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Association Between the Safe Delivery App and Quality of Care
and Perinatal Survival in Ethiopia
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Henriette Svarre Nielsen, MD, PhD; Bjarke Lund Sørensen, MD, PhD

IMPORTANCE Health apps in low-income countries are emerging tools with the potential to
improve quality of health care services, but few apps undergo rigorous scientific evaluation.

OBJECTIVE To determine the effects of the safe delivery app (SDA) on perinatal survival and
on health care workers’ knowledge and skills in neonatal resuscitation.

DESIGN, SETTING, AND PARTICIPANTS In a cluster-randomized clinical trial in 5 rural districts of
Ethiopia, 73 health care facilities were randomized to the mobile phone intervention or to
standard care (control). From September 1, 2013, to February 1, 2015, 3601 women in active
labor were included at admission and followed up until 7 days after delivery to record
perinatal mortality. Knowledge and skills in neonatal resuscitation were assessed at baseline
and at 6 and 12 months after the intervention among 176 health care workers at the included
facilities. Analyses were performed based on the intention-to-treat principle.

INTERVENTIONS Health care workers in intervention facilities received a smartphone with the
SDA. The SDA is a training tool in emergency obstetric and neonatal care that uses visual
guidance in animated videos with clinical instructions for management.

MAIN OUTCOMES AND MEASURES The primary outcome was perinatal death. Secondary
outcomes included the knowledge and clinical management of neonatal resuscitation (skills)
of health care workers before the intervention and after 6 and 12 months.

RESULTS The analysis included 3601 women and 176 health care workers. Use of the SDA
was associated with a nonsignificant lower perinatal mortality of 14 per 1000 births in
intervention clusters compared with 23 per 1000 births in control clusters (odds ratio, 0.76;
95% CI, 0.32-1.81). The skill scores of intervention health care workers increased significantly
compared with those of controls at 6 months (mean difference, 6.04; 95% CI, 4.26-7.82) and
12 months (mean difference, 8.79; 95% CI, 7.14-10.45) from baseline, corresponding to 80%
and 107%, respectively, above the control level. Knowledge scores also significantly improved
in the intervention compared with the control group at 6 months (mean difference, 1.67; 95%
CI, 1.02-2.32) and at 12 months (mean difference, 1.54; 95% CI, 0.98-2.09), corresponding to
39% and 38%, respectively, above the control level.

CONCLUSIONS AND RELEVANCE The SDA was an effective method to improve and sustain the
health care workers’ knowledge and skills in neonatal resuscitation as long as 12 months after
introduction. Perinatal mortality was nonsignificantly reduced after the intervention. The
results are highly relevant in low-income countries, where quality of care is challenged by
a lack of continuing education.
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Twenty-five years after the introduction of the Millen-
nium Development Goals, the world has seen a 53% de-
cline in mortality among children younger than 5 years.

However, neonatal mortality as a percentage of mortality
among children younger than 5 years has increased from 37%
in 1990 to 47% in 2015, and newborn health remains a prior-
ity in the post-2015 agenda.1,2 The most critical period for the
survival of children is the perinatal period. More than 2.7 mil-
lion stillbirths and 2.6 million early neonatal deaths occur each
year worldwide.3,4 The 3 major causes of perinatal deaths are
preterm birth complications, intrapartum asphyxia, and in-
fections, contributing approximately one-third each.5,6 High
perinatal mortality rates are associated with the lack of
quality antenatal, obstetric, and early neonatal care.5

