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Summary

Background—In Africa, up to 30% of HIV-infected patients who are clinically eligible for 

antiretroviral therapy (ART) do not start timely treatment. We assessed the effects of an 

intervention targeting prevalent health systems barriers to ART initiation on timing and 

completeness of treatment initiation.

Methods—In this stepped-wedge, non-blinded, cluster-randomised controlled trial, 20 clinics in 

southwestern Uganda were randomly assigned in groups of five clinics every 6 months to the 

intervention by a computerised random number generator. This procedure continued until all 

clinics had crossed over from control (standard of care) to the intervention, which consisted of 

opinion-leader-led training and coaching of front-line health workers, a point-of-care CD4 cell 

count testing platform, a revised counselling approach without mandatory multiple pre-initiation 

sessions, and feedback to the facilities on their ART initiation rates and how they compared with 

other facilities. Treatment-naive, HIV-infected adults (aged ≥18 years) who were clinically eligible 

for ART during the study period were included in the study population. The primary outcome was 

ART initiation 14 days after first clinical eligibility for ART. This study is registered with 

ClinicalTrials.gov, number NCT01810289.

Findings—Between April 11, 2013, and Feb 2, 2015, 12 024 eligible patients visited one of the 

20 participating clinics. Median CD4 count was 310 cells per μL (IQR 179–424). 3753 of 4747 

patients (weighted proportion 80%) in the intervention group had started ART by 2 weeks after 

eligibility compared with 2585 of 7066 patients (38%) in the control group (risk difference 41·9%, 

95% CI 40·1–43·8). Vital status was ascertained in a random sample of 208 patients in the 

intervention group and 199 patients in the control group. Four deaths (2%) occurred in the 

intervention group and five (3%) occurred in the control group.

Interpretation—A multicomponent intervention targeting health-care worker behaviour 

increased the probability of ART initiation 14 days after eligibility. This intervention consists of 

widely accessible components and has been tested in a real-world setting, and is therefore well 

positioned for use at scale.

Funding—National Institute of Allergy and Infectious Diseases (NIAID) and the President’s 

Emergency Fund for AIDS Relief (PEPFAR).

Introduction

Although antiretroviral therapy (ART) for HIV-infected patients substantially reduces 

morbidity, mortality, and transmission of HIV in low-income and middle-income 

countries,1–3 systematic reviews suggest that up to 20–30% of patients identified as 

clinically eligible for ART either do not start treatment or encounter delays to treatment 

initiation.4,5 Slow ART uptake results in large part from three systems-based barriers. First, 

the consequences of delay are not always apparent to providers; although clinical studies 
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show that delays in ART initiation in patients with serious infections, even for a few weeks, 

contribute to AIDS progression,6,7 this information has not reached all front-line health 

workers. Additionally, even in patients with higher CD4 cell counts for whom the clinical 

effects of delays are less clear, loss to follow-up during the ART preparation period can be 

high.5 Second, overnight CD4 cell count processing means that establishing ART eligibility8 

requires multiple patient visits to the clinic, thus creating a period of uncertainty about 

treatment. Third, patient preparation through multiple adherence counselling sessions and 

requirements for treatment supporters are the norm,9–11 but can represent barriers to 

treatment for some patients.

Existing studies of the HIV treatment cascade have not identified an approach to enhance 

ART initiation after linkage in treatment-eligible patients. Interventions on the HIV cascade 

have overwhelmingly targeted HIV testing on the one hand (eg, testing campaigns, self-

testing12,13), and retention and adherence on the other (eg, text messages, peer support14–17). 

Several studies have shown that point-of-care CD4 cell count measurement at the time of 

HIV testing can increase the rate of ART initiation, but this effect is mostly mediated by 

more rapid linkage to care after testing or more rapid staging, and not faster initiation once 

linked to care or once eligibility for treatment is known; a meta-analysis reported no 

association between point-of-care CD4 cell count testing and ART initiation in eligible 

patients after linkage.18 Results of a randomised trial suggested feasibility and potential 

clinical effect of same-day ART compared with standard initiation,19 but this trial did not 

target health-care worker behaviour, and therefore implications with regard to how to change 

health-care worker behaviour are unclear. As a result, a strategic approach for accelerating 

uptake of ART in treatment-eligible patients in high-burden settings in Africa remains 

unclear. We therefore designed an intervention targeting prevalent health systems barriers to 

ART initiation and assessed its effects on timing and completeness of ART initiation, HIV 

RNA suppression, and retention in care.

