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Abstract

Little is known about the effects of the Chronic Care Model (CCM) and community health work-

ers (CHWs) on pharmacotherapy of type 2 diabetes and hypertension in resource-poor set-

tings. This retrospective cohort implementation study evaluated the effects of a community-

based program consisting of CCM, CHWs, guidelines-based treatment protocols, and inexpen-

sive freely accessible medications on type 2 diabetes and hypertension pharmacotherapy qual-

ity. A door-to-door household survey identified 856 adults 35 years of age and older living in a

low-income Peruvian community, of whom 83% participated in screening for diabetes and

hypertension. Patients with confirmed type 2 diabetes and/or hypertension participated in the

program’s weekly to monthly visits for < = 27 months. The program was implemented as two

care periods employed sequentially. During home care, CHWs made weekly home visits and a

physician made treatment decisions remotely. During subsequent clinic care, a physician

attended patients in a centralized clinic. The study compared the effects of program (pre- ver-

sus post-) (N = 262 observations), and home versus clinic care periods (N = 211 observations)

on standards of treatment with hypoglycemic and antihypertensive agents, angiotensin con-

verting enzyme inhibitors, and low-dose aspirin. During the program, 80% and 50% achieved

hypoglycemic and antihypertensive standards, respectively, compared to 35% and 8% prior to

the program, RRs 2.29 (1.72–3.04, p <0.001) and 6.64 (3.17–13.9, p<0.001). Achievement of

treatment standards was not improved by clinic compared to home care (RRs 1.0 +/- 0.08). In

both care periods, longer retention in care (>50% of allowable time) was associated with

achievement of all treatment standards. 85% compared to 56% achieved the hypoglycemic

treatment standard with longer and shorter retention, respectively, RR 1.52 (1.13–2.06,

p<0.001); 56% compared to 27% achieved the antihypertensive standard, RR 2.11 (1.29–

3.45, p<0.001). In a dose-dependent manner, the community-based program was associated

with improved guidelines-based pharmacotherapy of type 2 diabetes and hypertension.
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Introduction

Cardiovascular disease (CVD), which accounts for the most life years lost due to premature

adult mortality, is in most cases attributable to modifiable risk factors including hypertension

and diabetes [1]. Hypertension and type 2 diabetes are frequently comorbid, and their treat-

ment options overlap.

This study focuses on pharmacotherapy of hypertension and type 2 diabetes in a low-

income urban community in Peru. Blood pressure (BP) and blood glucose are risk factors (or

intermediate clinical outcomes) because of their association with complications. Blood pres-

sure (BP) reduction prevents macrovascular (cardiovascular) complications of hypertension

[2]. Blood pressure (BP) [3] and blood glucose (BG) [4] reduction prevent both microvascular

and cardiovascular complications of diabetes [3, 4]. Most patients are maximally protected

from CVD when they achieve target levels (thresholds) of hemoglobin A1c (a measure of long-

term glycemia) and BP.

Globally, approximately 10% [5] and 30% [6] of adults are affected by diabetes or hyperten-

sion, respectively. Both are increasing in prevalence, disproportionately so in low and middle-

income countries (LMICs) [7, 8]. Primary health care is poorly adapted to chronic disease

management in many LMICs, which also experience shortages of trained workers and essential

medications and technologies [9]. Several models of care have been proposed to address these

issues. The Chronic Care Model (CCM) [10] and Innovative Care for Chronic Conditions

(ICCC) [11] frameworks envision care of chronic diseases that is patient-centered, team-

based, uninterrupted, proactive, planned, and preventive. The American Diabetes Association,

in its guidelines, regards CCM as an “effective framework for improving the quality of diabetes

care” [12].

Risk factor control is poor in most countries. Among patients with type 2 diabetes and

hypertension in the USA, only about half attain glycemic [13] and BP control [14], and in

LMICs only 23% and 10% attain glycemic [15] and blood pressure [16] control, respectively.

The difference between countries is attributable, in part, to differences in screening and diag-

nosis. In the USA, 74–79% of persons with diabetes or hypertension are diagnosis-aware [13,

14], compared to 39–44% in LMICs [15, 16].

There is evidence of beneficial effects of CCM and CHWs on risk factor control in patients

with diabetes and hypertension. Multiple components of CCM have positive effects on hemo-

globin A1c (HbA1c) or fasting glucose reduction or glycemic control [17, 18], and reduced or

controlled blood pressure [17], in patients with diabetes in high-income countries (HICs) [17]

and LMICs [18]. Systematic reviews have also found evidence for positive effects of CHWs,

especially when delivering self-management education and support, on reduced or controlled

blood pressure in patients with hypertension, in both HICs [19, 20] and LMICs [21]; and on

HbA1c reduction or glycemic control in patients with diabetes, in HICs [22]. Multicomponent

interventions utilize multiple elements of CCM [23] or similar health system-strengthening

measures [18]. Two or more elements have greater effects than any single intervention on BP

control [18] and four or more CCM elements had greater effects on glycemic control (com-

pared to fewer) [17].

Treatment intensification is defined as initiation of, or switch to, a new medication or

increased dosage of existing medication when indicated by glycemic measures or BP that

exceed targets [24–28]. Clinical inertia (the failure of appropriate treatment intensification) is

common in the care of type 2 diabetes [28] and hypertension [29] and is the most important

physician-level contributor to poor glycemic control [30].

Risk factors (intermediate clinical outcomes) like glycemic measures and BP are commonly

used to measure quality. They are generally considered as thresholds. However, risk does not
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have a dichotomous relation to risk factors. Values of relative risk reduction per increment of

decline in risk factors, e.g., HbA1c [4] and BP [3], in diabetes, and SBP in hypertension [2], are

constants across a wide range of absolute risk. Therefore, absolute risk reduction, for the same

increment of decline, is greater when pre-treatment risk is higher. Threshold measures do not

account for this benefit, which occurs even if targets are not achieved [31]. Poor control can

occur despite treatment intensification or because of clinical inertia, wherein glycemic mea-

sures and BP might be improved in the former (albeit above threshold) and unimproved in the

latter. Threshold measures identify poorly controlled patients without making this distinction.

However, clinical action measures [24, 32], also known as “tightly linked” [25, 26] or “path-

way” measures [27] or “sequential indicators” [28] make this distinction and, further, they

measure the velocity of intensification. They link clinical criteria, e.g., BP, and treatments that

occur at separate times. (Hereafter, we use the term “clinical action measure” to encompass all

such longitudinal measures). For example, high-quality care is indicated by a controlled risk

factor or, if uncontrolled, then treatment intensification within a specified time. Time to inten-

sification is an independent risk factor for microvascular [33] and cardiovascular [34] compli-

cations of type 2 diabetes. Early treatment intensification reduces glycemic burden, thereby

preserving pancreatic beta-cell function, resulting in earlier and more durable glycemic control

using less medication [35]. Treatment intensification, unlike other physician-level process

measures (numbers of tests and exams), has beneficial effects on clinical outcomes [36],

including long-term complications [34]. Our community-based program employed four com-

ponents of CCM and included cost-free access to inexpensive generic medications and a

period of CHW home visits with remote physician treatment decisions. Our primary aim was

to evaluate the effects of the overall program on four guideline-defined treatment standards

constructed as “clinical action measures”. These were 1) hypoglycemic treatment, 2) antihy-

pertensive treatment, 3) use of ACEi in type 2 diabetes, and 4) low-dose aspirin for primary

CVD prevention. Secondary aims were evaluate the effects of care periods embedded within

the program (clinic versus home care), and retention in care period (longer versus shorter

duration) on treatment standards achievement.

