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Abstract

BACKGROUND: Achievement of diabetes care goals is suboptimal globally. Diabetes-focused 

quality improvement (QI) is effective, but remains untested in South Asia.

OBJECTIVE: To assess whether a multi-component QI strategy (non-physician care coordinator 

[CC] and decision-support electronic health records [DS-EHR]) vs. usual care improves cardio-

metabolic profiles in poorly-controlled diabetes.

DESIGN: Parallel open-label randomized controlled pragmatic trial.

SETTING: Diabetes clinics in India and Pakistan

PATIENTS: 1146 (575 intervention; 571 usual care) poorly-controlled patients with type 2 

diabetes (glycated hemoglobin [HbA1c]≥8% and either systolic blood pressure [SBP]≥140mmHg 

or/and low-density lipoprotein cholesterol [LDLc]≥130mg/dl)

INTERVENTION: Multi-component QI: non-physician CCs (to motivate patients) and DS-EHR 

(recommended care prompts to physicians).

MEASUREMENTS: Proportions achieving HbA1c<7.0% and BP<130/80mmHg or/and 

LDLc<100mg/dl (primary outcome); mean risk factor reductions, health-related quality of life 

(HRQL), and treatment satisfaction (secondary outcomes).

RESULTS: At baseline, intervention and usual care participants were similar: mean age 54.2±9.2 

years; 45.9% male; median diabetes duration 7.0 years; 6.8% and 39.4% had pre-existing 

cardiovascular and microvascular disease, respectively; and mean HbA1c, BP, and LDLc were 

9.9%, 143.3/81.7mmHg, and 122.4mg/dl, respectively. Over a median 28 months, twice as many 

intervention as usual care participants achieved the primary outcome (18.2% vs. 8.7%; relative risk 

2.24 [95% CI:1.71, 2.92]). Compared to usual care, intervention participants achieved larger 

reductions for HbA1c (−0.50%; −0.69,−0.32), SBP (−4.04mmHg; −5.85,−2.22), diastolic BP 

(−2.03mmHg; −3.00,−1.05), LDLc (−7.86mg/dl; −10.90,−4.81), and reported higher HRQL and 

treatment satisfaction. Achievement of the primary outcome was better among college-educated 

and highest-income participants and no different across age, sex, baseline metabolic subgroups, 

insulin use, nor between public and private clinics.

LIMITATIONS: Findings confined to urban specialist diabetes clinics.

CONCLUSIONS: Multi-component QI improves achievement of diabetes care goals, even in 

resource-challenged clinics.

TRIAL REGISTRATION: NCT01212328 (clinicaltrials.gov)

INTRODUCTION

Diabetes is one of the fastest growing, burdensome, and costly chronic diseases, and affects 

an estimated 387 million people worldwide.(1) Diabetes management focuses on reducing 

patients’ risk of microvascular (retinopathy, nephropathy, neuropathy) and macrovascular 
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complications (coronary, cerebrovascular, and peripheral vascular diseases) through 

controlling blood glucose,(2–5) blood pressure (BP),(6–8) lipids,(9, 10) and tobacco 

avoidance.(11, 12) Though evidence-based guidelines (13, 14) strongly recommend 

comprehensively controlling these cardio-metabolic parameters,(15, 16) large gaps exist in 

achieving care goals in actual practice globally.(17–21)

To address gaps that cannot be fully achieved with new drugs or devices, quality 

improvement (QI) interventions directed at patients (e.g., reminders), providers (e.g., 

guideline prompts), and health systems (e.g., institutionalizing a “culture of quality”)(22) 

can improve adherence, risk factor control, and patient satisfaction.(23, 24) Indeed, QI may 

have contributed to encouraging data from the United States showing risk factor 

improvements and parallel reductions in diabetes complications over the past two decades.

