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Abstract

Background

Maternal and neonatal outcomes in the immediate post-delivery period are critical indicators

of quality of care. Data on childbirth outcomes in low-income settings usually require home

visits, which can be constrained by cost and access. We report on the use of a call center to

measure post-discharge outcomes within a multi-site improvement study of facility-based

childbirth in Uttar Pradesh, India.

Methods

Of women delivering at study sites eligible for inclusion, 97.9% (n = 157,689) consented to

follow-up. All consenting women delivering at study facilities were eligible to receive a phone

call between days eight and 42 post-partum to obtain outcomes for the seven-day period

after birth. Women unable to be contacted via phone were visited at home. Outcomes,

including maternal and early neonatal mortality and maternal morbidity, were ascertained

using a standardized script developed from validated survey questions. Data Quality Assur-

ance (DQA) included accuracy (double coding of calls) and validity (consistency between

two calls to the same household). Regression models were used to identify factors associ-

ated with inconsistency.

Findings

Over 23 months, outcomes were obtained by the call center for 98.0% (154,494/157,689)

consenting women and their neonates. 87.9% of call center-obtained outcomes were
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captured by phone call alone and 12.1% required the assistance of a field worker. An addi-

tional 1.7% were obtained only by a field worker, 0.3% were lost-to-follow-up, and only 0.1%

retracted consent. The call center captured outcomes with a median of 1 call (IQR 1–2).

DQA found 98.0% accuracy; data validation demonstrated 93.7% consistency between the

first and second call. In a regression model, significant predictors of inconsistency included

cases with adverse outcomes (p<0.001), and different respondents on the first and valida-

tion call (p<0.001).

Conclusions

In areas with widespread mobile cell phone access and coverage, a call center is a viable

and efficient approach for measurement of post-discharge childbirth outcomes.

Background

Maternal and neonatal outcomes in the immediate post-delivery period are critical indicators

of quality of care [1]. Traditionally, near real-time measurement of outcomes has targeted in-

facility events [2, 3]; however, the risk of death for both mother and baby remains alarmingly

high in the seven days following delivery [4, 5]. Home visits, population health surveys, and

medical record review have, historically, been the standards for measuring post-delivery out-

comes in resource-limited settings [6, 7]. Home visits can be resource-intensive and limited by

local constraints, including access and safety. Population health surveys are only conducted at

set intervals, are typically powered to estimate events at a national or large subnational level,

and include recall over long time frames. Facility-based record review can only document out-

comes that occur prior to discharge. A feasible, timely, and less costly approach to collecting

post-discharge outcomes is clearly needed.

Between 2000 and 2010, mobile phone use increased by 1500% in low- and middle-income

countries [8]. As of 2010, 77% of global mobile subscriptions were in developing countries,

where a median of 84% of individuals own cell phones [8, 9]. As mobile phone coverage

increases globally, patient follow-up strategies need to capitalize on this rapid growth.

Call centers have a history of use in public health, primarily for measurement of population

health or disease management in high-income countries [10–12]. In low-income countries,

call centers have been used to track health status after hospitalization [13, 14], measure patient

satisfaction following healthcare delivery [15], and conduct high-frequency, mobile-phone

panel surveys to facilitate livelihood monitoring [16]. A few studies have demonstrated the fea-

sibility of computer assisted telephone interviewing in developing countries [17–19]; however,

there are limited published data on the quality and validity of telephonic surveillance in these

settings.

We conducted the BetterBirth Trial [20], a matched-paired, cluster randomized controlled

trial (RCT), testing the impact of a coaching-based implementation of the WHO Safe Child-

birth Checklist on: (i) quality of care in facility-based deliveries in Uttar Pradesh, India and (ii)

maternal and early neonatal morbidity and mortality in the early post-partum period [21]. A

sample of 157,689 mothers and their babies across 120 sites were followed to assess health out-

comes [22]. The results of this study, published elsewhere, demonstrate higher adherence to

essential birth practices overall at intervention facilities compared to control sites. However,

maternal and perinatal mortality and maternal morbidity did not significantly differ between
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the two groups (overall perinatal mortality rate: 48 deaths/1,000 births; maternal mortality

ratio: 95 deaths/100,000 livebirths). The scale of follow-up during this trial across a large geo-

graphic region necessitated the establishment of a call center to ascertain patient-reported

maternal and early neonatal post-discharge health outcomes via a brief telephonic interview.

We developed Data Quality Assurance (DQA) protocols [23] to measure and ensure the accu-

racy of data collection as well as to validate the call center model in this setting.

This evaluation aimed to measure the effectiveness, efficiency, cost, and accuracy of utiliz-

ing a call center to capture patient-reported post-delivery outcomes in Uttar Pradesh, India.

Of note, patient-reported outcomes were not clinically validated with clinical records or assess-

ments as part of this study.

Methods

Call center design

Outcomes assessment questionnaire. To measure patient-reported post-delivery out-

comes, a health outcomes questionnaire was developed, including a standardized script and

validated questions from previous population surveys [24–27]. We utilized the WHO near-

miss criteria as a basis for survey development. In order to make it feasible to ask the questions

over the phone, we adapted questions as appropriate (Table 1). The questionnaire was trans-

lated from English to Hindi, back-translated to English, and pilot tested to ensure accuracy.

Call center data capture system and dashboard

A data collection system and dashboard were designed to capture and store patient contact

information and manage call center follow-up. Data collectors extracted consenting mothers’

contact information from facilities’ registers and input them into a tablet-based application

twice per week. The contact information was sent to the call center’s dashboard via a secure

cloud-based server, where cases remained in queue until eligible for follow-up. Additionally,

the dashboard selected cases for DQA.

