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Abstract

Background: As the non-communicable disease (NCD) burden is rising in regions with high 

HIV prevalence, patients with comorbid HIV and chronic NCDs may benefit from integrated 

chronic disease care. There are few evaluations of the effectiveness of such strategies, especially 

those that directly leverage and extend the existing HIV care system to provide co-located care for 

NCDs.
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Setting: Academic Model of Providing Access to Healthcare (AMPATH), Kenya, provides care 

to over 160,000 actively enrolled patients in catchment area of 4 million people.

Methods: Using a difference-in-differences design, we analyzed retrospective clinical records of 

3603 patients with comorbid HIV and hypertension during 2009–2016 to evaluate the addition of 

chronic disease management (CDM) to an existing HIV care program. Outcomes were blood 

pressure (BP), hypertension control, and adherence to HIV care.

Results: Compared to the HIV standard of care, the addition of CDM produced statistically 

significant, though clinically small improvements in hypertension control, decreasing systolic BP 

by 0.76mmHg (p<0.001), diastolic BP by 1.28mmHg (p<0.001), and increasing the probability of 

BP<140/90mmHg by 1.51 percentage points (p<0.001). However, sustained control of 

hypertension for >1 year improved by 7 percentage points (p<0.001), adherence to HIV care 

improved by 6.8 percentage points (p<0.001) and retention in HIV care with no gaps >6months 

increased by 10.5 percentage points (p<0.001).

Conclusion: A CDM program that co-locates NCD and HIV care shows potential to improve 

blood pressure and retention in care. Further evaluation of program implementation across settings 

can inform how to maximize hypertension control among patients with comorbid HIV, and better 

understand the effect on adherence.
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Introduction

In sub-Saharan Africa (SSA), people living with HIV (PLWH) have longer survival and are 

aging, largely due to the success and scale up of antiretroviral treatment (ART).1 These 

demographic shifts for PLWH introduce new challenges to care as co-morbid non- 

communicable diseases (NCD) are becoming a leading cause of morbidity and mortality.2 A 

2016 systematic review reported between 21–52% of PLWH in low- and middle-income 

countries had a comorbid cardiovascular disease risk factor.3 At the same time, there is a 

growing burden of NCDs in SSA in the general population, and limited availability of 

chronic disease care for NCDs more broadly, especially in rural and resource poor settings in 

SSA.1,4As HIV is increasingly recognized as a chronic disease with effective treatment, 

initiatives integrating treatment for both HIV and chronic NCDs have become a strategic 

approach for health systems to improve access to chronic disease care and manage comorbid 

HIV and NCDs.

Infrastructure development and lessons learned from HIV treatment and care delivery can be 

applied to chronic NCD care through integrated care since there are common treatment 

barriers and challenges.5,6 Several studies have evaluated the feasibility of integrated care 

programs in SSA, but research gaps remain about their implementation and efficacy, 

especially as the operationalization of integrated care varies considerably, and programs 

adding chronic NCD care to HIV care systems have further considerations that have not yet 

been evaluated.7–14 For example, providers of HIV care are concerned about how additional 

programs will impact HIV care retention and adherence.15 Patients enrolled in HIV care 

Osetinsky et al. Page 2

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



programs may have better knowledge and control of their chronic NCDs, so there may not 

be a direct health benefit for comorbid HIV and NCD patients of an integrated care that 

formalizes treatment of both conditions.16

This study evaluates an integrated care program in western Kenya that layered co- located 

chronic NCD care onto the HIV care program. Because the HIV care program was well 

established before the addition of chronic NCD care, we can evaluate the addition of co-

located NCD care on HIV patients with comorbid hypertension and identify changes in 

blood pressure control, adherence and retention for either NCD or HIV care.

