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Abstract

Background: Digital health interventions can strengthen coverage and quality of care. Our aim was to assess the effectiveness of targeted
client communication (TCC) to pregnant women via text messages, health care provider communication via a quality improvement
dashboard (QID) and the combination of TCC and QID—generated and delivered from a digital maternal and child health registry (MCH
eRegistry), running on the District Health Information Software 2 (DHIS2) platform in West Bank and Gaza. The control was the regular
MCH eRegistry.
Methods: We included 137 clusters in a four-arm cluster randomized controlled trial. Primary outcomes were appropriate screening
and management of anemia, hypertension and diabetes during pregnancy, and timely attendance to routine antenatal care (ANC).
Results: The COVID-19 pandemic interrupted the trial, which failed to achieve the estimated sample size. Between 1 December 2019
and 23 March 2020, 4138 women attended ANC in the TCC, 3553 in the QID, 4223 in the TCC & QID and 3324 in the control arm. In the
TCC arm, 76.5% of the visits were attended timely versus 73.4% in the control arm, (adjusted odds ratio, 1.2; 95% confidence interval,
0.90–1.61). We found no difference between QID and control, or between TCC & QID control in the proportion of visits where anemia,
hypertension and diabetes were appropriately screened and managed.
Conclusion: The routine individual-level data of the MCH eRegistry enabled the implementation of theory-driven TCC and QID. However,
the COVID-19 pandemic interrupted this trial of TCC and QID, and we were unable to observe any significant effect.
Trial registration: ISRCTN Registry, ISRCTN10520687.

Keywords: antenatal care, digital health registry, eRegistry, mHealth, digital health, digital health intervention, targeted client
communication, SMS, quality improvement dashboards, audit and feedback, DHIS2, timely attendance, quality of care, Palestine, cluster-
randomized controlled trial

BACKGROUND
The goal of enhancing universal health coverage, central to the

Sustainable Development Goal 3: better health and well-being for

all, requires health systems strengthening and robust financing

structures to close the gaps in coverage and quality. Audit and

feedback is a quality improvement strategy intended to support

health care providers in self-assessment and adjustment of their
clinical practice to reduce the gap between recommended and
actual clinical practices [1]. Clinical practice is also influenced
by the interaction between the health care provider and client,
and the client’s level of knowledge [2–4]. Health care provider per-
formance may therefore, in addition to strategies targeting them-
selves, be improved by strategies targeting clients that encourage
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clients to be active in their care and to ask questions. Strategies
targeting clients may also affect coverage by improving adherence
and attendance to care [5].

Digital health interventions (DHIs), defined as discrete func-
tionalities of digital technology to achieve health sector objectives,
can facilitate the delivery of strategies intended to improve cover-
age and quality of health practices [6, 7]. DHIs can be essential in
health systems strengthening, and the World Health Organization
(WHO) has developed a standardized vocabulary to articulate
functionalities of digital health implementations, which includes
health care provider communication and targeted client commu-
nication (TCC) [5]. Health care provider communication is the
transmission of, for example, performance feedback and alerts
[8, 9]. TCC is the transmission of information to individuals or
groups of people, based on their health or demographic status
[10]. Health care provider communication and TCC are most com-
monly implemented in isolation; however, they have the potential
to leverage one another [5].

The WHO guideline for DHIs for health systems strengthening
specifically calls for research that applies robust study designs in
the evaluation of the effectiveness of DHIs in low- and middle-
income countries (LMICs) on health systems process improve-
ments, and the synergies across combinations of DHIs [5]. In Pales-
tine, the routine documentation tool for antenatal care (ANC) in
governmental primary health care clinics is the maternal and
child health (MCH) eRegistry [11], using the District Health Infor-
mation System Software (DHIS2). It includes client identification
and registration, client health records, and health care provider
decision support [5]. The MCH eRegistry addresses the traditional
lack of timely data to health care providers and clients [12], and
its implementation has improved quality of ANC [13]. The uniform
and longitudinal individual-level clinical data, entered by health
care providers at the point of care, can also drive additional DHIs
for potential further health systems strengthening. The system
in Palestine, covering approximately half of the total pregnant
population in the country, is unique and well-suited to address
the knowledge gaps identified in the WHO guideline for DHI.

