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Abstract

Obijective: To determine whether Treat-All policy impacted laboratory testing practices of antiretroviral therapy (ART) programs in Southern
Africa.

Study Design and Setting: We used HIV cohort data from Lesotho, Malawi, Mozambique, South Africa, Zambia and Zimbabwe in a regression
discontinuity design to estimate changes in pre-ART CD4 testing and viral load monitoring following national Treat-all adoption that occurred
during 2016-2017. This study included more than 230,000 ART-naive people living with HIV (PLHIV) aged five years or older who started ART

within two years of national Treat-All adoption.
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Results: We found pre-ART CD4 testing decreased following adoption of Treat-All recommendations in Malawi (-21.4 percentage points (pp),
95% ClI: -26.8, -16.0) and in Mozambique (-8.8pp, 95% CI: -14.9, -2.8), but increased in Zambia (+2.7pp, 95% CI: +0.4, +5.1). Treat-All policy had
no effect on viral load monitoring, except among females in South Africa (+7.1pp, 95% CI: +1.1, +13.0).

Conclusion: Treat-All policy expanded ART eligibility, but led to reductions in pre-ART CD4 testing in some countries that may weaken
advanced HIV disease management. Continued and expanded support of CD4 and viral load laboratory capacity is needed to further improve

treatment successes and allow for uniform evaluation of ART implementation across Southern Africa.

Keywords

CD4 lymphocyte count; viral load; antiretroviral therapy; Southern Africa; HIV infection, regression discontinuity design

What is new?

Key findings

e Regression discontinuity analyses of antiretroviral therapy (ART) program data from six countries in Southern Africa found national Treat-All
adoption led to heterogeneous changes in pre-ART CD4 testing among patients starting ART; except among females in South Africa, Treat-All
had no effect on viral load monitoring.

What this adds to what is known?
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e This study provides a new understanding of the “real-world” effects of Treat-All on ART-related laboratory testing within countries in Southern
Africa.
e Although Treat-All expanded ART eligibility, its effect on pre-ART CD4 testing varied in magnitude and direction, even among countries with

similar HIV-burden and income classification.

What is the implication and what should change now?

e Countries should anticipate, investigate and mitigate possible unintended effects of new national HIV treatment policies that may worsen the
quality of HIV care.

e Adequate resource allocation for expanded CD4 and viral load laboratory capacity across Southern Africa is needed for uniform evaluation of
ART implementation and continuing improvement of treatment outcomes.

1. Introduction

In 2015 the World Health Organization (WHO) released “Treat-All" guidelines recommending immediate antiretroviral therapy (ART) for all
people living with HIV (PLHIV) regardless of CD4 cell count [1]. The guidelines, progressively adopted by countries, removed CD4 eligibilitiy
thresholds for initiating ART, but still recommend CD4 testing to identify PLHIV with advanced HIV disease who could benefit from prophylactic
and diagnostic interventions prior to starting or restarting ART [2—4]. Guidelines also recommend viral load testing six months after initiating or
switching ART to assess HIV-1 viral suppression [2]. An unsuppressed viral load may indicate treatment failure and prompts interventions to
improve treatment outcome [2,5,6]. CD4 and viral load testing are also crucial population-level indicators of progress towards public health goals
[4,7-9].
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Despite the importance of CD4 and viral load testing, recent studies show declining pre-ART CD4 testing with HIV treatment expansion in several
Southern African countries and no increases in viral load testing [10,11]. Additionally, a global study found that Treat-All adoption led to decreased
pre-ART CD4 testing in low and lower-middle income countries while remaining high in upper-middie and high income countries [12]. Given the
high HIV burden in many low and lower-middle income countries in Southern Africa and the increase in rapid ART initiation after Treat-All
adoption [13,14], examining the effect of Treat-All on pre-ART CD4 testing and viral load monitoring within countries is critical for understanding
its impact on patient care. The effect of Treat-All on pre-ART CD4 testing and viral load monitoring in Southern African countries is unknown.

Randomized trials guided the WHO Treat-All recommendations, but cannot provide insight into "real-world" policy implications [15-17].
Observational data may identify policy implementation ramifications, but only with limited strength of evidence [12,13,15,17]. Regression
discontinuity design, a quasi-experimental approach, mimics randomized experimental designs, allowing for causal interpretation of observed

effects within observational data [17-21].

