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Abstract

IMPORTANCE Female community health volunteers (FCHVs) are frontline community health
workers who have been a valuable resource in improving public health outcomes in Nepal, but their
value is understudied in diabetes care.

OBJECTIVE To assess whether an FCHV-delivered intervention is associated with reduced blood
glucose levels among adults with type 2 diabetes.

DESIGN, SETTING, AND PARTICIPANTS This community-based, open-label, 2-group, cluster
randomized clinical trial with a 12-month delayed control group design was conducted in 14 clusters
of a semiurban setting in Western Nepal. A total of 244 adults with type 2 diabetes were recruited
between November 2016 and April 2017. The follow-up assessment was conducted at 12 months
after enrollment. Data analysis was performed from January to February 2019.

INTERVENTIONS Seven clusters were randomized to the FCHV-delivered intervention in which 20
FCHVs provided home visits 3 times a year (once every 4 months) for health promotion counseling
and blood glucose monitoring. If participants had blood glucose levels of 126 mg/dL or higher, the
FCHVs referred them to the nearest health facility, and if participants were taking antihyperglycemic
medication, they were followed up by the FCHVs for adherence to their medication. Seven clusters
were randomized to usual care (control group).

MAIN OUTCOMES AND MEASURES The primary outcome was the change in mean fasting blood
glucose from baseline to 12-month follow-up. Secondary outcomes included changes in mean systolic
blood pressure, mean diastolic blood pressure, mean body mass index, percentage change in the
proportion of low physical activity, harmful alcohol consumption, current smoking, low fruit and
vegetable intake, and antihyperglycemic medication status.

RESULTS Of 244 participants, 120 women (56.6%) and 92 men (43.4%) completed the trial. At
baseline, the mean (SD) age was 51.71 (8.77) years; 127 participants were in the intervention group,
and 117 participants were in the control group (usual care). At baseline, the mean (SD) fasting blood
glucose level was 156.06 (44.48) mg/dL (158.48 [45.50] mg/dL in the intervention group and 153.43
[43.39] mg/dL in the control group). At 12-month follow-up, the mean fasting blood glucose
decreased by 22.86 mg/dL in the intervention group, whereas it increased by 7.38 mg/dL in the
control group. The mean reduction was 27.90 mg/dL greater with the intervention (95% CI, −37.62
to −18.18 mg/dL; P < .001). In secondary outcome analyses, there was a greater decline in mean
systolic blood pressure in the intervention group than in the control group (−5.40 mm Hg; 95% CI,
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Abstract (continued)

−8.88 to −1.92 mm Hg; P = .002). There was detectable difference in the intake of antihyperglycemic
medication between the groups (relative risk, 1.35; 95% CI, 1.1 to 1.74; P = .02).

CONCLUSIONS AND RELEVANCE These findings suggest that an FCHV-delivered intervention is
associated with reduced blood glucose levels among adults with type 2 diabetes in a low-resource
setting in Nepal.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03304158
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Introduction

Nepal, a developing country in South Asia, is currently experiencing an epidemic of diabetes as a
result of epidemiologic and demographic transitions that have impacted lifestyle changes. A
systematic review and meta-analysis1 of 10 studies involving 30 218 adults estimated the prevalence
of type 2 diabetes to be 8.4%. Despite the large burden of type 2 diabetes in Nepal, awareness of
diabetes control is poor,2 and effective strategies to manage this disease are urgently warranted.

Control of type 2 diabetes is associated with reductions in diabetes complications and
premature deaths, thus reducing the burden of the disease. This requires that individuals with
diabetes incorporate various interventions, including adherence to medications, regular
measurement of blood glucose level, diet, and physical activity.3 However, Nepal’s health system has
serious deficits in terms of its ability to cope with the growing prevalence of diabetes.4 A nationally
representative survey5 from Nepal reported that more than 50% of adults with diagnosed diabetes
did not take their antihyperglycemic medications, whereas 89% did not monitor their blood glucose.
Furthermore, approximately 80% of those receiving diabetes treatment had uncontrolled blood
glucose levels.6

Recent reviews7,8 have suggested that a community-based approach to diabetes involving
community health workers (CHWs) has immense potential for improving diabetes care and outcome.
A few existing studies showing positive outcomes have had several methodological limitations in
reporting results, including the lack of true randomization,9 a short follow-up period, and the lack of
a control group.10 Moreover, CHWs served as a part of a multidisciplinary intervention team with
doctors, pharmacists, or specialist nurses providing specialist care and support.7 This diversity makes
it challenging to draw definite conclusions about the independent effect of CHW interventions. Thus,
more research using rigorous study design is required to empirically establish the role of CHWs in
diabetes management.

Nepal started involving CHWs—namely, female community health volunteers (FCHVs)—in its
health care system in the early 1980s.11 The FCHVs are local women who serve voluntarily within the
government system in all areas of Nepal. They are recruited through mothers’ groups (ie, women’s
groups active in different local social and health activities within their locality) and are considered as
the first point of contact between community members and primary health care facilities. One
strength of the FCHV program is that they perceive being self-empowered through volunteering,
which keeps them motivated at work.12 Currently, approximately 50 000 FCHVs contribute to
critical public health services in Nepal, including in immunization, vitamin A supplementation, and
maternal and child health.13 Despite FCHVs’ positive record of collaborating with the Nepalese health
system, these cadres are yet to be mobilized for the prevention and control of diabetes.