Methods

Study Setting and population

The Academic Model of Providing Access to Healthcare (AMPATH) is a clinical care 

program in western Kenya based on a collaboration between Moi Teaching and Referral 

Hospital, Moi University School of Medicine, and a consortium of North American 

Universities. AMPATH began providing HIV care to HIV infected patients in 2001, and is 

now the largest HIV/AIDS care program in Kenya, with over 160,00 patients actively 

enrolled in care in 10 counties and 55 sub-counties in western Kenya.17 The clinical 

protocols for managing HIV infection are consistent with WHO recommendations.18 Since 

its creation, AMPATH has also expanded to provide care for mental health, cardiovascular 

disease, maternal and child health, and more.19

Beginning in 2011, AMPATH added Chronic Disease Management (CDM) into the clinical 

care program, leveraging the experience in managing HIV, to address chronic NCDs. 

Specialized care for cardiovascular disease and risk factors is provided at a Center of 

Excellence located at the referral hospital, while the CDM program provides NCD care at 

lower-level health facilities, with nurses and clinical officers trained in diabetes and 

hypertension care.20 During 2011 – 2016, AMPATH added 68 CDM treatment programs to 

dispensaries, clinics, and hospitals throughout western Kenya, including 29 HIV clinics. 

These 29 clinics offered co-located HIV and NCD care, sharing infrastructure and staff, to 

varying degrees of provider overlap. While the CDM program provides care for chronic 

cardiovascular disease or diabetes regardless of HIV status even at co-located facilities, this 

analysis focuses on HIV patients with comorbid hypertension.

Following protocol, enrollment forms and clinical records were manually entered into the 

AMPATH medical records system (AMRS). Standardized forms capturing demographic, 

clinical, and treatment information were completed by healthcare providers at each clinical 

encounter. Data assistants entered these into the AMRS, with data entry validation through 

review of a random 10% of all forms.21,22 The dataset used in our analyses was closed in 

February 2017; we included data through the end of 2016 to have complete quarters of 

reporting only. Blood pressure (BP) was routinely measured at each clinical visit using either 

a manual or digital sphygmomanometer, with complete reporting for 89% of visits. Patients 

were considered hypertensive if they had a record of hypertensive diagnosis or were on 

hypertensive medications. Since the data had low levels of recorded hypertension diagnosis, 

but high completeness of BP records, we used measured BP to classify patients as 
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hypertensive. According to Kenyan national guidelines, patients with persistently elevated 

BP of systolic BP ≥ 140, or diastolic BP ≥ 90mmHg on three separate occasions over a two-

month period should be diagnosed as hypertensive.23,24 Due to variation in follow-up 

schedules, we extended the definition to three elevated readings within up to nine months if 

three measurements were not recorded within shorter periods of monitoring.

Intervention Group Definition

The intervention group consisted of patients with comorbid HIV and hypertension who 

received care at clinics that added co-located CDM care between 2011 and 2015, so there is 

at least one year of data after any implementation of CDM, irrespective of whether the 

individuals sought care in the co-located CDM program. Due to separate enrollment forms 

for CDM and AMPATH’s HIV treatment, relying on CDM records alone for the HIV patient 

population would have resulted in an underestimation of the number of HIV infected 

patients enrolled in CDM care. It would also have missed changes in care for patients who 

had comorbid HIV and hypertension, but did not use CDM care. By including all patients 

with comorbid HIV and hypertension, we also introduced fewer assumptions in the creation 

of the comparison group, as we did not need to predict if patients would use CDM care if it 

were added.

The comparison group included patients who attended HIV clinics that did not add CDM 

care during the study period. If patients switched between comparison and intervention 

clinics, they were attributed to their modal clinic for the year, and the visit at the alternative 

clinic was not included in the analysis, because variations in measurement may bias the 

results.

