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Background and Objectives : Compliance is usually defined as the degree of concordance 

between the physicianôs recommendations and the patientôs behavior. Since 1996, compliance 

has become a major issue in the treatment of HIV patients. Traditionally, health care 

researchers have regarded non-compliance as the result of irrational or at best misinformed 

behavior. We argue that patient compliance is a true choice made by the patient and that 

compliance rates reflect patientsôvaluations of particular therapies. Consequently, adherence 

behavior provides information that is useful in the evaluation of the treatment. Our proposed 

estimator for patient welfare depends on whether patients comply with the prescription they 

receive. 

Methods and Materials : We begin by modeling the patient trade-off  between perceived 

costs and observed regimen efficacy before implementing an econometric approach using the 

microeconomic assumption that consumer welfare can be measured by the « revealed 

preferences » of consumers through their observed choices. This approach makes us focus on 

identifying the patient and drug characteristics associated with noncompliance. Whereas 

previous studies dealing with non-compliance factors used transversal datasets and establishes 

no relationship with the medical literature dealing with the impact of compliance on health 

status, our econometric approach is implemented through panel data estimation and a two 

equation simultaneous approach. The data for the paper come from a clinical trial conducted 

in France between 1999 and 2001 and comparing the efficacy and toxicity of 2 tritherapy 

strategies. Patients were followed for 48 weeks and 10 visits were planned. Compliance was 

assessed at each visit by an objective measure based on pill count and a subjective measure 

based on self-report. 

Results : We show that a welfare approach based on compliance may add valuable 

information to conclusions drawn by a mere biostatistical analysis. In particular we interpret 

the situation when there is no significant difference between both arms as far as efficacy and 

toxicity criteria are concerned. Assuming that patients are perfect compliers and rational 

agents, we show that the utility level is significantly higher in one treatment arm than in the 

other ex ceteris paribus. Furthermore we identify a couple of factors significantly associated 

with poor compliance. Our results based on panel data also stress that unobserved patient 

characteristics account substantially for compliance behavior, thus suggesting that some 

patients are intrinsically more prone to be adherent. 

 



 2 

 

INTRODUCTION  
 

Compliance is ñthe extent to which a personôs behavior (in terms of taking medications, 

following diets, or executing lifestyle changes) coincides with medical or health adviceò  

(Haynes). In this paper, we will lay the emphasis upon medical regimens, especially drug 

regimens. Since the introduction of highly active antiretroviral treatment (HAART), 

adherence has become a major issue in the treatment of HIV patients. Numerous studies show 

that medication failure rates increase sharply with decreasing levels of adherence (Haubrich 

and al., Paterson and al., Bangsberg and al.). Although the minimum threshold of adherence 

for clinical effectiveness of HAART remains unclear, existing data suggest that it is necessary 

to take a high proportion (95% or more) of antiretroviral drug doses to maintain suppression 

of viral replication (Paterson and al.).  

 

Traditionally, health care researchers have regarded non-compliance as the result of irrational 

or at best misinformed behavior.  We argue that patient compliance is a true choice made by 

the patient and that compliance rates reflect patientsôvaluations of particular therapies. 

Consequently, adherence behavior provides information that is useful in the evaluation of the 

treatment. Our proposed estimator for patient welfare depends on whether patients comply 

with the treatment they receive. 

 

We begin by modeling the  patient trade-off  between perceived costs and observed regimen 

efficacy before implementing an econometric approach using the microeconomic assumption 

that consumer welfare can be measured by the « revealed preferences » of consumers through 

their observed choices. This approach makes us focus on identifying the patient and drug 

characteristics associated with noncompliance. Whereas previous studies dealing with non-

compliance factors used transversal datasets and establishes no relationship with the medical 

literature dealing with the impact of compliance on health status, our econometric approach is 

implemented through panel data estimation and a two equation simultaneous approach. The 

data for the paper come from a clinical trial conducted in France between 1999 and 2001 and 

comparing the efficacy and toxicity of 2 tritherapy strategies. Patients were followed for 48 

weeks and 10 visits were planned. Compliance was assessed at each visit by an objective 

measure based on pill count and a subjective measure based on self-report. 

In the last section, we present the results of our estimations and lay the emphasis upon the 

major findings of our study. 
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I - A RATIONAL CHOICE FRAM EWORK  
 

 

A) Another look at compliance 
 

Most health researchers take it for granted that non-compliance results from an irrational 

behavior. Very few approaches are patient-targeted. Besides, what is missing from most  

adherence analyses is a discussion of patient welfare. In this section, we will briefly review a 

couple of articles that can be built upon to implement our economic approach.  

 

The «health belief model» initially highlighted the idea of a rational non-compliance 

behavior. The health-belief model is a social psychological perspective first developed to 

explain preventative health behavior. It has been adapted by Becker to explain compliance. 

This perspective is a ñvalue-expecting model in which behavior is controlled by rational 

decisions taken in the light of a set of subjective probabilitiesò. The health-belief model 

suggests that patients are more likely to comply with doctorsôorders when they feel 

susceptibility to illness, believe the illness to have potential serious consequences for health or 

daily functioning, and do not anticipate major obstacles, such as side effects or costs. Becker 

(1976) found general support for a relationship between compliance and patientsôbeliefs about 

susceptibility, severity, benefits and costs. However, this perspective makes certain 

questionable assumptions about the nature and source of compliant behavior. The whole 

notion of ñcomplianceò suggests a medically centered orientation; how and why people 

follow or deviate from doctorsôorders. It is a concept developed from the doctorôs perspective 

and conceived to solve the provider defined problem of ñnoncomplianceò. The assumption is 

the doctor gives the orders; patients are expected to comply. It is based on a consensual model 

of doctor-patient relations, aligning with Parsonsô perspective, where noncompliance is 

deemed a form of deviance in need of explanation. 