Outcomes assessment protocol

The Betterbirth Trial was conducted at 120 health facilities in Uttar Pradesh, India. These sites

were selected from a larger pool of 284 sites that met eligibility criteria, namely public-sector

primary and community health facilities with delivery services 24 hours a day, 7 days a week;

delivery load>1000 births per year, 3+ birth attendant staff, absence of ongoing research or

other interventions that could confound trial results; and willingness of administrative and

clinical leaders to participate. Women were eligible for enrollment if they presented for child-

birth at study facilities and ineligible if delivered outside the facility, were referred from

another facility, or admitted for abortion services. All eligible women were approached for

enrollment prior to their discharge through a verbal informed consent process, which was wit-

nessed and documented, for follow-up by a call or visit between eight and 42 days post-par-

tum, including permission to speak with their husband, their mother, or mother-in-law if they

were unavailable (Fig 1). The call center and home visit staff also reconfirmed consent at the

time of the phone call or home visit. If the mother was unavailable or deceased, her husband,

mother, or mother-in-law was permitted to respond to the questions and verbal informed con-

sent from the respondent was provided over the phone. If both the mother and newborn died

in the facility, the case was closed and no follow-up was done. Outcomes questions concerned

maternal and neonatal mortality, five maternal morbidities, two critical interventions, and

whether the mother or baby returned to the health facility given any complications (Table 1)
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[21]. In order to establish the timing of any adverse outcomes, respondents were asked

whether each adverse outcome occurred “at any time after delivery until now.” If the respon-

dent answered “yes,” she was asked to specify whether the adverse outcome occurred within

seven days after delivery. To respect personal and cultural norms, all call center staff were

female.

Three attempts were made to contact each respondent directly by phone (for whom a

phone number was available in the facility register) and any respondent who was not contacted

successfully by 21 days post-partum (at the latest) received a “field worker assisted call.” Dur-

ing a field worker assisted call, a field worker traveled to the home, confirmed consent, handed

the respondent a mobile phone that was pre-connected to the call center, and stepped away to

provide privacy. Due to safety concerns, the majority of field workers were male. The female

call-center employee conducted the outcomes assessment. At respondent homes with no

Table 1. Outcomes assessed for the 7-day period post-delivery [28].

Outcome of interest WHO Near-Miss Criteria [28, 29] BetterBirth Questionnaire

Maternal and early neonatal mortality

Mother vital status (alive/dead) How is the mother’s health? If mother was found to

have died after discharge, when did the mother die?

Baby vital status (alive/dead) How is the baby’s health? If baby was found to have

died after discharge, when did the baby die?

Maternal morbidity

Seizure (no/yes): a measure of severe preeclampsia Uncontrollable fit/total paralysis Did you have a fit/seizure during or after delivery at

any

time up until now? [25–27, 30, 31]

Fever with vaginal discharge (no/yes): a potential

marker of sepsis or severe systemic infection

Sepsis or severe systemic infection Did you have a fever during or after delivery at any

time up until now? If yes, did this fever come with

smelly vaginal discharge? [25, 27, 30]

Stroke (paralysis) (no/yes): a measure of eclampsia Stroke is a neurological deficit of cerebrovascular cause

that persists beyond 24 hours or is interrupted by death

within 24 hours.

Did you have a stroke (paralysis) during or after

delivery at any time up until now? [24]

Excessive bleeding (no/yes): a measure of severe post-

partum hemorrhage

Severe postpartum hemorrhage Did you have a lot of bleeding during or after

delivery at any time up until now? If yes, did the

blood wet your clothes, the bed, or the floor? [25,

26, 30–33]

Loss of consciousness for >1 hour (no/yes): a measure

of neurological dysfunction, metabolic coma, or

otherwise prolonged lack of responsiveness to external

stimuli

Loss of consciousness is a profound alteration of mental

state that involves complete or near-complete lack of

responsiveness to external stimuli.� It is defined as a

Coma Glasgow Scale <10 (moderate or severe coma).

Did you remain unconscious for more than 1 hour

during or after delivery at any time up until now?

[34]

Critical Interventions

Receive a blood transfusion (no/yes) Transfusion of 5 units red cell transfusion Did you receive a blood transfusion during or after

delivery at any time up until now?

Operation to remove uterus or womb (no/yes) In the maternal near-miss context, surgical removal of

the uterus

following infection or hemorrhage

Did you have an operation to

remove your uterus or womb at any time after

delivery up until now?

Mother or baby return to facility

Mother return to facility for a health problem (no/yes) After you left the facility to go home, did you have

to go back to a health care facility because of a

problem?

Baby return to facility for a health problem (no/yes) After the baby left the facility to go home, did

anyone have to bring your baby back to a health

care facility because of a problem?

� Although the WHO definition for prolonged unconsciousness stipulates any loss of consciousness lasting more than 12 hours, there is evidence that reduced oxygen

saturation during loss of consciousness for greater than one hour is associated with maternal death [34].

https://doi.org/10.1371/journal.pone.0207987.t001
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cellular network coverage, the field worker conducted the outcomes assessment face-to-face

using the same script as the call center (Fig 1). Relationships were established with a vast net-

work of community health workers throughout UP, known as Accredited Social Health Activ-

ists (ASHAs), to facilitate locating contact details for cases with incorrect or missing phone

numbers or otherwise unreachable.

Staff training and pilot testing

Call center staff underwent a comprehensive eight-day training focused on the outcomes

assessment protocol, research ethics, interview techniques, adherence to the standardized

script, use of the dashboard, and the DQA process. In September 2014, after the call center

Fig 1. Outcomes data collection process diagram.

https://doi.org/10.1371/journal.pone.0207987.g001
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protocol was successfully tested for feasibility with patients discharged from three pilot sites, it

was established as the primary outcomes data collection method for the BetterBirth Trial.

As part of the implementation of the call center, we trained call center staff and supervisors

for appropriate sympathetic responses in case of a death or morbidity. In case of a health prob-

lem discovered on the phone, the call center staff referred the woman/newborn to the health

facility or nearby clinic/doctor. We established a phone hotline where if there were problems,

families could call and report concerns through Community Empowerment Lab, Lucknow,

India. We reviewed the logs of those calls to ensure appropriate follow ups were made. While

we tried to find appropriate community-based counseling centers across the state, they were

found to be non-functional.

Data quality assurance protocols

Completeness, effectiveness, and efficiency. Completeness of data entry was defined as

no missing data; this was ensured by building constraints into the data-entry application to

prevent inappropriately missing data. Effectiveness of the call center was defined as the pro-

portion of cases with outcomes determined by telephone. Efficiency of the call center was

defined as the number of call attempts and days required to determine presence or absence of

any outcome.

