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Background: Despite being the first Indian state with a dedicated Non-Communicable

Disease (NCD) program, glycemic control among a large proportion of patients is low in

Kerala. This study tries to find evidence for a standardized non-pharmacological strategy

delivered through Junior Public Health Nurses (JPHNs) in achieving and maintaining

glycemic control among diabetic patients registered with NCD clinics of primary health

care settings.

Design: A cluster randomized controlled trial was conducted among adult patients

with Diabetes Mellitus attending NCD clinics of primary care settings of South Kerala,

India. JPHNs of the intervention group received additional module-based training while

standard management continued in the control group. Sequence generation was done

by random permuted blocks method and a cluster of 12 patients was selected from each

of the 11 settings by computer-generated random numbers. Patients were followed up

for 6 months with monthly monitoring of Fasting Blood Sugar (FBS), Post-Prandial Blood

Sugar (PPBS), blood pressure, Body Mass Index (BMI), and health-related behaviors.

Knowledge and skills/practice of JPHNs were also evaluated. Analysis of Covariance

was done to study the final outcome adjusting for the baseline values and a model for

glycemic control was predicted using multilevel modeling.

Results: We analyzed 72 participants in the intervention group and 60 participants

in the control group according to the intention-to-treat principle. The intervention was

associated with a significant reduction in FBS (p< 0.001) and PPBS (p< 0.001) adjusting

for the baseline values. The achievement of glycemic control was 1.5 (95% CI: 1.05–2.3)

times better with intervention and they showed a better trend of maintenance of glycemic

control (FBS, p = 0.003 and PPBS, p = 0.039). Adjusting for clustering and the baseline

values, the intervention showed a significant effect on FBS (B = −3.1, SE = 0.57; p <

0.001) and PPBS (B = −0.81, SE = 0.3; p < 0.001) with time. Drug adherence score (p

< 0.001), hours of physical activity (p < 0.001), BMI (p = 0.002), fruit intake (p = 0.004),
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and green leafy vegetable intake (p= 0.01) were the major predictors of FBS control. The

practice/skills score of the JPHNs significantly improved with intervention (p < 0.001)

adjusting for baseline values.

Conclusion: A well-designed health worker intervention package incorporated into

the existing health system can translate into attitude change and skill development in

the health workers which can reflect in the improvement of glycemic control among

the patients.

Trial registration: [URL: http://www.ctri.nic.in], identifier [CTRI/2017/11/010622].

Keywords: diabetes mellitus, primary care, non-pharmacological intervention, cluster randomized controlled trial,

public health workers

INTRODUCTION

Diabetes is a huge threat to the public health systems, at
the global, national, and family levels, in terms of morbidity,
mortality, and the economic burden it imposes directly and
indirectly. Kerala is the state with the highest burden of diabetes
in India and is the first state with a State-funded dedicated
Non-Communicable Disease (NCD) Control Programme, of
which control of Diabetes mellitus is a major component (1, 2).
Non-communicable Disease (NCD) clinics are conducted every
week at the health sub-centers (most peripheral and the first
contact point between the primary health care system and the
community) as a part of the NCD control program of the
Government aiming at early detection, delivery of adequate
health education to the patients and improving access for
NCD care and drugs. However, the glycemic control among
a large proportion of diabetic patients is reported to be
low even among the patients who receive treatment (3–5).
Understanding that primary care optimization is an effective
tool toward the achievement of health system objectives (6),
researches to develop contextually appropriate and resource-
sensitive approaches at the primary care level become important

to ensure glycemic control among patients with diabetes.
The role of non-pharmacological interventions alone

and along with medications in glycemic control is well-
documented elsewhere (7–10). However, there is a scarcity

of evidence on the effectiveness of non-pharmacological

interventions through field-level health workers, who represent
an important link between patients and the health system

(11). This study tries to find evidence for a standardized non-

pharmacological strategy delivered through field-level health

workers in improving glycemic control among known diabetic
patients. The trial primarily aims to study the effectiveness
of a non-pharmacological intervention delivered through
Junior Public Health Nurses (JPHNs) in achieving a reduction
of fasting blood glucose among diabetic patients registered
with NCD clinics of primary health care settings of Southern
Kerala. Secondly, changes in post-prandial blood glucose
and maintenance of glycemic control were studied along
with other clinical parameters like blood pressure and body
mass index, and health-related behaviors. The effectiveness
of standardized module-based training in improving the

knowledge and skills of Junior Public Health Nurses was
also studied.

METHODS

The study details and results are reported in accordance
with the CONSORT statement for randomized trials of Non-
Pharmacologic Treatments (NPTs) (12).

Study Oversight
A cluster randomized control trial was conducted in the 11
health sub-centers functioning under the urban and rural health
training centers of a tertiary teaching institute in south Kerala.
The trial was approved by the Human ethics committee of the
institute (IEC No. 12/01/2017/MCT) and was registered with
the Clinical Trial Registry of India (CTRI), registration number-
CTRI/2017/11/010622. The baseline data collection was done in
July and August 2018 and participants were followed up for a
period of 6 months.

