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Abstract

Background: With a dramatic increase in mobile phone use in low- and middle-income countries, mobile health (mHealth) has
great potential to connect health care services directly to participants enrolled and improve engagement of care. Rural and remote
global settings may pose both significant challenges and opportunities.

Objective: The objective of our study was to understand the demographics, phone usage and ownership characteristics, and
feasibility among patients in rural and remote areas of Kenya of having text messaging (short messaging service, SMS)-based
mHealth intervention for improvements in antenatal care attendance and routine immunization among children in Northern
Kenya.

Methods: A survey-based descriptive study was conducted between October 2014 and February 2015 at 8 health facilities in
Northern Kenya as part of a program to scale up an mHealth service in rural and remote regions. The study was conducted at 6
government health facilities in Isiolo, Marsabit, and Samburu counties in remote and northern arid lands (NAL). Two less remote
health facilities in Laikipia and Meru counties in more populated central highlands were included as comparison sites.

Results: A total of 284 participants were surveyed; 63.4% (180/284) were from NAL clinics, whereas 36.6% (104/284) were
from adjacent central highland clinics. In the NAL, almost half (48.8%, 88/180) reported no formal education and 24.4% (44/180)
self-identified as nomads. The majority of participants from both regions had access to mobile phone: 99.0% (103/104) of
participants from central highlands and 82.1% (147/180) of participants from NAL. Among those who had access to a phone,
there were significant differences in network challenges and technology literacy between the 2 regions. However, there was no
significant difference in the proportion of participants from NAL and central highlands who indicated that they would like to

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e5 | p. 1http://publichealth.jmir.org/2017/1/e5/
(page number not for citation purposes)

Kazi et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

mailto:mominkazi@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


receive a weekly SMS text message from their health care provider (90.0% vs 95.0%; P=.52). Overall, 92.0% (230/250) of
participants who had access to a telephone said that they would like to receive a weekly SMS text message from their health care
provider. Most phone users already spent the equivalent of 626 SMS text messages on mobile credit for personal use.

Conclusions: Despite the remoteness of northern Kenya’s NAL, the results indicate that the majority of pregnant women or
care givers attending the maternal, newborn, and child health clinics have access to mobile phone and would like to receive text
messages from their health care provider. mHealth programs, if designed appropriately for these settings, may be an innovative
way for engaging women in care for improved maternal and newborn child health outcomes in order to achieve sustainable
development goals.

(JMIR Public Health Surveill 2017;3(1):e5) doi: 10.2196/publichealth.5386
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Introduction

It has been widely documented that routine antenatal care (ANC)
visits is one of the most effective methods in reducing maternal
and child mortality and morbidity. Despite calls by the World
Health Organization (WHO) for a minimum of 4 ANC visits,
two-thirds of women living in Africa are able to attend ANC
clinic only once during their gestational period [1,2]. It is
estimated that 287,000 maternal deaths occur globally each year
due to preventable complications during pregnancy and
childbirth, 95% of which occur in sub-Saharan Africa and
Southern Asia [3,4]. Furthermore, approximately 240 women
per 100,000 live births die in low-income countries compared
with only 16 women per 100,000 live births in high-income
countries. African women experience 24 times the risk of
intrapartum stillbirth compared with women in high-income
settings [5-7]. Globally, there are around 3 million neonatal
deaths and 2.65 million stillbirths each year [7]. In Kenya, the
annual maternal mortality rate is 488 per 100,000 live births,
of which only 47% of women are able to attend all 4
recommended ANC visits and the majority of them are from
urban areas [8-10]. A further decline is seen in the remote rural
areas of Kenya such as the northern and arid lands (NAL)
whereby only 40% of pregnant women attend 4 or more ANC
visits [8].

Routine immunization among children, on the contrary, is one
of the most effective public health interventions of the 20th
century. It has dramatically reduced global child morbidity and
mortality [11]. Despite this, an estimated 19.3 million children
did not receive vaccination for diphtheria, pertussis, and tetanus
(DPT3) in 2010, one-third of which live in Africa, resulting in
approximately 1.5 million preventable deaths every year [12].
In Kenya, approximately 52 infants per 100, 000 die every year,
with only 77% receiving routine immunizations [8-10]. New
and innovative strategies are required to improve ANC
attendance among pregnant women and to increase routine
immunization coverage among children.

Mobile health (mHealth) is defined as mobile communication
technologies to support health care [13,14]. Currently, there are
approximately 7 billion mobile phone subscribers globally, 89%
of which are in low- and middle-income countries (LMICs)
[15,16]. In Kenya, for example, mobile phone penetration was
77% in 2012, with SMS text messaging (short messaging
service, SMS)-based communication on the rise [17]. The recent

surge in mobile phone penetration alongside reduced cost has
improved the feasibility of mHealth programs in LMICs [18].
Available data outlines mHealth’s potential and ability to
connect health care services to pregnant women and mothers
by passing different hurdles that would otherwise keep various
health services inaccessible due to cost, distance, and
accessibility [18,19]. SMS text messaging–based mHealth
interventions can play a significant role in ensuring that the
expectant mothers are followed throughout the continuum of
care till completion of routine immunization coverage of their
child [19].