Methods

Study design and setting

Asociación Siempre Salud is a Peruvian nonprofit organization that works to prevent prema-

ture adult mortality in the Chincha District of Peru. Beginning in 2008 in the aftermath of an

earthquake, the organization deployed temporary “popup” clinics, approximately every two

months, in schools, churches, and tents. In 2011, Siempre Salud began operation of the pri-

mary care program which we describe in this report.

This was a retrospective cohort implementation study that compared effects on the fidelity

of treatment standards (process variables). Post-program observations were compared to pre-

program observations (historical controls) and care period observations (clinic versus home

care) were also compared. De-identified patient data for the study were extracted from extant

data that had been routinely collected during Siempre Salud’s operation of a community-

based type 2 diabetes and hypertension care program that lasted 27 months and ended in

2014. There was no patient follow-up thereafter. We complied with all applicable items in

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist

for cohort studies [37] (S2 File). This observational study is registered at ClinicalTrials.gov

(identifier NCT05979142) [38].

The community-based program was conducted in three neighborhoods (“the community”)

in Pueblo Nuevo, Chincha District, Peru. Most people in the study community live below the

PLOS GLOBAL PUBLIC HEALTH Community-based primary care effects on pharmacotherapy of diabetes and hypertension

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003512 August 22, 2024 3 / 25

https://doi.org/10.1371/journal.pgph.0003512


poverty line [39]. Door-to-door surveys identified all persons residing in the community.

Persons > 35 years old were eligible, without exclusions, to participate in type 2 diabetes and

hypertension screening and diagnosis. Most participated in mass screenings between Septem-

ber and December 2011, others in later ad hoc screenings. Patients on medications with nega-

tive screening results were re-screened following medication withdrawal. Those with

confirmed diagnoses were eligible to participate in the program.

Data collection

During the community-based program, Asociación Siempre Salud entered data from struc-

tured encounter forms into a spreadsheet (Microsoft Excel, Microsoft Corporation, Redmond,

WA, USA) during normal program operation for the purpose of auditing quality of care. The

de-identified data was shared with the University of Arizona College of Public Health accord-

ing to the terms of a Data Use Agreement for Limited Data Sets. This de-identified data was

accessed for research purposes beginning on January 23, 2020. All de-identified individual par-

ticipant data extracted during the study is available from the Dryad repository [40] (with no

end date) to anyone who wishes to access the data for any purpose.

Ethics statement

The University of Arizona Institutional Review Board determined that human subjects review

was not required for this study (Protocol Number 1912252903). The study did not obtain con-

sent from patients for use of their de-identified data in this study. All data had been gathered

prior to study onset. During the study, no authors had access to data that could identify indi-

vidual study participants.

Exposures

Three binary exposures were evaluated for their effects on achievement of four treatment stan-

dards and one composite standard: 1) ‘program exposure’ (post- vs. pre-exposure); 2) ‘care

period’ (clinic compared to home care), and 3) ‘retention in care period’ (>50% of allowable

time versus less).

Program exposure

The Peruvian Ministry of Health provides care to 70% of Peru’s population including unin-

sured patients and others covered by the public insurance program, Seguro Integral de Salud

(SIS) [41]. During the pre-exposure period, usual care was provided by several Ministry of

Health clinics, two public hospitals, private clinics and pharmacies, and Siempre Salud (the lat-

ter as described in ’Study design and setting’).

The program, to which patients were then exposed, had components of four CCM elements

(delivery system design, self-management, decision support, and community resources), and

care and medications that were cost-free to patients. See S1 File for a full program description.

The program was delivered using two care models employed sequentially: first home care

(CHW home visits and remote physician treatment decisions), then clinic care (see ‘care

period’ exposure below). Self-management was based on the American Association of Diabetic

Educators (AADE) national standards [42] and utilized patient educational materials for dia-

betes and hypertension obtained from professional societies and government agencies in the

USA. Decision support consisted of guidelines-based standards and the treatment protocols

(S1 and S2 Tables respectively). Standards were created by reconciling guidelines for care of

diabetes [43–48], hypertension [47–49] and primary prevention of CVD [48, 50] and adopting
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those that were suitable to our low-resource setting. Laboratory tests (other than blood glucose

concentration, and external laboratory testing of serum potassium and creatinine) were gener-

ally unavailable. Specialist physicians, diabetes educators, and registered dieticians were not

accessible and two important medications relevant to diabetes and hypertension management

(insulin and a statin drug) were too costly for the program. Condensed treatment protocols

were created that used seven medications: two classes of hypoglycemic agents (metformin and

a sulfonylurea); four antihypertensive drug classes (angiotensin converting enzyme inhibitor

(ACEi) or angiotensin receptor blocker (ARB), thiazide diuretic, calcium-channel blocker

(CCB), and beta-receptor blocker (BB)); and low-dose aspirin. The standards and medication

protocols are found in S1 and S2 Tables, respectively.

Care period exposure

During the ‘home’ care period, the physician made an initial visit, after which CHWs made

weekly visits to patients’ homes. CHWs monitored clinical parameters, provided self-manage-

ment education and support, tracked self-care behaviors, documented visits, acted on clinical

alerts, and delivered medications. They entered encounter data into a spreadsheet and filled

prescriptions under physician supervision. The physician made treatment decisions remotely

based on home visit data reviewed during monthly treatment decision conferences attended

only by the physician and CHWs. Occasionally treatment decisions required in-person visits,

in which cases the physician saw patients in their homes. Prescriptions were dispensed directly

by Siempre Salud. There were no pharmacy visits. Patients remained at home for the entirety

of their care except for occasional laboratory visits. A six-month hiatus (an inability to finance

operations) occurred before the subsequent ‘clinic’ care period. During the ‘clinic’ period,

patients made monthly visits to a centralized clinic, where the same physician provided all

care; there were no home visits; and CHWs functioned as clinic assistants. They conducted

intake and filled prescriptions under physician supervision.

Retention in care period exposure

Greater than 50% retention in care period, i.e., 9 or more (of 17 allowable) months in the clinic

or 6 or more (of 10 allowable) months in home care; was compared to< = 50% retention cor-

responding to 8 or fewer months in the clinic, or 5 or fewer months in home care.

