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Background

The use of mHealth by primary health care providers is a unique opportunity to improve
maternal and child health in Sub-Saharan Africa. However, few studies have examined the
effects of primary health care providers’ knowledge and attitudes of mHealth for maternal
and child health promotion in low-resource settings. Therefore, this study assesses the
knowledge and attitudes of primary health care providers on the use of mobile
technologies such as internet-enabled smartphones for maternal and child health

services.

Methods

We used data from a cross-sectional study of seven urban local government areas in
Lagos, Nigeria. A total of 518 primary health care providers were surveyed for information

on the use of mobile technologies, attitudes,

and actual use of mobile technologies for

maternal and child health services. Data were analyzed using descriptive and
multivariable linear and logistic regression models.

Results

Our study showed that smartphone ownership is not a predictor of high mHealth
knowledge; however, having an internet-enabled smart phone was a strong predictor of
higher knowledge of mHealth (regression coefficient, 8=1.20, 95% confidence interval,
CI=0.61-1.79) among primary health care providers. Owning a smartphone ($=1.00, 95%
CI=0.12-1.89) and having internet-enabled phone (8=1.14, 95% CI=0.18-2.10) were both
predictors of positive mHealth attitude. Primary health care providers with higher scores
on mHealth knowledge were 1.32 times more likely to use mHealth for maternal and child
health services. Similarly, those with positive attitude towards mHealth were 1.15 times
more likely to use mobile technology for maternal and child health services.

Conclusion

The results suggest the use of mHealth tools by primary health care providers to render
maternal and child health services is affected by their knowledge and attitude towards
mHealth. Interventions that focus on increasing mobile technologies with internet
enabled devices like smartphones are needed to improve knowledge, attitudes, and use of
mHealth in maternal and child health services.

Mobile Health (mHealth) technologies are widely being
promoted as tools to decrease maternal and child mortality
around the world. mHealth is the application of mobile
technologies and wireless communication techniques to
improve health and health outcomes.! These mobile tech-
nologies include mobile phones, personal digital assistants,
smartphones, portable media players, handheld and ultra-
portable computers such as tablet PCs.2 The applications
on these devices enable communication through text mes-

sages, photos and videos, telephone and internet access,
and multi-media playback.2 The ubiquitous nature of mo-
bile communication and the ease of its usage has prompted
the use of mobile applications in the management of dis-
eases and promotion of healthy behaviors.

Various mHealth technologies are being used as tools in
the promotion of maternal and child health. These tools
are used in communities to provide antenatal, delivery, and
postnatal care.3 A plethora of research shows that mHealth
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interventions can be useful for improving coverage of com-
munity-based maternal, neonatal, and child health services
when there are shortages of health care professionals. In
a systematic review of literature on the use of mHealth
for maternal health interventions, several studies focusing
on low and middle-income countries supported the use of
mHealth for data collection, appointment reminders, health
promotion, and provider-to-provider communications.® In
another review on use of mHealth for under five child health
in low- and middle-income countries, text message inter-
ventions were used to address patient medication compli-
ance, demand for healthcare services, compliance with
healthcare appointments and maternal education and be-
haviors.6

Existing evidence shows that mHealth applications may
be useful for improving maternal, neonatal and child
health, including increased antenatal care attendance, fa-
cility use and skilled attendance at birth, postnatal care at-
tendance, and immunization rates.”-9 An SMS-based sys-
tem implemented among community health workers in
Rwanda resulted in a 27% increase in health care facility
deliveries within a 12-month period.10 In Zanzibar, mobile
phone interventions significantly increased skilled delivery
attendance in primary healthcare facilities.!l mHealth in-
terventions have also increased coverage of services such as
vitamin supply to pregnant women and postnatal home vis-
its in India.” Results of one systematic review even showed
that SMS support during pregnancy, compared with routine
prenatal care, decreased the risk of perinatal death in chil-
dren of mothers who received the intervention.!? A meta-
analysis by Lee et al. also showed improved breastfeeding
rates with SMS/cell phone interventions.12

The application of mobile phones by primary health care
(PHC) providers is a unique platform to improve maternal
and child health in Sub-Saharan African countries. This is
because PHC providers are the closest providers of health
care to expectant and postpartum mothers. Improved com-
munication strategies between PHC providers and pregnant
or postpartum women discourage harmful practices that
could increase maternal and neonatal morbidity and mor-
tality.!3 Given the acceptability, widespread use, and effec-
tiveness of mHealth interventions, they have the potential
to decrease maternal and child mortality in severely bur-
dened countries in Sub-Saharan Africa such as Nigeria.