Double coding procedure to assess accuracy. All calls were recorded; supervisors dou-

ble-coded 1.8% (2,738/154,505) of closed cases. The accuracy of the data, assessed by compar-

ing the call center staff results to the supervisors’ coding (the gold standard), was defined as a

match between staff and supervisor. An equal number of calls with and without adverse out-

comes were assessed, and the supervisor was blinded to all caller-entered data. Results of

DQA, including caller accuracy rates and error trends for each question, were presented in

daily reports. Caller errors were addressed through routine supportive supervision.

All newly hired callers underwent an intensive initial phase (designed to last 6–8 weeks), in

which each caller was required to achieve perfect accuracy on four sets of 10 consecutive calls.

Each set of 10 calls included five with identified outcomes and five without identified out-

comes. During each quarter of the remainder of her employment (maintenance phase), each

caller was required to achieve perfect accuracy on one set of ten consecutive calls. At any time,

if a caller achieved <100% accuracy on a set of ten consecutive calls, the assessment was

repeated on a different set of calls following supportive supervision.

Call center validation procedure. A subset of cases closed by the call center (N = 1,475)

received a field worker assisted validation call within seven days of case closure to further vali-

date the call center’s ability to determine the presence or absence of adverse outcomes.

Response data from the first and second calls were compared for consistency.

Sample size, data analysis, & ethics

Descriptive statistics were calculated for variables related to effectiveness, efficiency, and accu-

racy of the call center. Cost information was calculated from budget expenditures for infra-

structure and ongoing monthly costs were estimated using cost data from May 2016, a period

representative of the trial at full operation.

For the validation procedure, inconsistency, the outcome of interest, was defined whether

the response to any question on the field worker assisted validation call differed from the

response given on the first call (set as the gold standard). The sample size was chosen to

achieve a 95% confidence interval (CI) for the percent inconsistency between the first and sec-

ond call that was at most 4% (e.g., 15%+/-2%), which required a minimum of 613 cases that

had adverse outcomes identified during the first call and a minimum of 613 cases with no
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adverse outcomes identified in the first call. Unadjusted relative risks, accounting for cluster-

ing within site, using generalized estimating equations [35], were calculated for potential pre-

dictors associated with inconsistency using univariable log-binomial regression. Since

‘respondent type’ on first call and ‘whether the respondent changed between first and second

call’ are highly collinear, we a priori chose to use the latter in the multivariable regression anal-

yses. The final model estimated relative risk (RR) and 95% CI for predictors of inconsistency

using a multivariable relative risk regression [36], clustering by site. All statistical analyses

were done using SAS 9.4 (SAS Institute, Cary, NC).

The study protocol, including consent process and sub-analyses, were reviewed and

approved as part of the BetterBirth Trial study protocol which was approved by all participat-

ing institutions: Community Empowerment Lab (CEL) Ethics Review Committee formerly

Lucknow Ethics Committee, Jawaharlal Nehru Medical College Ethical Review Committee,

Institutional Review Board of the Harvard T.H. Chan School of Public Health, Population Ser-

vices International Research Ethics Board, and the Ethical Review Committee of the World

Health Organization. The Indian Council of Medical Research also approved the study. The

protocol was reviewed and reapproved on an annual basis. The trial is registered at Clinical-

Trials.gov (Identifier: NCT02148952).

Results

Effectiveness and efficiency of call center

Between February 2015 and January 2017, the call center successfully followed-up 98.0%

(n = 154,494) of eligible cases; 87.9% of the outcomes were recorded by phone alone (Table 2).

The remaining 12.1% of cases required a field worker assisted call, often due to missing phone

numbers in the patient record. Additional cases were closed by a field worker alone (1.7%,

n = 2,745) due to lack of network connectivity. A small proportion of cases enrolled in the trial

retracted consent (0.1%, n = 94) or were lost-to-follow-up (0.3%, n = 450). Loss to follow-up

most commonly occurred when women moved out of the study catchment area or contact

details were inaccurate. Participant characteristics have been described elsewhere [22].There are

no clinically significant differences in measured demographic indicators within or across the

three groups who were enrolled but whose outcomes were not collected (the patients who were

lost to follow-up, those whose outcomes were assessed by a field worker only, and those who

retracted consent) as compared with study participants whose outcomes were assessed by the

call center (S1 Table). Significant differences (p<0.001) in rates of early neonatal mortality were

reported for cases closed by the call center only (4.4%, 95% CI 4.1%-4.7%, n = 6005/135,698),

compared with field worked assisted calls (6.7%, 95% CI 6.1%-7.4%, n = 1256/18,718), and field

worker only (7.3%, 95% CI 5.9%-9.1%, n = 200/2,728).

The call center increased from three callers and one supervisor to 26 callers, six supervisors,

and one manager as the number of cases requiring follow-up increased. The median duration

from the start of the follow-up period to case closure was 3 days (IQR 1–5), and a median of 1

call (IQR 1–2) was required to close a case (Table 2). Cases closed by the call center were dis-

tributed over a large geographic area (Fig 2).

Cost of the call center

The operational cost per case closed by the call center was approximately 1 dollar (1.09 USD).

If only field workers had been used and closed all cases, the cost per case closed would have

been approximately five times greater (5.66 USD). If all cases were closed by field worker assis-

ted calls, the cost per case closed would be approximately six times higher than the call center

alone (6.75 USD) (Table 2).
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Accuracy of data

Of the 2,794 calls that were double-coded, the rate of perfect accuracy (questionnaires with

zero errors across all questions) was 98.0% (Table 2). The rate of accuracy for individual ques-

tions (n = 81,206) was even higher at 99.9%.

Table 2. Effectiveness, efficiency, cost, and accuracy of call center (3 Feb ‘15–7 Jan ‘17).