Methods

Study design and participants

Between April 11, 2013, and Aug 2, 2015, we did a stepped-wedge, non-blinded, cluster-

randomised trial in a network of health facilities providing HIV treatment in Uganda 

operated by the Ministry of Health and supported by the Makerere University Joint AIDS 

Program (MJAP), a programme supported by the President’s Emergency Plan for AIDS 

Relief. We used a stepped-wedge design because all components of the intervention were 

existing (but not fully implemented) elements of the Ugandan health system, including the 

use of point-of-care diagnostics in rural settings, the use of data for feedback to clinic sites, 

and dissemination of clinical and epidemiological information to improve care. MJAP 

supports ART provision in Kampala, the capital city, as well as Mbarara District, a rural 

district in western Uganda. All HIV-infected adults (aged ≥18 years) clinically eligible for 

ART (by clinical or CD4 cell count criteria) during the study period were included in the 

study population. This population includes patients who were eligible for ART before the 

study period began but ART naive at the beginning of the study, as well as individuals who 

became newly ART eligible after the study began. At the conception of the trial, ART 
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eligibility criteria were CD4 count of 350 cells per μL or less, any WHO stage 3 or 4 

condition, and pregnancy. On Jan 3, 2014, about a third of the way through the trial, 

Ugandan national guidelines20 revised the CD4 threshold for ART eligibility from 350 cells 

per μL to 500 cells per μL and also included seronegative partners in discordant couples and 

key populations (eg, sex workers, men who have sex with men, fisherfolk).

The intervention targeted the health system and health-care workers and as such individual-

level informed consent was not obtained apart from patients who provided HIV RNA 

measurements, since this procedure was not a part of routine care at the time of the study. 

This approach was approved by institutional review boards of the University of California, 

and by ethics boards at the Makerere University in Kampala and the Uganda National 

Council for Science and Technology.

Randomisation and masking

Health facilities (clinics) were the unit of randomisation. Four groups of five clinics were 

randomly assigned to receive the intervention in one of four steps at intervals of about 6 

months. The five calendar periods were April 11 to June 18, 2013 (period 1), June 19 to Dec 

4, 2013 (period 2), Dec 5, 2013, to March 30, 2014 (period 3), March 31 to Oct 1, 2014 

(period 4), and Oct 2, 2014, to Feb 2, 2015 (period 5). This procedure continued until all 

clinics had crossed over from control (standard of care) to the intervention group. Patients 

eligible for ART before the clinics crossed over from the control to the intervention group 

were not exposed to the intervention, whereas those who became eligible for ART after 

crossover were considered exposed. Randomisation was stratified by four facility levels 

defined by size and time offering HIV care and treatment services. Randomisation was done 

with a random number generator in Stata (version 13). Random allocation of clinics was 

done by a statistician who was not otherwise involved with the study planning or analysis. 

This trial was non-blinded.

Procedures

To influence health systems to provide ART more efficiently and effectively, we developed 

the Streamlined ART START-ART Strategy (START-ART) based on insights from health 

promotion literature.21,22 Specifically, work by Green and Krueter22 suggests that 

interventions to change health-care worker behaviour are most effective when they combine 

three factors: predisposing factors consisting of knowledge, attitudes, or beliefs that affect 

behaviour; enabling factors consisting of skills or materials that make the desired behaviour 

easier; and reinforcing factors consisting of anticipated con sequences following a 

behaviour. In our assessment, barriers to ART are the widespread belief that delays to ART 

initiation are not harmful; overnight CD4 cell count processing and therefore multiple visits 

by patients to the clinic before ART eligibility is known; and standard practices demanding 

up to three adherence counselling visits before ART initiation and the need for treatment 

supporters. Our intervention therefore included opinion-leader-led training about the 

evidence regarding clinical and behavioural consequences of waiting to offer ART to 

recalibrate the balance of risks and benefits of offering ART made by doctors, nurses, 

clinical officers, and counsellors. This training included one on-site, face-to-face, lecture-

style didactic session, subsequent coaching visits on the clinical considerations, and 

Amanyire et al. Page 4

Lancet HIV. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



introduction of a revised counselling approach that relaxed strict requirements for treatment 

supporters and emphasised that individual patients should be assessed for ART readiness 

rather than the application of one-size-fits-all multiple adherence counselling sessions. We 

also introduced PIMA (Alere, Waltham, MA, USA; appendix p 3) CD4 assay machines at 

the sites to enable health-care workers to offer real-time results. Finally, we provided 

biannual feedback to the facilities, which involved presentation of the clinic ART initiation 

rates compared with other clinics. The feedback meetings were held with the facility 

manager as well as all staffat the site. Although standard-of-care practices at the 

participating facilities were diverse, three pretreatment counselling sessions, requirement for 

treatment supporter, and overnight CD4 cell count processing were the usual practice at 

these facilities before introduction of the intervention.