Outcomes measures

In this study, four binary clinical action measures (treatment standards) and a composite mea-

sure were coded “yes” (achieved) or “no” (not achieved). Other binary variables were coded

“yes’ or “no” unless stated otherwise. Medications and doses were obtained by patient self-

reports or, once enrolled in the program, from home and clinic encounter records. Maximum

doses of hypoglycemic or antihypertensive agents, low-dose aspirin, and ACEi were coded

‘yes’ if ‘ever received’ during the program, regardless of when or for how long.

The treatment protocols (S2 Table) for type 2 diabetes and hypertension required medica-

tion titration in steps made every two to four weeks (repeated treatment intensification). Titra-

tion (intensification) stopped at one of two points: 1) glycemic or blood pressure control, or 2)

the end of the pathway (in the absence of control).

1. The hypoglycemic treatment standard for type 2 diabetes was, therefore, defined as glyce-

mic control or the end of the treatment pathway, i.e., maximum doses of two oral hypogly-

cemic agents. Type 2 diabetes was diagnosed using ADA criteria [43] of fasting capillary

blood glucose values 7.0 mmol/L or greater on two occasions (or, in one case, a random
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glucose>11 mmol/L) measured with Hemocue Glucose 201 System (Hemocue AB, Angel-

holm, Sweden). Glycemic control was defined as fasting glucose <8.7 mmol/L (ADA stan-

dard <7.2 mmol/L [43] +20%). Fasting glucose was the average value obtained during

screening and diagnosis (pre-exposure) or the median of monthly average values obtained

with NovaMax glucometers (Nova Biomedical, Inc., Waltham, MA, USA) during the pro-

gram or care periods (post-exposure).

2. The antihypertensive treatment standard was defined as BP control or the end of the treat-

ment pathway, i.e., maximum of three or more antihypertensive agents. All patients with

elevated BP were eligible. Elevated blood pressure included hypertension, defined as systolic

BP (SBP) > = 140 mm Hg or diastolic BP (DBP) > = 90 mm Hg [49] and, in patients with

diabetes, SBP > = 130 mm Hg or DBP > = 80 mm Hg [43, 49]. BP was measured using an

automated device (Omron Healthcare, Inc. Kyoto, Japan). Hypertension was diagnosed if

the SBP was > = 140 mm Hg or DBP was > = 90 mm Hg (as the average of two BP mea-

surements) and persisted during a second set of BP measurement taken at home at least

one week later. BP control was defined as SBP <140 mm Hg and DBP<90 mm Hg in

patients with hypertension only and SBP <130 and DBP<80 in patients with diabetes. BP

values were the average SBP and DBP during screening and diagnosis (pre-exposure) or the

median of monthly average values obtained during the program or care periods (post-

exposure).

3. The ACEi in diabetes standard was defined as use of any ACEi in patients with diabetes and

elevated BP (>130/80 mm Hg).

4. The low-dose aspirin standard was defined as any low-dose aspirin in patients with 10-year

CVD risk>10%. CVD risk was calculated using the Framingham Heart Study alternative

model that uses non-laboratory predictors [51] (equations obtained from Table 1 of that

study’s online Data Supplement). The aspirin use policy was in revision during the home

care period. Therefore, aspirin treatment was not evaluated in the comparisons of care

periods.

5. A composite measure in all patients was coded ‘yes’ if all treatment standards, for which

patient was eligible, were achieved. A composite of four standards was used in the evalua-

tion of the ‘program’ exposure and three standards in the evaluation of ‘care period’ (and

‘retention in care period’).

Covariates

‘Diagnosis history’ was coded ‘pre-existing’ if a self-reported diagnosis of diabetes or hyperten-

sion pre-dated the program; and coded ‘new’ if either diagnosis was first made following pre-

program screening. Diabetes with co-existing hypertension was coded based on the diabetes

history regardless of whether hypertension was new or pre-existing. All diagnoses were con-

firmed by diagnostic testing. ‘Sex’ was self-reported and coded ‘male’ or ‘female’. ‘Age’ was

coded as a binary variable (‘<65’, ‘> = 65 years old’). ‘Obese’ was coded as ‘yes’ if body mass

index (BMI) was> = 30 kg/m2 according to the WHO definition [52]. ‘Primary care source’

was coded, ‘Ministry of Health clinic’, ‘Siempre Salud clinic’, or ‘pharmacy or hospital emer-

gency department’. Additional binary covariates, in studies of the care period exposure, were

pre-program treatment with ‘any antihypertensive’ and ‘any hypoglycemic’ agent (self-

reported), and pre-program ‘poor BP control’ and ‘poor glycemic control’ (based on values

obtained during screening and diagnosis).
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Table 1. Pre-program observations by diagnosis history, new versus pre-existing.

Group characteristics

Pre-program observations, N = 131 Total, N = 131 (100%) New, N = 44 (34%) Pre-existing, N = 87 (66%) p-value *
Variable N (%) N (%) N (%)

Age (years)

35–44 25 (19%) 14 (32%) 11 (13%) 0.017

45–54 36 (27%) 11 (25%) 25 (29%) 0.685

55–64 38 (29%) 9 (20%) 29 (33%) 0.155

> = 65 32 (24%) 10 (23%) 22 (25%) 0.832

Gender female 85 (65%) 27 (61%) 58 (67%) 0.566

Pre-intervention primary care source

Pharmacies and hospital ED † 67 (51%) 41 (93%) 23 (26%) <0.001

Ministry of Health clinic 42 (32%) 2 (5%) 40 (46%) <0.001

Siempre Salud ‡ 25 (19% 1 (2%) 24 (28%) <0.001

Obese ¶ 64 (52%) 29 (71%) 35 (42%) 0.004

10-yr CVD risk > = 10% §, ¶ 101 (81%) 29 (71%) 72 (87%) 0.048

Statin candidate §, **, †† 65 (52%) 17 (41%) 48 (56%) 0.131

Elevated blood pressure (BP) 93 (71%) 31 (70%) 62 (71%) 1.000

Type 2 diabetes 101 (77%) 31 (70%) 70 (80%) 0.271

Subgroup characteristics

Type 2 diabetes, N = 101 Total, N = 101 (100%) New, N = 31 (31%) Pre-existing, N = 70 (69%)

BP > = 130/80, N = 63 including 31 with hypertension 63 (62%) 18 (58%) 45 (64%) 0.657

Elevated blood pressure, N = 93, including 61 with hypertension Total, N = 93 (100%) New, N = 31 (33%)) Pre-existing, N = 62 (67%)

Hypertension alone, N = 30 30 (32%) 13 (42%) 17 (27%) 0.168

Hypertension and diabetes, N = 31 31 (33%) 8 (26%) 23 (37%) 0.353

Diabetic BP 130-139/80-89, N = 32 32 (34%) 10 (32%) 22 (35%) 0.820

Subgroup treatment

CVD risk > = 10% by FHS, N = 101 Total, N = 101 (100%) New, N = 29 (29%) Pre-existing, N = 72 (71%)

