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Background  
India contributes to one-fifth of infant and maternal deaths globally. Healthy lifestyles 
during pregnancy combined with good quality health care can help to avoid many 
maternal and neonatal deaths. Access to appropriate information is important for 
developing or maintaining a healthy lifestyle. The increased coverage of smartphones 
across low- and middle-income countries (LMICs) has given rise to smartphone apps 
supporting healthy pregnancies. The objective of this study is to evaluate the effects of 
the smartphone application Together For Her on maternal health knowledge and dietary 
diversity among pregnant Indian women. 

Methods  
We ran a randomised single-centre pilot study in a private hospital in Maharashtra, India. 
We randomly selected pregnant women at ≤20 weeks of gestation who were invited to 
download the application, in addition to regular antenatal care. The control group only 
received regular antenatal care. Knowledge about a healthy lifestyle during pregnancy, 
self-reported dietary diversity and individual characteristics were collected via telephone 
interviews at baseline (T0), midline (T0 + 4 weeks) and endline (T0 + 12 weeks). 

Results  
Complete data were collected for 179 respondents (intervention:94; control:85). 
Respondents in the intervention group showed larger increases in their knowledge over 
the 12-week study period, with an overall knowledge increase of 13.4 percentage points 
(P<0.001). The largest effects were found in the modules anaemia, breastfeeding and 
skin-to-skin contact. Self-reported diversity in nutritional intake also improved 
significantly more in the intervention group than in the control group. 

Conclusions  
Smartphone applications can effectively supplement antenatal care by increasing 
women’s knowledge about a healthy lifestyle during pregnancy, which is likely to reduce 
the risk of adverse maternal health outcomes. Future research includes the roll-out of a 
larger multi-centre RCT to assess the effect of the smartphone application on health 
outcomes. 

India contributes to one-fifth of infant and maternal 
deaths globally and has the highest number of newborn 
deaths.1 Nonetheless, India made remarkable progress: 
maternal mortality reduced from 481 per 100,000 live births 
in 1990 to 99 in 2020.2,3 This improvement has been attrib-
uted to a substantial increase in institutional deliveries, ef-
forts to improve educational attainment and reductions in 
household poverty.4,5 

About half of pregnant women in India are anaemic.6 

This high prevalence of anaemia may be attributed to in-

adequate dietary intake during pregnancy and the lactation 
period.7 Pregnant women are more prone to anaemia due to 
their increased need for iron because of fetal growth, alter-
ations in maternal tissues and metabolism.8,9 Indian diets 
often comprise plant-based diets with low iron bioavailabil-
ity and few anima-associated products.10,11 This can lead 
to dangerous levels of anaemia (low red cell blood count) 
in pregnant women, of which they are often unaware.9 Fur-
thermore, maternal illiteracy and low socioeconomic status 
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have been reported as risk factors for anaemia during preg-
nancy.12 

Appropriate information about iron supplements and 
available and affordable vegetarian iron-rich foods such as 
leafy greens, sprouts and nuts can help pregnant women to 
prevent anaemia.13 This reduces the chances of premature 
birth, low birth weight, postspartum depression and even 
infant and maternal deaths.14 While mild anaemia does not 
directly threaten the expecting mother’s or baby’s health, 
severe anaemia increases the risk of maternal and perinatal 
mortality and low birth weight.15,16 Adherence to healthy 
lifestyles after pregnancy and quality health care are con-
sidered major safeguards against maternal and neonatal 
mortality. An important condition for developing or main-
taining a healthy lifestyle is access to appropriate informa-
tion. Pregnant women in high-income countries have ac-
cess to many sources to support a healthy lifestyle. The 
increased coverage of smartphones across LMICs has given 
rise to the introduction of mobile health (mHealth) inter-
ventions in these settings. Mobile phone technology to im-
prove health has proven to be an effective tool to encourage 
and reinforce healthy behaviours.17 In high-income set-
tings, mHealth interventions during pregnancy show 
promising results.18 However, little is known about the po-
tential of mHealth solutions to improve mother- and child-
care in LMICs. A review by Feroz et al.19 on maternal 
mHealth interventions in LMICs included fourteen studies, 
of which only four reliably estimated the intervention’s ef-
fects. This signals a need for robust impact evaluations of 
such interventions to strengthen the evidence base and ef-
fectively inform policymakers in LMICs. 

