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Abstract 

Background  Given the critical importance of medication adherence in HIV/AIDS treatment, this study aims to com-
pare medication adherence measured by self-report (SR) and indirect measurement among antiretroviral therapy 
(ART) patients, exploring the differences of adherence results measured by different tools.

Methods  We systematically searched PubMed, Embase, and the Cochrane Library to identify all relevant literature 
published up to November 22, 2023, without language restrictions, reporting adherence to ART measured by both SR 
and indirect measurement methods, while also analyzing individual and group adherence separately. Discrepancies 
between SR and indirect measurement results were assessed using the Mann–Whitney U test or Wilcoxon signed-rank 
test, with correlations evaluated using the Pearson correlation coefficient. Following one-to-one comparisons, meta-
epidemiological one-step analysis was conducted, and network meta-analysis techniques were applied to compare 
results obtained through specific adherence assessment tools reported in the identified articles.

Results  The analysis encompassed 65 original studies involving 13,667 HIV/AIDS patients, leading to 112 one-to-
one comparisons between SR and indirect measurement tools. Statistically significant differences were observed 
between SR and indirect measurement tools regarding both individual and group adherence (P < 0.05), with Pear-
son correlation coefficients of 0.843 for individual adherence and 0.684 for group adherence. During meta-epide-
miological one-step analysis, SR-measured adherence was determined to be 3.94% (95% CI: -4.48–13.44%) higher 
for individual adherence and 16.14% (95% CI: 0.81–18.84%) higher for group adherence compared to indirectly 
measured results. Subgroup analysis indicated that factors such as the year of reporting and geographic region 
appeared to influence the discrepancies between SR and indirect measurements. Furthermore, network meta-analysis 
revealed that for both individual and group adherence, the results obtained from most SR and indirect measurement 
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tools were higher than those from electronic monitoring devices, with some demonstrating statistical significance 
(P < 0.05).

Conclusions  The findings underscored the complexity of accurately measuring medication adherence among ART 
patients. Significant variability was observed across studies, with self-report methods showing a significant tendency 
towards overestimation. Year of reporting, geographic region, and adherence measurement tools appeared to influ-
ence the differences between SR and indirect measurements. Future research should focus on developing and vali-
dating integrated adherence measurements that can combine SR data with indirect measures to achieve a more 
comprehensive understanding of adherence behaviors.

Keywords  HIV, AIDS, Antiretroviral therapy, Medication adherence, Self-report, Meta-epidemiological one-step 
analysis, Network meta-analysis

Background
According to the latest report from the Joint United 
Nations Programme on HIV/AIDS (UNAIDS), as of 
the end of 2022, there were 1.3 million new HIV infec-
tions and 39 million people living with HIV patients 
globally [1]. The ongoing burden of HIV/AIDS remains 
significant. Antiretroviral therapy (ART) stands as a 
cornerstone in HIV/AIDS treatment, with medication 
adherence playing a pivotal role in its success. HIV/AIDS 
patients are required to achieve a medication adherence 
rate of at least 95% for optimal therapeutic outcomes [2, 
3]. However, managing a chronic disease like HIV/AIDS 
presents various challenges for patients, including cop-
ing with medication side effects, adjusting to lifestyle 
changes, and enduring long-term treatment pressures, 
all of which can contribute to reduced medication adher-
ence. Consequently, monitoring and assessing medica-
tion adherence among HIV/AIDS patients is imperative.

Presently, self-report stands as a frequently utilized 
method for measuring medication adherence, yet its reli-
ability is subject to scrutiny owing to potential biases like 
recall bias and reporting bias, often resulting in overesti-
mations [4]. Assessments can offer valuable and action-
able insights, particularly in settings prioritizing speed, 
efficiency, and cost-effectiveness, notably in resource-
constrained areas. Meanwhile, indirect measurement 
tools, such as pharmacy refill rates, electronic monitor-
ing devices (EMD), and biomarker analysis, have gained 
increasing recognition for their potential to provide 
objective and quantifiable data on patient adherence 
behaviors. These tools hold particular significance in 
ART, where precise adherence monitoring is imperative 
for achieving viral suppression and averting resistance 
development. However, the use of indirect measurement 
methods often entails additional equipment and person-
nel, restricting their utility in resource-limited settings. 
Consequently, building upon prior research comparing 
self-report and indirect adherence measures, this study 
employs systematic review and meta-analysis tech-
niques to explore disparities, correlations, and potential 

influencing factors between self-report and indirect 
measures. Through this analysis, the study aims to shed 
light on the reliability and accuracy of various measure-
ment tools.