Nigeria currently accounts for nearly 20% of all global
maternal deaths.14 The country’s 2015 maternal mortality
ratio (MMR) of 814 maternal deaths per 100,000 live births
is higher than the regional figure of 546 deaths /100,000
live births for sub-Saharan Africa and much higher than the
global estimate of 216 deaths /100,000 live births.!5 Neona-
tal and under-five mortality rates are also very high in Nige-
ria. The 2017 neonatal mortality rate (NMR) for Nigeria was
32.90 deaths/1000 live births, compared to the global es-
timate of 18 deaths/1000 live births.!6:17 Likewise, Nige-
ria’s under-five child mortality rate of 100.2 deaths/1000
live births, is more than 2.5 times higher than the global es-
timate of 39.1 deaths/1000 live births.16:17

However, although mHealth initiatives are being devel-
oped and implemented around the world to improve mater-
nal and child health,! their adoption and implementation in
Sub-Saharan African countries have been minimal.!8 There

is a lack of emphasis of studies on the adoption of mHealth
in the delivery of maternal and child health services among
health care providers in low-resource settings.!? The few
studies focusing on providers underscore challenges such
as technological problems, internet access, electricity, and
phone maintenance.3 Other studies have shown that ease
of use, cost, time, privacy/security concerns, familiarity of
technology, and risk-benefit assessments are factors influ-
encing adoption among healthcare professionals.2

In addition to the barriers mentioned, PHC providers’
knowledge and attitudes toward mHealth influence adop-
tion and utilization in delivering maternal and child health
services. However, few studies have examined the effects of
knowledge and attitudes on the use of mHealth technolo-
gies among PHC providers in low-resource settings. The few
studies on health care provider knowledge and attitudes
have focused on knowledge and attitudes towards the use
of computers and information technology.20-23 It remains
unknown whether knowledge and attitudes are associated
with adoption or use of mHealth among primary health care
providers. Therefore, the objectives of this study were to
1) assess whether primary health care providers access to
mobile phones or internet-enabled smartphones resulted
in higher knowledge of mHealth and positive attitudes to-
wards mHealth and 2) assess the effect of higher knowledge
and positive attitude towards mHealth on the use of mobile
technology to promote maternal and child health.

METHODS
DATA DESCRIPTION

Data for this study were drawn from a cross-sectional study
implemented in seven urban local government areas (LGAs)
in Lagos State, southwest Nigeria between September and
October 2014. A total of 518 PHC workers (comprising doc-
tors, nurses, midwives, community health officers and com-
munity health extension workers) were selected consecu-
tively at primary health care centers. A structured, self-
administered questionnaire was used to collect data (Ap-
pendix S1 in the Online Supplementary Document). The
questionnaire was developed from review of similar stud-
ies,24-26 and pretested among PHC workers in a LGA out-
side of the study sites. Data collected included socio-demo-
graphic characteristics, mobile phones utilization, knowl-
edge of the use of mobile phones in promoting maternal
and child health, and attitudes towards the use of mobile
phone to promote maternal and child health.

Outcome variables: Three outcome variables were exam-
ined in this study. This included knowledge of mobile phone
use to promote maternal and child health; attitude towards
the use of mobile phones to promote maternal and child
health, and actual usage of phones to promote maternal and
child health.

Knowledge of mobile phone use to promote maternal
and child health (mHealth Knowledge Scale): This measure
was assessed as a scale based on eight questions derived
from literature review. 24-26 Participants were then asked
to respond to questions that reflected the multiple uses of
mobile phones for maternal and child health service deliv-
ery. This included the use of mobile phones to (1) moni-
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tor pregnancies, (2) notify due and missed visits, (3) ensure
drug adherence, (4) send reminders on immunization dates,
(5) send health tips, (6) receive alerts for urgent and life-
threatening events, (7) coordinate emergency transporta-
tion, and (8) provide education on maternal and child nu-
trition. The questions were assessed to reflect a common
knowledge domain.! Response to these questions were cod-
ed as (0) No and (1) Yes. These items were then assessed
psychometrically into the mHealth Knowledge scale.