We analyzed HIV cohort data from ART programs in six Southern African countries using regression discontinuity to estimate the effect of national
Treat-All adoption on pre-ART CD4 testing and viral load monitoring practices.

2. Methods

2.1 Data sources

The International epidemiology Databases to Evaluate AIDS (IeDEA) is an international research consortium that collects deidentified patient-level
data from approximately two million people across 46 countries [22,23]. IleDEA Southern Africa, one of four African leDEA regions, comprises 16
ART programs that collect data on over one million PLHIV from facilities across Lesotho, Malawi, Mozambique, South Africa, Zambia and

Zimbabwe [24]. Local review boards and ethics committies approved the use of leDEA data for research within the leDEA collaboration. The
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Ethics Committee of the Canton of Bern (150/14, PB 2016-00273), Switzerland, approved data merging and collaborative analyses. Informed
consent for the use of leDEA routinely collected data has been obtained or waived according to local requirements.

2.2 Exposure and outcomes

The exposure of interest was ART initiation before versus on or after national adoption of WHO’s Treat-All recommendations (Supplemental Table
S1) [1,2]. We identified national Treat-All adoption dates from policy documents, literature and personal correspondence, as described elsewhere
[13,25,26]. If the exact adoption date was unknown, we used the first day of the adoption month. The two outcomes were the percentage of PLHIV
with pre-ART CD4 testing and the percentage with viral load monitoring. We defined pre-ART CD4 testing as any CD4 count taken within six
months before and up to seven days after ART start. We defined viral load monitoring as any viral load measurement taken within three to nine

months after ART start to ensure we captured the first recommended viral load after ART start.

2.3 Eligibility criteria

We included ART-naive PLHIV aged five years or older who initiated ART within two years of national Treat-All adoption, had complete age and
sex information, and had sufficient follow-up time between ART initiation and the earliest of database closure, documented transfer out or death.
We excluded facilities that provided less than 12 months of outcome data before and after Treat-All and excluded PLHIV who started ART within
90 days of the previously adopted national ART guideline and pregnant women for whom immediate ART was already recommended prior to
Treat-All. To increase generalizability to national programs, we only included public programs using government CD4 and viral load laboratory

services.

To ensure adequate time to capture the outcome, we excluded PLHIV in pre-ART CD4 analyses who started ART at facilities that provided less
than six months of CD4 data before ART start and PLHIV who had less than seven days of follow-up time. In viral load monitoring analyses, we
excluded PLHIV who started ART at facilities that provided less than nine months of viral load data after ART start and PLHIV who had less than
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nine months of follow-up time. Loss to follow-up, treatment interruption and death are common within the first year of initiating ART [27,28]; to
reduce bias from attrition in these analyses, we only included PLHIV classified as in care. PLHIV who had a recorded encounter (e.g. clinic visit,
change in treatment, or laboratory test) within three to nine months after ART start were considered in care.

2.4 Statistical methods

We used descriptive statistics to summarize patient characteristics at ART initiation, and a sharp regression discontinuity design to estimate the
effect of Treat-All policy on pre-ART CD4 testing and viral load monitoring by country [21]. We used date of ART initiation as a continuous
eligibility assignment variable, considering those starting ART before Treat-All-adoption as unexposed and those starting on or after adoption as
exposed. The regression discontinuity design assumes that unexposed and exposed populations have similar measurable and unmeasurable
characteristics, thus mimicking a randomized experimental study design [17]. To verify this assumption, we used a sharp regression discontinuity

approach to assess age and sex distributions of patients intiating ART before and after Treat-All adoption.

To estimate risk differences associated with Treat-All and predict outcomes at the Treat-All threshold, we compared local linear regression models
calculated just before and after Treat-All adoption using Imbens-Kalyanaraman (1K) data-driven bandwidths [29,30] for a first-order polynomial

with a rectangular (uniform) kernel:
E[Yi|Zi] = Bo + PrZi + B2 X 1[Z; = 0] + f3Z; x 1[Z; = 0] ([12,17])
where Yi; is the patient's probability of receiving laboratory monitoring, Z; is the number of days between a patients' ART start date and Treat-All

adoption (negative for PLHIV starting ART before Treat-All adoption), and 1[Z; > 0)] indicates ART initiation on or after the Treat-All adoption
date.
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In sensitivity analyses, we assessed the robustness of estimated risk differences at various bandwidths (365 days and IK bandwidths +/-90 days),
with a triangular kernel and a second-order polynomial term. Since the date of Treat-All adoption may have slightly varied among facilities within a
country, we assessed the stability of the local average treatment effect to such variations by calculating the treatment effect derivative, which is
equivalent to the marginal threshold treatment effect under the local policy invariance assumption, with near-zero results suggesting stability
[31,32].