mHealth interventions implemented in the field of ma-
ternal and neonatal care provide various functionalities, 
including educational information, support, reminders, 
emergency response and monitoring.20 A systematic review 
by Sondaal et al.20 suggests that mHealth interventions 
in LMICs can increase antenatal and postnatal care atten-
dance, facility-based deliveries, skilled attendance at birth, 
and vaccination rates. A study conducted in Mumbai in 
the Indian state of Maharashtra found that exposure to 
mHealth in the form of a voice message service was as-
sociated with significant improvements in knowledge and 
health-related behaviours, particularly for birth prepared-
ness and antenatal care visits.21 

So far, most mHealth interventions in LMICs targeting 
pregnant women involve simple text messages or a form of 
two-way text messaging.20,22,23 Most studies into mHealth 
interventions in LMICs are characterised by a non-ran-
domised or pre-post measurement design which does not 
allow for estimating causal effects.24–28 Interactive com-
ponents in mHealth interventions are expected to have a 
larger effect on the intended behaviour change because of 
the stimulating learning effect.18 Impact studies applying 
a rigorous design to estimate the effectiveness of mHealth 
interventions are recommended in the review by Mildon 
and Sellen because critical gaps in the mHealth evidence 
base remain.29 

This study aims to fill part of that gap by rigorously eval-
uating a single-centre pilot of the Together for Her (TFH) 

smartphone application among randomly selected preg-
nant women in Pune, India. This impact evaluation esti-
mates effects on maternal health knowledge and self-re-
ported dietary diversity, which we hypothesise will increase 
due to the app. This TFH smartphone application is a dig-
ital pregnancy care program for expectant mothers devel-
oped and implemented by Avegen Ltd in India. The appli-
cation is designed to improve maternal health outcomes by 
increasing access to reliable information about a healthy 
lifestyle and recommended health care utilisation. The TFH 
application builds on evidence-based information and per-
sonalised health education targeting different stages of 
pregnancy. The intervention empowers women with knowl-
edge and aims to activate healthy behaviours. The results 
of this pilot study will be used to further develop the smart-
phone application and serve as input for assessing a future 
updated version of the app through a larger multi-centre 
randomised controlled trial. 

METHODS 

From June 2021 to December 2021, a randomised single-
centre study was conducted to estimate the impact of the 
TFH pilot intervention on maternal health knowledge and 
diversity in dietary intake among Indian pregnant women. 
The TFH application was launched in July 2020 and to date, 
the application has had over 600.000 downloads across In-
dia. Randomly selected pregnant women at ≤20 weeks of 
gestation were invited to download the application, in ad-
dition to regular antenatal care. The control group only re-
ceived regular antenatal care. Knowledge about a healthy 
lifestyle during pregnancy, self-reported dietary diversity 
and individual characteristics were collected via telephone 
interviews at baseline, midline and endline. 

STUDY SETTING 

The healthcare system in India is decentralised and pri-
marily administered at the state level. Health insurance 
is available but not mandatory; hence most Indians lack 
health insurance and out-of-pocket costs make up more 
than three-quarters of spending on medical treatment.30 

Consequently, catastrophic healthcare expenditures fre-
quently cause impoverishment.30 There are both public and 
private healthcare providers, with care at public facilities 
being provided at relatively low costs or for free. The public 
sector service is perceived as unreliable and of indifferent 
quality. Public care is, therefore, often not the first choice 
for those who can afford private care.31,32 As the maternal 
mortality ratio (MMR) was very high earlier, the govern-
ment of India launched the National Rural Health Mission 
(NRHM) in 2005 to improve the health system by providing 
universal access to equitable, affordable, and quality health 
care.33 Later, in 2013, this program was extended and re-
named National Health Mission (NHM) with a specific com-
ponent to incentivise pregnant women to deliver at ac-
credited health centres.34 Large socioeconomic inequalities 
persist throughout India, with the northern states having 
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the highest MMR, while rates in the southern states are 
comparable to other middle-income countries. 