Existing literature on mobile phone use in Kenya focuses on
mobile phone penetration, trends in uptake of mobile
communication services, corporate market share, mobile
consumer-based services available, ANC visits improvement,
SMS text message reminders and conditional cash transfer to
improve routine immunization coverage, potential for mHealth
interventions based on phone ownership and penetration, and
engagement of care [20-26]. Few studies, however, examine
the demographic characteristics of mobile phone users, their
usage patterns, ownership, and mobile phones’ potential for
improving engagement with health care providers and access
to health services, specifically in a remote and rural population.

There is a vast difference in health indicators for NAL compared
with rest of the Kenya, particularly for health-seeking behavior,
maternal and child mortality, and immunization coverage. In
this study, we aimed to assess the feasibility of implementing
an SMS text messaging–based mHealth intervention intended
to connect expectant mothers and child caregivers with their
health care providers in rural and remote regions of Kenya. Our
objectives were to examine region-based differences in mobile
phone access and mHealth perceptions among visitors to
antenatal and routine immunizations clinics in 8 regions of
northern Kenya.

Methods

Between October 13, 2014, and February 20, 2015, participants
were recruited from antenatal and routine immunization clinics
at 8 health facilities in northern Kenya as part of a Grand
Challenges Canada phase 2 “transition to scale” and Amref
Health Africa as part of government of Kenya–led
AphiaPlus/Marisha program for the health strengthening in the
region [26]. Six participating government health facilities, 2
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each in Isiolo, Marsabit, and Samburu counties were located in
Kenya’s remote NAL, and 2 clinics each were located in
Laikipia and Meru counties, which are less remote and more
densely surrounding northern region (central highlands). The
study received clearance from Amref Health Africa’s Ethics
and Scientific Review Committee on September 1, 2014. Figure
1 is a graphic depicting distribution of all 8 sites.

The study questionnaires included sections on patient
demographics, mobile phone usage patterns, the feasibility of
an SMS text messaging–based mHealth intervention, as well
as accessibility to primary health centers. Because the proposed
mHealth intervention (WelTel) used weekly SMS text messages
and allowed for shared phone access, questions related to this
were included [27]. Inclusion criteria comprised pregnant
women visiting the antenatal clinic, caregivers attending the
routine immunizations clinics for children, and the ability to
provide informed consent. The formal sample size calculation
was not done; however, a target of 280 completed surveys was
set. Consecutive convenience sampling was used to recruit
patients whereby health care workers at the point of triage
referred patients to study staff as patients arrived for their
scheduled ANC and routine immunization appointments.

Structured questionnaires were administered in either English
or Kiswahili depending on a patient’s preference and proficiency
with English by trained study staff having command over both
languages. All participants included in the study were asked to
sign the informed consent, and thumb impression was taken
from those who were illiterate or could not sign. Questionnaires
were administered in a private place to ensure patient
confidentiality and reduce the likelihood of response bias. No
incentive was provided for participating in this study.

Prior to the study, questionnaires were developed and underwent
forward and backward translation to ensure semantic
consistency, and were piloted at one of the field sites before
being rolled out. The research staff received 2-day training on
research ethics, providing informed consent, administering the
study questionnaire, and the study protocols to be followed
throughout the course of the study. Continuous monitoring by
study coordinators occurred throughout the study to ensure that
data were collected as per the study protocol. All data was
double entered into an Access program and analyzed using IBM
SPSS Statistics version 23, with a level of significance in
reference to a 2-tailed, type 1 error set as <0.05. Univariate
analysis was performed using the chi-square test or Fisher exact
test for dichotomous variables and the Mann-Whitney test for
continuous variables.

Figure 1. Geographic distribution of the eight sites participating in baseline survey in Kenya.

Results

Distribution of the respondents among study sites and population
demographics at the study sites are shown in Table 1. Overall,
284 participants completed the survey from the 8 health
facilities. Specifically, 63.4% (180/284) from the NAL clinics

(Samburu, Isiolo, and Marsabit counties), and 36.6% (104/284)
patients participated from central highlands (Meru and Laikipia
counties). Overall, 98.6% (280/284) of the participants were
females, and the median age of participants was 26 years
(interquartile range, IQR 23-30 years). Forty-four percent
(125/284) of participants were pregnant women visiting the
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ANC clinic, whereas 56.0% (159/284) were caregivers of infants attending the immunization clinic for routine immunizations.
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Table 1. Baseline characteristics of participants, by region.

Total (N=284)Adjacent site (n=104)Northern arid land (n=180)Characteristics

Visited department, n (%)

125 (44.0)53 (51.0)72 (40.0)Antenatal care

159 (56.0)51 (49.0)108 (60.0)Immunization

Facilities, n (%)

19 (6.7)19 (11.0)Isiolo district hospital

31 (10.9)31 (17.2)Kinna health center

30 (10.6)30 (16.7)Maralal district hospital

58 (20.4)58 (32.2)Kisima model health center

21 (7.4)21 (11.7)Marsabit districts hospital

21 (7.4)21 (11.7)Moyale district hospital

53 (18.7)53 (51.0)Meru level 5 hospital

51 (18.0)51 (49.0)Nanyuki reference hospital

26 (23-30)24 (22-29)27 (23-30)Age, median (IQRa)

Gender, n (%)

280 (98.6)104 (100.0)176 (97.8)Female

4 (2.2)Male

Marital status, n (%)

23 (8.1)15 (14.4)8 (4.4)Single

248 (87.3)84 (80.8)164 (91.1)Married

13 (4.6)5 (4.8)8 (4.4)Separated, widowed, or dating

2 (1-3)1 (1-1)2 (1-4)Number of children, median (IQR)

