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Abstract

Background

Applying mobile phones in healthcare is increasingly prioritizedsttengthen healthcare
systems. Antenatal care has the potential to reduce materoddidity and improv
newborns’ survival but this benefit may not be realized in sub-8ahafrica where th
attendance and quality of care is declining. We evaluated tbeiassn between a mobile



phone intervention and antenatal care in a resource-limited seftfagaimed to assess
antenatal care in a comprehensive way taking into consideratiatioih of antenatal cafe
as well as content and timing of interventions during pregnancy.

Methods

This study was an open label pragmatic cluster-randomised cedtroial with primary
healthcare facilities in Zanzibar as the unit of randomisation. 25&ghant women (131
interventions and 1239 controls) who attended antenatal care at s@iectad; healthcar
facilities were included at their first antenatal carat\asd followed until 42 days aft
delivery. 24 primary health care facilities in six distriatere randomized to either mobj
phone intervention or standard care. The intervention consisted of a mbbitke text
message and voucher component. Primary outcome measure was fawe @ntenatal care
visits during pregnancy. Secondary outcome measures were tetaourgatiac, preventivg
treatment for malaria, gestational age at last antenatal caremigiaintepartum referral.
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Results

The mobile phone intervention was associated with an increaseeimasal care attendance.
In the intervention group 44% of the women received four or more arltexaaea visitg
versus 31% in the control group (OR, 2.39; 95% CI, 1.03-5.55). There was danerds
improved timing and quality of antenatal care services acatlssecondary outcomne
measures although not statistically significant.

Conclusions

The wired mothers’ mobile phone intervention significantly incedathe proportion gf
women receiving the recommended four antenatal care visits gugggancy and there was
a trend towards improved quality of care with more women receipiegentive health
services, more women attending antenatal care late in pregnadcgn@e women with
antepartum complications identified and referred. Mobile phone apgpiisatay contribute
towards improved maternal and newborn health and should be considered pynaNers
in resource-limited settings.

Trial registration

ClinicalTrials.gov NCT01821222.
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Background

With more than 600 million mobile phone users in Africa, applying mopflienes in
healthcare, mHealth, is increasingly prioritized to strengthealthcare systems [1,2].
Targeting mobile phone interventions to women in low income countrggspisaling owing
to the potential of empowering women to make informed choices itiorel@ their health.



The interest to use mobile phones to promote reproductive healtht ethoeflected in
research evidence for effectiveness. We know of no other clastdomized controlled trial
that has assessed the use of a mobile phone intervention to impoess &o essential
reproductive health services in a resource-limited setting.

Recent evidence indicates steady progress towards the achievedndvillennium
Development Goals (MDG) 4: reduce child mortality, and MDG 5: improaé&ernal health.
However, with approximately 270.000 maternal and 3 million annual neonaatthsge
reduction of maternal and neonatal mortality remains a globdeolal [3,4]. Further, it is
estimated that at least 2.65 million stillbirths occur worldwidgny of them due to
preventable causes related to poor maternal health and most efhéygsens in low and
middle-income countries [5]. Antenatal care has the potentialdiecceematernal morbidity
and improve newborns’ health [6,7]. It provides pregnant women with a broad range of health
promotion and preventive health services and is important in identifiskgfactors for
adverse pregnancy outcomes. Inadequate antenatal care @ t@lpt®r pregnancy outcome
and women who seek antenatal care late with few visitseaselikely to be assisted during
delivery by a skilled attendant [8]. With an emphasis on quality quantity the revised
Focused Antenatal Care model of the World Health Organization (\WE&mmends at
least four antenatal care visits for uncomplicated pregnandgtbsthe first visit starting
before 16 weeks of gestation [9]. However, lack of relevant and hidiycpiastenatal care is
a major concern for many pregnant women in sub-Saharan Africa [t0prding to the
2012 MDG report the proportion of women attending antenatal care foes r more by
any provider during pregnancy decreased in sub-Saharan Africa fronrm5880 to 46% in
2010 [11].

