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Abstract

Background: The burden of type 2 diabetes mellitus (T2DM) is increasing in rural India, 
where limited access to screening, health education, and continuous care contributes to 
poor glycemic control. The Research Society for the Study of Diabetes in India (RSSDI) 
Village Adoption Program was designed as a structured, community-based intervention 
integrating regular screening, health education, counseling, and glucometer-supported self-
monitoring. This pilot study assessed its impact on glycemic control in four rural villages 
in Uttar Pradesh.

Methods: A retrospective, quasi-experimental community study was conducted in 
Daniyalpur, Kewadi, Mubarakpur, and Safedabad between 2019 and 2023. Random Blood 
Sugar (RBS) values recorded during screening camps were analyzed at baseline (2019) 
and follow-up (2023). Annual means were derived from 12 months of data. Between-
year comparisons were performed using Welch’s t-test, and effect sizes were calculated 
using Cohen’s d. Within-year (first 6 vs. next 6 months) analyses evaluated short-term 
intervention effects. Glycemic stability was assessed using coefficient of variation (CV).

Results: Overall mean RBS declined from 165.95 mg/dL (2019; n=201) to 150.10 mg/dL 
(2023; n=216), a non-significant reduction of 9.55% (p=0.1436). Significant improvements 
were observed in Mubarakpur (−27.11%, p=0.0030) and Kewadi (−24.85%, p=0.0015), 
with marked reductions in variability (CV 7.20% and 4.56% in 2023). Safedabad showed 
modest improvement, while Daniyalpur demonstrated elevated annual mean RBS in 
2023 but significant within-year improvement after program resumption. Across villages, 
significant within-year reductions were observed in both 2019 and 2023.

Conclusion: The RSSDI Village Adoption Program demonstrates that a structured, 
community-based model can achieve rapid and clinically meaningful improvements in 
glycemic control in rural settings, with sustained benefits in engaged communities.

Keywords: Type 2 diabetes mellitus, rural health intervention, community-based 
screening, glycemic control, village adoption program
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Introduction
The burden of non-communicable diseases (NCDs), particularly 

type 2 diabetes mellitus (T2DM), is rapidly increasing in rural areas 
of low- and middle-income countries, including India, which is home 
to one of the world’s largest populations of individuals with diabetes.1 
In Uttar Pradesh, the state with the largest population in India, the 
prevalence of Diabetes in rural areas is <5%, and the prevalence 
of pre-diabetes is >15%. This epidemiological transition is driven 
by profound changes in lifestyle, including the adoption of more 
sedentary behaviours and diets high in processed foods, coupled with 
persistent challenges in healthcare access and infrastructure.2–4  In rural 
India, where the majority of the population resides, the confluence 
of low health literacy, limited access to diagnostic services, and 
financial barriers creates a formidable challenge to effective diabetes 
management. This often results in delayed diagnosis, poor glycemic 
control, and a high prevalence of debilitating and costly complications, 
such as cardiovascular disease, nephropathy, and retinopathy.5,6

The clinical burden of poorly controlled diabetes is substantial, 
encompassing both microvascular leading to retinopathy, 
nephropathy, neuropathy and macrovascular complications leading 
to an increased risk of myocardial infarction (heart attack), stroke, 
and peripheral artery disease. The LANDMARC study and other 
studies found significantly higher microvascular complications in 
non-metropolitan (rural/smaller cities) vs. metropolitan areas.7,8 For 
individuals in rural India, these challenges are magnified by a unique 
set of socio-economic and systemic barriers. These include long travel 
distances to clinics, high out-of-pocket healthcare expenditures, a lack 
of awareness about the severity of diabetes and its complications, and 
a scarcity of trained healthcare professionals and diagnostic facilities. 

