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Abstract

The World Health Organization recommends all pregnant women receive screening for

gestational diabetes (GDM) with a fasting oral glucose tolerance test (OGTT). However,

very few women receive recommended screening in resource-limited countries like India.

We implemented a community health worker (CHW)-delivered program to evaluate if

home-based, CHW-delivered OGTT would increase GDM screening in a low-resource set-

ting. We conducted a mixed methods study in two urban slum communities in Pune, India.

CHWs were trained to deliver home-based, point-of-care fasting OGTT to women in their

third trimester of pregnancy. The primary outcome was uptake of CHW-delivered OGTT.

Secondary outcomes included GDM prevalence and linkage to GDM care. Individual inter-

views were conducted with purposively sampled pregnant women, CHWs, and local clini-

cians to assess barriers and facilitators of this approach. From October 2021-June 2022,

248 eligible pregnant women were identified. Of these, 223 (90%) accepted CHW-deliv-

ered OGTT and 31 (14%) were diagnosed with GDM. Thirty (97%) women diagnosed with

GDM subsequently sought GDM care; only 10 (33%) received lifestyle counseling or phar-

macologic therapy. Qualitative interviews indicated that CHW-delivered testing was con-

sidered highly acceptable as home-based testing saved time and was more convenient

than clinic-based testing. Inconsistent clinical management of GDM was attributed to pro-

viders’ lack of time to deliver counseling, and perceptions that low-income populations are

not at risk for GDM. Convenience and trust in a CHW-delivered GDM screening program

resulted in high access to gold-standard OGTT screening and identification of a high

GDM prevalence among pregnant women in two urban slum communities. Appropriate

linkage to care was limited by clinician time constraints and misperceptions of GDM

risk. CHW-delivered GDM screening and counseling may improve health education and
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access to preventive healthcare, offloading busy public clinics in high-need, low-resource

settings.

Introduction

Gestational diabetes mellitus (GDM)–glucose intolerance that develops during preg-

nancy–affects 10% of pregnancies worldwide [1]. Women with GDM are at high risk of

pregnancy complications such as pre-eclampsia, C-section, and birth asphyxia. More than

35% of Indian women with GDM will develop type 2 diabetes (T2DM) within 5 years of

delivery, leading to a three-fold higher mortality compared with the general population of

India [2, 3].

Early diagnosis and management of GDM is essential to decrease perinatal complications

and prevent the long-term sequelae of GDM on maternal and child health. For this reason, the

World Health Organization (WHO) recommends GDM screening in the 2nd or 3rd trimester

of pregnancy [4]. The fasting oral glucose tolerance test (OGTT), which is generally adminis-

tered in antenatal clinics, is preferred for screening. Unfortunately, most pregnant women do

not complete an OGTT because of logistical and financial challenges, such as traveling by pub-

lic transportation, losing wages, paying for travel, waiting in long queues while pregnant and

fasting, and having other caretaking responsibilities [5, 6]. A study in Tanzania found uptake

of OGTT to be only 3.4% at a major tertiary care hospital [7]. Even in high-income countries,

OGTT uptake ranges from only 18% to 37% [8–11].

Task-shifting from clinical personnel to laypersons has been shown to improve access to

evidence-based health services in low- and middle-income countries [12, 13]. Community

health workers (CHW) have successfully improved screening for HIV, hypertension, and

tuberculosis among nonpregnant populations in low-resource settings [14–18]. Task shift-

ing of preventative interventions are also recommended by the WHO in pregnancy to

improve the utilization and quality of antenatal care [19]. Therefore, we hypothesized that

home-based GDM screening in two urban slum communities of Pune, India would

improve OGTT uptake by decreasing the logistical barriers to administering the fasting

OGTT. Secondary objectives included determining GDM prevalence, linkage to GDM care,

and conducting a qualitative evaluation of the barriers and facilitators of home-based

OGTT.

Methods

Study setting and design

This study was conducted in two slum communities of Pune, India: Tadiwala Road (TR) and

Yerawada Block (YB) (Fig 1). Geographic delineations of these communities were based on

the most recent Indian Census [20]. The study was conducted from October 2021 to June 2022

in collaboration with the Deep Griha Society, a local non-governmental organization with

social service programs in Pune’s slum communities.

Sampling and recruitment

CHWs went from door-to-door within the study areas to recruit pregnant participants and

screen them for eligibility. Each community of approximately 80,000–100,000 people was

divided into 5 geographic sub-areas [21]. Within each sub-area, one CHW systematically

screened each household for eligible pregnant women. The total number of pregnant women

in each area was estimated using birth rate data [22].
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Inclusion criteria included: 1) residence in TR or YB; 2) age�18 years; 3) gestational age

�24 weeks; 4) no previous fasting OGTT for GDM during the current pregnancy; 5) and no

prior history of diabetes. Gestational age was assessed using a pregnancy wheel and last men-

strual period. If the participant was unable to remember last menstrual period, gestational age

was calculated using available ultrasound reports. Following enrollment, CHWs instructed

participants to remain fasting overnight. Fasting was defined as no oral intake other than

Fig 1. Map of study setting. Recruitment occurred in Yerawada Block and Tadiwala Road communities. The government hospital is where many of the

pregnant women living in these communities receive prenatal care.

https://doi.org/10.1371/journal.pgph.0001622.g001
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water and medications for the 8 hours prior to the visit. The CHW then returned the following

morning to administer the OGTT.