Health sub-centers (HSC) are the most peripheral units of
the health system in India and they carry out public health
activities in a defined population. Each HSC in the study setting
caters to a population of 7,000–11,000. The field-level health
workers known as Junior Public Health Nurses (JPHNs) and
Junior Health Inspectors (JHI) in Kerala are the key personnel
in every HSC and are recruited through Kerala Public Service
Commission. They provide comprehensive primary care services
varying from promotive, preventive, curative, rehabilitative, and
palliative services. The JPHNs have an educational qualification
of a higher secondary degree along with an Auxillary Nurse
Midwife (ANM) certificate. They discharge activities related to
Maternal and Child health, communicable disease surveillance,
and conduct weekly Non-Communicable Disease (NCD) clinics
in the HSC. Around 50–70 patients attend the sub-center NCD
clinics monthly.

Participant Eligibility and Sample Size
Adult patients (above 18 years of age) with diabetes mellitus
registered at the NCD clinics were included. Patients who
were unwilling, pregnant, bedridden, suffering from malignancy,
renal/hepatic disease, had cardiac events in the past year, and
those with cognitive impairment were excluded. The sample
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size was calculated based on a study by Goldhaber et al. which
reported a decrease of 19 ± 55 mg/dl in the fasting blood sugar
value of the intervention group and an increase of 16 ± 78
mg/dl in the control group (13). The two-sided probability of
type I error was fixed at 5% and power at 80% to calculate a
minimum required sample size of 58 in each group. Since the
exact intracluster correlation (ICC) between the HSCs in FBS
values of patients was unknown and a high level of ICC was not
expected for a non-communicable disease at the HSC level, the
sample size was inflated by 10%. It was decided to enroll patients
from all 11 selected HSCs as clusters of size 12.

Randomization and Blinding
TheHSCs were randomized into intervention and control groups
by random permuted blocks method (block size four). The
sequence generation was done by a statistician (who had no
prior knowledge regarding the HSCs) and the allocation was
concealed from the researchers till the day of intervention
using an opaque sealed envelope. Since there were only 11
clusters for randomization, the 12th code was neglected. The
eligible participants were selected from each HSC by simple
random method using computer-generated random numbers.
No blinding of participants was done owing to the nature of the
study. Outcome assessors and data analysis was blinded.

Intervention and Outcome Measures
Preparation of a Module to Train the JPHNs
A module was prepared to train JPHNs with a key focus
on improving their knowledge, attitude, and skills in diabetes
management at the primary health care level with due focus
on a healthy diet, adequate exercise, compliance to treatment
and follow-up, cessation of smoking, and alcohol intake. The
module content was validated qualitatively with the help of
experts by the modified Delphi technique (14). The panel
included State Nodal Officer of NCD division (Government
of Kerala), Deputy Director of planning (Directorate of health
services), Administrative Medical Officers of the primary health
centers under the study, an epidemiologist, a diabetologist, and a
social scientist.

Content of the Training Module
The module consisted of a 1-day training to be conducted in
three sessions targeting the improvement in knowledge, attitude,
and skills in counseling patients with diabetes. The module was
prepared in the local language, Malayalam.

1. Knowledge (Duration 1.5 h)

This session consisted of a short lecture based on andragogy
principles using a PowerPoint presentation. The slides were
prepared after a comprehensive literature review and expert
advice regarding non-communicable disease burden, diabetes—
its risk factors, complications, prevention, and control. The role
of lifestyle modification in controlling diabetes was highlighted
with due focus on a healthy diet, adequate physical activity,
cessation of smoking and alcoholism, drug compliance, and
regular follow-up.

2. Attitude (Duration 2 h)

This session involved attitude building in JPHNs through
discussion of different case scenarios related to diabetes in a
primary health setting. The participants were seated in a circle
and a clinical scenario from the training module was read out by
a participant to the group. Each participant was given a chance
to discuss their views and the advice that they would offer in the
scenario. The investigator acted as a facilitator for the discussion.
Following this, the instructor discussed the best instructions and
action plan for patients in each scenario. Flexible approaches to
facilitate sustainability of behavioral changes like maintenance
of a health diary, setting up of community walking groups,
vegetable/fruit gardening at home, etc. were highlighted.

3. Practice/Skills (Duration 2.5 h)

This session involved hands-on training for the JPHNs
simulating diabetes care in a primary care setting with diabetic
patients. The participants were given two patients each and
allotted a time of 30min to gather history regarding their
illness, monitor the clinical parameters, and offer counseling on
diabetes care. The activities were monitored and scored by the
investigators. The participants were encouraged to take feedback
from the patients and identify the barriers to behavioral change.
Finally, a group discussion was conducted with the JPHNs
and the investigators to share their experiences and feedback
from the patients. The investigators discussed the possible ways
to aid effective and successful counseling through a better
understanding of barriers and flexibility of approaches.

Training JPHNs
A 6-h training was conducted for the JPHNs in the intervention
group involving discussions, role play, and hands-on sessions
based on the module. Pre and post-intervention evaluation
of JPHNs was done using a structured questionnaire for the
assessment of knowledge and a checklist for the assessment of
skills and practice.

Implementation at HSCs
Study participants were recruited to the respective study groups
after obtaining informed consent. Their demographic and
behavioral characteristics (diet, physical activity, smoking, and
alcohol intake) and baseline values of blood sugar, Body Mass
Index, and blood pressure were noted by the investigators.
Baseline compliance to treatment was measured using the
Medication Adherence Questionnaire (MAQ). A 3–5min
counseling was offered by the JPHNs of the intervention group
to every patient attending the NCD clinic during their monthly
visit (followed for 6 months) with a focus on diet modification,
exercise, improving drug compliance, regular medical check-ups,
and cessation of smoking and alcohol intake in addition to the
standard treatment. The patients in the control group received
standard management according to the Directorate of Health
Services (Government of Kerala) guidelines (15).