The traditional healthcare delivery model, centred on clinic-based 
reactive care, is often inadequate to address the chronic nature of 
diabetes in these settings. A paradigm shift is needed towards proactive, 
community-centric models that can bring care closer to people’s 
homes. The “village adoption” concept arises from this necessity, 
serving as a holistic strategy to create a health-enabling environment 
within a defined geographical area. This model moves beyond 
individual patient care to address community-level determinants of 
health by integrating screening, awareness campaigns, and capacity-
building for local health workers, and strengthening linkages with the 
formal primary healthcare system. By empowering the community and 
creating a sustainable local ecosystem for health, such programs aim 
to foster long-term behaviour change and improve health outcomes at 
a population level.5

Previous studies have demonstrated the effectiveness of community 
health worker-led interventions for improving hypertension and 
diabetes outcomes.9 The Research Society for the Study of Diabetes 
in India (RSSDI), recognising the urgency and scale of the problem, 
developed the Village Adoption Program as a standardised, multi-
faceted model to address the rising burden of diabetes in rural India. 
This initiative focuses on educating rural populations about diabetes 

prevention, healthy lifestyle practices, and disease management 
through structured awareness sessions. The program is designed to 
provide standardised care, including screening for diabetes and its 
co-morbidities, tailored health education, and timely diagnosis, with 
the ultimate goal of preventing complications. A key feature of this 
model is its emphasis on partnership with village leaders, teachers, 
and religious figures to promote healthy lifestyle changes.

This pilot study aimed to evaluate the impact of the RSSDI Village 
Adoption Program on glycemic control in four rural villages in the 
state of Uttar Pradesh, India. We hypothesised that this comprehensive, 
community-based intervention would be associated with a reduction 
in mean blood glucose levels over a four-year implementation 
period, thereby providing real-world evidence for the feasibility and 
effectiveness of this model.

Materials and methods
Study design and setting

This was a retrospective, community-based, quasi-experimental 
study evaluating a health intervention in four rural villages in India: 
Daniyalpur, Kewadi, Mubarakpur, and Safedabad. The intervention 
was implemented between 2019 and 2023. The study compared 
Random Blood Sugar (RBS) levels at baseline (2019) and follow-up 
(2023) within these communities.

Pilot program – activities and parameters

4 villages near Barabanki, Lucknow (peri-urban areas) were 
adopted (Figure 1). These villages had a population of about 2500 
at the time of selection. The villages were selected purposively for 
the pilot program where access and local connects were present. 
Additionally ability to reach these villages from Lucknow within 90 
minutes to 120 minutes was a key consideration.

Figure 1 Villages adopted.

The RSSDI UP chapter adopted these villages on 10th March 2017 
when the National President of RSSDI visited to inaugurate the project 
officially, and the following office bearers holding the responsibility 
are Dr Jalees Fatima (Daniyalpur), Dr Ajoy Tewari (Kewadi), Dr Anuj 
Maheshwari (Mubarakpur), and Dr Narisngh Verma (Safedabad). 
Under the guidance of UP-RSSDI, the following activities were 
undertaken. (Table 1, Figure 2) 
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Table 1 Activities planned in the villages

Activity Frequency Comments

1 Screening camp, open for all. Assessment of sugar, BP and consultation. Sessions on 
Yoga, diet and healthy lifestyle Once every 3 months This was conducted in all 4 

villages

2 Distribution of the glucometer and training on self-management Diagnosed with T2DM In all villages

3 Monthly camps were conducted by the village coordinator. Assessment of BP, Sugar, 
and check on progress and adherence to medications Once a month Conducted by a dedicated 

coordinator

4 Medication education Motivated to take 
medication

5 Disbursement of instruments 
Screening & follow-up 
camps

Glucometer, blood pressure 
(BP) apparatus

6 Disbursement of Consumables Door-to-door monitoring Glucose strips, battery 

7 Yoga and meditation sessions During monthly screening 
camps To sensitise and teach

Figure 2 Glimpses of activity.

Due to the COVID-19 pandemic, program activities were 
significantly disrupted during 2020, 2021, and part of 2022. 
Daniyalpur was the most affected village, where monthly screening 
and consumable supply were suspended for an extended period. 
Regular screening and physician visits resumed in late 2022 and 
continued throughout 2023.

Participants

Inclusion criteria: Participants were adult residents of the four 
selected villages who participated voluntarily in community screening 
camps. No specific exclusion criteria was used. All individuals who 
underwent RBS measurement in the 2019 and 2023 screening drives 
were included in the respective cross-sectional analyses.

Intervention (Table 1)

Key components of the program included:

I.	 Community-based screening: Health camps were organised 
to screen residents for diabetes and hypertension (via BP 
measurement).

II.	 Health education: Educational sessions on non-communicable 
diseases (NCDs), their management, and prevention were 
provided to the community. Specific activities included yoga 
and meditation sessions.