Attitude towards the use of mobile phones to promote
maternal and child health (mHealth Attitude Scale): This
measure was assessed as a scale based on 11 questions de-
rived from literature review. 24-26 The questions were as-
sessed to reflect a domain on attitude towards the use of
mobile phones for the promotion of maternal and child
health. Participants were asked to respond to questions that
reflected their attitude towards its use. This included (1)
the use of phone as a good way to promote maternal and
child health, (2) the need to provide special training to use
phones for care services, (3) the effectiveness of using the
phone to monitor mother and child before and after deliv-
ery, (4) the accessibility of text messages through mobile
phones, (5) cost effectiveness of using phones to communi-
cate care for mother and child, (6) use of phone for appoint-
ment, (7) use of phones to promote confidentiality between
healthcare providers and patient (8) use of phone to pro-
mote trust between health workers and mothers, (9) will-
ingness to use phone to provide services for mothers and
children, (10) willingness to encourage other care providers
to use their phones to render services to mothers and their
children, and (11) use of mobile phones to promote effi-
ciency of service delivery. Response to these questions were
based on a Likert type scale with ratings such as: 1-strongly
disagree, 2- disagree, 3-neither agree nor disagree, 4-agree,
5 - strongly disagree. These items were assessed psychome-
trically to create the mHealth Attitude Scale.

Actual use of mobile phone for maternal and childcare
services: In order to know whether healthcare providers had
used phones at the health care center for care services, par-
ticipants were asked "have you ever used your mobile phone
to render any health service to pregnant women or chil-
dren? Responses to this question were coded into a binary
(0) No and (1) Yes.

Explanatory Variables: The main independent variables
examined in this paper were ownership of a smart phone
and having an internet-enabled phone. Both questions had
binary responses which were coded as (0) No and (1) Yes.
We adjusted for a number of confounding variables. This
included the cadre of the primary health care practitioner,
their level of education, the nature of the healthcare center,
sex, age, tribe, and marital status. The Cadre of participant
was coded as (1) Community health extension worker
(CHEW), (2) Community health officer (CHO), (3) Doctor,
(4) Nurse/Mid-Wife, and (5) Other health attendants. Ed-
ucation was coded as (1) Low (Primary/Secondary Educa-
tion) (2) High (Tertiary Education). Health center was di-
chotomized into (1) Private health center and (2) Public
health center. Sex was grouped into (1) Female and (2) Male.
Age was used as a continuous variable. Tribe of participants
was coded as (1) Yoruba (2) Others, (3) Igbo, and (4) Hausa.
Marital status was coded into (1) Married and (2) Not mar-

ried.
DATA ANALYSIS

First, to determine the latent factor structure of the out-
come variables, knowledge and attitudes towards use of
mobile technologies for maternal health care services, we
examined inter-item and item-total correlations. We then
assessed items for internal consistency using Cronbach’s al-
pha. Confirmatory factor analysis was used to assess the hy-
pothesized factor structure of the knowledge variable as-
suming satisfactory fit indices if RMSEA<0.06, CFI>0.95,
TLI>0.95, and SRMR<0.08.27 The threshold for acceptable
factor loadings was >0.30.28 Items for Attitude towards the
use of mobile technologies for maternal health care services
were examined for both inter-item and item-total correla-
tions, which resulted in the removal of two items.

An exploratory factor analysis showed that two of the
items (9, 10) did not fit the model, hence, they were re-
moved and re-estimated. This culminated in a unidimen-
sional factor structure, suggesting the battery of questions
on attitude could be measured as a single latent variable.
The variable was assessed to assume satisfactory model fit-
ness if RMSEA<0.06, CF1>0.95, TLI>0.95, and SRMR<0.08.%7
Both scale scores were created by the sum of items in each
scale.