Call center effectiveness n (%)

Total number of cases enrolled 157,689 (100)

Closed by field worker only 2,745 (1.7) �

Lost to follow-up 450 (0.2) �

Retracted consent (on call or at home visit) 94 (0.1)

Total closed by call center 154,494 (98.0) �

Closed by call only 135,767 (87.9) ^

Closed by field worker assisted call 18,727 (12.1) ^

Call center efficiency n

Callers 26

Supervisors 6

Managers 1

median (IQR)

Calls closed per day, per caller 17 (12–21)

median (IQR)

Days to determine outcome 3 (1–5)

Calls to determine outcome 1 (1–2)

Field worker efficiency median (IQR)

Days to determine outcome 7 (3–13)

Visits to determine outcome 1 (1–1)

Cost of follow-up methods USD

One-time establishment and infrastructural costs

Call center (laptops, desktops, phones, headsets, call recorder) 16,015.45

Field worker home visitation (tablets, smartphones, power banks) 16,563.29

Operational costs, per month (referenced from May 2016)

Call center (telephone bill, caller and supervisor salaries, rent and utilities) 11,947.25

Field worker home visitation

(rent and utilities, field worker and supervisor salaries, transportation costs)

62,176.07

Field worker assisted calling

(combined operational costs for call center and field worker home visitation)

74,123.32

Operational cost per case closed, May 2016 (n = 10,979)

Call center cost (actual) 1.09

If closed by field worker only 5.66

If closed by field worker assisted call 6.75

Call center DQA accuracy n (%)

Questionnaire-level accuracy�� (N = 2,794) 2,738 (98.0)

Question-level accuracy^^ (N = 81,026) 80,095 (99.9)

� Percent is calculated out of "Total number of cases enrolled"

^ Percent is calculated out of "Total cases closed by call center"

�� Questionnaire-level accuracy: total questionnaires with zero errors

^^ Question-level accuracy: total questions with zero errors

https://doi.org/10.1371/journal.pone.0207987.t002
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Validation of call center

The validated sample included 1,475 cases, 794 with adverse outcomes identified on the first

call and 681 without adverse outcomes identified on the first call. In the validated sample, the

first call most often reached the mother within two to five days of eligibility for follow-up, and

of the 1,475 validated cases, 93.7% demonstrated perfect consistency between the first and sec-

ond calls.

We had a total of 93 follow-up calls with inconsistency, and 116 inconsistent responses to

individual questions. Among inconsistent responses, two questions comprised the majority on

adverse outcomes in the seven days post-delivery: presence of fever (n = 37/116, 31.9%) and

occurrence of excessive bleeding (n = 30/116, 25.9%). Other questions for which inconsistent

responses were given included: mother returning to the facility (n = 21/116, 18.1%), baby

returning to the facility (n = 18/116, 15.5%), baby death (n = 6/116, 5.2%), and loss of con-

sciousness (n = 4/116, 3.5%). All kappa coefficients were>0.89. The respondent on the first

Fig 2. Geographic distribution and volume of cases successfully followed-up by call center, 3 Feb 2015–7 Jan 2017.

https://doi.org/10.1371/journal.pone.0207987.g002
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call was most often the mother. The median number of days between the first and second call

was 8 (IQR 4–15); the majority (87.1%) had the same respondent for both calls (Table 3).

Predictors of inconsistency. When an adverse outcome was reported on the first call, the

rate of inconsistency with the second call was almost five times higher than the rate of incon-

sistency between the two calls when no adverse outcome was reported in the first call (9.9 ver-

sus 2.1). When the first call reached the mother or the mother’s husband, inconsistency was

much lower than when the first call reached anyone else (no matter whom the second call

reached). Whenever the respondent to the second call differed from the first, the rate of incon-

sistency was approximately double the rate of inconsistency compared to those with the same

respondent on both calls (Table 3).

Multivariable regression results. The final multivariable regression model revealed three

major factors associated with significantly increased risk of inconsistency. Identification of an

adverse event on the first call was the strongest predictor of inconsistency (RR = 4.78, 95% CI

[4.22–5.34]). When the respondent changed between the first and second call, the risk of

inconsistency was twice as high compared to when the respondent was the same (RR = 2.03,

95%CI [1.70–2.36]). Additionally, second calls which occurred>15 days from the first call had

a greater risk of inconsistency (RR = 1.85, 95% CI [1.39–2.31]) than second calls conducted

within fourteen days of the first call (Table 4).

Discussion

This study describes the successful implementation and validation of a call center in ascertain-

ing patient-reported post-discharge outcomes for mothers and their babies in a low-resource,

geographically vast setting. These findings have the potential to influence how health systems,

programs, and research trials gather post-discharge outcomes on patients in regions where cel-

lular coverage is high to inform efforts to improve healthcare access, quality and outcomes for

Table 3. Bivariate analyses of predictors of inconsistent call center responses.

Risk of Inconsistency

N (%) Median (IQR) Consistent (%) Inconsistent (%) RR� 95% CI� p-Value

Total outcomes surveys validated 1,475 (100) - 1,382 (93.7) 93 (6.3)

Days until first call 3 (2–5) 1.01 0.94–1.07 0.865

Respondent type, first call

Mother 1,347 (91.3) 1,267 (94.1) 80 (5.9) 1 -

Husband 105 (7.1) 97 (92.4) 8 (7.6) 1.28 0.79–2.07 0.310

Other 23 (1.6) 18 (78.3) 5 (21.7) 3.66 1.80–7.43 <0.001

Identified outcome on first call

No identified outcome 681 (46.2) 667 (97.9) 14 (2.1) 1 -

At least 1 identified outcome 794 (53.8) 715 (90.1) 79 (9.9) 4.84 2.78–8.43 <0.001

Days between first call and second call 8 (4–15) 1.03 1.00–1.05 0.071

Days 0–14 1,097 (74.4) 1,041 (94.9) 56 (5.1)

Days 15+ 378 (25.6) 341 (90.2) 37 (9.8) 1.92 1.18–3.12 0.001

Respondent change between first and second call‡

Respondent same 1,282 (87.1) 1,212 (94.5) 70 (5.5) 1 -

Respondent different 190 (12.9) 168 (88.4) 22 (11.6) 2.12 1.42–3.16 <0.001

� RR indicates relative risk; CI, confidence interval
‡ If "other" was the respondent type on both the first and second call they were dropped from this analysis since it was not possible to determine if the respondent was

the same between calls (n = 3)

https://doi.org/10.1371/journal.pone.0207987.t003
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mothers and their newborns. Additional work to evaluate the call center method through clini-

cal validation of patient outcomes and the development of simplified assessments/surveys for

patient reported outcomes is necessary.