(25, 26) However, gaps remain (19) and are even more substantial in low-and middle-income 

countries (LMIC)(20, 21) that shoulder large and growing diabetes populations and have 

fewer resources.(1) This is especially true in South Asia where patient- (e.g., low 

motivation), provider- (e.g., clinical inertia), and system-level (e.g., fragmentation of care) 

barriers result in small proportions of patients achieving diabetes care goals.(21) 

Additionally, most QI evidence comes from trials of single QI interventions.(27) In reality, 

however, care gaps occur due to multiple interacting factors: poor patient adherence and lack 

of treatment intensification by providers each explain roughly half of poor control among 

patients with diabetes.(28, 29)

We evaluated a multi-component diabetes QI strategy, addressing patient and provider 

barriers, in a pragmatic implementation trial in South Asia, a challenging LMIC region with 

76 million people affected by diabetes and the highest number of annual diabetes-related 

deaths worldwide.(1) We tested whether multi-component QI, compared to usual care, could 

improve achievement of diabetes care goals over 2.5 years among patients with multiple 

poorly-controlled cardio-metabolic parameters.

METHODS

Design Overview

The Center for cArdio-metabolic Risk Reduction in South Asia (CARRS) Trial was a multi-

center prospective, parallel randomized, controlled, open-label pragmatic trial where 

investigators were blinded to endpoints. Patients with poorly-controlled type 2 diabetes 

attending ten outpatient diabetes clinics in India and Pakistan were randomized to a 

multicomponent care model – consisting of non-physician care coordinators (CC) and 

decision-support electronic health record software (DS-EHR)– or usual care in a 1:1 ratio. 

Detailed methods used in the CARRS Trial have been published separately.(30)

(clinicaltrials.gov registration: NCT01212328).

Institutional ethics committees at each participating site and the coordinating centers (Public 

Health Foundation of India, New Delhi, India and Emory University, Atlanta, USA) 

approved the study and all eligible patients gave written informed consent prior to 

enrollment. Participants were enrolled from January 2011 to June 2012 and final follow-up 

visits were in July 2014.
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Setting and Participants

CARRS Trial sites were selected to include a diverse mix of publicly-funded, semi-private, 
and private outpatient clinics in India and Pakistan (please see Acknowledgements).

Men and women aged ≥35 years with type 2 diabetes and poor cardio-metabolic profiles 

(glycated hemoglobin [HbA1c]≥8% and either: systolic BP≥140mmHg and/or low-density 

lipoprotein cholesterol [LDLc]≥130mg/dl) who had attended the recruiting clinic for ≥3 

months were eligible. We excluded individuals with type 1 diabetes, rare forms of diabetes, 

or those experiencing a documented myocardial infarction, unstable angina, or stroke in past 

12 months.

Site investigators identified potentially eligible patients based on elevated HbA1c values and 

referred these patients to a screening officer (usually a clinic physician) for further baseline 

eligibility assessments. Subsequent annual assessments were conducted by a site physician. 

Since this was a pragmatic trial, site physicians were not purposefully blinded to the 

patient’s intervention status and treated participants in both arms.

Randomization and Interventions

Following baseline assessment, study staff at each clinic accessed each eligible participant’s 

randomization allocation –either receiving the intervention (CC+DS-EHR) or usual care– 

from a password-protected web-based data management system (Interactive Web Response 

System [IWRS]). IWRS randomized participants in blocks of four and allocation was 

stratified by site.

The choice of QI components for the intervention was based on extensive literature searches, 

conversations among the investigators who designed the study, and conversations with clinic 

site investigators regarding feasibility and acceptability. To our knowledge, none of the 

components of or the package of QI strategies that we employed have been tested in South 

Asia.

The intervention, as a whole, focused on improving patient self-care and facilitating better 

monitoring and treatment intensification by providers. Usual care participants continued to 

be treated at the discretion of their clinic physicians.

Intervention participants were supported by non-physician CCs, in addition to their usual 

physicians. CCs individualized patient follow-up based on patients’ risk level and adherence. 

At a minimum, per the study protocol, the CC was responsible for following up with 

intervention patients at least every three months for setting up laboratory or clinic 

appointments and contacted patients telephonically at least once a month to discuss diabetes 

self-management, adherence to diet plans, exercise, tobacco cessation, medication use, self-

monitoring of glucose (if taking insulin), and stress management.