Inclusion and Exclusion Criteria

We used de-identified data of adult patients with HIV from the AMRS. We restricted the 

sample to patients who were enrolled and classified as hypertensive by 2011, and did not 

add patients who were enrolled later to most closely replicate the conditions of a randomized 

trial with defined cohorts prior to the initiation of the treatment program being studied.25 We 

further excluded patients who were classified as hypertensive prior to 2009, due to other 

changes in AMPATH programs that may introduce unmeasured confounding. Because the 

intervention was at the clinic level, we only analyzed patients in clinics with greater than 30 

hypertensive patients enrolled during 2009–2011 for both intervention and comparison 

group, excluding 264 patients for a total of 3,813 patients in the analysis (see inclusion and 

exclusion figure in the supplemental digital content).

Ethical Review

This retrospective study used de-identified data from AMRS. Individual informed consent 

was not obtained. The Institutional Research and Ethics Committee of the Moi University 

School of Medicine and Brown University approved use of these data, and waived informed 

consent.
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Outcomes

The outcomes of interest were changes in BP and adherence to HIV care after the addition 

of CDM. We are interested in a number of different BP outcomes: systolic and diastolic BP 

changes, controlled hypertension (BP <140/90mmHg) at each visit that both systolic and 

diastolic measures are available, and controlled hypertension for at least one year. Sustained 

control of hypertension for at least one year was the primary BP outcome measure with the 

most relevant potential clinical impact. Patients were considered to have controlled 

hypertension for at least one year if all records of BP for at least one year were 

<140/90mmHg. Patients without a BP record with both systolic and diastolic measurement 

within one year, who were not recorded as dead, were considered uncontrolled during that 

period due to the limited availability of hypertension treatment in the region outside of this 

program.4

Engagement in care is measured through adherence and retention in care outcomes. 

Adherence to care, is the primary adherence and retention outcome. Patients are considered 

adherent to care if they return to an AMPATH clinic for care within two weeks of a 

scheduled follow-up date, and are considered non-adherent during each quarter they remain 

overdue for a follow-up.26 The two-week grace period is the median length of time patients 

are late for a follow-up if they are still retained in care. Retention in AMPATH care reflects 

any clinical encounter for either HIV or NCD care. Patients who had a gap in care >6 

months were considered not retained during that period. This measure of retention captures: 

short disengagement from care (where a patient may resume care at a later time during the 

follow- up period), loss to follow-up (when a patient has a gap in AMPATH care >6 months 

without reengagement during the follow-up period), or death.

Rigor of blood pressure measurements

BP was routinely recorded as part of AMPATH’s standard of care in the HIV clinics, yet the 

CDM program was associated with improved precision of BP measurement and reporting 

(see the supplemental digital content for details on imprecise BP measurement and reporting 

results in terminal digit preference (TDP) of zero, whereby significantly more measurements 

than statistically likely were recorded ending in zero). While it is a common problem in 

NCD management, TDP is considered an indicator of poor BP measurement and reporting, 

and can result in misclassification.27 Changes in TDP differential to intervention groups may 

bias evaluation results, especially because higher TDP is associated with lower mean 

recorded BP.28 As the proportion of BP measurements with TDP of zero varied over time, 

using a clinic-level covariate of the monthly proportion of BP measurements that were non-

missing and did not have TDP is needed to adjust for this measurement issue.

Statistical Analysis

We used a difference-in-differences quasi-experimental design to measure the effect of 

implementing the CDM program on BP in HIV infected patients with comorbid 

hypertension.29 We analyzed the data using mixed-effects models, including clinic fixed 

effects, year effects to account for secular trends, and a group-period treatment indicator of 

CDM program initiation in treatment clinics as the difference-in-differences estimator, and 

controlled for changing TDP proportion. This model accounts for unmeasured confounders 
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due to clinics, and time, across both groups, and allows for flexibility in treatment timing. 

