally, we 

investigatedd the impact of adherence on virological response over 48 weeks among 

establishedd predictors of treatment success. 

Methods Methods 

Patients s 

Betweenn January 1997 and January 1998, protease inhibitor- and d4T naive HIV-1 infected 

patientss were randomly assigned to either RTV 400 mg twice daily (bid) plus SQV 400 mg 

bidd or RTV 400 mg bid plus SQV 400 mg bid plus d4T 40 mg bid in 14 hospitals in The 

Netherlandss and Belgium. In patients with a serum HIV-RNA above 400 copies/ml at week 

122 and week 18, therapy was intensified with nucleoside reverse transcriptase inhibitors. 

Clinicall  results from this study were reported elsewhere [15]. 

Patientt adherence was a secondary outcome. Patients were eligible for the adherence substudy 

iff  they were able to complete a Dutch or English self-report questionnaire. The study was 

approvedd by the Institutional Review Board of all centres. All patientss gave written informed 

consent. . 
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Measurements s 

Adherencee was assessed by a self-report questionnaire at weeks 12, 24, 36 and 48. Patients 

weree asked during how many days: they had taken all antiretro viral medication, they had been 

moree than two hours from time-schedule, and they had taken RTV/SQV together with food or 

afterr a meal. Questions were related to the preceding week and response categories 

comprised:: all 7 days, 5 to 6 days, 3 to 4 days, 1 to 2 days and not one day. In a subset of 

patientss in whom plasma concentrations of RTV and SQV were assessed at completion of the 

questionnaire,, good concordance was observed between self-reported adherence and plasma 

concentrationss of RTV/SQV [16]. 

Additionally,, patients completed a symptom-checklist referring to symptoms related to HIV 

infectionn or antiretroviral therapy [17]. Symptoms were scored on a four point scale with the 

responsee categories 'not at all', 'a little', 'quite a bit', and 'very much'. Completed 

questionnairess were returned in a sealed envelope. 

Serumm HIV-1 RNA concentrations were measured using a PCR-based assay (Amplicor HIV 

Monitorr Test, Roche Diagnostic Systems Inc., Branchburg, New Jersey, USA) with a lower 

quantificationn limit of 400 copies/ml, at the start of study medication and at weeks 12, 18, 24, 

36,, and 48. 

Statisticall  analysis 

Wee calculated the percentage of patients reporting skipping medication, deviation from time-

schedulee and dietary prescriptions during the preceding week at weeks 12, 24, 36, and 48. For 

thiss analysis, patients were dichotomised into those reporting being adherent on all 7 days 

versuss those reporting non-adherence on at least one day.. Since the adherence-questions 

specificallyy inquired about the study medication, patients were censored at the time study 

medicationn was discontinued. The percentage of patients that changed their level of adherence 

comparedd to the preceding measurement at weeks 24, 36 and 48 and the percentage that 

changedd their level of adherence at least once was calculated. 

Thee following symptoms were considered for their effect on adherence: nausea, vomiting, 

lackk of appetite, diarrhoea, abdominal pain, pain when swallowing, tingling feeling around the 

mouthh or tongue, and taste disturbances. 

Wee calculated the average level of adherence for each of the three adherence questions. 

Spearman'ss rank correlation coefficients were calculated between adherence, reported 

symptomss and baseline characteristics, i.e., viral load, CD4+T-cell count, pre-treatment status, 

treatmentt group, and CDC disease stage [18]. 

102 2 



AdherenceAdherence over 48 weeks in an antiretroviral clinical trial 

HIV-11 RNA concentrations were logio transformed. We calculated the area about the change 

fromm baseline (ACFB) over 48 weeks in serum HIV-1 RNA using the trapezium rule, 

representingg the averaged time-weighed change from baseline as measure of overall viral 

suppressionn [19,20]. 

Univariatee logistic regression analyses using the primary end-point of the Prometheus study, 

HIV-11 RNA below 400 copies/ml at week 48, as dependent variable were performed to 

investigatee the effect of the three adherence questions and baseline characteristics. Variables 

withh P-values < 0.20 were subsequently entered in a multiple logistic regression analysis. 

Additionally,, the same procedure was repeated using the ACFB in serum HIV-1 RNA as 

dependentt variable in separate- and multiple linear regression analyses controlling for 

baselinee HIV-1 RNA. 

Two-sidedd P values < 0.05 were considered statistically significant. Data analysis was 

conductedd using the SPSS software package (SPSS, Systat, Chicago, Illinois, USA). 