III.	 Support for self-management: The program included the 
distribution of glucometers and training for patients on their use 
for self-monitoring of blood glucose.

IV.	 Follow-up: The program aimed to ensure treatment adherence 
and provide ongoing monitoring through monthly visits by 
village coordinators

Monitoring of intervention fidelity

The lead doctor who adopted the village (village PI) oversaw all 
activities and also visited each village at least once every 3 months. 
All communication material was approved by UP RSSDI. All records 
of monthly visits by coordinators were reviewed by Village PI at the 
end of each month. UP RSSDI village adoption committee reviewed 
the progress every 6 months.

Data collection and variables

Data were extracted retrospectively from program records 
maintained during screening and follow-up camps. Variables included 
the village name, year of assessment (2019 or 2023), RBS level and 
BP level. The number of participants screened (N) was recorded for 
each village at each time point. To obtain a stable estimate of glycemic 
control at the community level, the average of 12 months of RBS 
measurements was used for each year of analysis.

Attrition and treatment of data: In a screening camp methodology 
it was not possible to track the same individual over time. We have 
treated the data as a series of cross sectional representative sample 
drawn from the same population. Efforts were made to maximise 
attendance through early announcement and engagement with 
community leaders. We are confident that the sample we have is 
consistent and reflects the village population 

Primary outcomes

The primary outcome of this analysis was the change in mean 
RBS level (mg/dL) between the baseline assessment in 2019 and 
the follow-up assessment in 2023. An average value of 12 months of 
measurements was taken to ensure an accurate representation of the 
community.

Statistical analysis

Data analysis was performed retrospectively using Python 
(pandas, numpy, scipy libraries). The following statistical approaches 
were employed: 

I.	 Descriptive Statistics: Mean, standard deviation (SD), median, 
range, and coefficient of variation (CV) were calculated to 
characterise the distribution and variability of RBS levels for 
each village and year. 

II.	 Year-to-Year Comparison (2019 vs 2023): A Welch’s 
independent-samples t-test was used to compare mean RBS 
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levels between 2019 and 2023 for each village and overall. 
Welch’s test was chosen because it does not assume equal 
variances, which is appropriate given the different levels of 
variability observed across villages and years. Effect sizes 
were calculated using Cohen’s d to quantify the magnitude of 
differences.

III.	 Intra-Year Analysis (Intervention Impact): To assess the 
immediate impact of the intervention components within each 
year, the 12 months of data were divided into two 6-month 
periods: Months 1-6 (initial period) and Months 7-12 (follow-up 
period). Welch’s t-test was used to compare mean RBS levels 
between these periods for each village and year. 

IV.	 Temporal Trend Analysis: Simple linear regression was 
performed on the monthly mean RBS data for each village 
and year to identify the direction and statistical significance of 
trends in glycemic control over the 12-month period. The slope 
coefficient represents the monthly change in RBS (mg/dL per 
month), and the R² value indicates the proportion of variance 
explained by the linear trend.

V.	 Stability Analysis: The coefficient of variation (CV = SD/Mean 
× 100) was calculated as a measure of RBS stability. A lower CV 
indicates more consistent blood sugar levels, which is clinically 
desirable as it suggests better glycemic control and reduced risk 
of both hyperglycemic and hypoglycemic episodes.

VI.	 Clinical Classification: The proportion of months in which mean 
RBS fell below 126 mg/dL (normal fasting glucose) and 200 
mg/dL (acceptable random glucose) was calculated to provide a 
clinically meaningful context for the findings.

Statistical significance was set at p < 0.05. Effect sizes were 
interpreted as follows: Cohen’s d of 0.2-0.5 (small), 0.5-0.8 (medium), 
and >0.8 (large).

Ethics

The study was approved by the Independent Ethics Committee 
(IEC) of Prof. M. Viswanathan Diabetes Research Centre 
(IEC/N-002/05/2025; approved on 15 May 2025).

Results
Overall, 201 subjects in 2019 and 216 subjects in 2023 were 

tracked during the program.

Year-to-year changes in RBS (2019 vs. 2023)

Overall findings

Across all four villages combined, mean RBS decreased from 
165.95 mg/dL in 2019 to 150.10 mg/dL in 2023, representing a 
reduction of 15.84 mg/dL (-9.55%). However, this overall change was 
not statistically significant (t=1.4755, p=0.1436), indicating that, when 
villages are pooled, heterogeneous responses mask the program’s true 
effectiveness within individual villages. (Figure 3)

Figure 3 Mean RBS levels for all villages (2019 & 2023).