The need for innovative solutions to strengthen antenatal and
postnatal care services in the Palestinian setting is high, and
Palestinian health authorities prioritize improvements of cover-
age and quality of care. The fertility rate is 3.6 (2019), and ANC ser-
vices are reported to have high coverage, but poor quality content.
Furthermore, no more than 13% of the women use ANC within
the recommended gestational age window as per the national
guideline, which hampers timely screening and management, and
thus the quality of care provided [14].

Our aim was to undertake a large trial to estimate the effec-
tiveness of health care provider communication via a quality
improvement dashboard (QID), TCC to pregnant women via text
messages (SMS) and the combination of the QID and TCC on
improving timely attendance to routine ANC contacts, as well as
appropriate screening and management of diabetes, hypertension
and anemia in pregnancy.

METHODS
Trial design and materials
This four-arm cluster randomized controlled, parallel-group
superiority trial was carried out in public primary health care
clinics offering ANC in the West Bank and Gaza, Palestine. The
trial protocol is published elsewhere [15]. In short, 138 eligible
clusters (136 clusters composed of one individual clinic, plus
two clusters composed of two clinics with services offered

by the same health care provider) were included. They were
distributed in 14 districts in the West Bank (Bethlehem, Jenin,
Nablus, Ramallah/Al-Bireh, Salfit, Hebron, Jericho, Jerusalem,
North Hebron, South Hebron, Qalqiliya, Tubas, Tulkarm, Yatta)
and the Gaza Strip. Each cluster enrolled 45–3000 new pregnancies
in 2016. We excluded small clinics due to impracticalities in
the evaluation, and big clinics because they were atypical. We
stratified the randomization by the point in time the MCH
eRegistry was implemented, and constrained on laboratory
availability, ultrasound availability and the size of the clinic.
The 138 clusters were equally allocated (1:1:1:1 ratio) to the
TCC intervention, QID intervention, TCC & QID intervention or
control arm.

Each user of the MCH eRegistry has an individual username
and password that allow access to records and specific system
features consistent with the user’s assigned role [16]. The health
care provider enters a woman’s personal identity number to gen-
erate a new digital ANC record, and thereafter sociodemographic,
obstetric and medical data at point of care. DHIs are generated by
using the routinely entered individual-level clinical data.

The female literacy rate in Palestine is high (>94%). About 85%
of the women listed in the MCH eRegistry are registered with a
mobile phone number, and >85% have their individual mobile
phone [17].

Intervention
The interventions targeted pregnant women and nurses, mid-
wives, physicians, and community health workers, henceforth
referred to as health care providers, and their clients.

Health care provider communication and performance
feedback via quality improvement dashboard
The dashboard, integrated in the routine MCH eRegistry, pre-
sented quality performance indicators for their clinic to the care
providers (Fig. 1). The indicators are presented in tables and
graphs as an average over the last 3 months. The indicators
are also benchmarked with clinics in the same district. The
proportions of clients who were appropriately screened and
managed according to guideline algorithms for anemia, hyper-
tension, diabetes, as well as the proportion of clients with timely
attendance to ANC, were presented. Each of these four domains
(anemia, hypertension, diabetes and attendance) had a separate
tab in the dashboard. Health care providers received weekly alerts
in the MCH eRegistry with a prompt to visit that week’s domain.
Corresponding to the clinic’s performance level, two screening
and two management action items—recommendations for
improvement in colors (green = good performance, yellow = room
for improvement, red = large room for improvement) were
presented with monthly updates.

Health care providers received in-person training on how
to use the QID as a tool to improve quality-of-care practices
between 10 February and 12 March 2019, and a refresher training
video in October 2019. Health care providers received access
to the QID at the trial start (December 2019). The regular in-
person supervision to all clusters from MCH supervisors was not
changed.

In line with audit and feedback best practice recommendations
[1, 9, 18], the QID intervention featured timelines (frequent feed-
back); actionability (recommendations and clear goals); speci-
ficity (individualized); and non-punitively (friendly language, easy
to understand) [19]. The development of the QID is described in
detail elsewhere [19].