Monitoring and Follow up
Participants were followed up for 6 months with monthly
monitoring of FBS, PPBS, BMI, and Blood pressure by the
JPHNs, and the values were recorded in the data collection sheets
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provided. Data on drug adherence, dietary patterns, physical
activity, and habits of smoking and alcoholismwere also collected
at the end of the follow-up. All the data recorded were verified
by research assistants. At the end of the trial, all patients who
did not turn up for follow-up were contacted over the phone
by the investigators and advised to report at the HSC on the
specified date.

Outcomes and Definitions
All participant assessments took place at the HSC during the
follow-up visits. Fasting blood sugar was the primary outcome
under study. As secondary outcomes, post-prandial blood sugar,
glycemic control status, and other clinical parameters like blood
pressure, BMI, and health-related habits like drug adherence,
dietary pattern, physical activity, and habits of smoking and
alcoholism were studied. The improvement in knowledge and
skills/practice of the JPHNs and patient perception of services
delivered at the HSCs were also studied.

We defined glycemic control status as per the targets
recommended by the American Diabetes Association (ADA)
for the treatment of Diabetes (16). Controlled fasting blood
sugar was defined as FBS value between 80 and 130 mg/dl
and controlled postprandial blood sugar as PPBS < 180 mg/dl.
Achieving total glycemic control required optimum control of
FBS and PPBS. Adequacy of physical activity was defined as at
least 150min of moderate-intensity physical activity throughout
the week, or at least 75min of vigorous-intensity physical activity
throughout the week, or an equivalent combination of moderate
and vigorous-intensity physical activity as per the World Health
Organization (17). Classification of BMI was done as per WHO-
recommended cut-offs for the Asian population. A BMI of 23–
24.9 kg/m2 was considered overweight and BMI ≥ 25 kg/m2 was
considered obesity (18). Preparation of food frequency table and
quantification of food items including portion size estimation
(wherever applicable) was done based on the common food
materials consumed in India as reported by the Indian Council
of Medical Research (National Institute of Nutrition) guidelines
modified with inputs from the Kerala State Nutrition Office.
Medication adherence was assessed using Morisky, Green and
Levine Adherence Scale (also known as Medication Adherence
Questionnaire) (19).

Statistical Methods and Data Analysis
Statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp. Baseline
characteristics of the participants were summarized using mean
and standard deviation (SD) or median and interquartile range
(IQR) for continuous variables and frequency and percentage for
categorical variables. The primary analysis was planned to study
the effect of the intervention on the FBS values at the end of 6
months adjusting for the baseline values based on the intention-
to-treat principle. This was to prevent bias due to the expected
missing values considering the nature of the intervention and
data collection. Analysis of Covariance (ANCOVA) was used to
compare the final blood sugar levels adjusting for the baseline
values after assessing the assumption of linearity using residuals.
The model was also adjusted for the potentially confounding

sociodemographic and baseline values. Similarly, ANCOVA was
used to compare the PPBS, blood pressure, and BMI values at
the end of follow-up adjusting for baseline values. Glycemic
control status at the end of follow-up was compared between
the intervention and control group by chi-square test and the
trend of glycemic control across the 6 months of follow-up was
analyzed using chi-square for trend.

Multiple imputation of missing monthly glycemic values
using iterativeMarkov ChainMonte Carlo (MCMC)method was
done to create 10 imputed datasets. The imputation model was
supplemented with auxiliary variables identified in preliminary
analyses to be related to attrition and the pooled estimates were
analyzed. Repeated measure ANOVA was done to study the
change in FBS and PPBS values over the months of follow-
up (Mauchy’s test of sphericity indicated a violation of the
assumption of sphericity and therefore a Greenhouse-Geisser
correction was used).

Multilevel modeling (MLM) using the random intercepts
model was done to assess the effect of the intervention over the
study period on FBS and PPBS values adjusting for the clustering
at the HSC level with time interaction. Adjustments for the
sociodemographic and baseline variables between the two groups
were also done in the model. MLM was conducted in STATA
data analyses software, version 15.0. Study group (intervention or
control), time point (baseline and 6 months of follow-up), and a
study group-timepoint interaction were specified as fixed effects
in the model. The significance of intervention was tested using
the study group-time frame interaction. Intra-Class Correlation
(ICC) coefficient of each model and its 95% confidence interval
was calculated as the proportion of variance in the outcome that
is explained by the grouping structure of the hierarchical model
(ρ = σu0

2/σu0
2 + σe

2 , where σu0
2 is the variance of the level-2

residuals and σe
2is the variance of the level-1 residuals).

A model for individual factors in the intervention package
as predictors of glycemic control was built adjusting for
sociodemographic variables, and baseline values of drug
adherence, dietary habits, physical activity, alcoholism, and
smoking frequency using Generalized Estimating Equations
(GEE). The post-training improvement in knowledge and skills
of JPHN was assessed using ANCOVA. The threshold of
statistical significance was defined at P < 0.05 for all analyses.

Ethics
Written Informed consent was obtained from all study
participants. The information of the participants was coded to
ensure confidentiality. The trial followed good clinical practice
and did not interfere with any existing treatment. Following trial
completion and generation of evidence on the effectiveness of the
intervention, the health workers in the control group were also
given training based on the module.