 

Whereas most research on compliance with medical regimens takes a doctor-centered 

perspective, Conrad (1985) presents an alternative, patient-centered approach to managing 

medications, using data from 80 in-depth interviews of people with epilepsy. This approach 

focuses on the meanings of medication in peopleôs everyday lives and looks at why people 

take their medications as well as why they do not. He argues that from a patientôs perspective, 

the issue is more one of self-regulation than compliance. When we examine ñnon 
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complianceò beyond difficulties with side effects and drug efficacy, the meanings of self-

regulation include testing, controlling dependence, destigmatization and creating a practical 

practice. This is an alternative, less-developed perspective that is rarely mentioned in studies 

of compliance. This patient-centered perspective sees patients as active agents in their 

treatment rather than as ñpassive and obedient recipients of medical instructionsò. What 

appears to be noncompliance from a medical perspective may actually be a form of asserting 

control over oneôs disorder.  

 

In the microeconomic field, a growing literature aims at acknowledging the information value 

inherent in patient decision-making and the effect of patient choice over health care outcomes 

(Philipson and Posner, 1993 ; Meltzer, 1999). In particular, Philipson and Desimone (1997), 

Philipson and Hedges (1998), Chan and Hamilton (2002) argue that dropout behavior 

provides information that is useful in the evaluation of the treatment. Philipson and Hedges 

(1998) assume that the statistical evaluation of clinical trials must account for the active role 

that subjects play in evaluating treatments. Specifically, patientsô decision to withdraw  from 

an experiment reflects their evaluation of the effectiveness of the therapy (which the patient 

knows may be simply a placebo). Those patients who receive the greatest disutility from 

being placed on the placebo may opt out of the clinical trial, leading to a downward bias in the 

measured effectiveness of the drug as calculated by a difference between the (ex-post) treated 

and control groups. Philipson and Desimone (1997) argue that participants engage in ñsubject 

samplingò in which they attempt to learn about the direct and side effects of the treatment, 

since they have a strong incentive to do so. Consequently, dropout behavior provides insight  

not only into the direct effect of the treatment, but also potential side effects that may not be 

easily measured or are privately observed by the subject, as well as treatment options that lay 

outside the clinical trial. Chan and Hamilton (2002) construct a structural model of 

randomized clinical trial (RCT) subject behavior in which trial participants decide whether to 

drop out by comparing the utility generated by remaining in the trial, which is a function of 

both direct and side effects of the treatment received, with the returns obtained by seeking 

care outside the trial. However attrition is only a special case of non-compliance. In particular, 

dropout occurs only once while medication non-compliance varies over time and can be 

regarded as a reversible state. To our knowledge, only Ellickson, Stern and Trajtenberg 

(1999) endeavor to develop an economic analysis of the medication adherence behavior. They 

aim at performing a welfare analysis based on regimen compliance. Their proposed estimator 

of patient welfare depends on whether patients comply with the prescriptions they receive 
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from physicians and the motives of physicians in their prescription behavior. However the 

implementation of their approach is not provided due to the lack of relevant data. 

 

To the extent that patients choose not to comply with prescribed therapies, a gulf may arise 

between physician prescribing patterns and realized patient welfare, which turns out to be 

confirmed by numerous studies. The degree of observed patient noncompliance is truly 

surprising. Several studies put overall patient noncompliance at around 50% (Sacket, 1979), 

indicating a sizeable difference between the benefits perceived by physician and patient. 

Furthermore a couple of biomedical studies suggest that patients are responding to perceived 

costs and benefits, when choosing whether or not to comply. For example, patient compliance 

has been used as a measure of efficacy of non-steroidal anti-inflammatory drugs (NSAID) in 

the treatment of patients with rheumatoid arthritis (Capell et al., 1979). The authors argue that 

a drug which does not adequately relieve pain or which causes intolerable side-effects will 

quickly be discarded by the patient. NSAIDS are not thought to influence the natural history 

of rheumatoid arthritis in the long-term, therefore there can be no reason for encouraging 

continued use of these drugs if side-effects are severe or symptoms are not relieved.  

 

 

B) Modeling subject behavior : a structural model (to be completed) 
 

 

In this part, we build a microeconomic model in which patients are trading off a reduction in 

immediate and noticeable side effects for an increased risk of having the disease uncontrolled, 

through the choice of optimal adherence behaviors. 

 

 

II - ECONOMETRIC IMPLEMENT ATION  
 

 

This section presents the econometric method used to estimate the economic model described 

in the previous section and to infer patient welfare from adherence behavior. 

 

 

A) A discrete choice framework 

 

We begin by restating the commonly held assumption that consumer welfare can be measured 

by the ñrevealed preferencesò of consumers through their observed choices. Extending 

previous studies of the welfare benefits from innovation (Trajtenberg, 1989;Trajtenberg, 
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1990; Hausman, 1996), we develop a discrete choice framework. The basic notions in these 

models is that competing products in a given market can be thought of as consisting of 

different vectors of characteristics (or performance dimensions), selling for different prices. 

Consumers derive utility from these characteristics (disutility for price), and choose their 

preferred product by comparing the various options available in the market in terms of the 

overall utility that different products provide. The econometric estimation of demand models 

of this sort yields the parameter estimates needed to compute the welfare gains from 

innovation: the marginal utility of the attributes of the products, the degree of substitutability 

between new and old products, and other parameters pertinent to the diffusion process of new 

products. The estimate of the value that consumers place on attributes can be exploited to 

compute the incremental surplus associated with the introduction of new products 

incorporating superior characteristics.  

 

 

In our framework, patients choose whether or not to comply at date t. Adherence is analyzed 

as a dichotomous variable, which can be considered as relevant in the treatment of HIV 

disease, existing data suggesting that it is necessary to take a high proportion (95% or more) 

of antiretroviral drug doses to maintain suppression of viral replication (Paterson and al.). Let 

us consider OBSit the compliance variable. 