Government-driven anaemia control programs have so 
far not achieved the desired reductions in anaemia, partly 
due to a lack of focus on knowledge and behavioural bar-
riers.35 By addressing these underlying causes of maternal 
anaemia it is likely that significant improvements in ma-
ternal health can be made. Access to maternal health care 
services is higher among those with a higher educational 
and economic status.36 Nonetheless, over 60% of illiterate 
women do have an antenatal care visit within the first 
trimester. Public and private healthcare facilities are 
utilised at comparable levels.36 

This study took place in Maharashtra, the second-most 
populous state in India. The state is located in the west-
central part of the country. Respondents were recruited 
from a private hospital located in Pune, which is the sev-
enth most populous city in India. According to Telecom 
Statistics India – 2020, the penetration of smartphones 
among the Indian population in Maharashtra is 61%, com-
pared to 54% countrywide in 2020. 

STUDY DESIGN AND DATA COLLECTION 

The study site was a purposely selected private hospital in 
Pune. Pregnant women at ≤20 weeks of gestation visiting 
the hospital for their first prenatal care visit were invited 
to participate in the study. When a woman agreed to par-
ticipate, she was asked to sign the informed consent form. 
A fieldworker, who was blinded to the allocation of the re-
spondents across intervention and control groups, made a 
phone call to the respondents to further explain the process 
of the study. Allocation to the control and intervention 
group was based on the randomly assigned number of each 
respondent, with the odd-numbered respondents selected 
into the intervention arm and the even-numbered respon-
dents into the control arm. While this is not exactly the 
same as full randomisation, there is no reason to assume 
that in practice, this does not result in random assignment 
to intervention and control group. Subsequently, the re-
spondents in the intervention group were assisted by phone 
in downloading the TFH application. The control group was 
not directed toward the TFH application, nor did they re-
ceive any information regarding the TFH application but 
they were called for the same telephone interviews as those 
in the intervention group. 

The intervention group was exposed to the TFH applica-
tion and regular antenatal care, while the control group re-
ceived only regular antenatal care. While the respondents 
in the control group were aware that they were part of 
a study, they did not receive any information about the 
mHealth intervention. 

The telephone interviews at baseline (T0), midline (T0 
+ 4 weeks) and endline (T0 + 12 weeks) were conducted 
identically to allow for the identification of changes in re-
sponses. When respondents did not answer the phone, the 
fieldworkers continued trying for seven days. Fieldworkers 
collected individual characteristics, and health character-
istics were available via the healthcare professionals for 
which the participant had provided consent. A compensa-

tion of Rs. 1000/- (± 10,- GBP) was offered to all study par-
ticipants upon completion of the study to cover the cost of 
their time investment for the telephone interviews. 

During the telephone interviews, data were collected on 
maternal health knowledge and dietary diversity using the 
questionnaire provided in Supplementary file S1. All col-
lected data were entered into a standardised digital back-
end collecting system. 

STUDY POPULATION 

Pregnant women entering the health care facility for their 
current pregnancy’s first antenatal care visit were invited to 
join the study. The inclusion criteria were: 1) aged between 
18-35 years, 2) access to a smartphone, 3) literate in one of 
the app languages: English and Hindi, and 4) less than or 
equal to 20 weeks of gestation. The gestational week was 
derived from the last menstrual period unless it differed 
from the sonographic estimate, in which case the latter es-
timate was used. The following exclusion criteria were ap-
plied: 1) pregnant women who were carrying twins or more, 
2) had high-risk pregnancies (as defined by the consult-
ing gynaecologist), and 3) had any severe psychiatric co-
morbidities that result in cognitive impairment and prevent 
effective use of smartphone applications. The sample size 
was restricted due to this pilot’s logistic and financial con-
straints. The intention is to build on this pilot by rolling 
out a larger multi-centre randomised controlled trial later. 
A total of 288 pregnant women were recruited, of which 243 
provided informed consent. The allocation of respondents 
to the intervention group was, on purpose, slightly higher 
to account for the expected dropout. In total, 64 women 
were dropped from the study because they did not respond 
or provide data during the telephone calls at baseline, mid-
line and endline. Respondents were included in the analy-
ses when they responded to the baseline and endline mea-
surements. 

