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Abstract 

Objective: Combination antiretroviral therapy (cART) suppresses viral replication to an undetectable 

level if a sufficiently high level of adherence is achieved. We investigated which adherence 

measurement best distinguishes between patients with and without detectable viral-load in a public 

ART-program where routine viral-load monitoring is unavailable.  

Method: We randomly-selected 870 patients who started cART between May-2009 and April-2012 in 

10 health-care facilities in Addis Ababa, Ethiopia. Six-hundred sixty-four (76.3%) patients who were 

retained in HIV-care and were receiving cART for at least six months were included and 642 had their 

plasma HIV-1 RNA concentration measured. Patients’ adherence to cART was assessed according to 

self-report, clinician-recorded and pharmacy-refill measures. Multivariate logistic regression model was 

fitted to identify the predictors of detectable viremia. 

Result: Fifty-nine (9.2%) and 35 (5.5%) of the 642 patients had a detectable viral-load of ≥40 and 

≥400 RNA copies/mL, respectively. In the multivariate analyses, younger age, lower CD4-cell count at 

cART initiation, being illiterate and widowed, and each of the adherence measures were significantly 

and independently predictive of having ≥400 RNA copies/mL. The receiver operating characteristic 

(ROC) curve showed that these variables altogether had a likelihood of more than 80% to discriminate 

correctly between patients with a plasma viral load of ≥400 RNA copies/mL from those without. 

Conclusion: Adherence to cART was remarkably high. Self-report, clinician-recorded and pharmacy-

refill non-adherence were all significantly predictive of detectable viremia. The choice for one of these 

methods to detect non-adherence and predict a detectable viral-load can therefore be based on what 

is most practical in a particular setting.   
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Introduction 

Viral load suppression to an undetectable level is one of the primary goals of combination antiretroviral 

therapy (cART) (1). To achieve and maintain durable viral-load suppression and to restore or preserve 

the immunologic function, sufficiently high levels of adherence are required (2-5). According to the 

World Health Organization (WHO), adherence is defined as ‘the extent to which a person’s behavior – 

taking medication, following a diet, and/or executing lifestyle changes – corresponds with agreed 

recommendations from a health-care provider’ (6). Thus, bidirectional communication and mutual 

understanding between the health-care provider and the patient are necessary for optimal treatment 

adherence.  
 

There are different approaches to measure medication adherence, each method having strengths and 

weaknesses (7-9). Self-reported adherence, for example, is commonly used in daily clinical care, but it 

overestimates adherence (7, 10). Treating clinicians may also assess patient adherence as good, fair, 

or poor during each scheduled regular follow-up visit to the ART-clinic (1). However, patients may not 

honestly report non-adherence events and clinicians’ ability to assess patients’ medication taking 

behavior is often limited (11-13). Refill data routinely collected in the ART-pharmacy can also be used 

to measure adherence; however, this method is inefficient, sometimes impractical and may require too 

much effort for use in a routine clinical practice (7, 14-16). Medication Event Monitoring System 

(MEMS) and therapeutic drug monitoring in plasma samples of patients are more objective adherence 

measures commonly used in clinical research, but they are not widely available or too expensive to be 

used in resource-limited settings (7, 17). Therefore, it is recommended to use a combination of 

methods for a better estimate since there is no single ‘gold-standard’ adherence measure (10, 18). 

 
Previously conducted studies in both resource-rich and resource-limited settings have reported that 

commonly used adherence measures are associated with clinical outcomes (such as increase in CD4-

cell or weight gain) (19-21). However, it is not known which adherence measurement collected in a 

routine clinical practice best distinguishes between patients with and without detectable viral-load in a 

public ART-program where routine plasma viral-load monitoring is unavailable. Therefore, the present 

study was conducted to estimate the level of adherence to cART according to self-report, clinician-

recorded and pharmacy-refill measures in a representative sample of HIV-infected adults receiving 

cART in Addis Ababa, and to assess their relationship with the plasma viral-load. 

 

Method 

 
Study setting and participants  
This study was conducted between September-2012 and April-2013 in ten randomly selected health-

care facilities located in Addis Ababa, Ethiopia. Selection of the health-care facilities has been 

described in detail previously (22, 23). Study participants were randomly selected in a two-step 

procedure using the ART-register as a sampling frame. First, we identified the 8,016 treatment naïve 

HIV-infected persons who initiated cART between May-2009 and April-2012; 558 patients who had 

been formally transferred-out after initiating cART or were aged <18 years were excluded. Second, out 
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of the remaining 7,458 patients, we selected 870 using a systematic random sampling procedure. 

Patients who were still alive, were retained in HIV-care and using cART for at least six months were 

eligible to participate in the present study.  

 
Study procedures 

First, eligible patients underwent a face-to-face interview to assess self-reported adherence. After the 

interview, they gave a blood sample for viral load measurement. Second, socio-demographic, clinical, 

and refill data were abstracted from the patients’ medical records. Patients who declined participation 

or those who had been recorded or reported as lost to follow-up, dead or stopped were excluded. 

 
Ethical approval 

Ethical clearance was obtained from the Institutional Review Boards (IRB) of the College of Health 

Sciences, Addis Ababa University, and Millennium Medical College, St. Paul Hospital. Patients gave 

informed consent to participate in a face-to-face interview, to retrieve drug dispensing information from 

the pharmacy-refill records, and to check their medical files for socio-demographic, clinical and 

treatment-related variables. Patient data were extracted anonymously from medical records using the 

unique-ART number or medical record number.  
 
Outcome Measures 
 
Self-reported adherence 

Five self-report questions were adopted from the Adult AIDS Clinical Trial Group (AACTG) adherence 

questionnaire (24) or from previously conducted studies (25-27). First, patients were asked to rate 

their ability during the past 4 weeks to take all the ARV drugs prescribed (from ‘1=very poor’ to 

‘6=excellent’). Second, patients were asked how often during the past 4 weeks they took all the ARV 

medications prescribed (from ‘1=none-of-the-time’ to ‘5=all-of-the-time’). Third, they were asked on 

how many days in the past week they took all anti-HIV medicines that were prescribed (from ‘1=not 

one day’ to ‘5=all seven days’). Fourth, they were asked how many days per week, on average, they 

missed at least one dose of anti-HIV medication (from ‘1=every day’ to ‘6=never’). Fifth, they were 

asked when was the last time they missed taking any of their ARV medications (from ‘1=within the 

past week’ to ‘6=never skip medications’). 

