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Abstract

Background/objective: Guatemala’s indigenous Maya population has one of the highest perinatal and maternal
mortality rates in Latin America. In this population most births are delivered at home by traditional birth attendants
(TBAs), who have limited support and linkages to public hospitals. The goal of this study was to characterize the
detection of maternal and perinatal complications and rates of facility-level referral by TBAs, and to evaluate the
impact of a mHealth decision support system on these rates.

Methods: A pragmatic one-year feasibility trial of an mHealth decisions support system was conducted in rural
Maya communities in collaboration with TBAs. TBAs were individually randomized in an unblinded fashion to either
early-access or later-access to the mHealth system. TBAs in the early-access arm used the mHealth system
throughout the study. TBAs in the later-access arm provided usual care until crossing over uni-directionally to the
mHealth system at the study midpoint. The primary study outcome was the monthly rate of referral to facility-level
care, adjusted for birth volume.

Results: Forty-four TBAs were randomized, 23 to the early-access arm and 21 to the later-access arm. Outcomes
were analyzed for 799 pregnancies (early-access 425, later-access 374). Monthly referral rates to facility-level care
were significantly higher among the early-access arm (median 33 referrals per 100 births, IQR 22–58) compared to
the later-access arm (median 20 per 100, IQR 0–30) (p = 0.03). At the study midpoint, the later-access arm began
using the mHealth platform and its referral rates increased (median 34 referrals per 100 births, IQR 5–50) with no
significant difference from the early-access arm (p = 0.58). Rates of complications were similar in both arms, except for
hypertensive disorders of pregnancy, which were significantly higher among TBAs in the early-access arm (RR 3.3, 95% CI
1.10–9.86).

Conclusions: Referral rates were higher when TBAs had access to the mHealth platform. The introduction of mHealth
supportive technologies for TBAs is feasible and can improve detection of complications and timely referral to facility-care
within challenging healthcare delivery contexts.

Trial registration: Clinicaltrials.gov NCT02348840.
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Plain English Summary
The indigenous Maya population in Guatemala has one of
the highest rates of dying from complications during preg-
nancy and childbirth in Latin America. Due to many con-
tributing factors, most Maya women opt for home
deliveries attended by traditional birth attendants (TBAs).
TBAs are required to arrange referrals when complications
arise, however they usually lack support from and linkages
to public hospitals. We have designed a smartphone appli-
cation that provides support and guidance to TBAs while
they evaluate patients. In this study, we evaluated the im-
pact of this smartphone application on utilization of
higher-level medical care for rural patients in Guatemala.
Collaborating TBAs were randomly assigned to either

have early-access or later-access to the smartphone appli-
cation. TBAs in the early-access group used the applica-
tion for the whole study period. TBAs in the later-access
group initially provided standard care to patients and
then, half-way through the study, they began using the
smartphone application. An emergency on-call team was
available for TBAs in both groups to provide support dur-
ing the referral process.
We found that referral rates for pregnancy and child-

birth complications were higher when TBAs had access
to the smartphone application. Our findings show that
the introduction of such technology in the practice of
TBAs is feasible and can lead to improvements in the
detection of pregnancy and childbirth complications and
timely referral of patients to hospital care.

Background
Improving maternal and neonatal health in resource-limited
settings is a key priority in global health [1]. Around 300,000
women die each year from pregnancy or labor-related com-
plications, most of these in Low- and Middle-Income Coun-
tries (LMICs) [2]. Perinatal deaths (stillbirths and early
neonatal death) are similarly concentrated in LMICs, at
an overall rate of 5.4 million per year [3]. Guatemala,
the most populous country in Central America, has one
of the highest perinatal and maternal mortality rates in
Latin America [4, 5]. These poor outcomes particularly
impact Guatemala’s rural indigenous Maya population,
where both perinatal and maternal mortality rates are
markedly higher than for Guatemala’s non-indigenous
population [6, 7].
Contributing factors to these disparities include lack of

rural infrastructure for early detection and referral of
maternal and neonatal complications and systemic dis-
crimination against Maya women in healthcare facilities,
leading to a strong cultural preference for home births
[8–10]. Indeed, at least 50% of births in rural Maya com-
munities in Guatemala occur in the home under the care
of Traditional Birth Attendants (TBAs) [7, 11].