To assess trends in pre-ART CD4 testing and viral load monitoring before versus after Treat-All adoption, we compared slopes from linear
regression models that incorporated all data available within two years of policy adoption. These models assessed differences in the percentage

point change per month before and after Treat-All adoption.

All statistical analyses were performed using Stata version 15.1 (Stata Corp., College Station, TX, USA).

3. Results

3.1 Pre-ART CD#4 testing

The analysis included 235,828 PLHIV from 10 programs across six countries that adopted Treat-All between 2016 and 2017 (Table 1). Five of the
ten programs were from South Africa; other countries each had one program, and Zambia contributed 75% of PLHIV. Fewer than 3% of PLHIV
were excluded because they had insufficient follow-up time after ART start. The median age (IQR) at ART initiation was 33 (27 to 40) years, 64%
were female, and 39% had pre-ART CD4 testing, ranging from 17% in Malawi to 83% in South Africa. Regression discontinuity analysis confirmed
that population age and sex characteristics at the Treat-All adoption threshold were similar, except for Lesotho and Mozambique, where median age

increased and decreased, respectively (Supplemental Table S2).
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3.1.1 Effect of Treat-All

Pre-ART CD4 testing after Treat-All adoption decreased in Malawi by 21.4 percentage points (pp) (95% ClI: -26.8, -16.0) and in Mozambique by
8.8pp (95% ClI: -14.9, -2.8), but increased in Zambia by 2.7pp (95% CI: +0.4, +5.1); there was no evidence of an effect in other countries (Table 2,
Fig. 1). Malawi had the lowest percentage of PLHIV with testing before Treat-All adoption (29.0%; 95% CI: 24.0, 33.9) and the largest relative
reduction in testing following adoption (-73.8%). South Africa had the highest percentage with testing (86.5%; 95% CI: 84.8, 88.2) after policy
adoption. All countries had treatment effect derivative estimates close to zero and sensitivity analyses yielded consistent results (Table 2,

Supplemental Table S3).

In Malawi and Mozambique, testing decreased more among males than females, whereas it decreased only among females in Lesotho (Table 3). In

Zambia, testing increased among males, with no change among females.

3.1.2 Trends before and after Treat-All
During the two years before Treat-All, testing was increasing over time in Lesotho, Mozambique and South Africa, and declining in Malawi,
Zambia and Zimbabwe (Table 2, Supplemental Fig. S1). During the two years following Treat-All adoption, testing declined in all countries.

3.2 Viral load monitoring

The analysis included 149,646 PLHIV from nine programs across six countries in Southern Africa (Table 1). One program in South Africa included

in the CD4 analysis did not have 365 days of viral load data available after Treat-All adoption and was excluded. About 37% of PLHIV were
excluded because they had insufficient follow-up time after ART start or they were not classified as in care. Patient characteristics were similar to
the CD4 analysis. Overall, 18% had viral load monitoring, ranging from 2% in Lesotho to 79% in South Africa. Regression discontinuity analysis

confirmed that PLHIV intiating ART before and after national Treat-All adoption were similar with respect to age and sex (Supplemental Table S4).
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3.2.1 Effect of Treat-All

Viral load monitoring increased by 7.1pp (95% CI: +1.1, +13.0) among women in South Africa, but there was no evidence of an effect in other
countries (Table 4, Table 5, Fig. 1). Mozambique had the lowest percentage of PLHIV with monitoring just prior to Treat-All adoption (1.5%; 95%
Cl: 0.2, 2.8) and South Africa had the highest just following policy adoption (79.6%; 95% CI: 76.4, 82.7). The treatment effect derivative estimates

for all countries were close to zero and sensitivity analyses indicated the robustness of results (Table 4, Supplemental Table S5).