We also controlled for patient-level random effects to account for repeated measurements of 

the same patients, and different follow-up schedules. Patient-level covariates were included 

to improve the precision of the standard errors. Statistical analysis was conducted with Stata 

15.1, using mixed and margins.30 Separate models for hypertension control and adherence 

outcomes included year fixed effects to control for secular trends, a clinic indicator for clinic 

fixed effects, and a CDM indicator that is 1 if the clinic provided CDM care at time t, and 0 

otherwise to account for variable timing of the program at different clinics.29 We used the 

Bonferroni correction to adjust P-values because we are examining multiple measures for 

each of the two main outcomes of blood pressure control and adherence. We controlled for 

patient-level covariates of sex, age, and WHO stage. Additionally, for hypertension control 

outcomes we controlled for the monthly proportion of non-TDP and non-missing BP 

measurements at each clinic. We stratified analysis to evaluate effect measure modification 

by gender, age in 10-year and 20- year age groups, and severity of hypertension at baseline, 

defined as Stage 2 hypertension if the first three measurements at baseline were DBP ≥ 

160mmHg or DBP ≥ 100mmHg, and Stage 1 otherwise.

Sensitivity Analysis

The rollout for the intervention clinics included in the main analysis was staggered from 

2011 to 2015, and while variable-treatment timing should be adequately accounted for using 

the method above31, if the effects of the program differ over time the staggered rollout may 

still introduce bias.32 Therefore, we conducted sensitivity analysis excluding intervention 

clinics that rolled out from 2012 onwards. A second sensitivity analysis excluded HIV 

patients who had WHO Stage-4 disease, due to the complications between advanced HIV 

disease and hypertension.33

Because adherence and retention in care includes short-term disenrollment, loss to follow-

up, and death, we also conducted sensitivity analysis to isolate the effect of the added CDM 

program on each component repeating the analysis strategy outline above for each of these 

three additional outcomes. We also included sensitivity analysis of changing the grace period 

for adherence to care from 14 days to 3 days, 1 month, and 3 months to assess the impact on 

the effect on adherence to care outcome.

Results

We present patient and clinic characteristics at baseline, which is the time of patient’s 

hypertension classification, between 2009 and 2011 (Table 1). Among the 3,786 patients 

who contributed 118,894 visits to 24 clinics, the average patient age was 45 years, 43% were 

male, and 80% had initiated ART. On average, patients were followed for 38 visits over 5.6 

years, each contributing on average 32 complete blood pressure measurements. Patient age, 

gender, and ART status did not differ significantly across the comparison and intervention 

clinics. Education level was lower at comparison clinics with 46% having either no or 

primary education compared to 39% of patients at CDM clinics. The difference in WHO 

disease stage for HIV was marginally significant between groups, as 34% of the patients in 

the CDM clinics had stage-1, 22% had stage-2, 35% had stage-3, and 9% had stage-4, 
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compared with 38%, 24%, 30%, and 8% respectively. The mean systolic BP at diagnosis 

was 147mmHg and mean diastolic pressure was 89mmHg for the full sample and both 

treatment groups. The mean clinic percent of BP measures that were non-missing and non-

TDP was 30% with no significant difference. Clinics in the intervention group were more 

likely to be larger and urban compared to the comparison clinics, which may be associated 

with more providers, or infrastructure support, however the difference-in-differences method 

accounts for these non-time varying unobservable clinic level covariates.

Results for the six key outcomes are presented in Table 2. The addition of CDM was 

associated with a decrease in systolic BP of 0.76mmHg (95% Confidence Interval: −1.14, 

−0.38), and a decrease in diastolic BP of 1.28mmHg (95% CI: −1.53, −1.04). The addition 

of CDM increased the probability of a normal BP by 1.51 percentage points (95% CI: 0.56, 

2.47), however there was a much larger change in the probability they would maintain 

control for at least a year, which increased by 6.69 percentage points (95% CI: 6.07, 7.31). 

CDM improved follow-up appointment adherence by 6.76 percentage points (95% CI: 

6.10,7.42), and led to an even larger significant improvement in retention in care of 10.5 

percentage point increase (95% CI 10.0, 10.9). Stratified analysis did not show differences 

by gender or age group, and the outcomes by gender, age and for patients with stage 1 

hypertension were not materially different from the main analysis (data not shown). 