The aim of this study was to assess the effectiveness of involving FCHVs in reducing blood
glucose levels in adults with type 2 diabetes in a semiurban setting of Nepal. Our hypothesis was that
individuals in the intervention group would see a greater reduction in mean blood glucose level
compared with the control group over the succeeding 12 months.
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Methods

The study was approved by the Ethical Review Board of the Nepal Health Research Council . The
study protocol is shown in Supplement 1. All participants gave their written informed consent as per
the Helsinki Declaration.14 The study was conducted following the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline.

Study Design, Setting, and Participants
This was a community-based, open-label, 2-group, cluster randomized clinical trial with a 12-month
delayed control group design in 14 wards (clusters) of the Pokhara Metropolitan City in Nepal,
previously named Lekhnath Municipality. Detailed methods of the trial can be found elsewhere.15 The
randomization was conducted by a biostatistician using a computer-generated sequence to
randomly assign (1:1) 14 clusters to the intervention group or control group. Allocation concealment
for participants was ensured by selecting them before randomizing wards. Masking of participants
and field investigators was not possible because of the preventive nature of the intervention in a
community setting.

We adopted the sampling frame from the COBIN trial.16 The eligible participants were those
from the semiurban area who had previously been involved in a community-based prevalence
survey, were aged 25 to 65 years, had a fasting blood glucose level of greater than or equal to 126
mg/dL (to convert to millimoles per liter, multiply by 0.0555) or had already received a diagnosis of
type 2 diabetes, and did not intend to migrate outside the study area for at least 12 months.6 We
excluded individuals with severe illness or pregnancy and those who did not give consent for
participation.

The enrollment of participants in the trial occurred between November 2016 and April 2017.
Baseline surveys were conducted through face-to-face interviews by 8 trained field investigators
with a health professional background. The field investigators conducted interviews in the Nepali
language adopting the previously validated World Health Organization STEPwise approach to
chronic disease risk factor surveillance tool.17,18 The questionnaire elicited sociodemographic
information (age, sex, ethnicity, education, marital status, occupation, and income) and behavioral
characteristics (fruit and vegetable intake, harmful alcohol consumption, current smoking, physical
activity, and receipt of antihyperglycemic medication). Participants’ anthropometric data (height and
weight), blood glucose level, and blood pressure were also measured. The follow-up of the trial was
conducted at 12 months using the World Health Organization STEPwise tool to measure participants’
anthropometric data, blood glucose level, and blood pressure.

Interventions
The intervention included a training of FCHVs about type 2 diabetes management and health
promotion counseling for prevention of diabetes risk factors. Details regarding the FCHVs
intervention and FCHVs selection procedure are described elsewhere.19 Briefly, 20 FCHVs from the 7
intervention clusters were trained during a 5-day (approximately 240 minutes per day) interactive
training session in a local district hospital. The training imparted knowledge and skills on several
topics, such as definition and overview of diabetes, an overview of both modifiable and
nonmodifiable risk factors associated with type 2 diabetes, screening procedures of blood glucose
level and blood pressure and obtaining body measurements (eg, height and weight), home-based
health education and counseling, and effective communication for behavior change. FCHVs were
also trained on how to properly record, report, and follow up. The training materials were developed
in consultation with key stakeholders and experts, and with guidance from the Health Belief Model20

and Social Support Theory.21 A recording register was developed and distributed to FCHVs to record
dates, times, and activities (eFigure in Supplement 2).

Following the training, FCHVs visited the households of members in the intervention group and
provided home-based health education focused on information pertaining to the harmful effects of
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diabetes risk factors, maintaining ideal body weight, smoking cessation, reduction of alcohol
drinking, increased consumption of green leafy vegetables and fresh fruits, low-salt diet, and
importance of regular use of antihyperglycemic medication. FCHVs also measured participants’ blood
glucose obtained via point-of-care testing (not serum) with a glucometer using finger-stick blood
sample, blood pressure, height, and weight. If a participant had an elevated blood glucose level
(�126 mg/dL), FCHVs referred the participant to the nearest health facility, and if the participant was
taking antihyperglycemic medication, they were also followed-up for adherence to their medication
during the FCHV visit. On average, 1 FCHV followed 6 individuals (range, 2-8 individuals) with
diabetes during the course of follow-up. The frequency of FCHV visits was 3 times a year (once every
4 months). One field supervisor was responsible for supervising all 20 FCHVs. A supervision checklist
was used to track and update the knowledge and skills of FCHVs (eTable 1 in Supplement 2). FCHVs
were reimbursed for transport costs and refreshments (US $5) during the training and for each
household visit.

Participants in the control groups continued to manage their diabetes as usual. They did not
receive further contact, information, or educational materials from FCHVs. Health education on
diabetes management was delivered to the control group in a 3-day workshop held immediately
after the follow-up period.

Outcomes
The primary outcome was the change in mean fasting blood glucose from baseline to 12-month
follow-up. Diagnosis of diabetes status was based on fasting blood glucose level following the
updated World Health Organization guidelines.22 Participants were considered to have type 2
diabetes if a doctor had previously diagnosed it, and/or if they were taking antihyperglycemic
medications, and/or had a fasting blood glucose level greater than or equal to 126 mg/dL. The finger-
stick method was used to collect capillary blood samples after 8 hours of fasting using a standardized
digital glucometer.