 
Translation and pilot testing of the self-report questions  

The self-report questions were translated into Amharic for this study. They were pilot-tested in 11 HIV-

infected patients receiving cART in accordance with the European Organization for Research and 

Treatment of Cancer (EORTC) QoL group translation and pilot testing guideline (28). One response 

option of the adherence question needed adaptation. The Amharic version of the response option ‘a-

good-bit-of-the-time’ was literally translated as ‘tiru lehone gize,’ which didn’t make sense to many of 

the patients; the second translation of ‘kegimash belay lehone gize,’ which literally means ‘more-than-

half of the time’ was understood better. 
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Interview 

Clinicians or adherence case-managers asked eligible patients to participate following a scheduled 

regular clinic consultation. Patients willing to participate answered to the interviewer-administered 

questions. Before the interview began, introductory statements that acknowledged the difficulties 

surrounding medication adherence were read to reduce socially desirable responses. Also, 

interviewers were non-judgmental to responses of non-adherence. Information about medication pick-

up from other ART pharmacies (often as an emergency), history of clinician advise to (temporarily) 

stop the medication (for example, due to adverse effects), or ARV drug sharing from friends was 

collected and used as a possible explanation for the ‘missing pharmacy-refill or clinic visit’ dates. 

 

Clinician-recorded adherence  

Clinician-recorded adherence refers to the routine assessment of patients’ medication taking as Good, 

Fair, or Poor during each scheduled regular follow-up visit to the ART-clinic, usually every one-to-three 

months. It is based on patients’ responses to questions about the number of missed ARV-drug doses 

during the past month and/or the clinicians’ judgment based on missed clinic follow-up visits.  

 
Clinicians also record patients’ actual and next appointment clinic visit dates every time patients come 

to the ART-clinic. Using these dates, we first computed the number of days elapsed between the 

scheduled and actual visit dates in each of the last six most-recent clinic visits. Next, patients with a 

gap of ≥30 days were identified. Sometimes, patients’ clinic visit date might not be recorded as a result 

of temporary loss of patients’ follow-up card in the ART-clinic. This is particularly seen in high patient 

load health-care facilities. In these patients, we referred to the corresponding pharmacy-refill date or 

prescription-refill paper. When we found it, we assumed the patient had visited the ART-clinic and re-

calculated the number of days elapsed between the scheduled and actual visit dates accordingly. 

When we couldn’t find it, we assumed the patient had missed the clinic visit. Patients with a gap of ≥30 

days in any of the last six most-recent clinic visits were considered as non-adherent. 

 
Pharmacy-refill adherence 
Pharmacy-refill adherence over the last five most-recent refill periods was assessed by calculating the 

medication possession ratio (MPR) as {[(number of pills dispensed at refills / number of pills 

prescribed per day) / number of days between refills] multiplied by hundred} (14). The date of the 

interview served as the index date. If the patient had not yet achieved six refill visits, then the MPR 

was calculated based on the available refill visits.   

 

Because patients were prescribed a combination of antiretroviral drugs (usually three), we first 

calculated the MPR for each ARV drug in each of the last five most-recent refill-periods. If the supply 

of pills extended beyond the period between two refill dates, we carried forward those extra pills to the 

next refill-period except when the patient changed his or her regimen. We previously found that taking 

left-over pills into account prevents patients being misclassified as non-adherent (14). Next, we 

truncated the MPR of each refill-period to 100%. Then, we calculated the average MPR for each ARV-

drug over the last five most-recent refill periods. Finally, we calculated the average MPR for all the 
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drugs in the regimen combined. Because the MPRs for the separate components of the regimen were 

almost identical to each other (data not shown) we decided to use the average MPR for all the drugs in 

the regimen combined.  

 

For patients in whom the dates of the ‘pharmacy-refill visit’ were missing but the corresponding ‘clinic 

visit dates’ were available, we looked for the original prescription-refill paper in the ART-pharmacy. 

When we found it, we assumed that the patient had collected the drug and re-calculated the MPR. 

When the prescription-refill paper was not found, we used the corresponding ‘clinic visit date’ to re-

calculate the MPR, otherwise we assumed the patient had not collected the drug. Patients with an 

average MPR of ≥100% were classified as adherent while those <100% as non-adherent. 

 

Plasma viral-load determination 

The plasma HIV-1 RNA concentration was the other main outcome variable. It was measured at the 

International Clinical Laboratories (ICL), Addis Ababa, after the step-wise WHO-recommended 

procedures were carefully performed (29). The plasma viral RNA testing assay (Abbott 

m2000RealTime HIV-1 assay, Abbott Molecular Inc., Des Plaines, IL, USA) had a lower detection limit 

of 40 copies/mL (30). The final test result was dichotomized as undetectable (i.e. <40 RNA copies/mL) 

or detectable viral-load (i.e. ≥ 40 RNA copies/mL). 
 
Independent variables 

The following socio-demographic, clinical, and treatment-related variables were retrieved from the pre-

ART/ART register, patient follow-up card and intake-form using a Case Report Form (CRF): age, sex, 

marital status, religion, educational level, HIV-status disclosure, dates of HIV-diagnosis, enrolment in 

HIV-care and cART initiation, time since HIV-diagnosis or since start cART, WHO clinical stage, 

functional status (assessed and categorized by the treating clinician as working, ambulatory, or bed-

ridden), CD4-cell count, evidence of tuberculosis at or after start cART (yes/no), and type of health-

care facility (hospital versus health center).  