Sociodemographic, clinical, and laboratory data were retrieved from a Microsoft Access 

database used by the clinics to document clinical care. Data management for this study was 

embedded within the programme data system: the research team offered support for data 

entry, programming, and data transfer but did not create a parallel research database. The 

study team adjudicated a random sample of charts to verify the outcomes. The study team 

also analysed charts of all ART-eligible patients for whom ART initiation was not 

documented and all patients for whom ART eligibility criteria could not be discerned in the 

database. We found the electronic medical record to be 99% accurate for visits and ART 

initiation—ie, the data elements used to define outcomes in this study. HIV RNA assay was 

done with COBAS TaqMan Platform HIV-1 test, version 2 (Roche, Basel, Switzerland), with 

a lower limit of detection of 200 copies per mL.

Outcomes

The primary endpoint was ART initiation within 14 days after the first date of clinical 

eligibility for ART during the study period. Secondary outcomes were the probability of 

ART initiation on the same day of eligibility as well as 30 days and 90 days after clinical 

eligibility for ART; HIV RNA suppression and survival 1 year after ART eligibility, assessed 

in a random sample of patients; retention in care after eligibility; vertical transmission; and 

cost and cost-effectiveness. The intervention acted on health workers and clinical 

organisations; therefore, we did not systematically collect data for adverse events. These 

analyses of vertical transmission and cost and cost-effectiveness are ongoing and will be 

reported elsewhere.

Statistical analysis

In power calculations, we anticipated the number of patients clinically eligible for ART in 

the clinic sites supported by the MJAP organisation during the study period to be around 12 

000. On the basis of assumptions that 25% of patients in the control group and 50% of 

patients in the intervention group would achieve the primary outcome, and with five clinics 

randomly assigned to the intervention in each of four steps, a harmonic mean of 50 

individuals in each clinic during each period, and a coefficient of variation of 0.2, we 

calculated that the study had 99% power. HIV RNA levels were assessed 1 year after ART 

eligibility in a random sample of patients from clinics randomised in step 1 (intervention) 

and step 4 (control) in whom a year of observation in the same treatment condition was 
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possible. With the assumptions of a coefficient of variation of 0.10, 80% of patients 

achieving HIV RNA suppression in the control group, 92% of patients achieving HIV 

suppression in the intervention group (a 12% absolute risk difference), and a harmonic mean 

of 50 patients per clinic, we calculated a power of 77%.

We treated the primary outcome as a binary variable: patients were deemed either to have 

started ART or not to have started ART by 14 days. Patients with less than 14 days of 

observation time before crossover to intervention or end of study database closure were not 

included in the analysis of the primary outcome. Deaths before ART initiation were 

considered non-initiations. We used a mixed effects logistic regression model (meglm in 

Stata version 14.0) with a normal random effect for site and a fixed effect for intervention to 

estimate the primary outcome. The primary analysis was unadjusted. In additional analyses, 

we adjusted for calendar time (specified as a restricted cubic spline) and ART regimen. We 

did a subgroup analysis (and examined interactions) on the basis of patients’ characteristics 

at the time of ART eligibility including CD4 count (<50 cells per μL or ≥50 cells per μL), 

pregnancy, WHO stage, and tuberculosis.

In secondary analyses, we examined HIV RNA suppression and survival 1 year after 

eligibility in a randomly selected subset of patients from step 1 and step 4 using mixed 

effects logistic regression. We analysed patients in step 1 and step 4 because these groups 

were exposed to either the intervention or control for 1 year. Additionally, we took a random 

sample to minimise costs associated with both tracing to obtain outcomes and HIV RNA 

testing. In the analysis of HIV RNA suppression, patients who died or from whom we did 

not obtain an HIV RNA measurement were deemed not to have achieved HIV RNA 

suppression. We also did a prespecified analysis using inverse probability weighting to 

account for missing outcomes. In additional secondary analyses, we examined retention in 

care using visit adherence,23–25 which was defined as the fraction of appointments made 

within 7 days. All secondary analyses were adjusted for patients’ characteristics including 

clinical eligibility for ART before the study period (ie, incident or prevalent ART eligible), 

sex, age (three knot cubic spline), CD4 cell count (three knot cubic spline), time since 

eligibility, and calendar period of eligibility. Stata version 14.0 was used for all statistical 

analyses.

This study is registered with ClinicalTrials.gov, number NCT01810289.

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.