Therefore, addressing the continuum of maternal and
perinatal care in Guatemala requires not only increasing
access to facility-level births, but also improving the early
detection of complications in community-based care and
the formal linkages of TBAs to higher levels of care [9–12].
A few studies have demonstrated the promise of mHealth
systems for improving maternal and neonatal outcomes in
LMICs [13]. However, with a few exceptions, most of these
have focused on community health workers with a higher
level of literacy and formal healthcare system engagement
than is typical for TBAs [14, 15].
We have recently designed a low-cost, real-time deci-

sion support smartphone application for use by
non-literate Maya TBAs, which is augmented by input
from commercially-available sensors, including 1-D Dop-
pler ultrasound, pulse oximetry, and oscillometric blood
pressure [16, 17]. In this study, we report results from a
pragmatic feasibility trial of this system by 44 TBAs in
rural Guatemala. The goals of the trial were to
characterize, for the first time, baseline rates of complica-
tion detection and facility-level referral by TBAs in rural
Guatemala, and to evaluate the impact of the mHealth
system on these rates. We hypothesized that the system
would improve maternal and perinatal complication de-
tection and referral rates to facility-level care.

Methods
Study design
This was a pragmatic, randomized controlled trial asses-
sing the effectiveness of a mHealth decision support sys-
tem to improve maternal and perinatal complication
detection and referral rates to facility-level care by TBAs.
Forty-four indigenous Maya TBAs from one rural muni-
cipality (Tecpán, Chimaltenango, pop. 95,000) in rural
Guatemala participated. TBAs were randomized to have
either early- or later-access to the mHealth platform.
TBAs in the early-access arm used the mHealth platform
through the whole study duration. Initially, TBAs in the
later access-arm provided usual care and subsequently
transitioned to use of the mHealth platform in a unidirec-
tional cross-over. The study was conducted in collabor-
ation with Maya Health Alliance (MHA), a Guatemalan
primary health care organization with a clinical center in
Tecpán. The study was approved by the Institutional Re-
view Boards of MHA (Protocol number WK-2015-001)
and Emory University (Protocol number IRB00076231).
The study protocol and replication data set are available
online at: https://doi.org/10.7910/DVN/VCJKH7. The trial
was registered at ClinicalTrials.gov, NCT02348840.

Participants
All TBAs aged 18–65 years who were independently
practicing in the Tecpán municipality, who had attended
at least 5 deliveries per year in the previous 5 years, and
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who held a valid license to practice issued by local health
authorities were eligible to participate in the study. A list
of 150 TBAs from the study area was produced in col-
laboration with local health officials. Eighty-six TBAs did
not met eligibility criteria. All TBAs meeting eligibility
criteria (n = 64) were invited to attend an informational
session led by research staff, 49 TBAs attended this
meeting. Subsequently, 44 of them (29% of total TBAs,
69% of eligible TBAs) agreed to participate, and written
informed consent was obtained by study staff bilingual
in Spanish and Kaqchikel Maya, the language spoken by
most of the TBAs.
During the study, all TBAs continued to provide usual

home-based care to their patients. TBAs alerted study
staff to new pregnant patients in their practice. A study
staff member bilingual in Kaqchikel and Spanish subse-
quently visited patients (and the biological father, when
available) in the home to explain the study and obtained
written informed consent for collection of individual-level
health information and pregnancy perinatal outcomes
data. All pregnant patients over 18 years of age and under
the care of a TBA were eligible to participate.

Randomization and masking
Stratified randomization of TBAs to two study arms
(early-access or later-access to the mHealth technology)
was performed using a computer-based randomization
process. A Montecarlo statistical analysis using a rank
sum test was used to ensure median ages, community
origin, and distance to municipality were not signifi-
cantly different between study arms. The allocation and
assignment procedures were performed by a study au-
thor (GC) prior to meeting participants and not other-
wise involved in the recruitment of participants or daily
conduct of field work. Due to the pragmatic nature of a
trial involving access to mHealth technology, neither
TBAs, pregnant subjects, nor study personnel could be
blinded to allocation. However, many TBAs resided/
practiced in a single isolated rural settlement within the
municipal catchment area, with minimal overlap with
other TBAs. In addition, when more than one TBA re-
sided/practiced within the same settlement, they were al-
located to the same study arm. This resulted in 23 TBAs
from 13 villages being assigned to the early-access arm,
and 21 TBAs from 15 mutually exclusive villages being
assigned to the later-access arm.