OBSit = 1 when the patient i is compliant at time t 

OBSit = 0 when the patient i is not compliant at time t 

 

This discrete choice approach requires us to understand the various factors influencing the 

patientôs adherence behavior. We can rely on hundreds of studies dealing with the 

determinants of compliance. Four sets of factors are generally studied: patient-related, 

treatment-related, disease-related factors and variables related to the patient-physician 

relationship.  Studies conducted have found that noncompliance tends to be higher under 

certain conditions: when medical regimens are more complex (Walsh, 1999); with 

asymptomatic or psychiatric disorders (Gordillo and al.); when treatment period lasts for 

longer periods of time; when there are several troublesome drug side effects (Murri and al., 

Johnston and al.). Some of the patientsôcharacteristics that were found to be related to non 

adherence to HAART are poor living material conditions (Chesney and al.), alcohol 

consumption (Chesney and al., 2000 ; Haubrich and al., 1999 ; Moatti and al., 2000), 

patientsôbeliefs about benefits and risks of treatment (Weiss, 2000) and patientsôsubjective 
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experience with HAART therapy (Spire and al., 2002). Interestingly, there seems to be little 

consistent relationship between noncompliance and such factors as social class, age, sex, 

education and marital status (Meichenbaum and Turk, 1987). 

 

We assume that each patient maximizes the utility derived from drug consumption. Let us  

note: 

Uit(1, X1it) : the utility level associated with being  adherent at time t 

Uit(0, X1it) : the utility level associated with not being adherent at time t 

 

X1it is a vector of patient-related, disease-related and treatment-related variables. 

 

The patient i is adherent at time t if Uit(1, X1it) > Uit(0, X1it)  

The choice problem determines the probability that a patient of a given type chooses to be 

adherent. The econometric estimation is founded on the latent variable OBS
*
it, which can be 

interpretetd as the difference between the utility levels presented above. 

 

 
 

B) Model specification 

 

Our proposed method to estimate factors associated with compliance has been fully detailed 

elsewhere (Lamiraud, 2003). In particular, our method argues that adherence and efficacy 

levels are determined simultaneously and takes into account  the impact of adherence on 

health status. Our methods controls for the possible endogeneity of the compliance variable 

and turns out to be particularly useful when the decision to comply depends on the outcome 

being studied. Furthermore, the longitudinal structure of the data is taken into account. This 

way of analyzing compliance data addresses some major caveats of the current methods based 

on cross sectional studies and univariate approaches and regarding adherence as an exogenous 

variable which does not depend on the clinical outcome. 

 

Our method results in the estimation of the following system: 
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2

*

11111

'

1
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itiititit

itiititit

OBSxETAT

bETATxOBS

 

where ETATit = 1 if health status is good (= 0 if health status is bad). 
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C) Model estimation 

 

A panel bivariate model is estimated. We make a point of considering a full information 

method of estimation. The estimation treats all equations and all parameters jointly. It takes 

into account the possible correlation between the disturbances in the two equations. The panel 

structure enables us to explicitly model unobserved heterogeneity through a random effect 

specification.  

 

The model determines the values of two endogenous variables, it contains one predetermined 

variable. This is obviously not exogenous, but with regard to the current values of the 

endogenous variables, it may be regarded as having already been determined. The deciding 

factor is whether or not it is uncorrelated with the current disturbances, which we might 

assume. 

 

We note that our model is a recursive, simultaneous-equation model. The endogenous nature 

of one of the variables on the right-hand side of the first equation can be ignored in 

formulating the log-likelihood (the model appears in Maddala, 1983). 

 

A maximum-likelihood method is used and has needed the creation of a specific program on 

gauss software (lamiraud, 2003).  

 

(equations to be inserted) 

 

 

 

 

III - THE DATA  
 

 

A) The CNAF 3007  trial 
 

 

Data were obtained from the CNAF3007/Ecureuil multicenter, comparative, open label, 

randomized Phase IIIB trial which evaluated and compared the safety and efficacy of two 

different combination therapies in HIV-1 infected antiretroviral therapy naïve patients. The 

study was conducted from November 1998 to July 2000. The overall trial strategy was to 

judge the utility of a "protease inhibitor-saving regimen" for first line antiretroviral treatment. 
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At 60 centers throughout France, patients were sequentially randomized into two groups: one 

received a combination of three reverse transcriptase inhibitors (one Combivir® tablet 

(150mg lamivudine/300mg zidovudine) twice a day, plus abacavir (Ziagen®), one 300mg 

tablet twice a day)) whereas the other received a combination of two reverse transcriptase 

inhibitors and a protease inhibitor (one Combivir® tablet (150mg lamivudine/300mg 

zidovudine twice a day), plus nelfinavir (Viracept®), 750mg three capsules q8h)). To briefly 

summarize inclusion criteria, patients (male and female) were 18 years of age or over, were 

A/B category according to the 1993 CDC classification and had viral plasma HIV-1 RNA 

loads in the range 1000 ï 500 000 copies/ml at the time of the screening visit. A total of 195 

screened patients were randomized and underwent 48 weeks of treatment and a 4-week post-

treatment follow-up. Protocol visits were scheduled at baseline, week 4, week 8, week 16, 

week 24, week 36, week 40 and week 48. The study's principal objective was the evaluation 

of the treatments' efficacy after 48 weeks of treatment, in terms of the proportion of patients 

in each group whose plasma viral load had decreased to an undectable level by the end of the 

trial. Health status (Viral Load and CD4 cell counts) and toxicity were evaluated at each visit. 

We checked that subjects were initialley comparable in both groups for age, gender, stage of 

disease, plasma HIV-1 RNA and CD4 cell count (although CD4+ cell count was slightly 

higher in the NFV group) (Table 1). 

 

The triple nucleoside combination showed similar antiretroviral activity to that of a PI 

containing regimen as measured by plasma HIV-1 RNA and CD4+ cell responses following 

48 weeks of treatment. In the ITT all randomised (switch = failure) population, 55% subjects 

had plasma HIV-1 RNA <50 copies/ml in both groups (difference and 95%CI = 0%[-14,14]).  

Moreover, 61% subjects in the abacavir group versus 60% in the Nelfinavir group had plasma 

HIV-1 RNA < 400 copies/ml at weeks 48 (difference and 95%CI = 1%[-12,15]). In this study 

in antiretroviral therapy naive subjects, both treatment regimens  (COM/ABC and 

COM/NFV) were generally well tolerated. 

 

Further information on the trial protocol and results have been published elsewhere (Descamp 

and al., 2000 ; Descamps and al., 2001 ; Matheron and al., 2001). 