Treatments were aligned with evidence-based guidelines through individualized computer-

generated clinical prompts –the DS-EHR integrated patients’ consultation and laboratory 

data and used adapted algorithms based on prevailing clinical guidelines (31) with a 

preference towards low-cost generic medications. CCs had a distinct access level in the DS-
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EHR and would record their interactions with patients. To encourage responsive and 

appropriate treatment intensification by physicians, CCs were responsible for entering 

updated patient indicators into the DS-EHR; CCs would then print management prompts 

generated by the DS-EHR and would review these with the treating physician imminently, 

instead of waiting for a subsequent patient visit. Physicians could, at their discretion, accept 

or reject care prompts and modify management plans based on clinical judgment, so long as 

justification was documented in the DS-EHR.

With scalability in low-resource settings in mind, selection criteria for CCs included: non-

physicians with training in allied health fields (e.g., dietetics, social work); ≥six months 

healthcare experience; and good organizational and basic computing skills. CCs received 

intensive training (2.5 days prior to enrollment) with half-day refresher sessions at annual 

study meetings related to diabetes, barriers to treatment, supporting treatment changes, and 

motivational interviewing. CCs also had two teleconference sessions with an experienced 

endocrinologist to discuss common barriers and strategies to overcome them.

Outcomes and Follow-up

The primary outcome was the proportion from each group achieving multiple care targets: 

HbA1c<7% AND either BP<130/80mmHg or LDLc<100mg/dl (≤70 mg/dl if prior history 

of cardiovascular disease [CVD]) or both. We also examined between-group differences in 

secondary outcomes: achieving individual risk factor targets, mean risk factor changes, and 

patient reported outcomes (PRO) (e.g., health-related quality of life [HRQL] and treatment 

satisfaction scores). Other secondary outcomes assessed included: processes of care, 

medication use, self-care activities, acceptability of the intervention from provider and 

patient perspectives, and cost-effectiveness, all of which will be reported in future.

Participants in both arms attended baseline (prior to randomization), annual, and end of 

study (EOS) data collection visits. The EOS visit occurred between 24 months and 36 

months postrandomization. As this was a pragmatic trial focused on generalizability, data 

collection visits were paid for by the study, but costs of interim follow-up visits, testing, 

medications, or procedures advised by physicians for either group were borne by patients 

themselves or their clinics in the case of publicly-funded settings.

Annual data collection visits included HbA1c, BP, and LDLc measurements. Blood pressure 

was collected using electronic devices (Omron T9P) and paper printouts were logged. Blood 

samples were analyzed by local laboratories which were enrolled in an external quality 

assurance scheme. Participants reported self-care activities (diet and exercise) and adherence 

to medications as the number of days diet/exercise plan was followed or medication was 

taken in the week prior to the visit (value between 0–7 days), respectively. The research 

team also asked participants to rate their HRQL (using the EQ-5D Visual Analogue Scale; 

score range: 0–100) and treatment satisfaction (using the Diabetes Treatment Satisfaction 

Questionnaire; score range: 0–32). Participants were asked open-ended questions about 

macro- and microvascular diabetes complications and any adverse (e.g., hypoglycemia) or 

serious adverse (e.g., myocardial infarction) events or hospitalizations. The severity (mild, 

moderate and severe) of all reported adverse events were assessed using the Hartwig and 

Seigel scale.(32) In addition, site investigators assessed the likelihood of whether serious 
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adverse events were causally related to the study intervention using the Uppsala monitoring 

center guidelines.(33) Full study measures and definitions were published in greater detail 

elsewhere.(30)

Statistical Analysis

A priori sample size calculations demonstrated that 1,120 participants (560 intervention, 560 

usual care) offered over 85% power (α=0.05) to detect a 40% relative difference (28% vs. 

20% in absolute terms) in achieving the primary outcome, accounting for an expected 20% 

loss to follow-up.

All analyses were based on intention-to-treat (ITT) principles. Two-sided P<0.05 was used 

to indicate statistical significance. We used STATA version 14.0 (College Station, Texas 

USA) for all analyses.