D
ow

nloaded from
 https://academ

ic.oup.com
/oodh/article/doi/10.1093/oodh/oqad010/7241429 by guest on 11 O

ctober 2023



Mørkrid et al. | 3

Figure 1. QID for anemia with tables, graphs and action items corresponding to the performance level.

Table 1. English translation of a text message series to a woman at risk of high blood pressure due to a high body mass index

Welcome, at registration 1 wk before a contact 3 d before a contact 24 h before a contact

Dear Aisha,
Most women attend antenatal
care for their own and baby’s
health. The health care provider
will measure your blood pressure,
hemoglobin and blood glucose
level. You will receive text
message appointment
reminders. Please let us know if
you do not want these messages.
Tamoon clinic

Dear Aisha,
The date of your upcoming
appointment is 20 May 2022. One
in 20 develop high blood pressure
in pregnancy, and this may affect
your health and the growth of
your baby. The health care
provider will measure your blood
pressure and the amount of
protein in your urine as they may
be signs of high blood pressure.
Tamoon clinic

Dear Aisha,
20 May 2020 is your next
appointment, as agreed. High
body weight before pregnancy
may increase the risk of
developing high blood pressure.
The health care provider will
measure your blood pressure and
the amount of protein in your
urine at your next visit.
Tamoon clinic

Dear Aisha,
This is a reminder that you have
an appointment tomorrow, 20
May 2020, as agreed.
Tamoon clinic

Targeted client communication via text messages
The TCC intervention consisted of individualized text messages
sent to the client’s mobile phone with reminders of care appoint-
ments, and information on pregnancy and ANC to motivate active
participation in ANC. The content, timing and frequency of the
text messages were informed by theory from the Health Belief
Model [20]; Model of Actionable Feedback [18]; as well as nudging
and enhanced active choice [21].

Women, invited by their health care provider, could register
for the text message service at any time in gestation, preferably
at the first contact. A reminder text messages that included the
woman’s and her clinic’s name, and the date of her next con-
tact, were sent 24 hours before any scheduled contact (Table 1).
Information text messages, which in addition to the reminder
information included health information, were sent 1 week before
a timely scheduled (16, 18–22, 24–28, 32, or 36 weeks of gestation)
routine contact, and for women with identified risk factors, also
3 days before a scheduled routine contact. Text messages were
thus delivered at a scale and intensity proportional to the degree
of need [9, 22].

Health care providers were trained on how to register and
withdraw women from the text message service, and received a
clear description of the text messages. The registration opened
June 2019. The development of the text messages and the text
message library is described in detail elsewhere [23].

Control
The control clusters used the routine MCH eRegistry functional-
ities (client identification and registration, client health records
and health care provider decision support) without QID or TCC.

Outcomes
The outcomes—appropriate screening and management for
anemia, hypertension and diabetes and timely attendance—are
aligned with the key areas of quality concerns in Palestine [15]
and our eRegQual trial (Table 2) [13].

The primary outcome for the assessment of QID versus con-
trol measured the health care providers’ adherence to national
clinical ANC guidelines for anemia, diabetes and hypertension.
We only assessed the first step of management. For women
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with normal screening results, no further action was defined
as correct and complete management. Pregnant women with
documented ongoing anemia, hypertension or diabetes before the
routine appointment were not included in the denominator for
appropriate screening and management.

The primary outcome for the assessment of TCC versus control
measured clients’ timely attendance to scheduled routine ANC
contacts (16, 18–22, 24–28, 32 and 36 weeks of gestation). The first
ANC contact (booking visit), recommended to take place in the
first trimester, is not included in the assessment of timely atten-
dance because it is not amenable to change by the intervention.

The primary outcome for the assessment of QID & TCC versus
control measured the combination of the health care providers’
adherence to guidelines and the clients’ timely attendance to
scheduled routine ANC contacts.