However patients with stage 2 hypertension at baseline had larger improvements in most 

blood pressure control outcomes compared to the main analysis (appendix table A6). The 

addition of CDM was associated with a decrease in systolic BP of 3.10 mmHg (95% 

Confidence Interval: −4.33,−1.88), and a decrease in diastolic BP of 3.08 mmHg (95% CI: 

−3.83, −2.34) and increased the probability of a normal BP by 4.41 percentage points (95% 

CI: 1.93, 6.89). However the improvement in long term hypertension control was lower, 

improving by only 2.54 percentage points (95% CI: 1.49, 3.58).

While there was improvement with the addition of the CDM program, the changes in BP and 

probability of BP <140/90 were small, and diminished substantially over time, as shown in 

the marginal effects graphs in figures 1 and 2. The 6.69 percentage-point increase in 

probability of hypertension control corresponds to a much larger relative difference since the 

baseline probability was low for both groups (figure 2); however, that benefit also attenuated 

over time. The graphical marginal effects of the CDM program on the adherence and 

retention outcomes are in figure 3. Overall CDM increased follow-up adherence for engaged 

patients, and the program had the largest effect on care retention. While both groups lost 

patients over time, clinics with added CDM had a much slower decrease compared to the 

comparison clinics.

Sensitivity Analyses

Excluding patients who were enrolled in CDM clinics that rolled out later than 2011 resulted 

in similar results as the primary analysis (See sensitivity analysis in supplemental digital 

content). The clinics that initiated the CDM program earlier may have been selected for 

earlier rollout due to provider or administration interest in the program; however, the results 

were not significantly different for this restricted sample. Excluding patients with WHO 

disease stage-4 also resulted in similar results for our outcomes. This may be because 
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patients with stage-4 of HIV were only 9% of our sample, exerting a limited effect on 

overall results. Patients with stage- 4 may make up such a small proportion of our sample 

because of the association of advanced HIV with wasting, resulting in lower BMI and BP, so 

a smaller number of patients with stage-4 would be hypertensive. Patient’s with WHO 

stage-4 were also similarly distributed in both treatment arms, so controlling for the clinic- 

and time-varying effects adequately controlled for any differences that would have been 

introduced. The CDM program was beneficial for all three components of retention in care. 

Short-term disengagement, loss to follow-up without-a- record-of-death, and mortality, all 

decreased with the addition of CDM. Varying the length of the grace period for adherence to 

care changed the magnitude of the effect, reducing it to 5.7 percentage points for a grace 

period of 3 days, and increasing it to 11.5 percentage points with a grace period of 3 months, 

but the significance and trends of the outcome was consistent.

Discussion

Evaluation of integrated and co-located chronic disease care programs are important in the 

development of policy in HIV/NCD care integration.15,34 Our study shows a small but 

significant reduction in per visit BP, and a larger significant improvement in long-term BP 

control (>1 year). Appointment adherence was slightly decreased for patients retained in 

care, but the addition of the CDM program was associated with a large increase in care 

retention. Furthermore, reductions in systolic, diastolic, and per visit hypertension control 

was much larger in magnitude for patients with Stage 2 hypertension at classification. As 

Stage 2 hypertension is associated with higher likelihood of adverse health outcomes, 

improvement in blood pressure for this group may have a larger clinical significance.

The extended length of follow-up of this study compared to prior studies of integrated 

chronic disease care in SSA, adds important evidence to the literature as both hypertension 

and HIV require life-long care.11 While per-visit measurements are important, they are 

insufficient if patients are regularly moving between controlled and uncontrolled 

hypertension, or if they have large gaps in care when they may be uncontrolled, or non-

adherent. Long-term BP control suggests consistency of care, and is crucial to reduce 

hypertension associated morbidity and mortality. Our graphic depiction in the differences in 

BP between the two groups shows stabilization, and a return to similar BP in both arms 

during later years of the follow-up. Because loss to follow-up in this sample includes death, 

this may capture mortality associated with NCDs among PLHIV. In the main analysis, 

retention is not differentiated by mortality because deaths recorded in the AMRS understate 

mortality, and the comprehensiveness may vary across clinics and over time with increased 

focus on adherence and retention methods, introducing bias.35 However, our sensitivity 

analysis found a decreased mortality in reported deaths with the addition of CDM.