Results

We approached 22 clinics operated by the Ugandan Ministry of Health. Two facilities 

declined to participate. In the remaining 20 facilities, exactly 15 000 treatment-naive patients 

newly entered care during the study period from April 11, 2013, to Feb 2, 2015. After 

excluding 2976 patients who never completed assessment for ART eligibility, our study 
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population included 12 024 patients eligible for ART according to criteria outlined in the 

Ugandan national guidelines (figure 1).20 7545 (63%) were women. Median CD4 count at 

eligibility was 310 cells per μL (IQR 179–424; tables 1 and 2). Patients in the intervention 

group had slightly higher CD4 counts at baseline (median 320 cells per μL [IQR 183–419]) 

than patients in the control group (median 304 cells per μL [175–430]). The intraclass 

correlation coefficient for the primary outcome was 0.069 (95% CI 0.034–0.140) for the 

intervention group and 0.050 (0.024–0.101) for the control group.

3753 of 4747 patients (weighted proportion 80%) in the intervention group had started ART 

by 2 weeks after eligibility compared with 2585 of 7066 patients (38%) in the control group: 

risk ratio (RR) 2.11 (95% CI 2.03–2.20); risk difference 41.9% (95% CI 40.1–43.8; figure 

2). Findings were similar after adjustment for calendar time and ART regimen: RR 1.86 

(95% CI 1.72–2.02); risk difference 35.7% (95% CI 32.4–38.9). 3358 (71%) of 4747 

patients in the intervention group started ART on the same day of eligibility compared with 

1313 (18%) of 7277 patients in the control group: RR 3.87 (95% CI 3.64–4.11); risk 

difference 52.5% (95% CI 50.7–54.3). 3716 of 6731 patients (weighted proportion 57%) in 

the control group started ART within 30 days compared with 3999 of 4747 (85%) in the 

intervention group (RR 1.49 [95% CI 1.46–1.53]; risk difference 28.1% [95% CI 26.5–

29.7]). At 90 days after eligibility, 4349 of 4747 patients (weighted proportion 90%) had 

started ART in the intervention group compared with 4004 of 5580 patients (70%) in the 

control group: RR 1·27 (95% CI 1.25–1.30); risk difference (19.3%, 95% CI 17.6–21.0). 

Results were consistent across predefined subgroups based on sex, age, clinic size, CD4 cell 

count at eligibility, WHO stage, pregnancy, and tuberculosis at eligibility (figure 3).

We randomly sampled 437 patients for enhanced outcome ascertainment of HIV RNA viral 

load and vital status 1 year after eligibility. The patients randomly sampled were similar to 

patients in the study population of individuals who were exposed either to the intervention or 

control for 1 year in step 1 and step 4, respectively (appendix p 1). We successfully obtained 

HIV RNA measurements for 335 (77%) of 437 of these randomly sampled patients, 164 

(75%) of 220 in the intervention group and 171 (79%) of 217 in the control group. When 

patients with missing data were treated as failures, 138 of 206 individuals (weighted 

proportion 66%) in the intervention group achieved HIV RNA suppression compared with 

128 of 208 (58%) in the control group (RR 1.14, 95% CI 0.93–1.38; p=0.20). Use of inverse 

probability weighting based on clinic, sex, age, and CD4 cell count to address missing 

outcomes yielded an estimate of 85% virological suppression in the intervention group and 

75% virological suppression in the control group (RR 1.13, 95% CI 1.02–1.27; p=0.024). 

Vital status was ascertained for 407 (93%) of the 437 patients who were randomly selected 

for enhanced outcome ascertainment, 208 (95%) of 220 in the intervention group and 199 

(92%) of 217 in the control group. Four deaths (2%) in 208 individuals occurred in the 

intervention group and five (3%) in 199 individuals occurred in the control group (risk ratio 

0.65, 95% CI 0.14–3.0; p=0.58; inverse probability weighting based on clinic, sex, age, and 

CD4 cell count to address missing vital status outcomes).

In the analysis of retention in care, visit adherence or the proportion of appointments made 

within 7 days was not changed by the intervention. After controlling for age, sex, CD4 cell 

count at eligibility, incident or prevalent eligibility, time since eligibility, and period of 
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eligibility, patients attended 84% (95% CI 83–85) of appointments in the control group and 

84% (83–85) of appointments in the intervention group (RR 1.00, 95% CI 0.99–1.01; 

p=0.93). The effect of the intervention on retention in care as measured through visit 

adherence was consistent across subgroups (figure 4). The distribution of visit adherence 

was similar in the intervention and control groups (appendix p 2). Patients in the control 

group made a mean of 1.44 visits per 90 days (95% CI 1.42–1.46) whereas patients in the 

intervention group made 1.39 visits per 90 days (1.37–1.41), yielding a rate ratio of 0.96 

(95% CI 0.94–0.99; p=0.0024).