Data collection and blinding
All data in the MCH eRegistry database are owned by the Ministry
of Health in the West Bank and Gaza, respectively. In line with
their ministries’ legal framework and the standard operating pro-
cedures of the MCH eRegistry, blinded data analysts extracted pre-
defined variables and prepared anonymous datasets to allow the
evaluation of the effectiveness of the interventions. Individual-
level clinical data entered by the health care providers in the
MCH eRegistry during the consultation with women between 1
December 2019 and 23 March 2020, were used to assess the
effectiveness of the interventions. No incentives were provided
to women or health care providers. We did not identify any
potential significant harm, and a data monitoring committee was
considered unnecessary [15].

Health care providers were blinded to the outcomes, but it
was not possible to blind them to the allocation. Women were
blinded to the outcomes and the allocation of the QID inter-
vention, but not to the allocation of the TCC intervention. We
generated allocation codes and converted the codes to allocation
groups after the completion of the primary analyses and unblind-
ing. The statisticians were blinded to allocation until the primary
analyses were completed. However, shortly after unblinding, we
discovered a problem with the source code that led to highly
implausible low attendance rates in a group of clinics across all
arms. We identified and corrected the code for data retrieval and
re-analyzed the corrected data. The statisticians were aware of
allocation in the corrected dataset, but we did not change any of
the analyses after unblinding.

Ethics
The health authorities in Palestine notified all study clinics about
the research. Women had to provide consent to receive text
messages. The trial was approved by the ethics committee in
Palestine, the Palestinian Health Research Council (401/18 and
670/19), and received an exemption from review by the Regional
Committee for Health Research Ethics - Section South East B,
Norway (2018/1148C).

Statistical analysis
The sample size calculation is described in detail elsewhere [15].
Briefly, assuming an intra-cluster correlation coefficient of 0.05,
an average of 344 deliveries per clinic-year, a coefficient of vari-
ation in cluster size of 1.69 and type I and II error probabilities
of 0.05 and 0.2 (i.e. 80% power), we calculated that at least 138
eligible clusters would be necessary to detect a difference of 50%
for outcomes with the lowest prevalence (e.g. improving anemia
screening and management at 24–28 weeks of gestation from 30%
to 45% of attending women).
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Figure 2. ANC booking and follow-up contacts between 1 December 2019 and 1 December 2020 presented as 14-day rolling mean.

QID & TCC interven�on 
(34 clusters)
4223 women

Control 
(34 clusters)
3324 women

Alloca�on

Randomized (138 clusters/ 140 clinics) 

Enrollment PHCs using the eRegistry (180 clinics)

Enrolled less than 45 or more than 3000 new 
pregnancies in 2016 (40 clinics )

Shut down by MoH a�er 
randomiza�on (1 cluster)

TCC interven�on 
(35 clusters)
4138 women

QID interven�on 
(34 clusters)
3553 women

Figure 3. Flow diagram showing eligible clinics, allocation and number of women with an ANC contact.

We report descriptive statics at baseline and at the end
of follow-up. We estimated treatment effect using mixed-

effects logistic regression and report odds ratios (ORs), 95%

confidence intervals (CIs), and two-sided P-values throughout.

We accounted for the cluster-randomized design by computing
cluster-robust standard errors. Where appropriate, we accounted
for within-pregnancy clustering (repeat visits by the same

woman) using random intercepts at the level of pregnancy. We
adjusted for the stratification variable (cluster size) and for
laboratory availability, ultrasound availability and the phase
(time point at which the MCH eRegistry was implemented)
as fixed effects [13, 24]. No data were missing. We performed
all analyses according to the intention-to-treat principle: all
randomized women were included and analyzed in the arms
to which the clinics they attended were randomized. Analyses
were performed using Stata 16 (StataCorp LLC, College Station,
Texas, USA).