This article presents results from a cluster-randomized altadrtrial aimed to evaluate the
association between a mobile phone intervention named “wired mothersihterchtal care

in Zanzibar. We assessed the hypothesis thaiMhed Mothers intervention can increase
antenatal care attendance as well as improve content and timargenatal care services
provided to individual women.

Methods

Wired mothers is a pragmatic cluster-randomised controlled trial with theagny healthcare
facility as the unit of randomisation. The study took place from March 2009 tdhM@ad® in
Zanzibar, United Republic of Tanzania. The study design and interventienphaviously
been described in detail [12]. The national ethical committee, Rbs€auncil of Zanzibar,
approved the study protocol on"2January 2009 with reference number 23. The nature and
purposes of the study was summarized in a consent form in thddogakhge Swabhili that
was presented to all women eligible for inclusion in the studi.pAiticipating women
provided informed consent either by signature or fingerprint. Womenfvesrdéo drop up of

the study at any time without a change in the quality of care provided to them.

Setting

Zanzibar is a semi-autonomous part of the United Republic of Tanaadiaonsists of
numerous small islands and two large ones. The wired mothers stkdglace on the island
of Unguja. The island has six districts with 80 healthcareitiasil Of the six districts, two
are urban and four rural.



Participants

As this is a cluster design, eligibility criteria apply tolbtte primary healthcare facility and
individual levels of analysis. In each district, the four primaryltheare facilities with
highest level of antenatal care attendance in the precedamngapd staffed with at least one
midwife were included. At individual level, the study included 2550 womdrilaised in the
24 primary healthcare facilities (Figure 1). Women who attendezhatal care at selected
healthcare facilities, were included on their first antenade¢ wisit and followed until 42
days after delivery. Women were eligible for study partigoairrespective of their mobile
phone ownership and literacy status. The terminology “wired mothexs’used to describe
women linked to the health system by use of a mobile phone intervéntammghout their
pregnancy and postpartum period.

Figure 1 Procedures for selection of study population.

Intervention

The wired mothers’ intervention consisted of an automated short megsagvice (SMS)
system providing wired mothers with unidirectional text mesgpgind a mobile phone
voucher system providing the possibility of direct two-way commuioicabetween wired
mothers and their primary health care providers. While only wowiéh registered phone
numbers received text messages, all women in the intervenibap gvere given mobile
phone vouchers to contact their local primary health care providerainmeof the SMS
component was to provide simple health education and appointment remindec®toage
attendance at routine antenatal care, skilled delivery attendawicpostnatal care. A wired
mothers software was developed to automatically generate andtes¢ntmessages to
registered phone numbers throughout the pregnancy until six weekdedftery. Based on
the gestational age of the women at first antenatal carethesitvired mothers software
creates an individual pregnancy time schedule. A welcome ges&s send at registration
regardless of gestational age. Hereafter the content of gesssaried depending on
individual gestational age. The frequency was two messages per bedotle gestational
week 36 and intensified till two per week from gestational week 36irfbienation required
for the SMS software, gestational age, date and mobile phone numbegatiared during
the first antenatal care visit and entered into the web base&ehsy§he registered phone
numbers were either the women’s own phone or an access phone numbelat@ who
could relay the text messages. If the women could not provide a phobemsime benefitted
only from the mobile phone voucher component. The content of the messages we
developed by a team of international researchers and local pairmershe Ministry of
Health in Zanzibar. Message content was standardised with neutalnghand provided as
simple text in the local language of Swabhili. In addition, primhealth care facilities
randomised for intervention and hospitals were provided with a mobile pboingptove
timely referrals between different levels of the healthesysand to enable health workers in
the periphery of the health system to consult patients with highels of care. To further
improve access to emergency obstetric care, communication analrifds wired mothers
were given a phone voucher with modest credit and a card with the phobernoirher
local primary health care provider allowing all wired mothersdmmunicate directly with
primary health care providers.