Intervention
A perinatal monitoring mHealth platform was introduced
in the daily practice of participating TBAs in a unidirec-
tional cross-over study design. We hypothesized that such
a system would improve timely and accurate TBA-initiated
referrals to higher levels of care, measured as referral rates
per number of births and as the proportion of successful

referrals respectively, by improving the diagnostic capabil-
ities of participating TBAs and connecting them with an
existing referral network. Use of the mHealth platform by
TBAs was supported by an existing referral support struc-
ture at MHA outlined in Fig. 1, consisting of an on-call
clinical team who provided triage support and coordinated
transportation to hospital if referral was needed. This
wrap-around support structure at MHA existed prior to
the mHealth intervention, helping with emergency care for
MHA patients and patients referred from collaborating
health districts. However, prior to this study, attempts had
not been made to integrate TBAs into this network.
The mHealth platform used in this study was devel-

oped for the Android operating system (4.2.2; Google
Inc.) and installed on Samsung S3 mini smartphone de-
vices (costing about $100). This smartphone platform
also provided integrated use of peripheral sensor devices,
including a pulse oximeter (Onyx II, Model 9560, Nonin
Medical, Inc.), a hand-held 1-dimensional Doppler ultra-
sound device (AngelSounds Fetal Doppler JPD-100 s,
Jumper Medical Co., Ltd.), and—via a customized cam-
era application—a self-inflating oscillometric blood pres-
sure cuff (Omron M7, OMRON Healthcare). We have
previously described in more detail the technical aspects
of the design and end-user testing by TBAs for this plat-
form [16, 17].
In terms of decision support, the smartphone applica-

tion allowed collection of simple demographics, mater-
nal and perinatal symptoms and clinical signs, maternal
vital signs (pulse, oxygen saturation, systolic and dia-
stolic blood pressure), and the fetal heart rate. While
using the application, TBAs are guided through a picto-
graphic list of common maternal and perinatal compli-
cations grouped by visit type, as outlined in Table 1 and
depicted in Fig. 2a. Checking complications triggered
automatic communications with the on-call clinical team
by voice call or text message, as outlined in Table 1.
Vital sign abnormalities also triggered alert text
messages to the on-call team (maternal: heart rate ≤ 60
or ≥ 100 bpm, oxygen saturation ≤ 90%, systolic blood
pressure ≤ 70 or ≥ 140 mmHg, diastolic blood pressure
≥ 90 mmHg; fetal heart rate ≤ 120 or ≥ 160 bpm).
TBAs randomized to the early-access arm (n = 23) par-

ticipated in a four-day training led by study nurses,
where they first refreshed key medical concepts related
to perinatal complications, including risk factors for ma-
ternal and neonatal morbidity and mortality, indications
for referral to higher levels of medical care, importance
of timely assessment, and use of the smartphone deci-
sion support platform (Fig. 2a, Table 1). This and subse-
quent training described below were similar in design to
other courses previously conducted by MHA, relying on
adult-learning and low-literacy strategies such as inter-
active narrative stories and pictorial informational and
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Fig. 1 A schematic view of the traditional birth attendant obstetric referral strategy. Figure outlines the emergency referral workflow between
TBAs and supporting medical team and details the integration of the mHealth system into this workflow

Table 1 Guided list of complications included in the mHealth platform by visit type