Health systems widely fail to provide safe delivery care be-
cause the quality of care is severely deficient or absent and the
available skilled birth attendants often lack the requisite
skills.7,8 The United Nations has identified key medical inter-
ventions, commonly called signal functions, of basic emer-
gency obstetric neonatal care that must be provided by all
skilled birth attendants. Neonatal resuscitation is one of them.
Quality of care is challenged by an outreach gap because most
deliveries and emergencies in health care facilities take place
peripherally, where health care workers often are not prop-
erly trained to manage the complexity of emergencies. Train-
ing courses have proved effective to improve quality of care
and health outcomes, but barriers prevent access by most ru-
ral health care workers.9,10 Solutions that use mobile phones
to improve health system functions, termed mHealth, poten-
tially overcome some of these challenges.11,12 However, most
of the studies in this area are of poor methodologic quality, and
few have evaluated the effects on client health outcomes.12,13

This cluster-randomized clinical trial sought to determine the
effect of an mHealth training tool for birth attendants in low-
income countries, the safe delivery app (SDA), on the knowl-
edge and skills of health care workers in neonatal resuscita-
tion and perinatal mortality.

Methods
Participants
The study took place in 5 districts (Nole Kaba, Haru, Homa,
Genji, and Gimbie) in the West Wollega Zone, Oromiya Re-
gion, of Ethiopia. Seventy-three health care facilities with
health care workers and newborns constituted clusters eli-
gible for randomization owing to deliveries in the previous year
and a midwife or health extension worker among the staff. A
health extension worker is a frontline health care worker with
training in managing basic health problems, including child-
birth. Two referral hospitals were excluded because of incom-
parability with other clusters, leaving 70 health care facili-
ties. From September 1, 2013, to February 1, 2015, 3601 women
were included at admission and followed up until 7 days after
delivery. Of these, 482 women withdrew or were lost to or un-
available for follow-up (Figure). Six women died of direct ob-
stetric complications. The study population for secondary out-
comes included the 176 health care workers at the 70 health

care facilities, 46 of whom were excluded or lost to or unavail-
able for follow-up, primarily because of transfer, leaving 130
in the analysis (Figure). The Ethiopian Oromiya Regional Health
Bureau provided ethical clearance for the study on May 7, 2013.
The trial protocol is provided in Supplement 1. All women and
health care workers were informed of the nature and pur-
poses of the study and the possibility of dropping out at any
time without change in the quality of care before providing
consent to participate by signature or fingerprint.

Study Design
The SDA study is a cluster-randomized clinical trial with the
health care facility as the unit of randomization. We followed
the Consolidated Standards of Reporting Trials guidelines for
reporting cluster-randomized trials.14 The Ethiopian Minis-
try of Health agreed to let the facilities be included in the trial
(cluster-level consent).

Randomization and Masking
Health care facilities, stratified by district and level of care, were
assigned by simple, random allocation using a computer-
generated random number table to the SDA intervention or the
control group (Figure). The study participants and the clinic
staff were not masked because the intervention required overt
participation. Facilities were randomized rather than indi-
viduals to avoid contamination among health care workers in
the same facility, such as health care workers showing the
application and animation videos to the control group.

Intervention
The SDA is designed to provide training for rural health care
workers in low-income countries on how to manage obstetric
and neonatal emergencies. The SDA conveys knowledge and
skills, such as how to ventilate a newborn in need of resusci-
tation, through visual guidance in animated videos and
voiceovers in the local language (eFigure in Supplement 2). The
SDA also contains a catalog with essential obstetric drugs and
equipment. Smartphones with the SDA were implemented at
intervention health care facilities. Intervention health care
workers received a 1-day introduction explaining how to use
the smartphone and SDA with joint video viewing and inter-
active exercises in small groups. At the nonintervention health

Key Points
Question What is the effect of the safe delivery app on perinatal
mortality and the neonatal resuscitation skills and knowledge of
health care workers in Ethiopia?

Findings In this cluster-randomized clinical trial that included
3601 pregnant women and 176 health care workers in Ethiopia,
an insignificant lower perinatal mortality in intervention clusters
was found compared with control clusters. Skills in neonatal
resuscitation and knowledge scores improved significantly in
intervention clusters.