Descriptive and multivariate analyses were used to as-
sess the relationship between the outcome variables and
explanatory variables. Descriptively, we estimated propor-
tions for categorical variables and means and standard de-
viations for continuous variables. In order to assess the dis-
tribution of independent variables over the outcome vari-
ables that were continuous, we used the student’s t-test and
analysis of variance for categorical variables. The binomi-
al distribution of the third outcome variable - actual use
on phone for maternal and childcare services — allowed us
to conduct Pearson Chi-Squared associations between the
outcome variable and the explanatory variables. Since, the
omnibus Pearson chi-square value does not indicate which
categories contribute to statistical significance for categor-
ical variable with more than two categories, we used logis-
tic regression models. This was followed by multiple linear
regression analysis using ordinary least squares for the two
continuous outcome variables and the logit link function
for binary outcome variable. Analyses were performed using
STATA v.14.0.29 The results were assessed to be significant
at P<0.05.

ETHICS

Ethical approval to carry out this study was obtained from
the Health Research and Ethic Committee of Lagos Univer-
sity Teaching Hospital (LUTH) with approval number: ADM/
DCST/HREC/APP/1881. Each participant provided a verbal
informed consent. Confidentiality was ensured by not using
identifiers. Study data were stored in password-protected
laptops controlled by MRB and GOB.
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Table 1. Descriptive results of the distribution of knowledge, attitude and use of mHealth among

primary health care providers in Nigeria

Variables ﬁ‘_ﬁ;’;:iﬁ ge of gt::;:ﬁi to Use of mHealth gg)_ square
% T-value Mean I;Iue (N%O) &)S

Own smartphone No 13.53 4,07 27.0 3.30** 36.79 63.79 7.98**
Yes 14.48 28.3 23.13 76.87

;’f‘;”;’s é'”ter neton No 13.09 5.64** 26.82 3.39* 37.23 62.77 7.44%+
Yes 14.52 28.33 23.58 76.42

Education Low 13.18 4.90"* 27.98 0.18 41.18 58.82 12.05***
High 14.4 28.07 23.09 76.91

Health center Private 14.13 1.16 27.74 1.57 30.49 69.51 3.99*
Public 14.36 28.29 2271 77.29

Sex Female 14.11 3.19* 27.95 121 25.42 74.58 0.487
Male 14.93 28.49 28.87 71.13

Marital status Married 14.23 0.52 28.39 2.83* 22.88 77.12 5.87*
S}‘;rie q 14.34 27.34 32.93 73.94

*P-value<0.05; **P-value<0.01; ***P-value<0.001

RESULTS
MHEALTH KNOWLEDGE AND ATTITUDE SCALES

Item-test correlation for the mHealth knowledge items
ranged from 0.59 to 0.74; item-total correlation ranged
from 0.43 to 0.61. The Cronbach’s alpha, which tested the
internal consistency of the eight items was 0.85, above the
often recommend threshold of 0.70. We hypothesized that
the eight items will form a unidimensional scale and used
confirmatory factor analysis for assessment. The eight
items did form a unidimensional scale based on a confir-
matory factor analysis with factor loadings ranging from
0.63 to 0.91 and satisfactory fit indices [chi-square, x 2 (20)
= 69.84, P< .03; root mean square error of approximation,
RMSEA=0.07 (confidence interval, CI=0.05-0.09); compar-
ative fit index, CFI=0.98; Tucker-Lewis index, TLI=0.98;
standardized root mean square residual=0.05]. The scale
scores ranged from 8-16. Higher scores suggest better
knowledge about the use of mobile phones for maternal and
childcare, while lower scores suggested poor knowledge.

Of the 11 mHealth Attitude items, two of the items were
not consistent with the conceptualization of the attitude
domain; hence, they were removed. Due to the limited in-
formation about attitude, we estimated an exploratory fac-
tor analysis to determine the factor structure. This pro-
duced a unidimensional scale, but required the removal of
items two additional items (9 and 10), leaving 7 items with
satisfactory fit indices [x?2 (14) = 29.96, p < .03; RM-
SEA=0.05 (CI: 0.02, 0.07); CFI=0.98; TLI=0.97; standardized
root mean square residual=0.03]. Item-test correlation for
the items ranged from 0.46 to 0.74; item-total correlation

ranged from 0.24 to 0.60. The Cronbach’s alpha was 0.72,
with factor loadings ranging from 0.30 to 0.70. The scale
scores ranged from 13 to 35.