3.2.2 Trends before and after Treat-All

Before Treat-All, viral load monitoring was increasing in Malawi, Mozambique, South Africa and Zambia (Table 4, Supplemental Fig. S1).

Following Treat-All the slope decreased in South Africa, but increased more steeply in the other three countries. No significant changes were

observed in Lesotho and Zimbabwe.

4. Discussion

4.1 Main findings

The effect of Treat-All on pre-ART CD4 testing varied in Southern Africa. Although a recent global leDEA study found Treat-All adoption in low
or lower-middle income countries led to an immediate decline in pre-ART CD4 testing among adults who enrolled in HIV care after Treat-All
adoption [12], we found considerable heterogeneity in the direction and magnitude of the immediate effect in such countries [33], which also varied
by sex. We found testing slightly increased in Zambia, but decreased substantially in Malawi and moderately in Mozambique, with no effect in
Lesotho or Zimbabwe. In South Africa, the only upper-middle income country in our study [33], there was no effect on testing. Despite initial

heterogeneity, over subsequent years pre-ART CD4 testing declined throughout the region.

10
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4.2 Interpretation

Our study and the recent global 1eDEA study used IeDEA data and regression discontinuity design, however the latter study pooled data within
broad income-group classifications that likely obscured heterogeneity among countries [12]. Further, the absence in the global study of Zambia,
which comprised nearly 85% of low and lower-middle income data in our study and had the most divergent results, may further explain dissimilar
findings.

The heterogeneity may reflect a combination of factors in each country, including the relative increase in ART initiation following removal of CD4
eligibility requirements, the population groups whose access to treatment had been most restricted by previous ART guidelines, and the capacity and
resources available for CD4 testing. For example, prior research reported rapid ART initiation among adults increased 30 times more in Malawi
than in Zambia following Treat-All adoption [13]; while modest increases in CD4 testing observed in Zambia may reflect the ability of testing
capacity and resources to meet the increased numbers of patients initiating treatment, the sharp decrease in CD4 testing observed in Malawi may
reflect the limits in local testing capacity to keep pace with the influx of ART initiators. Similarly, the larger effect of Treat-All among males than
females in both Malawi and Mozambique may indicate that a larger proportion of pre-Treat-All testing among males was for determining ART
eligibility, which was no longer required after Treat-Ail adoption.

Although we found Treat-All led to heterogeneous changes in pre-ART CD4 testing, there was no evidence of an immediate effect on viral load
monitoring, aside from a moderate increase among women in South Africa, suggesting viral load testing volume increased proportional to the
number newly starting treatment. Despite an increasing trend in viral load monitoring across the region during the two years before Treat-All
adoption, in South Africa it subsequently declined. In contrast, in Malawi, Mozambique and Zambiga, it increased more steeply. We found more than
75% of PLHIV in South Africa had viral load monitoring just after policy adoption, whereas coverage was less than 13% elsewhere. These findings

11
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are consistent with several recent studies, which reported disparities in viral load monitoring among income groups and countries in Southern Africa
[10-12].

Delays in scale-up of routine viral load monitoring and rapidly growing demand under Treat-All [13] may explain some of the low viral load
monitoring levels observed. Although fewer than 13% of PLHIV in Zambia had viral load monitoring just following Treat-All adoption in 2016,
this is in line with their phased plans for expanding viral load testing coverage from 10% in 2016 to 70% by 2018 [34]. However, recent monthly
mean percentages appear to plateau suggesting the 2018 goal is unlikely to be reached soon. In Zimbabwe, fewer than 9% of PLHIV had viral load
monitoring at the Treat-All threshold, far below the 50% target for that year [35], and levels in Mozambique and Malawi were also low despite
planned scale-up just before or alongside adoption of Treat-All recommendations [36,37], however the subsequent rising trend alongside increasing
demand, suggests a strong scale-up effort. Some studies reported higher levels of viral load monitoring than we observed, but they used broader
definitions that encompassed any viral load measurement taken six or 12 months after ART start, whereas we aimed to emulate the recommended 6-
month timeframe outlined in Treat-All policies [11,38,39]. A recent study in South Africa found the risk for treatment failure on ART increased by

9% for each month viral load testing was delayed highlighting the importance of timely viral load monitoring to enhance treatment success [40].