An examination of the probability of ART initiation at 14 days over calendar time suggests 

that the slightly diminishing effect of the intervention over time was caused by accelerations 

in ART initiation in the control group whereas the probability of ART initiation in the 

intervention sites remained constant and sustained over the intervention period (figure 5).

Discussion

Our study shows that a theory-based intervention targeting the health system increased the 

probability of ART initiation 14 days after eligibility compared with standard care. The 

proportion of patients starting ART on the same day as eligibility and the total proportion of 

patients on ART 90 days after eligibility were higher in the intervention group than in the 

control group, suggesting both increasing rapidity and completeness of ART initiation. The 

intervention was also associated with greater HIV RNA suppression 1 year after ART 

eligibility when inverse probability weights were used to address missing outcomes. 

Mortality was low and did not differ between intervention and control groups in a subset of 

individuals randomly selected for intensive vital status assessments. No change in retention 

in care was seen after accelerating ART initiation with the package of training, point-of-care 

technology, and incentivisation. Effects on ART initiation, HIV RNA viral load, and 

retention were consistent among subgroups and with adjustment.

This study identifies a widely usable strategy to improve the cascade of HIV care by 

influencing health-care worker behaviour. Studies in which research protocols take control 

of the ART initiation process (perhaps through visits staffed by a study physician) have 

shown the clinical value of rapid initiation,10,19 but do not offer directly applicable 

information about how to change clinical practice in the real world. The START-ART 

intervention consists of replicable components (ie, opinion-leader-led training, point-of-care 

devices, and reputational incentives). The intervention successfully influenced front-line 

health workers employed by the Ugandan Ministry of Health and accelerated ART initiation 

in a completely unselected population of patients (all patients eligible for ART at these 

facilities were included in the analysis). Our study therefore not only shows that accelerated 

initiation of ART is possible, but also offers a strategic approach for achieving this 

acceleration under real-world programme conditions.

Our study focuses attention on the importance of ART initiation as a target for health 

systems interventions. Current modelling efforts suggest that increasing HIV testing will 

yield the greatest reductions in morbidity and mortality. Strategies to enhance testing such as 

door-to-door approaches, health fairs, and self-testing have paved the way to greater uptake 
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of testing.13 Likewise, a diverse set of interventions targeting retention in care such as text 

messages, microclinics, and others have shown the ability to improve retention and 

adherence.14,26–28 Enhanced testing and retention interventions, however, will achieve 

maximal effects on public health only if these steps in the cascade are efficiently linked by 

ART initiation.

The large change in provider practice also underscores the usefulness of a health promotion 

model (PRECEDE) in global health,22 a framework that suggests that combining 

mechanisms (ie, predisposing, enabling, and reinforcing factors) can yield larger effects. In 

global health, interventions that use only one mechanism to change health behaviour often 

yield small29 or no effects because sufficient causes for change consist of many com 

ponents.30 The introduction of technology alone, for example, by making Pima machines 

available at health facilities in South Africa had no effect on the rate of ART initiation 

among eligible patients in a retrospective study31 and in a meta-analysis.32 A supply-side 

intervention to task-shift ART services to nurses and improve the care cascade likewise did 

not change rates of ART initiation.30 Although an all-encompassing intervention is likely to 

achieve impact, complex interventions can be impractical to scale up. PRECEDE offers 

something in the middle: a framework to assemble sufficient cause for change that maintains 

parsimony through the identification of a generic framework that conceptualises component 

causes.

Our study has limitations. First, we did the study in a real-world context and therefore used 

clinical electronic records systems as the research database. We did, however, carry out 

extensive manual chart reviews to verify the accuracy of data in the electronic data systems. 

Second, the use of point-of-care CD4 cell count testing has most relevance for settings in 

which treatment is based on this measure, which could change in the future in many 

countries. However, our intervention also includes provider training and incentivisation 

components that will remain relevant even in settings where CD4 cell count thresholds are 

eliminated. Third, we do not know the relative contribution of each of the intervention 

components. Fourth, the stepped-wedge design itself has shortcomings.33–35 The design is 

susceptible to trends over calendar time. The stepped-wedge trial design has also been 

criticised because outcomes (eg, clinic visits) are measured multiple times,33 thus creating a 

potential burden for patients and staff. Because our study measurements were embedded 

within existing clinical data systems, however, no additional burden was incurred in the 

study. Contamination of non-intervention groups might occur over time. In this study, 

evidence consistent with spillover was present—ie, the probability of rapid ART initiation in 

the control group increased over calendar time. Finally, we placed less emphasis on 

measuring clinical outcomes (ie, assessing mortality and viral load in a sample rather than in 

all patients), which is less robust than assessing outcomes in all patients. Implementation 

science, however, is motivated by the recognition that testing interventions to promote 

evidence-based practices constitutes a scientific objective in its own right.