RESULTS

Overview of Enrolment and Data
Completeness
We recruited 72 participants to the intervention group and
60 participants to the control group and at the end of
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FIGURE 1 | Study enrolment profile.

follow-up, all except one participant could be traced by the
investigators (Figure 1). An intention-to-treat analysis was done
including all recruited cases. Since follow-up attendance was a
variable under study, the completeness of follow-up data was
different in both groups and the investigators did not interfere
in it.

Baseline Characteristics of the Study
Participants
Around three fourth of the participants were aged above 55
years and more than 70% were females in both groups. At the
initiation of the trial, 32 (44.4%) participants in the intervention
group and 32 (53.3%) participants in the control group had
their FBS levels under control whereas the PPBS control was
seen in 26.4 and 28.3% of participants, respectively. The baseline
sociodemographic and clinical characteristics of the intervention
and control group are summarized in Table 1 and the baseline
dietary habits are given in Table 2. The baseline parameters in
the two groups appear to be potentially imbalanced for some
variables including gender, socioeconomic status, diagnosed
comorbidities, blood glucose parameters, and smoking status.

Outcomes
At the end of 6 months, mean fasting blood sugar values dropped
in both groups, the drop being higher in the intervention group.
Adjusting for the baseline FBS values, FBS at the 6th month was
123.7 ± 1.71 (95% CI: 120.3–127.1) mg/dl in the intervention
group and 135.4± 1.89 (131.6–139.1) mg/dl in the control group.
The intervention was associated with a significant reduction in
FBS at the end of 6-month follow-up after controlling for the
effect of baseline FBS, F(1,130) = 20.8, p < 0.001.

The model was further adjusted for age, gender,
socioeconomic status, diagnosed comorbidities, years since
diagnosis of diabetes, baseline FBS value, and smoking status.
The adjusted mean 6th-month FBS value was 125.1 (±15.9)
mg/dl in the intervention group and 133.6 (±23.9) mg/dl in the
control group. The FBS values were significantly lower in the
intervention group, F(1,121) =14.1, p < 0.001, and the adjusted
model showed a 10.3 (±2.6) mg/dl decline in FBS values with the
intervention compared to the control group.

Adjusting for the baseline PPBS values, PPBS at the 6th month
was 179.7 ± 3.59 (172.6–186.8) mg/dl in the intervention group
and 210.1 ± 3.97 (202.3–217.9) mg/dl in the control group.
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TABLE 1 | Baseline characteristics of the study participants.

Variables Intervention group Control group

n = 72 (%) n = 60 (%)

Age in years, mean ± SD 60.99 ± 9.6 62.77 ± 9.3

Gender Male 21 (29.2) 11 (18.3)

Female 51 (70.8) 49 (81.7)

Socio-economic status* Lower class 4 (5.6) 1 (1.7)

Upper lower 33 (45.8) 25 (41.7)

Lower middle 31 (43.1) 26 (43.3)

Upper middle 3 (4.2) 8 (13.3)

Upper class 1 (1.4) 0 (0)

Diagnosed hypertension 57 (79.2) 51 (85)

Diagnosed hyperlipidemia 19 (26.4) 20 (33.3)

Diagnosed thyroid disease 6 (8.3) 8 (13.3)

Family history of Diabetes

mellitus

46 (63.9) 41 (68.3)

Duration of Diabetes in

years, median (IQR)

6 (2.5–10) 7 (4–12)

Fasting Blood Sugar

(mg/dl), mean ± SD

141 ± 29 134 ± 33

Post prandial blood sugar

(mg/dl), mean ± SD

218 ± 55 209 ± 57

Controlled FBS 32 (44.4) 32 (53.3)

Controlled PPBS 19 (26.4) 17 (28.3)

Controlled FBS and PPBS 17 (23.6) 15 (25)

Body Mass Index (kg/m2),

mean ± SD

25.0 ± 4.1 25.5 ± 3.3

Systolic Blood Pressure

(mm Hg), mean± SD

132 ± 15 132 ± 14

Diastolic Blood Pressure

(mm Hg), mean± SD)

81 ± 7 82 ± 8

Medication adherence

score, median (IQR)

1 (1–3) 1 (1–3)

Adequate physical activity 12 (16.7) 8 (13.3)

Alcohol use 6 (8.3) 5 (8.3)

Smoking 8 (11.1) 4 (6.7)

Vegetable garden at home 7 (9.7) 8 (13.3)

Fruit garden at home 8 (11) 4 (6.7)

*Classified based on modified Kuppuswami scale.

The reduction in PPBS at the end of 6th-month follow-up was
significantly better in the intervention group after controlling
for the effect of baseline PPBS, F(1,130) = 32.15, p < 0.001. The
PPBS model adjusted for sociodemographic and other baseline
variables showed a significant decline of 27.7 (±5.6) mg/dl in the
PPBS values in the intervention group compared to the control
group, F(1,121) = 23.9, p < 0.001. The adjusted PPBS values were
182.2 (±42.2) mg/dl and 207 (±49.2) mg/dl in the intervention
and control groups, respectively.

At the end of follow-up, 51 (70.8%) participants in the
intervention group and 29 (49.2%) participants in the control
group had their FBS under control, whereas PPBS control was
present in 40 (55.6%) and 22 (37.3%) participants, respectively.
The intervention was associated with a 1.73 (1.2–1.9) times
incidence of FBS control and 1.6 (1.1–2.1) times incidence

TABLE 2 | Baseline dietary habits#.