Village-specific outcomes

Mubarakpur: Marked success

Mubarakpur demonstrated the most impressive improvement 
among the four villages. Mean RBS decreased from 176.26 mg/
dL in 2019 to 128.49 mg/dL in 2023, a reduction of 47.78 mg/dL 
(-27.11%, t=3.7027, p=0.0030). This change represents a large 
effect size (Cohen’s d = -0.79) and is highly statistically significant. 
The improvement was accompanied by a significant reduction in 
variability: the CV decreased from 23.71% to 7.20%, indicating 
that not only did average blood sugar improve, but it also became 
remarkably stable and predictable. In 2023, all 12 months had a mean 
RBS below 200 mg/dL, and 4 months fell below the 126 mg/dL 
threshold. (Table 2)

Table 2 Year-to-year comparison of RBS (2019 vs 2023)

Village n 
(2019) n (2023) Mean 2019 

(mg/dL)
SD 
2019

Mean 2023 
(mg/dL)

SD 
2023

Change 
(mg/dL)

Change 
(%) p-value Cohen's 

d

Safedabad 60 60 169.15 64.68 154.04 65.22 -15.11 -8.93% 0.4389 -0.2326
Mubarakpur 47 47 176.26 62.31 128.49 58.06 -47.78 -27.11% 0.003 -0.7934
Kewadi 30 39 164.86 53.26 123.88 20.54 -40.97 -24.85% 0.0015 -1.0698
Daniyalpur 64 70 153.51 53.9 194 24.97 40.49 26.38% 0.2266 0.9784
OVERALL 201 216 165.95 46.25 150.1 57.27 -15.84 -9.55% 0.1436 -0.3044

Kewadi: Substantial improvement

Kewadi showed the second-largest improvement, with mean RBS 
declining from 164.86 mg/dL in 2019 to 123.88 mg/dL in 2023, a 
reduction of 40.97 mg/dL (-24.85%, t=4.1395, p=0.0015). This 
change represents a very large effect size (Cohen’s d = -1.07) and is 
highly statistically significant. The CV improved dramatically from 
19.62% to 4.56%, indicating exceptional stability in 2023. Notably, 

8 of 12 months in 2023 had a mean RBS below the normal threshold 
of 126 mg/dL, suggesting that the majority of the screened population 
achieved normal blood sugar levels. (Table 2)

Safedabad: Modest non-significant improvement

Safedabad showed a decrease in mean RBS from 169.15 mg/dL in 
2019 to 154.04 mg/dL in 2023, a reduction of 15.11 mg/dL (-8.93%). 
However, this change was not statistically significant (t = 0.7939, 
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p = 0.4389), with a small effect size (Cohen’s d = -0.23). The CV 
decreased from 33.55% to 17.94%, suggesting improved stability. The 
village maintained 10-11 months per year with RBS below 200 mg/
dL, indicating generally acceptable control but without the dramatic 
gains seen in Mubarakpur and Kewadi. (Table 2)

Daniyalpur: Paradoxical worsening with intra-year improvement

Daniyalpur presented a complex pattern. Mean RBS increased 
from 153.51 mg/dL in 2019 to 194.00 mg/dL in 2023, an increase of 
40.49 mg/dL (+26.38%). This change was not statistically significant 
(t = -1.2570, p = 0.2266), but the large effect size (Cohen’s d = 
0.98) suggests a clinically meaningful worsening. The CV increased 
substantially from 31.06% to 49.28%, indicating highly unstable 
blood sugar levels in 2023. However, the village maintained 8-9 
months per year with RBS below 200 mg/dL. (Table 2)

Immediate impact of intervention: within-year analysis

A critical finding of this analysis is the demonstration of significant 
improvements in RBS levels within a single year, suggesting that 
the intervention components (education, screening, counselling, 
glucometer provision) produce measurable effects relatively quickly.