 

Statistical analyses 

For each adherence measure, we first calculated the sensitivity (i.e. percentage of patients with 

detectable viral-load who are identified as non-adherent), specificity (i.e. percentage of patients with 

undetectable viral-load who are identified as adherent), positive predictive value (PPV) (i.e. 

percentage of non-adherent patients who have a detectable viral-load), and negative predictive value 

(NPV) (i.e. percentage of adherent patients who have an undetectable viral-load). Next, we examined 

the relationship between each adherence measure with detectable viral-load (≥40 or ≥400 RNA 

copies/mL) in a binary logistic regression model. In this analysis, self-report questions, clinician-

recorded and pharmacy-refill measurements were all dichotomized at the highest versus lower 

adherence categories or cut-off points.  

 
Three separate multivariate logistic regression models were then fitted by including all the independent 

variables and each one of the three adherence measurements. Variables with a larger p-value were 
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successively removed and kept aside one-by-one in a backward elimination procedure until only 

variables significantly associated with detectable viral-load (P-value <0.05) or those which we 

assumed clinically important were remaining in the final model. During the course of variable 

elimination, we examined whether the primary coefficients for the remaining variables were 

significantly changed. In addition, variables not selected or kept aside at a previous step were added 

back to the multivariate model (one at a time) throughout the model building process. Likelihood ratio 

tests were used to compare between the fit of various models until the final model was built.  

 
The ability of the final model to distinguish correctly between those patients with detectable viral-load 

versus those patients with undetectable viral-load was evaluated by computing the area under the 

receiver operating characteristic (ROC) curve. It is a measure of model accuracy. An area under the 

ROC curve equal to 1.0 was considered perfect, between 0.9 and 0.99 excellent, 0.8 to 0.89 good, 0.7 

to 0.79 fair, 0.51 to 0.69 poor, and 0.5 of no value (31). We used EPI-data version 3.1 for data-entry 

and STATA version 11 for statistical analyses. 

 

Results 

 

Patients 

Of the 870 patients selected, 171 (19.7%) were either LTFU (n=101) or dead (n=70) by the time the 

study was conducted. An additional 34 patients declined participation and one patient had stopped 

taking ARVs while remaining in clinical care. Therefore, 664 (76.3%) patients who remained in HIV-

care and were still receiving cART were included. 

 

At enrolment in HIV-care, the median (IQR) CD4-cell count was 152 (82-to-251) cells/µL. Five-

hundred twenty-five patients (79%) used a fixed-dose combination (FDC) of two ARV drugs while 138 

patients (21%) used a FDC of three ARVs. Table 1 describes key patient characteristics. 
 

Medication adherence after cART initiation  
 
Self-reported adherence: The majority of the patients self-reported a high degree of ARV drug taking 

or a low level of missed doses during the past week or month (Table 2). 
 

Clinician-recorded adherence: Medication adherence assessed by the treating clinician as good, fair 

or poor is described in Table 2. Eighty-one patients initially had at least one missing ‘clinic follow-up 

visit date.’ We found the corresponding pharmacy- or prescription-refill dates of 30 patients, and the 

remaining 51 patients were considered to have had at least one missing clinic follow-up visit). 

 
Pharmacy-refill adherence: The pharmacy-refill measures also indicated a high level of medication 

adherence. Initially, the median (IQR) refill adherence level was 97% (89%-99%) based on individual 

patient refill-data available in the pharmacy records. After replacing the ‘missed pharmacy-refill dates’ 

with the corresponding ‘prescription-refill dates’ for 121 patients (in total 286 refill periods), the median 
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(IQR) refill adherence level increased to 98% (94%-99%). For 14 patients whose ‘prescription-refill 

paper’ was not found, we used the corresponding ‘clinic visit dates’ and re-calculated the MPR; 

however, this didn’t change the average MPR appreciably (result not shown). Adding left-over pills 

from the previous refills also slightly increased the median (IQR) MPR to 98.7% (96%-100%) (Table 

2). However, the MPR calculations based on ‘months-of-supply dispensed’ and ‘quantity-of-pills 

dispensed’ gave almost identical results. Therefore, we decided to present the MPR based on the 

‘quantity-of-pills dispensed’ only.  

 
Relationship between adherence measurements and detectable viral-load 

Of the 664 patients included, viral-load test results were available for 642 (96.7%) patients. Fourteen 

(2.1%) patients had an invalid viral-load test result while 8 (1.2%) patients declined to provide a blood 

sample. Using the thresholds of ≥40 and ≥400 RNA copies/mL, 59 (9.2%) and 35 (5.5%) patients, 

respectively, had a detectable viral-load.  

Generally, the self-report and clinician-recorded adherence measures had a lower sensitivity but a 

higher specificity and NPV. Also, for all self-report and clinician-recorded adherence measures, 

sensitivity decreased while both specificity and odds ratio increased by moving the cut-off value or 

category to a lower level. In contrast, the pharmacy-refill adherence measures had a higher sensitivity 

and NPV, but a lower specificity and PPV at the highest cut-off value (i.e., at 100%). In addition, the 

odds ratio increased as the cut-off MPR went down to 80%; it then decreased with the 70% cut-off 

value. Adding left-over pills to the MPR calculation slightly reduced the sensitivity but increased the 

specificity. The NPV of all the adherence measures remained fairly constant across the different cut-

off values.  

Interestingly, all three measures of adherence were significantly associated with detectable viral-load 

in the bivariate logistic regression analyses. In the multivariate logistic regression model, younger age, 

lower CD4-cell count at start cART, being illiterate, and non-adherence as measured by each of the 

adherence measurements were significantly and independently associated with a detectable viral-load 

of ≥40 RNA copies/mL except one self-report question which asks patients about the rating of their 

ability to take all the ARV drugs as their doctor prescribed (Table 3).  