Data collection

Demographic information, health history, vital signs, and anthropometric data were collected

at study enrollment. Data was collected using the REDCap mobile app and synced to the

secure online REDCap server at the end of each day of data collection. The REDCap server

belonged to Weill Cornell Medicine and access was provided to study investigators only.

CHWs did not have access to the data after syncing.

CHW training

A one-day training session was conducted. CHWs received training from a nurse from the

local government hospital on calculating gestational age, measuring vital signs and anthropo-

metrics. CHWs also received training on gold standard practices for administering the point-

of-care fasting OGTT delivered by an obstetrician from the local government hospital. We

produced an educational flyer summarizing guidelines to be provided to participants with

GDM. CHWs were trained on GDM counselling using this flyer.

OGTT administration and interpretation

CHWs administered the OGTT in the morning at a convenient time scheduled with study par-

ticipants. On arrival, the CHW measured fasting glucose via capillary blood sample using the

Contour Plus One glucose monitor. CHWs then dissolved a powdered 75g glucose packet in

300mL of bottled water. The participant was instructed to drink this within 10 minutes. Dur-

ing a two-hour waiting period, participants watched educational videos about GDM and ante-

natal care. After two hours, glucose was rechecked. GDM was defined as fasting glucose >91

mg/dl and/or 2-hour post-OGTT glucose >152 mg/dl per International Association of Diabe-

tes in Pregnancy Study Group (IADPSG) criteria [23]. Pregnant women were provided the

results of their OGTT and relevant counseling upon completion of the test.

Linkage to GDM care and follow-up

Women who met criteria for GDM or had abnormal vital signs were provided a referral letter

to take to the local government antenatal clinic. The referral letter contained details of their

test results. The Sassoon General Hospital antenatal clinic, is government-run and provides

free care. It is within 5 kms of both sites. After two weeks, CHWs followed up in person or via

phone call with women diagnosed with GDM to determine if they had sought GDM care. If a

participant had attended a clinic for care, they were asked about their experiences at the clinic,

including any GDM counseling or pharmacologic therapy. Women who met criteria for other

abnormalities in vital signs were referred to care through a tiered process based on the severity

of the abnormality.

Qualitative interview

The objectives of the interviews were to define barriers and facilitators to CHW-led screening.

Sampling strategy. A subset of 30 pregnant women, all five CHWs, and 18 clinicians

(obstetrics and general medicine clinicians practicing in Pune) were invited to participate in a

single semi-structured qualitative interview. Participants were selected through purposive

sampling representing the primary and secondary study outcomes as well as recruitment sites.

Inclusion and exclusion criteria were as described above. Clinicians were invited from facilities
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where pregnant women diagnosed with GDM reported seeking care. Inclusion criteria

included age>18 years and ability to provide informed consent. All individuals approached to

participate in a qualitative interview agreed to participate.

Data collection procedures. For all interviewees, a native Marathi (the local language)-

speaking interviewer trained in social science and qualitative methods asked about barriers

and facilitators to CHW-delivered GDM screening using a pre-prepared interview guide [S1

and S2 Texts]. Specifically, pregnant women were asked to discuss experiences interacting

with and receiving screening from CHWs, and linkage to GDM care if pertinent. CHWs were

asked about their experience providing GDM screening and counseling. Clinicians were asked

about their perceptions of GDM prevalence, diagnosis, and treatment. Interviews were audio

recorded, transcribed, and translated from Marathi into English by a professional translation

service.

Sample size and power

A priori, we estimated that enrolling 200 pregnant women would provide at least 80% power

and 95% confidence to detect an improvement in screening rate from 2% (historical data) to

50% with this intervention. Even if the CHW screening rate was only 20%, we would still have

>80% power to detect a significant difference in screening. Post-hoc, the sample size needed

to detect the screening uptake rate we found in this study was 139.

For qualitative data, sample size was guided by the concept of data saturation, when inter-

view content no longer provides novel concepts [24]. We estimated data saturation after 35

interviews were completed.

Data analysis

Quantitative data. The primary study outcome was uptake of CHW-delivered OGTT.

This was defined as the proportion of eligible women accepting and completing a fasting

OGTT at home, delivered by the CHW. Secondary outcomes included prevalence of GDM and

linkage to care. Linkage to care was defined as having attended at least one clinic visit for GDM.

Socioeconomic status was categorized according to the Kuppuswamy scale [25]. Descriptive sta-

tistics were performed on baseline characteristics of participants who accepted the intervention.

Statistical analysis was performed using Stata version 15.1 (College Station, TX).

Qualitative data. Qualitative data were analyzed using an inductive, content-analysis

approach [26–28]. All transcripts were reviewed to develop a coding scheme relevant to

screening uptake, and to illuminate barriers and facilitators to the CHW-delivered strategy.