Taking low-dose aspirin 5 (5%) 0 (0%) 5 (7%) 0.318

Statin candidate FHS/ADA Total, N = 65 (100%) New, N = 17 (26%) Pre-existing, N = 48 (74%)

Taking statin 0 (0%) 0 (0%) 0 (0%) -

Hypertension, N = 61 Total, N = 61 (100%) New, N = 21 (34%) Pre-existing, N = 40 (66%)

Poor control (BP > = 140/90) 57 (93%) 21 (100%) 36 (90%) 0.289

Receiving any antihypertensive 29 (48%) 3 (14%) 26 (65%) <0.001

Type 2 diabetes, N = 101 Total, N = 101 (100%) New, N = 31 (31%) Pre-existing, N = 70 (69%)

Poor glycemic control (fbs > = 7.2 mmol/L) ‡‡ 91 (91%) 30 (97%) 61 (88%) 0.267

Poor glycemic control (fbs > = 8.7 mmol/L) ‡‡ 68 (68%) 19 (61%) 49 (71%) 0.361

Receiving any hypoglycemic agent 49 (49%) 0 (0%) 49 (70%) <0.001

Type 2 diabetes BP > = 130/80, N = 63, including 31 with hypertension Total, N = 63 (100%) New, N = 18 (29%) Pre-existing, N = 45 (71%)

Poor control (BP > = 130/80) 57 (90%) 18 (100%) 39 (87%) 0.170

Receiving any antihypertensive 23 (37%) 3 (17% 20 (44%) 0.047

Receiving ACEi 19 (30%) 1 (6%) 18 (40%) 0.007

* Fisher’s exact test 2-sided p-value

† ED = emergency department

‡ Asociación Siempre Salud “pop-up” clinics 2008–2011; ¶ N = 124, 7 missing BMI

§ 10-year CVD risk using alternate Framingham Heart Study (FHS) score based on body mass index (BMI) (not cholesterol)

** statin-eligible by American Diabetes Associaion (ADA) (diabetes >40 years old with hypertension) and World Health Organization Package of Essential

Noncommunicable Disease Intervention (WHO PEN) (10-year CVD risk >20%), the latter by alternate FHS risk score

†† 5 missing, 7 missing BMI, needed for CVD risk calculation, but 2 of those were eligible by the above ADA criteria

‡‡ N = 100, 1 missing pre-program fasting glucose. ACEi = angiotensin converting enzyme inhibitor.

https://doi.org/10.1371/journal.pgph.0003512.t001
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Data analysis

The analysis of ‘program’ effects had a sample size of 262 observations i.e., two observations

(pre-program and post-program) for each of 131 patients. The analysis of ‘care period’ and

‘retention in care period’ effects had a sample size of 211 observations consisting of 109 home

and 102 clinic observations. Eighty patients participated in both home and clinic care and,

thus, contributed two care period observations each. We omitted observations with missing

data (complete case analysis).

Statistical analysis

Statistical analyses were performed using Stata IC version 16.1 (StataCorp, College Station,

Texas, USA). For each of three exposures and five outcomes, risks, relative risks, and 95% con-

fidence intervals were calculated and two-sided p-values using Fisher’s exact test were obtained

for exposure-outcome, exposure-covariate, and outcome-covariate associations. The Mantel-

Haenszel test of homogeneity was used to evaluate modification of program effects by diagno-

sis history, and care period effects by retention in care. Covariates with both exposure and out-

come associations having P-values of<0.25 were considered candidates for potential

confounding. Potential confounders, effect modifiers, and independent effects were evaluated

by multiple logistic regression. Full and nested regression models, differing by one variable at a

time, were compared using likelihood ratio tests. Predicted probabilities were obtained by

exponentiation of sums of coefficients. The 95% confidence intervals on the predicted proba-

bilities were obtained using the method demonstrated by Inlow [53]. Durations of maximum

hypoglycemic and antihypertensive treatment had non-normal distributions; Wilcoxon rank-

sum tests were used for hypothesis testing of differences in medians. The motivation for the

program was practical and not investigational, so there was no sample size or power calcula-

tion a priori. For findings of statistically insignificant exposure effects on the composite mea-

sure of treatment standards achievement, a post hoc power calculation was performed in Stata

with the assumption of a two-sided two-sample Chi-squared test of proportions.

Results

Missing values

Missing values are as follows (quantity in parentheses): pre-program observations (N = 131

patients)—pre-program fasting glucose (1) and BMI (7); ‘program’ exposure (pre-post paired

sample) (N = 262)—fasting glucose (2) and BMI (14); ‘care period’ exposure (N = 211)—fast-

ing glucose (7). When BMI was missing, the Framingham CVD risk score was also missing.

Cohort formation

As shown in Fig 1, 83% (709/856) of eligible adults participated in mass screening. Of these,

18.3% (130/709) were diagnosed with type 2 diabetes and/or hypertension; 84% (109/130) of

those participated in the program at its onset. Later, 22 patients, who had not been previously

screened or who were non-participants at program onset, joined to complete the final cohort

of 131 patients. The cohort produced 131 pre-post pairs (N = 262) and 211 care period obser-

vations (109 home and 102 clinic). During the program, there were 3,325 visits (2,199 home

and 1,126 clinic visits).

Baseline (pre-program) characteristics

In the 131 pre-program observations, baseline comorbid metabolic risk factors were common

(Table 1). Elevated blood pressure (N = 93) includes hypertension (> = 140/90 mm Hg)
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(N = 61) and diabetes with blood pressure 130-139/80-89 mm Hg (N = 32). Most were obese

and 62% of diabetic patients (63/101) had elevated blood pressure. Patients with new diagnoses

of diabetes and/or hypertension (diagnosis-unaware at time of screening) were proportion-

ately younger, more often obese, and had less cardiovascular risk than those with pre-existing

diabetes and/or hypertension (diagnosis-aware at time of screening). Most patients with new

diagnoses used pharmacies and hospital emergency departments for health care. Approxi-

mately one-third of diabetes and/or hypertension were new diagnoses and, as expected, were

essentially untreated (except for three new diabetic patients taking pre-program

Fig 1. Formation of the cohort of low-income Peruvians with type 2 diabetes (DM) and/or hypertension (HTN).

https://doi.org/10.1371/journal.pgph.0003512.g001
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antihypertensive agents). At baseline, approximately two-thirds of patients with pre-existing

hypertension or diabetes were taking antihypertensive or hypoglycemic agents, respectively,

but blood pressure and glycemic control were not significantly different comparing pre-exist-

ing and new diagnoses.

Program effects

Table 2, Part A, and Fig 2 show the program’s effects on treatment standard achievement.

Across all four treatment-eligible groups, post-program standards achievement was signifi-

cantly increased compared to the pre-program period, ranging from 50% to 89%, being lowest

for antihypertensive treatment and highest for the low-dose aspirin standard. Forty-three per-

cent of post-program observations achieved all standards for which they were eligible,

Table 2. Unadjusted effects of exposures on treatment standards achievement.