INTERVENTION 

The TFH application guides and supports pregnant women 
toward healthy behaviours during pregnancy and after de-
livery. The content of the app is delivered to women in the 
form of videos, tips, and quizzes to improve their knowl-
edge on A) anaemia, B) nutrition, C) physical activity, D) 
birth preparedness, E) respectful delivery care, F) skin-to-
skin contact and G) breastfeeding. The app also provides 
the location of the nearest private antenatal care provider 
available to the user. The gestational week of the mother is 
linked to the delivered content and segmented so that there 
is a finite amount of information to consume per week. 
The content was developed in collaboration with nutrition-
ists, obstetrician-gynaecologists and other experts and is 
localised to urban lower-middle to the middle class in terms 
of dietary recommendations. The content of the application 
is both available in English and Hindi. Supplementary file 
S1 provides snap-shots of the week-based content, the 
video related to the gestational age, and other “did you 
know” short messages customised to the gestational age of 
the pregnant women. 
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MEASURES 

INDIVIDUAL CHARACTERISTICS 

Individual characteristics included age, highest educational 
attainment, socio-economic status (SES) and employment 
status. The response categories related to an educational 
level were: 1) graduate/post-graduate with a general or pro-
fessional degree, 2) some college, including a diploma but 
not a graduate, 3) secondary school certificate / higher sec-
ondary certificate, 4) literate but no formal schooling and 
5) illiterate. We combined these into the categories of high 
(1 & 2), medium (3) and low (4 & 5) education levels. SES 
was assessed using a standardised questionnaire, which de-
rives a composite score based on occupation and educa-
tion of the head of the household, type of housing and 
family ownership of land and material possessions.37 Based 
on this information, the socioeconomic status was scored 
according to the newest SES-classification system of In-
dia.37 Basic health characteristics were also collected and 
involved details related to self-reported anaemia status, 
previous pregnancies, and self-reported exercise. Finally, 
smartphone ownership and daily access to a smartphone 
were collected 

OUTCOME MEASURE: KNOWLEDGE 

The knowledge assessment consisted of 79 questions which 
correspond with the provided content in the app: (A) 
anaemia, B) nutrition, C) physical activity, D) birth pre-
paredness, E) respectful delivery care, F) skin-to-skin con-
tact, and G) breastfeeding). The number of questions per 
module ranged from four to nineteen questions. Local 
healthcare professionals developed the questions. The full 
questionnaire can be found in Supplementary file S2. Re-
sponses to the questions were binary coded i.e. 0 if the an-
swer was incorrect and 1 if the answer was correct. In case 
of multiple choices of the available answer categories are 
correct, respondents needed to have provided more than 
half of the correct answers. The scores per module were 
generated by adding up the number of correctly answered 
questions per respondent. In order to standardise the out-
comes for the modules, we estimated the percentage of cor-
rect answers per module for each respondent. The over-
all score of the knowledge assessment was based on all 79 
questions. 

OUTCOME MEASURE: NUTRITIONAL INTAKE 

Nutritional intake was assessed using a 24-hour recall of 
dietary intake, using the Minimum Dietary Diversity for 
Women (MDD-W).38 This validated food group diversity 
indicator reflects the micronutrient adequacy summarised 
across ten micronutrients. We also generate a dichotomous 
indicator from the MDD-W that identifies whether women 
consumed at least five of ten defined food groups. The ten 
food groups are presented in Supplementary file S3. For the 
24-hour dietary recall assessment, respondents were asked 
to remember all the foods and drinks consumed during the 
past 24 hours. Respondents were prompted to remember 

eating and drinking episodes by periods or by linking to 
daytime activities. The fieldworkers grouped the food into 
the ten defined food groups. The proportion of women that 
consumed at least five different food groups can be con-
sidered sufficient micronutrient adequacy, reflecting the 
MDD-W. 

STATISTICAL ANALYSIS 

Data were imported and cleaned in STATA MP version 17.0. 
Individual characteristics of the intervention and control 
group were compared to confirm that the randomisation 
across the two groups was successful. The statistical signifi-
cance of differences across both groups was examined using 
a two-sample t-test for continuous data and a chi2 test for 
categorical data. 

KNOWLEDGE MODULE 

For each knowledge module, we estimated the average per-
centage of correct answers for the control and intervention 
groups at baseline, midline and endline. Changes between 
baseline and endline were presented as changes in per-
centage points. The effect estimates were then determined 
based on the difference in change between the control and 
intervention groups. The non-normal distribution of the 
outcome variables required the non-parametric Kruskal 
Wallis test to assess for significant difference between the 
measured difference in the intervention and control group. 