51 (18.0)7 (6.7)44 (24.4)Nomadic lifestyle, n (%)

Formal education, n (%)

90 (31.7)2 (1.9)88 (48.9)None

87 (30.6)30 (28.8)57 (31.7)Primary

65 (22.9)41 (39.4)24 (13.3)Secondary

42 (14.8)31 (29.8)11 (6.1)College or University

Religion, n (%)

196 (69.0)99 (95.2)97 (53.9)Christian

79 (27.8)3 (2.9)76 (42.2)Islam

9 (3.1)2 (1.9)7 (3.9)Others

143 (50.3)50 (48.0)93 (51.7)Formally employed, n (%)

Preferred spoken language, n (%)

125 (44.0)48 (46.1)77 (42.8)Swahili

54 (19.0)54 (30.0)Kiborana

38 (13.3)38 (211)Samburu

28 (9.9)25(24.0)3 (1.6)Kimeru

22 (7.7)18 (17.3)4 (2.2)English

17 (6.0)13 (12.5)4 (2.2)Other

53 (2-300, n=268)35 (5-300, n=102)64 (2-300, n=166)Distance from health center in minutes, mean (min-max)

aIQR: interquartile range.
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When compared with participants from central highlands, a
higher proportion of participants from the NAL were more likely
to be married (91.1% vs 80.8%; P=.01) and self-identify as
nomadic (24.4% vs 6.7%; P<.001). There were large differences
in the proportion of participants who had received formal
education: 48.9 % (88/180) of respondents from NAL reported
having no formal education compared with 1.9% (2/104) from
central highlands (P<.01). Similarly, a much higher proportion
of participants from the central highlands clinics could
understand (98.0% vs 52.2%; P<.001) and read (91.3% vs
46.7%; P<.001) common Swahili words (“mambo,” “sawa,”
and “shida”) when compared with participants from NAL. Fifty
percent (142/284) of the participants were employed of which
the most common occupation was cited as a business.

Overall, 74.3% of participants (211/284) owned a mobile phone
across all sites. However, a significantly higher proportion of
participants from central highlands owned their phones when
compared with participants from NAL (94.2% vs 62.8%;
P<.001). Out of those who did not own a mobile phone 53.4%
(39/73) did have shared access to a mobile phone with (83.3%
vs 51.5%; P<.001) citing shared access in central highlands as
compared to NAL. This indicated that the majority of
participants from both the central highlands and NAL had some
access to a mobile phone (99.0% vs 82.1%, P<.001).

A higher proportion of those from NAL were more likely to
experience network challenges (27.1% vs 14.6%; P<.001).
However, 92.1% (35/38) in NAL and 93.3% (14/15) at adjacent
site participants were able to overcome the network coverage
issues and only 9.2% (26/284) reported of a problem with
keeping their phone battery charged overall. Further participants
from NAL were less likely to be able to send an SMS text

message (55.0% vs 95.1%; P<.001) when compared with
participants from central highlands. Of those who were not able
to send an SMS text message, 93.7% (59/63) in NAL and 80.0%
(4/5) in adjacent sites mentioned that a trusted individual could
respond on their behalf. Tables 2 and 3 show phone ownership
and usage characteristics and SMS text messaging and mobile
phone related outcomes.

Despite regional differences, there was no significant difference
in the proportion of participants from NAL and central
highlands, who indicated that they would like to receive a
weekly SMS text message from their health care provider
(95.0% vs 97.0%; P=.52). Overall, more than 91.6% (230/251)
of participants who had access to a mobile phone indicated that
they would like to receive a weekly SMS text message from
their health care provider. Of these, 51.2% (124/242) preferred
SMS text message as their mode of communication, whereas
48.8% (118/242) favored a phone call. Regional variances
existed. Participants (78.2% vs 31.9%; P<.001) in central
highlands preferred SMS text message compared with NAL;
however, participants (68.1% vs 21.8%; P<.001) in NAL
preferred phone calls as opposed to central highlands. Further,
62.5% (157/251) of responders preferred receiving SMS text
messages in Swahili. Moreover, 49.4% (124/251) cited no
time-of-day preference for receiving SMS text messages, and
40.6% (102/251) responded in favor of receiving 1 SMS text
message per week. The average amount of money spent on a
mobile phone by patients in the survey every month was 664
KSH (US $6.57), equivalent to about 170 minutes of talk time
or more than 626 SMS text messages. The mean distance of the
participants’ home from health care center was 53 minutes
(n=268/284).

Table 2. Regional differences in mobile phone access.

P valueTotal (n=284)Adjacent region (n=104)Northern arid land (n=180)Characteristic

<.001Telephone accessa, n (%)

250 (88.0)103 (99.0)147 (81.7)Access to telephone

33 (11.6)1 (1.0)32 (17.8)No access to telephone

211 (74.3)98 (94.2)113 (62.8)Own phone

39 (13.7)5 (4.8)34 (18.9)Shared phone

33 (11.6)1 (1.0)32 (17.8)No telephone access

aMissing data: 1 northern arid land.
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Table 3. Regional differences in SMS text messaging– and phone-related outcomes, among those who had access to mobile phone.