Modifications in extenuating circumstances
COVID-19 pandemic response measures, introduced by the Min-
istry of Health in the West Bank and Gaza, included restrictions
on mobility, and clinics were closed for regular ANC. Some health
care providers were transferred to other areas of the health care
system to assist in the COVID-19 response. The trial was therefore
put on hold for an indefinite period. The pause was registered in
ISRCTN (ISRCTN10520687) 19 March, and executed from 23 March
2020. Women who had registered for the SMS service received an
SMS with information about the pause in the SMS service. The
team monitored the number of ANC contacts registered in the
MCH eRegistry on a regular basis (Fig. 2). The number of ANC
contacts in the study clinics revealed that it dropped continu-
ously from mid-January throughout the original study period (1
December 2029 to 1 June 2020). The number of ANC contacts was
lowest during the COVID-19 lockdown. The mobility restrictions
lasted until the end of June 2020; however, reduced health care
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Table 3. Women’s and clinic’s characteristics at the ANC booking contact across allocation

Control N = 3324 TCC
N = 4138

QID
N = 3553

TCC & QID N = 4223

n % n % n % n %

Maternal age
≤20 y 559 16.8 623 15.1 619 17.4 702 16.6
21–25 y 1078 32.4 1448 35.0 1165 32.8 1379 32.7
26–30 y 944 28.4 1128 27.3 994 28.0 1209 28.6
31–35 y 478 14.4 623 15.1 493 13.9 604 14.3
36–40 y 235 7.1 259 6.3 235 6.6 267 6.3
>40 y 30 0.9 57 1.4 47 1.3 62 1.5
Missing 0 0 0 0 0 0 0 0
Parity
Primiparous 806 24.3 883 21.3 795 22.4 1024 24.3
Missing 0 0 0 0 0 0 0 0
Gestational age
0–14 gestational wk 2441 77.9 3120 78.7 2646 77.1 3146 79.4
>14 gestational wk 692 22.1 847 21.4 784 22.9 814 20.6
Missing 191 5.8 171 4.1 123 3.5 263 6.2
Body Mass Index
<18.5 kg/m2 97 3.7 126 4.1 133 4.8 130 4.2
18.5–24.9 kg/m2 1188 45.4 1383 44.8 1281 45.8 1362 43.6
25–29.9 kg/m2 858 32.8 993 32.2 883 31.6 991 31.7
≥30 kg/m2 475 18.1 587 19.0 500 17.9 641 20.5
Missing 706 21.2 1049 25.4 756 21.3 1099 26.0
Average income
<200 Israeli Shekel (ILS) 71 2.9 80 2.7 111 4.3 122 4.0
201–900 ILS 1260 52.2 1421 48.8 1294 49.7 1581 51.4
901–1820 ILS 827 34.3 1093 37.5 962 36.9 1071 34.8
1821–3050 ILS 231 9.6 290 10.0 223 8.6 264 8.6
>3050 ILS 25 1.0 31 1.1 15 0.6 38 1.2
Missing 910 27.4 1223 29.6 948 26.7 1147 27.2
Years of education
<10 y 311 9.6 342 8.5 478 13.7 371 9.1
10–13 y 1590 48.9 1954 48.3 1749 50.2 1987 48.5
>13 y 1354 41.6 1752 43.3 1258 36.1 1741 42.5
Missing 69 2.1 90 2.2 68 1.9 124 2.9
Laboratory availability
Yes 2551 76.7 3415 82.5 3106 87.4 3680 87.1
Ultrasound availability
Yes 3148 94.7 3752 90.7 3293 92.7 3982 94.3
Implemented MCH eRegistry
Phase I West Bank 874 26.3 1007 24.3 1110 31.2 959 22.7
Phase II West Bank 1810 54.5 2159 52.2 1773 49.9 2273 53.8
Phase III Gaza 640 19.3 972 23.5 670 18.9 991 23.5

usage continued for several months after. In the protocol, there
were no contingency plans for the scenario that all routine ANC
would close for several months. The continued effect of the pan-
demic on ANC, the limited external validity of results for routine
ANC in LMICs, as well as depleted funding due to the delays,
all informed the trial sponsors and independent trial monitors
(Centre for Intervention Science in Maternal and Child Health,
University of Bergen). Their decision not to re-open the trial was
made on 1 November 2020. All research data until this date
were preserved.

Role of the funding source

The funders of the study had no role in the study design, data
collection, analysis, interpretation, writing, nor the decision to
submit for publications.