Prenatal Perinatal Postnatal

Seizuresa

Hemorrhagea

Premature rupture of membranesa

Difficulty breathinga

Abdominal pain
Blurred vision
Fever
Edema
Severe headache

Seizuresa

Rupture of membranes without labora

Prolonged labora

Multiple pregnancya

Fetal malpresentation or malpositiona

Placenta previaa

Nuchal corda

Hemorrhagea

Placental retentiona

Previous C-sectiona

Difficulty breathinga

Severe abdominal paina

Blurred visiona

Fevera

Edemaa

Severe headachea

Maternal:
Seizuresa

Hemorrhagea

Difficulty breathinga

Abdominal pain
Fever
Blurred vision
Headache

Neonatal:
Difficulty breathinga

Fevera

Hypothermiaa

Low-birth weighta

Very small babya

Jaundice
Breastfeeding difficulties
Umbilical infection

Complications marked with an superscripted (a) triggered an automatic emergency call to the on-call clinical team (interrupting the work-flow of the visit).
Remaining complications triggered an alert screen upon conclusion of the visit requesting a call to the team. All complications data were also automatically
conveyed to the on-call team by a text message at the end of the visit encounter. Adapted from Stroux L et al [16]
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instructional material. After completion of this study
training, three standardized patient encounters were
used to evaluate each participant’s use of the mHealth
platform when facing common maternal and perinatal
complications. Each standardized encounter was ob-
served by a study staff member, using an observation
checklist with 60 discrete tasks (minimum passing score
of 90%), who assessed the TBA’s ability to detect the
complication, use the mHealth platform, and establish
communication with the emergency on-call team. Six of
23 TBAs (26%) failed the first evaluation, received a
two-day retraining session, and subsequently passed.
TBAs randomized to the later-access arm (n = 21) re-

ceived a separate, two-day training containing the same
medical content as the early-access arm, less the
mHealth content. Instead of training on the mHealth
system, they received a laminated placard containing the

same images of the maternal and perinatal complications
used in the smartphone system, as well as emergency
contact numbers and instructions for initiating referrals
(Fig. 2b). Similar standardized patient encounters and an
evaluation checklist were also used to evaluate each par-
ticipant’s use of the placard-based complication guide.
All TBAs passed the evaluation and subsequently re-
ceived a copy of the placard. After month 7 of the study,
TBAs in the later-access arm received training on the
smartphone platform, as described above, and began to
use the mHealth platform (Fig. 3). Two of 21 TBAs
(10%) failed the first evaluation, but were subsequently
retrained and passed.

Outcomes
The primary outcome was the number of monthly refer-
rals to facility-level care from TBAs for maternal and

Fig. 2 Example of decision support workflows for facilitating obstetric emergency referral. a Shows an example of workflow on the mHealth
platform. In the left-most illustration, the TBA selects the appropriate visit type (prenatal, perinatal, postnatal). The TBA is then guided through a
series of pictorial warning signs, with audio prompts as necessary. Checking a warning sign generates an emergency call and text-message to on-
call team. b Shows the same pictorial partial workflow through warning signs for a typical perinatal visit for TBAs using the visit placard in the
later-access arm (during the non-intervention period), where an emergency telephone number is provided. All images were adapted from
existing public sector resources in Guatemala [33]

Martinez et al. Reproductive Health  (2018) 15:120 Page 5 of 12



perinatal complications, adjusted by the monthly birth
volume. A secondary outcome was the proportion of re-
ferrals which were completed, defined as successfully re-
ceiving facility-based care after a TBA-initiated referral. A
computer-based list of births attended was updated every
two weeks by the study team with direct input from each
TBA. Referrals outcomes were adjudicated by the study
team with input from the TBA, and were considered suc-
cessful if the subject received facility-level medical care.
Outcomes data collection was overseen by study staff
(physician and nurse), and monthly monitored for missing
data, correct data entry errors, and to ensure consistency
in collection and reporting over time.
The mHealth intervention involved the use of standard

smartphones and CE-approved peripheral sensors (1-D
Doppler ultrasound, pulse oximeter, and oscillometric
blood pressure cuff ). Therefore, no adverse study-related
outcomes were anticipated. Nevertheless, study staff
maintained a spreadsheet of all clinical outcomes from
referrals, as well as morbidity and mortality data re-
ported by TBAs, updated daily. A study physician not
otherwise involved in the intervention reviewed these
data, determining whether an adverse clinical outcome
was possibly study-related. None of the reported adverse
events were adjudicated as study related.