 

B) Methods used to estimate adherence and definition 
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Adherence was recorded at weeks 4, 8, 16, 24, 32, 40 and 48 through three different 

measurements methods, the appraisal by the investigator, the pill count and a patient self-

administered questionnaire.  Following an interview with the patient, the investigator was 

asked to estimate whether the patientôs adherence corresponded to full compliance, partial 

compliance or non-compliance for each drug in the study regimen. Tablet count was based on 

an inventory of study drugs supplied to the patient and subsequently returned to the 

investigational site. Unused material was recorded by site pharmacists and checked by trial 

monitors. A Treatment Review and Satisfaction Questionnaire completed by the patient at 

week 4, week 8 and then every 8 weeks until week 48 or, in the case of premature cession of 

treatment, at the time of leaving the trial. All questions addressed the 4 weeks preceding the 

visit. In Questions 6 & 7, the patient was asked to estimate the frequency of lapses and 

average length of delays in taking medication respectively.  

 

None of these methods can be regarded as a ñgold-standardò method. The physician appraisal 

seems to be the less reliable measurement method (Paterson and al.). As a result, we decided 

to study compliance through the pill count and the self-questionnaire, respectively an 

objective and a subjective measure. 

 

Compliance was then summarized by a dichotomous variable. According to the pill count, a 

patient is adherent if the adherence rate is higher than 95%. Acoording to the questionnaire, 

the patient is adherent if no drug dose has been missed for the past four weeks. 

 

 

 

C) Adherence evaluation during the trial 
 

Data concerning adherence are reported for the per protocol (PP) population, which only 

included patients who generated data whilst on the originally randomized therapy. For the 

type of pathology studied here, it is not uncommon for patients to terminate one treatment 

during the study period (usually for tolerance reasons) and switch to the other study treatment. 

In such a case, compliance data would no longer reflect adherence to the originally 

randomized therapy. Hence, the PP population included only those patients not having 

modified their initial treatment, i.e. those who discontinued or switched antiviral therapy were 

not included in the PP beyond the last dose of originally-designated treatment. The evolution 

of the Per Protocol population over the trial is carefully described in Table 2. 
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Descriptive statistics showed that compliance tended to decrease over time though not linearly 

(figures 1 and 2). The percentage of compliant patients turned out to be higher in COM/ ABC 

group (simplified arm), with significant differences at weeks 4, 5, 7 and 8 (Khi 2) and 6, 7, 8 

and 9 depending on the measure (tables  3 and 4). Another interesting feature stressed by the 

descriptive analysis was a certain stability of the decision whether to comply or not. 

According to the self questionaire, 82 out of 100  poor adherent patients at a given time point 

remained poor adherent at the subsequent visit.  In the mean time, 74% of good adherers 

maintained a high adherence behavior (table 5). Empirical transition probabilities seemed to 

be comparable through the pill count measure. Furthermore, some patients remained in the 

same state, as far as adherence was concerned, all over the trial. 33 patients remained good 

adherers and 37 patients remained poor adherers (table 6). 

 

Furhermore, it turned out that the adherence variable measured through the self-questionnaire 

was not correlated with the Viral Load, which questionned the reliability of this measure in 

our study. As a result, our estimations will be based on the pill count measure. 

 

  

 

IV-  ESTIMATIONS  AND MAJOR FINDINGS   
 

 

Non linear panel simultaneous estimations are presented in Table 7. 

 

 

A) Welfare inference 

We show that a welfare approach based on compliance may add valuable information to 

conclusions drawn by a mere biostatistical analysis. In particular, we interpret the situation 

when there is no significant difference between both arms as far as efficacy and toxicity 

criteria are concerned. Assuming that patient  rational agents, we show that the utility level 

associated with treatment consumption (i.e corresponding to full adherence) is significantly 

higher in one treatment arm than in the other ex ceteris paribus (variable randomization 

group). 

 

 

B) Factors associated with compliance 
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We identify a couple of facors associated with compliance. Factors independently associated 

with high adherence are a simplified regimen (randomization group CBV/ ABC), a less 

advanced virological and immunological stage of the disease before treatment initiation. 

Factors independently associated with poor adherence are the treatment duration, the 

consumption of concomitant drugs and the experience of side effects. A positive observed 

health status at the previous visit is also a predictor of poor adherence.  

 

Our findings confirm the factors emphasized upon in other studies. However, the impact of 

observed health status had never been assessed before, certainly due to methodological issues 

(endogeneity problems associated with the health status variable) that we were able to 

overcome through the implementation of a simultaneous equation system. Up to now most  

authors have concentrated upon the perceived efficacy. 

 

On the contrary, we do not confirm finding about other patientsôs characteristics that were 

identified as determinants of adherence in previous research like female gender (Roca, Gomez 

& Arnedo, 1999), higher level of education (Kalichman, Ramachandran, & Catz, 1999), drug 

abuse, previous information about HAART before initiation of treatment (Stone, 1998). 

 

 

 

C) A panel data approach 

 

Our results based on panel data also stress that unobserved patient characteristics account 

substantially for compliance behavior, thus suggesting that some patients are intrinsicallly 

more prone to be adherent. This significant unobserved heterogenity raises new questions. We 

can assume that this factor is related to the ñlocus of controlò concept elaborated  by Rotter in 

order to categorize people according to their awareness of their capacity control events. Or 

this unobserved factor may capture the quality of the patient/ physician relationship which 

was not assessed during the trial. 

 

 

V- CONCLUSION (to be completed)



 13 

 

BIBLIOGRAPHIE  
 

 

Arnsten J, Demas P, Gourevitch M et al. Adherence and viral load in HIV-infected drug 

users : comparison of self-report and medication event monitors (MEMS). 7
th
 conference on 

retroviruses and opportunitic infections. San Fransisco, CA, 2000 January 30-February 2 (69). 

 

Bangsberg DR, Hecht FM, Charlebois ED, Zolopa AR, Holodniy M, Sheiner L et al. (2000). 

Adherence to protease inhibitors, HIV-1 viral load, \ and development of drug resistance in an 

indigent population. AIDS, 14 : 357-366. 

 

Becker M.H. and Maiman L.A. Sociobehavioral determinants of compliance with health and 

medical care recommendations. Med. Care 13, 10 ï 24. 