Meaning The safe delivery app improved health care workers’
knowledge and skills in neonatal resuscitation for as long as
12 months after introduction.
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care facilities, the health care workers provided standard care
without the assistance of the SDA. To ensure equal possibili-
ties to provide standard care, the availability of a minimum
package of drugs and equipment was ensured. The SDA can
be downloaded free of charge (https://itunes.apple.com/us
/app/safe-delivery/id985603707?mt=8 or https://play.google
.com/store/apps/details?id=dk.maternity.safedelivery).

Data Collection
Staff in participating facilities were explained the nature and
purpose of the trial. Data collection was conducted in parallel
in the intervention and control facilities using the same meth-
ods. The enrolled health care facility staff also functioned as
research assistants by recording an inclusion questionnaire
with demographic and covariate information and answers to
a short, structured questionnaire on the background charac-
teristics of women and their families. Each health care facil-
ity was allocated an individual study identification number.
Pregnancy outcome was recorded at delivery. Supervisors
oversaw each research assistant’s data collection to evaluate
the accuracy of collected data on site and visited each facility
at least once a week. All women included in the study
received a follow-up contact (at home or by telephone) with a
supervisor at 7 days post partum regarding information about
perinatal mortality.

Data for secondary outcomes were collected at baseline and
6 and 12 months after the intervention. The clinical perfor-
mance of and knowledge of management for neonatal resus-
citation were assessed by using a key feature questionnaire and
objective, structured assessment tools of technical skills, which
consisted of simulated scenarios with scoring on skills perfor-
mance on mannequins and with relevant equipment and drugs
available. The sessions and scoring were performed by the same
2 independent and specially trained midwives (T.B. and W.F.).
The key feature questionnaire was administered in a class-
room; a scoring sheet was provided by the tool. Data were en-
tered in Epi-Data (http://www.epidata.dk) and subsequently
transferred and validated in SPSS (version 23; SPSS Inc).

Outcomes
The primary outcome was perinatal death, which was de-
fined as a composite of a stillbirth or an early neonatal death.
We used the World Health Organization definition of still-
birth as any delivery in the third trimester (birth weight
≥1000 g or gestational age ≥28 weeks) with no signs of life
(breathing, crying, heartbeat, and movement).15 An early neo-
natal death was defined as any infant born alive who died on
or before postnatal day 7. The perinatal mortality rate was peri-
natal death per 1000 total births. Secondary outcomes in-
cluded the knowledge of and clinical performance by the health
care workers in the management of neonatal resuscitation be-
fore the start of the intervention and after 6 and 12 months.

Statistical Analysis
Power calculations were made on the primary outcome of peri-
natal death. The null hypothesis was that no difference in the
probability of this outcome would be found between the in-
tervention and control groups. Correlation between births

within the same health care facility was taken into account.
Based on limited available information, the proportion of births
with the primary outcome was assumed to be 5%. Assuming
a 40% reduction in the primary end point owing to the inter-
vention (from 5% to 3%), an intra–health care facility correla-
tion of 0.003, 30 deliveries per health care worker, and 2 health
care workers per health care facility, we estimated that 70
health care facilities were needed to achieve a power of 80%
at a significance level of 5%.16

Analyses were performed based on the intention-to-treat
principle, and all available data were included in the analysis.
We adjusted for the clustering of our data using generalized
estimating equations in all logistic regression analyses. We
specified an exchangeable working correlation to allow for the
within-cluster correlation, and SEs were based on the robust
covariance matrix. We used the traditional logit link, which re-
sulted in odds ratios (ORs) as an effect measure with 95% CIs.
Statistical significance was defined as P < .05. For our binary