Methods
Search strategy
We conducted a comprehensive search across PubMed, 
Embase, and the Cochrane Library to identify all relevant 
literature published up to November 22, 2023, without 
language restrictions. Our search utilized a combination 
of disease and treatment terms (’HIV/AIDS’, ’antiretro-
viral therapy’, etc.), measurement indices (’medication 
adherence’, ’patient compliance’, etc.), and measurement 
tools (’self-report’, ’pill count’, ’medical record’, etc.), with 
the three components linked by ’AND’. Further details of 
the search strategy can be found in Supplementary Mate-
rial 1. This systematic review has been registered with 
INPLASY, and the record is publicly available on inplasy.
com. Our registration number is INPLASY2023110040, 
and DOI number is https://​doi.​org/​10.​37766/​inpla​
sy2023.​11.​0040.

Eligibility criteria
The studies included in our research adhered to the fol-
lowing criteria: (1) observational or interventional study 
design, (2) focusing on HIV ART treatment, (3) employ-
ing both self-report and indirect measurement methods 
to assess medication adherence, and (4) possessing com-
plete and accessible data.

Studies meeting the following criteria were excluded: 
(1) non-English literature, (2) duplicate publications or 
redundant data, (3) case reports or review literature, (4) 
studies lacking accessible or incomplete data, (5) com-
parative studies of different drugs for the same disease, 
to mitigate selection reporting bias, (6) studies involving 
patients with comorbidities potentially affecting medi-
cation adherence, such as psychosis and pregnancy sta-
tus. Furthermore, for studies implementing adherence 

https://doi.org/10.37766/inplasy2023.11.0040
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intervention measures, only data from blank control 
groups or baseline assessments were included.

Study selection
Based on the title, abstract, and keywords, literature 
preliminarily meeting the requirements will be selected. 
Subsequently, through a thorough examination of the 
full text, literature meeting the inclusion criteria will be 
determined.

Data extraction
The following information will be extracted from the 
selected literature: (1) basic information: title, author, 
publication time, study type, research subject, sam-
ple size, etc., (2) self-report medication adherence data: 
measurement tools, measurement time point, results of 
measurement, etc., (3) indirect measurement medication 
adherence data: measurement tools, measurement time 
point, results of measurement, etc., (4) additional infor-
mation such as research purpose, experimental design, 
and quality control measures.

Two senior experts independently screen the abstracts 
and full texts of the articles. In case of discordant views 
among the experts, they engage in discussions to reach a 
consensus, or if needed, a third expert is invited to arbi-
trate. Adherence data extracted from literature are cat-
egorized into two groups: individual adherence, denoting 
the average adherence rates across all individuals; and 
group adherence, representing the percentage of individ-
uals in the group meeting the specified adherence criteria 
(e.g., 95%) as outlined in the article.

Quality evaluation
A checklist recommended by the Agency for Healthcare 
Research and Quality (AHRQ) was used for assess the 
quality of included research, with only data from cross-
sectional studies and baseline or blank control groups 
of controlled design research being analyzed. This scale 
comprised 11 items and evaluated five common risks of 
bias: literature selection bias, performance bias, follow-
up bias, measurement bias, and reporting bias (see Sup-
plementary Material 2). Each fulfilled item was awarded 
a point. Articles scoring 8 or above were deemed to be of 
high methodological quality, while those scoring below 8 
were excluded from our study.

Meta‑analysis
Individual and group adherence were analyzed sepa-
rately. The extracted data was subjected to a random 
effects model or fixed effects model according to the 
heterogeneity test results to calculate the standardized 
mean difference (SMD), and calculate a 95% confidence 
interval (CI). Statistical differences between the two 

reporting methods were assessed using the Mann–Whit-
ney U test or Wilcoxon sign-rank test, while correlations 
were measured using the Pearson correlation coefficient. 
Organizing original studies into one-to-one comparisons 
between self-report and indirect measurement tools, a 
one-step meta-epidemiological method was utilized to 
analyze the degree of exaggeration or underestimation of 
adherence results compared with indirect measurement 
using SR. Depending on heterogeneity, either the random 
effect model or fixed effect model was selected for statis-
tical analysis, with restricted maximum likelihood esti-
mation (REML) adopted as the regression method.