We described participant characteristics in the intervention and usual care groups at baseline, 

and compared them using Student’s t-tests or Wilcoxon-rank sum tests (for normally 

distributed and skewed continuous variables, respectively) and chi-square or Fishers’ exact 

tests (for categorical variables with adequate and sparse cell counts, respectively). For the 

primary analysis, to determine the relative risks (RR) of achieving multiple risk factor 

control using all longitudinal timepoints available, we estimated log-binomial models with a 

generalized estimating equation (GEE) approach to account for correlation of observations 

within participants over time. Mean differences in continuously specified HbA1c, SBP, DBP, 

LDL-c were determined using linear regression with a GEE approach. Both sets of models 

adjusted for baseline values, treatment group, time, treatment*time interaction, and site.

We examined for heterogeneity of effect across sites and by age (35–49, 50–64, ≥65 years), 

sex, education (≤primary, secondary, ≥college-educated), income (<US$200, US$200–399, 

≥US$400 per month), public or private clinic, body mass index (BMI: <25, 25–29.9, 

≥30kg/m2), duration of diabetes (<7 years, ≥7 years based on median duration of follow-up), 

prior history of CVD, prior history of microvascular complications, insulin use, baseline 

HbA1c (≥9.0 vs. <9.0%), baseline systolic BP (≥140 vs. <140mmHg), and baseline LDLc 

(≥130 vs. <130mg/dl). For each of the aforementioned subgroups, we repeated the primary 

analysis with the addition of the subgroup variable along with its interaction with treatment. 

Heterogeneity was assessed based on the significance of the interaction term.

We estimated within-group baseline-to-EOS changes in HbA1c, BP, LDLc, BMI, weight, 

waist circumference (WC), creatinine, albumin to creatinine ratio, HRQL, and treatment 

satisfaction scores using paired t-tests/Wilcoxon sign rank tests. We estimated mean 

differences by treatment group in baseline-to-EOS changes using analysis of covariance 

adjusting for baseline values.

We assessed the mechanism of missingness by using Little’s test.(34) We also conducted 

additional analyses to examine sensitivity of our primary results to missing outcome data by 

applying two methods, inverse probability weighting (IPW)(35) and multiple imputation 

using chained equations.(36) The IPW approach weighted the analysis by the inverse of the 

predicted probability of being observed at any given visit. The predicted probability of being 
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observed was computed based on a logistic model with treatment group, site, and all 

baseline risk factors as predictors. For multiple imputation, we used a fully conditional 

specification method to impute missing outcome data. We used a linear regression model 

that contained the variables: treatment group, age, sex, education, site, and baseline values 

(height, weight, waist circumference, plasma glucose, HbA1c, SBP, DBP, triglycerides, 

LDL-c, and HDL-c). We also assessed convergence by plotting means and standard 

deviation by iteration and imputation. We conducted 10 imputations and analysed the results 

following convention.(37)

Role of the Funding Source

This study was funded by the National Heart Lung Blood Institute, National Institutes of 

Health, USA; and UnitedHealth Group, USA. The funding agencies were not involved in the 

study design, data collection, interpretation, or writing of the report.

RESULTS

Of 1,486 participants screened, 1,146 (575 intervention and 571 usual care) were eligible 

and randomized. Median follow-up (and range) was 28 (22 to 36) months and 1,027 

participants completed EOS visits (89.6% retention: 516 intervention, 511 usual care). Of 

those, 467 intervention and 463 usual care participants attended the clinic for full 

questionnaire, clinical, and biochemical assessments while 49 and 48 participants, 

respectively, completed the EOS visit at home or by phone (Figure 1).

At enrollment, participant characteristics between study groups were similar (Table 1), 

except a higher proportion of intervention group participants were insulin users (46.3 vs. 

39.8%; p=0.026). Participants’ mean age was 54.2+/−9.2 years, 45.9% were male, 70.1% 

had completed some high school education, and 33.6% were considered high-income 

(monthly income >US$400). Participants’ baseline HbA1c, BP, and LDLc were: 9.9%, 

143.3/81.7mmHg, and 122.4mg/dl, respectively. Most participants (70.9%) had 

HbA1c≥8.0% and SBP≥140mmHg; 47.1% had HbA1c≥8.0% and LDLc≥130mg/dl; and 

18.1% patients had HbA1c≥8.0%, SBP≥140mmHg, and LDLc≥130mg/dl. Mean BMI was 

27.5kg/m2, mean waist circumference was 96.1cm, and 2.8% were current smokers. Median 

duration of diabetes was 7.0 years, 6.8% had pre-existing CVD, and 39.4% had previous 

microvascular complications.