Secondary outcome measures included changes in mean systolic blood pressure, mean diastolic
blood pressure, mean body mass index (BMI; calculated as weight in kilograms divided by height in
meters squared), and percentage change in the proportion of the following risk factors: low physical
activity, harmful alcohol consumption, current smoking, low fruit and vegetable intake, and receiving
antihyperglycemic medication. Smokers were defined as those who smoked cigarettes or used
tobacco variants (bidi, kankat, or hukka) or other forms of smokeless tobacco daily. We defined
harmful alcohol consumption if participants reported having drunk 15 or more standard units of
alcohol in a week for men and 8 or more standard units in a week for women.23 Participants
consuming fewer than 5 servings of fruits or vegetables in a week were categorized as having low
fruit and vegetable intake.24,25 Anthropometric measurements for calculating BMI included height
measured in meters using a portable standard stature scale and weight in kilograms using personal
digital scales. Low physical activity was defined as fewer than 3000 metabolic equivalents of tasks of
vigorous or moderate activity each week.26 Blood pressure was measured using an automated digital
blood pressure monitor after the participants had been seated 5 five minutes. Three measurements
were made at 5-minute intervals, and the average of the last 2 measurements was used for analysis.

Statistical Analysis
The study sample size was calculated to detect an 18 mg/dL (1 mmol/L) difference in fasting blood
glucose between the intervention and control groups after 12 months of follow-up.27,28 Using 2-sided
t tests (P < .05) and assuming an SD of 38 mg/dL29 and 80% power, we determined that we would
need 7 clusters with 13 individuals per intervention group. We presumed an intraclass correlation
coefficient of 0.01,30 giving a design effect of 1.12 (1 + 0.01[13 − 1] = 1.12). Allowing for up to 20% loss
to follow-up, the sample size was adjusted to 16 participants in each cluster (ie, 112 individuals per
group or a total of 224 diabetic individuals). Baseline characteristics between groups were compared
using analysis of variance (for continuous variables) and χ2 or Fisher exact test (for categorical
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variables). Primary data were analyzed using the intention-to-treat principle. We used mixed-effects
linear regression to model the primary outcome and continuous secondary outcomes. For the
secondary outcomes with binary responses, mixed-effects logistic regression analyses were used to
estimate relative risk (RR). Random effects were specified for study clusters and for participants to
account for the clustered study design. The outcome data for individuals who had dropped out of the
study were imputed using multiple imputations by chained equations, pooling results from 10
imputed data sets according to the Rubin rule.31 The imputation model included variables related to
outcome and study groups and those associated with missing outcome information. We conducted a
complete-case analysis, and the results were nearly identical to those that used imputed data. We
also performed subgroup analyses for sex, age, and severity of blood glucose to examine their effect
size on the mean fasting blood glucose. To explore the heterogeneity of intervention effect by
subgroup, an interaction term between the intervention assignment and subgroup was included in
the models, and its significance was tested using the Wald test. All P values were from 2-sided tests
and results were deemed statistically significant at P < .05. Data were entered in EpiData statistical
software version 3.1 (EpiData Association) and analyzed using Stata statistical software version 14.2
(StataCorp). Data analysis was performed from January to February 2019.

Results

Of 244 participants from 14 clusters, 120 women (56.6%) and 92 men (43.4%) completed the trial.
At baseline, the mean (SD) age was 51.71 (8.77) years; 127 participants were in the intervention group
and 117 participants were in the control group (usual care) (Figure 1). At baseline, the mean (SD)
fasting blood glucose level was 156.06 (44.48) mg/dL (158.48 [45.50] mg/dL in the intervention
group and 153.43 [43.39] mg/dL in the control group), mean (SD) systolic blood pressure was 133.74
(18.69) mm Hg, mean (SD) diastolic blood pressure was 85.77 (10.66) mm Hg, 65 participants
(26.0%) were current smokers, 34 (14.0%) had harmful alcohol use, and 46 (19.0%) had a low
physical activity level. There were no differences in baseline characteristics of participants between

Figure 1. CONSORT Diagram for Cluster Randomized Clinical Trial (RCT) Showing Randomization Allocation,
Follow-up, and Analysis

15 Wards (clusters) assessed for eligibility

1 Ward excluded (different in terms of
sociodemographic and geographical distribution)

7 Wards in the intervention group (127 individuals) 7 Wards in the control group (117 individuals)

7 Wards included in primary outcome analysis
(107 individuals)

7 Wards included in primary outcome analysis
(105 individuals)

20 Individuals lost to follow-up
2 Died
7 Migrated
4 Not found
7 Discontinued intervention

12 Individuals lost to follow-up
1 Died
5 Migrated
3 Not found
3 Refused

0 Wards discontinued intervention 0 Wards discontinued intervention

14 Wards randomized to the cluster RCT
enrolled (244 individuals)
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the intervention and control groups except for antihyperglycemic medication and family history of
diabetes (Table 1 and eTable 2 in Supplement 2).

Primary Outcome
At 12 months, the mean fasting blood glucose decreased by 22.86 mg/dL in the intervention group,
whereas it increased by 7.38 mg/dL in the control group (Figure 2). The mean reduction was 27.90
mg/dL with the intervention (95% CI, −37.62 to −18.18 mg/dL; P < .001) (Table 2). This finding was
similar in imputation analyses that included those who were not followed up (eTable 3 in
Supplement 2).

Secondary Outcomes
The change in mean systolic blood pressure was 5.40 mm Hg greater in the intervention group
compared with the control group (95% CI, −8.88 mm Hg to −1.92 mm Hg; P = .002). There was no

Table 1. Baseline Characteristics of the Intention-to-Treat Samplea

Characteristic

Participants, No. (%)

Intervention group (n = 127) Control group (n = 117)
Cluster level, No.