Codes were independently developed by four authors (KB, MP, AC, RL) in vivo through

repeated engagement with the dataset; disagreements or discrepancies in codes were resolved

through discussion between these authors. Using a framework approach, coded data was orga-

nized by topic, and entered into an analytical matrix by KB. KB and RS reviewed the matrix to

identify larger concepts that could speak to the acceptability and scalability of this approach.

Ethics approvals

This study was approved by the Weill Cornell Medicine Institutional Review Board and Sahara

Aalhad, an Institutional Review Board in Pune, India. Written informed consent was obtained

from all study participants in Marathi. All interviews were conducted in secure, private loca-

tions to maintain participant confidentiality.
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Results

Screening uptake and GDM prevalence

Overall, 434 pregnant women were approached for enrollment during the study period (Fig 2).

Of 248 eligible women, 223 (90%) underwent CHW-delivered fasting OGTT. Table 1 shows

the characteristics of the 223 pregnant women who accepted the CHW-delivered OGTT. The

median age was 24 years (IQR 22–27) and median gestational age was 26 weeks (IQR 24–31).

Almost half of the participants had received at least a high school diploma (48%) and most par-

ticipants were of upper-lower or lower-middle socioeconomic status (41% and 53%, respec-

tively). There was a family history of diabetes in 27 participants (12%). At enrollment, 28

(13%) participants had a blood pressure >130/80 mmHg. The median BMI of the cohort was

23.8 kg/m2 (21.4–27.4). In total, 31 (14%) participants were diagnosed with GDM.

Fig 2. Study flowchart.

https://doi.org/10.1371/journal.pgph.0001622.g002
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Reasons for inability to complete OGTT were as follows: patient or family preference for

clinic-based testing (n = 9, 39.1%), completed a fasting OGTT during 1st trimester for T2DM

screening (n = 8, 34.8%), desire to discuss OGTT with a doctor first (n = 4, 17.4%), fear of

medical testing due to prior miscarriage (n = 1, 4.3%), unable to understand the procedure

(n = 1, 4.3%), and not having time (n = 1, 4.3%) (Fig 3).

Table 1. Characteristics of participants with and without GDM.

Characteristic GDM (n = 31)

N (%)

Non-GDM (n = 192)

N (%)

Age, median (IQR) 23 (21–27) 24 (22–27)

Gestational age, weeks, median (IQR) 25 (24–29) 26 (24–31.5)

Known family history of diabetes 6 (19.35) 21 (10.94)

Hypertension (>130/80 mmHg) 7 (22.58) 21 (10.94)

BMI, kg/m2, median (IQR) 25.5 (21.7–30.3) 23.5 (20.9–27.2)

Mid-upper arm circumference, cm, (IQR) 27 (25–30) 26 (24–28)

Waist circumference, cm, (IQR) 97 (90–110) 96 (90–103)

Kuppuswamy socioeconomic status

Upper-middle income 1 (3.33) 13 (7.14)

Lower-middle income 19 (63.33) 67 (36.81)

Upper-lower income 10 (33.33) 102 (56.04)

https://doi.org/10.1371/journal.pgph.0001622.t001

Fig 3. Reasons provided among eligible participants who declined OGTT.

https://doi.org/10.1371/journal.pgph.0001622.g003
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Linkage to care

Of participants who were diagnosed with GDM, 30 of 31 (97%) women attended a clinic visit

to discuss OGTT results. At the clinical visit, 20% (n = 6) received dietary counseling on

GDM, 10% (n = 3) received diet and GDM risk reduction education, and 3% (n = 1) received

diet counselling, risk reduction counseling, and medication for GDM. The majority (67%,

n = 20) reported no counseling or medication changes related to their GDM diagnosis (Fig 4).

Qualitative results

Our qualitative data provide explanation and context for the quantitative findings described

above (Table 2). There were two primary factors driving high acceptability of the CHW-deliv-

ered among pregnant women: 1) the home-based OGTT overcame significant logistical barri-

ers to clinic-based testing; and 2) pregnant women had a high level of trust in CHWs. Most

women diagnosed with GDM as part of this study sought clinical care, reflecting effective

CHW-delivered counseling on GDM as a health priority. We also noted that two factors

explain inconsistent management of GDM in clinics: 1) perceived lack of time available to pro-

vide clinical counseling; and 2) the perception that low-income women are not at risk for

GDM.

CHW-delivered GDM screening was highly acceptable

Participants explained that home-based testing overcame barriers to reaching the antenatal

care clinic, including lack of transportation. Pregnant women also noted that completing an

OGTT in a clinical setting is time consuming, often requiring hours at the clinic. This time

Fig 4. Self-reported GDM management at clinic visit (n = 30).

https://doi.org/10.1371/journal.pgph.0001622.g004
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commitment puts additional strain on pregnant women who have competing priorities such

as childcare or household responsibilities. Participants found that the CHW-delivered screen-

ing minimized the inconvenience of receiving an OGTT in the typical clinical setting.

The whole day goes by at the clinic for the OGTT. They used to tell me, the women from the
hospital, ‘get it done outside as far as possible, don’t do it here’ . . . I felt that it was really good
that my time was saved.