Part A. Program (post- versus pre-) effects on treatment standards achievement (’yes’ versus ’no’), N = 262

Treatment standard Treatment-eligible N R N R RR 95% CI P ††

Post Yes Pre Yes

Hypoglycemic treatment All DM, N = 200 * 100 0.80 100 0.35 2.29 1.72–3.04 <0.001

Controlled glycemia All DM, N = 200 * 100 0.52 100 0.32 1.63 1.15–2.29 0.006

Antihypertensive treatment Elevated BP, N = 195 † 102 0.50 93 0.08 6.64 3.17–13.9 <0.001

Controlled BP Elevated BP, N = 195 † 102 0.42 93 0.06 6.53 2.92–14.6 <0.001

Diabetic ACEi/ARB Elevated BP, DM, N = 135 ‡ 72 0.76 63 0.30 2.53 1.70–3.77 <0.001

Pre-existing diagnosis Elevated BP, DM, N = 94 ‡ 49 0.76 45 0.40 1.89 1.28–2.79 0.001

Low-dose aspirin CVD risk >10%, N = 202 ¶, § 101 0.89 101 0.05 18.00 7.64–42.4 <0.001

Composite (4 standards) All observations, N = 262 131 0.43 131 0.06 7.00 3.48–14.1 <0.001

Part B. Care period (’clinic’ versus ’home’) effects on treatment standards achievement (’yes’ versus ’no’), N = 211

Treatment standard Treatment-eligible N R N R RR 95% CI P ††

Clinic Yes Home Yes

Hypoglycemic All DM, N = 153 ‡‡ 78 0.81 75 0.75 1.08 0.91–1.28 0.438

Controlled glycemia All DM, N = 153 ‡‡ 78 0.50 75 0.53 0.94 0.69–1.27 0.747

Antihypertensive All elevated BP, N = 167 77 0.49 90 0.46 1.08 0.79–1.49 0.644

Controlled BP All elevated BP, N = 167 77 0.40 90 0.42 0.95 0.66–1.37 0.875

Diabetic ACEi/ARB Elevated BP in DM, N = 116 55 0.60 61 0.66 0.92 0.69–1.21 0.568

Composite (3 standards) All observations, N = 211 102 0.39 109 0.37 1.07 0.76–1.51 0.777

Part C. ’Retention in care period’ effects on treatment standards achievement (’yes’ versus ’no’). Exposed (Exp) >50% allowable time in care period. Unexposed

(Unexp) < = 50% allowable time. N = 211

Treatment standard Treatment-eligible N R N R RR 95% CI P ††

Exp Yes Unexp Yes

Hypoglycemic All DM, N = 153 ‡‡ 117 0.85 36 0.56 1.52 1.13–2.06 0.001

Antihypertensive All elevated BP, N = 167 118 0.56 49 0.27 2.11 1.29–3.45 0.001

Diabetic ACEi/ARB Elevated BP in DM, N = 116 86 0.70 30 0.43 1.61 1.05–2.48 0.015

Composite (3 standards) All observations, N = 211 151 0.46 60 0.17 2.78 1.54–5.02 <0.001

DM = diabetes; BP = blood pressure; R = risk (probability); RR = relative risk, CI = confidence interval.

*missing 1 ’pre’ & 1 ’post’ fasting glucose

† hypertension (> = 140/90) or any diabetic BP > = 130/80 mm Hg

‡ diabetes with BP > = 130/> = 80 mm Hg; ¶ 10-year CVD risk using alternate Framingham score that uses clinical factors onlyBMI (not cholesterol)

§ 14 missing: 7 missing CVD risk score (no BMI) x 2 observations per patient (pre and post)

†† two-sided Fisher’s exact test p-value

‡‡ 7 missing fasting glucose.

https://doi.org/10.1371/journal.pgph.0003512.t002
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significantly greater than 6% during the pre-program period. Confounding control in the anal-

ysis of the program exposure was provided by matching.

Eighty percent of post-program observations achieved the hypoglycemic treatment stan-

dard, more than twice that during the pre-program period. Of all post-program diabetic obser-

vations, 52% had glycemic control and 28% were poorly controlled despite maximal

hypoglycemic treatment.

Half of post-program observations achieved the antihypertensive treatment standard, more

than six times greater than the pre-program period. Of all post-program observations with ele-

vated blood pressure (hypertension or diabetes with BP >130/80 mm Hg), 42% of had con-

trolled blood pressure and 8% were poorly controlled despite maximal antihypertensive

treatment.

The effect of the program on ACEi treatment in diabetes (with elevated blood pressure) was

modified by diagnosis history (new versus pre-existing) (M-H test p-value 0.020). About

Fig 2. Probabilities of guidelines-based treatment standards achievement, by program exposure (’post’ versus ’pre’).

https://doi.org/10.1371/journal.pgph.0003512.g002
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three-fourths of all eligible post-program observations with pre-existing diabetes achieved the

standard, nearly twice that during the pre-program period. Otherwise, program effects on

treatment standards achievement were not modified by diagnosis history.

Care period effects

The effects of the ‘care period’ exposure on treatment standards achievement is shown in

Table 2, Part B. There were no statistically significant differences between care periods, ‘home’

and ‘clinic’, in achievement of any standard. All RRs were 1.0 +/- 0.08, and there was no statis-

tically significant difference in achievement of the composite measure. The sample size of 211

had 80% power to detect a difference in care periods of 20% in either direction, e.g., 40% versus

60%, in achievement of the composite measure. The analysis of care period effects was under-

powered to detect smaller but perhaps still clinically important differences. In multiple logistic

regression, none of the candidate covariates for potential confounding met criteria for model

inclusion. Retention in care period acted as an independent variable and was modeled as a sep-

arate exposure.

Maximum treatment, once achieved, was durable. Fifty-nine observations had titration to

maximum hypoglycemic treatment, the median duration of which was 6.6 months (IQR 3.9 to

8.3) in the shorter home period and 12.7 months (IQR 7.1 to 15.7) in the clinic period

(P = 0.001). Thirteen observations had titration to maximum antihypertensive treatment, the

median duration of which was 3.6 months (IQR 2.1 to 4.6) in the shorter home period, and

14.4 months (IQR 10.0 to 16.4) in the clinic period (P = 0.006). There was no association

between median durations of maximum hypoglycemic or antihypertensive treatment and gly-

cemic or blood pressure control, respectively.

Retention in care effects

For the entire sample of 211 care period observations, 72% (151/211) was retained for more

than half of allowable time, i.e., “longer”. There was no statistically significant difference

between home and clinic care and retention in care as a percentage of time allowable. There

was a significant association between retention in care period and achievement of each of the

treatment standards including the composite measure. As shown in Table 2, Part C, longer

retention had relative risks of 1.5 to almost 3 times greater achievement across all standards.