Wards 7 7

Female community health workers 20 0

Sociodemographic characteristics

Age, mean (SD), y 51.17 (8.77) 52.29 (8.78)

Sex

Male 59 (46.5) 44 (37.6)

Female 68 (53.5) 73 (62.4)

Education

Low 67 (52.8) 64 (54.7)

Medium 43 (33.8) 39 (33.3)

High 17 (13.4) 14 (6.0)

Occupation

Agriculture 46 (36.2) 34 (29.1)

Employee 25 (19.7) 22 (18.8)

Housemaker 38 (29.9) 44 (37.6)

Labor 3 (2.4) 2 (1.7)

Others 15 (11.8) 15 (12.8)

Monthly household income, mean (SD),
Nepalese Rupeesb

28 169.29 (25 543.15) 31 606.83 (28 633.52)

Marital status

Married 117 (92.1) 105 (89.7)

Unmarried 10 (7.9) 12 (10.3)

Clinical characteristics, mean (SD)

Weight 65.17 (11.45) 65.91 (11.52)

Body mass indexc 26.39 (3.96) 26.84 (4.11)

Systolic blood pressure, mm Hg 134.14 (16.73) 133.30 (20.68)

Diastolic blood pressure, mm Hg 86.00 (8.99) 85.51 (12.25)

Fasting blood glucose, mean (SD), mg/dL 158.48 (45.50) 153.43 (43.39)

Behavioral characteristics

Current smokingd 38 (29.9) 27 (23.1)

Harmful alcohol consumptione 21 (16.5) 13 (11.1)

Low physical activityf 23 (18.1) 23 (19.7)

Low fruit and vegetables intakeg 122 (96.1) 114 (97.4)

Medical history

Family history of diabetes 84 (66.1) 60 (51.3)

Receiving antihyperglycemic medications 73 (57.5) 47 (40.5)

SI conversion factor: To convert blood glucose to
mmol/L, multiply by 0.0555.
a All data are unadjusted.
b As of December 22, 2020, 1 Nepalese Rupee =

$US 0.0085.
c Body mass index is calculated as weight in kilograms

divided by height in meters squared.
d Current smoking was defined as those who smoked

cigarettes, tobacco variants (bidi, kankat, or hukka),
or those using other forms of smokeless
tobacco daily.

e Harmful alcohol consumption was determined by
asking the number of standard drinks consumed in
the last 30 days. Harmful alcohol was defined as
drinking 15 or more standard units of alcohol a week
for men and 8 or more standard units a week
for women.

f Low physical activity was defined as less than 3000
metabolic equivalents of tasks of vigorous or
moderate activity per week.

g Participants consuming fewer than 5 servings of
fruits or vegetables a week were categorized as
having low fruit and vegetable intake. One serving of
vegetables was defined as 1 cup of raw green leafy
vegetables, one-half cup of other vegetables (cooked
or chopped raw), or one-half cup of vegetable juice.
One serving of fruit was defined as 1 medium-sized
piece of fruit; one-half cup of chopped, cooked, or
canned fruit; or one-half cup of nonartificially
flavored fruit juice.
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evidence for an association of the intervention with diastolic blood pressure (mean change, −1.50
mm Hg; 95% CI, −4.83 mm Hg to 1.83 mm Hg). Similar results were observed for BMI (mean change,
−0.26; 95% CI, −0.69 to 0.15) (Table 2). Both intervention and control groups demonstrated an
increase in intake of antihyperglycemic medication (RR 1.35; 95% CI, 1.05 to 1.74; P = .02). There
were no changes for low physical activity (RR 1.01; 95% CI, 0.90 to 1.11), consumption of harmful
amounts of alcohol (RR, 1.19; 95% CI, 0.61 to 2.34), smoking daily (RR, 1.23; 95% CI, 0.89 to 1.69), and
eating fewer than 5 servings of fruit and vegetables each day (RR, 0.97; 95% CI, 0.92 to 1.03)
(Table 2). Similar results were obtained in sensitivity analyses that included those who were recruited
but not followed up (eTable 3 in Supplement 2). Results were consistent for the effect of the
intervention across different sample characteristics but with greater effect in women (mean change,
–43.6 mg/dL; 95% CI, –58.5 to –28.6 mg/dL; P = .01) (Figure 3).

Discussion

To our knowledge, this study is the first community-based research study designed to investigate
how to reduce blood glucose levels among adults with type 2 diabetes in Nepal. The findings
indicated that an FCHV-delivered intervention was associated with reduced blood glucose levels
among adults with type 2 diabetes in a semiurban setting in Nepal.

Our intervention has great potential for reducing blood glucose levels and managing diabetes
in low-resource settings. The blood glucose reduction attained was comparable to that observed in
previous studies.32-34 In those studies, the CHW-led diabetes interventions were provided via
tailored home visits through face-to-face consultations, group sessions, and telephone contacts. The
improvement in blood glucose in the intervention group in the present study may partially be
explained by the regular and resultant feedback to participants following FCHVs’ assessment.
Individuals with diabetes in the intervention group underwent repeated blood glucose
measurements every 4 months by FCHVs and were counseled about behaviors related to
antihyperglycemic medication adherence, which might have contributed to the improvement in
medication adherence and, thus, blood glucose reduction.