–pregnant woman, 23 years old, diagnosed with GDM

One thing is it saved our time. . . As [30] come to our home, we don’t have to do that much
running around. . . [At the clinic], they ask you to go this number ward. You have to do run-
ning around for sure!. . . Then they don’t allow relatives inside. You yourself have to go here
and there.”

- pregnant woman, age 19, no GDM

As part of this study, pregnant women who accepted the OGTT had two or three in-person

interactions with CHWs. CHWs were described as familiar, like “family”. This sense of inti-

macy could be attributed to the fact that CHWs come from the same communities as the study

participants.

She was also nice to talk to . . . like a family member.

- pregnant woman, 30 years old, no GDM

Every time she enquired after me, ‘How are you? Are you ok? Did you have a proper break-
fast? Take care of yourself on time’. . . So I really did feel that she asks more about me than
anyone in my family does.

- pregnant woman, 33 years old, diagnosed with GDM

These trusting relationships facilitated effective health education and counseling on

GDM.

Table 2. Summary of trial results and supporting qualitative data from exit interviews.

Quantitative result Qualitative theme Representative quotes

GDM screening uptake was 90%

via CHW-delivered OGTT

CHW testing mitigates logistical barriers to clinic-based care Because of the pregnancy, some ladies can’t manage to travel to the
clinic—Pregnant woman, 24 years old, diagnosed with GDM

CHW were perceived as trustworthy health advisors and

counselors

The things I didn’t know about until now, I got to know about them
—like [blood] sugar—from the [29]. . . And about diet, types of
exercises, they explained about it properly"—Pregnant woman, 28

years old, diagnosed with GDM

"I said [to myself], she must be telling it to me for my own good"—
Pregnant woman, 28 years old, diagnosed with GDM

97% of participants diagnosed

with GDM sought follow up care

Participants were motivated by concern for the health of the

fetus

We are doing this [GDM screening] for you and your baby. We
convinced [the participants] about this.–CHW, 36 years old

Pregnant women with GDM

were managed inconsistently at

the clinics

Barriers to adequate clinical counseling include perceived lack

of time, belief that individual counseling is ineffective, and

perception that low-income populations have low GDM risk.

A specialist would always be better [than me] because they can
counsel properly. They can do more. . .. We can at the max give
only 30 minutes [to our patients].—General medicine physician,

female, 1 year experience

For overweight mothers . . . we do fasting OGTT and hemoglobin
A1c [tests] for such patients.—OB/Gyn physician, female, 22 years

of experience

https://doi.org/10.1371/journal.pgph.0001622.t002
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They say ‘nobody explains it to us the way that you have explained it to us’

- CHW, 47 years old

Deep Griha’s long-standing community involvement also facilitated trust between CHWs

and pregnant women.

Many people know about Deep Griha. It’s already familiar, and we know how they treat
people over there. So that’s why family members also didn’t react negatively [to the CHW-
delivered screening]. They said ‘it’s ok, if it is done by Deep Griha, then it will be done
properly’.

- Pregnant woman, 20 years old, diagnosed with GDM

When you say the name Deep Griha you get a lot of support [from people living in these
communities.].

- CHW, 36 years old

High rates of seeking GDM care following diagnosis

Before speaking with the CHW, pregnant women reported that they did not know about the

risks or prevalence of GDM in their communities. Many said that screening had not been

offered in the antenatal care clinic.

The hospital people haven’t even asked me to do the sugar test.

- pregnant woman, 24 years old, diagnosed with GDM

Participants diagnosed with GDM were highly motivated to engage in clinical care, citing

concern for the developing fetus as a motivator to seek GDM care.

For the baby and the mother, [treatment] needs to be done. For the baby’s good.

- pregnant woman, 31 years old, diagnosed with GDM

Inconsistent clinical management of GDM

Participants with GDM reported varied interactions with health care when they sought clinical

care. Physicians in public clinic settings reported that the large number of daily clinical

encounters made individual health counseling difficult.

“Especially in the public hospital . . . where we have 100 patients and more, so it is not possible
to do one-on-one counseling. We try and reserve counseling for specific people when they
come to us”

- Physician, female, 22 years’ experience

Additionally, clinicians believed that counseling pregnant women on lifestyle changes

would be ineffective without including the patients’ families.

“[Counseling is] not only for the patient. The family needs to be made aware of these things
because the woman here is most dependent upon the family.
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- Physician, female 30 years’ experience

While many clinicians believed that GDM incidence was rising in India, this change was

attributed to an increase in maternal age, rates of obesity, sedentary lifestyles and poor diet.

Therefore, many physicians believed that GDM was more of a concern in wealthier popula-

tions than in slum communities.

“Less educated people get married at a very early age, so gestational diabetes is not that com-
mon. But those belonging from very well-educated families . . .. those girls are landing up with
lot of gestational diabetes”

- Physician, female, 30 years’ experience

As such, screening for GDM was not routinely considered as standard antenatal healthcare

for pregnant women who were not obese or of advanced maternal age.