DESCRIPTIVE AND BIVARIATE RESULTS

In this study, knowledge of mHealth among primary health
care providers had a score range of 8-16, with a mean of
14.26 and a standard deviation of 2.28. Higher scores sug-
gest increased knowledge. The measure on Attitude towards
use of mobile phone for mHealth services had a score range
of 13-35, with a mean of 28.06 and a standard deviation of
3.95. About 7 out of every 10 healthcare providers (73.94%)
reported they had ever used mobile phones to render any
service to pregnant women or children. Eight of every ten
(77.61%) of the health care providers owned a smart phone;
the same proportion had internet on their phone (81.85%).
Of the health care professionals, 9.85% were community
health officers, 17.18% were doctors, 51.54% were nurses or
mid-wives, and 6.99% fell into the allied health profession-
als. Eight of every 10 primary health care providers had high
education (tertiary), about 57% worked in the public sec-
tor, 81.27% were females, 68.34% were married, and major-
ity (82.24%) were from the Yoruba tribe. The age of primary
health care providers ranges from 14-69 years, with a mean
of 36.01 and a standard deviation of 3.95.

Table 1 shows the distribution of outcome variables over
covariates. The mean scores of mHealth knowledge was sig-
nificantly greater for those who owned smartphone vs.
those who did not own one (14.48 vs. 13.53; P<0.001), had
internet-enabled phones vs. those who did not have (14.52
vs. 13.09%; P*<0.001), high education vs. low education
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Table 2. A linear regression model showing the predictors of mHealth knowledge among primary

health care providers

Variables Model 1 Model 2 Model 3
B (95%Cl); P-value B (95%Cl); P-value B (95%Cl); P-value

Own smartphone Yes 0.49 (-0.06, 1.05); 0.08 0.36(-0.16,0.89); 0.18 0.38(-0.14,0.91);0.150
;’ﬁ:ﬁ e’”ter net on Yes 1.21(0.58, 1.82); 0.001 1.21(0.62, 1.81); 0.001 1.20(0.61, 1.79); 0.001
Cadre CHEW Ref. Ref.

CHO 0.81(0.03, 1.59);0.04 0.66(-0.11, 1.43); 0.09

Doctor 1.37(0.72,2.02);0.001 1.24(0.54, 1.96); 0.001

Nurse/ 0.54(-0.11,1.19);0.11 0.51(-0.15,1.16); 0.13

midwife

Others -0.74 (-1.76,0.29); -0.68(-1.73,0.36); 0.19

0.16
Education Low Ref. Ref.
. 1.08(0.44,1.72); .

High 0.001 0.99(0.32, 1.65); 0.03
Health Center Private Ref. Ref.

Public 0.09(-0.29,0.49); 0.63 0.04(-0.36,0.45);0.83
Sex Female Ref.

Male 0.19(-0.37,0.74);0.51
Age Age 0.02(0.01,0.05);0.02
Tribe Yoruba Ref.

Igbo -0.43(-0.96,0.08); 0.10

Hausa -1.82(-4.39,0.74); 0.16

Others -0.29(-1.32,0.72); 0.57
Marital status Married Ref.

Not married 0.35(-0.07,0.78); 0.10

12.89(12.3,13.5); . 9.49(7.94,11.07);

Intercept Intercept 0.001 10.41(9.1, 11.8);0.001 0.001

N-size 518 518 518

R-square 0.065 0.156 0.177

Adj. R-square 0.06 0.142 0.154

RMSE 2.215 2117 2.103

Ref.: reference categories; f3: Beta coefficient; CI: confidence interval, RMSE: root mean square error, CHEW: community health extension worker, CHO: community health officer.