Outcomes

We evaluated the effect of a mobile phone intervention on two diffengicomes. The
present paper is concerned with antenatal care whereas amathgscript is concerned with
skilled delivery attendance [12]. The primary outcome measurarftenatal care was the
number of women receiving four or more antenatal care visits,sandndary outcome
measures were quality of care indicators reflecting contedttaning of antenatal care
services according to the recommended antenatal care paftkageegnant women in
Zanzibar (Table 1), specifically: number of women receiving t@dinus vaccinations,
preventive treatment for malaria, gestational age at lashatatecare visit, antepartum
referrals and the timing of the mentioned services in gestational age [13].

Table 1 Recommended timing and content of antenatal visits

First visit Second visit Third visit Fourth visit
<16 weeks 20-24weeks 28-32 weeks 36-40 weeks

Goal Confirm pregnancy andssess maternal andssess maternal and fetAssess maternal and fetal
expected date of fetal well-being well-being well-being
delivery
Classify women for  Exclude PIH and  Exclude PIH and anaenExclude PIH, anaemia,
basic ANC or more  anaemia and multiple pregnanciesultiple pregnancies and
specialized care malpresentation

Screen, treat and give Give preventive Give preventive measur€ive preventive measures
preventive measures measures

Develop a birth and Review and modify Review and modify birthReview and modify birth

emergency plan birth and emergencyand emergency plan  and emergency plan
plan
Advice and counsel Advice and counsel Advice amghsel Advice and counsel
Screening and test  Blood pressure Blood pressure Blood pressure Btwesdsure
Haemoglobin Haemoglobin Haemoglobin Haemoglobin
Protenuria* Protenuria* Protenuria* Protenuria*
Bacteriuria** Bacteriuria** Bacteriuria** Bacteriin**
HIV
Syphilis
Blood/Rh group**
Preventive measures Tetanus toxoid*** Tetanus toxoid***
Iron and folate Iron and folate Iron and folate onrand folate
“:)Tp**** IPTp****
ARV if eligible ARV if eligible ARV if eligible

*Only nulliparous women, women with previous pre-eclampsia and women with diastolic blood pressure above 90.
** Additional intervention for usein referral centres but not recommended as routine for resource-limited settings. *** TT1
at first antenatal care visit, TT2 at least four weeks after, TT3 at least six months later, TT4 at least 1 year later, TT5 at
least one year later. Five doses are considered to give protection during the rest of the childbearing years. **** 1% dose
gestational week 16-28, 2™ dose gestational week 28-40. There should be at least four weeks between doses. ANC =
antenatal care, PIH = Pregnancy Induced Hypertension, IPTp = Intermittent Preventive Treatment in pregnancy.

Sample size calculation

Power calculations were made on the outcomes skilled birth attendadcantenatal care
attendance and did not take into account the clustering effect. Wedstay enrolling
antenatal care attendees during a three months period. Accordimg health management
information system records from the previous year we could expé60 women in the
intervention group and 1,100 (80%) was estimated to complete a followenpiemt 42 days
postpartum whereas 1,720 women would be enrolled as non-wired mothers (gomi)!



and an estimated 1,375 (80%) would be followed until 42 days post partuestifitate
whether this sample size was sufficient for detection of pubhdthheelevant effects of the
intervention, we used data from the Tanzanian Demographic Health SISy 2005).
With a 95% probability and a power of 90% 590 women (295 in each group)nweessary
for showing an increase of a relevant size (10% increase muthber of women receiving
four or more antenatal care visits). Hence, according to our poWetateons, our proposed
sample size was sufficient to document an effect of our intervention.

Randomisation and masking

Primary healthcare facilities, stratified by districene assigned by simple random allocation
to either the mobile phone intervention or control group. Neither stutigipants nor clinic
staff were masked because of the nature of the interventiorringqonert participation.
Analysis accounted for within-cluster correlation of women cared for aathe facility. The
average cluster size was 106 women: with a range of 26 to 146.

Procedures and data collection

All enrolled women were offered standard maternal health seretressting of at least four
antenatal care visits, skilled attendance at delivery and a pasumst within the first 48
hours for deliveries taking place outside health facilities [13)timdal conditions for
provision of quality care in both intervention and control sites wesured with the
distribution of essential drugs for provision of antenatal camstreinic blood pressure
meters, weighing scales, hemocues for measuring hemoglobin antysisireticks. The
selected primary health care facility staff also functibs research assistants. Research
assistants in intervention facilities received training onntiodile phone intervention. Each
district was assigned a supervisor who visited all faciliiese a week during the study
period for quality control. Supervisors reported any encountered probtethg tresearch
team.