There is a large gap in public health practice in the ability of health systems to efficiently 

initiate people infected with HIV and known to be eligible on life-saving ART. We tested an 

intervention targeting known barriers to ART initiation and showed its effectiveness using a 

pragmatic design in a real-world setting. The intervention components are widely accessible
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—when adequate investments are available—to improve the efficiency and effectiveness of 

the global treatment response to HIV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was funded by the National Institute of Allergy and Infectious Diseases (NIAID).

References

1. Cooper ER, Charurat M, Mofenson L, et al. Combination antiretroviral strategies for the treatment 
of pregnant HIV-1-infected women and prevention of perinatal HIV-1 transmission. J Acquir 
Immune Defic Syndr. 2002; 29:484–94. [PubMed: 11981365] 

2. Egger M, May M, Chene G, et al. Prognosis of HIV-1-infected patients starting highly active 
antiretroviral therapy: a collaborative analysis of prospective studies. Lancet. 2002; 360:119–29. 
[PubMed: 12126821] 

3. Lohse N, Hansen AB, Pedersen G, et al. Survival of persons with and without HIV infection in 
Denmark, 1995–2005. Ann Intern Med. 2007; 146:87–95. [PubMed: 17227932] 

4. Rosen S, Fox MP. Retention in HIV care between testing and treatment in sub-Saharan Africa: a 
systematic review. PLoS Med. 2011; 8:e1001056. [PubMed: 21811403] 

5. Amuron B, Namara G, Birungi J, et al. Mortality and loss-to-follow-up during the pre-treatment 
period in an antiretroviral therapy programme under normal health service conditions in Uganda. 
BMC Public Health. 2009; 9:290. [PubMed: 19671185] 

6. Zolopa A, Andersen J, Komarow L, et al. Early antiretroviral therapy reduces AIDS progression/
death in individuals with acute opportunistic infections: a multicenter randomized strategy trial. 
PLoS One. 2009; 4:e5575. [PubMed: 19440326] 

7. Havlir DV, Kendall MA, Ive P, et al. Timing of antiretroviral therapy for HIV-1 infection and 
tuberculosis. N Engl J Med. 2011; 365:1482–91. [PubMed: 22010914] 

8. Zachariah R, Reid SD, Chaillet P, Massaquoi M, Schouten EJ, Harries AD. Viewpoint: why do we 
need a point-of-care CD4 test for low-income countries? Trop Med Int Health. 2010; 16:37–41. 
[PubMed: 21371207] 

9. Uganda Ministry of Health. HIV counselling and testing: a national counsellor training manual. 
Kampala: Uganda Ministry of Health; 2005. http://www.worlded.org/WEIInternet/inc/common/
_download_pub.cfm?id=4558&lid=3 (accessed June 1, 2016)

10. Mujugira A, Celum C, Thomas KK, et al. Delay of antiretroviral therapy initiation is common in 
East African HIV-infected individuals in serodiscordant partnerships. J Acquir Immune Defic 
Syndr. 2014; 66:436–42. [PubMed: 24798765] 

11. Siedner MJ, Lankowski A, Haberer JE, et al. Rethinking the “pre” in pre-therapy counseling: no 
benefit of additional visits prior to therapy on adherence or viremia in Ugandans initiating ARVs. 
PLoS One. 2012; 7:e39894. [PubMed: 22761924] 

12. Corbett EL, Makamure B, Cheung YB, et al. HIV incidence during a cluster-randomized trial of 
two strategies providing voluntary counselling and testing at the workplace, Zimbabwe. AIDS. 
2007; 21:483–89. [PubMed: 17301567] 

13. Chamie G, Kwarisiima D, Clark TD, et al. Leveraging rapid community-based HIV testing 
campaigns for non-communicable diseases in rural Uganda. PLoS One. 2012; 7:e43400. [PubMed: 
22916256] 

14. Lester RT, Ritvo P, Mills EJ, et al. Effects of a mobile phone short message service on antiretroviral 
treatment adherence in Kenya (WelTel Kenya1): a randomised trial. Lancet. 2010; 376:1838–45. 
[PubMed: 21071074] 