NUTRITIONAL INTAKE MODULE 

While the MDD-W is designed as a dichotomous indicator, 
we also assessed the MDD-W as a continuous variable to 
gain insights in the diversity of food groups consumed by 
the respondents. We assessed the average number of food 
groups and the change in a number of food groups. Subse-
quently, the change from baseline to endline was estimated 
for both the control and intervention group. The change 
in a number of food groups was assessed on statistical sig-
nificance. In addition, we also assessed the MDD-W as a 
dummy variable, where 0 indicated the consumption of less 
than five food groups in the last 24 hours, and 1 indicated 
the consumption of at least five food groups. 

REGRESSION MODELS 

We estimate two ordinary least squares (OLS) regressions 
to assess differences in the overall baseline scores and in 
the change (between baseline and endline) in overall scores 
while accounting for a set of explanatory variables. The 
OLS regression approach was chosen because the depen-
dent variables are measured on a continuous scale. Equa-
tion 1 contains the estimated regression equation. 

where  is the dependent variable -i.e. either the overall 
baseline scores or the change in overall scores.  is the in-
tercept of the model,  corresponds to the  explanatory 
variable of the model,  is the coefficient and  denotes 
the error term. The explanatory variables are the individual 
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characteristics (age, SES, earlier pregnancies) and the inter-
vention variable to estimate whether both groups differed 
significantly in the overall knowledge score at baseline and 
in the change in the overall score. 

PATIENT AND PUBLIC INVOLVEMENT 

The intervention was designed with input and consultation 
with local healthcare providers. Patients and the public 
were not involved in the design, implementation or dissem-
ination of the study. However, feedback from the commu-
nity members (pregnant women) was used to adapt and re-
fine the TFH application’s components prior to this study’s 
initiation. Once the results have been published, the hospi-
tal will be informed of the study findings. The finding will 
also be disseminated to participants and the public through 
the TFH app as well as social media platforms. 

ETHICS APPROVAL 

Ethical approval for analysis of the data provided by To-
gether For Her (Avegen Ltd.) was obtained from the Eras-
mus School of Health Policy & Management Research 
Ethics Review Committee at Erasmus University Rotterdam 
under application number ETH2122-0393. Informed con-
sent was obtained from all participants at the start of the 
study. The study is registered in the open science frame-
work (OSF) registry (registration DOI: 10.17605/OSF.IO/
2K7AP). 

RESULTS 
STUDY SAMPLE CHARACTERISTICS 

Recruitment of participants started in June 2021 and end-
line measurements were completed in December 2021. In 
total, 243 participants were randomly allocated to either 
the intervention or control group. After completion of the 
baseline questionnaire, 22 participants were excluded from 
the intervention arm and 11 participants from the control 
arm due to incomplete data. Figure 1 shows the flow di-
agram of the study and the reasons for exclusion. In the 
intervention and control group, there were respectively 94 
and 85 participants with full item responses on baseline 
and endline. This resulted in a total analysis sample of 179. 

Table 1 shows an overview of individual characteristics 
at baseline. These characteristics were highly comparable 
between the intervention and control groups at baseline. 
The only significant difference was found for exercise, with 
a smaller share of the intervention group reporting doing 
any kind of exercise. The other characteristics show that 
the majority of the study sample was highly educated and 
that half of the respondents were classified in the middle 
SES group. Approximately 97% of both groups had a smart-
phone. Those who reported not possessing a smartphone 
had daily access to a smartphone. 

KNOWLEDGE ASSESSMENT 

Average scores for all separate questions are provided in 
Supplementary file S4. Figure 2 provides an overview of the 

change over time in knowledge for each module across in-
tervention and control. The vertical axis reflects the aver-
age percentage of correct answers. The numbers underly-
ing this figure can be found in Supplementary file S5. The 
baseline values across all modules are highly similar across 
intervention and control groups. The overall score (Figure 
2, panel H), combining correct responses on all the knowl-
edge modules, jointly confirms that the knowledge level at 
baseline for the intervention and control group is compara-
ble, scoring respectively on average 36% and 37% of the 79 
questions correct (i.e. respondents had on average 28 and 
29 questions correct). At baseline, both groups scored high-
est on the nutrition module (Figure 2, panel C) and lowest 
on knowledge about skin-to-skin contact (Figure 2, Panel 
D). At the endline, both groups found the highest knowl-
edge level for the physical activity module (Figure 2, Panel 
E). The knowledge levels regarding anaemia and breast-
feeding had more than doubled over the 12-week study pe-
riod in the intervention group (respectively Figure 2, Pan-
els A & F). The figures also suggest that it takes some time 
for respondents to meaningfully increase their knowledge 
through the app, as most knowledge improvements were 
observed after midline data collection. 