Acceptable rates of follow-up in epidemiological studies are generally agreed to be 60–80%,

however the call center successfully closed 98.0% of eligible cases (87.9% by call center alone),

which we believe is largely attributable to three factors [37]. First, mobile coverage in the study

area is high. In February 2016, the Telecom Regulatory Authority of India reported a total of

147,772,742 wireless cellular subscribers throughout Uttar Pradesh [38]. Cell phone coverage

is estimated to be 74.0% [39] and is likely much higher. While there are still populations with

no access to mobile phones or cellular networks, relying on field workers to close the ‘harder

to reach’ cases proved to be an effective alternative method. Second, depending on facility-

based study staff to collect consenting mothers’ contact information and automating the link

between the facilities and the call center ensured that the call center dashboard was routinely

updated with the latest information on mothers eligible for follow-up. Third, call center staff

relied on ASHAs to locate mothers and their families when the mothers were unreachable or

the contact number given at the facility was missing or incorrect. In these cases, the commu-

nity-based ASHAs arranged for calls, or field workers were sent to the home to conduct a field

worker assisted call.

Despite the eight-fold growth of call center staff over the course of the study to accommo-

date increasing study enrollment, caller accuracy rates remained consistently high. Regular

testing and support of callers’ work quality was integrated into call center operations through

the supportive components of the DQA protocol. Real-time reports generated by the call cen-

ter’s dashboard (featuring error incidence by question) enabled supervisors to provide sup-

portive coaching to the callers. Given the phase-specific goals for each caller, performance was

regularly tested and integrated into call center operations. In addition, we adopted core con-

cepts of supportive supervision. Accuracy was celebrated, and errors were discussed between

caller and supervisor. Sources of error were identified from call recordings, and improvement

strategies were identified.

Of the total validation sample, 93.7% of cases were perfectly consistent. Given limited pub-

lished data on the validity of call centers for ascertaining patient-reported outcomes in Uttar

Pradesh and similar settings, these findings are novel and promising. Several factors

Table 4. Multivariable analysis for the prediction of inconsistency.

Risk of Inconsistency

RR� 95% CI� p-Value

Days until first call (continuous) 1.00 0.94–1.05 0.873

Respondent change between first and second call‡

Respondent same 1

Respondent different 2.03 1.70–2.36 <0.001

Identified outcome on first call

No identified outcome 1

At least 1 identified outcome 4.78 4.22–5.34 <0.001

Days between first call and second call

Days 0–14 1

Days 15+ 1.85 1.39–2.31 0.017

� RR indicates relative risk; CI, confidence interval
‡ If "other" was the respondent type on both the first and second call they were dropped from this model since it was

not possible to determine if the respondent was the same between calls (n = 3)

https://doi.org/10.1371/journal.pone.0207987.t004
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contributed to the 6.3% of cases, which had at least one inconsistent response between the first

and second calls of the validation procedure. First, allowing for surrogate respondents on the

mother’s behalf resulted in higher rates of inconsistency. Not surprisingly, our data show that

the mother is the preferred respondent when answering questions about her own and her

baby’s health. However, the range of possible barriers to reaching a mother (e.g. the mother

has died, she prefers another family member to answer on her behalf) may necessitate seeking

alternative sources of information. There is considerable evidence demonstrating sole reliance

on the birth mother to respond about neonatal mortality may significantly underestimate baby

deaths due to the positive correlation between maternal and neonatal deaths [40]. Question-

naires must be designed to maximize response reliability from multiple respondents. Addi-

tionally, we attempted to call respondents a second time within seven days of the first call

during validation exercises; however, this timing was not always possible due to the high vol-

ume of cases. Cases with delayed validation were almost twice as likely to demonstrate an

inconsistent response on the second call. Call-center protocols and validation procedures

should consider the timing of calls to limit recall bias.

Based on the count of cases closed by the call center alone in May 2016 (n = 10,979), we

extrapolated the cost if these cases had been closed by a field visit and by a field worker assisted

call. Contacting mothers only by phone was the least costly follow-up method at $1.09 per case

closed, followed by field visits and field worker assisted calls, costing $5.66 and $6.75, respec-

tively. In addition to cost differences between the three modes of follow-up, each mode

required differing time duration to case closure. Though each method only took one attempt,

the call center closed cases in a median of three days, whereas it took a median of six days for

field workers to close a case. We also compared our methods with population health surveys,

which are commonly used throughout the world to ascertain maternal and neonatal health

data, and are estimated to cost between $7.00 and $104.00 per survey visit [41, 42]. Based on

the differential costs of the three methods used in this study as well as comparisons with inde-

pendent population health surveys, telephonic follow-up may be a less costly option. Addition-

ally, accurate recall is a concern with annual population health surveys that target the

immediate post-natal period, therefore the call center’s validated and timely follow-up suggests

cost-effectiveness in terms of data capture [43].

We did find a small but significant difference in the rates of reported early neonatal mortal-

ity ascertained for cases reached by the call center alone versus those for whom a field visit was

required. The rates were higher for cases unable to be reached by the call center alone. A num-

ber of factors may have contributed to this difference in early neonatal mortality rates which

could include higher prevalence risk factors for early neonatal mortality among families with-

out cell phone access, cellular coverage, or reluctance to report deaths by phone. Work is

planned to explore the underlying causes of these differences. We recommend that implemen-

ters collect preliminary data to measure whether outcomes are similar among participants

with and without cellular phone or network access. For example, home visitation may be nec-

essary if lack of cellular access is found to be associated risk factors related to the health out-

come of interest. If similar, call center implementers may consider focusing efforts and

resources on collecting outcomes directly by phone.

In settings where mobile coverage is high, implementing telephonic follow-up may be a rea-

sonable alternative to solely relying on home visitation for data collection, which historically

has been the standard practice for post-delivery outcomes assessment. There are considerable

limitations to home visitation for large-scale research and implementation projects, especially

among geographically dispersed populations. First, field workers can only target a limited geo-

graphic area and visit a small number of participants per day, potentially resulting in longer

time periods between discharge and follow-up, which in our experience is associated with
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lower rates of consistency. Second, supervision to assess data quality is logistically challenging

and resource intensive, requiring the supervisor to either observe or revisit the interview.

Third, in many regions where independent travel by female field workers is not feasible due to

safety concerns, the necessary employment of male field workers to ascertain responses to

questions about neonatal and maternal complications (a personally and culturally sensitive

topic) may compromise the accuracy and reliability of respondents’ answers. In settings where

cellular coverage is low and safety is a concern for female field workers, relying on village-

based female community health workers to collect maternal and early neonatal outcomes may

be more reliable and cost-effective [38]. Telephone-based outcomes assessment is not meant

to replace existing home visitation programs. This approach, however, could support the

growing practice of capturing maternal and neonatal health status after discharge and out-

comes auditing, facilitating more timely data capture than population health surveys and better

designed for ongoing program improvement [44, 45].