Longer retention resulted in 85% and 56% achievement of hypoglycemic and antihypertensive

treatment standards respectively.

Table 3, Part A, shows the unadjusted odds ratios for ‘retention in care period’ (odds >50%

relative to< = 50%, i.e., “longer” relative to “shorter”). The predicted probabilities of treat-

ment standards achievement by retention in care (obtained from the regression coefficients)

are shown in Table 3, Part B. Fig 3 is a graphical representation of this dose-response relation-

ship. In multiple logistic regression, none of the candidate covariates for confounding or inde-

pendent effects met criteria for model inclusion.

Retention in care (descriptive)

In the 131 post-program observations, median retention in home care was 8 months (inter-

quartile range (IQR) 5 to 9) of an allowable 10 months. Four monthly home visits per patient

were planned; the median of average monthly home visits realized was 3.2 (IQR 2.2 to 3.5).

Median retention in clinic care was 13 months (IQR 9 to 14) of an allowable 17 months. One

monthly clinic visit per patient was planned; the median of monthly clinic visits realized was

1.0 (IQR 0.71 to 1.33).
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Discussion

Our community-based primary care program, which incorporated four CCM elements,

CHWs, and free access to care and medications (the latter from a limited formulary of seven

inexpensive oral agents), was associated with greater achievement of treatment standards com-

pared to the pre-exposure period. Further, we found no difference in treatment standards

achievement between clinic and home periods. We observed a dose-response relation between

retention in care and standards achievement. Longer retention, irrespective of care period,

resulted in greater standards achievement.

Retention in care, measured as shorter visit intervals [54–56], continuity of care [55, 57–

59], and greater visit quantity, [60] has been shown to have a positive relationship with clinical

outcomes of type 2 diabetes [60] and hypertension [54, 56–58] and with treatment intensifica-

tion [54, 55, 59]. Our study found a similar relationship between retention in care and an out-

come measure that combined intermediate clinical outcomes and maximal treatment (the

endpoint of repeated intensification).

Multi-component intervention effects on pharmacotherapy of type 2 diabetes and hyper-

tension in LMICs have been reported in 12 studies, published between 2015 and 2023, includ-

ing ten cluster-randomized trials [61–70] and two pre-post studies [23, 71]. One of these

enrolled type 2 diabetics, including a subgroup with hypertension, and is the only report of

effects on treatment with hypoglycemic agents [23]. Unlike the present study, effects on treat-

ment were not primary outcomes in any (and were often reported in supplemental materials).

None evaluated pharmacotherapy quality, time-bound treatment intensification, or guide-

lines-based protocol completion.

The single study of hypoglycemic agents found greater proportions of post-exposure dia-

betic patients treated with metformin and dipeptidyl peptidase 4 (DPP-4) inhibitors, when

medications from three drug classes were available and cost-free to patients [23].

Table 3. Unadjusted effects of retention in care period on treatment standards achievement, exposed (>50% of allowable time), unexposed (< = 50%), N = 211.

Part A. Adjusted odds ratios (OR)

Treatment standard met OR 95% CI P-value ‡

Hypoglycemic, N = 153 * 4.40 1.92–10.1 <0.001

Antihypertensive, N = 167 3.51 1.69–7.30 0.001

Diabetic ACEi/ARB, N = 116 3.02 1.28–7.11 0.011

All treatment standards, N = 204 † 3.99 1.87–8.50 0.000

Part B. Predicted probabilities (Prob) from logit coefficients

Treatment standard met Retention in care Prob 95% CI

Hypoglycemic >50% 0.85 0.77–0.90

< = 50% 0.56 0.39–0.71

Antihypertensive >50% 0.56 0.47–0.65

< = 50% 0.27 0.16–0.41

Diabetic ACEi/ARB >50% 0.70 0.59–0.79

< = 50% 0.43 0.27–0.61

All treatment standards >50% 0.47 0.39–0.55

< = 50% 0.18 0.10–0.31

OR = odds ratio; 95% CI = 95% confidence interval

* 160 diabetes, 7 missing fasting glucose

† 211 (all patients) eligible, 7 missing

‡ Wald test p-value

https://doi.org/10.1371/journal.pgph.0003512.t003
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Of the twelve studies of multicomponent intervention effects on hypertension treatment,

two found no significant between-group differences in proportions receiving “any antihyper-

tensive treatment” [64, 65] and effects were marginal in two others [62, 70]. Even though

monotherapy is ineffective in 70% to 90% of hypertensive patients [72], two studies reported a

greater proportion of intervention-group patients treated with the only drug available [63, 67].

Six studies of statistical and clinical significance had follow-up of 10–36 months [23, 61, 66, 68,

69, 71]. All six reported between-group [61, 66, 68, 69] or pre-post [23, 71] differences favoring

intervention or post-exposure groups, including greater mean number intensified [61], and

greater proportions receiving medications (any [71], two [68], two or more [66, 69], or three

or more [68]), and receiving thiazide diuretics and ACE inhibitors (or angiotensin receptor

blockers (ARBs)) [23]. A greater proportion receiving two or more drug classes implies greater

intensification in intervention group patients. The number of protocol-specified antihyperten-

sive drug classes were two [69], three [61, 66], and four or more [23, 68, 71].

Fig 3. Predicted probabilities of guidelines-based treatment standards achievement, by retention in care period (>50%

versus< = 50% of allowable time for care period).

https://doi.org/10.1371/journal.pgph.0003512.g003
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These studies reflect an apparent lack of capacity in LMICs, because of poor medication

access and availability, to implement, from beginning to end, guidelines-based protocols for

type 2 diabetes and hypertension management. Few treatment protocols had an adequate vari-

ety of medications. Among the 12 studies of multicomponent intervention effects on hyperten-

sion treatment, only seven made available at least three of the four guidelines-recommended

antihypertensive drug classes [23, 61, 62, 66, 68, 70, 71]; our study made available four. The

single study that enrolled patients with diabetes made available three classes of guidelines-rec-

ommended hypoglycemic drug classes [23]; our study made available only two. Access to treat-

ment may also be a limiting factor in the studies reviewed. Payment for medications was

insurance-subsidized in one study [71], out-of-pocket in five (in at least one arm or group)

[63, 65–67, 69], and cost-free to all participants in two studies [23, 61].

Seven studies of clinical action measures, or the equivalent, evaluated lipid-lowering [24,

25, 32, 73, 74], antihypertensive [26, 27, 73, 74], and/or hypoglycemic [27, 73, 74] treatment in

patients with diabetes and/or hypertension. One, like the present study, evaluated a clinical

action measure as an outcome (the exposure was hypertension guidelines implementation

strategies) [26]. One evaluated the measure as an exposure and its effects on intermediate clini-

cal outcomes of poorly controlled diabetes, hypertension, and hyperlipidemia [73]. Five studies

compared clinical action measures to traditional quality metrics [24, 25, 27, 32, 74]. In the

studies reviewed, treatment intensification was evaluated within time windows, most com-

monly six months [25–27]. In our study, the clinical action measures were time-bound by the

care period windows. Our measure captured the endpoints of glycemic or blood pressure con-

trol or, alternatively, maximal treatment. We expected these endpoints to be achieved during

the care periods and, therefore, we did not account for lesser intensification.