P valueTotal (n=250)Surrounding northern region
(n=103)

Northern arid land (n=147)Characteristics

<.001Experienced network challengesa, n (%)

190 (76.0)88 (85.4)102 (72.9)No

53 (21.2)15 (14.6)38 (27.1)Yes

.41Problem keeping a phone chargedb, n (%)

218 (89.3)94 (91.3)124 (87.9)No

26 (10.7)9 (8.7)17 (12.1)Yes

<.001Preferred mode of communicationc, n (%)

124 (49.6)79 (78.2)45 (31.9)Text message

118 (47.2)22 (21.8)96 (68.1)Telephone call

<.001Are able to send an SMS text messaged, n (%)

174 (69.6)97 (95.1)77 (55.0)Yes

68 (27.2)5 (4.9)63 (45.0)No

.53Would like to receive a weekly SMS text message from HCPe, n (%)

230 (92.0)98 (97.0)132 (95.0)Yes

10 (4.0)3 (3.0)7 (5.0)No

aMissing data: 7 northern arid lands.
bMissing data: 6 northern arid lands.
cMissing data: 6 northern arid lands and 2 surrounding northern regions.
dMissing data: 7 northern arid lands and 1 surrounding northern region.
eMissing data: 8 northern arid lands and 2 surrounding northern region.

Discussion

Principal Findings
There is a significant potential for using mHealth
communication to strengthen health services for maternal,
newborn, and child health (MNCH) in remote underserved areas,
where access to health services can otherwise be extremely
limited. This study described the patients’ access to mobile
phones in the health context in a remote rural population with
a high proportion of pastoralists and where maternal and child
morbidity and mortality are disproportionately high. The
majority of women and caregivers attending ANC and routine
immunization clinics had access to a mobile phone—82.1% in
NAL and 99.0% in the more populated highlands—and overall
92.0% of the participants indicated that they would like to
receive weekly SMS text messages. The millennium
development goals for maternal child health have not been
successfully achieved by 2015 at multiple LMICs including
Kenya. There is a broad consensus that mHealth can play an
essential role in improving the use of maternal and child health
services, which may ultimately support in decreasing morbidity
and mortality toward achieving a sustainable development goal
of less than 70 maternal deaths per 100,000 live births globally
by 2030 [28].

The mobile phone ownership and access detailed in this study
were similar to those in other studies conducted among women
attending antenatal care at primary health centers in LMIC

settings [29-31]. There was a significantly high proportion of
participants from central highlands who owned mobile phones
compared with NAL (94.2% vs 62.8%). Similarly, 69.6% of
the participants in central highlands were able to send SMS text
messages compared with only 55.0% in NAL. Although around
half of the population in NAL was not able to send the SMS
text messages, a vast majority among them, 92.6%, trusted
someone who could send a message in their place. Social
innovations such as utilizing shared phone access, combined
with technological innovations, are likely important to maximize
the reach to the majority of the population who may benefit
from this support. In addition, if the messaging can be kept
simple, there may be an eagerness for women with even minimal
literacy to learn some basic texting. This indicates a significant
opportunity for mHealth-based interventions to strengthen
MNCH programs in the region considered among the most
remote places in the world.

Throughout the region, there was high acceptance among the
participants to receive SMS text messages (92%) from health
care providers inquiring about individual’s health. Importantly,
68.1% of NAL responder’s and 21.8% in the adjacent sites
preferred phone call versus text messaging respectively. This
was similar to a study conducted by Cormick et al in Argentina,
where respondents from rural pollution compared with the urban
setup preferred talking on a phone versus texting [29]. In
addition to literacy, women might be wary of potential risk
brought about by stigma if a family member or friend became
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privy to a patient’s medical condition through SMS text
messaging. This suggests that the content of SMS text messages
be carefully considered, and before implementing an SMS text
message–based mHealth intervention, some advocacy of the
intervention and teaching of SMS content and use might be
required for improved acceptability. Combining phone calls
with SMS text messages may also overcome some of the
barriers.

A number of SMS text message–based interventions have been
quite effective in different programs, particularly in treatment
adherence, smoke cessation, health care appointment attendance,
antenatal care attendance, and compliance for immunization
[29-34]. Also, adding incentives to SMS text messages have
shown a positive association. However, there is a cost
implication for scaling up this model at the country level [25,29].
The major focus up till now has been on SMS text message as
reminders or educational messages for improvement in
behavioral change related to MNCH in LMIC settings
[24,32,33]. The WelTel service proposed in this study population
utilized two-way SMS text messages that checked women’s
status and provided an opportunity for triage of any health issues
they had on a standardized basis. Given the mobile phone access
and acceptability in both the ANC and post-delivery
immunization population, there is potential to maximized
interventions that can be delivered along the continuum of care
from early pregnancy and through childbirth to the newborn
period, through the immunization period in the first years of
life. Two-way SMS text message–based models compared with
one-way SMS text message or a combination of automated
voice message or a phone call needs to be assessed [34]. This
is essential for understanding mHealth role for an improvement
in health-seeking and vaccine coverage behavior in LMIC setup
[30,32-35].

A significant hindrance for SMS text message–based mHealth
interventions is the level of education and literacy in some
populations. Compared with participants from NAL there was
a statistically significant difference in participants in central
highlands, who had received formal education and could
understand and write common Swahili words (Mambo, Sawa,
and Shida). There is a limitation of sending only 160 characters
as SMS text messages, which becomes even lesser if translated
into another language. However, these restrictions might help
in making the message simple and understandable, especially
to low-literacy population [33]. One example is WelTel-based
model in Kenya, in which single-word text “Mambo” in Swahili
(“How are you?” in English) was sent once a week to patients
starting antiretroviral therapy who were asked to respond as
“Sawa” or “Shida” (“fine or not fine”). In case of receiving “not
fine” message, the health care providers called the patients to
inquire regarding their status. This simple engagement in
mHealth model helped improve antiretroviral therapy adherence
and viral suppression [26]. Similar engagement in care model
can be used among women and caregivers attending ANC and
immunization clinics to bring the needed behavioral change for
improvement in the ANC attendance by pregnant women to

least 4 visits during pregnancy and vaccination coverage to 90%
as recommended by WHO.