(14.4 vs. 13.18; P<0.001), and females vs. males (19.93 vs.
14.11). For attitude towards mHealth, the mean scores were
higher for those owned smartphones vs. those who did not
own (28.3 vs. 27; P<0.001), had internet-enabled phones vs.
those without (28.33 vs.26.82; P<0.001), and the married
vs. not married (28.39 vs. 27.34; P<0.01). This suggesting
a positive attitude for those with higher scores. The pro-
portion of primary health care providers who had ever used
mobile phones to render maternal and child health services
was higher for those who owned smartphone (76.87%) than
those who did not (63.79%). Similarly, about 76.42% of pri-
mary health care providers with internet-enabled phones
to render maternal and child health services compared to
62.77% of those with no internet. About 76.91% of highly
educated primary health care providers had ever provided

mHealth services compared to 58.82% of those with low
education. About 77.29% of primary health care providers
in the public health sector had ever provided mHealth ser-
vices relative to 69.51% of those in the private health sector.
About 77.12% of primary health care providers who were
married had ever provided mHealth services compared to
73.94% of those not married.

PREDICTING MHEALTH KNOWLEDGE, ATTITUDE AND
USAGE

Table 2 shows the multivariate linear regression results
examining the association between ownership of smart-
phone and internet-enabled phone with mHealth knowl-
edge after controlling for demographic factors. In model
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Table 3. A linear regression model showing the predictors of attitude towards mHealth among primary

health care providers

Variable Model 1 Model 2 Model 3
B (95%Cl); P-value B (95%Cl); P-value B (95%Cl); P-value
Own smartphone Yes 0.95(0.04,1.85); 0.04 0.96 (0.06, 1.86); 0.04 0.97(0.09, 1.85); 0.03

Have internet on

phone Yes 1.09(0.12,2.07);0.03 1.14(0.16,2.11);0.02 1.00(0.02, 1.98); 0.05
Cadre CHEW Ref. Ref.

CHO 0.61(-0.89,2.11);0.43 -0.22(-1.74,1.29);0.77

Doctor 0.49(-0.83,1.82);0.46 -0.29(-1.69,1.11); 0.68

Nrser 0.84(-0.28, 1.96); 0.14 042 (-0.71, 1.56); 0.46

Others -0.09 (-1.60, 1.42);0.91 -0.15(-1.65,1.34);0.84
Education Low Ref. Ref.

High -0.23(-1.29,0.83);0.67 -1.09(-2.20,0.01); 0.05
Health center Private Ref. Ref.

Public 0.77 (-0.03, 1.56); 0.06 0.42(-0.38,1.22);0.31
mHealth Knowledge 0.27(0.10,0.45); 0.003
Sex Female Ref.

Male 0.79(-0.27,2.47);0.16
Age Age 0.06(0.02,0.10); 0.004
Tribe Yoruba Ref.

Igho -0.56 (-1.94,0.61);0.38

Hausa -0.51(-3.72,2.42);0.74

Others -0.31(-1.94, 1.20); 0.69
Moarital Status Married Ref.

Not married -0.67 (-1.46,0.12); 09
Intercept Intercept 26.42(25.55,27.29); 25.79(23.17,27.98); 23.82(21.64,25.99);

0.001 0.001 0.001

N-size 518 518 518

R-square 0.030 0.044 0.11

Adj. R-square 0.026 0.03 0.079

RMSE 3.899 3.895 3.776

Ref.: reference categories; f3: Beta coefficient; CI: confidence interval, RMSE: root mean square error, CHEW: community health extension worker, CHO: community health officer.

one, having an internet-enabled phone was associated with
an increased score of mHealth knowledge (regression coef-
ficient, 8=1.21, 95% CI=0.58-1.82). In model 2, after con-
trolling for cadre, education and health center, having an
internet-enabled phone was significantly associated with
an increased score of mHealth knowledge (13=1.21, 95%
CI=0.62-1.81); In model 3, after controlling for age, tribe,
and marital status the significant effect remained. Doctors
compared with CHEW had 1.24 increased scores of mHealth
knowledge. Similarly, primary health care providers with
high education had 0.99 increased scores of mHealth
knowledge compared to those with low education. Age was
positively associated with mHealth knowledge (13=0.02, 95%
CI=0.01-0.05).