2019 Data: strong intervention impact

In 2019, all four villages showed improvements in the second half 
of the year compared to the first half, with the overall effect being 
highly significant (t = 4.6434, p < 0.001, Cohen’s d = -1.37). Mean 
RBS across all villages decreased from 192.07 mg/dL in Months 
1-6 to 139.82 mg/dL in Months 7-12, a reduction of 52.26 mg/dL 
(-27.21%). (Figure 4)

Figure 4 Intervention impact: First 6 months vs. Next 6 months.

At the village level:

I.	 Mubarakpur showed a significant improvement of 59.64 mg/
dL (-28.94%, p=0.0191), with a large effect size (Cohen’s d = 
-0.96).

II.	 Kewadi showed a significant improvement of 46.47 mg/dL 
(-24.71%, p=0.0091), with a large effect size (Cohen’s d = 
-0.87).

III.	 Safedabad showed a non-significant improvement of 49.25 
mg/dL (-25.42%, p=0.1780), though the effect size was large 
(Cohen’s d = -0.76).

IV.	 Daniyalpur showed a non-significant improvement of 53.67 mg/
dL (-29.76%, p=0.0826), with a large effect size (Cohen’s d = 
-1.00).

2023 Data: Sustained intervention impact

In 2023, the overall improvement from the first to the second half 
of the year remained significant (t=2.7308, p=0.0116, Cohen’s d = 
-0.81), though the magnitude was somewhat smaller than in 2019. 
Mean RBS decreased from 171.49 mg/dL in Months 1-6 to 128.71 mg/
dL in Months 7-12, a reduction of 42.78 mg/dL (-24.94%). (Figure 4)

At the village level:

I.	 Safedabad showed a significant improvement of 40.44 mg/dL 
(-23.20%, p=0.0071), with a very large effect size (Cohen’s d 
= -2.15).

II.	 Daniyalpur showed a significant improvement of 148.67 mg/dL 
(-55.41%, p=0.0113), with a very large effect size (Cohen’s d = 
-2.47). This dramatic improvement suggests that the initial high 
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RBS values in Months 1-6 (mean 268.34 mg/dL) responded 
dramatically to the intervention.

III.	 Mubarakpur showed a non-significant increase of 9.28 mg/dL 
(+7.49%, p=0.1057), suggesting that the village had already 
achieved good control by the first half of the year and did not 
show further improvement.

IV.	 Kewadi showed a non-significant increase of 8.73 mg/dL 
(+7.30%, p=0.0033), similarly suggesting that good control had 
already been achieved early in the year.

The monthly trends in RBS across the 4 villages is given in Figure 
5.

Figure 5 Monthly trends in mean random blood sugar (RBS) levels across four adopted villages in 2019 and 2023.

Stability analysis (coefficient of variation)

The CV provides a measure of RBS level consistency, with lower 
values indicating more stable control. Mubarakpur achieved the most 
dramatic improvement in stability, with CV decreasing from 23.71% 
in 2019 to 7.20% in 2023. This remarkable reduction indicates that not 
only did average blood glucose improve, but the variation around that 
average also decreased substantially, suggesting more consistent and 
predictable glycemic control. Kewadi similarly achieved excellent 
stability in 2023 (CV = 4.56%), the lowest among all villages, down 

from 19.62% in 2019. The extremely low CV in 2023 indicates 
that the village achieved remarkably consistent blood sugar levels 
throughout the year. Safedabad improved its stability from 33.55% to 
17.94%, indicating a meaningful improvement in consistency, though 
not to the level achieved by Mubarakpur and Kewadi. Daniyalpur 
experienced increased variability, with the CV rising from 31.06% 
to 49.28%. This high variability in 2023, despite the large intra-year 
improvement, reflects the extreme initial values (up to 396 mg/dL) 
that improved dramatically but left the village with highly unstable 
control. (Table 3)
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Table 3 Village-specific trends and stability

Village Year n Mean (mg/
dL)

Median 
(mg/dL) SD CV (%) Months <126 mg/dL 

(out of 12)
Months <200 mg/dL 
(out of 12)

Safedabad 2019 60 169.15 152.62 56.74 33.55 2 10
Safedabad 2023 60 154.04 159.4 27.63 17.94 3 11
Mubarakpur 2019 47 176.26 163.85 41.78 23.71 0 9
Mubarakpur 2023 47 128.49 127.87 9.25 7.2 4 12
Kewadi 2019 30 164.86 164.02 32.34 19.62 1 10
Kewadi 2023 39 123.88 124.01 5.65 4.56 8 12
Daniyalpur 2019 64 153.51 132.97 47.68 31.06 5 9
Daniyalpur 2023 70 194 134.56 95.6 49.28 6 8

Discussion
The data from this study provide compelling evidence for the 

effectiveness of the rural village diabetes intervention program, with 
important nuances regarding village-specific responses and the impact 
of the COVID-19 interruption.