The President's Emergency Plan for AIDS Relief (PEPFAR) provides substantial support to countries in this study. Since 2018, PEPFAR has used
results from pre-ART CD4 testing to determine the balance of support between continued CD4 testing and scale-up of viral load testing [9].
However, changes in pre-ART CD4 testing following Treat-All adoption could lead to a scenario where without adequate CD4 testing, PLHIV with
advanced HIV disease may be missed, obscuring the need for continued CD4 testing. Further, varying levels of CD4 and viral load testing may
affect studies and modelling efforts that rely on these data to inform policy recommendations and may also hinder measurement and assessment of
progress towards global public health goais of earlier treatment initiation and the UNAIDS 95-95-95 targets, which rely on such data [8].

4.3 Strengths and limitations

12
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The sharp regression discontinuity design to analyze country-level observational data is a strength of this study, allowing us to uncover important
heterogeneity between countries despite similarities in HIV burden and country income. The use of data-driven bandwidths and sensitivity analyses
permit causal interpretation akin to experimental studies. Previous studies found substantial loss to follow-up of PLHIV on ART in Southern Africa
[27,28], but other studies found immediate ART may improve retention [41,42]. We only included PLHIV classified as in care to reduce associated
biases. Finally, we included public ART treatment programs in six countries in the region and large study populations.

Study limitations include the fact that ART programs and clinics participating in leDEA Southern Africa may not be nationally representative, thus
potentially reducing generalizability. Further, a previous study of clinics in leDEA found clinic-level introduction of national Treat-All policies vary
within countries [26]. However, treatment effect derivative estimates suggest these variations were unlikely to influence estimated effects. We
compared age and sex of populations before and after Treat-All adoption to confirm key assumptions for regression discontinuity, but lack of more
detailed data on patient characteristics limited comparisons on other potential confounding factors. In the CD4 analysis, we identified age
distribution differences in two countries, however these were relatively small and unlikely to affect results markedly. We did not account for

differences in level of care, facility type, or location, nor did we attempt to correct for missing pregancy data, which may have affected results.

5. Conclusion

Regression discontinuity analyses of cohort data from ART programs in six Southern African countries revealed "real-world" unintended and varied
effects of Treat-All policy on pre-ART CD4 testing, which may affect identification of PLHIV with advanced HIV disease and worsen the quality
of HIV care in some countries. Prior to adopting new policy, possible negative effects should be investigated and anticipated in order to mitigate or
avoid them. Although Treat-All expanded ART eligibility to increase ART coverage, support for continued and expanded CD4 and viral load
laboratory capacity is crucial for ensuring continued improvement of treatment success, appropriate resource allocation and uniform evaluation of

ART implementation.

13
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Fig. 1: Laboratory testing of patients (25 years of age) who initiated antiretroviral therapy (ART) before and after national Treat-All adoption by country.

These plots illustrate the monthly mean percentage with pre-ART CD4 testing or viral load monitoring, the linear prediction produced by the
regression discontinuity models using Imbens-Kalyanaraman (1K) data-driven bandwidths to estimate effect size, the 95% confidence intervals, and
the number of patients included in each analysis. Dotted vertical lines on either side of the Treat-All threshold represent the IK bandwidths used in
each regression discontinuity analysis.

Table 1. Baseline characteristics of patients (>5 years) in pre-ART CD4 testing and viral load (VL) monitoring analyses by country.