Statistical analysis
This was an exploratory, pragmatic pilot trial designed
to explore baseline maternal and perinatal referral rates
by practicing TBAs in rural Guatemala to facility-level
care, and to explore the feasibility of and impact from
use of a smartphone decision support application by
these TBAs. As such, no formal sample size calculations
were conducted [18]. Rather, the study was conducted
within a single municipal catchment area, defined as a
high-priority target by the implementing partner given
locally high rates of maternal and perinatal complications,

and could be used to inform future sample size calcu-
lations. Within this target area, initial estimates from
the partner were that 50 practicing TBAs would meet
eligibility criteria and, with an average of 10 births
per year per TBA, we anticipated evaluating referral
outcomes for 500 pregnancies over the course of the
12 month study.
We generated descriptive statistics describing sociode-

mographic and practice for TBAs in both study arms. We
also generated descriptive statistics for key baseline socio-
demographic indicators and prior maternal and perinatal
outcomes for patients cared for by the TBAs in both study
arms. Only patients for whom written informed consent
was obtained were included in this descriptive baseline
analysis. Categorical data were reported as absolute num-
bers and percentages, and compared using the chi-square
or Fisher’s exact test, as appropriate. Non-normally dis-
tributed continuous variables were reported as medians
with interquartile ranges (IQR), and compared using the
Wilcoxon-Mann-Whitney test.
For the primary outcome, in unadjusted intention-to-treat

analysis, we compared the volume of monthly referrals for
maternal and perinatal complications adjusted for monthly
birth volume, using the Wilcoxon-Mann-Whitney test.
Subsequently, to assess the effect of accessing the
mHealth technology adjusting for seasonal variation
and repeated-measures clustering by TBA, we also
conducted an exploratory analysis using a generalized esti-
mating equations (GEE) model (Poisson family distribu-
tion, log link function). For secondary outcomes, risk
ratios (RR) with 95% confidence intervals (CI) were calcu-
lated. For all outcomes, a nominal p value of less than
0.05, without adjustment for multiple comparisons, was
considered to indicate statistical significance. For
patient-level outcomes, p-values were adjusted for cluster-
ing by TBA. All statistical analyses were conducted using
Stata 13 (StataCorp, College Station, Texas).

Fig. 3 Intervention design. TBAs in the early-access arm used the mHealth platform (intervention) through the whole study duration, depicted as
a cell phone device in this and related figures. TBAs in the later-access arm provided usual care during the first 7 months of the study (non-
intervention period), assisted with a placard-based complication guide (depicted as a notebook sheet in this and related figures), and
subsequently crossed into use of the mHealth platform (intervention period)
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Results
Participants
Forty-four TBAs consented participation in the study
and underwent randomization (early-access arm: 23;
later-access arm: 21; Fig. 4). Baseline demographic char-
acteristics of participating TBAs in the two study arms
were well balanced (Table 2). Eligible participant patients
were recruited from April 2016 to March 2017.
Throughout the study, TBAs reported 799 completed
pregnancies (early-access arm: 241 completed pregnan-
cies reported during the first study period, 184 com-
pleted pregnancies during the second study period;
later-access arm: 222 and 152 respectively) (Fig. 4). Base-
line demographic and clinical data were available for 335
patients in the early-access arm and 327 in the
later-access arm. There were no statistically significant

differences in baseline characteristics between patients in
the two study arms (Table 3), except for proportion of
women who experienced scarce economic resources as a
barrier to obstetric care in the previous pregnancy
(p = 0.009). Two TBAs in the early-access arm (9%) and
one in the later-access arm (5%) discontinued their partici-
pation in the study but continued to report outcomes
data, allowing for inclusion in the intention-to-treat ana-
lysis. Outcome and referral data was available for all com-
pleted pregnancies (Fig. 4).

Outcomes
For primary outcomes, the rate of monthly emergency refer-
rals over birth volume during the first study period (Fig. 3)
was significantly higher (p= 0.03) for the early-access arm
(median 33 referrals per 100 births, IQR 22 to 58; Table 4)

Fig. 4 Study flow diagram. Enrollment, randomization, and follow-up
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in comparison to the later-access arm (median 20 referrals
per 100 births, IQR 0 to 30; Table 4). During the second
study period (Fig. 3) after the later-access arm transitioned
to the mHealth platform, referral rates were not significantly
different between the study arms (p= 0.58), with referral rate
increasing as expected in the later-access arm after crossover
into the mHealth intervention (Table 4). For secondary
outcomes, the proportions of successful referrals were high
(> 90%) for both study arms during both study periods
(Table 4), without statistically significant differences.
Non-successful referrals were due to refusal to referral (lack
of permission to complete the referral from another family
member (n = 5), patient’s fear to hospital due to cultural or
language barriers (n= 4), or the patient not recognizing the
complication as an emergency (n = 4)) or due to logis-
tical difficulties during emergency communication or
transportation (n = 3). To adjust for seasonal variation
and repeated-measures clustering by midwife, we con-
ducted an exploratory analysis using a generalized