 

Becker M.H. Sociobehavioral determinants of compliance. In Compliance With Therapeutic 

Regimens (Edited by Sackett D.L. and Haynes R.B.), pp.40-50. Johns Hopkins University 

Press, Baltimore, 1976. 

 

Becker M.H., Maiman L.A., Kirscht J.P., Haefner D.L., Drachman R.H. and Taylor D.W. 

Patient perceptions and compliance : recent studies of the health belief model. In Compliance 

in Health Care (Edited by Haynes R.B. et al.), pp.79 ï 109. Johns Hopkins University Press, 

Baltimore, 1979. 

 

 

Bresnahan, T. (1986). Measuring the Spillovers from Technical Advance : Mainframe 

Computers in Financial Services, American Economic Review, 76 (4) : 742-55. 

 

Broers B, Morabia A, Hirschel B. Factors determining compliance of intraveinous drugusers 

with zidovudine treatment. Xith Conference on AIDS, Berlin June 6-11, 1993. 

 

Butler J., Moffitt R. (1982) : « A computationnally efficient quadrature procedure for the one-

factor multinomial probit model », Econometrica, Vol 50, N°3, 761-764. 

 

Capell HA et al. Patient compliance : a novel model of testing non steroidal antiinflammatory 

analgescics in rhumatoid arthritis. J Rheumatol 1979 ; 6(5) : 584-93 

 

Chamberlain G. (1984) : « Panel Data », in Z. Griliches and M.D. Intrilligator ed., Handbook 

of Econometrics, vol II, Elsevier Science, pp 1248-1318. 

 

Chesney MA. (2000) : Factors Affecting Adherence to Antiretroviral Therapy. Clin Infect 

Dis, 30 : S171 - S176. 

 

Chesney MA, Ickovics JR, Hecht FM et al. Adherence : a necessity for successful HIV 

combination therapy. AIDS 1999 ; 13 :S271-8. 

 

Conrad P. ñThe meaning of medications : another look at complianceò. Soc. Sci. Med., 1985, 

20, 29-37. 

 



 14 

Cook RL, Sereika SM, Hunt SC, Woodward WC, Erlen JA, Conigliaro J. Problem drinking 

and medication adherence among persons with HIV infection. J Gen Intern Med 2001 ; 16 : 

83-88. 

 

Demasi RA, Graham NM, Tolson JM et al. Correlation Between Self-Reported Adherence to 

Highly Active Antiretroviral Therapy (HAART) and Virologic Outcome. Advances in 

Therapy, 2001 ; 18 : 163 ï 173. 

 

 

Descamps D, Flandre P, Calvez V et al. Mechanisms of virologic failure in previously 

untreated HIV-infected patients from a trial of induction-maintenance therapy. Trilege 

(Agence Nationale de Recherches sur le SIDA 072) (Study Team). JAMA 2000 ; 283 (2) : 

205-11. 

 

Descamps D, Brun-Vézinet F, Izopet J, Vabret A, Boue F. Genotypic and phenotypic 

resistance and virological failure in HIV-1-infected antiretroviral therapy-naive adults : an 

open label comparative study (CNAF 3007). Antivir Ther 2001; 6(Suppl 1):76-76. 

 

 

Dormont B (1989), Petite apologie des données de panel, Economie et Prévisions n°87 1989-

1. 

 

Duran S, Spire B, Raffi F, Walter V, Bouhour D, Journot V et al. Self-reported symptoms 

after initiation of protease inhibitor in HIV-infected patients and their impact on adherence to 

HAART (2001). HCT, 2 : 38 - 45. 

 

Eron JJ, Yetzer ES, Ruane PJ, Becker S, Sawyerr GA, Fisher RL, Tolson JM, Schaefer MS. 

Efficacy, safety, and ad aherence with a twice-daily combination lamivudine/ zidovudine 

tablet formulation, plus a protease inhibitor, in HIV infection. AIDS 2000 ; 14 : 671-681. 

 

Farmer CK. Methods for measuring and monitoring medication regimen adherence in clinical 

trials and clinical practice. Clinical Therapeutics 1999 ; 21 (6) : 1074-90. 

 

Fitzgerald JD. The influence of medication on compliance with therapeutic regimen. In : 

Sackett DL, Haynes RB. Compliance with therapeutic regimen, pp.26-39. John Hopkins 

University Press, Baltimore, London, 1976. 

 

Gordillo V, Del Amo J, Soriano et al. Socio-demographic and psychological variables 

influencing adherence to antiretroviral therapy. AIDS 1999 ; 13 : 1763-176. 

 

Haubrich RH, Little SJ, Currier JS, Forthal DN, Kemper CA, Beall GN et al. The value of 

patient reported-adherence to antiretroviral therapy in predicting virologic and immunologic 

response (1999). AIDS, 13 : 1099-1107. 

 

Hausman, J. (1997). ñValuation of New Goods Under Perfect and Imperfect Competitionò, in 

T. Bresnahan and R. Gordon, eds., The Economics of New Products, University of Chicago 

Press, Chicago. 

 



 15 

Haynes R, McKibbon K, Kanani R (1996).  Systematic review of randomized trials of 

interventions to assist patients to follow prescriptions for medications. Lancet, 100 : 258 ï 

268. 

 

Haynes RB. Determinants of compliance : the disease and the mechanics of treatment. In : 

Haynes RB, Taylor DW, Sacket DL, editors. Compliance in Health Care. Baltimore, MD : 

The John Hopkins University Press, 1979 : 49-62. 

 

Heath KV, Hogg RS, Chan KJ, Harris M, Montessori V, OôShaughnessy MV, Montanera JS. 

Lipodystrophy-associated morphological, chlolesterol and triglyceride abnormalities in a 

population-based HIV/ AIDS treatment database. AIDS 2001 ; 15 : 231-239. 

 

Hecht F. Mesure de lôobservance du traitement antir®troviral en pratique clinique. AIDS 

Clinical Care 1998 ; 10 : 63-5. 

 

Herzlich C. « Malades dôhier, malades dôaujourdôhui », Payot, Paris, 1984. 

 

Holzemer WL, Corless IB, Nokes KM et al. Predictors of self-reported adherence in persons 

living with HIV disease. Aids Patients Care STDS 1999 ; 13 (3) : 185-97. 