RESULTS
In total, 137 clusters (34 control, 34 QID, 35 TCC, 35 QID & TCC)
were included, with 15 238 women booked for ANC (4138 in the

TCC, 3553 in the QID, 4223 in the QID & TCC and 3324 in the control

cluster) between 1 December 2019 and 23 March 2020 (Fig. 3).
The groups were balanced on women’s and clinics’ character-

istics (Table 3).

There were no statistically significant effects of the QID inter-
vention on appropriately screened and managed anemia, hyper-
tension and diabetes separately (Table 4).

Approximately 730 per 1000 women randomized to the control
arm attended timely follow-up contacts. An OR of 1.20 indicates

the TCC intervention would increase timely attendance to 760 per
1000 women (an additional 30 per 1000 women); however, the CI

is consistent with a decrease, increase and no difference in timely

attendance (Table 4).
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Table 4. Comparison between control and intervention arms for primary outcomes

N events/
N contacts

% N events/
N contacts

% OR∗ 95% CI P

Screening and management: Control QID QID vs Control
Anemiaa 2030/4024 50.5 2306/4378 52.7 1.04 (0.75–1.44) 0.831
Hypertensionb 9748/9959 97.9 10 319/10560 97.7 0.97 (0.67–1.42) 0.882
Diabetesc 2239/4849 45.8 2238/5263 42.5 0.84 (0.57–1.23) 0.361
Timely attendance to scheduled ANC Control TCC TCC vs Control
ANC contacts 2791/3803 73.4 3759/4916 76.5 1.20 (0.90–1.61) 0.213
Timely attendance to scheduled ANC
contacts, & screening and management:

Control QID & TCC QID & TCC vs Control

Anemiad 470/1222 38.5 727/1554 46.8 1.13 (0.63–2.03) 0.684
Hypertensione 1728/1781 97.0 2174/2239 97.1 0.83 (0.52–1.33) 0.436
Gestational Diabetesf 364/684 53.2 502/847 59.3 0.98 (0.58–1.64) 0.936

∗Adjusted for cluster size, phase, laboratory and ultrasound availability (all as fixed effects), within-pregnancy clustering (random effects) and cluster-robust
standard errors to account for the cluster design. aN = 301 (9.1%) women from control and N = 263 (7.4%) from QID arm did not have the opportunity to be
screened for anemia. bN = 67 (2.0%) women from control and N = 67 (1.9%) from QID arm did not have the opportunity to be screened for hypertension. cN = 89
(2.7%) women from control and N = 75 (2.1%) from QID arm did not have the opportunity to be screened for diabetes. dN = 2234 (67.2%) women from control arm
and N = 2840 (67.3%) from QID & TCC arm were not scheduled for anemia screening. eN = 1543 (46.4%) women from control and N = 1984 (47.0%) from QID & TCC
arm were not scheduled for hypertension screening. fN = 2640 (79.4%) women from control and N = 3376 (79.9%) from QID & TCC arm were not scheduled for
diabetes screening.

The combination of the QID and TCC intervention did not
statistically significantly improve the health care provider’s per-
formance, when the women attended a timely scheduled contact
(Table 4).

Secondary analyses revealed no statistical difference between
the QID and control arms, nor between the QID & TCC and
control arms, on timely attendance to scheduled ANC contacts.
There were no differences between the TCC and control arms on
appropriate screening and management, with the exception of
a clinically insignificant improvement in appropriate screening
and management of hypertension in the TCC arm with 98.5%
(12 674 appropriate among 12 869 opportunities) versus 97.9%
(9748 appropriate among 9959 opportunities) among controls
(Table S1).

DISCUSSION
The multi-arm eRegCom cluster RCT was interrupted due to the
COVID-19 pandemic, which resulted in reduced opening hours
and care services provided. We were therefore not able to prop-
erly assess whether digital communication strategies to women
and health care providers in isolation and/or combination are
effective in improving timely attendance to, and quality of, ANC
in an LMIC primary health care setting. The development and
implementation of our theory-driven interventions and strong
methods illustrate an example of how to develop and assess
health systems-strengthening approaches in primary health care
settings.