Discussion

We found that the CHW-delivered home GDM screening program was highly accepted

among pregnant women in two low-income communities in Pune, India. This is important

because we discovered that women in these communities have a higher prevalence of GDM

than the national average in India (8.9%), suggesting that they are at especially high-risk for

poor outcomes [31]. Nearly all women who were diagnosed with GDM visited a doctor for fol-

low-up care with inconsistent subsequent clinical management. Taken together, our results

indicate that CHWs can be trained to effectively provide gold standard GDM screening in the

community, but additional work is needed to improve management of GDM.

Uptake of OGTT screening was high (90%) in the CHW-delivered program. A similarly

high uptake of CHW-based care delivery has been seen in other studies for pregnant and non-

pregnant populations [32, 33]. A study in Tamil Nadu, for example, found that a home-based

cervical and oral cancer screening program was accepted by >90% of people approached [30].

In another study of>150,000 pregnant women in India, women contacted by CHWs had 60%

greater utilization of antenatal care compared to women who were not contacted by CHWs

[34]. Our qualitative data suggest that the high uptake of CHW-delivered OGTT was primarily

due to mitigation of the logistical barriers to OGTT screening and the trust that pregnant

women had in the CHWs. Therefore, our data suggest that, with appropriate training, even

invasive procedures such as the OGTT may be integrated into existing CHW-delivered non-

communicable disease and maternal health programs.

In India, government-employed CHWs (called ASHA workers) have been integral in

improving the uptake of antenatal care among pregnant women. ASHA workers are women

(aged 25–45) without a healthcare background who are trained to provide basic reproductive

health and child health services to the communities in which they reside [35]. According to

current Ministry of Health guidelines, ASHAs are tasked with coordinating GDM screening

visits, accompanying women to clinic to get GDM screening done, explaining the OGTT pro-

cess in detail, and even counseling women on their results. While Ministry of Health guide-

lines do not specifically prohibit ASHA workers from conducting blood testing [35], ASHA

workers are not currently trained to perform testing themselves [36]. However, at least 3 large

community-based studies in India have shown the strong feasibility of training ASHA-level

workers to conduct capillary blood glucose measurements and the trust that community mem-

bers have in ASHA-administered testing [37–39]. Therefore, it is possible that having ASHA

workers perform the OGTT themselves may streamline GDM testing and counseling and
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reduce the number of clinic visits. Our results suggest that integrating GDM screening into

ASHA workflow could be both feasible and beneficial. Further studies are needed to determine

whether such an approach would be cost-effective and scalable.

Our study also identified a surprisingly high prevalence of GDM in these low-income popu-

lations, higher than the previously reported Indian national average [31, 40]. Previous studies

of GDM in India have identified traditional risk factors such as age, BMI and belonging to a

higher socioeconomic status [40]. However, our study population did not have these risk fac-

tors. The median age was only 24 years, whereas>35 years is generally considered high risk

for GDM. Furthermore, the median BMI in our study was <25 kg/m2 while a BMI of>25 kg/

m2 is traditionally considered to be a risk factor for GDM [41]. This means that most women

in this study would have been missed by age and BMI criterion. Our qualitative data suggest

that the high prevalence of GDM in slum communities is also unknown to local health care

workers, who perceived that low-income populations are not at risk for GDM. Clinicians

stated that they screen women for GDM based on their risk profile, and only offer testing to

women accordingly. Therefore, most women in this study would have been missed by the tra-

ditional risk profile. These findings highlight the importance of providing accessible standard-

ized interventions to low-income populations, who are at equal or higher risk that higher

income populations, but may not be considered so in current clinical practice.

In our study, linkage to clinical care after a GDM diagnosis was nearly 100% (30 out of 31

women). However, management of women with GDM varied significantly based on clinic and

provider. Current national and international guidelines recommend lifestyle and dietary

counseling for all women who are diagnosed with GDM. Yet more than 60% of women diag-

nosed with GDM who visited a clinic did not receive counseling or medication. This unfortu-

nate gap in the transition from screening to clinical care has also been seen in CHW-based

interventions for other diseases. In a study in Tanzania, CHWs identified women with HIV

who would benefit from early antenatal care, but there was no significant increase in the actual

attendance of antenatal clinic visits [42]. Similarly, a CHW-based hypertension intervention in

Kenya improved linkage to care but did not find a statistically significant improvement in

blood pressure control, possibly because of the health system’s focus on acute rather than

chronic disease treatment [43, 44]. In our study, adequate counseling may have been hindered

by clinicians’ perceived lack of time to provide counseling and a misunderstanding of who

“high-risk” populations are in their community. Future interventions should focus on address-

ing these barriers at the health system-level via clinician education to strengthen appropriate

management of care following linkage to clinical care. Clinician interviews also reflected

another challenge of clinic-based care in India: women often attend clinic visits without family,

but disease counseling is more effective when family is involved [45]. Through home-based

testing, CHWs–who have equal or greater effectiveness in counseling compared to clinicians

[46]–have the ability to counsel the individual and the household, which not only offloads the

burden of counseling from clinics but also could improve adherence and sustainability of link-

age to care.

