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Background: Medication adherence plays a significant in the success of combination antiretroviral therapy (cART). Therefore, the
current investigation was conducted with the objective of comparing adherence and CD4 cell count with respect to virologic failure
among HIV-infected adults under cART.
Methods: A retrospective study design was conducted on 792 randomly selected HIV-infected adult patients who initiated first-line
cART enrolled in the first 10 months of 2012 and followed up to August 2018 by using a simple random sampling technique based on
their identification number.
Results: The main outcome for the current investigation was the virologic failure which was decreased with successive visits. The
area under the receiver operating characteristic curve for adherence and CD4 cell count change were 0.68 and 0.63 with χ2 = 21.2;
p-value <0.001 for the 12-month assessment. Similarly, these areas for the 36th and 60th month assessments were 0.71 and 0.66,
with χ2 = 23.2; p-value <0.001, and 0.73 and 0.71 with χ2 = 24.3; p-value <0.001 for adherence and CD4 cell count, respectively.
Conclusion: Pill count adherence was more accurate compared to CD4 cell count change for assessing virologic responses.
Therefore, because of its easy access, simple use, cost-effectiveness, and accuracy, the adherence to cART was in favor of CD4 cell
count change for monitoring the healthcare quality of HIV-infected patients.
Keywords: adherence to cART, CD4 cell count, viral load, HIV, virologic failure, Ethiopia

Background
As the number of HIV-infected patients in combination antiretroviral therapy (cART) increased, searching simple, time-
and cost-effective methods for assessing and predicting healthcare quality is crucial. In developed countries, the
adherence of pill count and CD4 cell count of HIV-infected patients is assessed considering the amount of viral load
using laboratory equipment. However, this might be impractical in resource limited or developing countries because of
the unavailability of financial and technical sources.1–3 In its guidelines, the World Health Organization (WHO)
recommended, in resource limited settings, to use CD4 cell count for monitoring the healthcare quality of HIV patients
in the era of combination Antiretroviral therapy (cART).4 However, this alternative is still difficult to conduct properly
for pharmacies where pills to patients at each visiting time can be delivered. Adherence level was measured using pill
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count, that can be conducted in all clinics (including those without laboratories) and pharmacies, is simple to conduct,
and directly measures the healthcare quality, in which providers can intervene.5–7

However, the accuracy of adherence to cART for monitoring the healthcare quality of HIV-infected patients in the era of
combination antiretroviral therapy (cART) has not been approved so far.8,9 Previous studies, conducted via two time-points,
have shown that adherence has significant intra-individual variability.10 Hence, series assessments with more than two time
points may have more prognostic value.11 Therefore, the objective of the current investigation was to check/prove the
accuracy of adherence to cART in monitoring the healthcare quality of HIV-infected adults with triangulation of their results
to the viral load assessments obtained using laboratory equipment. Hence, the current investigation also aimed to compare
adherence and CD4 cell count with respect to virologic failure among HIV-infected adults under cART.

Materials and Methods
Study Design, Period, and Area
The institutional-based retrospective study design was conducted to predict and detect the virologic failure from
September 2012 to August 2018. The study was conducted at Felege Hiwot Teaching and Specialized Hospital,
Amhara region, in north-western Ethiopia. The hospital is also referral, meaning that different patients fromother district
hospitals in Amhara region are referred to this hospital.

Study Participants
All HIV-positive people starting their cART at Felege Hiwot Teaching and Specialized Hospital, Bahir Dar, Ethiopia
under follow-up during September 2012 to August 2018 were the study population.

Eligibility Criteria
Patients whose were aged at least 18 years, whose baseline CD4 cell count was at most 200 cells/mL, and those patients
with WHO stage IV and patients who started their cART were included under the current investigation. Patients who had
at least one undetectable viral load after initiation of cART were included in this study. However, HIV-positive children
and adults who had follow-ups <6 months in the hospital were excluded in this study.

Study Variables
The primary variable of interest for this investigation was the amount of viral load (copies/milliliter (mL)). Hence, the
amount of viral load ≥1,000 copies /mL of blood were indicators of treatment failure or lack of virologic response.