Using a plasma viral-load threshold of 400 copies/mL, younger age, lower CD4-cell count at start 

cART, being illiterate and widowed, and non-adherence as measured by each of the adherence 

measurements were significantly and independently predictive of detectable viremia. The area under 

the ROC curve showed that the likelihood for each of the three adherence measurements to 

discriminate between patients with a detectable viral-load of ≥400 RNA copies/mL from those without 

was clustered just above 80% after adjustment for age, CD4-cell count at cART initiation, educational 

level and marital status (Table 4 and Figures 1, 2 and 3). Of the two detectable plasma viral-load 

thresholds, i.e. ≥40 and ≥400 RNA copies/mL, the latter was better predicted by the self-report, 

clinician-recorded or pharmacy-refill adherence measures. 



77 
 

 
 

Table 1. Patients’ socio-demographic, clinical, and treatment characteristics (n=664) 
Patient characteristic Value* 

Age – yearsa, mean (SD) (n=661) 37.6 (9.3) 
Sex – malea,  242  (36.4%)  
Educational statusa, (n=661)   

No education 81 (12.3%) 
Primary 210 (31.8%) 
Secondary 271 (41.0%) 
Tertiary 99 (15.0%) 

Marital statusa,    
Never married 115 (17.3%) 
Married or cohabitting 346 (52.1%) 
Divorced or separated 125 (18.8%) 
Widowed 78 (11.7%) 

Religious convictiona,     
Orthodox Christian 543 (81.8%) 
Protestant Christian 71 (10.7%) 
Muslim 
Other 

43 
7 

(6.5%) 
(1.1%) 

Months since start cARTa, mean (SD) 26 (10.7) 
Months since start cARTa, median (IQR) 26 (17-35) 
Employment statusb, (n= 511)   

Working full time 257 (50.3%) 
Working part time 34 (6.7%) 
Not working/studying due to ill health 59 (11.5%) 
Unemployed 161 (31.5%) 

Months since HIV diagnosisc, median (IQR) (n=653) 1 (0-to-8) 
Functional statusc, (n=654)   

Working 558  (85.3%)  
Ambulatory 79  (12.1%)  
Bed ridden 17  (2.6%)  

WHO clinical stagec,d, (n=661)   
Stage I 160 (24.2%) 
Stage II 197 (29.8%) 
Stage III 232 (35.1%) 
Stage IV 72 (10.9%) 

Evidence of tuberculosis at or after start cART-yes, (n=653)   119 (18.2%) 
First line drug regimenc,    

TDF-containing 339 (51.1%) 
AZT-containing 266 (40.1%) 
d4T-containing 59 (8.9%) 

First line ARV drug regimenc,    
EFV-based  434 (65.4%) 
NVP-based  230 (34.6%) 

HIV status disclosure (to family member/or closest friend/or neighbor)-yesc, 
(n=661) 

599 (90.6%) 

CD4 cells/µLc, mean (SD) (n=661) 150  (89.7)  
Hemoglobin (g/dL)c, mean (SD) (n=581) 13.2 (2.1) 
*Values are n (%) unless otherwise indicated. 
a= at study entry;  
b= at enrollment in HIV care;  
c= at the start of cART;  
d= according to the revised World Health Organization clinical staging of HIV/AIDS for adults and adolescents (2005) (42);  
TDF=tenofovir; AZT=zidovudine; d4T= stavudine; EFV=efavirenz; NVP=nevirapine;  
IQR= inter-quartile range; SD=standard deviation. 
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Table 2. Measures of self-report, clinician-recorded and pharmacy-refill adherence among HIV-
infected adults receiving cART in Addis Ababa (n=664)  
Adherence measure Value* 

Self-reported adherence   
Thinking about the past 4 weeks, on average, how would you rate your ability to take all your ARV medications as your 
doctor prescribed them?  
 Very poor 5  (0.8%) 
 Poor 5  (0.8%) 
 Fair 48  (7.2%) 
 Good 123 (18.5%) 
 Very Good 254 (38.3%) 
 Excellent 229 (34.5%) 
Thinking about the past 4 weeks, how often did you take all your ARV medications as your doctor prescribed them?  
                None of the time 3 (0.5) 

A little of the time 5 (0.8%) 
A good bit of the time 6 (0.9%) 
Most of the time 68 (10.2%) 
All of the time 582 (87.7%) 

How many days in the past one week did you take all anti-HIV medications that were prescribed? (n=663) 
 Not one day 5 (0.75%) 
 One or two days 2 (0.3%) 
 Three or four days 2 (0.3%) 
 Five or six days 24 (3.6%) 
 All seven days 630 (95%) 
On average, how many days per week would you say that you missed at least one dose of your HIV medications? 
(n=661) 
 Everyday 4 (0.6%) 
 Four to six days per week 1 (0.15%) 
 Two to three days per week 6 (0.91%) 
 Once a week 30 (4.5%) 
 Less than once a week 45 (6.8%) 
 Never 575 (86.9%) 
When was the last time you missed taking any of your ARV medications? (n=663) 
 Within the past one week 25 (3.8%) 
 With in the past two weeks 13 (1.9%) 
  Two to four weeks ago 18 (2.7%) 
                One to three months ago 17 (2.6%) 
                More than three months ago 70 (10.5%) 
                Never skip medications 520 (78.4%) 
Clinician-recorded adherence    

Clinician-recorded adherence at/or close to study entry (n=621) 
Good  612 (98.6%) 
Fair  2 (0.3%) 
Poor  7 (1.1%) 

Any clinician-recorded “poor” adherence in the last six most recent clinic visits (n=659) 
Yes 27 (4.1%) 
No  632 (95.9%) 

Any missed scheduled follow-up visit of ≥30 days in the last six most recent clinic visits (n=664) 
Yes 81 (12.2%) 
No  583 (87.8%) 

Any missed scheduled follow-up visit of ≥30 days in the last six most recent clinic visits after ‘missed clinic visit dates’ 
were replaced with the corresponding ‘pharmacy-refill dates’ (n=664) 

Yes 51 (7.7%) 
No  613 (92.3%) 

Pharmacy-refill adherence over the past six most recent refill visits 
MPR based on “quantity of pills dispensed” (n=654) 

Mean (SD) of MPR for the ARV regimen 92.8 (9.5) 
Median (IQR) of MPR for the ARV regimen  97 (89-to-99) 