Our patients, like others in LMICs, may be hindered in their ability to achieve glycemic tar-

gets because of the effect of late diagnosis or prolonged lack of effective therapy (“glycemic

burden”) on progressive pancreatic beta-cell dysfunction. Clinical action measures would be

especially useful in these settings because they account for quality of care in patients with

uncontrolled glycemia and blood pressure where the greatest absolute risk reduction per incre-

ment of decline of risk factors occurs. In a retrospective cohort study of over 100,000 patients

with new-onset type 2 diabetes followed for a median of 5.3 years, Paul et al [34] found that

early compared to delayed treatment intensification was associated with fewer cardiovascular

events even when long-term glycemic control was above the recommended threshold.

Study strengths

Efficacy studies of multi-component interventions in LMICs have demonstrated improved

clinical outcomes of type 2 diabetes and hypertension [17, 18] but they don’t evaluate how, or

the mechanism by which, those outcomes were produced. When fidelity, acceptance, and fea-

sibility and relative contributions of program components are unknown, then replication

potentially wastes already-limited resources. The program in the present study was also associ-

ated with improved glycemic and blood pressure control (Table 2A). However, this was an

implementation study of a process outcome (treatment standards based on repeated intensifi-

cation) which has a known positive relationship to clinical outcomes [34, 36]. In turn, another

process, retention in care, was associated with greater treatment standards achievement. The

program had high fidelity given the proportions achieving treatment standards and the high

medians of retention in care and monthly average numbers of visits.

The study program’s logic model (details in S1 Appendix) is based on the medical literature

which demonstrates that care factors (retention in care, treatment intensification, out-of-

pocket costs, and medication adherence) and interventions (CCM and CHWs) are inter-
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related and affect clinical outcomes of diabetes and hypertension. For example, in studies of

diabetes and hypertension, CHWs have positive effects on retention in care [75] and retention

in care improves treatment intensification [54]. CHWs [22], retention in care [54], and treat-

ment intensification [76] are associated with improved clinical outcomes. Our study, when

combined with the logic model, supports the following hypothetical pathway: CHW’s have a

positive effect on retention in care, which facilitates iterative treatment intensification, which

results in improved clinical outcomes. Data collection for our study ended in 2014, but the

program’s methods and treatment protocols, uniqueness of an implementation (process)

study, and the relative novelty of the outcome measure are as informative and useful for diabe-

tes and hypertension care in LMICs today as then.

The study has several implications relevant to current policymaking in LMICs. The process

(time-bound treatment intensification) can be measured, potentially proactively and continu-

ously as a quality improvement tool, requiring only a limited set of widely available data, i.e.,

results (BP and glycemic measures), prescriptions and prescribers, and dates of results and pre-

scriptions. A process measure, acted upon prior to poor outcomes, improves upon ad hoc

quality improvement projects implemented reactively. The study program’s home care model,

with its remote treatment decisions, simultaneously addresses limitations of money, man-

power, and medications. A recent observational study of entirely remote protocol-driven care

of hypertension in the USA had multiple components, among them computerized algorithmic

decision-support, pharmacist-supervised prescriptions by CHWs, and automated remote

blood pressure monitoring [77]. In a comparison of pre- and post-COVID pandemic effects,

benefits significantly favored the latter, including a greater proportion with controlled blood

pressure, treatment intensification, and quantities of medications, and shorter time to blood

pressure control [77]. That study describes information technology (software, hardware, and

telecommunications) [77, 78] which our study’s home care model lacked. Our program, how-

ever, might be easier to afford and replicate in low-resource settings. Two other studies

describe apparently remote multicomponent interventions for hypertension in LMICs, one in

China where CHWs prescribed [67], and another conducted in Colombia and Malaysia where

CHWs recommended, and physicians prescribed, antihypertensive medication [66].

This study’s treatment protocols were intended for a low-resource setting and intentionally

did not use modern pharmacotherapeutics. Thiazolidinediones, dipeptidyl peptidase-4 (DPP-

4) inhibitors, glucagon-like peptide-1 (GLP-1) agonists, sodium-glucose cotransporter-2

(SGLT-2) inhibitors, and long-acting glucose analogues had been approved before 2007 (in the

USA) but the program’s formulary included (and would still include) only older off-patent

generic and inexpensive oral agents. The World Health Organization (WHO) added long-act-

ing insulin analogues and SGLT-2 inhibitors to the List of Essential Medications in 2021 [79].

However, SGLT-2 inhibitors and GLP-1 agonists [80] and insulins in any form [81, 82], even

older human insulins, are unavailable or inaccessible in many LMICs

The treatment protocols in the current study are comparable to the most recently published

studies of multicomponent intervention effects on pharmacotherapy of type 2 diabetes and

hypertension in LMICs. The only other study of multicomponent interventions effects on

hypoglycemic treatment of type 2 diabetes in an LMIC, discussed above and published in

2023, also provided access only to inexpensive oral agents but, unlike the present study,

included a DIPP-4 inhibitor in addition to metformin and a sulfonylurea [23]. Among the 12

studies of multicomponent interventions including effects on hypertension pharmacotherapy

in LMICs (discussed above), eight were published recently (2019 to 2023) [23, 62, 65, 66, 68–

71, 79] and provided access to one or more of the same four classes of antihypertensive agents

used in the present study.
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With minor revisions, the treatment protocols in the current study would be consistent

with the most current guidelines for pharmacotherapy of type 2 diabetes and hypertension.

Metformin remains the first-line hypoglycemic agent in patients with type 2 diabetes in both

the American Diabetes Association (ADA) [83] and WHO guidelines [84]. However, the ADA

now recommends, as first-line therapy, SGLT-2 inhibitors and/or GLP-1 agonists in patients

with CVD (or high risk of CVD) or chronic kidney disease, and GLP-1 agonists to achieve

weight management goals [83]. The WHO currently recommends against routine use of DPP-

4 inhibitors, thiazolidinediones, GLP-1 agonists, and SGLT-2 inhibitors because of their high

cost and still recommends metformin, sulfonylureas, and insulin as first-, second-, and third-

line hypoglycemic agents respectively [84]. Hypertension is now defined by the American

Heart Association and American College of Cardiology (AHA/ACC) [85] as SBP > = 130 or

DBP> = 80 mm Hg. The WHO definition is unchanged (SBP > = 140 or DBP> = 90) [86].

Regardless of definition, the AHA/ACC [85], ADA [83], and WHO [86] all recommend phar-

macotherapy for SBP > = 130 or DBP > = 80 mm Hg in patients with diabetes, or at high risk

of CVD [85, 86], consistent with older guidelines (and the current study’s protocols). New rec-

ommendations include initial therapy with a two-drug combination therapy for SBP >20 or

DBP>10 mm Hg above target [83, 85]; and a mineralocorticoid receptor antagonist (MRA)

when BP is resistant to control with three other classes of antihypertensive agents [83, 85].