Our study had several strengths and limitations. We conducted a well-powered study to

estimate the uptake of a CHW-delivered GDM screening intervention and documenting the

reasons for non-uptake. Collecting more data on participants who declined the intervention

may have improved our understanding of the barriers to uptake of screening, though there

were very few who declined. For this study, we screened for GDM using capillary blood glu-

cose measurements. Capillary blood may lead to overdiagnosis but overall correlates well with

venous blood glucose (r = 0.80) [47]. Therefore, the benefit of convenience and feasibility of

capillary testing in a high-risk population outweighs the risk of overdiagnosis in women who

would otherwise not have been screened at all. Furthermore, confirmatory testing using
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venous blood samples should be done in clinical settings. We included multiple stakeholders

—pregnant women, CHWs, and clinicians from public and private hospitals in obstetrics and

medicine—in our qualitative analysis, allowing for a broad understanding of stakeholder per-

spectives. We selected clinicians from both public and private clinics and hospitals to mitigate

selection bias and repeated questions throughout the interview to mitigate bias in information

recall. We sampled two large urban slum communities, though these data may be limited in

applicability to more rural slums. Through this approach, we found that CHW-delivered ser-

vices could include a broad range of preventive health services [29], within which GDM

screening should be integrated.

Conclusion

CHWs were able to deliver gold standard GDM screening to 90% of low-income pregnant

women living in two urban slums in India. CHW-delivered testing overcame logistical barriers

to screening for pregnant women and CHWs were found to have unique social capital that

allowed improvement of community health beyond their logistical impact. However, linkage

to appropriate clinical management may have been compromised by a misunderstanding by

health care workers of the risk factors for GDM in slum communities. Increasing awareness of

GDM in slum communities through CHW-delivered GDM screening and counseling may

serve as a model for decentralizing preventive health care during pregnancy, which would off-

load busy public clinics and expand access to care for marginalized populations.
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18. José B, Manhiça I, Jones J, Mutaquiha C, Zindoga P, Eduardo I, et al. Using community health workers

for facility and community based TB case finding: An evaluation in central Mozambique. PLoS One.

2020; 15(7):e0236262. Epub 20200723. https://doi.org/10.1371/journal.pone.0236262 PMID: 32702073.

19. Organization WH. WHO Antenatal Care Guidelines Geneva, Switzerland2016 [cited 2023 22 March].

anc-guideline-presentationb8005106-0947-4329-adb1-61aea46db1db.pptx.

20. Nolan LB. Slum Definitions in Urban India: Implications for the Measurement of Health Inequalities.

Popul Dev Rev. 2015; 41(1):59–84. Epub 20150317. https://doi.org/10.1111/j.1728-4457.2015.00026.x

PMID: 26877568.

21. Pune, Census of India 2011. https://www.census2011.co.in/census/city/375-pune.html.

22. CEIC. Vital Statistics: Birth Rate: per 1000 Population: Maharashtra 2021 [cited 2023 22 March]. https://

www.ceicdata.com/en/india/vital-statistics-birth-rate-by-states/vital-statistics-birth-rate-per-1000-

population-maharashtra.

23. Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, Coustan DR, et al. Hyperglycemia and

adverse pregnancy outcomes. N Engl J Med. 2008; 358(19):1991–2002. Epub 2008/05/09. https://doi.

org/10.1056/NEJMoa0707943 PMID: 18463375.

24. Hennink MM, Kaiser BN, Marconi VC. Code Saturation Versus Meaning Saturation: How Many Inter-

views Are Enough? Qual Health Res. 2017; 27(4):591–608. Epub 20160926. https://doi.org/10.1177/

1049732316665344 PMID: 27670770.

25. Wani RT. Socioeconomic status scales-modified Kuppuswamy and Udai Pareekh’s scale updated for

2019. J Family Med Prim Care. 2019; 8(6):1846–9. https://doi.org/10.4103/jfmpc.jfmpc_288_19 PMID:

31334143.

26. Erlingsson C, Brysiewicz P. A hands-on guide to doing content analysis. Afr J Emerg Med. 2017; 7

(3):93–9. Epub 20170821. https://doi.org/10.1016/j.afjem.2017.08.001 PMID: 30456117.

27. Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res. 2005; 15

(9):1277–88. https://doi.org/10.1177/1049732305276687 PMID: 16204405.

28. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of

qualitative data in multi-disciplinary health research. BMC Med Res Methodol. 2013; 13:117. Epub

20130918. https://doi.org/10.1186/1471-2288-13-117 PMID: 24047204.

29. Jeet G, Thakur JS, Prinja S, Singh M. Community health workers for non-communicable diseases pre-

vention and control in developing countries: Evidence and implications. PLoS One. 2017; 12(7):

e0180640. Epub 20170713. https://doi.org/10.1371/journal.pone.0180640 PMID: 28704405.

30. Basu P, Mahajan M, Patira N, Prasad S, Mogri S, Muwonge R, et al. A pilot study to evaluate home-

based screening for the common non-communicable diseases by a dedicated cadre of community

health workers in a rural setting in India. BMC Public Health. 2019; 19(1):14. Epub 20190103. https://

doi.org/10.1186/s12889-018-6350-4 PMID: 30606132.

31. Li KT, Naik S, Alexander M, Mathad JS. Screening and diagnosis of gestational diabetes in India: a sys-

tematic review and meta-analysis. Acta Diabetol. 2018; 55(6):613–25. Epub 2018/03/28. https://doi.

org/10.1007/s00592-018-1131-1 PMID: 29582160.