 

Hulka BS, Kuppler LL, Cassel JC, Efiron RL, Burette JA. ''Medication use and misuse: 

physician-patient discrepancies''. J. Chron. Dis, 1975, 28, 7-21. 

 

Johnston-Roberts K, Mann T. Barriers to antiretroviral medication adherence in HIV-infected 

women. AIDS Care 2000 ; 12 : 377-86. 

 

Knobel H, Serrano C, Hernandez P, Pavesi M, Diez A . (1997), Acceptance of compliance 

with and tolerance to antiretroviral treatment in patients with human immunodeficiency virus 

infection. An Med Interna, 14 : 445 - 449. 

 

Lamiraud K. (2003). An econometric analysis of patient compliance in a randomised clinical 

trial. The case of HIV patients in CNAF 3007 trial. Abstract iHEA meeting, San Francisco. 

 

Liang K.-Y., Zeger S.L. (1986), Longitudinal data analysis using generalized linear models. 

Biometrika, 73, pp.13-22. 

 

Little R.J.A., Rubin D.N. (1987), Statistical analysis with missing data, John Wiley, New 

York. 

 

Lollivier S. (1995), Activité des femmes mariées et hétérogénéité : Estimation sur données de 

panel, Annales dôEconomie et de Statistique, n°39, pp 93-106. 

 

Lollivier S. (2001), Activité féminine : une approche longitudinale, Economie et Statistiques. 

 

 

Matheron S, Massip P, Trepo C, Lepeu G, Delfraissy JF. Metabolic and clinical evaluation of 

lipodystrophy syndrome (LD) in HIV-1 infected adults receiving initial HAART with or 

without a protease inhibitor (PI) : 48 week data from the CNAF3007 study. 8th Conference on 

Retroviruses and Opportunistic Infections, Chicago USA 2001; Abs 670. 

 



 16 

Matheron S, Brun-Vézinet F, Viraben R, Malkin JE, Troisvallets D. An open label study to 

compare efficacy and safety of the triple nucleoside analog combination combivir 

(COM)/abacavir (ABC) versus a protease inhibitor (PI) containing regimen in antiretroviral 

therapy (ART) naive adults. XIII International AIDS Conference Durban, South Africa. 2000; 

50-50. 

 

Meichenbaum D, Turk D. Faciliting treatment adherence : a practitionerôs guidebook. New 

York : Plenum Press, 1987. 

 

Miller GL, Hays DR. Adherence to combination antiretroviral therapy : synthesis of the 

literature and clinical implications. AIDS Reader 2000 ; 10 : 177-85. 

 

Moatti JP, Souteyrand Y. HIV/ AIDS social and behavioural research : past advances and 

thoughts about the future. Soc Sci Med 2000 ; 50 : 1519-32. 

 

Moatti JP, Spire B, Duran S. (2000), Un bilan des recherches socio-comportementales sur 

lôobservance des traitements dans lôinfection ¨ VIH : au-delà des modèles biomédicaux ? Rev 

Epidemiol Sante Publique, 2000, 48 : 182 ï 197. 

 

Mundlak Y. (1978) : '' On the Pooling of Time Series and Cross Section Data '', 

Econometrica, vol 46, n°1, pp 69-85 

 

Murri R., Ammassari A., Gallicano K. et al (1999). Relationship of self-reported adherence to 

HAART with protease inhibitor plasma level and viral load. 39
th
 Interscience Conference on 

Antimicrobial Agents and Chemotherapy. San Francisco, September (abstract #53). 

 

Nieuwkerk P, Gisolf E, Sprangers M, et Danner S. Adherence over 48 weeks in an 

antiretroviral clinical trial : variable within patients, affected by toxicities and independently 

predictive of virological response. Antiviral Therapy, 2001 ; 6 : 97 ï 103. 

 

Pablos-Mendez A, et al. Non adherence in tuberculosis treatment : predictors and 

consequences in New York City. Am J Med. 1997 Feb ; 102(2) : 164-70. 

 

Parsons T. The Social System. Free Press, Glencoe, 1951. 

 

Paterson DL, Swindells S, Mohr J, Brester M, Vergis EN, Squier C et al. (2000), Adherence 

to protease inhibitor therapy and outcomes in patients with HIV infection. Ann Intern Med, 50 

: 1589 - 98. 

 

Paterson D, Swindells S, Mohr J et al. How much adherence is enough ? A prospective study 

of adherence to protease inhibitor therapy using MEMS Caps. 6
th
 Conference on Retroviruses 

and opportunistic Infections. Chicago, II, 1999 January 31-February 4 (92). 

 

Philipson, T.and Desimone, J. (1997), ñExperiments and Subject Samplingò, Biometrika, 84, 

619-631. 

 

Philipson, T. and Hedges, L. (1998), ñSubject Evaluation in Social Experimentsò, 

Econometrica, 66, 381-408. 

 



 17 

Pierret J. Everyday life with AIDS/ HIV (2000) : surveys in the social sciences. Sc Sci Med, 

50 : 1589-1598. 

  

Proctor VE, Tesfa A, Tompkins DC. Barriers to adherence to highly active antiretroviral 

therapy as expressed by people living with HIV/ AIDS. AIDS Patient Care STDS 1999 ; 13 : 

535-544.  

 

Roca B, Gomez CJ, Arnedo A. Stavudine, lamivudine and indinavir in drug abusing and non-

drug absusing HIV-infected patients : adherence, side effects and efficacy. J Infection 1999 ; 

39 : 141-5. 

 

Sachs G, Spiess K, Moser G, Prager R, Kunz A, Schernthaner G. (1991), Glycosylated 

hemoglobin and diabetes - self monitoring (compliance) in depressed and non-depressed type 

I diabetic patients. Psychother Psychosom Med Psychol, 41 : 306-312. 

 

Sackett D.L. and Snow J.C. The magnitude of compliance and non-compliance. In 

Compliance in Health Care (Edited by Haynes R.B. et al.), pp.11-22. Johns Hopkins 

University Press, Baltimore, 1979. 

 

Sackett D.L. and Haynes R.B. (Eds). Compliance with Therapeutic Regimens. Johns Hopkins 

University Press, Baltimore, 1976. 