Whereas our study’s treatment protocols, based on older guidelines, used first-line ACEi or

ARB for hypertension treatment in all patients with diabetes, the ADA now recommends such

treatment only in patients with established coronary artery disease or albuminuria [83]. Unlike

older guidelines, ADA [83] and WHO [86] now recommend low-dose aspirin only for second-

ary (not primary) prevention of CVD. Our study relied on home BP measurements for diagno-

sis and monitoring and as the basis for treatment titration. The most recent AHA/ACC [85]

and European Society of Hypertension [87] guidelines now recommend out-of-office BP mea-

surements (ambulatory or home) for diagnosis, monitoring, and medication titration.

Therefore, the present study’s treatment protocols would be made current, in the context of

LMICs, by the following revisions: two-drug combinations as initial hypertension treatment in

many patients, addition of an MRA for resistant hypertension, and cessation of low-dose aspi-

rin for primary prevention of CVD in patients with diabetes. When urine albumin-to-creati-

nine testing is unavailable (as is still true of our setting), we recommend an ACEi or ARB for

first-line treatment of elevated blood pressure in all diabetic patients.

What distinguishes the program in our study, and makes it relevant in the current context,

is its intention to make best use of the few medications available. “Best use” meant “adequate

titration” which requires retention in regular and frequent care. Mohan, et al, in 2020, also

advocated for greater use of older inexpensive hypoglycemic agents in low-resource settings

[88]. They conclude that metformin and sulfonylureas provide robust A1c reductions in diabe-

tes but are underutilized in LMICs. A policy implication of our study is that a few low-cost

medications made available to all (in ample supply to support adequate titration) may be pref-

erable to a large variety of medications made available to fewer.

The problems this study addresses are currently relevant. The most recent data on noncom-

municable disease (NCD) prevalence, financing, effective treatment coverage, and manpower

in LMICs show worrisome trends, underscoring the need for primary care implemented using

few resources while improving the quality of type 2 diabetes and hypertension management.

Type 2 diabetes prevalence has increased and will continue to increase globally, mostly in in

LMICs [8]. Only 1% of global health spending is for noncommunicable diseases (NCDs) in

LMICs (where 80% of diabetics now live), even though NCDs account for 60% of global mor-

tality [89]. Myocardial infarction and stroke account for the most disability-adjusted life years

(DALYs) lost, largely attributable to type 2 diabetes and hypertension [1]. Progress in universal
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health coverage (UHC) has not led to more effective treatment coverage of NCDs which is out-

paced by increasing NCD prevalence [90]. As a reflection of weak primary care systems, the

prevalence of complications of diabetes and hypertension is increasing. In Peru during a recent

7-year period, there was a three-fold increase in chronic renal disease prevalence and a similar

increase in dialysis service contracts, while the number of nephrologists per 1000 patients

decreased by half [91]. By 2030, the professional healthcare workforce shortage is expected to

improve only modestly (from 2013 levels) in countries that were already below the United

Nation’s Sustainable Development Goal (SDG) of 4.5 professionals per 1000 population [92].

Our study demonstrates that quality evaluation should not rely solely on thresholds of

intermediate clinical outcomes. 48% of study patients with diabetes would have been classified

as ‘suboptimal quality’ based on glycemic control whereas clinical inertia (failure to achieve

the study’s hypoglycemic treatment standard) occurred in only 20%.

Study limitations

While the program’s methods should be reproducible in other similar settings, our results can-

not be considered generalizable because they are a non-profit organization’s experience in a

single community.

The program pre- versus post-exposure comparison had no control for the effect of time. A

parallel comparison was also lacking for the home and clinic care periods. During the six-month

hiatus between the home and clinic periods, most patients stopped filling their prescriptions, but,

in the large majority that participated in both care periods, knowledge and behavioral change

were presumably transferable from home to clinic and retention in care during the clinic period

may have been a habit established during the earlier home care period. The absence of a difference

in outcomes between clinic and home care is intriguing but the sample size had sufficient power

to detect only relatively large differences. A larger sample is required to detect smaller differences

which might be clinically important. Small sample size also may have prevented detection of con-

founding and interactions during logistic regression. However, self-matching provided confound-

ing control in the study of the program exposure. There was partial self-matching in study of the

care period exposure. 73% and 78% of home and clinic observations, respectively, were self-

matched because of the large proportion of the cohort that participated in both care periods.

Longer retention in care may be a proxy for greater motivation and greater adherence to

medications and other self-care behaviors. These factors may be unmeasured confounders of

the association between longer retention in care and treatment standards.

HbA1c testing was unavailable to us. We used fasting glucose as a measure of glycemia, as have

similar investigations [18, 93]. We minimized the effect of day-to-day variation in fasting glucose,

which can be large [94], by using an aggregate value, the median of monthly average fasting glu-

cose values. Moreover, there is a moderate [95] to strong [96–98] correlation between fasting glu-

cose and hemoglobin A1c in patients with diabetes. Our cut-off value for defining glycemic

control, 8.7 mmol/L, correlates with a hemoglobin A1c of approximately 58 mmol/mol [99]. The

American Diabetes Association establishes therapeutic targets for both hemoglobin A1c and fast-

ing glucose [43]. Fasting glucose was a therapeutic target in the seminal studies demonstrating the

effect of intensive glycemic control on risk reduction in diabetes [100–102]. Hemoglobin A1c is a

measure of average glucose during a 2–3-month period and, for that reason, is measured quar-

terly. Weekly fasting glucose values were essential for monthly treatment intensification.

Conclusion

There are few studies of the effects of CHWs and multiple components of CCM on guideline-

based pharmacotherapy of type 2 diabetes and hypertension, especially in resource-poor
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settings. Studies of CCM and CHW effects on longitudinal linked outcome-treatment mea-

sures, i.e., clinical action measures, and the treatment of poorly controlled patients with diabe-

tes and hypertension are lacking. Our study helps fill that gap. The clinical action measures in

this study distinguished between clinical inertia and timely treatment intensification in poorly

controlled patients, a high-risk group that benefits most from treatment and constitutes a large

proportion of diabetic and hypertensive patients. This implementation study also uniquely

identifies relationships between multiple processes and clinical outcomes which suggest a

roadmap for improvement of pharmacotherapy quality defined as guidelines-based titration of

medications that are likely to be available in most LMICs. The study demonstrated the impor-

tance of retention in care, which had a dose-response relationship with achievement of treat-

ment standards. Although our results suggest that clinic care did not improve upon home care

with remote treatment decisions, a rigorous study having a parallel control group is needed to

establish that with confidence. Recently reported beneficial effects of entirely remote care of

hypertension in a high-income country further underscores the importance of replicating the

home care model in low-resource settings.
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