Operational Definition
Good adherence to ART is a patient taking ≥95% of the recommended regime, fair adherence to treatment is defined as
a patient taking the drug between 85% and 95% of the recommended regimen, and poor adherence to treatment is defined
as a patient taking <85% of the recommended regimen.12

Data Collection
The data related to patients’ socio-demographic and clinical performance were recorded and collected by health staff after
detailed orientations about the variables included under investigation. In collecting/recording performance of CD4 cell
count change on viral load results, the health staff were oriented to use the same laboratory equipment for all patients to
reduce the variation of accuracy of laboratory equipment. In the case of pill count adherence data, the adherence level
was calculated by the medical staff using the formula;13–15

total pills used
total pills prescribed for one visiting period

� 100%

This helps to categorize patients as adherent or non-adherent.16 Patients whose adherence level was ≥95% of the
prescribed medication were categorized as adherent, otherwise, they were categorized as non-adherent. Therefore, in
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the current investigation, 95% was considered as the cut-off point for positive predictive values (PPVs) and negative
predictive values (NPVs).17

Data Analysis
Potential socio-demographic variables were assessed using non-parametric data analysis (median and Wilcoxon sign rank
test for continuous predictors and chi-square test for categorical data). The overall accuracy of the two comparable
approaches, CD4 cell count change, and adherence were demonstrated using a ROC curve with the inclusion of the 95%
confidence interval (CI). In this process, large areas in ROC are considered as evidence of greater accuracy or the ability
to indicate patients with virologic failure. The area under ROC had been denoted to be C, which stands for concordance
statistics.18 In the case of binary responses, Concordance (C) statistics are the proportion of patients with event to those
without event such that patients with event had great predicted probability of the outcome.19 The C-statistics were
compared by applying the chi-square tests in SPSS version 23. The sensitivities for virologic failure of the current
investigation were analyzed based on the level of 1,000 copies/mL.20

For the test of characteristics and percentage of each patient, the characteristics of adherence to cART and CD4 cell
count alone were compared to each other. The predictive power of adherence to cART was done for 3 months, before
CD4 cell count and viral load assessments. Similarly, the predictive power of CD4 cell count and adherence were
assessed using positive and negative predictive values and sensitivity and specificity.17

Results
There were 792 adults who initiated cART and all the necessary information available in the ART database was included
in the current study. However, the participants at each visit decreased from visit to visit and participants were recorded as
792 patients at the 1st time point (12th month), 740 patients at the 2nd time point (36th month), and 710 patients at the
3rd time point (60th month). Potential predictor variables for virologic failure are indicated in Table 1. The median and
interquartile range for CD4 cell count change were smaller for those patients who did not have full follow-ups. The
number of patients who got Virologic failure for the three time points (1st, 2nd, and 3rd time points) were 428 (54%),
420 (56.8%), and 418 (58.8%), respectively. This indicates that the reduced number of CD4 cell counts at each time point
was highly associated with an increase in number for the virologic failure. The increased CD4 cell count changes were
significantly smaller for those experiencing virologic failure, as indicated in Table 1 for 1st, 2nd, and 3rd time points
(Table 1).

The areas under the curves for two responses are indicated in Figures 1–Figure 3 for the 1st, 2nd, and 3rd time point,
respectively. Hence, the results in this investigation indicate that, using area under ROC curve, adherence had a larger
area as compared to CD4 cell count. The larger area under the curve is evidence that it is more accurate to predict
patients with virologic failure as compared to the others.

Areas under the curves (AUCs) for the first time points were 0.68, 95% CI=0.57–0.73 for adherence and 0.63, 95%
CI=0.35–0.72 for CD4 cell count, with χ2=21.2. The area under the curves for adherence at the 2nd time point was 0.71,
95% CI=0.54–0.75 and that of CD4 cell count was 0.66, 95% CI=0.54–0.75 with χ2=23.2. Similarly, for the 3rd time
point, the area under the curve for adherence was 0.73, 95% CI=0.67–0.85 and 0.71, 95% CI=0.64–0.82 for CD4 cell
count with χ2=24.3. The values 25, 50, and 100 increased as the number of visits increased, indicating that overall
accuracy increased (Table 2).