Although people in remote settings may stand the most to benefit
from mHealth, there are several unique challenges. Mobile
phone network challenges were encountered only by one-fifth
of the participants, more likely in the remote regions, and among
them, more than 90% were able to overcome the network
coverage problem. Further, less than 10% of participants
reported challenges with keeping their phones charged.
Similarly, most small shops had a small fee for charging
services. Home solar charging units are becoming increasingly
popular. Our study supports the evidence demonstrating a rapid
increase in mobile phone access among pregnant women and
caregivers of children eligible for routine immunization both
globally and in Africa, including in some of the most remote
regions of Africa such as northern Kenya. Overall, however,
these results are encouraging and show the potential for SMS
text messaging–based mHealth interventions in improving
communication of health care providers with patients and clinic
attendants to improve engagement in care and adherence.

Limitations
There are a number of limitations to this study. The study was
limited to patients enrolled in MNCH services in selected health
facilities in northern Kenya’s NAL, and the results may not be
generalized to women who never attended the clinic for MNCH
care. This may be better assessed by a community-based survey.
This study was also of limited sample size and used a convenient
sampling method. In this case, a compromise was made to allow
for rapid evaluation of the intended population for critical
phone-related health characteristics that could assist
implementation of an already funded project. Nonetheless, this
survey provides new information and insight into the potential
for mHealth programs in MNCH in remote pastoral regions.
Additional studies are encouraged to evaluate the
cost-effectiveness, infrastructure, and human resources required
to implement behavioral change through simple mobile phone
and SMS text messaging–based interventions.

Conclusions
In conclusion, despite remoteness, the majority of the pregnant
women and caregivers visiting the antenatal care and routine
immunization facilities had access to mobile phones and showed
high acceptability for weekly SMS text messages in northern
Kenya. Mobile phone access is not, however, evenly distributed,
and some populations have lower levels of literacy or access to
mobile phones or reliable network connections. Using low-cost
interventions such as SMS text messaging with simple language
or by enabling voice calling that is locally appropriate may help
overcome some of these challenges. It is important for programs
aiming to reach those who typically have least health care access
to understand the details around phone access and ownership.
This study indicates that people living in remote regions, with
often poor access to quality health services, may also be able
to harness the mobile phone revolution and be beneficiaries of
mHealth innovations.

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e5 | p. 8http://publichealth.jmir.org/2017/1/e5/
(page number not for citation purposes)

Kazi et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
This study was funded by a grant from Grand Challenges Canada matched with in-kind support from Amref Health Africa as
part of AphiaPlus Imarisha. We thank Kamila Romanowski for her input in the manuscript. Dr Momin Kazi is a recipient of a
4-year doctoral fellowship (4YF) award from University of British Columbia, as a PhD student. Dr Richard Lester is the recipient
of Michael Smith Foundation for Health Research Scholar Award.

Conflicts of Interest
Dr Richard Lester is a paid consultant for the WelTel International mHealth Society, the recipient of the Grand Challenges Canada
funding for this project, and has interests in a related company, WelTel Incorporated, which operates outside of Africa.

References

1. Carroli G, Villar J, Piaggio G, Khan-Neelofur D, Gülmezoglu M, Mugford M, WHO Antenatal Care Trial Research Group.
WHO systematic review of randomised controlled trials of routine antenatal care. Lancet 2001 May 19;357(9268):1565-1570.
[doi: 10.1016/S0140-6736(00)04723-1] [Medline: 11377643]

2. Mpembeni R, Killewo J, Leshabari M, Massawe S, Jahn A, Mushi D, et al. Use pattern of maternal health services and
determinants of skilled care during delivery in Southern Tanzania: implications for achievement of MDG-5 targets. BMC
Pregnancy Childbirth 2007 Dec 06;7:29 [FREE Full text] [doi: 10.1186/1471-2393-7-29] [Medline: 18053268]

3. Say L, Chou D, Gemmill A, Tunçalp O, Moller A, Daniels J, et al. Global causes of maternal death: a WHO systematic
analysis. Lancet Glob Health 2014 Jun;2(6):e323-e333 [FREE Full text] [doi: 10.1016/S2214-109X(14)70227-X] [Medline:
25103301]

4. Oyeyemi SO, Wynn R. Giving cell phones to pregnant women and improving services may increase primary health facility
utilization: a case-control study of a Nigerian project. Reprod Health 2014;11(1):8 [FREE Full text] [doi:
10.1186/1742-4755-11-8] [Medline: 24438150]

5. UNICEF. WHO. 2013. Levels and Trends in Child Mortality: Report URL: http://www.who.int/maternal_child_adolescent/
documents/levels_trends_child_mortality_2013/en/ [accessed 2017-01-05] [WebCite Cache ID 6nI0r68aO]

6. Bhutta ZA, Yakoob MY, Lawn JE, Rizvi A, Friberg IK, Weissman E, et al. Stillbirths: what difference can we make and
at what cost? The Lancet 2011 Apr;377(9776):1523-1538. [doi: 10.1016/S0140-6736(10)62269-6]