The central concept of meta-epidemiological one-step 
analysis involves linking adherence results and adher-
ence measurement tools from each independent origi-
nal study. Adherence results serve as the dependent 
variable, while adherence measurement tools act as the 
independent variable in regression analysis. The result-
ing regression coefficient is converted into the original 
value, representing the extent of exaggeration or under-
estimation of adherence results compared to both SR and 
indirect measurement methods. For group adherence 
results, the degree of exaggeration or underestimation 
is represented by the risk ratio (RR) [5], and the extent 
of exaggeration or underestimation of individual adher-
ence results is quantified by the SMD value. If RR > 1 or 
SMD > 1, it indicates that SR may exaggerate adherence 
results compared to indirect measurement, while the 
opposite is true if RR < 1 or SMD < 1. Sub-group analysis 
was conducted to explore significant heterogeneity, and 
network meta-analysis (NMA) was employed to simulta-
neously compare adherence results measured by multiple 
tools, integrating both direct and indirect comparisons 
across studies. Publication bias was assessed using funnel 
plots and confirmed with Egger’s test. In cases of signifi-
cant bias, sensitivity analysis methods were employed to 
evaluate the stability and reliability of the network meta-
analysis results. All statistical analyses were performed 
using Stata software (Version 15, Stata Corporation, Col-
lege Station, TX, USA) and R (version 4.2.1, R foundation 
for Statistical Computing, Vienna, Austria).

Results
Characteristics of researches included
Out of the 608 articles retrieved, 65 studies with a total 
number of 13,667 patients were included in the meta-
analysis (Fig.  1). These studies spanned publication 
years from 2006 to 2022 and originated from various 
geographical regions including North America, Africa, 
South America, and Asia. In terms of study design, 56 
studies were cohort studies, 5 were cross-sectional stud-
ies, and 4 were randomized controlled trials (RCTs). Data 
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from cohort studies and RCTs were limited to baseline or 
blank control groups.

Given that only non-intervention results were con-
sidered, the AHRQ report assessment was utilized for 
quality evaluation. Following the AHRQ literature qual-
ity assessment, 65 articles classified as adherent were 
included for meta-analysis, with 59 of these articles 
reporting comparisons of measurement results from 
multiple medication adherence measurement tools.

After organizing one-to-one comparisons between 
self-report and indirect measurement tools, a total of 
112 comparisons were made, with 30 comparisons on 
individual adherence rates and 82 comparisons on group 
adherence rates. One study [6] reported both individual 
and group adherence.

The SR tools used in the included studies encompassed 
scales, self-designed questionnaires, qualitative single-
item measures, and daily reporting (Table 1A). The scales 
involved in the analysis were as follows: Morisky, visual 
analog scale (VAS), AIDS Clinical Trials Group (ACTG), 
Morisky medication adherence scale-8 Items (MMAS-
8), Medication adherence training instrument (MATI), 
Patient Medication Adherence Questionnaire (PMAQ). 
In the included studies, the questionnaires uniformly 
inquire with questions "How many times have you missed 
your medication in a past period?" and similar queries, 
allowing for mutual comparison. The indirect measure-
ment tools comprise pill count (PC), pharmacy refill (PR), 
electronic monitoring device (EMD), biological marker 
(Bio), and appointment record (APM) (Table  1B). Both 

Fig. 1  Flow diagram for study screening and selection process. AHRQ Agency for Healthcare Research and Quality Evaluation Form. AHRQ agency 
for healthcare research and quality
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Bio and EMD are considered relatively accurate measure-
ment method [7], yet fewer studies involved Bio. Conse-
quently, EMD will be selected as the reference group for 
subsequent analysis.