estimating equations (GEE) model; results from the
GEE analysis similarly showed an increase in referral
rates in the early-access arm, although this did not
reach statistical significance (coefficient 1.24, 95% CI
-0.93 – 3.40).
Pregnancy outcomes and adverse events were moni-

tored for both arms throughout the study. The study
arms did not differ significantly with respect to mode of
delivery (home, hospital, or caesarian delivery) (Table 5).
There were no significant differences between study
arms in the proportion of reported maternal and peri-
natal complications, with one exception: the rate of re-
ported hypertensive disorders in pregnancy was higher
among TBAs in the early-access arm than among TBAs
in the later-access arm (3.53% vs 1.07%; P = 0.03). All
complications reported in Table 5 are final diagnoses
as determined at the time of emergency referral by
the treating healthcare provider. Three maternal
deaths due to preeclampsia or eclampsia were reported,
with no difference in occurrence between the study arms
(Table 5). Ten neonatal deaths were reported, with two
thirds occurring in the first two days of life (6/10), and
with no significant difference in occurrence between the
study arms.

Discussion
This pragmatic, randomized-controlled feasibility trial
showed that the introduction of a mHealth decision sup-
port technology into the routine community-based prac-
tice of a group of TBAs in rural Guatemala resulted in a
significant increase in the rate of emergency referrals to
facility-care for maternal and perinatal complications.
We designed this study with the goal of conducting
foundational implementation research on the utility of

Table 2 Baseline characteristics of study participants (traditional
birth attendants)

Characteristica Early-Access Arm
(N = 23)

Later-Access Arm
(N = 21)

Age (years) 47 [40–55] 51 [43–55]

Education (years) 0 [0–2] 1 [0–4]

Spanish Literacyb 5 (22) 4 (19)

Monolingual Maya 13 (57) 9 (43)

Years in practice (years) 12 [10–20] 16 [10–24]

Distance from town (Km) 15 [5–21] 11 [7–18]

Travel time from town (min) 45 [15–60] 40 [15–60]
aData are median [IQR], or n (%)
bDefined as able to read and write a simple sentence in Spanish

Table 3 Baseline demographic and clinical characteristics of patients treated by participating traditional birth attendants

Characteristica Early-Access Arm (N = 335)b Later-Access Arm (N = 327)b p value

Age (years) 26 [22–31] 26 [22–31] 0.59

Nulliparous 71 (21) 61 (19) 0.43

Number of pregnancies 3 [2–5] 3 [2–5] 0.73

Previous caesarian sectionc 27/263 (10) 33/263 (13) 0.41

Previous facility birthc 88/261 (34) 91/261 (35) 0.78

Previous perinatal complicationc 84/265 (32) 83/263 (32) 0.97

Referral to hospital in last pregnancyc 60/262 (23) 59/262 (23) 0.92

Obstetric care barriers in last pregnancy 20/60 (33) 17/59 (29) 0.59

Lack of transportation 14 (70) 12 (71) 0.97

Scarce economic resources 8 (40) 14 (82) 0.009

Distance to hospital 4 (20) 5 (29) 0.51

Hospital mistreatment 5 (25) 2 (12) 0.31
aData are median [IQR], or n (%)
bWhere individual data was missing or not applicable for the entire sample, the denominator used to calculate each characteristic is given
cCalculated after excluding nulliparous individuals
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smart phone technology to improve health
decision-making and linkages to higher-level obstetrical
care by TBAs, the de facto front line health workers for
rural, indigenous women in much of Guatemala. Using a
pragmatic, randomized controlled design, we demon-
strated that TBAs who received early access to a
smartphone-based decision support technology, integrated
into their routine community-based practice, had increased
monthly referral rates compared to those who provided
usual care, even when given manual access to referral pro-
cesses via training and a laminate reminder card. Further-
more, when TBAs in the usual care arm subsequently
received access to the technology, their referral rates also
increased similarly to the early-access arm. Interestingly, re-
ferral success rates were very high for both arms

throughout the study. This suggests that, at least within the
MHA institution context which provides meaningful
wrap-around support to coordinate emergency referral, the
most important impact of the mHealth intervention is on
increasing detection of complications.
Rates of most maternal and neonatal complications

were similar in both study arms. Although one might ex-
pect that increased detection of early warning signs and
referral to higher-level care might decrease complication
rates, this was an exploratory feasibility study. Baseline
complication rates were unknown for the study popula-
tion, and the study was not powered to detect a differ-
ence in the rate of any complication. However, we did
find an increase in the proportion of hypertensive disor-
ders detected in the early-access arm. This finding is