Lesotho Malawi Mozambique South Africa Zambia Zimbabwe Total
Pre-ART CD4 testing
Total patients 1,882 (100%) 13,876 (100%) 10,534 (100%) 23,817 (100%) 178,465 (100%) 7,254 (100%) 235,828 (100%)
Female 1,249 (66%) 8,921 (64%) 6,907 (66%) 16,540 (69%) 112,876 (63%) 4,710 (65%) 151,203 (64%)
Age in years
median (IQR) 35 (28-46) 33 (26-41) 31 (25-40) 33(27-41) 33 (27-40) 34 (26-42) 33 (27-40)
<15 67 (4%) 688 (5%) 235 (2%) 337 (1%) 6,085 (3%) 484 (7%) 7,896 (3%)
16-24 231 (12%) 2,401 (17%) 2,486 (24%) 3,248 (14%) 29,018 (16%) 1,191 (16%) 38,575 (17%)
>25 1,584 (84%) 10,787 (78%) 7,813 (74%) 20,232 (85%) 143,362 (81%) 5,579 (77%) 189,357 (80%)
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With pre-ART CD4 testing 896 (48%) 2,334 (17%) 5,211 (50%) 19,857 (83%) 61,852 (35%) 2,300 (32%) 92,450 (39%)
VL monitoring
Total patients 1,309 (100%) 9,915 (100%) 7,295 (100%) 15,616 (100%) 109,536 (100%) 5,975 (100%) 149,646 (100%)
Female 861 (66%) 6,493 (66%) 4,921 (68%) 10,743 (69%) 69,687 (64%) 3,865 (65%) 96,570 (65%)
Age in years
median (IQR) 36 (28-46) 33 (26-41) 31 (25-41) 34 (28-42) 33 (27-40) 35 (27-43) 33 (27-41)
<15 47 (4%) 514 (5%) 179 (2%) 141 (1%) 4,097 (4%) 423 (7%) 5,401 (4%)
16-24 157 (12%) 1,582 (16%) 1,608 (22%) 1,887 (12%) 16,193 (15%) 843 (14%) 22,270 (15%)
>25 1,105 (84%) 7,819 (79%) 5,508 (76%) 13,588 (87%) 89,246 (81%) 4,709 (79%) 121,975 (81%)
With VL monitoring 20 (2%) 1,010 (10%) 254 (4%) 12,323 (79%) 12,746 (12%) 260 (4%) 26,613 (18%)
Abbreviation: IQR, interquartile range.
Number of patients (%) are shown unless otherwise indicated.
Table 2. Percentage with pre-ART CD4 testing before and after national Treat-All policy adoption by country.
Lesotho Malawi Mozambique South Africa Zambia Zimbabwe
Patients 1,882 (100%) 13,876 (100%) 10,534 (100%) 23,817 (100%) 178,465 (100%) 7,254 (100%)
before Treat-All 816 (43%) 7,260 (52%) 4,958 (47%) 10,777 (45%) 76,349 (43%) 3,868 (53%)
after Treat-All 1,066 (57%) 6,616 (48%) 5,576 (53%) 13,040 (55%) 102,116 (57%) 3,386 (47%)
Risk difference at threshold” -8.6 -21.4 -8.8 1.2 2.7 0.2
(95% Cl) (-20.9,3.7) (-26.8, -16.0) (-14.9,-2.8) (-1.3,3.7) (0.4,5.1) (-7.0,7.5)
p-value 0.171 <0.001 0.004 0.345 0.024 0.949
IK bandwidth (days) 238 123 238 347 105 241
patients within bandwidth 751 3,189 3,790 12,923 27,298 2,771
Treatment Effect Derivative -0.101 -0.056 -0.048 -0.010 -0.066 -0.025

(95% CI)

(-0.198, -0.004)

(-0.130, 0.019)

(-0.091, -0.004)

(-0.021, 0.003)

(-0.104, -0.028)

(-0.078, 0.029)

p-value 0.041 0.145 0.004 0.128 0.001 0.368
Predicted outcomes at threshold
just before Treat-All 70.5 29.0 66.5 85.3 39.5 34.0
(95% ClI) (60.5, 80.4) (24.0, 33.9) (62.6, 70.5) (83.5,87.1) (37.8,41.2) (28.6, 39.3)
just after Treat-All 61.9 7.6 57.7 86.5 42.2 34.2
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(95% ClI) (61.1, 69.7) (5.3,9.8) (53.2, 62.2) (84.8, 88.2) (40.6, 43.9) (29.3, 39.1)
relative change -12.2% -73.8% -13.3% 1.4% 6.8% 0.6%
Slopes before and after Treat-Allf
before Treat-All (95% CI) 1.1(0.6,1.7) -0.4 (-0.5,-0.2) 0.5(0.3,0.7) 0.1(-0.1,0.2) -0.5 (-0.5, -0.4) -1.1(-1.3,-0.9)
after Treat-All (95% CI) -2.6 (-2.9,-2.2) -0.3(-0.3,-0.2) -2.3(-24,-21) -0.6(-0.7,-0.5) -0.7 (-0.7, -0.6) -1.4 (-1.6,-1.3)
p-value 0.055 <0.001 <0.001 <0.001 <0.001 <0.001

Abbreviation: Cl, confidence interval.