Demographic and covariate information were recorded with stedtquestionnaires at
inclusion and six weeks after delivery. In between, all contattsthe health system were
recorded at antenatal care, delivery and postnatal care @iesirolled women received an
individual identity number and card. If the women did not return for theoéstudy
interview the research assistant contacted them either byepbondirectly. Radio
announcements were also used to request women to provide the end-ahstodgw.
Double entry of data was performed in Epidata and transferredvalithted in SPSS
(version 20).

Statistical analysis

Analyses were performed according to the intention-to-treat pt&ycnd all available data
were included in the analysis. Double entry of data was peefbrmEpidata and transferred
and validated in SPSS (version 20) where all statistical asalgse conducted. The primary
outcome was antenatal care attendance and logistic regrassigsis was performed on the
binary outcome of four or more antenatal care visits (yes otona¥sess the impact of the
intervention. Because facilities rather than individual women wanelomised, we used
generalised estimating equations to account for within-clusteelaton in all statistical
analysis.



The statistical model was developed initially including alliaksles shown in Table 2 as
explanatory variables (including two-factor interactions) ingaskic regression analysis. The
model was reduced by removing non significant confounders using backelandsation.
This resulted in a final model including age, literacy, gestatiagal at first antenatal care
visit and intervention status. No interaction with intervention was iftloht The logistic
regression model was used to assess the primary as welt@sdary outcomes. We also
performed a Poisson loglinear analysis of continuous antenatal is#i®e te assess the
intervention impact with mean number of antenatal care visitsingi (in gestational age) of
secondary outcomes was analysed using a linaer multiple regression model.



Table 2Baseline characteristics of the study population. Values are numbers (P

Variable Intervention Control
Health Facilities

No 12 12
Participants

No of women 1311 1239

Age

<19 107/1258 (9%) 118/1197 (10%)
20-24 310/1258 (25%) 307/1197 (26%)
25-29 371/1258 (29%) 309/1197 (26%)
30-34 248/1258 (20%) 259/1197 (22%)
35+ 222/1258 (18%) 204/1197 (17%)
Literacy

Can read very well 3601298 (28%) 384/1221 (31%)
Can read well 447/1298 (34%) 363/1221 (30%)

Can read some
Can read little
Cannot read

178/1298 (14%)
86/1298 (7%)
227/1298 (18%)

174/1221 (14%)
88/1221 (7%)
212/1221 (17%)

Education
No 204/1278 (16%) 220/1200 (18%)
Primary 464/1278 (36%) 440/1200 (37%)

Secondary and above
Other

Mobile phone status
Owns

Does not own
Residence status

569/1278 (45%)
41/1278 (3%)

494/1307 (38%)
813/1307 (62%)

503/1200 (42%)
37/1200 (3%)

439/1235 (36%)
796/1235 (65%)

Rural 743/1311 (57%) 730/1239 (59%)
Urban 568/1311 (43%) 509/1239 (41%)
Parity

Nullipara 264/1290 (21%) 233/1201 (19%)
1-2 428/1290 (33%) 356/1201 (30%)
3-4 292/1290 (23%) 297/1201 (25%)
5+ 306/1290 (24%) 315/1201 (26%)

Gestational age at first antenatal care visit

<16 256/1310 (20%) 329/1233 (27%)
17-26 930/1310 (71%) 814/1233 (66%)
27-35 121/1310 (9%) 87/1233 (7%)
36+ 3/1310 (0%) 3/1233 (0%)

Complication last pregnancy according to mother

Yes 89/1271 (7%) 122/1271 (11%)
No 918/1271 (72%) 811/1271 (70%)
Nullipara 264/1271 (21%) 233/1271 (20%)

Results were expressed as odds ratios (ORSs) for primary emadsey binary outcomes and
differences for linear multiple regression with 95% confidentervals (95% CI). Statistical
significance was defined as P < 0.05.