Table 2 provides effect estimates for the different ma-
ternal health knowledge modules. As Figure 2 already in-
dicated, the knowledge levels for all modules improved in 
both groups over the study period. Table 2 shows that these 
improvements were larger in the intervention group for 
all modules: e.g. in the anaemia module, the intervention 
group increased by 37 percentage points while the control 
group increased with 24 percentage points. The final col-
umn of table 2 provides the differences of the change scores 
between the intervention and control groups. The interven-
tion group had almost 13 percentage points (37 – 24) more 
improvement in the anaemia module compared to the con-
trol group. The differences in the knowledge improvements 
were in all modules statistically significant (p-value < 0.05), 
except for the nutrition module (p-value ≥ 0.05). The high-
est effect estimate was found for the breastfeeding module 
with a difference of 23 percentage points between the in-
tervention and control group, followed by the skin-to-skin 
contact module with a difference of 17 percentage points. 

NUTRITIONAL INTAKE 

Supplementary file S6 shows the results of the dietary di-
versity score both as a continuous (MDD-W) and a dichoto-
mous (MDD-W) variable throughout the study. At baseline, 
the control and intervention groups both consumed on av-
erage, four different food groups over the previous 24 
hours. The application of the threshold of the consumption 
of at least five food groups in the previous 24 hours showed 
that one-third (33%) of the intervention group adhered to 
this recommendation and 41% of the control group at base-
line. Supplementary file S6 also shows histograms for the 
intervention and control groups reflecting the baseline and 
endline values of the MDD-W. The histogram for the in-
tervention groups shows that the distribution has changed 
over time to skewed towards the left, while the histogram 
of the control group shows a similar distribution over time. 
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Figure 1. Trial flow diagram stratified by randomised arm.        

The effect estimates, presented in the bottom part of 
Table 2, show that in the study period, the intervention 
group increased the number of food groups by two, while 
the control group, on average, increased the number of food 
groups by less than one food group. This difference of 1.2 is 
statistically significant. At the endline, 9 out of 10 respon-
dents in the intervention group consumed at least five food 
groups, an increase of 57 percentage points. The increase 
in the control group was smaller at 24 percentage points, a 
statistically significant difference between the intervention 
and control groups. 

REGRESSION RESULTS 

Table 3 shows the results of both our OLS regression mod-
els. The first model shows that pregnant women aged 26 
years or older were more likely to have a higher overall 
score at baseline than those aged below 26. The other co-
variate did not show a statistically significant association 
with the overall score at baseline. Hence, the coefficient 
of the intervention variable confirms that the randomisa-
tion of participants is likely to have been successful since 
the overall score at baseline is not statistically different 
between the control and intervention groups. The second 
model shows that pregnant women aged 31 years and older 
were significantly less likely to show improvement in the 

overall score compared to younger pregnant women. In ad-
dition, it appeared that women who were pregnant for the 
first time were significantly more likely to have a larger im-
provement in the overall score than women who had been 
pregnant before. Pregnant women with a high SES were 
also more likely to have a significantly larger improvement 
in their overall score than pregnant women with a low or 
medium SES. Finally, the largest significant positive coef-
ficient was reported for women in the intervention group, 
indicating that these women had a larger positive change in 
overall score compared to women in the control group. 

DISCUSSION 

In this single-center pilot study, we examined the effects 
of the Together for Her smartphone application on im-
provements in maternal knowledge about a healthy preg-
nancy and the self-reported nutritional intake of Indian 
pregnant women in Maharashtra. Pregnant women ran-
domly selected to the intervention group attained a greater 
improvement in maternal health knowledge than those in 
the control group. The diversity in their self-reported di-
etary intake in the intervention group also showed a larger 
improvement. 