In our analysis, individual adherence is depicted as the 
adherence rate, defined as the percentage of patients’ 
medication possession rate (doses of prescribed medi-
cine taken/prescribed doses). In the measurement results 
of the electronic monitoring device (EMD), both dose 
adherence and timing adherence were reported. How-
ever, for comparability with results measured by other 
tools, only the dose adherence results are included. For 
group adherence, the percentage of adhered patients 
determined based on SR tools and indirect measurement 
results is reported. Among the total of 40 articles report-
ing adherence rate thresholds for determining adherence 
in patients, 74.1% of them were set at 95% (40 out of 54). 
In articles published after 2016, except for two [8, 9], the 
threshold remained consistently set at 95%. Since both 
SR and indirect measurement tools utilize consistent cri-
teria for determining adherence, literature with different 
adherence rate thresholds can be compared.

Differences between self‑report and indirect measurement 
tools in measuring individual adherence
There are 17 peer reviewed articles [6, 10–25] reported 
SR adherence and adherence results measured by indi-
rect tools simultaneously, resulting in a total of 30 com-
parisons. Egger test did not find the asymmetry on the 
funnel plot (P = 0.1437) (Supplementary Fig. 1).

Comparison analysis of individual adherence results 
by self‑report and indirect measurement
Based on the results of the Shapiro–Wilk normality 
test, the mean distributions of SR results and indirectly 
measured results do not conform to a normal distribu-
tion (P < 0.001). Therefore, a non-parametric test, the 
Mann–Whitney U test, was selected to compare the 
two sets of data. The analysis revealed a significant dif-
ference between SR adherence and adherence measured 
indirectly (U = 596.00, P = 0.007). This suggests that the 
adherence results obtained from the two measurement 
methods significantly differ statistically, with a notable 
numerical variance between SR adherence and adherence 
measured by other tools.

The Pearson correlation coefficient between SR adher-
ence results and indirectly measured adherence results 
is 0.843 (P < 0.0001), indicating a positive linear relation-
ship. This finding suggests that despite differences in 
adherence results from SR and indirect measurement, 
there exists a considerable level of coherence between 
them.

Meta‑epidemiological one‑step analysis of comparison 
of self‑report and indirect measurement tools
A total of 30 individual adherence rate comparisons, 
focusing on the percentage of medication taken, were 
examined. The comparison findings between SR adher-
ence and indirectly measured adherence are detailed 
in Table  2. Employing a meta-epidemiological one-
step analysis, SR medication adherence results were 

Table 1  Tools for measuring ART adherence included in the studies

* NR Not reported; “—” stands for not applicable. VAS Visual analog scale, ACTG​ Visual analog scale, MMAS-8 Visual analog scale, MATI Medication adherence training 
instrument, PMAQ Patient medication adherence questionnaire, PC Pill counting, PR Pharmacy refill, EMD Electronic monitoring devices, Bio Biological maker, APM 
Appointment record

A. SR adherence measurement

Tools No. of studies Time of recall (days) No. of items Cronbach’s α Accessibility

Morisky 1 7–30 4 0.61–0.83 Free

VAS 15 3–30 1 —* Free

ACTG​ 9 4 4–6 0.70–0.90 Free

MMAS-8 2 7–30 8 0.68–0.83 Charge

MATI 1 30 1 —* Free

PMAQ 1 NR* NR* NR* Free

Questionnaire 48 2–180 1–58 —* Free

B. Indirect adherence measurement

Tools No. of studies Time of detective (days) Specifc device Charge

PC 40 3–180 No Low

PR 14 28–90 No Low

EMD 22 14–90 Yes High

Bio 5 —* Yes High

APM 1 NR* No Low
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compared with those obtained through indirect measure-
ments, with the latter serving as the control and REML 
utilized as the regression method. Among the 30 com-
parison analyzed, SR medication adherence was observed 
to be 3.94% higher than adherence measured indi-
rectly, with a standard error of 0.045 (95% CI:  -4.48%–
13.44%, P = 0.380), suggesting no statistically significant 
difference.

Sub‑group analysis
Subgroup analysis by region revealed that in all three 
regions included in the study, adherence rates deter-
mined by SR were higher compared to indirect meas-
urements. However, the difference was not statistically 
significant (P > 0.05). Additionally, no significant dif-
ference was found in the degree of SR overestimation 
between developed regions and resource-limited areas.