Results

The sociodemographic characteristics of the intervention and control group nviae, svith
most women being housewives with limited education and literaal€T2). Thirty-seven



percent of the women included in the study owned a mobile phone. Thenirgmbad
various degrees of access to mobile phones. Only 20% of the women imettvention
group and 27% in the control group attended their first antenatal cérbefiore gestational
week 16 as recommended in national and international guidelines. B#wauseruitment to
the study was done at the first antenatal visit the timingisfvisit could not be affected by
the intervention. There was no difference between intervention and cagntngps by
maternal risk factor such as young/old age, late antenatalbcaidng, nulliparity and
previous pregnancy complication. Table 3 shows the characterispcsnairy and secondary
outcomes. Seven percent of intervention women attended antenatainty once versus
18% of control women. Women who booked for antenatal care afterigeataveek 28,
women below 19 years of age and illiterate were less likelgdeive four or more antenatal
care visits. Women who booked for antenatal care before gestatieakll8, and those who
were able to read well or very well were more likely toeree four or more antenatal care
visits (data not shown).

Table 3Characteristics of primary and secondary outcomes
Intervention Control

Primary outcome
No of antenatal care visits

1 92/1311 (7%) 222/1239 (18%)
2 222/1311 (17%) 258/1239 (21%)
3 423/1311 (32%) 374/1239 (30%)
4 380/1311 (29%) 234/1239 (19%)
>5 194/1311 (15%) 151/1239 (12%)

Secondary outcomes

Tetanus vaccination of nullipara*

TT1!

T2

Intermittent Preventive Treatment in pregnancy
IPTpl

IPTp2

Gestational age at last antenatal care visit
<16

17-26

27-35

36+

Antepartum referral

223/232 (96%)
155/232 (72%)

1191/1311 (91%)
846/1311 (65%)

17/1307 (1%)
140/1307 (11%)
784/1307 (60%)
366/1307 (28%)
127/1311 (10%)

195/208 (94%)
112/201 (56%)

1060/1239 (86%)
640/1239 (52%)

44/1230 (4%)
254/1230 (21%)
684/1230 (56%)
248/1230 (20%)

57/1239 (5%)

Data are n/N (%). N = 264 intervention and 233 control. * 52 not eligible. “ 68 not eligible.

The timing of antenatal care visits and preventive health serwieee similar in both the
intervention and control groups (Table 4). Visit numbers one and two late than
recommended while visit numbers three and four were earliernd®taaccinations were
given later than recommended while preventive treatment foarrmalvas administered
within the recommended timeframe. The mean gestational age antanatal care visit was
higher for intervention women than for control; both were however belbe t
recommendation of last visit after gestational week 36. The mestatigeal age at
antepartum referral was 29.47 for intervention and 26.67 for control women.



Table 4Timing in gestational age of primary and secondary outcomes

Intervention Control Unadjusted Adjusted
Mean (+- SD) Mean (+- SD)  Difference* Difference**
(95% CI) (95% CI)

Primary outcome

Weeks of gestation at antenatal care visit no

1 20.71 (4.69) 20.10(4.80) 0.68(-0.39-1.74) 0.€444-1.73)
2 26.13(4-04) 25.92(4.29) 0.20(-0.45-0.86) @-03%1-0.77)
3 30.27 (3-50) 30.41(3.88) -0.32(-1.31-0.67D.37 (-1.34-0.61)
4 33.39(3-05) 32.79(3.14) 0.21(-0.83-1.25) (@-R972-1.30)
5 35.45(2-45) 34.77 (2.37) 0.53(-0.46-1.51) (@ 0%H7-1.47)
Secondary outcomes

Weeks of gestation at tetatnus vaccination of

nullipara***
TT1 20.28 (5.08) 19.46 (5.15) 0.90 (-0 - 39-2.18)0.05 (-0.94-0.85)
TT2 25,53 (4.05) 25.42(4.78) 0.07 (-1.10-1.24) -0-8493-0.26)