Figure. CONSORT Diagram

131 Health care facilities assessed
for eligibility

58 Facilities did not meet
inclusion criteria

73 Facilities randomized

3 Facilities excluded

2 Incomparable with
other clusters

1 Without health worker
during entire study period

35 Facilities randomized to SDA
intervention

87 Health care workers
(mean, 2.23; median
[range], 2 [1-7] workers
per facility)

1627 Women at delivery
(mean, 60.26; median
[range], 7 [1-500] women
per facility)

35 Facilities included in the analysis

65 Health care workers
(mean, 1.86; median
[range], 2 [1-5] workers
per facility)

1474 Women (mean, 56.69;
median [range], 7.50
[1-391] women per facility)

1478 Total births (mean, 56.84;
median [range], 7.50 
[1-393] births per facility)

35 Facilities included in the analysis

65 Health care workers
(mean, 1.85; median 
[range], 2 [1-7] workers
per facility)

1665 Women (mean, 71.52; 
median [range], 17 [1-358]
women per facility)

1664 Total births (mean, 72.39;
median [range], 17 [1-363]
births per facility)

0 Facilities lost to follow-up

22 Health care workers withdrew
or were excluded

153 Women withdrew or were
lost to follow-up

0 Facilities lost to follow-up

24 Health care workers withdrew
or were excluded

329 Women withdrew or were
lost to follow-up

35 Facilities randomized to
standard care

89 Health care workers
(mean, 2.54; median
[range], 2 [1-10] workers
per facility)

1974 Women at delivery
(mean, 82.25; median
[range], 18 [1-619] women
per facility)

Study participants were cluster randomized by health care facility, including
health care workers and women admitted for delivery. SDA indicates safe
delivery app.
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outcome measure, the presence or absence of perinatal death,
we used logistic multilevel analysis to determine whether a dif-
ference in perinatal deaths existed between the intervention
and control groups. In this model, we included all socioeco-
nomic and obstetric variables. We found no interaction
between the intervention and explanatory variables.

The secondary analysis focused on health care workers’
knowledge and skills. Differences in the objective structured
assessment tools of technical skills and key feature question-
naire were determined between the intervention and control
clusters. For secondary outcomes of skills and knowledge
scores assessed at baseline and 6 and 12 months, we used a lin-
ear mixed-effect model to compare the intervention and con-
trol groups. The model accounts for the correlation between
health care workers from the same facility by including health
care facility as a random factor. Intervention status was in-
cluded as a fixed effect. Where appropriate, organizational and
individual factors strongly correlated with the outcome were

also included as fixed effects in the model. Baseline data were
used as covariates (linear effect), and the scores after 6 and
12 months were used as the dependent variables in 2 separate
analyses. The estimated intervention effect was reported
separately as the differences between the intervention and
control groups for 6 and 12 months. For all models, the crite-
rion for significance was set at P < .05, and all analysis was
performed using SPSS (version 23).

Results
The analysis included 3601 women and 176 health care work-
ers. Table 1 and Table 2 show that the socioeconomic charac-
teristics of the study population for primary and secondary out-
comes were similar in intervention and control clusters. Most
of the women participating were housewives younger than 25
years with no or limited education. Five hundred twenty-
three of 1411 intervention women (37.1%) and 622 of 1601 con-
trol women (38.9%) were pregnant for the first time, whereas
70 (5.0%) and 105 (6.6%), respectively, were in their fifth preg-
nancy or more. Twenty-four pregnancies (0.9%) were mul-
tiple gestations, of which 5 infants were included among peri-
natal deaths. Most deliveries took place in health care centers.
The participating health care workers included 47 health ex-
tension workers (74.6%) in intervention clusters and 41 (69.5%)
in control clusters; the remaining workers were clinical nurses
and midwives. The intervention clusters had less experience
than the control clusters, with 47 (83.9%) conducting 5 or fewer
deliveries during the previous month, and only 5 (8.9%) con-
ducting more than 10 deliveries. In comparison, 38 (64.4%) and
13 (22.0%) workers, respectively, had this experience in the con-
trol clusters. Fifteen intervention health care workers (23.1%)
and 26 control health care workers (40.0%) had tried using a
smartphone before the study.