MPR based on “quantity of pills dispensed” after ‘missed pharmacy-refill dates’ were replaced with the corresponding 
‘prescription-refill dates’ (n=664)  

Mean (SD) of MPR for the ARV regimen  95.5 (5.6) 
Median (IQR) of MPR for the ARV regimen  98 (94-to-99) 

MPR based on “quantity of pills dispensed” after ‘missed pharmacy-refill dates’ were replaced with the corresponding 
‘prescription-refill dates,’ and left-over pills from the previous refills were taken into account (n=664)  

Mean (SD) of MPR for the ARV regimen  96.5 (5.4) 
Median (IQR) of MPR for the ARV regimen  98.7 (96-to-100) 

*Values are n (%) unless otherwise indicated; MPR=Medication Possession Ratio;  
AZT=zidovudine; d4T= stavudine; TDF=tenofovir; LPV/r=ritonavir-boosted Lopinavir; ABC=abacavir; EFV=efavirenz; 
NVP=nevirapine; IQR= inter-quartile range; SD=standard deviation. 
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Table 3. Sensitivity, Specificity, PPV, NPV, odds ratio, and AUC for the prediction of having a 
detectable viral load (≥40 copies/mL) by different adherence measurements 

 
Adherence Measure 

Sensiti-
vity (%) 

Specifi-
city (%) 

PPV 
(%) 

NPV 
(%) 

Unadjusted OR 
(95% CI) 

Adjusted‡ OR 
(95% CI) 

AUC† 
(%) 

Self-report adherence questions  
Patients’ rating of their ability to take all the ARV drugs as their doctor prescribed during the past 4 weeks  
< Excellent  73 35 10 93 1.47 (0.81, 2.67) 1.52(0.81, 2.85) 68.9 
< Very Good 34 74 12 92 1.47 (0.83, 2.59) 1.54(0.85, 2.78) 69.1 
< Good 15 92 17 92 2.21 (1.02, 4.78)* 2.20(0.98, 4.86) 69.5 
< Fair  5 99 38 91 6.19 (1.44, 26.6)* 4.37(0.97, 19.7) 68.6 
< Poor 3 99.5 40 99.5 6.78 (1.11, 41.4)* 6.15(0.92, 41.0) 68.5 
Frequency of how patients took all their ARV drugs as their doctor prescribed during the past 4 weeks  
< All of the time 25 89 19 92 2.72(1.43, 5.15)** 2.71(1.39, 5.29)** 70.2 
< Most of the time 5 98 21 91 2.79(0.75, 10.3) 2.28(0.59, 8.92) 68.9 
< A good bit of the time 5 99 38 91 6.19(1.44, 26.6)* 5.28(1.18, 23.7)* 69.0 
< A little of the time 5 100 100 91 - - - 
Number of days in the past one week patients took all anti-HIV medications that were prescribed  
< All 7 days 14 96 27 92 3.99(1.69, 9.42)** 3.44(1.40, 8.45)* 70.2 
< 5 or 6 days 7 99 50 91 10.5(2.56, 43.2)** 5.97(1.38, 25.9)* 69.4 
< 3 or 4 days 7 99.7 67 91 21.1(3.8, 117.8)** 14.6(2.51, 85.1)** 69.5 
< 1 or 2 days 7 99.8 80 91 42.3 (4.6, 384.7)** 32.2(3.4, 306.8)** 69.5 
Average number of days per week patients missed at least one dose of their HIV medications  
< Never missed ARVs 26 88 18 92 2.68 (1.41, 5.08)** 2.28(1.17, 4.43)* 70.1 
< Less than once a week 12 94 18 92 2.35 (0.99, 5.60) 1.96(0.79, 4.80) 69.0 
< Once a week 5 98.6 27 91 3.91 (1.01, 15.2)* 2.75(0.67, 11.3) 68.5 
< 2 to 3 days per week 5 99.7 60 91 15.8 (2.58, 96.5)** 10.1(1.51, 67.3)* 69.0 
< 4 to 6 days per week 5 99.8 75 91 31.6 (3.2, 309.3)** 26.2(2.5, 270.1)* 69.0 
The last time patients said that they missed taking any of their ARV medications  
< Never missed ARVs 42 81 18 93 3.09(1.77, 5.38)*** 2.83(1.59, 5.0)*** 70.6 
< More than 3 months ago 24 91 21 92 3.04 (1.57, 5.89)** 2.65(1.32, 5.29)** 70.6 
< 1 to 3 months ago 14 92 15 91 1.92 (0.86, 4.29) 1.73(0.75, 3.99) 69.3 
< 2 to 4 weeks ago 8 95 14 91 1.70 (0.63, 4.57) 1.39(0.50, 3.88) 69.0 
< With in the past 2 weeks 8 97 23 91 3.08 (1.09, 8.67)*  2.05(0.69, 6.06) 69.3 
Clinician-recorded adherence  
Clinician-recorded adherence at/or close to study entry  
< Good  5 99 38 91 6.23 (1.45, 26.8)* 6.49(1.37, 30.8)* 69.7 
< Fair  5 99 43 91 7.80 (1.70, 35.8)** 8.36(1.61, 43.4)* 69.7 
Any clinician-recorded “poor” adherence in the last six most recent clinic visits  
Yes  15 97 33 92 5.60(2.39, 13.1)*** 5.2(2.12, 12.8)*** 70.2 
Any missed scheduled follow-up visit of ≥30 days in the last six most recent clinic visits  
Yes 25 89 19 92 2.67(1.41, 5.06)** 2.49 (1.28, 4.8)** 69.7 
Any missed scheduled follow-up visit of ≥30 days in the last six most recent clinic visits after ‘missed clinic visit dates’ 
were replaced with the corresponding ‘pharmacy-refill dates’  
Yes 20 93 24 92 3.56(1.75, 7.26)*** 3.12(1.48, 6.58)** 69.0 
Pharmacy-refill adherence over the past six most recent refill visits 
MPR based on “quantity of pills dispensed”  
< 100%  85 13 9 89 0.84 (0.39, 1.77) 0.74(0.34, 1.61) 68.5 
< 95%  64 64 16 95 3.25(1.86, 5.68)*** 2.89(1.6, 5.14)*** 70.9 
< 90%  49 76 17 94 3.05(1.77, 5.26)*** 2.87(1.6, 5.06)*** 69.4 
< 85%  31 88 21 92 3.21(1.74, 5.89)*** 3.12(1.6, 6.02)** 69.4 
< 80%  25 94 29 92 4.94(2.52, 9.69)*** 6.19(2.9, 13.1)*** 72.2 
< 70% 8 97 23 91 3.03 (1.08, 8.53)* 3.78(1.26, 11.4)* 68.6 
MPR based on “quantity of pills dispensed” after ‘missed pharmacy-refill dates’ were replaced with the corresponding 
‘prescription-refill dates’  
< 100%  90 14 10 93 1.45 (0.60, 3.47) 1.34(0.55, 3.27) 69.0 
< 95%  51 76 18 94 3.27(1.90, 5.64)*** 2.84(1.61, 5.01)** 72.9 
< 90%  36 88 23 93 3.99(2.21, 7.17)*** 3.24(1.75, 6.0)*** 70.0 
< 85%  19 96 32 92 5.58(2.57, 12.1)*** 5.90(2.6, 13.6)*** 71.4 
< 80%  12 98.6 47 92 9.68(3.37, 27.7)*** 13.9(4.2, 46.1)*** 71.1 
< 70% 2 99.7 33 91 5.01 (0.45, 56.1) 5.57(0.4, 73.1) 68.7 
*p-value < 0.05; **p-value < 0.01; ***p-value < 0.001; Sensitivity: is the percentage of patients with detectable viral load who are identified by non-
adherence; Specificity: is the percentage of patients with undetectable viral load who are identified by adherence; PPV (Positive Predictive Value): 
is the percentage of non-adherent patients who have a detectable viral load; NPV (Negative Predictive Value): is the percentage of adherent 
patients who have an undetectable viral load; <: Less than; MPR: Medication Possession Ratio; OR: Odds Ratio; CI: confidence interval;  
‡adjusted for age (<40 vs. ≥40 years), cd4 cell count at start cART (<100 vs. ≥200; 100-199 vs. ≥200), and educational status (‘No education’ vs. 
primary/secondary/tertiary education);  
AUC†: area under the receiver operating characteristic curve for the adjusted model. 
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Figure 1. Area under the ROC curve indicating ‘good’ discrimination of patients with a detectable viral load of 