In addition, differences in receiving antihyperglycemic medications were found to be significant
in our study. This finding is consistent with the evidence presented in other studies33,35 conducted
in other low-to-middle income countries involving individuals with diabetes. For individuals who had
elevated blood glucose, FCHVs likely increased reminders and clarification on how and/or when to
take medications, provided education to reduce fears and increase trust, decreased diabetes-related
distress, and assisted in overcoming system-related barriers to obtain medications, as well as
referred them to the nearest health facility. Also, given that diabetes could lead to increased social

Figure 2. Unadjusted Change in Fasting Blood Glucose From Baseline to Follow-up in Intervention
and Control Groups
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isolation, timely intervention by the FCHVs could have improved mental health and desire for self-
improvement, including medication adherence. Increase in intake of antihyperglycemic medications
was observed in both intervention and control groups. Intervention contamination could have
occurred and contributed to the findings observed in the control group. We did not find significant
changes in other secondary outcomes, such as in terms of BMI or self-reported measures of fruits and
vegetables intake or physical activity. Some behavioral factors have a longer latency period, and it
would take much longer intervention and follow-up periods to show an association that our study did
not permit because we only had a 1-year follow-up. In fact, frequent and sustained interventions are
expected to yield better results because of the dose-response relationship.36

Our study results have important implications. Our intervention was simple in terms of design
and logistics and can be integrated into the existing health care system in Nepal, where FCHVs have
been part of the primary health care system for the past 3 decades. This cadre of health workers may

Table 2. Primary and Secondary Outcomes

Outcomes
Intervention group
(n = 107)

Control group
(n = 105) Intervention effect size P valuea

Fasting blood glucose,
mean (SD), mg/dLb

At baseline 157.14 (42.66) 153.18 (43.38)

−27.90 (−37.62 to −18.18)c <.001At 12 mo 134.28 (36.00) 160.56 (55.44)

Change −22.86 (38.70) 7.38 (36.00)

Systolic blood pressure,
mean (SD), mm Hg

At baseline 133.55 (15.36) 132.19 (18.60)

−5.40 (−8.88 to −1.92)c .002At 12 mo 125.69 (13.76) 130.04 (16.76)

Change −7.86 (11.36) −2.15 (12.28)

Diastolic blood pressure,
mean (SD), mm Hg

At baseline 85.98 (7.99) 85.29 (11.86)

−1.50 (−4.83 to 1.83)c .37At 12 mo 80.75 (8.98) 81.69 (9.50)

Change −5.23 (7.88) −3.60 (9.02)

Body mass indexd

At baseline 26.74 (4.00) 27.12 (4.01)

−0.26 (−0.69 to 0.15)e .22At 12 mo 26.31 (3.90) 27.00 (4.07)

Change −0.43 (1.55) −0.12 (1.26)

Low physical activity

At baseline 20 (18.7) 19 (18.1)

1.01 (0.90 to 1.11)e .98At 12 mo 13 (12.2) 13 (12.4)

Change 1.5 (0.8 to 2.9) 1.4 (0.7 to 2.8)

Harmful alcohol consumption

At baseline 18 (16.8) 11 (10.5)

1.19 (0.61 to 2.34)e .59At 12 mo 12 (11.2) 12 (11.4)

Change 1.5 (0.8 to 3.0) 0.9 (0.4 to 1.9)

Current smoking

At baseline 30 (28.0) 24 (22.9)

1.23 (0.89 to 1.69)e .20At 12 mo 32 (29.9) 22 (20.9)

Change 0.9 (0.6 to 1.4) 1.1 (0.6 to 1.8)

Low fruit and vegetable intake

At baseline 102 (95.3) 102 (97.1)

0.97 (0.92 to 1.03)e .41At 12 mo 102 (95.3) 103 (98.1)

Change 1.0 (0.9 to 1.1) 1.0 (0.9 to 1.1)

Receiving antihyperglycemic
medications

At baseline 63 (58.8) 43 (40.9)

1.35 (1.10 to 1.74)e .02At 12 mo 64 (59.8) 49 (46.6)

Change 0.9 (0.8 to 1.2) 0.8 (0.6 to 1.2)

SI conversion factor: To convert blood glucose to
mmol/L, multiply by 0.0555.
a For continuous outcomes, P values were calculated

from linear mixed-effects models with random
intercepts for wards and participants. The estimated
intervention effect was controlled for age, sex,
antihyperglycemic medication status, family history
of diabetes, monthly household income, and the
baseline summary of the respective outcomes. For
binary outcomes, P values were calculated from
mixed-effects logistic regression analyses with
random intercepts for wards and participants. The
estimated intervention effect was controlled for age,
sex, antihyperglycemic medication status, family
history of diabetes, monthly household income, and
the baseline summary of the respective outcomes.

b The prespecified primary outcome was the change in
mean fasting blood glucose from baseline to
12-month follow-up. Intraclass correlation coefficient
from the linear mixed effects model for change in
fasting blood glucose was less than 0.001.

c Shown is the difference in mean change and 95% CI.
d Body mass index is calculated as weight in kilograms

divided by height in meters squared.
e Shown is the relative risk and 95% CI.
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be promoted to take responsibility for community mobilization and education of communities in
relation to diabetes management in Nepal. There is also considerable potential to implement and
scale up this intervention in communities with limited financial and health care resources but with a
strong network of CHWs.

Limitations
Our study also has certain limitations. First, we used finger-stick blood glucose estimation instead of
venous glucose estimation, which would have been ideal, because of logistic and financial barriers.
However, a previous study showed a good correlation between capillary blood glucose and venous
plasma estimations.37 Second, only fasting blood glucose, without other glycemic indexes (eg,
glycated hemoglobin A1c) or oral glucose tolerance tests, was used for the diagnosis of type 2
diabetes, which may have underestimated the true diabetes prevalence. Third, although we
considered the issues of contamination during the study design, there still might have been some
contamination between the clusters, which may have diluted the observed association. Fourth, we
did not adjust for multiple comparisons, and given the likelihood of type 1 errors,38 changes in
secondary outcomes observed should be interpreted carefully. Fifth, our intervention was not
designed to assess which aspect of the intervention caused a beneficial effect, although we found
several indications from our risk-factor analyses.