Six CCs had undergraduate degrees in life sciences, two were dieticians, one was trained in 

computer applications, and one was a nurse. Across sites, CCs managed between 50 and 80 

intervention arm patients each. The CCs’ primary responsibilities were to motivate diabetes 

selfmanagement among patients, facilitate follow-up and preventive screening visits, and 

with the assistance of the DS-EHR, they encouraged proactive follow-up and treatment 

modification(s) by physicians. CCs individualized their follow-up frequency and interactions 

with patients based on risk level and motivation. There was also variation in how intensively 

sites implemented the intervention. A detailed process evaluation across and within sites was 

outside the scope of this analysis.
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During the study, more than twice as many intervention as usual care participants achieved 

the primary outcome (18.2% vs 8.1%; RR=2.24 [95%CI: 1.71, 2.92])(Figure 2). Higher 

proportions of intervention participants achieved HbA1c<7.0% (21.5% vs. 11.1%; RR=1.93 

[95%CI: 1.52, 2.45]), SBP<130mmHg (51.0% vs. 45.0%; RR=1.14 [95%CI: 1.04, 1.26]), 

and LDLc targets (<100 and <70mg/dl for those without and with previous CVD)(56.4% vs. 

47.1%; RR=1.23 [95%CI: 1.13, 1.34]). Of the participants with a prior history of CVD 

(6.5%), there was no significant between-group difference in participants achieving 

LDLc<70 mg/dl.

Compared to usual care, intervention participants achieved greater reductions for cardio-

metabolic parameters over the study (Online Figure A): 0.50% point lower HbA1c (95%CI: 

−0.69, −0.32), 4.04mmHg lower SBP (95%CI: −5.85, −2.22), 2.03mmHg lower DBP 

(95%CI: −3.00, −1.05), and 7.86mg/dl lower LDLc (95%CI: −10.90, −4.81). Intervention 

participants also reported greater baseline-to-EOS improvements in HRQL, treatment 

satisfaction scores and medications use, but not in weight, BMI, or WC, and albumin to 

creatinine ratio (Online Table A).

In sensitivity analyses to address missing data (Online Table B), we noted no relative or 

absolute differences in the between-group likelihood of achieving the primary outcome. 

Achievement of the primary outcome was not statistically significantly different across sites 

(Online Table C) nor by age, sex, baseline metabolic profile, duration of diabetes, insulin 

use, or between public and private clinic settings (Figure 3). However, compared to those 

with up to primary schooling and lowest-income earners, college-educated or high-income 

participants were 2–3 times more likely to achieve the primary outcome (P=0.006 and 

P=0.007), respectively.

There was no statistically significant between-group difference in occurrence of serious 

adverse events: hypoglycemic episodes requiring hospitalizations (4 vs. 1; p=0.205), new 

microvascular complications (163 vs. 190; p=0.080), or new macrovascular events (33 vs. 

35; p=0.770), though intervention participants reported more mild hypoglycemic episodes 

(133 vs. 21; p<0.001) (Online Table D).

DISCUSSION

In this multi-center trial among patients with diabetes and poor cardio-metabolic profiles in 

India and Pakistan, a multi-component QI was associated with twice the probability of 

achieving combined diabetes care goals and larger baseline-to-EOS reductions for each risk 

factor compared to usual care. Similar effects were observed in public or private clinics, and 

the intervention was not associated with excess serious adverse events. This study adds to 

the literature in that the intervention purposefully addressed multiple interacting barriers to 

care and was implemented in diverse and resource-challenged healthcare settings. More 

importantly, the diabetes QI intervention was associated with sustained health benefits 

among patients at 2.5 years post-randomization. Furthermore, unlike trials where sponsors 

provide medications, visit costs, and self-care accessories, CARRS participants –except for 

annual study visits– were responsible for all of their treatment and follow-up costs and did 

not receive any additional incentives for their participation, increasing the generalizability of 
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our findings. Given recent population-level improvements in cardio-metabolic profiles of 

people with diabetes and lower incidence rates of complications in the US (25, 26) that were 

likely related to QI initiatives, these data suggest that such positive trends may be replicable 

in LMICs. If scaled, this may have implications for population health and healthcare costs in 

these countries.