The subgroup analysis regarding the reporting time 
indicated a decrease in the degree of SR overestimation 
in literature published in 2016 and thereafter. However, 
there was no significant difference observed between 
them (Table 2).

Network meta‑analysis of different measurement tools
For studies reporting individual adherence, the network 
meta-analysis (NMA) was conducted, incorporating data 
from 17 studies, which involved 37 pairwise comparisons 
across six distinct adherence measurement methods.

We compared the measurement results of EMD against 
those of 11 other adherence measurement tools across 
37 comparisons, calculating the SMD through a ran-
dom effects model (I2 = 100%). The analysis revealed 
that, with the exception of questionnaire with a recall 
period of 30  days (Q30), the majority of adherence 
measurement tools reported significantly higher adher-
ence outcomes(all P < 0.001) compared to EMD, such 

as ACTG (SMD = 1.0532), PC (SMD = 1.0043), and 
(SMD = 1.4769), indicating a potential for these tools to 
overestimate adherence levels. Notably, Q30’s outcomes 
were significantly lower than EMD, suggesting a potential 
for inaccuracy (Table 3).

Examining the forest plot (Fig. 2), it becomes apparent 
that the results of Q30 and single-item qualitative meas-
urement (Qi) are the closest to those of EMD.

Sensitivity analysis found that the study with the larg-
est effect size was the comparison of PC and Q30 in the 
study by Wall et  al. [25], and the sample size of the study 
by Haberer et  al. [18] was too small (n < 20). Even after 
excluding the study with the largest effect size, still statisti-
cal significance persisted for most tools compare to EMD 
(P < 0.05), except for PR, Q30 and Qi (Supplementary 

Table 2  Sub-group analysis of differences in the results of different measurement tools for evaluating individual adherence of HIV 
patients

* One comparison in South America and one in Europe were not included in this analysis. Exp(b) represents for the coefficient for each SMD change, CI Confidence 
interval, SE Standard error

Number of 
objectives

Exp (b)* 95% CI SE t P I2

Total 60 1.0394 0.9524–1.1344 0.0454 0.88 0.380 99.60%

Region

  North America 26 1.0561 0.8598–1.2591 0.0894 0.65 0.525 99.75%

  Africa 26 1.0281 0.9499–1.1127 0.0394 0.72 0.477 99.82%

  Asia 4 1.0310 0.7523–1.4130 0.0755 0.42 0.717 71.85%

Report year

  Before 2016 52 1.0424 0.9449–1.1498 0.0509 0.85 0.400 99.75%

  After 2016 8 1.0212 0.8205–1.2710 0.0913 0.23 0.822 98.89%

Table 3  Differences in the results of different measurement 
tools for evaluating individual adherence of HIV patients through 
a network meta-analysis (EMD as reference)

* ACTG​ AIDS Clinical Trials Group Adherence Questionnaire, EMD Electronic 
monitoring devices, PC Pill counting, PR Pharmacy refill, Q Qustionare, VAS 
Visual Analog Scale. The numbers following the measurement tools represent 
the number of days in the recall period for the scale, "i" stands for single-item 
qualitative measurement

Tool SMD 95% CI z P

ACTG​ 1.0532 0.7974–1.3090 8.07  < 0.0001

EMD

  PC 1.0043 0.8280–1.1806 11.16  < 0.0001

  PR 0.8943 0.3371–1.4515 3.15 0.0017

  Q2-4* 1.4769 1.2010–1.7527 10.49  < 0.0001

  Q30* -0.6684 –0.9602–0.3766 -4.49  < 0.0001

  Q7* 1.1111 0.8484–1.3738 8.29  < 0.0001

  Qi* 0.6334 0.3776–0.8891 4.85  < 0.0001

  VAS3* 1.0740 0.7695–1.3786 6.91  < 0.0001

  VAS30* 0.9432 0.7656–1.1207 10.41  < 0.0001

  VAS7* 1.4527 0.9272–1.9781 5.42  < 0.0001
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Table 1A). Furthermore, following the exclusion of the study 
with a small sample size, all tools continued to exhibit sig-
nificant differences compared to EMD. This suggests that 
despite the removal of studies with either the largest effect 
size or small sample sizes, the significant effects of the tools 
relative to EMD remain robust. Although heterogeneity was 
reduced, it remained high, indicating the robustness of the 
network meta-analysis conclusions to a certain extent.