Figure 3. Forest Plot of Differences in Mean Fasting Blood Glucose by Subgroup According to Different
Characteristics of the Sample
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Conclusions

The findings of this randomized clinical trial suggest that an FCHV-delivered intervention could be
associated with reduced blood glucose level in adults with type 2 diabetes in a low-resource setting
in Nepal. Future programs should incorporate measuring medication (amount, start date, and type)
and adherence, changes to lifestyle behaviors, and knowledge of diabetes to find out which factors
are best targeted to improve the control of type 2 diabetes in these settings.

ARTICLE INFORMATION
Accepted for Publication: December 5, 2020.

Published: February 1, 2021. doi:10.1001/jamanetworkopen.2020.35799

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Gyawali B et al.
JAMA Network Open.

Corresponding Author: Bishal Gyawali, MSPH, PhD, Section of Global Health, Department of Public Health,
University of Copenhagen, Øster Farimagsgade 5, 1014 København K, Denmark (bigyawali@sund.ku.dk).

Author Affiliations: Section of Global Health, Department of Public Health, University of Copenhagen,
Copenhagen, Denmark (Gyawali); Community Health Development Nepal, Kathmandu, Nepal (Gyawali);
Macquarie University Centre for the Health Economy, Macquarie Park, Sydney, Australia (Sharma); Nepal
Development Society, Chitwan, Nepal (Mishra, Neupane); Department of Epidemiology, Welch Center for
Prevention, Epidemiology, and Clinical Research, Johns Hopkins Bloomberg School of Public Health, Baltimore,
Maryland (Neupane); Department of Community Medicine, Kathmandu Medical College and Teaching Hospital,
Kathmandu, Nepal (Vaidya); Department of Public Health, Aarhus University, Aarhus, Denmark (Sandbæk,
Kallestrup); Steno Diabetes Centre Aarhus, Aarhus, Denmark (Sandbæk).

Author Contributions: Dr Gyawali had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Gyawali, Neupane, Vaidya, Sandbæk, Kallestrup.

Acquisition, analysis, or interpretation of data: Gyawali, Sharma, Mishra, Neupane, Sandbæk, Kallestrup.

Drafting of the manuscript: Gyawali.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Gyawali, Sharma, Mishra.

Obtained funding: Gyawali, Kallestrup.

Administrative, technical, or material support: Gyawali, Neupane, Sandbæk, Kallestrup.

Supervision: Gyawali, Neupane, Vaidya, Sandbæk, Kallestrup.

Conflict of Interest Disclosures: None reported.

Funding/Support: This work was supported by the Graduate School of Health, Aarhus University (university
scholarship to Dr Gyawali), World Diabetes Foundation (grant WDF16-1441), and Nepal Development Society.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We thank all the individuals who participated in this study. We acknowledge the
contribution of FCHVs and the staff of Nepal Development Society-Diabetes Prevention and Management by Lay
Health Workers in Nepal Project, including Pabitra Babu Soti, Nawaraj Chapagain, and Hari Pokhrel. Torsten
Lauritzen, MD, PhD (Aarhus University, Denmark), Arjun Karki, MD (HAMS Hospital, Kathmandu, Nepal), and
Bhagwan Koirala, MD (Manmohan Cardiothoracic Vascular and Transplant Center, Institute of Medicine, Tribhuvan
University, Kathmandu, Nepal), provided initial support during the design of the study. Saruna Ghimire, PhD
(Department of Sociology and Gerontology, Miami University, Oxford, Ohio) provided feedback on the manuscript.

REFERENCES
1. Gyawali B, Sharma R, Neupane D, Mishra SR, van Teijlingen E, Kallestrup P. Prevalence of type 2 diabetes in
Nepal: a systematic review and meta-analysis from 2000 to 2014. Glob Health Action. 2015;8:29088. doi:10.
3402/gha.v8.29088

JAMA Network Open | Global Health Volunteer-Delivered Intervention to Reduce Blood Glucose Among Adults With Type 2 Diabetes

JAMA Network Open. 2021;4(2):e2035799. doi:10.1001/jamanetworkopen.2020.35799 (Reprinted) February 1, 2021 10/12

Downloaded From: https://jamanetwork.com/ by a Macquarie University User  on 02/03/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.35799&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.35799
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.35799
mailto:bigyawali@sund.ku.dk
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.35799&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.35799
https://dx.doi.org/10.3402/gha.v8.29088
https://dx.doi.org/10.3402/gha.v8.29088


2. Sapkota RP, Upadhyaya T, Gurung G, Parker M, Raman R, Pardhan S. Need to improve awareness and treatment
compliance in high-risk patients for diabetic complications in Nepal. BMJ Open Diabetes Res Care. 2018;6(1):
e000525. doi:10.1136/bmjdrc-2018-000525

3. International Diabetes Federation. Diabetes Atlas. 9th ed. International Diabetes Federation; 2019.

4. Gyawali B, Ferrario A, van Teijlingen E, Kallestrup P. Challenges in diabetes mellitus type 2 management in
Nepal: a literature review. Glob Health Action. 2016;9:31704. doi:10.3402/gha.v9.31704

5. Aryal KK, Neupane S, Mehata S, et al. Noncommunicable Diseases Risk Factors: STEPS Survey Nepal 2013. Nepal
Health Research Council; 2014.