The eRegCom trial is a direct response to WHO’s request for
effectiveness studies of DHIs from LMIC settings [5]. Digital audit
and feedback in primary health care is effective in various health
domains and settings; however, limited evidence exists from ANC
in LMICs [8]. Limited evidence exists also regarding the effect
of TCC via text messages on improving ANC attendance [10, 25,
26]. Our messages ranged from simple appointment reminders to
complex tailored messages that included information about the
severity and potential consequences of the woman’s identified
risk factor. Tailored messages are reported to lead to behavior
change [27, 28]. Health-seeking behavior and usage of ANC were
also addressed by including awareness and education compo-
nents, preferred by women [29, 30]. We have previously shown

that the tailored text messages based on individual-level risk
factors did not trigger women’s worries [17]. We did not formally
assess or document other perspectives among users, although
feedback from users in various encounters such as seminars or
meetings was overwhelmingly that text messages were welcomed
and viewed positively.

The eRegCom trial is also a direct response to WHO’s request
for research that assesses the synergies across combinations of
DHIs [5]. We are not aware of any studies that have assessed the
effect of digital communication strategies to pregnant women and
health care providers in combination. Clients who understand

their condition and think the health care provider is concerned
about their well-being have improved client satisfaction, compli-
ance and health outcomes [4, 31]. A potential leverage effect may
be explained through an ecological perspective, where multiple
levels interactively influence health-related behaviors and condi-
tions [32]. In our case, the text message content could potentially
influence the clients’ perceptions of pregnancy-related adverse
conditions including the risks and the benefits of attending ANC

(individual level), the QID could potentially influence the health
care providers’ clinical practice and the interpersonal communi-
cation with the women (social level) and the possibility to send
text message alerts via the system could potentially influence the
scheduling of ANC appointments (organizational level).

The eRegCom trial was a follow-up of our eRegQual trial,
assessing similar outcomes [13]. We targeted and assessed health
system process improvements—appropriate screening and man-
agement, and timely attendance to ANC—as immediate results
of the QID, the TCC and the TCC & QID interventions, instead of
distal outcomes that are affected by a variety of factors beyond
the interaction with our interventions [5]. The evidence on distal
effects of DHI on maternal health behaviors and maternal-fetal
health outcomes are limited [33, 34].

The first and foremost limitation is that the trial failed to
achieve its sample size due to the COVID-19 pandemic. Several

factors hindered access to maternal health care services during
the pandemic [35] and most likely influenced the behavior of
women and health care providers in our study before, during
and after the lock down. The trial was first paused, but resource
constraints forced us to stop the trial as the pandemic continued
to evolve with disruptions in the provision of, and access to, health
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care services. For technical reasons (the inability of the software
to identify non-existing or lacking events at the time we developed
the interventions), we were unable to introduce 24 hours after
a missed appointment and recapture messages, as described in
the protocol paper [15]. In addition for technical issues, because
our software lacked features to deliver more active approaches
at the time of our study [36], health care providers had to ‘pull’
or actively click and visit the QID. Even though, feedback that is
‘pushed’ to beneficiaries facilitate interaction to a greater extent
compared with feedback that beneficiaries have to ‘pull’ [37].

The strengths are the rigor of the methodology of a cluster
RCT with a large population-based sample, for women and clinics.
In addition, we developed our theory-based interventions with
stakeholders and users described in previous publications [19,
23]. The individual-level clinical data and user information in the
MCH eRegistry enable us to automatically tailor DHIs without
additional efforts, which may potentially improve the return of
investments of comparable systems.

CONCLUSION
The eRegCom trial was conducted at the beginning of the COVID-
19 pandemic, which influenced the number of scheduled and
attended ANC contacts. The pandemic also influenced health
care providers’ tasks because many were transitioned to assist in
the pandemic response. We therefore failed to achieve our target
sample size and properly assess the effectiveness of our DHIs—
the TCC, the QID and the QID & TCC—on timely attendance to,
and the quality of, ANC in Palestine. Our approach of developing
and implementing TCC and QID in a routine health information
system, and rigorous methods of evaluation, will hopefully con-
tribute to further learning for future evaluations of digital health
interventions.

Supplementary Data
Supplementary data are available at Oxford Open Digital Health
online.
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