This long-term follow-up also provides important evidence that retention efforts for HIV 

patients is not diluted by adding CDM care, and is in fact benefitted by it. Both the 

adherence to care schedule and the retention in AMPATH care are significantly increased for 

the CDM arm. Throughout the follow up period AMPATH introduced other programs aimed 

at improving retention and adherence to care. These programs were not included in this 

evaluation, as their implementation the multiple clinics was not timed to coincide with the 
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CDM program so would be absorbed as part of the external temporal trends. To our 

knowledge, this is the first quasi- experimental evaluation of the effectiveness of a co-

located, but not fully integrated, HIV and NCD care program in SSA and the results of our 

study show that, even without full integration, the program shows some success in across all 

of the measures. Integrated chronic care in South Africa, and in Uganda and Kenya as part 

of the Sustainable East Africa Research for Community Health (SEARCH) Study, have 

shown similar effectiveness outcomes for hypertension control and retention in care.
10,11,13,14 Benefits of co-located versus fully integrated care have been debated in other 

settings and high-income countries, but this provides a starting place for understanding co-

located care as an integration strategy for chronic care in SSA.36,37 An evaluation of 

variation in clinical outcomes between fully integrated versus co-located HIV/NCD care 

may be able to extricate more differences as that evidence becomes available. Strengths and 

limitations

Our study has some limitations in light of working with clinical data with incomplete 

records. The classification of hypertension was rarely from an official diagnosis, and did not 

follow the traditional screening protocol of three measurements within the same 

appointment. However, our method reproduced the standard of hypertension evaluation for a 

patient in care at these clinics, including a period of monitoring BP to see if high values 

were anomalous, stress induced due to a recent HIV diagnosis, or could be addressed with 

lifestyle changes. Frequency of BP measurements was not differential to prior hypertension 

status or BP level. If patients were previously diagnosed as hypertensive without a record in 

their clinical charts, they would not be included in this study if they were well controlled. As 

they would have been controlled prior to the roll out of the CDM program began, it would 

not have an impact on our findings.

A strength of our research is the statistical method is able to control for secular trends in the 

data, and use a robust comparison group in the clinics that do not add the CDM program. 

This allowed us to account for unmeasured confounding, which is necessary since the 

selection of the clinics for the CDM program was not randomized. Another strength is the 

size and diversity of the cohort and length of follow-up. This robust data is crucial for 

diseases with long- term outcomes such as both HIV and hypertension. We did not restrict 

the analysis to patients who were enrolled in the CDM program, which provides a 

comprehensive analysis of the addition of CDM care. Evaluating all hypertensive patients 

enrolled in the clinics captures possible changes in care for hypertensive patients who do not 

enroll in the CDM program when it is implemented. Therefore, while the program level 

benefits are moderate, they may be improved by focusing on enrolling more patients directly 

in the hypertension care component of the co-located programs. As all patients included in 

this analysis were already enrolled in the HIV care program, they may have better 

hypertension awareness and control than the general population, as has been found in other 

settings as well, so the magnitude of the effect for patients not already enrolled in care may 

be higher than those that we found.16 The differential changes in both systolic and diastolic 

pressure, and hypertension control for patients with higher blood pressure, also suggests that 

the clinical benefit for this program is most substantial for higher risk patients. Finally, our 

data represent the real-world experience of a large HIV care program in SSA, which 

enhances the generalizability of our findings to similar programs in the region.
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Conclusion