Food item Mean ± SD

Intervention group Control group

n = 72 n = 60

Oil use (grams/day)* 21.1 ± 3.2 20.4 ± 3.9

Salt use (grams/day)* 10.9 ± 3.4 11 ± 3.1

Sugar use (grams/day)* 12.6 ± 4.5 11.9 ± 5

Coconut use (grams/day)* 86 ± 26 91 ± 30

Red meat (days/month) 0.3 ± 0.5 0.5 ± 0.7

Other meat (days/month) 1.6 ± 1 2.0 ± 1.3

Fish (days/month), median (IQR) 27 (20–30) 25 (20–30)

Egg (days/month) 4.5 ± 3.7 5.1 ± 4.1

Sweets (days/week) 0.48 ± 0.7 0.7 ± 0.8

Fried snacks (days/week) 1.2 ± 1 1.0 ± 1.0

Sugary drinks (days/week) 0.15 ± 0.3 0.3 ± 0.5

Tea/coffee (times/day) 2.2 ± 0.7 2.1 ± 0.8

Polished rice (times/day) 1.5 ± 0.5 1.6 ± 0.5

Wheat (times/day) 0.3 ± 0.5 0.3 ± 0.5

Oats/ragi (times/day) 0.2 ± 0.4 0.1 ± 0.3

Tubers (days/week) 2 ± 0.7 1.8 ± 0.9

Pickle/pappad (days/week) 1.7 ± 1.8 1.5 ± 1.6

Pulses (days/week) 2.6 ± 0.8 2.5 ± 1

Water (glasses/day) 8 ± 1.7 8.2 ± 1.5

Fruits (grams/week) 95.2 ± 70 111.7 ± 73

Green leafy vegetables (grams/week) 88.6 ± 49.3 90.3 ± 67.7

Other vegetables (grams/week) 363.9 ± 107.9 364 ± 103

#Estimated from food frequency questionnaire.

*Estimated using family intake (data on standard intake per person is not available).

of PPBS control compared to the standard management. The
achievement of a total glycemic control status (control of both
fasting and postprandial blood sugar ) was 1.5 (1.05–2.3) times
higher in participants who received the intervention.

The intervention group had a significantly better trend of
maintenance of glycemic control (Figure 2). Chi-square value for
linear trend (Extended Mantel Haenszel) was significant at P =

0.003 for FBS and p= 0.039 for PPBS.
The percentage of missing values of FBS across the 6

months of follow-up ranged between 0 and 11% in the
intervention group and 1.3 and 37% in the control group.
The percentage of missing PPBS values ranged between 0
and 7% in the intervention group and 1.1 and 32% in the
control group. Repeated measures ANOVA analysis (on the
imputed data set) showed a statistically significant effect of the
intervention on the FBS values over the months, F(3.76,457.3)
= 11.9, p < 0.001. A similar effect of the intervention on
the PPBS values over 6 months was noted F(3.77,539.4) =11.45,
p < 0.001 (Figure 3).

Cluster Adjusted Analysis
On adjusting for clustering at the HSC level with time, the
intervention was associated with a significant decline in FBS
values, with an estimated decline of 3.09 (SE = 0.57) mg/dl with
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FIGURE 2 | The trend of proportion* of participants with Fasting and Postprandial glycemic control over the follow-up period. *Percentages are calculated excluding

the missing values in both groups.

each month of follow-up, p < 0.001. A similar cluster adjustment
on PPBS values showed a 6.35 (SE = 1.04) mg/dl decline of
PPBS values with intervention-time interaction compared to the
control group, p < 0.001. The ICC calculated for FBS and PPBS
values at the HSC level was 0.058 (95% CI: 0.012–0.23) and
0.048 (95% CI: 0.008–0.23), respectively. At the patient level, ICC
was 0.601 (95% CI: 0.528–0.671) for FBS and 0.606 (95% CI:
0.53–0.671) for PPBS model.

The model was further adjusted for sociodemographic and
baseline parameters, and the intervention-time interaction was
found to reduce FBS values by 3.1 (SE = 0.57) mg/dl (p
< 0.001). In addition, with each year since the diagnosis of
diabetes, a 0.81 (SE=0.3) mg/dl increase in the FBS value was
shown by the model. A similar hierarchical model for PPBS
showed intervention being associated with 6.3 (SE= 1.03) mg/dl
reduction of PPBS with every month of follow-up, p < 0.001.

Years since diagnosis of diabetes (B = 1.5, SE = 0.59, and p
= 0.009), diagnosed hyperlipidemia (B = 14.3, SE = 7.19, and
p = 0.046) and baseline BMI (B = 2.04, SE = 0.87, and p =

0.019) values were found to be significantly associated with PPBS
values. The ICC calculated for the adjusted FBS and PPBSmodels
at the patient level were 0.54 (SE = 0.039) and 0.54 (SE =

0.037), respectively.

Improvement in Other Clinical Parameters
The intervention was associated with a significant change
in the systolic and diastolic blood pressure values at
the end of follow-up after controlling for the effect
of baseline blood pressure values, F(1,130) = 23.9, p <

0.001 and F(1,130) = 15.27, p < 0.001, respectively. No
significant difference was observed in the Body Mass Index
values (Table 3).

Frontiers in Public Health | www.frontiersin.org 7 November 2021 | Volume 9 | Article 747065

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Rahul et al. Primary Care Intervention in Diabetes

FIGURE 3 | The trend of the estimated marginal mean of FBS and PPBS

values over the follow-up period.