There are a few limitations to this study. We relied on patient or family member report for

our post-discharge outcomes and were not able to conduct a clinical verification. The accuracy

of maternal-reported early neonatal complications can be variable due the type and severity of

events, a mother’s medical knowledge, and her level of education. Research also suggests that

parental stress and grief following an infant death can significantly affect their ability to recall

details related to the events. However, the use of patient reported outcomes to capture adverse

events after discharge is a growing standard in many fields, offers insights into patient’s experi-

ences and perceptions, but more work is needed to better understand the limitations [46–54]. In

order to make the outcomes questionnaire understandable, feasible and acceptable, we had to

modify the “near-miss” questions. Since we did not clinically validate the outcomes, we did not

validate the adaptation of the questions. There were also limitations in our validation process.

We were unable to use the existing gold standard of a field worker home visit to repeat the ques-

tionnaire because of safety concerns for female field workers and the reluctance we observed

during piloting in reporting some of the morbidities to a male interviewer made this unreliable.

Conclusions

Our findings, especially given the paucity of neonatal outcomes measurement post-facility dis-

charge in the community setting [3, 55], demonstrate the promising potential for the use of call

centers to collect post-discharge information. Our follow-up protocol, combining the efforts of

a call center and field workers, achieved an extremely high follow-up rate of 99.7%, resulting in

minimal loss-to-follow-up. The call center closed an impressive 98.0% of eligible cases, with the

vast majority closed by a single call. Given the relatively low incidence of adverse neonatal and

maternal outcomes at the population level, follow-up modalities with limited loss-to-follow-up

are essential to ensure accurate reporting and to limit underreporting of events [56].

Our call center was highly effective in ascertaining patient-reported outcomes by success-

fully following up with the large majority of cases in an under-resourced and geographically

vast setting. Although clinical validation is needed in future work, the call center demonstrated

high accuracy and validity as a follow-up method. Remote assessment of patient outcomes by

phone offers an exciting and low cost approach for rapidly and reliably assessing outcomes in

parts of the world where mobile coverage is high.

Supporting information

S1 Table. Demographic characteristics of respondents by follow up type for post-discharge

health outcomes assessment in Uttar Pradesh, India.

(DOCX)

Evaluation of a call center for childbirth outcomes in Uttar Pradesh, India

PLOS ONE | https://doi.org/10.1371/journal.pone.0207987 November 27, 2018 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207987.s001
https://doi.org/10.1371/journal.pone.0207987


Acknowledgments

We thank the Governments of India and Uttar Pradesh for collaboration and support to con-

duct this trial in public health facilities. We are grateful to the members of the trial’s Scientific

Advisory Committee who contributed crucial guidance to the development of this study pro-

tocol: Himanshu Bhushan, Zulfiqar Bhutta, Waldemar Carlo, Vinita Das, Paul Francis, Amod

Kumar, Matthews Mathai, Packirisamy Padmanbhan, Vinod Paul, and Rajiv Tandon. We also

thank the past and current members of the BetterBirth study team in Boston and the Better-

Birth field team based in Uttar Pradesh for study implementation. Most importantly, we are

grateful to the laboring women and facility-based staff who participated in the study.

Author Contributions

Conceptualization: Jonathon D. Gass, Jr, Bhala Kodkany, Vishwajeet Kumar, Atul Gawande,

Lisa R. Hirschhorn.

Data curation: Jonathon D. Gass, Jr, Anup Mankar, Vinay Pratap Singh, Jennifer Fisher-

Bowman.

Formal analysis: Jonathon D. Gass, Jr, Jennifer Fisher-Bowman, Brandon J. Neal, Stuart Lip-

sitz, Lisa R. Hirschhorn.

Funding acquisition: Atul Gawande.

Investigation: Jonathon D. Gass, Jr, Katherine Semrau, Lisa R. Hirschhorn.

Methodology: Jonathon D. Gass, Jr, Anup Mankar, Stuart Lipsitz, Lisa R. Hirschhorn.

Project administration: Fatima Sana, Vinay Pratap Singh, Danielle E. Tuller, Bharath Kumar,

Narender Sharma.

Resources: Katherine Semrau, Danielle E. Tuller.

Software: Anup Mankar, Jennifer Fisher-Bowman.

Supervision: Fatima Sana, Vinay Pratap Singh, Bharath Kumar, Narender Sharma.

Validation: Jonathon D. Gass, Jr, Fatima Sana.

Writing – original draft: Jonathon D. Gass, Jr.

Writing – review & editing: Katherine Semrau, Fatima Sana, Anup Mankar, Vinay Pratap

Singh, Jennifer Fisher-Bowman, Brandon J. Neal, Danielle E. Tuller, Bharath Kumar, Stuart

Lipsitz, Narender Sharma, Bhala Kodkany, Vishwajeet Kumar, Atul Gawande, Lisa R.

Hirschhorn.

References
1. Donabedian A. Evaluating the Quality of Medical Care. The Milbank Quarterly. 2005; 83(4):691–729.

https://doi.org/10.1111/j.1468-0009.2005.00397.x PMID: 16279964.

2. Mwaniki MK, Baya EJ, Mwangi-Powell F, Sidebotham P. ‘Tweaking’ the model for understanding and

preventing maternal and neonatal morbidity and mortality in Low Income Countries: “inserting new

ideas into a timeless wine skin”. BMC Pregnancy and Childbirth. 2016; 16:14. https://doi.org/10.1186/

s12884-016-0803-5 PMC4727279. PMID: 26809881

3. Hyder AA, Wali SA, McGuckin J. The burden of disease from neonatal mortality: a review of South Asia

and Sub-Saharan Africa. BJOG. 2003; 110(10):894–901. Epub 2003/10/11. PMID: 14550358.

4. Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: when? Where? Why? Lancet. 2005; 365

(9462):891–900. Epub 2005/03/09. https://doi.org/10.1016/S0140-6736(05)71048-5 PMID: 15752534.