Amanyire et al. Page 10

Lancet HIV. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.worlded.org/WEIInternet/inc/common/_download_pub.cfm?id=4558&lid=3
http://www.worlded.org/WEIInternet/inc/common/_download_pub.cfm?id=4558&lid=3


15. Decroo T, Telfer B, Biot M, et al. Distribution of antiretroviral treatment through self-forming 
groups of patients in Tete province, Mozambique. J Acquir Immune Defic Syndr. 2011; 56:e39–
44. [PubMed: 21084990] 

16. Decroo T, Van Damme W, Kegels G, Remartinez D, Rasschaert F. Are expert patients an untapped 
resource for ART provision in sub-Saharan Africa? AIDS Res Treat. 2012; 2012:749718. 
[PubMed: 22577527] 

17. Chang LW, Kagaayi J, Nakigozi G, et al. Effect of peer health workers on AIDS care in Rakai, 
Uganda: a cluster-randomized trial. PLoS One. 2010; 5:e10923. [PubMed: 20532194] 

18. Faal M, Naidoo N, Glencross DK, Venter WD, Osih R. Providing immediate CD4 count results at 
HIV testing improves ART initiation. J Acquir Immune Defic Syndr. 2011; 58:e54–59. [PubMed: 
21857356] 

19. Rosen S, Maskew M, Fox MP, et al. Initiating antiretroviral therapy for HIV at a patient’s first 
clinic visit: the RapIT randomized controlled trial. PLoS Med. 2016; 13:e1002015. [PubMed: 
27163694] 

20. Uganda Ministry of Health. Addendum to the antiretroviral treatment guidelines for Uganda. Dec. 
2013 https://aidsfree.usaid.gov/sites/default/files/tx_uganda_add_to_art_2013.pdf (accessed July 
1, 2016)

21. Davis DA, Thomson MA, Oxman AD, Haynes RB. Evidence for the effectiveness of CME. A 
review of 50 randomized controlled trials. JAMA. 1992; 268:1111–17. [PubMed: 1501333] 

22. Green, LW., Krueter, M. Health program planning–an educational and ecological approach. 
Philadelphia: McGraw-Hill; 2005. 

23. Mugavero MJ, Westfall AO, Zinski A, et al. Measuring retention in HIV care: the elusive gold 
standard. J Acquir Immune Defic Syndr. 2012; 61:574. [PubMed: 23011397] 

24. Mugavero MJ, Amico KR, Horn T, Thompson MA. The state of engagement in HIV care in the 
United States: from cascade to continuum to control. Clin Infect Dis. 2013; 57:1164–71. [PubMed: 
23797289] 

25. El-Sadr W, Medard F, Berthaud V. Directly observed therapy for tuberculosis: the Harlem Hospital 
experience, 1993. Am J Public Health. 1996; 86:1146–49. [PubMed: 8712276] 

26. Odeny TA, Bukusi EA, Cohen CR, Yuhas K, Camlin CS, McClelland RS. Texting improves 
testing: a randomized trial of two-way SMS to increase postpartum prevention of mother-to-child 
transmission retention and infant HIV testing. AIDS. 2014; 28:2307–12. [PubMed: 25313586] 

27. Hickey MD, Salmen CR, Omollo D, et al. Implementation and operational research: pulling the 
network together: quasiexperimental trial of a patient-defined support network intervention for 
promoting engagement in HIV care and medication adherence on Mfangano Island, Kenya. J 
Acquir Immune Defic Syndr. 2015; 69:e127–34. [PubMed: 25984711] 

28. Salmen CR, Hickey MD, Fiorella KJ, et al. “Wan Kanyakla” (we are together): community 
transformations in Kenya following a social network intervention for HIV care. Soc Sci Med. 
2015; 147:332–40. [PubMed: 26638145] 

29. Thirumurthy H, Masters SH, Rao S, et al. Effect of providing conditional economic compensation 
on uptake of voluntary medical male circumcision in Kenya: a randomized clinical trial. JAMA. 
2014; 312:703–11. [PubMed: 25042290] 

30. Fairall LR, Bachmann MO, Louwagie GM, et al. Effectiveness of antiretroviral treatment in a 
South African program: a cohort study. Arch Intern Med. 2008; 168:86–93. [PubMed: 18195200] 

31. Larson BA, Schnippel K, Brennan A, et al. Same-day CD4 testing to improve uptake of HIV care 
and treatment in South Africa: point-of-care is not enough. AIDS Res Treat. 2013; 2013:941493. 
[PubMed: 23956850] 

32. Govindasamy D, Ford N, Kranzer K. Risk factors, barriers and facilitators for linkage to 
antiretroviral therapy care: a systematic review. AIDS. 2012; 26:2509–67.