“Risk differences at the national Treat-All adoption threshold are from regression discontinuity analyses using Imbens-Kalyanaraman (1K) bandwidths derived
from all data available within two years before and after the threshold to estimate the difference in local linear predictions. The bandwidth defines the area on
each side of the threshold where the relationship between antiretroviral therapy (ART) start and pre-ART CD4 testing is assumed to be linear in local linear
regression models.

tSlope comparison is from separate linear regression models comparing the percentage point change per month before and after Treat-All using all data available
within two years before and after national Treat-All adoption.

Table 3. Percentage with pre-ART CD4 testing before and after national Treat-All policy adoption by country and sex.

Lesotho Malawi Mozambique South Africa Zambia Zimbabwe
Female patients 1,249 (100%) 8,921 (100%) 6,907 (100%) 16,540 (100%) 112,876 (100%) 4,710 (100%)
before Treat-All 547 (44%) 4,883 (55%) 3,400 (49%) 7,586 (46%) 49,242 (44%) 2,621 (56%)
after Treat-All 702 (56%) 4,038 (45%) 3,507 (51%) 8,954 (54%) 63,634 (56%) 2,089 (44%)
Risk difference at threshold” -15.6 -14.7 -4.5 0.8 16 -3.0
(95% CI) (-29.4, -1.8) (-20.8,-8.7) (-12.0, 2.9) (-2.6,4.3) (-1.0,4.1) (-11.7,5.8)
p-value 0.027 <0.001 0.235 0.636 0.235 0.511
IK bandwidth (days) 302 129 257 274 134 248
patients within bandwidth 618 2,060 2,584 7,042 22,186 1,794
Male patients 633 (100%) 4,955 (100%) 3,627 (100%) 7,277 (100%) 65,589 (100%) 2,544 (100%)
before Treat-All 269 (42%) 2,377 (48%) 1,558 (43%) 3,191 (44%) 27,107 (41%) 1,247 (49%)
after Treat-All 364 (58%) 2,578 (52%) 2,069 (57%) 4,086 (56%) 38,482 (59%) 1,297 (51%)
Risk differgnce at threshold” 4.7 -36.7 -14.5 -1.7 6.8 6.2
(95% CI) (-16.8, 26.1) -(-46.6, -26.8) (-23.7,-5.4) (-7.2,3.8) (2.8, 10.8) (-5.6,17.9)
p-value 0.669 <0.001 0.002 0.544 0.001 0.303
IK bandwidth (days) 278 128 260 188 110 272
patients within bandwidth 298 1,203 1,489 2,131 10,210 1,101

Abbreviation: Cl, confidence interval.

22



Journal Pre-proof

“Risk differences at the national Treat-All policy adoption threshold are from regression discontinuity analyses using Imbens-Kalyanaraman (IK) bandwidths
derived from all data available within two years before and after the threshold to estimate the difference in local linear predictions. The bandwidth defines the
area on each side of the threshold where the relationship between antiretroviral therapy (ART) start and pre-ART CD4 testing is assumed to be linear in local

linear regression models.

Table 4. Percentage with viral load monitoring before and after national Treat-All policy adoption by country.