In Table 3, the cut-off point for adherence level for PPVs was 95% and for NPVs was 95%. Comparing the pairwise
results in Table 2 for CD4 cell count and Table 3 for adherence to cART, based on the cut-off points at each of the three
time points, adherence to cART was more accurate compared to that of CD4 cell count. Hence, the power of identifying
patients with virologic failure using adherence to cART was more accurate compared to CD4 cell count change. The use
of an adherence threshold alone for 95% at the 1st, 2nd, and 3rd time points after initiation of cART resulted in NPVs of
0.89 (0.83–0.93), 0.92 (0.85–0.96), and 0.96 (0.88–0.98), respectively. Moreover, 0.79 (0.65–0.85), 0.73 (0.66–0.82), and
0.71 (0.62–0.82) of all patients without virologic failure satisfied the combined criterion at the 1st, 2nd and 3rd time
points, respectively (Table 3).
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Table 4 indicates that CD4 cell count and adherence were strongly associated with breakthrough viremia. Hence,
there was no significant difference between adherence to cART and CD4 cell count change from maximum treatment
values to follow-ups in identifying patients with breakthrough viremia (AUCs, 0.66 [0.55–0.74] against 0.68 [0.57–0.73]
with χ2=0.4, p-value =0.67). To compare the predictive power of adherence with the combination of adherence and CD4
cell count data, tabulating the PPVs and NPVs were crucial. Similarly, tabulating sensitivity and specificity for adherence
lonely and a combination of adherence and CD4 cell data were also important.

As the time point for viral load assessment increased, both the PPVs and percentage of patients with PPVs increased,
which implies that the power of identifying patients with virologic failure increased as time points increased. The result
also indicates that the power of PPVs for patients with virologic failure using the combined CD4 cell count change and

Table 1 Characteristic of Patients with Virologic Failure at 1st, 2nd, and 3rd Time Points after Commencement of cART

Characteristics 1st Time Point (n=792) 2nd Time Point (n=740) 3rd Time Point (n=710)

Virologic
Failure (n)

AOR (95% CI) Virologic
Failure (n)

AOR (95% CI) Virologic
Failure (n)

AOR (95% CI)

Residence area (Ref. = Urban)

Rural 180 (55.6%) 1.35 (1.15–1.98) 176 (55%) 1.46 (1.28–1.78) 168 (45.6%) 1.64 (1.24–1.89)

Sex (Ref. = Female)

Male 164 (48.1%) 1.42 (1.05–1.69) 158 (48.3%) 1.53 (1.24–1.76) 148 (40.7%) 1.68 (1.45–1.92)

Ownership of Cell phone (Ref. = Yes)

No 185 (66.4%) 1.42 (1.21–1.68) 162 (51.7%) 1.48 (1.31–1.64) 185 (72%) 1.52 (1.32–1.75)

Marital status (Ref. = living with partner)

Living without

partner

180 (62.5%) 1.45 (1.18–1.74) 175 (62.5%) 1.48 (1.29–1.73) 170 (59.3%) 1.52 (1.32–1.73)

Whether the patient disclosed the disease or not (Ref. = Yes)

No 194 (73.4%) 1.38 (1.15–1.59) 180 (66.7%) 1.52 (1.38–1.78) 170 (59.3%) 1.62 (1.45–1.84)

Baseline CD4 cell count >100 cells/mL (Ref. = Yes)

No 165 (50.8%) 1.57 (1.08–1.78) 163 (52.5%) 1.62 (1.45–1.78) 152 (40.1%) 1.74 (1.52–1.93)

Baseline viral load >100,000 copies/mL (Ref. = Yes)

No 178 (60.9%) 1.38 (1.12–1.57) 185 (70.8%) 1.58 (1.34–.82) 190 (76.3%) 1.64 (1.43–1.86)

CD4 cell count drop to baseline or below (Ref. = No)

Yes 175 (58.6%) 1.54 (1.32–1.89) 172 (60%) 1.68 (1.48–1.88) 180 (67.8%) 1.76 (1.49–1.93)

Current adherence level >95% (Ref. = Yes)

No 108 (84.4%) 1.75 (1.53–1.96) 82 (68.3%) 1.78 (1.52–95) 86 (72.9%) 1.82 (1.62–1.99)