Weeks of gestation at Intermittent Preventive
Treatment in pregnancy

IPTpl 23.75(3.48) 22.93(3.84) 0.80(0.06-1.54)  0.88€aL.59)
IPTp2 29.33(3.25) 28.90(3.48) 0.59 (-0.49-1.66) 0.B48-1.65)
Weeks of gestation at last antenatal care visit 8B14.90) 30.15(5.86) 1.41(-0.21-3.02) 1.38 (362299)
Weeks of gestation at antepartum referral 29.438)6. 26.67 (8.06) 2.90(-0.58-6.38) 2.67 (-0.54-%.89

"Adjusted for within cluster effect.  Adjusted for significant variables associated with antenatal care attendance and within
cluster effect. ™ N = 264 intervention and 233 control. * 52 not eligible. 2 68 not eligible. SD Standard Deviation.

More women in the intervention group (44%) received the recommendedofonmore
antenatal care visits than in the control group (31%) (Table 5)od#® for receiving four or

more antenatal care visits were more than double for womerfitbendérom the mobile
phone intervention (OR, 2.39; 95% CI, 1.03-5.55). There was a trend towardabtavo
intervention association across all secondary outcome measuresgaltnot statistically
significant. In the intervention group 72% of nullipara women receiveddoges of tetanus
vaccination versus 56% in the control group (OR, 1.62; 95% CI, 0.81-3.26) and 65% received
two doses of preventive malaria treatment versus 52% in the cgningd (OR, 1.97; 95%

Cl, 0.98-3.94). More intervention women (28%) had their last antenatal wisit after
gestational week 36 compared to control women (20%) (OR, 1.48; Cl 0.89-2.45), and 10%
intervention women were referred during the antepartum period cethpar5% control
women (OR, 1.66; 95% CI, 0.68-4.06). Overall, women in the intervention groupaecei
16% more antenatal care visits than the control group. 385 women, 308&d, tbalir health
provider. Calls were made both in case of emergencies and for nogemcies. The
majority, 59%, of intervention women stated that receiving textsages influenced the
number of times they attended antenatal care. In addition, 71% délthta educational
messages helped them in various areas including learning about dgngeingregnancy

and feeling that the health system cared for them.



Table 5Association between mobile phone intervention and primary and secondary
outcomes

Intervention Control Unadjusted Adjusted OR**
OR*
(95% CI) (95% CI)

Primary outcome

Four or more antenatal care visits 574/1311 (4388)1239 (31%).54 (0.80-2.96)2.39 (1.03-5.55)
Secondary outcomes

Tetatnus vaccination of nullipara***

TT1* 223/232 (96%) 195/208 (94%)1.38 (0.39-4.87)1.58 (0.41-6.01)

TT2? 155/232 (72%) 112/201 (56%)1.67 (0.84-3.33)1.62 (0.81-3.26)

Intermittent Preventive Treatment in

pregnancy

IPTpl 1191/1311 1060/1239 1.78 (0.49-6.52)1.10 (0.35-3.43)
(91%) (86%)

IPTp2 846/1311 (65%640/1239 (52%).69 (0.82-3.48)1.97 (0.98-3.94)

Gestational age 36 or more at last antenata66/1307 (28%248/1230 (20%).45 (0.88-2.37)1.48 (0.89-2.45)
care visit

Antepartum referral 127/1311 (109%7/1239 (5%) 1.58 (0.61-4.09).66 (0.68-4.06)
"Adjusted for within cluster effect. ~Adjusted for significant variables associated with antenatal care

*kk

attendance, within cluster effect. " N = 264 intervention and 233 control. * 52 not eligible. 2 68 not dligible.

Discussion

Our findings showed that a simple mobile phone intervention improvedheadaktecare
attendance. Women in the intervention group had more than double odds for attending four or
more antenatal care visits as recommended in national and ideahajuidelines. There

was also a trend towards favorable intervention association asexsmdary outcome
measures such as tetanus vaccination, preventive treatment fdaajrgeatational age at last
antenatal care visit, and antepartum referral although not statistiggiliffcant.