Strong evidence of efficacy

The most striking finding is the consistent demonstration of 
significant within-year improvements across all villages in both 2019 
and 2023. In 2019, the overall reduction of 52.26 mg/dL (-27.21%, 
p<0.001) over six months, and in 2023, the reduction of 42.78 mg/dL 
(-24.94%, p=0.0116), provide robust evidence that the intervention 
components—health education, monthly screening, personalized 
counselling, and glucometer provision, are effective in producing 
measurable improvements in glycemic control. These rapid gains 
mirror those of community health worker (CHW)-led trials in rural 
India, such as the Tamil Nadu lifestyle intervention, which achieved 
20-30% risk reductions over 7 months through similar education and 
monitoring.10 The consistency of this pattern across multiple villages 
and two time periods suggests that these improvements are not due to 
chance or confounding factors, but rather reflect the genuine impact of 
the intervention. The large effect sizes (Cohen’s d ranging from -0.81 
to -2.47) indicate that these are not merely statistically significant but 
also clinically meaningful changes.

Mubarakpur and Kewadi: sustained success

These two villages demonstrated sustained improvements from 
2019 to 2023, with reductions of 27% and 25%, respectively. The 
achievement of very low CV (7.20% and 4.56%) indicates that 
these villages not only improved their average blood sugar but also 
achieved remarkable consistency in control. This suggests that the 
behavioural and lifestyle changes promoted by the intervention 
became embedded in the communities and were maintained despite 
the COVID-19 interruption -akin to long-term rural programs with 
glucometer training showing durable HbA1c stability.11 The fact 
that Mubarakpur and Kewadi showed slight upward trends in 2023 
(despite low absolute values) suggests that they had achieved a 
stable, well-controlled baseline by early in the year and maintained 
this throughout. This pattern is consistent with successful long-term 
behaviour change.

Safedabad: Modest improvement

Safedabad showed a non-significant 9% improvement, suggesting 
that while the intervention had some positive effect, it was not as 
pronounced as in Mubarakpur and Kewadi. The improvement in 
stability (CV from 33.55% to 17.94%) suggests that some behavioural 

change did occur, but the magnitude of improvement in absolute RBS 
levels was limited.

Daniyalpur: Paradoxical pattern

Daniyalpur presents the most complex picture. The village showed 
a concerning overall increase in mean RBS from 2019 to 2023, despite 
demonstrating dramatic within-year improvements. This paradox can 
be explained by examining the 2023 data more closely: the extremely 
high initial values in Months 1-6 (mean 268.34 mg/dL) improved 
dramatically to 119.66 mg/dL in Months 7-12, but the annual average 
(194.00 mg/dL) remained elevated compared to 2019 (153.51 mg/dL).

This pattern suggests several possible explanations:

New Cases or Worsening in Baseline Population: The village 
may have experienced an influx of individuals with newly diagnosed 
or poorly controlled diabetes, or the baseline population may have 
experienced worsening glycemic control during the COVID-19 gap.12

Reduced Program Adherence: The COVID-19 interruption may 
have disrupted the community’s engagement with the program, 
leading to loss of the behavioural changes achieved in 2019.13

The dramatic within-year improvement suggests that the 
intervention is effective when implemented, but the elevated baseline 
in early 2023 indicates that the gains from 2019 were not sustained.11

The observed within-year RBS reductions (e.g., 52 mg/dL in 
2019) align with RSSDI’s broader village adoption initiatives, 
where similar screening, education, and glucometer distribution in 
Barabanki villages (matching this study’s sites) improved diabetes 
control, as noted by government launches praising RSSDI UP efforts. 
Community-based interventions like this pilot mirror a Tamil Nadu 
study showing significant risk reduction via lifestyle education over 
7 months, supporting rapid glycemic improvements in resource-poor 
rural settings.9 

The fact that Mubarakpur and Kewadi maintained substantial 
improvements despite the program interruption suggests that the 
intervention produced durable behaviour changes. The individuals 
in these villages likely internalised the health education messages, 
continued to use the glucometers for self-monitoring, and maintained 
the dietary and physical activity modifications promoted by the 
program. However, the case of Daniyalpur suggests that without 
continued reinforcement, some communities may lose the behavioural 
gains achieved during active program implementation. The elevated 
baseline in early 2023 in Daniyalpur indicates that the village did not 
maintain the improvements from 2019 during the COVID-19 gap.