7. Liu L, Johnson H, Cousens S, Perin J, Scott S, Lawn JE, Child Health Epidemiology Reference Group of WHOUNICEF.
Global, regional, and national causes of child mortality: an updated systematic analysis for 2010 with time trends since
2000. Lancet 2012 Jun 09;379(9832):2151-2161. [doi: 10.1016/S0140-6736(12)60560-1] [Medline: 22579125]

8. DHSprogram. Kenya: Kenya National Bureau of Statistics and ICF Macro. 2008. 2010; 2008. Kenya Demographic and
Health Survey: Key Findings URL: http://dhsprogram.com/pubs/pdf/fr229/fr229.pdf [accessed 2017-01-18] [WebCite
Cache ID 6nbZs0xVU]

9. WHO. 2008. National-level monitoring of the achievement of universal access to reproductive health: Conceptual and
practical considerations and related indicators URL: http://apps.who.int/iris/bitstream/10665/43920/1/9789241596831_eng.
pdf [accessed 2017-01-05] [WebCite Cache ID 6nI1M2SS4]

10. WHO. Global Observatory for eHealth: Survey 2009 figures URL: http://www.who.int/goe/survey/2009/figures/en/index2.
html [accessed 2017-01-05] [WebCite Cache ID 6nI1WCVf0]

11. WHO. Geneva: World Health Organization; 2011. mHealth New horizons for health through mobile technologies URL:
http://www.who.int/goe/publications/goe_mhealth_web.pdf [accessed 2017-01-05] [WebCite Cache ID 6nI1cxLtP]

12. WHO. Kenya: WHO and UNICEF estimates of immunization coverage: 2015 revision URL: http://www.who.int/
immunization/monitoring_surveillance/data/ken.pdf [accessed 2017-01-05] [WebCite Cache ID 6nI1ZezwL]

13. Freedomhouse. 2012. Quarterly sector statistics report URL: https://www.freedomhouse.org/sites/default/files/Kenya%202012.
pdf [accessed 2017-01-05] [WebCite Cache ID 6nI1fuxNy]

14. Wesolowski A, Eagle N, Noor AM, Snow RW, Buckee CO. Heterogeneous mobile phone ownership and usage patterns
in Kenya. PLoS One 2012;7(4):e35319 [FREE Full text] [doi: 10.1371/journal.pone.0035319] [Medline: 22558140]

15. Lasica JD. Aspeninstitute. 2007. The mobile generation: Global transformations at the mobileular level: A report of the
fifteeth annual Aspen roundtable on Information Technologies URL: https://assets.aspeninstitute.org/content/uploads/files/
content/docs/cands/C&S_The_Mobile_Generation.pdf [accessed 2017-01-18] [WebCite Cache ID 6nbaEGE9S]

16. Mitchell KJ, Bull S, Kiwanuka J, Ybarra ML. Cell phone usage among adolescents in Uganda: acceptability for relaying
health information. Health Educ Res 2011 Oct;26(5):770-781 [FREE Full text] [doi: 10.1093/her/cyr022] [Medline:
21536715]

17. Weforum. Geneva: World Economic Forum; 2011. Amplifying the Impact: Examining the Intersection of Mobile Health
and Mobile Finance: A discussion guide for collaborative insight presented by the World Economic Forum, in partnership
with the mHealth Alliance URL: http://www3.weforum.org/docs/
WEF_HE_IntersectionMobileHealthMobileFinance_Report_2011.pdf [accessed 2017-01-05] [WebCite Cache ID
6nI1zHCyX]

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e5 | p. 9http://publichealth.jmir.org/2017/1/e5/
(page number not for citation purposes)

Kazi et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1016/S0140-6736(00)04723-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11377643&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-7-29
http://dx.doi.org/10.1186/1471-2393-7-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18053268&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(14)70227-X
http://dx.doi.org/10.1016/S2214-109X(14)70227-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25103301&dopt=Abstract
http://www.reproductive-health-journal.com/content/11/1/8
http://dx.doi.org/10.1186/1742-4755-11-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24438150&dopt=Abstract
http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
http://www.webcitation.org/

                                            6nI0r68aO
http://dx.doi.org/10.1016/S0140-6736(10)62269-6
http://dx.doi.org/10.1016/S0140-6736(12)60560-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22579125&dopt=Abstract
http://dhsprogram.com/pubs/pdf/fr229/fr229.pdf
http://www.webcitation.org/

                                            6nbZs0xVU
http://www.webcitation.org/

                                            6nbZs0xVU
http://apps.who.int/iris/bitstream/10665/43920/1/9789241596831_eng.pdf
http://apps.who.int/iris/bitstream/10665/43920/1/9789241596831_eng.pdf
http://www.webcitation.org/

                                            6nI1M2SS4
http://www.who.int/goe/survey/2009/figures/en/index2.html
http://www.who.int/goe/survey/2009/figures/en/index2.html
http://www.webcitation.org/

                                            6nI1WCVf0
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://www.webcitation.org/

                                            6nI1cxLtP
http://www.who.int/immunization/monitoring_surveillance/data/ken.pdf
http://www.who.int/immunization/monitoring_surveillance/data/ken.pdf
http://www.webcitation.org/

                                            6nI1ZezwL
https://www.freedomhouse.org/sites/default/files/Kenya%202012.pdf
https://www.freedomhouse.org/sites/default/files/Kenya%202012.pdf
http://www.webcitation.org/