≥400 HIV-1 RNA copies/mL from those without using a non-adherence threshold of less than ‘all-of the time’ to 

the self-report question “frequency of taking all ARV drugs as the doctor prescribed” after adjustment for age, 

CD4 cell count at cART initiation, educational level and marital status. The lower left corner corresponds to the 

highest specificity while the upper right corner corresponds to the highest sensitivity. 

 

 
Figure 2. Area under the ROC curve indicating ‘good’ discrimination of the patients with a detectable viral load of 

≥400 HIV-1 RNA copies/mL from those without using any missed scheduled follow up visit of ≥30 days in the last 

six most recent clinic visits after ‘missed clinic visit dates’ were replaced with the corresponding ‘pharmacy or 

prescription-refill dates’ and adjusted for age, CD4 cell count at cART initiation, educational level and marital 

status. The lower left corner corresponds to the highest specificity while the upper right corner corresponds to the 

highest sensitivity. 

0.
00

0.
25

0.
50

0.
75

1.
00

S
en

si
tiv

ity

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.8234

0.
00

0.
25

0.
50

0.
75

1.
00

S
en

si
tiv

ity

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.8060



81 
 

 
 

 

 
Figure 3. Area under the ROC curve indicating ‘good’ discrimination of the patients with a detectable viral load of 

≥400 HIV-1 RNA copies/mL from those without using a non-adherence pharmacy-refill threshold of <95% MPR 

after adjustment for age, CD4 cell count at cART initiation, educational level and marital status. The lower left 

corner corresponds to the highest specificity while the upper right corner corresponds to the highest sensitivity. 
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Table 4. Sensitivity, Specificity, PPV, NPV, odds ratio, and AUC for the prediction of having a 
detectable viral load (≥400 copies/mL) by different adherence measures 

 
Adherence Measure 

Sensiti- 
vity (%) 

Specifi-
city (%) 

PPV 
(%) 

NPV 
(%) 

Unadjusted OR 
(95% CI) 

Adjusted‡ OR 
(95% CI) 

AUC† 
(%) 