Overall, 3102 children were live born, 41 were stillborn, and
60 died within the first 7 days of life (Table 3). The overall peri-

Table 1. Baseline Characteristics of Women in the Study Population

Characteristic

Study Cluster, No. (%)a

Intervention
(n = 1474)

Control
(n = 1645)

Age, yb

<20 222 (15.3) 262 (16.3)

20-24 660 (45.4) 673 (42.0)

25-29 412 (28.3) 524 (32.7)

30-34 126 (8.7) 111 (6.9)

≥35 35 (2.4) 33 (2.1)

Educational levelc

No formal education 596 (41.0) 704 (43.9)

Primary 665 (45.7) 670 (41.8)

Secondary and above 193 (13.3) 228 (14.2)

Occupationd

Housewife 1241 (85.3) 1438 (90.0)

Farmer 134 (9.2) 96 (6.0)

Student 15 (1.0) 16 (1.0)

Other 65 (4.5) 50 (3.1)

Paritye

Prime 523 (37.1) 622 (38.9)

1-2 510 (36.1) 512 (32.0)

3-4 308 (21.8) 362 (22.6)

≥5 70 (5.0) 105 (6.6)

Pregnancy typed

Single gestation 1449 (99.7) 1582 (98.8)

Multiple gestation 4 (0.3) 20 (1.2)

Place of delivery

Home with health care worker 34 (2.3) 35 (2.1)

Health care post 220 (14.9) 180 (10.9)

Health care center 1220 (82.8) 1430 (86.9)

a Includes 35 health care facilities in each cluster. Percentages have been
rounded and may not total 100.

b Fifty-one patients were missing data.
c Sixty-three patients were missing data.
d Sixty-four patients were missing data.
e One hundred seven patients were missing data.

Table 2. Baseline Characteristics of Health Care Workers
in the Study Population

Characteristic

Study Cluster, No. (%)a

Intervention
(n = 65)

Control
(n = 65)

Educational levelb

Health extension worker 47 (74.6) 41 (69.5)

Clinical nurse or midwife 16 (25.4) 18 (30.5)

No. of deliveries in past monthc

1-5 47 (83.9) 38 (64.4)

6-10 4 (7.1) 8 (13.6)

>10 5 (8.9) 13 (22.0)

Knowledge of smartphone

Tried using one 15 (23.1) 26 (40.0)

Never tried using one 50 (76.9) 39 (60.o)

a Includes 35 health care facilities in each cluster. Percentages have been
rounded and may not total 100.

b Eight health care workers were missing data.
c Fifteen health care workers were missing data.
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natal mortality rate was 19 per 1000 total births. The rate was
lower in the intervention clusters, with 14 per 1000 births com-
pared with 23 per 1000 births in the control clusters (Table 3).
The intervention was associated with a nonsignificant reduc-
tion in the primary outcome of perinatal mortality (OR, 0.76;
95% CI, 0.32-1.81) (Table 4). Secondary outcomes showed that
skills scores in neonatal resuscitation at baseline were similar
for health workers in the intervention and control clusters at 7.10
(SD, 5.26) and 7.19 (SD, 4.50) of 24 possible points (both 30%).
Similarly, knowledge scores were 4.43 (SD, 1.80) in the inter-
vention clusters and 4.34 (SD, 1.79) in the control clusters, of 12
possible points (both 36%). We found a significant effect of the
intervention on health care workers’ knowledge and skills af-
ter 6 and 12 months from baseline. Skills improved; the mean
difference between scores of intervention and control health
care workers was 6.04 (95% CI, 4.26-7.82) at 6 months and 8.79
(95% CI, 7.14-10.45) at 12 months, corresponding to improve-
ments of 80% and 107%, respectively, above the control level
(Table 4). The increase from 6 to 12 months was also signifi-
cant. Knowledge also improved; the mean difference between
scores of intervention and control health care workers was 1.67
(95% CI, 1.02-2.32) at 6 months and 1.54 (95% CI, 0.98-2.09) at
12 months, corresponding to improvements of 39% and 38%,
respectively, above the control level (Table 4). The knowledge
score decreased from 6 to 12 months.