Few trials have evaluated comprehensive cardio-metabolic improvements in patients with 

diabetes.(15, 38, 39) The Steno-2 Study –based in Denmark, with universal healthcare 

access–enrolled 160 patients with diabetes aged 55 years with pre-existing 

microalbuminuria, 25% of whom also had pre-existing CVD. Over 8 years, the intervention 

arm achieved greater reductions in HbA1c (−0.7%), BP (−10/5mmHg), LDLc (−34mg/dl), 

leading to remarkable 50–70% reductions in micro- and macro-vascular disease and 

mortality.(15, 16) Compared to Steno-2 (baseline HbA1c~8.6%, BP~148/86mmHg, 

LDLc~135mg/dl), CARRS Trial participants in both arms experienced large within-group 

pre-post changes in HbA1c (−1.6 vs. −1.2% points), BP (−18.3 / −7.9 vs. −12.9 / −4.9 

mmHg), and LDLc (−28.5 vs. −21.3 mg/dl) (Online Table A). The sizeable spillover effects 

in usual care participants reflect the real-life nature of QI and practice change where the 

same physicians treated patients in both study groups; our reported between-group effect 

size was, therefore, quite conservative.

The Anglo-Danish-Dutch Study of Intensive Treatment In People with Screen Detected 

Diabetes in Primary Care (ADDITION) offers additional context for our findings. In the 

study, clinics were randomized to a provider-focused intervention (educating and auditing 

clinic staff to better manage glycemia, BP, and lipids) or control.(40) Among 3,057 

individuals aged 60 years, 9% of whom had previous CVD, and a lower-risk baseline profile 

(HbA1c~7.0%, BP~149/86mmHg, LDLc~135mg/dl), both arms achieved within-group 

improvements, with slightly larger reductions in intervention participants for mean HbA1c 

(−0.08%), BP (−2.9/1.4mmHg), and LDLc (−7.7mg/dl). These between-group differences 

were associated with more modest (5–17%) and statistically non-significant reductions in 

cardiovascular and microvascular outcomes over 5 years.(38, 41)

Our between-group findings fall between the Steno-2 and ADDITION findings. After 2.5 

years of follow up, it is yet to be seen whether and by how much the CARRS patient and 

provider-focused intervention and related metabolic improvements will translate into micro- 

or macrovascular health benefits. This would be an informative contribution. The higher 

incidence of mild hypoglycemic episodes observed in CARRS participants to date are 

reflective of target-driven management; this undesirable effect may be mitigated through 

shared decision-making between patients and providers, an aspect that is increasingly 

integrated into QI strategies.

Our findings also offer optimism for sustained effectiveness. In a meta-analysis of 48 cluster 

and 94 individual randomized controlled trials testing diabetes QI interventions, the longest 

follow-up period was just 12 months and the largest individual-focused trial included just 

206 participants.(27) The aggregate cardio-metabolic improvements reported in this meta-

analysis of studies largely from high-income settings (between-group differences of −0.37% 
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[HbA1c], −3.1/1.6 mmHg [BP], −3.9mg/dl [LDLc]), were smaller than our larger low-

resource country sample at 2.5 years follow-up.(27)

In terms of acceptability, it was encouraging that intervention participants demonstrated 

improvements in HRQL and treatment satisfaction scores, suggesting that they did not mind 

the intervention’s intensity and extra follow-up. Indeed, since both intervention and usual 

care groups experienced 4–6 point and 0.5–2.0 increases in overall well-being and treatment 

satisfaction, respectively, it appears that the patients may have appreciated the extra attention 

provided by the study. It is hard to judge the clinical significance of these increases in PRO 

scores as they were not anchored to clinical outcomes or stratified by achievement of care 

goals,(42) but further investigation may provide more insights. Lastly, the PRO scores 

reported are “global” average scores by arm and may overshadow or hide specific domain 

changes –be they physical, mental, or emotional– that were more prominent.