Integrated HIV and NCD care is an important health systems strategy for strengthening 

chronic disease care. Our study contributes to the understanding of the impact of integrated 

care to the healthcare of HIV-positive patients with comorbid hypertension. While adding 

co- located NCD care to an existing care program has potential risks, this extant evidence 

suggests that this method provides moderate benefits in hypertension control and long-term 

adherence to care for these patients.
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Figure 1. 
Blood Pressure measurements over time. Vertical Line delineates end of enrollment period
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Figure 2. 
Blood Pressure control over time.Vertical Line delineates end of enrollment period
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Figure 3: 
Probability of Retention in Care and Adherence to Follow-up
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Table 1:

Sociodemographic and Disease Characteristics of the Patients in the CDM Clinics and Comparison Clinics at 

Baseline

Full Sample CDM Clinics Comparison Clinics

Total Visits 118,894 92,099 26,795

Blood Pressure Measurements 108,583 83,901 24,682

Patients N=3786 N= 2904 N=882

Patient Characteristic N/Mean (% or sd) N/Mean (% or sd) N/Mean (% or sd) p-value

Age 45.0 (10.1) 45.0 (10.0) 45.0 (10.2) 0.7645

Male 1594 (42%) 1242 (43%) 352 (40%) 0.132

On ARV 3051 (81%) 2345 (81%) 706 (80%) 0.6428

Education Level

 None 45 (1%) 40 (1%) 5 (1%) 0.0021

 Primary 1490 (39%) 1091 (38%) 399 (45%)

 Secondary 532 (14%) 425 (15%) 107 (12%)

 Tertiary 1184 (31%) 956 (33%) 228 (26%)

 Missing 535 (15%) 392 (13%) 143 (16%)

WHO stage

 1 1336 (35%) 1001 (34%) 335 (38%) 0.0501

 2 850 (22%) 640 (22%) 210 (24%)

 3 1275 (34%) 1007 (35%) 268 (30%)

 4 325 (9%) 256 (9%) 69 (8%)

Systolic Blood Pressure 147.9 (15.0) 147.8 (14.9) 148.3 (15.3) 0.3483

Diastolic Blood Pressure 89.6 (11.2) 89.5 (11.3) 89.9 (10.9) 0.4638

Stage 2 Hypertension (BP >160/100mmHg) 537 (14%) 407 (14%) 130 (15%) 0.5893

Patient Total BP Measurements 31.8 (13.5) 32.3 (13.8) 30.0 (12.3) 0.5847

Patient Total Length of Follow Up (years) 5.58 (2.7) 5.63 (2.7) 5.39 (2.5) 0.6894

Clinic Characteristics 24 Clinics 13 Clinics 10 Clinics

Annual Visits 16,504 (19,223) 20,668 (20,360) 7,481 (13,880) 0.1709

Non-Missing/Non-TDP
a 30% (40%) 28% (40%) 33% (40%) 0.4076

Urban clinic 2458 (68%) 1937 (66%) 521 (78%) <0.0001

a
The percentage of all blood pressures recorded in each clinic that were neither missing, nor had a terminal digit preference (TDP) of zero.
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Table 2:

Difference-in-Difference Outcomes for blood pressure measurement, hypertension control, and adherence to 

care

Blood Pressure Measurement Hypertension Control Adherence to Care

SBP (mmHg) DBP (mmHg) Per Visit BP
<140/90mmHg

Controlled >1 year Adherent to Follow-up Retained in Care

Added −0.76*** −1.28*** 1.51** 6.69*** 6.76*** 10.5***

CDM
a −1.14,−0.38] [−1.53,−1.04] [0.56,2.47] [6.07,7.31] [6.10,7.42] [10.0,10.9]

Obs.
b 108,545 108,577 108,480 116,252 132,235 135,962

Patients 3780 3780 3780 3595 3578 3602

95% confidence intervals in [brackets]

*
p < 0.05

**
p < 0.01

***
p < 0.001

a
The Added CDM are the dif-in-dif coefficients, which control for clinic effects, secular trends, time varying covariates, and patient covariates of 

age, sex, WHO stage, and ARV status

b
Observations used in the analysis of each outcome, differences in number of observation is due to missing data for individual outcomes.
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