                                            6nI1fuxNy
http://dx.plos.org/10.1371/journal.pone.0035319
http://dx.doi.org/10.1371/journal.pone.0035319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22558140&dopt=Abstract
https://assets.aspeninstitute.org/content/uploads/files/content/docs/cands/C&S_The_Mobile_Generation.pdf
https://assets.aspeninstitute.org/content/uploads/files/content/docs/cands/C&S_The_Mobile_Generation.pdf
http://www.webcitation.org/

                                            6nbaEGE9S
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=21536715
http://dx.doi.org/10.1093/her/cyr022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21536715&dopt=Abstract
http://www3.weforum.org/docs/WEF_HE_IntersectionMobileHealthMobileFinance_Report_2011.pdf
http://www3.weforum.org/docs/WEF_HE_IntersectionMobileHealthMobileFinance_Report_2011.pdf
http://www.webcitation.org/

                                            6nI1zHCyX
http://www.webcitation.org/

                                            6nI1zHCyX
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Noordam AC, Kuepper BM, Stekelenburg J, Milen A. Improvement of maternal health services through the use of mobile
phones. Trop Med Int Health 2011 May;16(5):622-626 [FREE Full text] [doi: 10.1111/j.1365-3156.2011.02747.x] [Medline:
21342374]

19. Jo Y, Labrique AB, Lefevre AE, Mehl G, Pfaff T, Walker N, et al. Using the lives saved tool (LiST) to model mHealth
impact on neonatal survival in resource-limited settings. PLoS One 2014 Jul;9(7):e102224 [FREE Full text] [doi:
10.1371/journal.pone.0102224] [Medline: 25014008]

20. Crandall A, Otieno A, Mutuku L, Colaco J, Grosskurth J, Otieno P. Blogs.worldbank. Mobile Phone Usage Kenyan Base
Pyramid URL: https://blogs.worldbank.org/ic4d/files/ic4d/mobile_phone_usage_kenyan_base_pyramid.pdf [accessed
2017-01-05] [WebCite Cache ID 6nI2D2Sxs]

21. Eriksson E. Diva-portal. 2008. A Case Study About Mobile Phone Use by People in Rural Kenya URL: http://www.
diva-portal.org/smash/record.jsf?pid=diva2%3A205909&dswid=6903 [accessed 2017-01-05] [WebCite Cache ID 6nI2GQu44]

22. Lester RT, Gelmon L, Plummer FA. Cell phones: tightening the communication gap in resource-limited antiretroviral
programmes? AIDS 2006 Nov 14;20(17):2242-2244. [doi: 10.1097/QAD.0b013e3280108508] [Medline: 17086071]

23. Lewis T, Synowiec C, Lagomarsino G, Schweitzer J. E-health in low- and middle-income countries: findings from the
Center for Health Market Innovations. Bull World Health Organ 2012 May 01;90(5):332-340 [FREE Full text] [doi:
10.2471/BLT.11.099820] [Medline: 22589566]

24. Obasola OI, Mabawonku I, Lagunju I. A review of e-Health interventions for maternal and child health in Sub-Sahara
Africa. Matern Child Health J 2015 Aug;19(8):1813-1824. [doi: 10.1007/s10995-015-1695-0] [Medline: 25652059]

25. Wakadha H, Chandir S, Were EV, Rubin A, Obor D, Levine OS, et al. The feasibility of using mobile-phone based SMS
reminders and conditional cash transfers to improve timely immunization in rural Kenya. Vaccine 2013 Jan 30;31(6):987-993
[FREE Full text] [doi: 10.1016/j.vaccine.2012.11.093] [Medline: 23246258]

26. Lester R, Ritvo P, Mills E, Kariri A, Karanja S, Chung M, et al. Effects of a mobile phone short message service on
antiretroviral treatment adherence in Kenya (WelTel Kenya1): a randomised trial. Lancet 2010 Nov 27;376(9755):1838-1845.
[doi: 10.1016/S0140-6736(10)61997-6] [Medline: 21071074]

27. Smillie K, Van BN, van der Kop ML, Lukhwaro A, Li N, Karanja S, et al. Mobile health for early retention in HIV care:
a qualitative study in Kenya (WelTel Retain). Afr J AIDS Res 2014;13(4):331-338. [doi: 10.2989/16085906.2014.961939]
[Medline: 25555099]

28. Alkema L, Chou D, Hogan D, Zhang S, Moller A, Gemmill A, United Nations Maternal Mortality Estimation Inter-Agency
Group collaborators and technical advisory group. Global, regional, and national levels and trends in maternal mortality
between 1990 and 2015, with scenario-based projections to 2030: a systematic analysis by the UN Maternal Mortality
Estimation Inter-Agency Group. Lancet 2016 Jan 30;387(10017):462-474. [doi: 10.1016/S0140-6736(15)00838-7] [Medline:
26584737]

29. Cormick G, Kim NA, Rodgers A, Gibbons L, Buekens PM, Belizán JM, et al. Interest of pregnant women in the use of
SMS (short message service) text messages for the improvement of perinatal and postnatal care. Reprod Health 2012;9:9
[FREE Full text] [doi: 10.1186/1742-4755-9-9] [Medline: 22866753]

30. Lund S, Rasch V, Hemed M, Boas IM, Said A, Said K, et al. Mobile phone intervention reduces perinatal mortality in
zanzibar: secondary outcomes of a cluster randomized controlled trial. JMIR Mhealth Uhealth 2014 Mar 26;2(1):e15 [FREE
Full text] [doi: 10.2196/mhealth.2941] [Medline: 25098184]