Several limitations should also be acknowledged. First, we were unable to examine the 

relative effectiveness of individual intervention components. However, the individual 

components included in our QI intervention are already proven and appear to yield modest 

benefits on their own.(23, 24, 27) Second, although the intervention had a decisive effect in 

doubling achievement of the primary outcome, in absolute terms, this only amounted to 20% 

and 50% of intervention participants achieving combined and individual care goals, 

respectively. Though much improvement is possible, achieving generic dichotomous targets 

(e.g., HbA1c<7.0%) are increasingly less relevant in contemporary practice;(43) instead, 

there is strong emphasis on individualized, patient-centered goals.(44, 45) Third, our 

findings were confined to specialist diabetes clinics in urban South Asia, and it remains to be 

seen whether similar effects would be observed in primary care or rural settings. Lastly, 

while contamination or spillover may have limited the observed between-group differences, 

this pragmatic trial aimed to replicate real-life settings. Thus, our effect size estimates are 

conservative and these findings should be considered a proof of concept for other low-

resource settings.

Diabetes prevalence and related morbidity and mortality have progressively escalated 

globally in the past three decades,(47) and more so in LMICs. Our findings offer an 

encouraging demonstration of implementing comprehensive diabetes management in LMIC 

settings. Broader implementation of QI strategies, as were used in CARRS, offer the 

potential for achieving diabetes care goals and preserving quality of life for many millions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Registration, randomization and follow-up of study participants (CONSORT diagram)

Abbreviations: HbA1c (glycated haemoglobin), BP (Blood pressure), LDLc (low density 

lipoprotein cholesterol)
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Figure 2: 
Multiple and single risk factor control by Treatment group during study follow-up

Figure 2.A Proportion change in primary study outcome (multiple risk factor control)

Figure 2.B-2.D: Proportion change in secondary outcomes (single risk factor control: 

HbA1c<7.0%, BP<130/80 mmHg, LDLc<100 mg/dl, respectively) by treatment group 

during follow-up.

Overall relative risk was obtained via log binomial models using generalised estimating 

equations. Estimates combine all non-missing values collected at baseline, months 12, 24, 
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and end-of-study. Model terms included treatment, time, treatment*time interaction, baseline 

value, and site.

95% CΙ: indicates 95% confidence interval

Difference (p value): the difference (p value) between Intervention and Usual care at each 

time point

Study time points: baseline, 12m (12 month), 24m (24 month), EOS (End of Study)

Abbreviations: HbA1c (glycated haemoglobin), BP (blood pressure), LDL-c (low density 

lipoprotein cholesterol)
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Figure 3: 
Primary outcome of achieving multiple risk factor targets by subgroups

Abbreviations: HbA1c (glycated hemoglobin), SBP (Systolic blood pressure), LDL (low 

density lipoprotein cholesterol), H/O (history of), CVD (cardiovascular disease), 

Microvascular complications (retinopathy, neuropathy and renal failure), BMI (body mass 

index), Rs (Indian rupees), US$ (United States dollar), CI (confidence intervals)

The primary outcome of multiple risk factor control is shown by prespecified baseline 

subgroups. Error bars indicate 95%CIs; P values are for the test of homogeneity for each 

subgroup.
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Table 1:

Baseline characteristics by treatment group

Baseline characteristic Intervention Usual care

N 575 571

Age (years), mean (SD) 54.2 (9.2) 54.2 (9.2)

Male, (%) 44.9 47.1

Education, (%)

 Up to primary school 29.4 29.4

 Secondary school 44.9 42.2

 College graduate & above 25.0 27.9

 Unknown 0.7 0.5

Income (Rs.), (%)

 <10,000 (US$ 200) 35.5 39.9

 10,000–20,000 17.6 18.4

 >20,000 (US$ 400) 35.3 31.9

 Unknown 11.7 9.8

Duration of diabetes, median (IQR) 7(3–13) 7 (3–12)