Table 4 Effect of intervention on emergency referral volume and successful referral completion by study arms

Outcome1 Early Access Arm (N = 23) Later Access Arm (N = 21) p value2

Adjusted monthly emergency referral rate (referrals/births) per 100 births

First study period 33 [22–58] 20 [0–30] 0.03

Second study period 31 [10–42] 34 [5–50] 0.58

Referral success proportion (successful/referrals)

First study period 69/76 (90.79) 44/47 (93.61) 0.74

Second study period 48/49 (97.95) 47/51 (92.16) 0.36
1Rates reported as median [IQR], and proportions as no./total no. (%)
2Wilcoxon-Mann-Whitney test for rates, Fisher’s exact test for proportions

Table 5 Mode of delivery, reported complications, and adverse outcomes for completed pregnancies during the study

Outcome1 Early-Access Arm (N = 425)2 Later- Access Arm (N = 374)2 Risk Ratio (95% CI) p value3

Mode of delivery

Home delivery 345 (81.18) 318 (85.03) 0.95 (0.90–1.02) 0.35

Hospital delivery 42 (9.88) 29 (7.75) 1.27 (0.81–2.00) 0.43

Caesarian section 38 (8.94) 27 (7.22) 1.24 (0.77–1.99) 0.50

Emergency Referrals

Maternal Complications

• Labor progression abnormality 51 (12.00) 36 (9.63) 1.25 (0.83–1.87) 0.51

• Hypertensive disorders of pregnancy 15 (3.53) 4 (1.07) 3.3 (1.10–9.86) 0.03

• Hemorrhage 9 (2.12) 10 (2.67) 0.79 (0.33–1.93) 0.52

• Premature labor 5 (1.18) 6 (1.60) 0.73 (0.23–2.38) 0.64

• Fetal cardiac rate abnormality 4 (0.94) 4 (1.07) 0.88 (0.22–3.49) 0.84

Neonatal Complications

• Suspected sepsis 4 (0.94) 5 (1.34) 0.70 (0.19–2.60) 0.62

• Respiratory compromise 5 (1.18) 2 (0.53) 2.2 (0.43–11.27) 0.46

• Preterm newborn 4 (0.94) 0 – 0.06

Death

Maternal deaths 2 (0.47) 1 (0.27) 1.76 (0.16–19.33) 0.65

Neonatal deaths 7 (1.65) 3 (0.80) 2.05 (0.53–7.88) 0.23
1Outcomes reported as no. (%)
2N = reported births. All births were singleton
3p values are adjusted for clustering by TBA using logistic regression
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remarkable, because use of the mHealth technology here
included an automated oscillometric blood pressure
monitoring (Fig. 1). This suggests that the mHealth
technology improved detection of hypertensive disorders
of pregnancy, which are a leading cause of maternal and
perinatal deaths [19–21]. In fact, in an analysis of data
from the international Global Network for Women’s and
Children’s Health Research Maternal and Neonatal
Health Registry—which includes data from the same re-
gion of Guatemala where this study occurred—hyperten-
sive disorders were the strongest predictor of maternal
death [22]. In-home blood pressure monitoring is not
routinely available or utilized by TBAs in rural
Guatemala, and integrating this technique into their
skillset as our intervention does here has the potential to
directly impact the high rates of maternal and perinatal
mortality [23, 24].
Our study has several strengths. To our knowledge, it