Table 3 shows the multivariate linear regression results
examining the association between ownership of smart-

phone and internet-enabled phone with attitude towards
mHealth among primary health care providers. In model 1,
both ownership of smartphone (8=0.95, 95% CI=0.04-1.85)
and having internet-enabled phone ($=1.09, 95%
CI=0.12-2.07) were positively associated with increased
scores on attitude towards mHealth. In model 2, the effect
for both variables increased when we adjusted for Cadre,
education, and health center. In model 3, after controlling
for all demographic factors, both ownership of smartphone
(8=1.00, 95% CI=0.12-1.89) and having an internet-enabled
phone (f3=1.14, 95% CI: 0.18-2.10) resulted in an increased
score on attitude towards mHealth among primary health
care providers. Knowledge of mHealth ($=0.59, 95% CI:
0.11-1.06) and increasing age (£$=0.06, 95% CI=0.02-0.10)
were positively associated with attitude towards mHealth.
In model 1 of Table 4, primary health care providers
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Table 4. A logistic regression model showing the predictors of mHealth usage among primary health

care providers

Variable Model 1 Model 2 Model 3
OR (95%Cl); P-value OR (95%Cl); P-value OR (95%Cl); P-value
1.88(1.20,2.93); 1.38(0.79,2.38); 1.46(0.83, 2.56);
Own smartphone Yes 0.005 0.25 0.19
Have internet on Yes 0.98(0.54,1.77); 1.20(0.65,2.22);
phone 0.95 0.56
Cadre CHEW Ref.
2.86(1.04,7.88); 2.37(0.85, 6.67);
CHO 0.04 0.10
1.12(0.52, 2.40); 1.63(0.71, 3.75);
Doctor 0.77 0.25
N 1.80(0.96, 3.37); 1.54(0.79,2.97);
Nurse/Midwife 0.07 0.20
1.03(0.41, 2.58); 1.11(0.42,2.89);
Others 0.96 083
Education Primary/Secondary Ref.
Tertiar 2.10(1.17,3.76); 1.64(0.84,3.21);
Y 0.01 0.15
1.32(1.20, 1.45); 1.32(1.20, 1.46);
mHealth Knowledge mHealth Knowledge 0001 0.001
. . 1.16(1.09, 1.23); 1.15(1.08, 1.22);
Attitude to mHealth Attitude to mHealth 0001 0.001
Health Center Private (Ref.) Ref.
. 1.01(0.58,1.72);
Public 0.98
Sex Female Ref.
0.45(0.23,0.89);
Male 0.02
1.04 (1.01, 1.07);
Age Age 0.01
Tribe Yoruba Ref.
1.18(0.58,2.41);
Igbo 0.65
Hausa 0.93(0.08, 10.57);
0.94
0.52(0.19,1.38);
Others 019
Marital Status Married 1.000
. 1.03(0.59, 1.82);
Not married 0.89
N-size 518 518 518
LR chi-square 7.61(1) =0.006 103.30(9) =0.000 119.85 (16) =0.000
Cox & Snell Pseudo 0012 017 0.20

R2

Ref: reference categories; OR: odds ratio; CI: confidence interval, LR: likelihood ratio, CHEW: community health extension worker, CHO: community health officer.

who owned smartphones were 1.88 times more likely to
use mHealth for maternal and child health services. How-
ever, this effect was totally mediated after controlling for
cadre, educational status, mHealth knowledge and attitude
in Model 2. The effect remained non-significant for both
ownership of smartphone and having internet-enabled

phone in Model 3. In terms of associations between knowl-
edge of mHealth and attitudes towards mHealth with uti-
lization, primary health care providers with higher scores
on mHealth knowledge were 1.32 times more likely to use
mHealth for maternal and child health services. Similarly,
those with higher scores on attitude towards mHealth were
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1.15 times more likely to use mHealth for maternal and
child health services than those with lower scores on at-
titudes. Lastly, use of mHealth in rendering maternal and
child health services was more likely with increasing age
of primary health care providers (AOR=1.04, 95%
CI=1.01-1.07).

DISCUSSION

The purpose of our study was to assess primary health care
providers’ knowledge and attitudes towards the use of mo-
bile technology to promote maternal and child health in
Nigeria. We found that while owning a smartphone was
not a predictor of higher mHealth knowledge, having an
internet-enabled phone was a strong predictor of higher
mHealth knowledge and positive attitude among primary
health care providers. We found that mHealth knowledge
and positive attitude were significant predictors of the use
of mHealth for maternal and child health.