6. Gyawali B, Hansen MRH, Povlsen MB, et al. Awareness, prevalence, treatment, and control of type 2 diabetes
in a semi-urban area of Nepal: findings from a cross-sectional study conducted as a part of COBIN-D trial. PLoS
One. 2018;13(11):e0206491. doi:10.1371/journal.pone.0206491

7. Gyawali B, Bloch J, Vaidya A, Kallestrup P. Community-based interventions for prevention of Type 2 diabetes in
low-and middle-income countries: a systematic review. Health Promot Int. 2019;34(6):1218-1230. doi:10.1093/
heapro/day081

8. Jeet G, Thakur JS, Prinja S, Singh M. Community health workers for non-communicable diseases prevention and
control in developing countries: evidence and implications. PLoS One. 2017;12(7):e0180640. doi:10.1371/journal.
pone.0180640

9. Kengne AP, Fezeu L, Sobngwi E, et al. Type 2 diabetes management in nurse-led primary healthcare settings in
urban and rural Cameroon. Prim Care Diabetes. 2009;3(3):181-188. doi:10.1016/j.pcd.2009.08.005

10. Assah FK, Atanga EN, Enoru S, Sobngwi E, Mbanya JC. Community-based peer support significantly improves
metabolic control in people with type 2 diabetes in Yaoundé, Cameroon. Diabet Med. 2015;32(7):886-889. doi:10.
1111/dme.12720

11. World Health Organization. Female Community Health Volunteers. World Health Organization; 2010.

12. Panday S, Bissell P, van Teijlingen E, Simkhada P. The contribution of female community health volunteers
(FCHVs) to maternity care in Nepal: a qualitative study. BMC Health Serv Res. 2017;17(1):623. doi:10.1186/s12913-
017-2567-7

13. Engel J, Glennie J, Adhikari SR, Bhattarai SW, Prasai DP, Fiona S. Nepal's story: understanding improvements in
maternal health. Overseas Development Institute. Published March 2013. Accessed December 22, 2020. https://
www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/8624.pdf

14. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053

15. Gyawali B, Neupane D, Vaidya A, Sandbæk A, Kallestrup P. Community-based intervention for management of
diabetes in Nepal (COBIN-D trial): study protocol for a cluster-randomized controlled trial. Trials. 2018;19(1):579.
doi:10.1186/s13063-018-2954-3

16. Neupane D, McLachlan CS, Christensen B, Karki A, Perry HB, Kallestrup P. Community-based intervention for
blood pressure reduction in Nepal (COBIN trial): study protocol for a cluster-randomized controlled trial. Trials.
2016;17(1):292. doi:10.1186/s13063-016-1412-3

17. Aryal KK, Mehata S, Neupane S, et al. The burden and determinants of non communicable diseases risk factors
in Nepal: findings from a nationwide STEPS survey. PLoS One. 2015;10(8):e0134834. doi:10.1371/journal.pone.
0134834

18. World Health Organization. Noncommunicable diseases and their risk factors: STEPwise approach to
surveillance (STEPS). Accessed December 22, 2020. https://www.who.int/ncds/surveillance/steps/en/

19. Gyawali B, Mishra SR, Neupane D, Vaidya A, Sandbæk A, Kallestrup P. Diabetes management training for
female community health volunteers in Western Nepal: an implementation experience. BMC Public Health. 2018;
18(1):641. doi:10.1186/s12889-018-5562-y

20. Hochbaum GM. Public Participation in Medical Screening Programs: A Socio-Psychological Study (Public Health
Service Publication No. 572). US Government Printing Office; 1958.

21. Cassel J. An epidemiological perspective of psychosocial factors in disease etiology. Am J Public Health. 1974;
64(11):1040-1043. doi:10.2105/AJPH.64.11.1040

22. World Health Organization. Definition and Diagnosis of Diabetes Mellitus and Intermediate Hyperglycemia.
World Health Organization; 2006.

23. Centers for Disease Control and Prevention. Alcohol and public health: frequently asked questions. Accessed
December 16, 2018. https://www.cdc.gov/alcohol/faqs.htm

JAMA Network Open | Global Health Volunteer-Delivered Intervention to Reduce Blood Glucose Among Adults With Type 2 Diabetes

JAMA Network Open. 2021;4(2):e2035799. doi:10.1001/jamanetworkopen.2020.35799 (Reprinted) February 1, 2021 11/12

Downloaded From: https://jamanetwork.com/ by a Macquarie University User  on 02/03/2021

https://dx.doi.org/10.1136/bmjdrc-2018-000525
https://dx.doi.org/10.3402/gha.v9.31704
https://dx.doi.org/10.1371/journal.pone.0206491
https://dx.doi.org/10.1093/heapro/day081
https://dx.doi.org/10.1093/heapro/day081
https://dx.doi.org/10.1371/journal.pone.0180640
https://dx.doi.org/10.1371/journal.pone.0180640
https://dx.doi.org/10.1016/j.pcd.2009.08.005
https://dx.doi.org/10.1111/dme.12720
https://dx.doi.org/10.1111/dme.12720
https://dx.doi.org/10.1186/s12913-017-2567-7
https://dx.doi.org/10.1186/s12913-017-2567-7
https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/8624.pdf
https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/8624.pdf
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.35799
https://dx.doi.org/10.1186/s13063-018-2954-3
https://dx.doi.org/10.1186/s13063-016-1412-3
https://dx.doi.org/10.1371/journal.pone.0134834
https://dx.doi.org/10.1371/journal.pone.0134834
https://www.who.int/ncds/surveillance/steps/en/
https://dx.doi.org/10.1186/s12889-018-5562-y
https://dx.doi.org/10.2105/AJPH.64.11.1040
https://www.cdc.gov/alcohol/faqs.htm