Baseline and follow-up CD4 cell count <100 cell/mL (Ref. = No)

Yes 180 (62.5%) 1.62 (1.38–1.84) 170 (58.3%) 1.72 (1.58–192) 180 (67.8%) 1.78 (1.52–1.94)

Adherence level >95% at first month (Ref. = Yes)

No 185 (66.4%) 1.74 (1.62–1.89) 176 (63.3%) 1.62 (1.54–1.75) 170 (59.3%) 1.55 (1.45–1.68)

Abbreviations: AOR, adjusted odd ratio; CI, confidence interval; Ref, reference.
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Figure 1 The area under the ROC for CD4 cell count and adherence at the 1st time point.
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Figure 2 The area under the ROC for CD4 cell count and adherence at the 2nd time point.
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adherence to cART at their reference values (CD4 cell count ≤50% and adherence <85%) were approximately the same;
(0.59 (0.43–0.68) against 0.62 (0.54–0.73)) (Table 5).

Adherence and CD4 cell combined data used a cut-off-point of 95%, the values were reduced when CD4 cell count
and adherence combined data were used at each of the time points (refer to Table 6). Hence, the power of point
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Figure 3 The area under the ROC for CD4 cell count and adherence at the 3rd time point.

Table 2 Test Characteristics for CD4 Cell Count Change in Identifying Patients with Virologic Failure after Commencement of cART
Assessed at 1st, 2nd, and 3rd Time Points

Assessment
of Time Point

Cut-Off-Point for CD4
Cell Count Change

AUC (95% CI) p-value Sensitivity Specificity PPV NPV % of Virologic
Failure Missed

1st time point

(n=792)

≥baseline 0.66 (0.55–0.74) Ref. 0.62 0.91 0.60 0.86 74%

<100 cells/mL 0.52 (0.48–0.67) 0.074 0.61 0.62 0.62 0.85 36%

<50 cells/mL 0.63 (0.35–0.72) 0.024 0.49 0.81 0.66 0.76 58%

<25 cells/mL 0.61 (0.29–0.48) 0.004 0.41 0.90 0.69 0.70 65%

2nd time point

(n=740)

≤baseline 0.69 (0.51–0.79) Ref. 0.67 0.92 0.62 0.82 69%

<100 cells/mL 0.66 (0.54–0.75) 0.002 0.65 0.91 0.64 0.78 34%

<50 cells/mL 0.65 (0.35–0.82) 0.025 0.53 0.97 0.45 0.72 56%

<25 cells/mL 0.63 (0.29–0.48) <0.001 0.44 0.98 0.75 0.68 62%

3rd time point
(n=710)

≤baseline 0.73 (0.65–0.84) Ref 0.75 0.94 0.68 0.78 62%

<100 cells/mL 0.71 (0.64–0.82) 0.004 0.74 0.96 0.69 0.67 34%

<50 cells/mL 0.63 (0.55–0.69) <0.001 0.57 0.99 0.75 0.91 29%

<25 cells/mL 0.68 (0.32–0.53) <0.001 0.48 0.99 0.78 0.86 58%

Abbreviations: AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.
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estimation for positive predictive values or negative predictive values using adherence lonely (Table 3) was in favor of
those combined CD4 cell and adherence data (Table 6). In Table 6, CD4 cell count reduced to ≤40% and adherence
reduced to ≤30% have p-values <0.05; hence, they had a high power of identifying patients with breakthrough viremia.
However, the p-values for the other comparable response, adherence to cART were all significant except adherence level
≤100%. The significant p-values were evidence of their accuracy in identifying patients with breakthrough viremia. This
procedure also implies that adherence to cART was accurate compared to CD4 cell count.

Discussion
The result of the current investigation showed that adherence levels measured using pill count were more accurate
compared to CD4 cell count change for identifying patients with virologic failures in the assessment of the healthcare
quality of HIV-infected patients in the era of antiretroviral therapy. This result was consistent in evaluation of the
healthcare quality of patients at three time points after initiation of cART. The results obtained in these assessments were
independent on the level of viremia/virologic failures.