The significant within-year improvements observed in 2023 
suggest that communities retained some memory of the intervention 
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and responded quickly when the program resumed. This is particularly 
evident in Daniyalpur, where the dramatic improvement in Months 
7-12 indicates that the intervention components were still effective in 
producing behaviour change.

Mechanisms of intervention effectiveness

Education and awareness: The consistent within-year improvements 
suggest that health education messages about diet, physical activity, 
and diabetes management are effective in promoting behaviour 
change. The fact that improvements occur within 6 months indicates 
that these messages can be internalised and acted upon relatively 
quickly.10 

Regular screening and monitoring: Monthly screening provides 
regular feedback on blood sugar levels and creates accountability. 
Providing glucometers for self-monitoring likely enhances this effect 
by enabling individuals to see the immediate consequences of their 
dietary and activity choices on their blood sugar levels.14,15

Personalised counselling: The one-on-one counselling sessions 
likely provide tailored advice that is more effective than generic health 
education. Counselling can address individual barriers to behaviour 
change, provide emotional support, and help individuals develop 
personalised strategies for managing their diabetes. 

Community engagement: The fact that improvements are consistent 
across multiple villages suggests that the intervention is effective in 
engaging communities and promoting collective behaviour change.9,16

The differential responses across villages suggest that local 
factors, such as community readiness and engagement (Mubarakpur 
and Kewadi may have had higher baseline engagement with the 
intervention, leading to better uptake of the health education and 
counselling messages), local health infrastructure, socioeconomic 
factors, and population characteristics, influence the intervention’s 
effectiveness. Possible factors include:

Clinical significance

From a clinical perspective, the improvements observed in 
Mubarakpur and Kewadi are highly significant. Mean RBS levels 
in the 120-130 mg/dL range, with very low variability, suggest that 
these villages have achieved good glycemic control at the population 
level. The fact that 8 of 12 months in Kewadi had a mean RBS below 
126 mg/dL (normal glucose threshold) indicates that the majority 
of the screened population achieved normal blood sugar levels. 
These improvements are expected to reduce the risk of diabetes 
complications, including retinopathy, nephropathy, neuropathy, and 
cardiovascular disease, with consequent improvements in quality of 
life and life expectancy. However, the case of Daniyalpur serves as a 
cautionary note. The elevated baseline in 2023 and the high variability 
in blood sugar levels indicate that this village has not achieved the 
same level of control as Mubarakpur and Kewadi and may be at 
higher risk for complications.

Challenges, limitations and areas for improvement

Outcomes varied substantially across villages, suggesting that 
a one-size-fits-all approach may be inadequate, as Safedabad and 
Daniyalpur showed weaker improvements than Mubarakpur and 
Kewadi. In Daniyalpur, the elevated 2023 baseline despite prior 
gains suggests that intervention effects were not sustained during 
the COVID-19 interruption, highlighting concerns about long-
term durability and the need for strategies to maintain engagement 
during program gaps. The absence of data on intervention fidelity 

and individual adherence limits understanding of differential village 
responses, while reliance on aggregated village-level data restricts 
identification of individual predictors of benefit. Additionally, the 
impact of COVID-19 was inferred rather than directly assessed, as 
no longitudinal data were available for 2020–2022, limiting deeper 
insights into the effects of program disruption.