Change in the Health-Related Behaviors
Themean number of follow-up visits attended by the participants
was 5.8± 0.5 and 4.8± 1 in the intervention and control groups,
respectively. The difference was significant with t = 6.4, p <

0.001. While the median drug adherence score remained at 1 (1–
3) throughout the months of follow-up in the control group, the
score improved to 3 (3, 4) in the intervention group. GEE showed
a significant change with β= 0.67, Wald chi-square= 8.0, degree
of freedom= 1, p= 0.005.

After categorizing the patients into poor, moderate, and good
drug adherence based on their medication adherence scores, the
intervention group had 6 (8.3%) participants with poor drug
adherence and 33 (45.8%) participants each with moderate and
good drug adherence. In the control group, the proportion of
participants with poor, moderate, and good drug adherence were
50.8, 30.5, and 18.6%, respectively. A significant association of
intervention with drug adherence was noted, p < 0.001. On
regrouping the participants into two categories (poor adherence
and moderate-high adherence), the control group showed a 1.9
(1.5–2.4) times higher risk of poor drug adherence.

When adjusted for baseline values, the mean hours of physical
activity per week was 3.6 ± 0.07 h in the intervention group and
3.0 ± 0.08 h in the control group, F(1,130) = 9.36, p = 0.003.
WHO-recommended adequacy of physical activity was reported
only by 16 (22.2%) participants in the intervention group and 10
(16.7%) participants in the control group.

At the baseline, choosing walking as a method of traveling a
kilometer distance was preferred by 38 (52.8%) and 40 (66.7%)

participants in the intervention and control group, respectively,
and this proportions climbed to 86.1% in the intervention group
and 69.5% in the control group by the end of 6 months (p =

0.02). The number of participants with a self-reported habit of
alcoholism remained the same in the control group, whereas
three among the six alcoholics reported having stopped the
habit of alcohol intake in the intervention group. Among the
smokers, one person each from the intervention and control
group reported quitting the habit of smoking. A significant
reduction in the number of cigarettes smoked per day (p = 0.03)
and the amount of alcohol consumption per day (p= 0.002) was
noted in the intervention group adjusting for the baseline values.

Dietary habits at the end of follow-up were assessed after
adjusting for the baseline values using one-way ANCOVA.
Significant dietary changes between the intervention and control
group are shown in Table 4. By the end of follow-up, 24 (33.3%)
participants in the intervention group and 9 (15.3) participants
in the control group had a vegetable garden at home (p = 0.02).
No significant change was observed in initiating a fruit garden
at home.

Role of Individual Factors in the
Intervention Package
A General Linear model was built with GEE to study the
effect of factors in the intervention package on glycemic control
adjusting for the sociodemographic variables, and baseline values
of drug adherence, dietary habits, physical activity, alcoholism,
and smoking frequency. Themodel showed drug adherence score
(p< 0.001), physical activity in hours per week (p< 0.001), Body
Mass Index (p = 0.002), fruit intake (p = 0.004), and green leafy
vegetable intake (p= 0.01) as the major predictors of FBS control
(Table 5).

Improvement in Service Delivery at the
HSCs
Adjusting for the baseline values, the practice/skills score of the
JPHNs in the intervention group was 18.2 (95% CI: 16.9–19.4)
and in the control group was 7.6 (95% CI: 6.2–8.9), the difference
being significant at p< 0.001. No significant difference was noted
in the knowledge score. At the end of follow up 65 (90.3%)
participants in the intervention group reported the quality of
services received from their HSC to be good (an increase from
a baseline value of 37%) and the remaining reported it to be
satisfactory. In the control group, 10 (16.9%), 45 (76.3%), and
4 (6.8%) participants reported the services as good, satisfactory,
and poor, respectively. As per the participants, there was a
major difference in the counseling services received in each
group, with almost all patients in the intervention group having
received counseling on a healthy diet, drug adherence, and
regular follow-up.

DISCUSSION

The intervention was successful in reducing the Fasting and
Postprandial blood glucose of participants, improving their
glycemic control and its maintenance. Non-pharmacological
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TABLE 3 | Change in clinical parameters adjusted for baseline values.

Variables Group Mean value at the Adjusted Standard 95% Confidence Significance 2

end of 6 months (SD) Mean error interval tailed p

FBS (mg/dl) Intervention 125 ± 16 123.7 1.71 120.3 to 127.1 <0.001

Control 134 ± 24 135.4 1.89 131.6 to 139.1

PPBS (mg/dl) Intervention 182 ± 42 179.7 3.59 172.6 to 186.8 <0.001

Control 207 ± 49 210.1 3.97 202.3 to 217.9

BMI (kg/m2 ) Intervention 25 ± 4 25.15 .06 25.02 to 25.29 0.08

Control 26 ± 3 25.33 0.07 25.18 to 25.47

Systolic BP (mmHg) Intervention 125 ± 9 125.5 1.24 123.0 to 127.9 <0.001

Control 135 ± 14 134.5 1.37 131.8 to 137.2

Diastolic BP (mmHg) Intervention 80 ± 5 80.2 0.75 78.8 to 81.7 <0.001

Control 85 ± 8 84.6 0.83 83.0 to 86.2

TABLE 4 | Dietary habits at end of follow-up adjusting for the baseline values.