Table 3 Test Characteristics of Adherence to cART Level in Identifying Patients with Virologic Failure after Commencement of cART
Assessed at 1st, 2nd, and 3rd Time-Points

Assessment
Point

Adherence
Level

AUC (95% CI) p-value Sensitivity Specificity PPV NPV % of Virologic Failure
Missed

1st time point

(n=792)

<100% 0.68 (0.57–0.73) < 0.001 0.81 0.79 0.62 0.89 21%

<95% 0.67 (0.58–0.75) 0.004 0.73 0.84 0.79 0.87 25%

<85% 0.58 (0.45–0.64) Ref. 0.29 0.90 0.86 0.80 65%

2nd time point
(n=740)

<100% 0.68 (0.55–0.76) 0.580 0.85 0.73 0.65 0.92 18%

<95% 0.71 (0.54–0.75) 0.001 0.82 0.75 0.74 0.90 21%

<85% 0.64 (0.56–0.75) Ref. 0.62 0.84 0.78 0.76 62%

3rd time point
(n=710)

<100% 0.72 (0.58–0.79) 0.076 0.92 0.71 0.74 0.96 15%

<95% 0.73 (0.67–0.85) 0.003 0.88 0.73 0.78 0.94 18%

<85% 0.67 (0.58–0.74) Ref. 0.38 0.82 0.85 0.71 60%

Abbreviations: AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.

Table 4 Test Characteristics for CD4 Cell Count Change and Adherence Levels for Identifying Patients with Breakthrough Virologic
Failure after First Visiting Time

Criterion for Virologic
Failure

AUC (95% CI) p-value Sensitivity Specificity PPV NPV % of Virologic Failure
Missed

CD4 ≤ Baseline 0.52 (0.34–0.68) Ref. 0.13 0.85 0.40 0.85 82%

CD4 reduce to level ≤50% 0.59 (0.43–0.68) 0.082 0.35 0.86 0.37 0.90 76%

CD4 reduce to level ≤40% 0.54 (0.29–0.69) 0.007 0.14 0.96 0.52 0.86 85%

CD4 reduce to level ≤30% 0.49 (0.37–0.56) 0.024 0.31 0.89 0.37 0.89 67%

Adherence level <100% 0.60 (0.38–0.74) 0.081 0.74 0.45 0.19 0.89 34%

Adherence level <95% 0.65 (0.45–0.76) 0.002 0.65 0.64 0.21 0.93 35%

Adherence level <85% 0.60 (0.54–0.73) 0.006 0.19 0.96 0.48 0.86 82%

Abbreviations: AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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The results obtained in this investigation were consistent with some previous studies,10 but contradicted one other
previous study,21 and the findings obtained in the current investigation were important for resource limited settings,
especially in developing countries.

The results of pill count adherence done before 3 months of viral load assessment were more accurate compared to
CD4 cell count change conducted simultaneously with viral load assessment in identifying patients with virologic failure.
This cost-effective and at least as accurate as CD4 cell count change for viral load assessment was not seen by the
previous investigators in the study area22 and many of them recommended CD4 cell count change as an alternative
approach for viral load assessment. However, CD4 cell count change cannot be assessed in pharmacies where they can
deliver pills for patients. Therefore, pill count adherence in the cART program can be considered as an alternative
method for viral load assessments in monitoring healthcare quality of HIV-infected patients in the era of antiretroviral
therapy. Patients who got virologic failure in turn lead to immunologic decline and poor longevity.23 Importantly, unlike
CD4 cell count detection of patients in viral load assessment, adherence to cART results was consistent in different
assessments of time points. This result was consistent with findings obtained in previous research.22 The results of the
current investigation also indicated that assessment of healthcare quality using adherence lonely done early aids in
preventing virologic failure and assures the longevity of patients with less-expensive first-line cART, and this contrasts
with assessments of health status of HIV-infected patients using CD4 cell count change, which detects patients with
virologic failure after the occurrence of the event.24

This result could be important for pharmacies and clinics (with no laboratory equipment) who are delivering pills
for HIV-infected patients. Even clinicians who are performing viral load assessment for all patients in a tiresome way
could use an adherence approach to guide decision–making on timing these tests. To apply adherence to the cART
approach in assessing the health status of the patients, the healthcare service providers should inform the patients not to
discard the unused pills and advise them to bring bottles to the healthcare delivery center. The health staff should also