We used simple mobile phone technology to address irregular attenda essential
reproductive health services in low-income countries. Evidence ofvémtgons that
effectively improve utilization of antenatal care servicepasticularly important in sub-
Saharan Africa which has the lowest antenatal care attemd@amepared to other regions.
Regular attendance to antenatal care throughout the pregnameypasgant to identify
complications of pregnancy and improve pregnancy outcomes for mother &hd6ghin
our study there was a trend towards more antepartum refamalsg the intervention group,
indicating that more women with complications were being idexdtifand treated.
Worldwide, fewer newborns are dying but they account for a hidgteee of child deaths and
estimates suggest that 14% of all deaths amongst children undardideie to preterm birth
complications [3]. As there is an association between few aatenare visits and a
subsequent preterm birth, regular attendance to antenatal asgeidial to improve child
survival [14].

The weak relationship between antenatal care use and nhaachaewborn survival has
motivated an increased focus on content and quality of care provided tiadime mere
antenatal care attendance [15]. We therefore aimed to assessmtal care in a more
comprehensive way considering not only utilization but also content andgtiof
interventions during pregnancy. A recent publication on quality of atalecere in Zambia
similarly suggest that evaluating the level of antenatal peoeision at heath facilities is an



efficient way to detect deficiencies in quality of care [1Blr results suggest that mobile
phone interventions can improve quality of care by creating awarendbe demand side of
service delivery. We found a trend towards more women receiving ninexvehealth
interventions but the timing of services was not significantly aned by the intervention.
The effectiveness of antenatal care interventions is linkets tquiality. Nyamtema et al.
found that in rural Tanzania 20% of severe maternal morbidities a#riuted to
substandard antenatal care which indicates that a significant poopofrtadverse pregnancy
outcome could be reduced by improving this programme [17]. Women caner¢ioceisame
content of care in a different number of visits and more comprehdansices are needed to
assess quality of the antenatal care provided. There arstifiehes on quality of antenatal
care and the existing tools to capture dimensions of quality ohaatecare have been
developed for high-income settings and we found them unsuitable forampliin a low-
income countries context. For instance, the Content and Timing oincRregnancy (CTP)
tool includes routine ultrasound and measurement of blood glucose, sénatase neither
readily available nor included in the core antenatal care padiemgenmended for low-
income countries [18]. There are attempts to develop tools tailoredesource-limited
settings but the framework for assessment of provision of qualignatal care in resource
limited settings remains weak [16,19].

Our findings are in line with the recent reviews concluding thaetieemoderate evidence
that mobile phone text message reminders for health care appuisitarxe more effective
than no reminders and that text messaging can result in pdssd behavior change [20-
22]. In 2013 Free et. al. assessed the effectiveness of mobieolegy interventions
delivered to health care consumers and found that text messatgngentions increased
adherence to ART and smoking cessation and stated that high qdakjyately powered
trials are required to eveluate effects of objective outcomesT2@] most robust evidence is
on the effectiveness of Short Message Service reminders imgredendance to health care
services. Two recent reviews found that SMS reminders inctkadielihood of attending
clinic appointments [21,22]. These reviews however included only aetimiumber of
randomized controlled trials and all were from high and middle incoouatries. Hence,
external validity for the developing world is limited. There s iacreasing number of
mHealth pilot projects in low-income countries, most of which hadisease specific focus
on HIV/AIDS [23,24]. The 2012 Lancet report of technologies for gldtealth identified
only nine randomised controlled trials for mHealth in low-income c@asand the evidence
for effectiveness remains weak [2,23,24]. Within the use of mobitengsh to improve
reproductive health studies primarily indicate potential to exipgdiémergency obstetric
referrals and improve knowledge and awareness [25-27]. Our study haseoredidence of
increased skilled delivery attendance amongst urban women bendfitimgthe wired
mothers intervention (OR, 5.73; 95% CI, 1.51-21.81) [12]. Most of the women irtuay s
felt that the intervention influenced their health seeking behavior atgfastion with the
service which is in line with other studies finding mobile phone agits for reproductive
health well accepted by women and health workers [28-30]. Futindies of interventions
similar to ours are currently taking place in Ghana, for instaand the evidence base is
growing fast [31].