24. World Health Organization. Healthy diet. Published 2015. Accessed January 5, 2019. https://www.who.int/en/
news-room/fact-sheets/detail/healthy-diet

25. World Health Organization. Diet, Nutrition, and Prevalence of Chronic Diseases. World Health Organization;
2003.

26. World Health Organisation. Global Recommendations on Physical Activity for Health. World Health
Organization; 2010.

27. Lawes CM, Parag V, Bennett DA, et al; Asia Pacific Cohort Studies Collaboration. Blood glucose and risk of
cardiovascular disease in the Asia Pacific region. Diabetes Care. 2004;27(12):2836-2842. doi:10.2337/diacare.27.
12.2836

28. Yi SW, Park S, Lee YH, Park HJ, Balkau B, Yi JJ. Association between fasting glucose and all-cause mortality
according to sex and age: a prospective cohort study. Sci Rep. 2017;7(1):8194. doi:10.1038/s41598-017-08498-6

29. Chao J, Wang Y, Xu H, et al. The effect of community-based health management on the health of the elderly:
a randomized controlled trial from China. BMC Health Serv Res. 2012;12:449. doi:10.1186/1472-6963-12-449

30. Killip S, Mahfoud Z, Pearce K. What is an intracluster correlation coefficient? crucial concepts for primary care
researchers. Ann Fam Med. 2004;2(3):204-208. doi:10.1370/afm.141

31. Rubin DB. Multiple Imputation for Nonresponse in Surveys. Wiley; 1987. doi:10.1002/9780470316696

32. Pérez-Escamilla R, Damio G, Chhabra J, et al. Impact of a community health workers-led structured program
on blood glucose control among latinos with type 2 diabetes: the DIALBEST trial. Diabetes Care. 2015;38(2):
197-205. doi:10.2337/dc14-0327

33. Farzadfar F, Murray CJ, Gakidou E, et al. Effectiveness of diabetes and hypertension management by rural
primary health-care workers (Behvarz workers) in Iran: a nationally representative observational study. Lancet.
2012;379(9810):47-54. doi:10.1016/S0140-6736(11)61349-4

34. Goldhaber-Fiebert JD, Goldhaber-Fiebert SN, Tristán ML, Nathan DM. Randomized controlled community-
based nutrition and exercise intervention improves glycemia and cardiovascular risk factors in type 2 diabetic
patients in rural Costa Rica. Diabetes Care. 2003;26(1):24-29. doi:10.2337/diacare.26.1.24

35. Little TV, Wang ML, Castro EM, Jiménez J, Rosal MC. Community health worker interventions for Latinos with
type 2 diabetes: a systematic review of randomized controlled trials. Curr Diab Rep. 2014;14(12):558. doi:10.
1007/s11892-014-0558-1

36. Howlett N, Trivedi D, Troop NA, Chater AM. Are physical activity interventions for healthy inactive adults
effective in promoting behavior change and maintenance, and which behavior change techniques are effective? a
systematic review and meta-analysis. Transl Behav Med. 2019;9(1):147-157. doi:10.1093/tbm/iby010

37. Priya M, Mohan Anjana R, Pradeepa R, et al. Comparison of capillary whole blood versus venous plasma
glucose estimations in screening for diabetes mellitus in epidemiological studies in developing countries. Diabetes
Technol Ther. 2011;13(5):586-591. doi:10.1089/dia.2010.0218

38. Bland JM, Altman DG. Multiple significance tests: the Bonferroni method. BMJ. 1995;310(6973):170. doi:10.
1136/bmj.310.6973.170

SUPPLEMENT 1.
Trial Protocol

SUPPLEMENT 2.
eFigure. Recording Register Example
eTable 1. Supervision Checklist Example
eTable 2. Baseline Characteristics of the Per Protocol Sample
eTable 3. Imputation Analysis Using Intention-to-Treat Principles of Changes in Primary and Secondary Outcomes
at 12 Months

SUPPLEMENT 3.
Data Sharing Statement

JAMA Network Open | Global Health Volunteer-Delivered Intervention to Reduce Blood Glucose Among Adults With Type 2 Diabetes

JAMA Network Open. 2021;4(2):e2035799. doi:10.1001/jamanetworkopen.2020.35799 (Reprinted) February 1, 2021 12/12

Downloaded From: https://jamanetwork.com/ by a Macquarie University User  on 02/03/2021

https://www.who.int/en/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/en/news-room/fact-sheets/detail/healthy-diet
https://dx.doi.org/10.2337/diacare.27.12.2836
https://dx.doi.org/10.2337/diacare.27.12.2836
https://dx.doi.org/10.1038/s41598-017-08498-6
https://dx.doi.org/10.1186/1472-6963-12-449
https://dx.doi.org/10.1370/afm.141
https://dx.doi.org/10.1002/9780470316696
https://dx.doi.org/10.2337/dc14-0327
https://dx.doi.org/10.1016/S0140-6736(11)61349-4
https://dx.doi.org/10.2337/diacare.26.1.24
https://dx.doi.org/10.1007/s11892-014-0558-1
https://dx.doi.org/10.1007/s11892-014-0558-1
https://dx.doi.org/10.1093/tbm/iby010
https://dx.doi.org/10.1089/dia.2010.0218
https://dx.doi.org/10.1136/bmj.310.6973.170
https://dx.doi.org/10.1136/bmj.310.6973.170