 

Spire B., Duran S., Souville M., Leport C. Raffi F., Moatti JP. (2002). ñAdherence to highly 

active antiretroviral therapies (HAART) in HIV-infected patients : from a predictive to a 

dynamic approachò. Social Science & Medicine 54 1481 ï 1496. 

 

Stephenson J. AIDS researchers target poor adherence. JAMA 1999 ; 281 (12) : 1069. 

Stone VE., Adelson-Mitty J., Duefield CA., et al. (1998). Adherence to protease inhibitor 

therapy in clinicial practice : usefulness of demographics, attitudes and knowledge as 

predictors. 12
th
 World AIDS Conference. Geneva, June. (Abstract #32337). 

 

Trajtenberg, M. (1990), Economic Analysis of Product Innovation, Harvard University Press, 

Cambridge (MA). 

  

Young J, Howard Z, Shepler L. Medication nn compliance in schizophrenia : codification and 

update. Bull Am Acad Pychiatry Law 1986 ; 14 : 105-122. 

 

Walsh JC. Adherence in clinical trials and in clinical practice. Antiviral Therapy 1999 ; 4 

(Suppl 3) : 49-4. 

 

 

Weiss J. Attitudinal factors and adherence to protease inhibitor combination therapy. In : 

Moatti JP, Souteyrand Y, Prieur A, Sandfort T, Aggleton P, eds AIDS in Europe, New 

Challenges for the social sciences. Collection ñSocial aspects of AIDSò. London : Routledge, 

Taylor and Francis Group, 2000 : 45 ï 56.



 18 

 

Table 1 : Demographic and Baseline Characteristics (Per Protocol Population) 

DEMOGRAPHIC CHARACTER ISTICS COM / ABC 

n = 90 

COM / NFV  

n = 89 

Median Age, years (range)  34 (18 ï 68 ) 34 (18ï 66 ) 

Gender (%) F 

M                                           

30% 

70% 

 36% 

64%  

 CDC (%) 
A 

B 

 

 78% 

 22% 

 

78% 

22% 

 

 

Median Weight (kg) 66 (42 ï 103) 65 (38 ï 115) 

 

 

BASELINE CHARACTERISTICS  COM / ABC 

n = 90 

COM / NFV 

n = 89 

Median HIV-1 RNA (log10 copies/ml) 4,2 (1,3 ï 5,5) 4,1 (1,3 ï 5,5) 
Median CD4+cells/mm

3
 (range) 

 
Mean CD4+ cells/mm

3 

394 (6 ï 854) 

 

377 

442 (27 ï 136) 

 

462 

HIV-related diseases (%) 12% 15% 

Risk factors of HIV transmission
*
 

 

Homosexual 

Heterosexual 

IVDU 

Transfused 

Unknown  

 

 

31% 

53% 

12% 

1% 

7% 

 

 

34% 

48% 

10% 

4% 

7% 
              * Multiple risk factors can be recorded 

 

 

FAMILY MEDICAL HISTORY / PREVIOUS 

AND CURRENT MEDICAL CONDITIONS  

COM / ABC 

n = 90 

COM / NFV 

n = 89 

Diabetes (family history) (%) 17% 14% 

Hypercholesterolemia (family history) (%) 7% 15% 

Cardiovascular disease (family history) (%) 13% 25% 

Hyperglycemia (family history) (%) 7% 6% 

Hypertriglyceridemia (family history) (%) 3% 3% 

Current smokers (%) 56% 52% 

Regular Alcohol Consumers (%) 28% 25% 
Cardiovascular risk factors  (personal history) (%) 4% 8% 

 

 

 

 
 



Table 2 : Number of subjects in the Per protocol Population by visit  

 

n = 4 (53, 240, 246, 286)

n = 6 (19, 34, 60, 90, 110, 220)

n = 2 (4, 283)

n = 2 (145, 254)

n = 1 (179)

*un patient n' a pas participé à la visite prévue
** deux patients n'ont pas participé à la visite prévue

n = 4 (43, 48, 76, 151)

n = 4 (55, 71, 107, 136)

n = 5 (109, 229, 296, 297, 298)

n = 2 (102, 213)

n = 1 (57)

n = 2 (123, 137)

N = 31
Critères d'inclusion non satisfaits

N = 2  (101, 237)
Aucune prise de traitement

N = 1 (226)
Sortie d'essai

N = 5 (91, 183, 210, 214, 261)
Déviation au protocole à J0

N = 1 (34)
Sortie d'essai

N = 9
Switch ou arrêt prématuré

N = 1 (220)
Sortie d'essai

N = 1 (4)
Sortie d'essai

N = 1 (19)
Sortie d'essai

N = 1 (240)
Sortie d'essai

N =  10
Switch ou arrêt prématuré

N = 11
Switch ou arrêt prématuré

N = 11
Switch ou arrêt prématuré

N = 11
Switch ou arrêt prématuré

N = 10
Switch ou arrêt prématuré

N = 6
Switch ou arrêt prématuré

N = 3 (10, 122, 198)
Sortie d'essai

N = 2 (129, 287)
Sortie d'essai

N = 1 (29)
Sortie d'essai

N = 1 (293)
Sortie d'essai

N = 3 (8, 64, 161)
Sortie d'essai

N = 4 (131, 180, 200, 285)
Sortie d'essai

N = 63**
Population per protocol à S48

N = 67*
Population per protocol à S40

N = 67**
Population per protocol à S32

N = 71
Population per protocol à S24

N = 75
Population per protocol à S16

N = 79*
Population per protocol à S8

N = 83*
Population per protocol à S4

N = 90
Population per protocol à J0

N = 96
Population de tolérance

N = 98
Groupe COMBIVIR + ABACAVIR

N = 5 (79, 92, 155, 239, 260)

Aucune prise de traitement

N = 1 (104)

Sortie d'essai
N = 2 (143, 191)

Déviation au protocole à J0

N = 1 (199)
Sortie d'essai

N = 1 (197)
Sortie d'essai

N = 1 (278)
Sortie d'essai

N = 3 (54, 17, 152)
Sortie d'essai

N = 4 (93, 204, 266, 134)