32. Edmond KM, Yousufi K, Anwari Z, Sadat SM, Staniczai SM, Higgins-Steele A, et al. Can community

health worker home visiting improve care-seeking and maternal and newborn care practices in fragile

states such as Afghanistan? A population-based intervention study. BMC Med. 2018; 16(1):106. Epub

20180709. https://doi.org/10.1186/s12916-018-1092-9 PMID: 29983113.

33. Wafula ST, Nalugya A, Kananura RM, Mugambe RK, Kyangwa M, Isunju JB, et al. Effect of community-

level intervention on antenatal care attendance: a quasi-experimental study among postpartum women

in Eastern Uganda. Glob Health Action. 2022; 15(1):2141312. https://doi.org/10.1080/16549716.2022.

2141312 PMID: 36369730.

34. Nadella P, Subramanian SV, Roman-Urrestarazu A. The impact of community health workers on ante-

natal and infant health in India: A cross-sectional study. SSM Popul Health. 2021; 15:100872. Epub

20210715. https://doi.org/10.1016/j.ssmph.2021.100872 PMID: 34345646.

35. Mission NH. ABOUT ACCREDITED SOCIAL HEALTH ACTIVIST (ASHA) [updated 29 Aug 2023; cited

2023 5 Sep]. https://nhm.gov.in/index1.php?lang=1&level=1&sublinkid=150&lid=226#:~:text=ASHA%

20must%20primarily%20be%20a,of%2025%20to%2045%20years.

36. Diagnosis & Management of Gestational Diabetes Mellitus: Technical and Operational Guidelines. Gov-

ernment of India Ministry of Health and Family Welfare, Maternal Health Division, 2018.

37. Peiris D, Praveen D, Mogulluru K, Ameer MA, Raghu A, Li Q, et al. SMARThealth India: A stepped-

wedge, cluster randomised controlled trial of a community health worker managed mobile health

PLOS GLOBAL PUBLIC HEALTH CHW-delivered intervention to increase GDM screening uptake

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001622 October 27, 2023 15 / 16

http://www.ncbi.nlm.nih.gov/pubmed/15971396
https://doi.org/10.1371/journal.pone.0236262
http://www.ncbi.nlm.nih.gov/pubmed/32702073
https://doi.org/10.1111/j.1728-4457.2015.00026.x
http://www.ncbi.nlm.nih.gov/pubmed/26877568
https://www.census2011.co.in/census/city/375-pune.html
https://www.ceicdata.com/en/india/vital-statistics-birth-rate-by-states/vital-statistics-birth-rate-per-1000-population-maharashtra
https://www.ceicdata.com/en/india/vital-statistics-birth-rate-by-states/vital-statistics-birth-rate-per-1000-population-maharashtra
https://www.ceicdata.com/en/india/vital-statistics-birth-rate-by-states/vital-statistics-birth-rate-per-1000-population-maharashtra
https://doi.org/10.1056/NEJMoa0707943
https://doi.org/10.1056/NEJMoa0707943
http://www.ncbi.nlm.nih.gov/pubmed/18463375
https://doi.org/10.1177/1049732316665344
https://doi.org/10.1177/1049732316665344
http://www.ncbi.nlm.nih.gov/pubmed/27670770
https://doi.org/10.4103/jfmpc.jfmpc%5F288%5F19
http://www.ncbi.nlm.nih.gov/pubmed/31334143
https://doi.org/10.1016/j.afjem.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30456117
https://doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/pubmed/16204405
https://doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/pubmed/24047204
https://doi.org/10.1371/journal.pone.0180640
http://www.ncbi.nlm.nih.gov/pubmed/28704405
https://doi.org/10.1186/s12889-018-6350-4
https://doi.org/10.1186/s12889-018-6350-4
http://www.ncbi.nlm.nih.gov/pubmed/30606132
https://doi.org/10.1007/s00592-018-1131-1
https://doi.org/10.1007/s00592-018-1131-1
http://www.ncbi.nlm.nih.gov/pubmed/29582160
https://doi.org/10.1186/s12916-018-1092-9
http://www.ncbi.nlm.nih.gov/pubmed/29983113
https://doi.org/10.1080/16549716.2022.2141312
https://doi.org/10.1080/16549716.2022.2141312
http://www.ncbi.nlm.nih.gov/pubmed/36369730
https://doi.org/10.1016/j.ssmph.2021.100872
http://www.ncbi.nlm.nih.gov/pubmed/34345646
https://nhm.gov.in/index1.php?lang=1&level=1&sublinkid=150&lid=226#:~:text=ASHA%20must%20primarily%20be%20a
https://nhm.gov.in/index1.php?lang=1&level=1&sublinkid=150&lid=226#:~:text=ASHA%20must%20primarily%20be%20a
https://doi.org/10.1371/journal.pgph.0001622


intervention for people assessed at high cardiovascular disease risk in rural India. PLoS One. 2019; 14

(3):e0213708. Epub 20190326. https://doi.org/10.1371/journal.pone.0213708 PMID: 30913216.