Moreover, this study received scores above 8 from 
AHRQ, indicating high quality, and was not exclude in 
the overall study therefore.

The Begg’s test of funnel plot asymmetry found no 
significant relationship between effect size and its preci-
sion, indicating no evidence of publication bias (t = 0.06, 
df = 35, P = 0.9494).

Differences between self‑report and indirect measurement 
tools in measuring group adherence
Forty-nine peer-reviewed articles [6, 8, 9, 26–71] pro-
vided data on adherent ratios measured simultane-
ously by SR and indirect tools, totaling 82 comparisons 
reported the adherent ratios measured by SR and indirect 
tools at the same time, with totally 82 comparisons. Egger 
test confirmed asymmetry in the funnel plot (P < 0.0001) 
(Supplementary Fig. 2). Even after excluding studies with 
the largest effect sizes, the results of sensitivity analyses 
remained significant (Supplementary Table 2).

Comparison analysis of group adherence results 
by self‑report and indirect measurement
Based on the results of the Shapiro–Wilk normality test, 
it was found that the mean distributions of SR results and 

indirectly measured results do not adhere to a normal dis-
tribution (P < 0.01). Consequently, a non-parametric test 
was selected. The Wilcoxon signed-rank test revealed that 
there is a statistically significant difference in adherence 
patient percentages obtained by the two measurement tools 
(W = 327.00, P < 0.0001). This indicates a significant dispar-
ity in the proportion of adherent patients as determined by 
the results of the two adherence measurement methods.

Moreover, the Pearson correlation coefficient between 
SR adherence outcomes and indirectly measured adher-
ence outcomes was calculated to be 0.684 (P < 0.0001), 
suggesting indicating a moderate to strong positive cor-
relation. This finding implies that despite variations in 
adherent proportions measured by the two methods, 
they exhibit a degree of consistency, both reflecting 
patients’ medication-taking behavior.

Meta‑epidemiological one‑step analysis of comparison 
of self‑report and indirect measurement tools
A meta-epidemiological one-step analysis, comparing propor-
tions of adherent patients classified based on SR with results 
based on indirect measurement, utilized indirect measure-
ment as the control and employed REML as the regression 
method. This analysis encompassed 82 comparisons. The pro-
portion of patients classified as adherent through self-report 
was found to be 16.14% higher than that measured indi-
rectly, with a standard error of 0.038 (95% CI: 4.81–18.84%, 
P = 0.001), indicating a statistically significant difference.

Sub‑group analysis
The regional subgroup study revealed that across all four 
regions included in the study, adherence proportions 

Fig. 2  Forest plot of differences in the results of different measurement tools for evaluating individual adherence of HIV patients through a network 
meta-analysis. ACTG​ AIDS Clinical Trials Group Adherence Questionnaire, EMD electronic monitoring devices, PC pill counting, PR pharmacy refill, Q 
qustionare, VAS Visual Analog Scale. The numbers following the measurement tools represent the number of days in the recall period for the scale, 
"i" stands for single-item qualitative measurement
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measured by SR were consistently higher than those 
measured indirectly. This difference reached statisti-
cal significance in Africa (P < 0.001) and South America 
(P < 0.001), and approached significant in Asia (P = 0.086). 
Additionally, in the subgroup analysis based on reporting 
time, it was found that the adherence proportion deter-
mined by SR results reported before 2016 exceeded that 
measured by indirect methods by 18.18%. Conversely, 
after 2016, this difference decreased slightly to 13.04%. 
These findings are summarized in Table 4.

Network meta‑analysis of the different measuring tools
In our network meta-analysis, we scrutinized 10 distinct 
t tools for measuring adherence to ART, encompassing 
116 pairwise comparisons (Fig.  3). The results of heter-
ogeneity and consistency tests revealed an I2 < 50%, and 
tests for consistency within and between designs also 
indicated no significant inconsistency. Consequently, a 
common effect model was selected for further analysis. 
Previous research suggests that the EMD provide a more 
accurate measure of patient adherence compared to 
other methods [72, 73], therefore, EMD results are con-
sidered as a reference. Under the common effect model, 
certain adherence measurement tools, including ACTG, 
Q180, Q2-4, Q30, Q7, and Q90, demonstrated a propor-
tionally higher number of adherent patients compared 
to EMD, with the differences statistically significant (all 
P < 0.05) (Table 5).