Discussion
The SDA mHealth training tool led to a more than 2-fold sig-
nificant increase in health care workers’ skills and knowledge
scores for neonatal resuscitation and a nonsignificant 24%
reduction in perinatal mortality. The increase in skills of neo-
natal resuscitation was sustained and even further increased

12 months after the introduction of the SDA. This study is
important because it (1) addresses the need found in system-
atic reviews for trials of mobile phone interventions in low-
and middle-income countries that have a health outcome as a
primary outcome17-19; (2) addresses one of the largest chal-
lenges faced by health care workers in the periphery of the
health care system, namely, inadequate access to training
and reference materials to handle situations that are beyond
their skills11,12; (3) suggests the efficacy of using the SDA to
improve the quality of basic emergency obstetric neonatal
care; and (4) shows a sustained and increased effect 12
months after introduction.

Frontline health care workers in low-income countries in-
creasingly consider mHealth tools as a useful means to im-
prove their services and felt empowered by the SDA.12 Sev-
eral studies20,21 have shown that text message interventions
can improve adherence to essential health care services.
Zurovac et al22 reported that health care workers who re-
ceived motivational messages about the management of ma-
laria in children demonstrated improvement in correct man-
agement by 24% compared with workers who did not receive
the messages. This effect was maintained even 6 months af-
ter the start of the study. Another study23 in Tanzania pro-
vided health care workers with electronic decision-support
tools for integrated management of childhood illnesses and re-
ported a significant improvement in the health care profes-
sional’s ability to adhere to these treatment regimens. Our find-
ings support those of other studies24,25 that the use of mobile
tools is perceived as an opportunity for self-improvement with
effects on health care workers’ motivation, self-efficacy, and
enthusiasm. In line with our experience, evidence also sug-
gests that the use of mobile phones for delivery of health care
services is feasible for health care workers, irrespective of their
educational level or prior training.26-28

The baseline assessments in our study showed that man-
agement of neonatal resuscitation was very poor among in-
tervention and control health care workers; on average, only

Table 3. Characteristics of Primary and Secondary Outcomes

Variable
Intervention
Cluster

Control
Cluster Total

Primary Outcome

No. of births

Total 1478 1665 3143

Live 1463 1639 3102

Stillbirths 15 26 41

No. of perinatal deaths 21 39 60

Stillbirth rate
per 1000 births

10 16 14

Perinatal mortality rate
per 1000 births

14 23 19

Secondary Outcome

Skills score, mean (SD)

Baseline 7.10 (5.26) 7.19 (4.50) 7.11 (4.87)

6 mo 12.92 (5.92) 7.50 (4.91) 10.15 (6.12)

12 mo 16.22 (6.06) 8.20 (4.72) 12.22 (6.77)

Knowledge score,
mean (SD)

Baseline 4.43 (1.80) 4.34 (1.79) 4.39 (1.79)

6 mo 5.92 (2.02) 4.30 (1.45) 5.11 (1.93)

12 mo 5.53 (1.61) 4.09 (1.50) 4.81 (1.71)

Table 4. Intervention Association With Primary
and Secondary Outcomes

Variable

Association, Intervention
vs Control Clusters

Unadjusteda Adjustedb

Perinatal death, OR (95% CI)c 0.83 (0.35-1.97) 0.76 (0.32-1.81)

Skill scores, mean difference
(95% CI)d

6 mo 5.42 (3.49-7.35) 6.04 (4.26-7.82)

12 mo 7.87 (5.96-9.79) 8.79 (7.14-10.45)

Knowledge scores, mean
difference (95% CI)d

6 mo 1.62 (1.01-2.23) 1.67 (1.02-2.32)