5. Ronsmans C, Graham WJ. Maternal mortality: who, when, where, and why. The Lancet. 368

(9542):1189–200. https://doi.org/10.1016/S0140-6736(06)69380-X

Evaluation of a call center for childbirth outcomes in Uttar Pradesh, India

PLOS ONE | https://doi.org/10.1371/journal.pone.0207987 November 27, 2018 14 / 17

https://doi.org/10.1111/j.1468-0009.2005.00397.x
http://www.ncbi.nlm.nih.gov/pubmed/16279964
https://doi.org/10.1186/s12884-016-0803-5
https://doi.org/10.1186/s12884-016-0803-5
http://www.ncbi.nlm.nih.gov/pubmed/26809881
http://www.ncbi.nlm.nih.gov/pubmed/14550358
https://doi.org/10.1016/S0140-6736(05)71048-5
http://www.ncbi.nlm.nih.gov/pubmed/15752534
https://doi.org/10.1016/S0140-6736(06)69380-X
https://doi.org/10.1371/journal.pone.0207987


6. International Institute for Population Sciences (IIPS) and Macro International. 2007. National Family

Health Survey (NFHS-3), 2005–06: India: Volume 1. Mumbai:IIPS.

7. Gogia S, Sachdev HS. Home visits by community health workers to prevent neonatal deaths in develop-

ing countries: a systematic review. Bull World Health Organ. 2010; 88(9):658–66B. Epub 2010/09/25.

https://doi.org/10.2471/BLT.09.069369 PMID: 20865070; PubMed Central PMCID: PMCPMC2930362.

8. World Bank. Information and Communications for Development 2012: Maximizing Mobile. Washington,

DC: World Bank, 2012.

9. Poushter J. Internet Seen as Positive Influence on Education but Negative Influence on Morality in

Emerging and Developing Nations. Washington, DC: Pew Research Center, 2015.

10. Luck T, Luppa M, Sieber J, Schomerus G, Werner P, König H-H, et al. Attitudes of the German General

Population toward Early Diagnosis of Dementia–Results of a Representative Telephone Survey. PLoS

ONE. 2012; 7(11):e50792. https://doi.org/10.1371/journal.pone.0050792 PMC3507733. PMID:

23209827

11. Kopp Kallner H, Thunell L, Brynhildsen J, Lindeberg M, Gemzell Danielsson K. Use of Contraception

and Attitudes towards Contraceptive Use in Swedish Women—A Nationwide Survey. PLoS One. 2015;

10(5):e0125990. Epub 2015/05/21. https://doi.org/10.1371/journal.pone.0125990 PMID: 25992901;

PubMed Central PMCID: PMCPMC4439158.

12. Harrison JD, Auerbach AD, Quinn K, Kynoch E, Mourad M. Assessing the impact of nurse post-dis-

charge telephone calls on 30-day hospital readmission rates. J Gen Intern Med. 2014; 29(11):1519–25.

Epub 2014/08/12. https://doi.org/10.1007/s11606-014-2954-2 PMID: 25103122; PubMed Central

PMCID: PMCPMC4238208.

13. Eshah NF. Predischarge education improves adherence to a healthy lifestyle among Jordanian patients

with acute coronary syndrome. Nurs Health Sci. 2013; 15(3):273–9. Epub 2013/01/11. https://doi.org/

10.1111/nhs.12018 PMID: 23302042.

14. Kimman ML, Dirksen CD, Voogd AC, Falger P, Gijsen BC, Thuring M, et al. Economic evaluation of four

follow-up strategies after curative treatment for breast cancer: results of an RCT. Eur J Cancer. 2011;

47(8):1175–85. Epub 2011/01/25. https://doi.org/10.1016/j.ejca.2010.12.017 PMID: 21257305.

15. Agrawal D. Transforming trauma healthcare delivery in rural areas by use of an integrated call center. J

Emerg Trauma Shock. 2012; 5(1):7–10. https://doi.org/10.4103/0974-2700.93099 PMID: 22416147.

16. Dabalen A, Etang A, Hoogeveen J, Mushi E, Schipper Y, von Engelhardt J. Mobile Phone Panel Sur-

veys in Developing Countries: A Practical Guide for Microdata Collection. World Bank, 2016.

17. Cecatti JG, Camargo RP, Pacagnella RC, Giavarotti T, Souza JP, Parpinelli MA, et al. Computer-assis-

ted telephone interviewing (CATI): using the telephone for obtaining information on reproductive health.

Cad Saude Publica. 2011; 27(9):1801–8. Epub 2011/10/12. PMID: 21986607.

18. Demombynes G. Challenges and Opportunities of Mobile Phone-Based Data Collection: Evidence from

South Sudan: World Bank Group: Policy Research Working Papers; 2013.

19. Hoogeveen J. Collecting High Frequency Panel Data in Africa Using Mobile Phone Interviews. Cana-

dian Journal of Development Studies. 2014; 35(1):186–207.

20. Harvard School of Public Health. BetterBirth: A Trial of the WHO Safe Childbirth Checklist Program. In:

ClinicalTrialsgov [NCT02148952] National Library of Medicine (US). 2014.

21. Semrau KEA, Hirschhorn LR, Kodkany B, Spector JM, Tuller DE, King G, et al. Effectiveness of the

WHO Safe Childbirth Checklist program in reducing severe maternal, fetal, and newborn harm in Uttar

Pradesh, India: study protocol for a matched-pair, cluster-randomized controlled trial. Trials. 2016; 17

(1):576. https://doi.org/10.1186/s13063-016-1673-x PMID: 27923401

22. Semrau KEA, Hirschhorn LR, Marx Delaney M, Singh VP, Saurastri R, Sharma N, et al. Outcomes of a

Coaching-Based WHO Safe Childbirth Checklist Program in India. New England Journal of Medicine.

2017; 377(24):2313–24. https://doi.org/10.1056/NEJMoa1701075 PMID: 29236628.

23. Gass JD, Misra A, Yadav MNS, Sana F, Singh C, Mankar A, et al. Implementation and results of an inte-

grated data quality assurance protocol in a randomized controlled trial in Uttar Pradesh, India. Trials.