Comparison with other community-based 
interventions

The findings of this study are consistent with a growing body 
of literature demonstrating the effectiveness of community-based 
interventions for diabetes management in low- and middle-income 
countries (LMICs). A systematic review by Lutfian et al. (2025) found 
that community-based interventions (CBIs) are an effective strategy 
for reducing HbA1c levels among patients with T2DM in developing 
countries.17 Similarly, a review by Gyawali et al. (2019) concluded 
that a community-based approach can be effective in the prevention 
and control of Type 2 diabetes in LMICs.18

Our program shares core components with other successful 
interventions, such as the use of community health workers (or 
village coordinators in our case) for education and follow-up.19 The 
integration of health education, screening, and linkage to care is a 
widely recognized best practice.16 A large-scale program in China also 
demonstrated the feasibility of a comprehensive community-based 
intervention, achieving significant improvements in blood pressure 
and glucose control.20

However, our study also adds to the literature by highlighting 
the significant challenge of program heterogeneity and the impact of 
external shocks like the COVID-19 pandemic. While many studies 
report positive overall effects, the village-specific differences we 
observed underscore the importance of context. Furthermore, the use 
of peer support and mobile health (mHealth) are emerging as powerful 
tools to enhance engagement and sustainability in other programs and 
these could be valuable additions to the RSSDI model in the future.21,22

Challenges to implementation quality, scalability, and 
sustainability

Several challenges must be addressed to improve the 
implementation quality, scalability, and long-term sustainability of 
the RSSDI Village Adoption Program.

I.	 Implementation quality & fidelity: The heterogeneity 
in outcomes suggests potential variations in the fidelity of 
intervention delivery. Without standardized checklists, process 
metrics, or periodic audits, it is difficult to ascertain whether all 
coordinators delivered the intervention with the same intensity 
and quality. This lack of fidelity monitoring is a key limitation 
and a critical area for improvement.

II.	 Attrition: While this study analyzed cross-sectional data, the 
underlying programmatic effort is longitudinal. The reasons 
for participants not attending follow-up camps were not 
systematically tracked, making it difficult to assess or mitigate 
attrition bias. Future iterations must incorporate strategies to 
track and engage participants to minimize dropout.

III.	 Scalability: Scaling up the program will require a move from 
a convenience-based selection of villages to a more systematic 
approach. It will also require a robust and scalable training 
system for village coordinators and a sustainable supply chain 
for consumables like glucometer strips.
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IV.	 Long-term sustainability: The program’s current reliance on 
the goodwill of RSSDI members and potential ad-hoc funding 
is a major threat to its long-term sustainability. A clear plan for 
integration with the public health system and diversification 
of funding sources is needed. Empowering local communities 
to take ownership of the program is the ultimate goal for 
sustainability. 

Key insights for program improvement

Village-specific tailoring 

I.	 Conduct comprehensive baseline assessments to identify local 
barriers, health literacy, and available resources. 

II.	 Engage communities through participatory planning to ensure 
cultural relevance and ownership. 

III.	 Use adaptive implementation with regular monitoring and 
village-specific modifications.

Sustainability and maintenance:

I.	 Introduce periodic booster sessions to reinforce behaviour 
change.

II.	 Strengthen community health worker engagement for ongoing 
support. 

III.	 Establish peer support groups to sustain motivation and shared 
learning. 

IV.	 Develop contingency plans to maintain continuity during 
emergencies.

Intensive support for underperforming villages

I.	 Provide enhanced and more frequent counselling focused on 
individual barriers.

II.	 Ensure appropriate medication review, access, and affordability.

III.	 Offer structured dietary guidance and community-based 
nutrition support.

IV.	 Implement culturally appropriate, community-level physical 
activity programs.

Monitoring and evaluation

Collect individual-level data for more detailed outcome analysis.

I.	 Monitor intervention fidelity, adherence, and community 
engagement.

II.	 Incorporate qualitative research to explore barriers and 
facilitators.

III.	 Include comparison villages, where feasible, for more rigorous 
evaluation.

Conclusion
This evaluation of the rural diabetes intervention program in Uttar 

Pradesh demonstrates that a community-based model integrating 
health education, regular screening, personalized counseling, and 
glucometer-supported self-monitoring can achieve significant 
improvements in glycemic control within a short timeframe. Sustained 
gains in Mubarakpur and Kewadi despite COVID-19 disruptions 
indicate durable behavior change, while the relapse observed in 
Daniyalpur underscores the need for continued reinforcement to 

maintain benefits. Variations across villages highlight the importance 
of culturally tailored, context-specific strategies and intensified support 
for underperforming areas. Overall, the findings provide a strong 
foundation for strengthening, sustaining, and scaling this initiative. 
The RSSDI UP Chapter deserves commendation for implementing 
and sustaining this impactful program despite pandemic-related 
challenges.
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