While mHealth interventions to support pregnant 
women have been implemented widely in high-income 
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Table 1. Baseline background characteristics of respondents stratified by randomisation arm          

Intervention group (N=94) Control 
group (N=85) 

P-value 

Individual characteristics 

Age % (n) % (n) 0.475 

18 – 25 years 44.7 (42) 37.0 (30) 

26 – 30 years 37.2 (35) 38.3 (31) 

31 – 35 years 17.0 (16) 19.8 (16) 

> 35 years 1.1 (1) 4.9 (4) 

Level of education 0.231 

Low 0.0 (0) 4.8 (4) 

Middle 21.5 (20) 19.9 (16) 

High 78.5 (73) 75.9 (63) 

Socioeconomic status 0.080 

Low 7.5 (7) 4.9 (4) 

Middle 52.7 (49) 51.9 (43) 

High 39.8 (37) 43.2 (36) 

Employment status 0.201 

Never worked 80.7 (75) 77.1 (64) 

Stopped working 14.0 (13) 8.4 (7) 

Part-time 1.1 (1) 6.1 (5) 

Full time 4.3 (4) 8.4 (7) 

Health status 

Self-reported anaemia 0.497 

No 7.5 (7) 6.2 (5) 

Yes 3.2 (3) 1.2 (1) 

Not sure 89.4 (84) 92.6 (79) 

Earlier pregnancies 0.291 

None 57.5 (54) 57.5 (49) 

One 36.2 (34) 30.0 (26) 

Two 6.4 (6) 10.0 (8) 

More than two 0.0 (0) 2.5 (2) 

If earlier pregnant, what type of delivery? 0.333 

No complications 58.5 (23) 62.2 (22) 

Abortion 31.7 (13) 32.4 (12) 

The baby was born dead 2.4 (1) 2.7 (1) 

The baby died within the first month 4.9 (2) 2.7 (1) 

Preterm delivery 2.4 (1) 0.0 (0) 

Do you do any kind of exercise? * 0.033 

No 77.7 (73) 63.5 (54) 

Yes 22.3 (21) 36.5 (31) 

Access to a smartphone 

Do you own a smartphone? 0.740 

No 3.2 (3) 2.5 (2) 

Yes 96.8 (91) 97.5 (83) 

Do you have access to a smartphone? n/a 

Every day 100.0 (94) 100.0 (85) 

countries (HICs), with promising results,18 less is known 
about the effectiveness of such interventions in low- and 

middle-income countries (LMICs).19 mHealth interventions 
for pregnant women ultimately aim to improve maternal, 
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Figure 2. Percentage of correct answers across knowledge modules over time in intervention and control group.               

newborn and child health. The most widely studied out-
comes of mHealth interventions effectiveness studies relate 
to prenatal and postnatal care attendance, facility-based 
delivery, and vaccination uptake.29,39 mHealth interven-
tion concerned with health information delivery, in the 
form of nutritional advice, also showed promising results, 
with pregnant women exposed to the mHealth intervention 
providing significantly longer exclusive breastfeeding.40 In 
addition, another RCT revealed that mHealth interventions 
is also an efficient way to improve compliance of pregnant 
women with iron supplementation, however, this did not 
result in improved anaemia figures.41 Few studies assess 
the effectiveness of mHealth interventions on the knowl-
edge related to a healthy pregnancy,26,42 although the in-
clusion of knowledge is essential when considering a be-
havioral change theory. 

A large share of the available studies about LMICs, often 
applies a before-after comparison,43 which does not allow 
for the causal inference about the effects of the interven-
tion. Contrary to most of those earlier studies, this study 

builds on data from a randomly selected group of women 
who received access to the pilot intervention and randomly 
selected women in a control group where the intervention 
was not offered. 

While earlier evidence from LMICs, and India specif-
ically, on the effectiveness of mHealth interventions for 
pregnant women is scarce, other studies are available about 
the effects of increasing maternal knowledge among preg-
nant women and recent mothers in India. These studies re-
late mostly to participatory women’s groups that exchange 
information, often supported by Accredited Social Health 
Activists. Tripathy et al.44 found that these participatory 
women’s groups led to more skin-to-skin care and resulted 
in a 31 % reduction in neonatal mortality rates over two 
years, with especially strong reductions among the most 
marginalised mothers.45 Our study does not allow for esti-
mation of the effects of the intervention on maternal and 
newborn health outcomes but the improvements in over-
all knowledge about maternal health, especially anaemia, 
breastfeeding and skin-to-skin contact, are promising. The 
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Table 2. Effect estimates of the knowledge modules and nutrition intake          

Change 
[Endline – Baseline] 