Table 5 PPVs of CD4 Cell Count and Adherence Level for Assessment of Virologic Failure at the 1st, 2nd, and 3rd Time Points

Adherence CD4 Cell
Count
Change

1st Time Point (n=792) 2nd Time Point (n=740) 3rd Time Point (n=710)

PPV (95% CI) % with
Virologic
Failure
Satisfying
Criterion
(95% CI)

PPV (95% CI) % with
Virologic
Failure
Satisfying
Criterion
(95% CI)

PPV (95% CI) % with
Virologic
Failure
Satisfying
Criterion
(95% CI)

<50 ≤Baseline 0.92 (0.81–0. 95) 14 (11–19) 0.95 (0.83–0.98) 18 (9–24) 0.97 (0.85–0. 99) 24 (18–32)

≤50 0.85 (0.77–0.92) 32 (23–43) 0.88 (0.77–0.96) 24 (23–38) 0.92 (0.86–0.97) 28 (19–34)

≤100 0.73 (0.73–0.92) 35 (26–41) 0.85 (0.73–0.92) 27 (16–31) 0.88 (0.77–0.92) 32 (26–39)

<85 ≤Baseline 0.86 (0.74–0.91) 18 (12–24) 0.88 (0.74–0.91) 25 (21–38) 0.91 (0.84–0.99) 30 (26–44)

≤50 0.82 (0.71–0.89) 23 (16–29) 0.85 (0.71–0.89) 28 (25–39) 0.88 (0.79–0.92) 34 (27–41)

≤100 0.78 (0.75–0.92) 27 (18–36) 0.84 (0.75–0.92) 30 (25–38) 0.88 (0.79–0.96) 38 (29–46)

<95 ≤Baseline 0.81 (0.78–0.89) 19 (11–26) 0.85 (0.78–0.95) 22 (11–26) 0.87 (0.78–0.95) 32 (26– 38)

≤50 0.78 (0.66–0.83) 22 (19–36) 0.80 (0.48–0.93) 25 (19–36) 0.85 (0.68–0.93) 34 (27–40)

≤100 0.75 (0.69–0.84) 24 (16–31) 0.78 (0.67–0.85) 28 (16, 31) 0.80 (0.71–0.88) 37 (28–43)

=100 ≤Baseline 0.74 (0.65–0.86) 24 (21–35) 0.78 (0.78–0.95) 24 (20–35) 0.79 (0.72–0. 85) 33 (27–45)

≤500 0.67 (0.54–0.74) 27 (21–38) 0.70 (0.44–0.64) 26 (21–31) 0.75 (0.64–0.84) 35 (28–43)

≤100 0.64 (0.53–0.72) 38 (25–44) 0.67 (0.53–0.75) 28 (19–35) 0.70 (0.63–0.75) 38 (27–46)

Abbreviations: PPV, positive predictive value; CI, confidence interval.
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count the unused pills for calculation of adherence. One other method of applying adherence was using predictive
values where it is more applicable in settings that the assays are available to some extent. In this approach, the high
negative predictive values indicated that there was a relatively large group of patients with low probability of having
virologic failure.25

The combined use of adherence result with one threshold result of CD4 cell count was also used for assessment of
health status of patients. The estimation accuracy of adherence to cART for virologic failure in the current investigation
was consistent with results presented from two other studies.26,27 Since the inclusion and exclusion criteria for the current
investigation were strict, we did not feel that significant bias resulted from patient exclusions.27,28

The adherence calculation was based on pill counts, and patients receiving cART at free clinics should submit/bring
back all unused pills. In addition, alternative measures of adherence, including subjective measures that were not
available in current investigation,29 should be examined for its accuracy.

Patterns of adherence may influence the risk of virologic failure differently when patients initiate therapy compared to
when their viral loads are suppressed below quantifiable levels. Since nearly 25% of all drug resistance occurs in patients
with high levels of adherence,30 it would have been interesting to explore the relationship between virologic failure,
resistance, and diagnostic accuracy of adherence in this setting.