There were limitations to our study. We chose a pragmatic agfpavad randomized health
facilities rather than individuals to avoid a spillover effeotf the intervention to the control
group. Cluster design has been used in similar antenataltraase [9,32]. We included
women regardless of mobile phone ownership and literacy statoarily because we did
not feel it ethical to limit access to emergency obstetire based on mobile ownership. In



addition, there is evidence of heterogeneous mobile phone ownership gedoatiarns in
sub-Saharan Africa and we believed that the SMS content wowld seane women without
own registered phone numbers [33]. We chose to provide health workergervention
facilities with mobile phones to ensure equal access to healthdpreviwe introduced the
mobile phone as a professional working tool because we did not fredsbnable to ask
health providers to provide their telephone numbers to clients atidvited us to set up
guidelines for use such as always keeping the phone charged and oes@srindicate that
linkages were improved between Wired Mothers and their health proviiter&lmost one
third of intervention women calling their local midwife at somenpan pregnancy. The
ability of pregnant women to call their local midwife was dgrthe trial based on a voucher
system, which is possible not perceived feasible at a largde #tan this study. Other
solutions could be considered such as using a central toll free nuntbein, will redirect
calls to local midwifes. The follow-up rate in our study washhidnich may be attributed to
the use of regular health workers as research assistahtpevdonal local knowledge of
includedWired Mothers. It was however demanding in terms of supervision to ensure data
quality and could affect the quality of practices provided to womendid@/aot assess health
provider's skills and knowledge and hence cannot be sure that particaErbndary
outcomes measures were confounded by intervention sites health prkrmeledge.
However, health providers in intervention facilities did not have adoesise educational
messages send to Wired Mothers and the study design should protetst dgsh
confounders.

We aimed towards a frugal innovation taking advantage of the ubiquitpbile phones and
the technical solution was produced in Tanzania at low cost. Yee futyorovements should
include special attention to the illiterate, such as using VOM& and the use of women
groups as the community entry point to reach the most vulnerablena#mo do not have
access to mobile phones and do not attend antenatal care even onleeth@hstudy
demonstrates that the wired mothers intervention can improve the nahrbpeat antenatal
care visits it does not, in its present form, target the problelat@fbooking for antenatal
care. Further research should examine if inclusion into the wirethems software at
community level will improve the number of women attending thest fintenatal care visit
before gestational week 16 as recommended by WHO. For instastadyafrom Kenya
suggests that pregnancy case finding can be performed at comteurltby village elders
using mobile phones [34].

The policy implication of this study is that mobile phone interventioas improve
utilization of antenatal care services, which is essentiahfaternal and newborn health.
Although not statistically significant our findings also point in ¢hrection of mobile phone
interventions being effective in improving adherence to antenatlscaiedules and quality
of care. Only nine of 137 developing countries are likely to achievethetMDG 4 and 5
targets by 2015 [4]. We suggest that mHealth applications can iasahieving the MDG
target indicators and more importantly reduce maternal morbidity improve newborn
survival. Policy makers should consider using mobile phone applicationsngmve
attendance and quality of care of essential reproductive healtlteserAurthermore, our
study indicates that measurement of development after the MibGgd include use of
beneficial technologies such as mobile phones.



Conclusions

The wired mothers’ mobile phone intervention significantly incedathe proportion of
women receiving the recommended four antenatal care visits gugggancy and there was
a trend towards more women receiving preventive health services,woanen attending
antenatal care late in pregnancy and more women with antepastuplications identified
and referred. Overall there is limited evidence on the effd#cisobile phone text message
reminders for appointment attendance and further high-quality ressaretuired to draw
more robust conclusions, particularly for developing countries withiffielte of sexual and
reproductive health. This study is a contribution towards evidence-bapeoaches to make
pregnancy and childbirth a safe event for both mother and child, and towards theraehie
of the MDG 5 target indicator of antenatal care attendance.
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