Sensitivity analysis identified the largest effect size 
study by Vaz et  al. [64] focusing on the comparison 
between PC and questionnaires with a recall period of 
4 days. Additionally, and the sample size of the studies by 
Da costa et  al. [53] and Wiens et  al. [48] was too small 
(n < 20). After excluding the study with the largest effect 
size or small sample size, methods such as ACTG and 
questionnaires continued to demonstrate significantly 

higher adherence results compared to EMD, aligning 
with previous analysis findings (Supplementary Table 2). 
This indicates a degree of robustness in the results of 
the network meta-analysis to the exclusion of individual 
studies. These studies received an 11 score from AHRQ, 
indicating high quality, and therefore retained in the 
analysis.

The Begg’s test of funnel plot asymmetry found no 
significant relationship between effect size and its preci-
sion, indicating no evidence of publication bias (t = 1.21, 
df = 114, P = 0.2301).

Discussion
This study provides a systematic review of discrepancies 
between SR medication adherence and indirect measure-
ment adherence among HIV/AIDS patients undergoing 
ART. The findings indicate that SR methods tend to over-
estimate adherence compared to electronic medication 
dispensers (EMD) and other indirect measures, corrobo-
rating recent research [47].

Key findings reveal that SR adherence tends to be, on 
average, 3.94% higher than adherence measured indi-
rectly, with a 16.14% higher proportion of patients 
reported as adherent through self-reports. Egger’s test 
and sensitivity analysis suggest that publication bias does 
not significantly influence the results.

In terms of group adherence, the statistically significant 
discrepancy underscores the potential for self-report 
measures to overestimate adherence [74, 75]. Although 
individual adherence differences may not always reach 
statistical significance, the practical significance of a 
3.94% overestimation remains noteworthy.

Considering the World Health Organization (WHO)’s 
"90–90-90" target for 2030, such discrepancies could 
potentially impact the determination of whether a sub-
stantial number of regions meet the criteria.

Table 4  Sub-group analysis of differences in the results of different measurement tools for evaluating group adherence of HIV 
patients

* Exp(b) represents the coefficient for each RR change. CI Confidence interval, SE Standard error

Number of 
objectives

Exp (b)* 95% CI SE t P I2

Total 164 1.1614 1.0884–1.2394 0.0382 4.55  < 0.001 98.51%

Region

  North America 44 1.1426 0.9735–1.3412 0.0907 1.68 0.100 98.36%

  Africa 94 1.1318 1.0671–1.2004 0.0335 4.18  < 0.001 99.96%

  South America 14 1.4329 1.2324–1.6659 0.1007 5.12  < 0.001 98.57%

  Asia 14 1.1680 0.9747–1.3996 0.0970 1.87 0.086 99.79%

Report year

  Before 2016 104 1.1818 1.2354–1.5725 0.0568 3.47  < 0.001 98.96%

  2016 and after 64 1.1304 1.0508–1.2161 0.0527 3.35 0.001 98.52%
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In the meta-epidemiological one-step analysis of indi-
vidual adherence, there were no statistically significant 
differences found among regions or report years. How-
ever, for group adherence, subgroup analyses revealed 
statistically significant differences or ones close to signifi-
cance between SR and indirect measurement results in 
South America, Africa, and Asia. This suggests that the 
degree of overestimation of SR may be influenced by the 
level of regional development.

Additionally, there was an observed increase in both SR 
and indirectly measured group adherence rates post-2016 
compared to pre-2016. This trend aligns with the global 
push for achieving the ’90–90-90’ targets set by UNAIDS 
in 2014 and subsequently endorsed by the WHO in 2016 
[76]. The observed improvement in adherence rates post-
2016 suggests that these global initiatives may have had 
a positive impact on enhancing ART adherence among 
patients.