Although CD4 counts inform when to start antiretroviral therapy and when to stop prophylaxis for opportunistic
infections, these data may be used as additional information for revision of guidelines based on previous studies.31,32

Table 6 NPVs for Combined CD4 Cell Count and Adherence Level for Virologic Failure at the 1st, 2nd, and 3rd Time-Points

Adherence CD4 Cell
Count
Change
Increased

1st Time-Point (n=792) 2nd Time-Point (n=740) 3rd Time Point (n=710)

NPV (95% CI) % with
Virologic
Failure
Satisfying
Criterion
(95% CI)

NPV (95% CI) % with
Virologic
Failure
Satisfying
Criterion
(95% CI)

NPV (95% CI) % with
Virologic
Failure
Satisfying
Criterion
(95% CI)

>50 >100 0.92 (0.81–0. 95) 36 (26–49) 0.95 (0.83–0.98) 29 (19–44) 0.97 (0.85–0.99) 24 (18–32)

>50 0.85 (0.77–0.92) 38 (23–43) 0.88 (0.77–0.96) 28 (23–38) 0.92 (0.86–0.97) 26 (19–34)

Not

decreased

0.73 (0.73–0.92) 40 (26–41) 0.85 (0.73–0.92) 27 (16–31) 0.88 (0.77–0.92) 22 (18–35)

>85 >100 0.86 (0.74–0.91) 38 (18–43) 0.88 (0.74–0.91) 25 (21–38) 0.91 (0.84–0.99) 22 (16–34)

>50 0.82 (0.71–0.89) 37 (26–45) 0.85 (0.71–0.89) 28 (25–39) 0.88 (0.79–0.92) 24 (21–31)

Not
decreased

0.78 (0.75–0.92) 35 (18–36) 0.84 (0.75–0.92) 30 (25–38) 0.88 (0.79–0.96) 38 (29–46)

>95 >100 0.89 (0.78–0.89) 36 (27–46) 0.93 (0.78–0.99) 32 (11–36) 0.97 (0.78–0.95) 28 (26–38)

>50 0.88 (0.66–0.83) 35 (23–40) 0.90 (0.48–0.93) 28 (19–36) 0.94 (0.68–0.98) 26 (19–40)

Not

decreased

0.86 (0.76–0.90) 50 (26–67) 0.88 (0.67–0.85) 28 (16–31) 0.90 (0.71–0.98) 27 (23–43)

=100 >100 0.90 (0.75–0.99) 37 (21–35) 0.93 (0.85–0.95) 35 (28–46) 0.96 (0.82–0.98) 33 (27–45)

>50 0.89 (0.74–0.94) 39 (28–45) 0.92 (0.74–0.96) 38 (31–45) 0.75 (0.69–0.84) 35 (28–43)

Not
decreased

0.88 (0.83–0.93) 55 (45–67) 0.89 (0.85–0.96) 47 (38–54) 0.96 (0.88–0.98) 38 (27–46)

Abbreviations: CI, confidence interval; NPV, negative predictive value.
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Limitations of the Study
The current study was not without limitations. One of the limitations is that the research was conducted on a single
treatment site. Including other treatment sites might include additional information about the predictive values of the
two comparables (CD4 cell count and adherence to pill count). In this study, since we used secondary data, either we
failed to capture some important variables due to missing records or the variables may not be required for patient care
purposes.

Conclusion
As a conclusion, adherence to cART assessed using AUC for ROC curves was more accurate in detecting current
virologic failure during the initial year after commencement of cART. In detecting current breakthrough viremia,
adherence was accurate compared to CD4 cell count. Additionally, adherence to cART had better prediction ability for
patients with virologic failure as compared to the CD4 cell count change. This result indicated that the potential of
adherence in prediction of patients with virologic failure before it occurred. Therefore, adherence to cART is simple,
accurate, and cost-effective for monitoring healthcare quality for HIV-infected patients in the era of antiretroviral therapy.
In monitoring healthcare quality for patients in the era of cART, in resource-limited settings, pill count adherence as an
alternative approach should be taken into consideration. Patients should take their medication as prescribed and consult
their clinician when needed. Health professionals should monitor and evaluate the recording systems and improve health
information system. Furthermore, the health staff should also count the unused pills for calculation of adherence.
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