Variables Group Adjusted Standard 95% Confidence Significance 2

Mean error Interval tailed p

Sugar use (grams/day) Intervention 10.6 0.26 10.1 to 11.2 0.001

Control 12.0 0.29 11.4 to 12.6

Fried snacks (days/week) Intervention 0.59 0.07 0.44 to 0.73 <0.001

Control 1.3 0.08 1.14 to 1.4

Sugary drinks (days/week) Intervention 0.07 0.04 −0.004 to 0.151 <0.001

Control 0.37 0.04 0.28 to 0.45

Pickle/pappad (days/week) Intervention 1.04 0.09 0.87 to 1.21 <0.001

Control 1.8 0.09 1.6 to 1.98

Pulses (days/week) Intervention 2.7 0.06 2.64 to 2.87 0.013

Control 2.5 0.06 2.40 to 2.66

Fruits (grams/week) Intervention 120.6 4.6 111.4 to 129.8 0.022

Control 104.5 5.1 94.4 to 114.7

Green leafy vegetables (grams/week) Intervention 115.6 4.25 107.2 to 124.0 <0.001

Control 85.0 4.7 755.7 to 94.3

Other vegetables (grams/week) Intervention 405.2 6.0 393.4 to 417.0 0.033

Control 386 6.6 372.9 to 399.0

interventions have been shown to improve knowledge, health
behavior, and glycemic control among diabetics and prediabetics
across the globe (13, 20–26). However, there are pragmatic
primary care trials that failed to show significant results (27–
29). Most studies emphasize the role of nutrition, exercise,
and the importance of diabetes self-care including medication
adherence and routine follow-up. Evidence of a community-
based participatory learning approach in diabetes prevention and
management with the help of Community Health Workers was
documented in the Indian population as early as 2012 (30). Even
after the demonstration of many successful models worldwide,
the NCD control statistics fall far below the desired level (31).
The complexity including resource intensity and individualized
approaches are hindrances behind the implementation. Further,
most of the studies were done in academic centers and their
emulation at a community level is grueling. Our study is the
first randomized controlled trial from India to demonstrate

the effectiveness of a community health worker/ multipurpose
health worker-led intervention integrated into the health system
for diabetes management at the primary care level. Such
an intervention can be pivotal as a sustainable tool at the
community level.

In this study, the mean fasting blood sugar values showed
a reduction of 16 mg/dl in the intervention group whereas
no notable difference was observed in the control group.
A Community Health Worker based integrated approach to
cardiovascular risk reduction from India reported 43.0 ±

83.5 mg/dl FBS reduction in the intervention group and 16.3
± 77.2 mg/dl reduction in the control group with 2 years
of follow up (32). A recent systematic review and meta-
analysis on community-based programs for diabetes prevention
reported a significant reduction in FBS values along with BMI
and waist circumference, however, a significant difference was
not demonstrated in 2-h PPBS values and blood pressure
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TABLE 5 | Factors associated with glycemic control.

Variables FBS control PPBS control

B Wald chi-square* P-value B Wald chi-square* P-value

Drug adherence score 0.4 26.5 <0.001 0.59 27.9 <0.001

Physical activity (hours per week) 0.06 13.9 <0.001 0.21 4.6 0.03

Body Mass Index (kg/m2) 0.1 9.7 0.002 0.14 8.5 0.005

Fruit intake (in grams per week) 0.01 8.5 0.004 0.01 0.11 0.7

Green leafy vegetable intake (in

grams per week)

0.01 6.3 0.01 0.01 4.7 0.03

*Degree of freedom = 1.

The corrected Quasi Likelihood under the independence Model Criterion (QICC) was 633 and 263 for the FBS and PPBS model, respectively.

(33). The Kerala Diabetes Prevention Programme using a
community-based peer support lifestyle intervention showed
a non-significant reduction in the incidence of diabetes with
significant improvement in some cardiovascular factors (34).
Besides glycemic control, the present intervention could bring
a significant reduction in blood pressure values of participants
but not in the BMI. A significant reduction in BMI may
require a more intensive intervention strategy or a longer
duration of follow-up (35). An intervention study through
Community Health Workers among hypertensive patients
in a rural community in Kerala demonstrated significant
improvement (36).

The study population represented NCD primary care
utilization in LMICs with the predominance of elderly, females,
and lower-middle-class population. Gender differences in the
utilization of primary health services were reported by many
studies across the globe (13, 37, 38). The poor baseline diabetes
control status in both groups is comparable to the findings
reported from the country in nationwide surveys including the
ICMR-INDIAB study and the TIGHT study (3, 39). Chronic
diseases like diabetes require good patient motivation for long-
term therapy adherence, and suboptimal therapy can hinder
the control and engender complications. Moreover, Diabetes is
difficult to monitor and control compared with hypertension and
requires more active self-management by the patients (26). The
baseline adherence rates observed in this study is comparable to
the WHO estimates of <50% adherence to long-term therapy in
LMICs (40).

Though changes in health-related behaviors of the patient and
physician behaviors were found to be possible mechanisms of
improved glycemic control in many studies, the role of improved
medication adherence was hypothesized to be the major
contributor (25, 41, 42). In our trial, medication adherence and
the number of follow-ups attended showed the most significant
improvement. A remarkable upshot of the intervention was a
significant increase in the preference of walking a distance of
one kilometer instead of using a public or private vehicle and
a reduction in the intake of unhealthy food items. Despite a
significant increase in the consumption of fruits and vegetables,
none of the study participants reported an adequate intake. A
pragmatic trial from rural Kerala through neighborhood groups
highlighted the difficulty in increasing the fruit and vegetable

intake in the community and the need to explore new strategies
(43). Due to the nature of the family system in India, explaining a
dietary change at the family level requires special attention along
with administrative level actions like ensuring the availability of
healthy foods and stabilization of prices (24, 44, 45).