31. Kazi AM, Murtaza A, Khoja S, Zaidi AK, Ali SA. Monitoring polio supplementary immunization activities using an
automated short text messaging system in Karachi, Pakistan. Bull World Health Organ 2014 Mar 01;92(3):220-225 [FREE
Full text] [doi: 10.2471/BLT.13.122564] [Medline: 24700982]

32. Poorman E, Gazmararian J, Parker R, Yang B, Elon L. Use of text messaging for maternalinfant health: a systematic review
of the literature. Matern Child Health J May 2015;19(5):969-989. [Medline: 25081242]

33. Stockwell MS, Fiks AG. Utilizing health information technology to improve vaccine communication and coverage. Hum
Vaccin Immunother 2013 Aug;9(8):1802-1811 [FREE Full text] [doi: 10.4161/hv.25031] [Medline: 23807361]

34. Wald DS, Butt S, Bestwick JP. One-way versus two-way text messaging on improving medication adherence: meta-analysis
of randomized trials. Am J Med Oct 2015;128(10):e1. [Medline: 26087045]

35. Bangure D, Chirundu D, Gombe N, Marufu T, Mandozana G, Tshimanga M, et al. Effectiveness of short message services
reminder on childhood immunization programme in Kadoma, Zimbabwe - a randomized controlled trial, 2013. BMC Public
Health 2015 Feb 12;15:137 [FREE Full text] [doi: 10.1186/s12889-015-1470-6] [Medline: 25885862]

Abbreviations
ANC: antenatal care
LMICs: low- and middle-income countries
MNCH: maternal, newborn, and child health
NAL: northern arid lands
SMS: short messaging service

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e5 | p. 10http://publichealth.jmir.org/2017/1/e5/
(page number not for citation purposes)

Kazi et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1365-3156.2011.02747.x
http://dx.doi.org/10.1111/j.1365-3156.2011.02747.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21342374&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0102224
http://dx.doi.org/10.1371/journal.pone.0102224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25014008&dopt=Abstract
https://blogs.worldbank.org/ic4d/files/ic4d/mobile_phone_usage_kenyan_base_pyramid.pdf
http://www.webcitation.org/

                                            6nI2D2Sxs
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A205909&dswid=6903
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A205909&dswid=6903
http://www.webcitation.org/

                                            6nI2GQu44
http://dx.doi.org/10.1097/QAD.0b013e3280108508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17086071&dopt=Abstract
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=BLT.11.099820&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.2471/BLT.11.099820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22589566&dopt=Abstract
http://dx.doi.org/10.1007/s10995-015-1695-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25652059&dopt=Abstract
http://europepmc.org/abstract/MED/23246258
http://dx.doi.org/10.1016/j.vaccine.2012.11.093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23246258&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)61997-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21071074&dopt=Abstract
http://dx.doi.org/10.2989/16085906.2014.961939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555099&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(15)00838-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26584737&dopt=Abstract
http://www.reproductive-health-journal.com/content/9//9
http://dx.doi.org/10.1186/1742-4755-9-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22866753&dopt=Abstract
http://mhealth.jmir.org/2014/1/e15/
http://mhealth.jmir.org/2014/1/e15/
http://dx.doi.org/10.2196/mhealth.2941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098184&dopt=Abstract
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=BLT.13.122564&lng=en&nrm=iso&tlng=en
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=BLT.13.122564&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.2471/BLT.13.122564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24700982&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25081242&dopt=Abstract
http://europepmc.org/abstract/MED/23807361
http://dx.doi.org/10.4161/hv.25031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23807361&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26087045&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1470-6
http://dx.doi.org/10.1186/s12889-015-1470-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25885862&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 28.11.15; peer-reviewed by M Mars, D Gibson, F Ehrler, S Sawesi; comments to author 03.04.16;
revised version received 02.11.16; accepted 23.11.16; published 30.01.17

Please cite as:
Kazi AM, Carmichael JL, Hapanna GW, Wangoo PG, Karanja S, Wanyama D, Muhula SO, Kyomuhangi LB, Loolpapit M, Wangalwa
GB, Kinagwi K, Lester RT
Assessing Mobile Phone Access and Perceptions for Texting-Based mHealth Interventions Among Expectant Mothers and Child
Caregivers in Remote Regions of Northern Kenya: A Survey-Based Descriptive Study
JMIR Public Health Surveill 2017;3(1):e5
URL: http://publichealth.jmir.org/2017/1/e5/
doi: 10.2196/publichealth.5386
PMID: 28137702

©Abdul Momin Kazi, Jason-Louis Carmichael, Galgallo Waqo Hapanna, Patrick Gikaria Wangoo, Sarah Karanja, Denis Wanyama,
Samuel Opondo Muhula, Lennie Bazira Kyomuhangi, Mores Loolpapit, Gilbert Bwire Wangalwa, Koki Kinagwi, Richard Todd
Lester. Originally published in JMIR Public Health and Surveillance (http://publichealth.jmir.org), 30.01.2017. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license information
must be included.

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e5 | p. 11http://publichealth.jmir.org/2017/1/e5/
(page number not for citation purposes)

Kazi et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://publichealth.jmir.org/2017/1/e5/
http://dx.doi.org/10.2196/publichealth.5386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28137702&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