38. Bassi S, Rawal T, Nazar GP, Dhore PB, Bhatt AA, Deshpande SR, et al. Empowering Accredited Social

Health Activist (ASHA) in a rural communities of Pune (Maharashtra): Process evaluation of a commu-

nity-based intervention for diabetes care. International Journal of Noncommunicable Diseases. 2022; 7

(2):63–70. https://doi.org/10.4103/jncd.jncd_15_22 02040632-202207020-00003.

39. Bassi A, Arfin S, John O, Praveen D, Arora V, Kalra OP, et al. Innovative mobile-health led participatory

approach to comprehensive screening and treatment of diabetes (IMPACT diabetes): rationale, design,

and baseline characteristics. International Journal of Diabetes in Developing Countries. 2023; 43

(3):353–62. https://doi.org/10.1007/s13410-022-01082-3

40. Swaminathan G, Swaminathan A, Corsi DJ. Prevalence of Gestational Diabetes in India by Individual

Socioeconomic, Demographic, and Clinical Factors. JAMA Netw Open. 2020; 3(11):e2025074. Epub

20201102. https://doi.org/10.1001/jamanetworkopen.2020.25074 PMID: 33165611.

41. Shah A, Stotland NE, Cheng YW, Ramos GA, Caughey AB. The association between body mass index

and gestational diabetes mellitus varies by race/ethnicity. Am J Perinatol. 2011; 28(7):515–20. Epub

20110314. https://doi.org/10.1055/s-0031-1272968 PMID: 21404165.

42. Lema IA, Sando D, Magesa L, Machumi L, Mungure E, Mwanyika Sando M, et al. Community health

workers to improve antenatal care and PMTCT uptake in Dar es Salaam, Tanzania: a quantitative per-

formance evaluation. J Acquir Immune Defic Syndr. 2014; 67 Suppl 4(Suppl 4):S195–201. https://doi.

org/10.1097/QAI.0000000000000371 PMID: 25436818.

43. Geldsetzer P, Manne-Goehler J, Marcus ME, Ebert C, Zhumadilov Z, Wesseh CS, et al. The state of

hypertension care in 44 low-income and middle-income countries: a cross-sectional study of nationally

representative individual-level data from 1�1 million adults. Lancet. 2019; 394(10199):652–62. Epub

20190718. https://doi.org/10.1016/S0140-6736(19)30955-9 PMID: 31327566.

44. Vedanthan R, Kamano JH, DeLong AK, Naanyu V, Binanay CA, Bloomfield GS, et al. Community

Health Workers Improve Linkage to Hypertension Care in Western Kenya. J Am Coll Cardiol. 2019; 74

(15):1897–906. Epub 20190902. https://doi.org/10.1016/j.jacc.2019.08.003 PMID: 31487546.

45. Chen MY. The effectiveness of health promotion counseling to family caregivers. Public Health Nurs.

1999; 16(2):125–32. https://doi.org/10.1046/j.1525-1446.1999.00125.x PMID: 10319663.

46. Thom DH, Ghorob A, Hessler D, De Vore D, Chen E, Bodenheimer TA. Impact of peer health coaching

on glycemic control in low-income patients with diabetes: a randomized controlled trial. Ann Fam Med.

2013; 11(2):137–44. https://doi.org/10.1370/afm.1443 PMID: 23508600.

47. Daly N, Carroll C, Flynn I, Harley R, Maguire PJ, Turner MJ. Evaluation of point-of-care maternal glu-

cose measurements for the diagnosis of gestational diabetes mellitus. BJOG. 2017; 124(11):1746–52.

Epub 20160817. https://doi.org/10.1111/1471-0528.14255 PMID: 27532888.

PLOS GLOBAL PUBLIC HEALTH CHW-delivered intervention to increase GDM screening uptake

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001622 October 27, 2023 16 / 16

https://doi.org/10.1371/journal.pone.0213708
http://www.ncbi.nlm.nih.gov/pubmed/30913216
https://doi.org/10.4103/jncd.jncd%5F15%5F22
https://doi.org/10.1007/s13410-022-01082-3
https://doi.org/10.1001/jamanetworkopen.2020.25074
http://www.ncbi.nlm.nih.gov/pubmed/33165611
https://doi.org/10.1055/s-0031-1272968
http://www.ncbi.nlm.nih.gov/pubmed/21404165
https://doi.org/10.1097/QAI.0000000000000371
https://doi.org/10.1097/QAI.0000000000000371
http://www.ncbi.nlm.nih.gov/pubmed/25436818
https://doi.org/10.1016/S0140-6736%2819%2930955-9
http://www.ncbi.nlm.nih.gov/pubmed/31327566
https://doi.org/10.1016/j.jacc.2019.08.003
http://www.ncbi.nlm.nih.gov/pubmed/31487546
https://doi.org/10.1046/j.1525-1446.1999.00125.x
http://www.ncbi.nlm.nih.gov/pubmed/10319663
https://doi.org/10.1370/afm.1443
http://www.ncbi.nlm.nih.gov/pubmed/23508600
https://doi.org/10.1111/1471-0528.14255
http://www.ncbi.nlm.nih.gov/pubmed/27532888
https://doi.org/10.1371/journal.pgph.0001622