Although several mHealth interventions are based on the
provision of mobile phones to health care providers,3° our
findings indicate that health care providers’ ability to access
internet on their mobile phones is critical to mHealth adop-
tion and utilization. Despite the potential benefits that mo-
bile phone ownership offers for maternal and child health
service delivery, those benefits could be offset by limited ac-
cess to internet among health care workers. Findings from
other research studies have showed that some health care
providers, particularly nurses and midwives, may find the
cost of airtime and internet data needed for mHealth too
burdensome, even if they are willing to provide services us-
ing mHealth technology.2-31:32 Considering that more than
half of our study population were nurses and midwives, who
also constitute the largest proportion of maternal health
care providers in Nigeria, there may be the need for some fi-
nancial support to primary care workers who may be unable
to afford both cell phones and internet services in support
of maternal and child care services.

In countries like Nigeria where maternal and infant mor-
tality is significantly high, the Ministry of Health can har-
ness mHealth to improve maternal and child health out-
comes. One potential strategy is taking advantage of the
already widespread ownership of mobile phones among
health care providers, if access to internet can be provided
to these health care workers. We recommend that mHealth
interventions focus on ways to provide sustainable access
to internet on health care providers mobile phones for the
provision of maternal and child health services.

We also tested whether higher knowledge of mHealth
and positive attitudes towards mHealth resulted in use of
mobile phones in providing maternal and child health ser-
vices. We found that both higher knowledge of mHealth and
positive attitudes towards mHealth were significantly as-
sociated with use of mobile phones in rendering maternal
and child health services by primary health care providers.
Our findings are consistent with other studies in showing
that knowledge and attitudes towards mHealth applications
can influence adoption and use in maternal and child health
care service delivery in low-resource settings.3:33 When
health care workers are knowledgeable about mHealth ap-
plications, they are more likely to use mHealth in the pro-

motion of maternal and child health care services. Since
positive attitudes of health care workers towards mHealth
can increase adoption and use, emphasis should be placed
on improving their attitudes towards mHealth. Further
studies are needed to explore how to improve health care
provider attitudes towards mHealth in care delivery.

The strengths of this paper are three-fold. First, although
many prior studies have examined the effect of using
mHealth in improving general healthcare, this is one of
the few studies that provides evidence of the importance of
mHealth use among healthcare providers for maternal and
child health services. Second, this study develops two new
measuring scales on knowledge toward mHealth use and at-
titude towards mHealth use, which can be adopted and vali-
dated in subsequent studies. Third, this study highlights the
effect of knowledge and attitude toward mHealth and how it
affects actual implementation, which has rarely been exam-
ined in previous studies. It also provides evidence for inter-
ventions in enhancing maternal and child health services in
a low-income setting.

There are some limitations to this study that provide op-
portunities for future studies. First, the cross-sectional na-
ture of the study does not allow us to establish causal ef-
fects. A longitudinal study of health professional’s knowl-
edge, attitude, and actual use of mHealth services will pro-
vide a more robust causal explanation. Second, due to the
research design used in this study, we are not able to gener-
alize to the entire healthcare profession. Future studies will
benefit from a random sample of healthcare professionals
from a healthcare facility in each state in Nigeria.

CONCLUSIONS

The results of our study show that access to internet-en-
abled phone increased primary health care providers’
knowledge of mHealth. Knowledge of mHealth in turn in-
creased positive attitudes towards mHealth. Furthermore,
primary health care providers with high knowledge of
mHealth and positive attitudes towards mHealth were more
likely to use mHealth in providing maternal and child
health services. The results imply that although mHealth
technology count as healthcare strengthening tools and
have the potential to improve maternal and child health in
Sub-Saharan African Countries, use of these tools by pri-
mary health care providers is affected by knowledge and at-
titude towards mHealth. Thus, mHealth promoting inter-
ventions must focus on improving knowledge and attitudes
among primary health care providers. Based on the results,
interventions that focus on increasing access to internet-
enabled mobile technologies are needed to improve knowl-
edge, attitudes, and use of mHealth for maternal and child
health services.
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