Sortie d'essai

N = 65
Population per protocol à S48

N = 65
Population per protocol à S40

N = 67***
Population per protocol à S32

N = 71
Population per protocol à S24

N = 74
Population per protocol à S16

N = 80
Population per protocol à S8

N = 84*
Population per protocol à S4

N = 1 (151)
Sortie d'essai

N = 2 (71, 136)
Sortie d'essai

N = 2 (109, 297)
Sortie d'essai

N = 3 (213, 228, 229)
Sortie d'essai

N = 2 (102, 296)
Sortie d'essai

N = 1 (107)
Sortie d'essai

N = 1 (43)

Sortie d'essai

N = 7
Switch ou arrêt prématuré

N = 6
Switch ou arrêt prématuré

N = 8
Switch ou arrêt prématuré

N = 10
Switch ou arrêt prématuré

N = 9* (228)
Switch ou arrêt prématuré

N = 7
Switch ou arrêt prématuré

N = 4
Switch ou arrêt prématuré

N = 89
Population per protocol à J0

N = 92
Population de tolérance

N = 97
Groupe COMBIVIR + NELFINAVIR

N = 195
Population randomisée

N = 226
Population de screening



Table 3 : Percentage of subjects who had not missed a dose in the last 4 weeks  
 

 

 

Study period COM + ABC COM + NFV P* 

Day 0 - Week 4 61/ 80 (76%) 42/ 77 (55%) < 0,01 

Week 4 ï Week 8 45/ 71 (63%) 36/ 73 (49%) 0,096 

Week 8 ï Week 16 34/ 69 (49%) 27/ 63 (43%) 0,489 

Week 16 ï Week 24 30/ 62 (48%) 21/ 65 (32%) 0,073 

Week 24 ï Week 32 27/ 45 (60%) 19/ 48 (40%) 0,063 

Week 32 ï Week 40 25/ 50 (60%) 17/ 47 (36%) 0,219 

Week 40 ï Week 48 20/ 42 (48%) 16/ 43 (37%) 0,384 

Day 0 - Week 48 242/ 419 178/ 416 < 0,001 

(value : 18) 
            *(exact Fisher test, two-sided) 

 

 

 

Table 4 : Complete adherers (n, %) according to pill count 

 

Study period COM + ABC COM + NFV 

 

P 

Day 0 - Week 4 42/ 71 (59%) 29/ 62 (46%) 0,17 

Week 4 ï Week 8 34/ 66 (52%) 32/ 59 (54%) 0,8 

Week 8 ï Week 16 41/ 59 (69%) 30/ 58 (52%) 0,06 

Week 16 ï Week 24 30/ 51 (59%) 17/ 44 (39%) 0,06 

Week 24 ï Week 32 30/ 53 (57%) 19/ 49 (39%) 0,08 

Week 32 ï Week 40 30/ 53 (57%) 17/ 45 (38%) 0,07 

Week 40 ï Week 48 23/ 43 (54%) 19/ 35 (54%) 1 

Day 0 - Week 48 66/ 372 128/ 344 <0,001 
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Figure 1 : Proportion of adherent patients, by treatment arm (according to self questionnaire) 

 

  

 

 

 

 

 

Figure 2 : Proportion of adherent patients, by treatment arm (according to pill count) 
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Tableau 5 :  Empirical  transition probabilities between 2 measures (Per Protocol population) 
 

 

Measurement 

method  

Transition Good 

Adherence 

to Bad 

Adherence 
 

Bad 

Adherence 

to Good 

Adherence 

Good 

adherence to 

Good 

adherence 
 

Bad 

Adherence to 

Bad 

Adherence 
 

Self-

questionnaire 

Both treatment arms 26%* 18% 74% 82% 

 Combivir + Abacavir Group 25% 22% 75% 78% 

 Combivir + Nelfinavir Group 28% 15% 72% 85% 

Pill count Both treatment arms 30% 32% 70% 68% 

 Combivir + Abacavir Group 24% 33% 76% 67% 

 Combivir + Nelfinavir Group 37% 32% 63% 68% 

*Out of 100 adherent patients belonging to the PP population at a given time point nd at the following visit, 26 

become poor adherers at the subsequent evaluation.  

 

 

 

Tableau 6 :  Stability of compliance behavior over time (population per protocol) 
 

 

 Always good 

adherers (n) 

Always poor 

adherers  (n) 

Self questionnaire 

            Population : at least 2 adherence measures available 

            Population : at least 4 adherence measures available 

 

33  

29 

 

37  

24 

Pill count 

            Population : at least 2 adherence measures available 

            Population : at least 4 adherence measures available 

 

22 

16 

 

17 

12 
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Table 7 : Panel  bivariate probit model estimations 

 

PStdEstPStdEst

0.040.330.66Covariance between error terms

0.110.250.39Covariance between individual effects

0.260.640.310.72Sigma (Individual effect)

0.821.2-0.260.441.35-1.04Constant

0.040.561.140.100.610.98CD4 cell counts at baseline

0.880.25-0.030.960.30-0.01Viral load at baseline (LOG10)

0.010.080.2320.010.060.28VISIT

=5, 6, 7, 8, 9,10

0.620.300.150.900.27-0.03Randomization Group

=1 if the patient received CBV+ABC

0.210.63-0.790.040.200.40Adherence behavior

= 1 if the patient is compliant at t

CLINICAL EFFICACY EQUATION

0.281.020.291.05Sigma (individual effect)

0.821.2-0.260.270.400.43Constant

0.030.28-0.580.090.29-0.48Concomitant drugs

= 1 if the patient received concomitant

drugs

0.080.35-0.610.030.34-0.70Side Effects

= 1 if the subject underwent side effects

0.060.230.430.090.240.40Baseline health status

= 1 if (VL <30 000 and CD4>400) at D

0.950.040.010.870.04-0.01VISIT

= 5, 6, 7, 8, 9, 10

0.030.240.530.030.240.52Randomization group

=1 if the patient received CBV+ABC

0.020.18-0.400.070.18-0.32Observed health status at (t-1)

 =1 if the viral load is undetectable at (t-1)

SIMULTANEOUS

EQUATIONS

 SEPARATE

PROBIT

MODELSADHERENCE EQUATION