Results Results 

Thee Prometheus study enrolled 208 patients. Twenty-three were unable to complete a Dutch 

orr English self-report questionnaire. Others never started allocated treatment (n=6), 

discontinuedd treatment before week 12 (n=12), did not complete a questionnaire at week 12 

andd discontinued treatment thereafter (n=5), or refused participation (n=2). Thus, 160 patients 

enteredd the adherence-study. Of those, 84 (51.3%) were allocated to RTV/SQV, 93 (58.1%) 

weree antiretroviral naive, 145 (90.6%) were males, 120 (75%) were men-having-sex-with-

men,, and 72 (45%) were CDC stage A. Their mean (standard error) age was 38.6 (0.73) years. 

Thee median (inter quartile range) baseline HTV-1 RNA logio copies/ml and median (inter 

quartilee range) baseline CD4 count/mm3 were 4.47 (3.93^1.97) and 255 (111-415), 

respectively. . 

Tablee 1 shows the percentages of patients reporting skipping medication, being off time 

schedule,, not taking RTV/SQV with food at each measurement, and the percentage of patients 

thatt changed their level of adherence. The overall non-adherence rates remained relatively 

stablee over time with a maximum of 5% difference between the highest and lowest 

percentages.. When patients who did not complete a questionnaire or discontinued study 

medicationn were handled as non-adherent, the difference between the highest and lowest 

percentagess increased, ranging from 8% for skipping medication to 12% for not taking 

RTV/SQVV with food. Within the individual patient there was greater variability in adherence 

overr time. At each measurement, 13% to 32% of the patients had changed their level of 

adherencee compared to the preceding measurement and the percentage that changed their 
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levell  of adherence during 48 weeks ranged from 29% for skipping medication to 48% for 

deviationn from time-schedule. 

Patientss who were antiretroviral naive showed higher levels of adherence compared to 

patientss who were pre-treated (Table 2). Additionally, higher levels treatment- and/or disease-

relatedd symptoms were associated with lower levels of adherence. 

Tablee 1 Patient reported adherence during 48 weeks 

On-treatmentt (n) 

Completedd questionnaire (n) 

Skippingg medication* 

Beingg off time schedule* 

Nott taking RTV/SQV with food* 

Changedd adherence1 

-skippingg medication 

-beingg off time schedule 

-nott taking RTV/SQV with food 

Weekk 12 

160 0 

160 0 

15% % 

32% % 

17% % 

NA A 

NA A 

NA A 

Weekk 24 

156 6 

149 9 

12%% (18%) 

36%% (40%) 

22%% (27%) 

16% % 

32% % 

26% % 

Weekk 36 

151 1 

139 9 

12%% (23%) 

35%% (38%) 

19%% (24%) 

17% % 

30% % 

22% % 

Weekk 48 

147 7 

141 1 

12%% (23%) 

35%% (43%) 

19%% (29%) 

Everr changed* 

13%% 29% 

27%% 48% 

22%% 36% 

RTV== ritonavir. SQV= saquinavir. * Shown in parenthesis: percentage of non-adherent patients when patients 

nott completing a questionnaire and patients who discontinued treatment are handled as non-adherent, f 

comparedd to preceding measurement. NA= not applicable. $ level of adherence changed at least once during 

follow-up. . 

AA total of 134 patients (84%) had a serum HIV-1 RNA below 400 copies/ml at week 48. 

Havingg HrV-1 RNA below 400 copies/ml was associated with not skipping medication 

(P=0.016)) and being antiretroviral naive (P= 0.030) in univariate logistic regression analysis. 

Inn the multivariate logistic regression analysis it remained significantly associated with not 

skippingg medication (P=0.048). A trend was found for being antiretroviral naive (P=0.095). 

Inn the separate linear regression analyses using the time-weighed change from baseline in 

serumm HIV-1 RNA as dependent variable, greater decline in HIV-1 RNA was associated with 

higherr baseline CD4 count (P=0A6), not skipping medication (P=0.001), taking RTV/SQV 

withh food (P=0.067), allocation to RTV/SQVM4T (P=0.003), being antiretroviral naive 

(P=0.039)(P=0.039) and CDC class A (P=0.052).. Entered in the multiple regression analysis, allocation 

too RTV/SQV/d4T (P=0.004) and not skipping medication (P=0.014) were independently 

associatedd with a greater decline in serum HIV-1 RNA. When both not skipping medication 

andd being antiretroviral naive were entered in the analyses, not skipping medication was 

associatedd with viral suppression (P=0.003) but not being antiretroviral naive (P=0.135). 
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Tablee 2 Spearman's rank correlation coefficients between adherence, pre-treatment 

characteristicss and treatment- and disease related symptoms 

Pre-treatmentt characteristics 

Antiretrovirall  naive (versus pretreated) 