Current smoker, (%) 2.4 3.5

Co-morbidities, (%)

 Previous CVD 7.0 6.7

  Myocardial infarction 3.1 3

  Coronary heart disease 6.9 6.7

  Stroke 2.3 1.8

 Previous PVD 6.1 5.4

 Microvascular complications 39.0 39.8

  Retinopathy 8.5 8.9

  Neuropathy 33.9 33.4

  Nephropathy 9.0 10.5

 Depression 2.1 2.3

Examinations, mean (SD)

 Waist circumference (cm) 96.1 (11.8) 96.1 (10.9)

 Weight (kg) 69.4 (12.6) 68.9 (13.3)

 BMI (kg/m2) 27.5 (4.6) 27.4 (5.4)

 Heart rate (bpm) 84.4 (11.9) 83.4 (13.0)

Metabolic parameters, mean (SD)

 HbA1c (%) 9.9 (1.5) 9.9 (1.7)

 Fasting blood glucose (mg/dl) 178.9 (61.8) 176.4 (66.3)

 LDLc (mg/dl) 121.5 (36.1) 123.2 (37.7)

 HDLc (mg/dl) 44.1 (8.7) 43.9 (9.1)

 Triglycerides (mg/dl), median (IQR) 138.0 (107–187) 142.0 (104–198)

 Total cholesterol (mg/dl) 194.7 (45.3) 195.7 (44.3)
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Baseline characteristic Intervention Usual care

 Systolic blood pressure (mmHg) 144.2 (18.8) 142.4 (20.0)

 Diastolic blood pressure (mmHg) 82.3 (11.0) 81.0 (10.8)

 Creatinine (mg/dl) 0.94 (0.4) 1.01 (0.9)

 Urine albumin-to-creatinine ratio,median, IQR (mg/g) 7.6 (0.16–58) 8.1 (0.12–63)

Medications use, %

 OHAs 95.0 94.1

 Insulin 46.3 39.8

 OHAs & insulin 28.4 25.4

 BP-lowering drugs 64.2 60.4

 Lipid-lowering drugs 59.1 59.0

EQ5D VAS score, mean (SD) 69.8 (20.1) 70.2 (19.3)

DTSQ score, mean (SD) 28.4 (6.4) 28.1 (6.7)

*
All data values expressed as mean (SD) unless otherwise indicated

**
Footnote: All baseline characteristics were similar between treatment groups except insulin use.

Abbreviations: BP (blood pressure), CHD (Coronary Heart Disease), CVD (Cardiovascular Disease), PVD (Peripheral Vascular Disease), DTSQ 
(Diabetes Treatment Satisfaction Questionnaire), EQ5D VAS (European Quality of life – 5 dimensions Visual Analogue Scale), BMI (body mass 
index), HbA1c (glycated haemoglobin), LDLc (low-density lipoprotein cholesterol), HDLc (high-density lipoprotein cholesterol), IQR (inter 
quartile range), Rs (Indian Rupees), US$ (United States dollar), OHA (oral hypoglycaemic agent), bpm (beats per minute), cm (centimetres), SD 

(standard deviation), kg/m2 (kilogram per metre square), mg/dl (milligrams per decilitre), mg/g (milligram per gram), mmHg (millimetre of 
mercury)

Definitions: 1. Current smoker refers to cigarette, beedi and cigar smoking (self-reported – participants were asked about current regular use of 
cigarette/beedi/cigar); 2. Co-morbidities: self-reported by patients and confirmed by a physician; 2.a. Previous CVD includes acute coronary 
syndrome (myocardial infarction or unstable angina), angioplasty (Percutaneous coronary intervention) or Open heart surgery (coronary artery by-
pass graft surgery), chronic stable angina, stroke (ischemic or hemorrhagic) or Transient Ischemic Attack, arrhythmia requiring medical 
intervention, heart failure. 2.b. Previous PVD includes intermittent claudication or rest pain in legs, 2.c. Neuropathy includes loss of sensation in 
hands/feet or sexual (erectile dysfunction), 3. Urine albumin-to-creatinine ratio: The ratio is based on measurement of albumin in milligrams and 
creatinine in grams.
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