Self-report adherence questions  

Patients’ rating of their ability to take all the ARV drugs as their doctor prescribed during the past 4 weeks (n=642) 
< Excellent  63 34 5 94 0.89 (0.44, 1.79) 0.85 (0.39, 1.84) 80.2 
< Very Good 37 74 8 95 1.68 (0.83, 3.41) 1.78 (0.83, 3.84) 80.8 
< Good 14 92 9 95 1.94 (0.72, 5.23) 1.92 (0.67, 5.51) 80.3 
< Fair  6 99 25 95 6.07 (1.18, 31.2)* 3.69 (0.62, 21.9) 80.6 
< Poor 6 99.5 40 99.5 12.2 (1.97, 75.5)** 17.9 (1.7, 191.8)* 80.2 
Frequency of how patients took all their ARV drugs as their doctor prescribed during the past 4 weeks (n=642) 
< All of the time 31 89 14 96 3.57 (1.68, 7.61)** 3.64(1.57, 8.42)** 82.3 
< Most of the time 9 98 21 95 5.08 (1.35, 19.1)* 4.36 (0.99, 19.2) 81.1 
< A good bit of the time 9 99 38 95 11.3 (2.58, 49.3)** 10.6 (2.1, 53.0)** 81.0 
< A little of the time 9 100 100 95 - - - 
Number of days in the past one week patients took all anti-HIV medications that were prescribed (n=641) 
< All 7 days 17 96 20 95 5.02 (1.90, 13.2)** 3.92 (1.36, 11.3)* 81.6 
< 5 or 6 days 9 99 38 95 11.3 (2.58, 49.2)** 4.66 (0.94, 22.9) 81.5 
< 3 or 4 days 9 99.5 50 95 18.8(3.66, 97.1)*** 11.4 (1.9, 68.7)** 81.5 
< 1 or 2 days 9 99.7 60 95 28.3(4.6, 175.5)*** 20.9 (2.64, 165)** 81.5 
Average number of days per week patients missed at least one dose of their HIV medications (n=639) 
< Never missed ARVs 21 88 9 95 1.83 (0.77, 4.35) 1.19 (0.45, 3.15) 80.4 
< Less than once a week 15 94 13 95 2.89 (1.05, 7.95)* 2.10 (0.71, 6.27) 80.7 
< Once a week 6 98.5 18 95 4.14 (0.86, 19.9) 2.19 (0.39, 12.4) 80.4 
< 2 to 3 days per week 6 99.5 40 95 12.5 (2.02, 77.7)** 5.69 (0.71, 45.9) 81.1 
< 4 to 6 days per week 6 99.7 50 95 18.8 (2.6, 138.1)** 14.8 (1.5, 142.7)* 81.0 
The last time patients said that they missed taking any of their ARV medications (n=641) 
< Never missed ARVs 40 80 10 96 2.62 (1.29, 5.29)** 2.43 (1.14, 5.19)* 81.6 
< More than 3 months ago 23 90 12 95 2.69 (1.17, 6.20)* 2.20 (0.88, 5.49) 81.0 
< 1 to 3 months ago 14 92 10 95 1.98 (0.73, 5.35) 1.75 (0.59, 5.14) 80.6 
< 2 to 4 weeks ago 9 95 9 95 1.68 (0.49, 5.79) 1.24 (0.32, 4.73) 80.4 
< With in the past 2 weeks 9 97 14 95 2.89 (0.81, 10.3) 1.57 (0.39, 6.30) 80.5 
Clinician-recorded adherence  
Clinician-recorded adherence at/or close to study entry  
< Good  5 99 38 91 5.83 (1.13, 30.1)* 6.13 (0.97, 38.8) 81.7 
< Fair  5 99 43 91 7.01 (1.31, 37.6)* 7.88 (1.12, 55.7)* 81.8 
Any clinician-recorded “poor” adherence in the last six most recent clinic visits  
Yes  15 97 33 92 4.39 (1.56, 12.4)** 3.94 (1.24, 12.6)* 80.2 
Any missed scheduled follow up visit of ≥30 days in the last six most recent clinic visits  
Yes 26 88 11 95 2.57(1.16, 5.71)* 2.12 (0.89, 4.98) 80.4 
Any missed scheduled follow up visit of ≥30 days in the last six most recent clinic visits after ‘missed clinic visit dates’ 
were replaced with the corresponding ‘pharmacy or prescription-refill dates’  
Yes 26 93 18 96 4.66(2.05, 10.6)*** 3.70(1.49, 9.16)** 80.6 
Pharmacy-refill adherence over the past 
six most recent refill visits 

 

MPR based on “quantity of pills dispensed”  
< 100% 83 13 5 93 0.73 (0.29, 1.81) 0.52 (0.19, 1.39) 80.8 
< 95%  71 63 10 97 4.35(2.05, 9.22)*** 3.77(1.71, 8.30)** 81.6 
< 90%  54 75 11 97 3.60(1.81, 7.19)*** 3.46(1.64, 7.32)** 80.4 
< 85%  31 87 13 96 3.14 (1.48, 6.67)** 2.76(1.16, 6.57)* 79.7 
< 80%  26 93 17 96 4.46(1.97, 10.1)*** 5.97(2.23, 16)*** 79.6 
< 70%  9 97 14 95 2.85 (0.80, 10.1) 5.37 (1.28, 22.5)* 79.4 
MPR based on “quantity of pills dispensed” after ‘missed pharmacy-refill dates’ were replaced with the corresponding 
‘prescription-refill dates’  
< 100% 90 14 10 93 1.24 (0.43, 3.62) 1.00 (0.33, 3.05) 80.4 
< 95%  51 76 18 94 4.61(2.29, 9.29)*** 3.53(1.68, 7.43)** 81.7 
< 90%  36 88 23 93 5.16(2.54, 10.5)*** 3.99(1.83, 8.74)** 80.7 
< 85%  19 96 32 92 5.37(2.15, 13.4)*** 5.50(1.88, 16.1)** 80.8 
< 80%  12 98.6 47 92 6.99 (2.11, 23.2)** 9.90(2.29, 42.7)** 80.9 
< 70%  2 99.7 33 91 8.89 (0.79, 100.6) 14.5(0.79, 265.2) 80.4 
*p-value < 0.05; **p-value < 0.01; ***p-value < 0.001;  
Sensitivity: is the percentage of patients with detectable viral load who are identified by non-adherence;  
Specificity: is the percentage of patients with undetectable viral load who are identified by adherence;  
PPV (Positive Predictive Value): is the percentage of non-adherent patients who have a detectable viral load;   
NPV (Negative Predictive Value): is the percentage of adherent patients who have an undetectable viral load;  
<: Less than;  
MPR: Medication Possession Ratio; OR: Odds Ratio;  CI: confidence interval;  
‡adjusted for age (<40 vs. ≥40 years), cd4 cell count at start cART (<100 vs. ≥200; 100-199 vs. ≥200), educational status (‘No 
education’ vs. primary/secondary/tertiary education), and marital status (Married/Cohabited vs. Never married; 
Divorced/Separated vs. Never Married; Widowed vs. Never Married);  
AUC†: area under the receiver operating characteristic curve for the adjusted model. 
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Discussion 

In this study, we measured HIV-infected patients’ adherence to cART and identified the adherence 

measure best able to distinguish between patients with and without detectable viral-load in a public 

ART-program where routine plasma viral-load monitoring is unavailable. The three adherence 

measures indicated high degree of adherence or low level of missed ARV drug doses. In particular, 

the average refill-adherence level was estimated at 95.5%, which is clearly above the 50% adherence 

level achieved in most chronic diseases (6) or the 47%-90% in HIV-infected patients in the developed 

countries (32, 33). This high level of medication adherence is consistent with the high virological 

suppression in the present study, and is comparable with previously conducted studies in Ethiopia and 

many other African countries (33-36). This remarkably high adherence level among HIV-infected 

patients living in sub-Saharan Africa has previously been explained as a means to stay alive and ‘fulfill 

their social responsibilities and maintain essential relationships’ (36).  
 