Baselinee CD4+ T-cells/ml 

CDCC class A (versus B and C) 

Baselinee serum HIV-1 RNA log]0 copies/ml 

RTV/SQV/d4TT (versus RTV/SQV) 

Disease-- or treatment-related symptoms 

Vomiting* * 

Painn when swallowing* 

Nausea* * 

Abdominall  pain* 

Lackk of appetite* 

Tastee disturbances* 

Tinglingg feeling mouth/tongue* 

Diarrhoea* * 

Skipping g 

medication n 

0.21** * 

-0.01 1 

0.07 7 

0.07 7 

0.00 0 

-0.50** * 

-0.40** * 

-0.31** * 

-0.22** * 

-0.19* * 

-0.16* * 

-0.07 7 

-0.04 4 

Beingg off time 

schedule* * 

0.24** * 

-0.21** * 

0.02 2 

0.05 5 

0.06 6 

0.05 5 

-0.04 4 

-0.12 2 

-0.06 6 

-0.15 5 

-0.08 8 

-0.10 0 

-0.09 9 

Nott taking RTV/SQV 

withh food* 

0.10 0 

-0.08 8 

-0.17* * 

-0.03 3 

0.04 4 

-0.19* * 

-0.23** * 

-0.26** * 

-0.17* * 

-0.26** * 

-0.18* * 

0.01 1 

-0.12 2 

**  P < 0.05, **  P < 0.01. t High values indicate good adherence. $ High values indicate more symptomatology. 

RTV== ritonavir. SQV= saquinavir. d4T= stavudine. 

Discussion Discussion 

Althoughh overall adherence rates remained relatively stable over a 48-week period, a 

substantiall  percentage of patients changed their level of adherence during 48 weeks. This 

suggestss that adherence or non-adherence is not a stable patient characteristic but ratherr a 

dynamicc phenomenon. This implies that any patient at any point in time may encounter 

difficultiess in adhering to their antiretroviral regimen [21]. Our finding supports the current 

recommendationn that adherence should be regularly monitored and reinforced in all patients 

onn HAART as part of routine clinical practice [22]. 

Wee found that higher levels of experienced symptoms were associated with lower levels of 

adherence.. This suggests that managing toxicities may facilitate patient adherence. 

Patientt adherence was an independent predictor of virological response over 48 weeks. This 

findingg is consistent with the only study reported so far that examined adherence among other 

establishedd predictive factors of viral suppression [9]. 

Skippingg medication was the most infrequently reported form of non-adherence, followed by 

deviationn from dietary prescriptions and from time-schedule. Only skipping medication was 

independentlyy related with virological response. Since the consequences of low adherence 
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wil ll  depend upon characteristics of the particular drugs such as the plasma elimination half 

lif ee and the degree to which drug exposure is dependent upon food intake, this may not be 

generalisedd to other regimens. 

Wee found that being antiretroviral pre-treated, as compared to being antiretroviral naive, was 

bothh associated with lower levels of adherence and with a poorer virological response. The 

associationn between pre-treatment and virological response was no longer statistically 

significantt when adherence was taken into account in the multivariate analyses. A poorer 

virologicall  response among pre-treated patients as compared to naive patients has also been 

observedd by others [4]. The present study suggests this may in part be explained by lower 

levelss of adherence in this group of patients. Clearly, our observation needs to be confirmed 

byy future studies. 

Seventeenn patients who discontinued treatment before week 12 or shortly thereafter, due to 

toxicityy (n=7), patient decision (n=4) or adverse events (n=6) were excluded from the 

adherence-study.. These patients level of adherence could have differed from the level of 

adherencee of patients who entered the adherence-study. Therefore, our results only apply to 

patientss who stayed on study medication for at least 12 weeks. 

Inn conclusion, adherence was an independent predictor of virological response over 48 weeks. 

Priorr antiretroviral therapy and higher levels of experienced symptoms were associated with 

lowerr levels of adherence. A substantial number of patients changed their level of adherence 

duringg 48 weeks suggesting that most patients may encounter difficulties with adherence any 

timee during antiretroviral therapy. This confirms the need for assisting and monitoring 

adherencee in all patients as standard clinical practice. 
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