The meta-epidemiological one-step analysis conducted 
in our study provides valuable insights into the factors 
influencing medication adherence measurement discrep-
ancies among patients undergoing ART. The significant 
effects identified regarding report time, the utilization of 
biological markers, pill counting, electronic medication 

monitoring devices, and the specific study location 
highlight the complexity of accurately assessing ART 
adherence.

A novel contribution of this research is the findings 
from a network meta-analysis, which highlight the varia-
bility in patient adherence measurements across different 
tools. Even in instances where statistical significance was 
not reached, individual adherence results measured by 
questionnaire surveys were consistently higher compared 
to indirectly measured results, indicating potential inac-
curacies. SR adherence assessed through questionnaires 
is susceptible to numerous biases, resulting in an over-
estimation of adherence [77, 78]. Patients are particu-
larly prone to recall errors, especially as the time interval 
between drug consumption and assessment increases. 
They may recall their routine or intention to take medica-
tion rather than their actual behavior.

Furthermore, the provision of antiretroviral drugs free 
of charge, coupled with the global push for achieving the 
’90–90-90’ targets set by WHO, has led to strengthened 
drug adherence monitoring and supervision in various 
regions worldwide. Consequently, pharmacy supplemen-
tation records may reflect higher medication-taking per-
centages than the actual situation.

Fig. 3  Forest plot of differences in the results of different measurement tools for evaluating group adherence of HIV patients through a network 
meta-analysis. ACTG​ AIDS Clinical Trials Group Adherence Questionnaire, APM appointment record, Bio biological maker, EMD electronic monitoring 
devices, MMAS-8 Morisky Medication Adherence Scale-8 Items, PC pill counting, PR pharmacy refill, Q qustionare, VAS Visual Analog Scale. The 
numbers following the measurement tools represent the number of days in the recall period for the scale. "i" stands for single-item qualitative 
measurement, and "nr" stands for not reported recall period
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Moreover, our analysis revealed the presence of high 
heterogeneity in studies comparing adherence measure-
ment tools. This might reflect the diversity in study con-
texts, including differences in study designs, participant 
characteristics, and variations in definitions and meas-
urements of adherence. Such high heterogeneity under-
scores the need for careful consideration of the impact 
of study design and measurement method selection in 
adherence research.

Notably, while most of the questionnaire survey pre-
sented overestimation compare with EMD, this obser-
vation may suggest the need for a calibration model and 
careful consideration of specific research objectives and 
participant characteristics when selecting measurement 
tools in certain scenarios. Since no single measure con-
sistently offers sufficiently high sensitivity or specificity 
to detect viral non-suppression [79], which serves as the 
WHO ’gold standard’ for confirming treatment response, 
the calibration model should incorporate the use of bio-
logical markers as dependent variables.

In summary, our study provides a comprehensive 
assessment of the discrepancies within self-report and 

objective adherence tools, enabling an informed selection 
of the most appropriate methods for specific research or 
clinical contexts. By offering a hierarchy of adherence 
measurement tools, it guides healthcare professionals 
and researchers in choosing the most effective tools for 
monitoring and improving patient adherence.

Furthermore, there is a pressing need to explore the 
integration of digital health technologies in adher-
ence monitoring and estimation. Given the promising 
approaches offered by various digital technologies, such 
as electronic healthcare databases, mobile apps, chat-
bots, and digital pills, integrated tools have the potential 
not only to enable healthcare providers to track patients’ 
adherence to prescriptions more accurately but also to 
facilitate the personalization of treatment regimens and 
the provision of targeted interventions [80].

Conclusions
Our systematic review reveals a consistent trend of SR 
adherence overestimating medication adherence com-
pared to indirect measures among HIV/AIDS patients 
on antiretroviral therapy. Despite minimal publication 
bias impact, the discrepancy between SR and indirect 
measures has practical implications, potentially affecting 
the evaluation of regional adherence goals, especially in 
achieving WHO targets. Regional and temporal varia-
tions suggest influences of development levels and global 
initiatives like the ’90–90-90’ targets. In summary, our 
study provides crucial insights for selecting appropri-
ate adherence measurement methods, guiding health-
care professionals and researchers, and underscores the 
potential of digital health technologies for personalized 
interventions.
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