Previous studies conducted shortly after the introduction of cART reported that a 95% adherence level 

is needed for unboosted PI-based regimens (5). Later on, it was found that adherence levels of <95% 

were sufficiently high to achieve or maintain an undetectable viral-load with NNRTI-based and boosted 

PI-based regimens (37-39). In line with these findings, our study showed that the odds of having a 

detectable viral-load mainly increased when the adherence threshold decreased to 80%. However, 

this increased odds ratio was accompanied with widening confidence intervals, indicating increased 

uncertainty in the estimates. Although viral suppression may be achieved with adherence levels below 

the 95% threshold with NNRTI-based regimens, maintaining a high degree of adherence should 

always be promoted. 

An important finding is that self-report adherence questions were significantly predictive of detectable 

viral-load. Any self-report of less than ‘never missed ARVs’ to questions related to missed ARV drug 

doses or less than ‘all-of-the-time’ to questions related to frequency of taking the ARV-drugs had a 

likelihood of more than 80% to distinguish between patients with detectable viral-load from those 

without after adjustment for age, CD4-cell count at start cART, educational level and marital status. 

This result is consistent with previous study reports from developed or developing countries that self-

reported adherence questions were able to predict clinical outcomes (10, 20, 26), although some didn’t 

find an association (40). Because self-report questions are relatively easy to administer and allow for a 

bidirectional communication to look for reasons and potential solutions for non-adherence, we suggest 

that clinicians and researchers may continue to use them as an adherence measurement tool.  

 
Pharmacy-refill adherence measures were also important predictors of detectable viral-load. This 

result is consistent with previously done studies (10, 14, 16, 21). However, in health-care systems 

where pharmacy-refill data are not readily and electronically available, data abstraction, cleaning and 

the MPR calculation require extra effort and time. This can make refill-based adherence measures 

potentially difficult to implement in a daily clinical practice. Also, unlike the previous study finding in the 

ATHENA cohort (14), we did not see a significant change in the refill adherence estimate when left-

over pills from the previous refills were added. This might be because many of the ART-pharmacies in 
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the study facilities were dispensing the prescribed medications by calculating the number of pills left-

over from the immediate past refill-period and deducting the ‘extra-pills’ from the current prescription 

on the spot. In addition, the refill adherence estimates for individual ARV-drugs and the three ARV-

drugs in the combined regimen were almost identical. The most credible explanation is that all patients 

in the present study were taking dual or triple-combinations of ARV-drugs, which are dispensed 

simultaneously. 

 

Clinician-recorded adherence measures were also able to predict detectable viral-load. Unfortunately, 

missing values of adherence in the medical files were common. As an alternative, the number of days 

elapsed between the actual and scheduled clinic follow-up visit dates were used and patients with a 

gap of ≥30 days in any of the last six most-recent clinic visits were considered as non-adherent. This 

was independently predictive of detectable viral-load. Previous studies have also reported the clinical 

validity of clinician-recorded adherence (19, 41). Therefore, we suggest that clinicians may use the 

actual and scheduled clinic follow-up visit dates to screen patients for non-adherence who would 

benefit from targeted adherence interventions. One obstacle that could potentially hinder the clinical 

utility of these measures is the loss of patient cards/folders in the ART-clinic temporarily, particularly in 

high patient load health-care facilities. Because cART is a life-long treatment and its clinical 

management requires that patients should come to the ART-clinic regularly, strengthening the proper 

management of patients’ medical files is absolutely crucial. We further suggest for clinicians to ask 

patients for reasons of missed clinic follow-up visit and properly record patients’ adherence to cART at 

each clinic visit. This helps to design appropriate interventions aimed at addressing the problems.  

 
The strength of our study is that we included both objective and patient-based adherence measures 

from multiple data sources, i.e. manually-recorded refill cards, electronic refill data-bases, prescription-

refill papers, patient follow-up cards and the patients themselves. This made the data set more 

reliable. The large study sample size and the random selection of patients make that our conclusions 

are representative for all HIV-infected adults receiving cART in Addis Ababa. Also, the use of second 

year masters students helped to collect better quality data. 

 
This study also has limitations. Refill databases in two high patient load health-care facilities contained 

numerous unrecorded or irregularly recorded values. However, we looked into the original 

prescription-refill papers for the corresponding missed-refill period and re-calculated the MPR 

accordingly. In these estimates, we assumed that medication was consumed as prescribed until the 

supply was finished. However, we could not verify this. Also, we did have only one viral-load measure 

and nearly one-fifth of the patients selected had been LTFU or dead. This may have underestimated 

the extent of virological treatment-failure. Finally, confounding due to unmeasured variables (i.e. 

baseline viral-load and transmitted drug resistance) cannot be ruled-out.  

 
To conclude, the level of medication adherence among HIV-infected adults receiving cART was high. 

Commonly used self-report questions, clinician-recorded and pharmacy-refill adherence 

measurements were significantly predictive of detectable viremia, even after adjustment for age, CD4-
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cell count at cART initiation, educational level and marital status. Therefore, we suggest that clinicians 

and researchers may continue using self-report questions and days elapsed between the actual and 

scheduled follow-up visit in their day-to-day clinical care or research practice to detect non-adherence 

and predict detectable viremia. Refill-adherence measurements can also be used if refills are readily 

and/or electronically available.   
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