2017; 18:418. https://doi.org/10.1186/s13063-017-2159-1 PMC5590237. PMID: 28882167

24. Abe IM, Goulart AC, Santos Junior WR, Lotufo PA, Bensenor IM. Validation of a stroke symptom ques-

tionnaire for epidemiological surveys. Sao Paulo Med J. 2010; 128(4):225–31. Epub 2010/12/02. PMID:

21120435.

25. Filippi V, Ronsmans C, Gandaho T, Graham W, Alihonou E, Santos P. Women’s reports of severe

(near-miss) obstetric complications in Benin. Stud Fam Plann. 2000; 31(4):309–24. Epub 2001/02/24.

PMID: 11198068.

26. Souza JP, Cecatti JG, Pacagnella RC, Giavarotti TM, Parpinelli MA, Camargo RS, et al. Development

and validation of a questionnaire to identify severe maternal morbidity in epidemiological surveys.

Evaluation of a call center for childbirth outcomes in Uttar Pradesh, India

PLOS ONE | https://doi.org/10.1371/journal.pone.0207987 November 27, 2018 15 / 17

https://doi.org/10.2471/BLT.09.069369
http://www.ncbi.nlm.nih.gov/pubmed/20865070
https://doi.org/10.1371/journal.pone.0050792
http://www.ncbi.nlm.nih.gov/pubmed/23209827
https://doi.org/10.1371/journal.pone.0125990
http://www.ncbi.nlm.nih.gov/pubmed/25992901
https://doi.org/10.1007/s11606-014-2954-2
http://www.ncbi.nlm.nih.gov/pubmed/25103122
https://doi.org/10.1111/nhs.12018
https://doi.org/10.1111/nhs.12018
http://www.ncbi.nlm.nih.gov/pubmed/23302042
https://doi.org/10.1016/j.ejca.2010.12.017
http://www.ncbi.nlm.nih.gov/pubmed/21257305
https://doi.org/10.4103/0974-2700.93099
http://www.ncbi.nlm.nih.gov/pubmed/22416147
http://www.ncbi.nlm.nih.gov/pubmed/21986607
https://doi.org/10.1186/s13063-016-1673-x
http://www.ncbi.nlm.nih.gov/pubmed/27923401
https://doi.org/10.1056/NEJMoa1701075
http://www.ncbi.nlm.nih.gov/pubmed/29236628
https://doi.org/10.1186/s13063-017-2159-1
http://www.ncbi.nlm.nih.gov/pubmed/28882167
http://www.ncbi.nlm.nih.gov/pubmed/21120435
http://www.ncbi.nlm.nih.gov/pubmed/11198068
https://doi.org/10.1371/journal.pone.0207987


Reprod Health. 2010; 7:16. Epub 2010/07/29. https://doi.org/10.1186/1742-4755-7-16 PMID:

20663159; PubMed Central PMCID: PMCPMC2915965.

27. Ronsmans C, Achadi E, Cohen S, Zazri A. Women’s recall of obstetric complications in south Kaliman-

tan, Indonesia. Stud Fam Plann. 1997; 28(3):203–14. Epub 1997/10/10. PMID: 9322336.

28. World Health Organization. Evaluating the quality of care for severe pregnancy complications: the

WHO near-miss approach for maternal health. 2011.

29. Say L, Souza JP, Pattinson RC. Maternal near miss—towards a standard tool for monitoring quality of

maternal health care. Best practice & research Clinical obstetrics & gynaecology. 2009; 23(3):287–96.

Epub 2009/03/24. https://doi.org/10.1016/j.bpobgyn.2009.01.007 PMID: 19303368.

30. Stewart MK, Festin M. Validation study of women’s reporting and recall of major obstetric complications

treated at the Philippine General Hospital. International journal of gynaecology and obstetrics: the offi-

cial organ of the International Federation of Gynaecology and Obstetrics. 1995; 48 Suppl:S53-66. Epub

1995/06/01. PMID: 7672175.

31. Sou SC, Chen WJ, Hsieh WS, Jeng SF. Severe obstetric complications and birth characteristics in pre-

term or term delivery were accurately recalled by mothers. Journal of clinical epidemiology. 2006; 59

(4):429–35. Epub 2006/03/22. https://doi.org/10.1016/j.jclinepi.2005.08.010 PMID: 16549266.

32. Sloan N. Validity of Women’s Self-reported Obstetric Complications in Rural Ghana Journal of Health.

Population, and Nutrition. 2001; 19(2): 45–51.

33. Seoane G, Castrillo M, O’Rourke K. A validation study of maternal self reports of obstetrical complica-

tions: implications for health surveys. International Journal of Gynecology & Obstetrics. 1998; 62

(3):229–36. https://doi.org/10.1016/S0020-7292(98)00104-0

34. Lima HM, Carvalho FH, Feitosa FE, Nunes GC. Factors associated with maternal mortality among

patients meeting criteria of severe maternal morbidity and near miss. International journal of gynaecol-

ogy and obstetrics: the official organ of the International Federation of Gynaecology and Obstetrics.

2017; 136(3):337–43. Epub 2017/01/19. https://doi.org/10.1002/ijgo.12077 PMID: 28099693.

35. Lipsitz SR, Fitzmaurice GM, Orav EJ, Laird NM. Performance of generalized estimating equations in

practical situations. Biometrics. 1994; 50(1):270–8. Epub 1994/03/01. PMID: 8086610.

36. Fitzmaurice GM, Lipsitz SR, Arriaga A, Sinha D, Greenberg C, Gawande AA. Almost efficient estimation

of relative risk regression. Biostatistics. 2014; 15(4):745–56. Epub 2014/04/08. https://doi.org/10.1093/

biostatistics/kxu012 PMID: 24705141; PubMed Central PMCID: PMCPMC4168315.

37. Kristman V, Manno M, Cote P. Loss to follow-up in cohort studies: how much is too much? Eur J Epide-

miol. 2004; 19(8):751–60. Epub 2004/10/08. PMID: 15469032.

38. Vaughan K, Kok MC, Witter S, Dieleman M. Costs and cost-effectiveness of community health workers:

evidence from a literature review. Human Resources for Health. 2015; 13(1):71. https://doi.org/10.

1186/s12960-015-0070-y PMID: 26329455

39. Census of India 2011: Provisional Population Totals [Internet]. 2011 [cited 17 May 2016].

40. Hill K, Choi Y. Neonatal mortality in the developing world. Demographic Research. 2006; 14(18):429–52.
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