Despite the effectiveness of educational interventions in
diabetes management, a major challenge across populations
is the maintenance of glycemic control (46, 47). We tried
to generate evidence on the maintenance of glycemic control
through a 6-month follow-up of participants. Sustainability is
the arduous part of any lifestyle change intervention and can
be made feasible only with system changes, community efforts,
and peer reinforcement. The role of social support groups in the
maintenance of glycemic control was studied by Ing et al. (46)
However, it is not always feasible to involve additional manpower
in a resource-poor setting. Our study was a pilot to create a
system change at the primary care level involving community
participation. Better health worker attitude and skills could bring
forth satisfaction and a better understanding of disease control
among the patients. Continuance of the lifestyle changes was
further ensured through simple measures like vegetable/fruit
garden in the house, walking groups, and dairy maintenance. The
program can serve as a scalable low-cost model for low-middle
income countries in the control of chronic diseases.

International evidence has shown insufficient training and
skills to be the major loophole behind the failure of CHW
programs (11, 23). Our trial put forth an insight into the gaps
in the training process of the health staff at the primary care level.
Though the staff had adequate knowledge on diabetes care and
non-pharmacological interventions, they failed to demonstrate
the necessary attitude and skill in patient counseling which
could be improved by the intervention provided. Every training
mechanism should target the affective and psychomotor domains
of the participants using non-traditional training methods
like group discussions, role-play, hands-on training, etc. along
with the cognitive domain. The study evaluated the training
using all levels of Miller’s pyramid, unlike most studies that
tried to measure improvement in knowledge. A World Health
Organization, 2003 report on medication adherence observed
that a negative attitude of nurses and paramedical staff is
responsible for 50% of poor drug adherence among patients
(40). Positive attitude and commitment of health staff is not a
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choice, but a necessity. Attitude building, regular supervision and
feedback, non-traditional training methods, and multifaceted
interventions can bring a change (48).

The study is a novel attempt to incorporate training on
non-pharmacological interventions which can reflect an attitude
change among the field-level health workers in the existing
primary health system. The minimal loss to follow-up may be
attributed to the integration into the preexisting health system.
Our study has some limitations. The study was conducted in a
limited setting under amedical teaching institution. However, the
setting resembles the peripheral health care institutes throughout
the state. A major limitation is the possibility of measurement
error because of the self-reporting nature of the health-
related habits, vulnerable to social desirability. Considering the
sustainability of the intervention, the 6-month evaluation period
is relatively short and needs further follow-up assessments. We
used Fasting and Postprandial blood glucose as a measure of
glycemic control instead of HbA1c (which could have been a
more robust measure), as the frequency of HbA1c monitoring is
poor in our setting and the former may be a more sustainable
outcome measure in a pragmatic setting. Moreover, there is
increasing recognition of PPBS as an important measure of
the overall glycemic burden and a more reliable predictor of
cardiovascular disease complications (49, 50). Since the study
was done on a small sample, an imbalance of some baseline
variables was noted between the two groups and we have tried
to adjust for this difference in our analysis. However, a possibility
of residual confounding by measured and unmeasured variables
cannot be excluded. Since the exact intraclass correlation was not
known, our sample size calculation involved inflation of sample
size by 10% instead of calculating the design effect. But, we
have calculated the ICC from the study data and have adjusted
for clustering in the analysis. There exists a possibility of some
degree of contamination. This was minimized by informing the
intervention group health workers not to discuss the information
in the training module with their colleagues throughout the
trial period.

CONCLUSION

This trial data brings experimental evidence to the effectiveness
of a non-pharmacological intervention through field-level health
workers which can be incorporated into the existing health
system to improve andmaintain glycemic control among diabetic
patients in the primary care settings. The study has shown
that a well-designed health worker intervention can translate to
attitude change and skill development which in turn can reflect
in the improvement of glycemic control among the patients.
The study emphases the need to reorient training in the health
sector to address the affective and psychomotor domain through
non-traditional training methods. The study also attempted to
elucidate the mechanism by which the intervention improved
glycemic control of which improvement in drug adherence,
follow-up, physical activity, fruit and vegetable intake by
the participants were found to be the major contributors.
Despite demonstrating the role of diet and physical activity,
the achievement of adequacy in these regards remained very

low. More studies need to be planned to incorporate better
interventions in the health system.

Recommendations
Task sharing interventions involving counseling on drug
adherence, regular follow-up, healthy diet involving fruits and
vegetables, adequate physical activity, and smoking and alcohol
cessation should become an integral part of non-communicable
disease management at the primary care level. Multifaceted
health worker interventions including non-traditional training
methods and attitude building can help tackle the growing
burden of NCDs in low and middle-income countries. Training
programs for health workers should be meticulously designed
and tested for efficiency. Moreover, every training program
should be evaluated for immediate and long-term effects.
Researches should be designed to identify barriers to behavior
change so that new strategies can be identified in developing and
implementing self-management plans for diabetic patients. This
includes the identification of decision-making dynamics in diet
and physical activity of individuals and families. Specific health
system interventions with intersectoral cooperation need to be
planned in this regard.
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