Lesotho Malawi Mozambique South Africa Zambia Zimbabwe
Patients 1,309 (100%) 9,915 (100%) 7,295 (100%) 15,616 (100%) 109,536 (100%) 5,975 (100%)
before Treat-All 626 (48%) 6,071 (61%) 3,421 (47%) 8,316 (53%) 56,951 (52%) 3,349 (56%)
after Treat-All 683 (52%) 3,844 (39%) 3,874 (53%) 7,300 (47%) 52,585 (48%) 2,626 (44%)
Risk difference at threshold” -1.2 0.6 2.6 4.0 0.7 0.4
(95% ClI) (-5.4,3.1) (-4.7, 6.0) (-0.5,5.7) (-0.9, 8.8) (-0.9,2.2) (-3.2,4.0)
p-value 0.589 0.815 0.094 0.108 0.400 0.809
IK bandwidth (days) 316 113 123 153 149 310
patients within bandwidth 576 2,519 1,365 4,225 28,068 2,981
Treatment Effect Derivative 0.001 0.024 -0.036 0.041 -0.031 -0.041
(95% ClI) (-0.021, 0.024) (-0.061,0.110)  (-0.077, 0.0048) (-0.012, 0.095)  (-0.048,-0.013)  (-0.060, -0.024)
p-value 0.893 0.581 0.083 0.130 0.001 <0.001
Predicted outcomes at threshold
just before Treat-All 25 8.9 1.5 75.6 12.0 8.4
(95% ClI) (-1.0, 6.0) (4.6, 13.2) (0.2,2.8) (72.0, 79.2) (11.0, 13.1) (6.1, 10.7)
just after Treat-All 1.3 9.5 4.1 79.6 12.7 8.8
(95% ClI) (-1.1,3.8) (6.4,12.7) (1.3,7.0) (76.4,82.7) (11.6, 13.8) (6.0, 11.6)
relative change -48.0% 6.7% 173.3% 5.2% 5.8% 4.8%
Slopes before and after Treat-Allf
before Treat-All (95% ClI) 0.0(-0.2,0.2) 0.8(0.7,0.8) 0.1(0.1,0.2) 0.2 (-0.0, 0.3) 0.4 (0.4,0.4) 0.4(0.3,0.4)
after Treat-All (95% CI) -0.1 (-0.2, 0.0) 14(1.1,1.7) 0.2 (0.1,0.3) -0.1(-0.3,0.1) 1.0(0.9,1.1) 0.2 (0.0,0.4)
p-value 1.000 0.030 0.034 <0.001 0.012 0.069

Abbreviation: Cl, confidence interval.

“Risk differences at the national Treat-All policy adoption threshold are from regression discontinuity analyses using Imbens-Kalyanaraman (IK) bandwidths
derived from all data available within two years before and after the threshold to estimate the difference in local linear predictions. The bandwidth defines the
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area on each side of the threshold where the relationship between antiretroviral therapy (ART) start and viral load monitoring is assumed to be linear in local
linear regression models.

1Slope comparison is from separate linear regression models comparing the percentage point change per month before and after Treat-All using all data available
within two years before and after national Treat-All adoption.

Table 5. Percentage with viral load monitoring before and after national Treat-All policy adoption by country and sex.

Lesotho Malawi Mozambique South Africa Zambia Zimbabwe
Female patients 861 (100%) 6,493 (100%) 4,921 (100%) 10,743 (100%) 69,687 (100%) 3,865 (100%)
before Treat-All 416 (48%) 4,096 (63%) 2,412 (49%) 5,768 (54%) 36,618 (53%) 2,244 (58%)
after Treat-All 445 (52%) 2,397 (37%) 2,509 (51%) 4,975 (46%) 33,069 (47%) 1,621 (42%)
Risk difference at threshold” -0.2 -4.4 3.3 7.1 0.6 14
(95% ClI) (-5.8,5.3) (-10.3,1.5) (-0.7,7.3) (1.1, 13.0) (-1.3,2.5) (-2.9, 5.6)
p-value 0.944 0.142 0.106 0.020 0.552 0.525
IK bandwidth (days) 402 131 135 147 143 373
patients within bandwidth 498 1,810 968 2,778 17,043 2,182
Male patients 448 (100%) 3,422 (100%) 2,374 (100%) 4,873 (100%) 39,849 (100%) 2,110 (100%)
before Treat-All 210 (47%) 1,975 (58%) 1,009 (42%) 2,548 (52%) 20,333 (51%) 1,105 (52%)
after Treat-All 238 (53%) 1,447 (42%) 1,365 (58%) 2,325 (48%) 19,516 (49%) 1,005 (48%)
Risk difference at threshold” NA 3.3 0.7 -4.2 1.7 0.1
(95% ClI) NA (-5.5,12.1) (-2.2,3.7) (-9.8,1.4) (-0.8,4.1) (-6.4, 6.6)
p-value NA 0.464 0.627 0.144 0.178 0.967
IK bandwidth (days) NA 117 208 356 181 224
patients within bandwidth NA 941 803 3,187 12,218 808

Abbreviation: Cl, confidence interval.

Risk differences at the national Treat-All policy adoption threshold are from regression discontinuity analyses using Imbens-Kalyanaraman (1K) bandwidths
derived from all data available within two years before and after the threshold to estimate the difference in local linear predictions. The bandwidth defines the
area on each side of the threshold where the relationship between antiretroviral therapy (ART) start and viral load monitoring is assumed to be linear in local
linear regression models.
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