33. Kotz D, Spigt M, Arts IC, Crutzen R, Viechtbauer W. Use of the stepped wedge design cannot be 
recommended: a critical appraisal and comparison with the classic cluster randomized controlled 
trial design. J Clin Epidemiol. 2012; 65:1249–52. [PubMed: 22964070] 

34. Hemming K, Haines T, Chilton P, Girling A, Lilford R. The stepped wedge cluster randomised 
trial: rationale, design, analysis, and reporting. BMJ. 2015; 350:h391. [PubMed: 25662947] 

Amanyire et al. Page 11

Lancet HIV. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://aidsfree.usaid.gov/sites/default/files/tx_uganda_add_to_art_2013.pdf


35. Hussey MA, Hughes JP. Design and analysis of stepped wedge cluster randomized trials. Contemp 
Clin Trials. 2007; 28:182–91. [PubMed: 16829207] 

Amanyire et al. Page 12

Lancet HIV. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Research in context

Evidence before this study

We searched PubMed for implementation science studies of interventions to increase 

antiretroviral therapy (ART) initiation in HIV-infected people in Africa published 

between Jan 1, 2005, and Feb 1, 2016. We used the search terms “antiretroviral therapy” 

AND “initiation” AND “Africa” AND “intervention”. The search resulted in 97 citations, 

including two systematic reviews. The proportion of treatment-eligible patients who 

begin ART after presenting to a treatment facility is estimated to be around 68% in 

systematic reviews. Studies suggest that point-of-care CD4 cell count determination 

increases ART initiation in patients who newly test HIV positive, but also show that this 

effect is largely explained by enhanced linkage between testing and treatment facilities. 

Point-of-care CD4 cell count determination has little or no effects on ART initiation in 

eligible patients after presentation to a treatment facility. Other interventions to enhance 

ART initiation that have been tested with mixed results include lay counsellor follow-up 

for newly diagnosed patients and task shifting of ART from doctors to primary care 

nurses on treatment initiation. One recent randomised study showed same-day ART 

initiation was feasible and improved ART virological outcomes at 6 months compared 

with standard of care.

Added value of this study

By use of perspectives from implementation science and pragmatic study designs, our 

study extends existing literature by offering a strategy for increasing ART initiation that 

is well positioned for translation into routine practice. The START-ART intervention led 

to a substantial rise in ART initiation on the same day as eligibility, 14 days after 

eligibility, and 90 days after eligibility. These effects were seen in an unselected 

population of treatment-eligible patients presenting to care in southwestern Uganda, 

which suggests that our findings are likely to be generalisable to real-world populations. 

The intervention targeted health-care workers, but ultimately left the decision to offer 

ART in the hands of front-line doctors and nurses working under programme conditions 

(rather than research staff), which shows that the intervention is well positioned to be 

acceptable and adoptable in routine care. We used a pragmatic design (a cluster-

randomised, stepped-wedge trial) that balances internal and external validity.

Implications of all the available evidence

The available evidence suggests that speed and completeness of ART initiation in eligible 

patients is suboptimal, but that use of point-of-care CD4 cell count testing, nested within 

a behavioural intervention targeting health-care worker practice, can accelerate ART 

initiation. One-size-fits-all practices that systematically delay ART initiation, such as 

mandatory multiple pretreatment adherence counselling sessions, can introduce 

unnecessary delays and increased loss to follow-up. Accelerating ART initiation through 

evidence-based interventions such as the START-ART intervention, which targets health-

care workers while preserving provider discretion and patient preference, can 
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simultaneously accelerate ART initiation and minimise the potential for negative 

consequences of hasty initiation.

Amanyire et al. Page 14

Lancet HIV. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Trial profile
MJAP=Makerere University Joint AIDS Program.
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Figure 2. Cumulative incidence of ART initiation
ART=antiretroviral therapy.
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Figure 3. Subgroup analyses of ART initiation by 14 days after eligibility
Patients were censored if they did not contribute enough observation time (14 days) to be 

able to have an outcome, hence why there are 7066 patients in the control group rather than 

7277. ART=antiretroviral therapy.
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Figure 4. Subgroup analyses of retention in care as measured through visit adherence
Data are number of appointments made within 7 days (n) out of total number of 

appointments (N).

Amanyire et al. Page 18

Lancet HIV. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. The adjusted probability of ART initiation 14 days after eligibility by date
ART=antiretroviral therapy.
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