12 mo 1.45 (0.91-1.99) 1.54 (0.98-2.09)

Abbreviation: OR, odds ratio.
a Adjusted for within-cluster effect.
b Adjusted for within-cluster effect and significant variables associated with

outcome.
c Indicates primary outcome.
d Indicates secondary outcome.
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30% of important steps were performed. This finding under-
lines the urgent need to develop and assess innovative solu-
tions to improve health care workers’ knowledge and skills in
neonatal resuscitation. Conventional training of skilled birth
attendants in basic obstetric and neonatal emergency care has
proved effective to improve health care outcomes.9,10 For in-
stance, an intervention study at several hospitals in Tanzania10

assessed basic neonatal resuscitation training and found a re-
markable sustained 47% reduction in early neonatal mortal-
ity and a 24% reduction in stillbirths. From a health system per-
spective, the effectiveness of mHealth tools, such as the SDA,
needs to be established as well as which training model is most
effective in terms of cost, feasibility, scale, and receptive-
ness. The advantage of the SDA is that it is self-explanatory, is
free of charge for download, and, once installed on the mo-
bile device, does not need network coverage. The SDA also has
the potential to easily adapt to local contexts and be devel-
oped into local language versions. In this light, we found a sig-
nificant 2-fold increase in skills scores at 6 months that fur-
ther increased at 12 months and a significant increase in
knowledge at 6 months that was sustained but did not
further increase at 12 months.

We found a statistically nonsignificant 24% reduction in
perinatal mortality among children born to women in the in-
tervention group compared with children born to women in
the control group. Another trial from Zanzibar29 has assessed
the association between a mobile phone intervention and peri-
natal mortality and similarly found a significant 50% reduc-
tion in perinatal mortality. Our results are in line with those
of other studies of perinatal mortality in sub-Saharan Africa,
although the perinatal mortality rate for our study (19 per 1000
births) was below the estimates for Ethiopia. Our study con-
firms results from others30 indicating that stillbirths may con-
stitute as many as 70% of perinatal deaths and underlines that,
with access to adequate quality care in the antenatal, intra-
partum, and early neonatal periods, many perinatal deaths
might be prevented.

Our findings are limited by the study location and popula-
tion. Facilities, rather than individuals, were randomized to

avoid a spillover effect from the intervention group to the con-
trol group (ie, where health care workers from the control group
obtain the SDA or hear about its contents from others in the in-
tervention group). To reach similar socioeconomic and health
service compositions in the intervention and control groups, we
performed the randomization of facilities based on districts. We
subsequently performed statistical control of within-cluster cor-
relation and confounders. Blinding of intervention and con-
trol clusters was impossible owing to the nature of the inter-
vention, which increased the risk for a selection or information
bias. The implications of this study are that mobile phone in-
terventions, such as the SDA, should be considered to improve
the ability of health care workers to provide quality of care dur-
ing emergencies and to reduce perinatal mortality. An increas-
ing number of low-income countries have a framework in place
with national mHealth policies, but few mHealth tools are being
scaled up and integrated into existing systems.19 The causali-
ties of maternal deaths, stillbirths, and early neonatal deaths are
interlinked. Therefore, monitoring, policies, and health sys-
tem interventions should be integrated. The SDA was devel-
oped to contribute to the larger goal of every woman and new-
born being attended by health care professionals capable of
handling emergencies in a timely fashion. Evidence is growing
to include reduction of perinatal mortality and appropriate use
of technology in the post-2015 agenda to further reduce child
mortality in low-income countries.

Conclusions
The SDA was an effective method to improve and sustain
health care workers’ knowledge and skills in neonatal resus-
citation as long as 12 months after introduction. Perinatal
mortality was nonsignificantly reduced. The results are
highly relevant, particularly in low-income countries where
quality of care is challenged by lack of continuing education
programs. More research is needed in effects on clinical out-
come and large-scale implementation in resource-limited
settings.
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