is the first attempt to quantify baseline TBA-initiated re-
ferral rates for maternal and neonatal complications in
the region. These data will be important both for policy
and public health initiatives as well as for planning
large-scale clinical trials. Secondly, pragmatic incorpor-
ation of the mHealth intervention into an existing pri-
mary care collaboration linking TBAs to the formal
healthcare system allowed for more direct evaluation of
the hypothesis that mHealth decision support could in-
crease referral rates. The overall high proportion of suc-
cessful referrals before and after access to the mHealth
technology suggests that the quality of the wrap-around
support environment for TBAs was similar for both
study arms while using or not the mHealth platform and
that, therefore, the increase in rate of referral was due to
use of the platform. Finally, TBAs attrition was low and
the use of the mHealth platform was high, despite the
low literacy and lack of previous exposure to technology.
This suggests that the research team’s use of agile design
with early end-user feedback [16, 17] helped produce a
functional system which integrated easily into the usual
daily practice of participating TBAs. Potential limitations
of our study should be considered. This was a pragmatic
feasibility trial designed to explore the use of mHealth to
improve referral volume. Given this context and the fact
that the intervention involved introduction of sophisti-
cated technology, it was not possible to blind study staff
and TBAs to study arm allocation. Additionally, the
study was not powered to detect differences in clinical
outcomes. Finally, due to the unidirectional cross-over
study design, there was no complete control arm without
any access to the intervention. Furthermore, TBAs in the
study self-reported pregnancy and referrals outcomes,
which may have led to underreporting of patients and
pregnancies with certain characteristics or unfavorable
outcomes. Effects of possible confounders, particularly

temporality, on secondary patient-level endpoints were
not addressed, given the small overall sample size and
small number of observed complications. Our study took
place in rural Guatemala in collaboration with indi-
genous Maya TBAs and patients and, therefore, our
technology intervention and findings may not be
generalizable to different settings or populations. Fi-
nally, in exploratory analysis, referral rates (although
encouraging) were not significantly different when ad-
justed for repeated-measures clustering. This may be
a simple statistical power issue which will be ad-
dressed in a future study powered to detect these ad-
justed differences. However, it also illustrates the
need, in future work, to better define and address
variation in TBAs’ practice parameters and ability to
optimize use of the mHealth technology.
This study is, to our knowledge, the first report of sup-

portive mHealth technology for low-literate TBAs with little
previous exposure to technology in a challenging rural
healthcare delivery context, as well as the first report of re-
ferral rates by TBAs in indigenous populations, and it adds
to the evidence of community-based intervention packages
for improving maternal and perinatal outcomes [25, 26]
and of mHealth interventions integrated within existing
healthcare systems as potential solutions for addressing ma-
ternal health in LMICs [13, 27–29]. For example, in a
study conducted in rural Pakistan by Jokhio et al.
[30], training TBAs to recognize maternal and peri-
natal complications, alongside efforts made to better
integrate them into the formal health system, resulted
in increased referral rates to facility-care for emer-
gency obstetrical care. Similarly, a recent study in
rural Guatemala connecting community health
workers – with higher levels of clinical training and
literacy than the TBAs in our study – to medical spe-
cialists via cell-phones [31], showed a promising trend
toward reductions in maternal mortality.
In future research, we plan to validate incorporation

of mHealth decision support into TBA workflows in a
larger scale study adequately powered to detect differ-
ences in important maternal and perinatal clinical
outcomes and to include a cost analysis of our inter-
vention. By providing estimates of baseline referral
and complication rates, as well as observations on
variations in individual TBA practice, this pilot feasi-
bility study will assist in planning that study. We are
also in the process of collecting and analyzing qualita-
tive feedback from TBAs, patients, and staff at health
facilities on the systems’ impact, in terms of improv-
ing the quality of healthcare for women and the inte-
grations of TBAs into the healthcare system. Our
overall goal remains improving linkages of TBAs in
rural Guatemala to the formal healthcare system and
respectful maternity care for indigenous mothers [32].
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Conclusion
Our trial showed an increase in the rate of referrals to
higher-level obstetrical care among TBAs utilizing a
mHealth decision support platform. Our results show
that the introduction of mHealth technologies for TBAs
is feasible and may improve referral to facility-care
within a challenging healthcare delivery context such as
rural Guatemala. As an early-stage pragmatic trial, our
findings are subject to many limitations. Therefore, fur-
ther research needs to be conducted to explore the ef-
fects of mHealth systems on perinatal and maternal
morbidity and mortality and to rigorously examine the
impact of temporal trends and individual TBA practice
variation on obstetrical referral. Nevertheless, despite
these limitations, our promising results help make a
strong case for continued investments in TBA training
and technologies to improve linkages of TBAs to the for-
mal healthcare system.
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