Difference 
[Intervention – Control] 

Intervention Control 

Knowledge modules pp pp pp (p-value) 

Anaemia +37.1 +24.2 +12.9 (<0.001) 

Nutrition +10.6 +6.4 +4.2 (0.352) 

Physical activity +41.0 +29.2 +11.8 (0.044) 

Birth preparedness +28.6 +16.3 +12.3 (<0.001) 

Respectful delivery care +21.0 +9.3 +11.7 (0.015) 

Skin-to-skin contact +18.2 +0.8 +17.4 (0.002) 

Breastfeeding +42.7 +19.3 +23.4 (<0.001) 

Overall score1 +28.3 +14.9 +13.4 (<0.001) 

Change 
[Endline – Baseline] 

Difference 
[Intervention – Control] 

Intervention Control 

Nutrition intake Mean Mean (p-value) 

Recall 24-hour (MDD-W) +2.0 +0.8 +1.2 (<0.001) 

pp pp pp (p-value) 

At least five food groups (MDD-W) +56.9 +23.5 +33.4 (<0.001) 

1= Knowledge modules together, pp= percentage point 

Table 3. OLS regression results for the overall score at baseline and the change in overall score                

Baseline overall score Change in overall score 

Coeff. (S.E.) Coeff. (S.E.) 

Age: ≤ 25 years Ref Ref 

26 – 30 years 4.63 (1.94) ** -2.07 (1.72) 

>30 years 7.32 (2.43) *** -4.58 (2.16) ** 

Pregnant before: No Ref Ref 

Yes 1.66 (1.83) -2.83 (1.62) * 

Socio-economic status: Low/medium Ref Ref 

High -1.62 (1.74) 3.10 (1.54) ** 

Intervention: No Ref Ref 

Yes -0.06 (1.68) 11.35 (1.48) *** 

Constant 24.96 (1.78) *** 13.02 (1.57) *** 

Observations 167 164 

R-squared 0.090 0.330 

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

earlier evidence from information shared through partic-
ipatory women’s groups, makes us cautiously optimistic 
about the potential effect of the TFH app on maternal and 
neonatal mortality. Furthermore, the self-reported im-
provement in dietary diversity over the study’s twelve-week 
horizon suggests that mothers increased their knowledge 
about healthy behavior during pregnancy and made actual 
changes to at least their dietary behaviours. This might 
suggest that the app can more broadly support behavioural 
changes. 

Within the study period of 12 weeks, improvements 
across all knowledge modules were reported for both the 

control and intervention groups. This finding emphasises 
the importance of including a control group, as it is plau-
sible to assume that pregnant women would improve their 
maternal health knowledge anyway when they only use an-
tenatal care visits and/or simply because they talk about 
their pregnancy with their social contacts. While the im-
provement in knowledge was for all modules larger in the 
intervention group, this difference was only found to be in-
significant for the nutrition module. To a certain extent, 
this is surprising since the findings regarding the dietary 
diversity score showed a significant difference between the 
control and intervention groups indicating that the inter-
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vention group had a larger improvement in their dietary 
diversity score than the control group. In general, behav-
ioural change theory suggests that an individual first 
should possess the relevant knowledge related to the be-
haviour, which could subsequently lead to behaviour 
change.46 

LIMITATIONS 

This study provides an early-stage evaluation of a pilot pro-
ject, which is expected to inform the implementation of the 
intervention at a large scale and to study its effects in a 
large multi-centre randomised controlled trial. Limitations 
that come with this current pilot study relate to limited 
sample size and outcomes related only to knowledge and 
behaviour improvements, not to actual health outcomes. 
Furthermore, the study period of twelve weeks is relatively 
limited, and the main tool used to assess knowledge was 
made available in two different languages. While careful 
forward and backward translation was applied, no further 
validation of this tool occurred. We do, however, observe 
that after the first four weeks, no clear increase in out-
comes was observed, effects were observed in the inter-
vention group after this time, during the remaining eight 
weeks. Also, we do not yet know whether these results are 
generalisable to pregnant women using health care in pub-
lic facilities, who make up about half of the total preg-
nant population. Future research, including the roll-out of 
a multi-centre study to assess the effect of the smartphone 
application on health outcomes in a considerably larger 
sample, is required to draw further conclusions about the 
long-term effects of the intervention. 

CONCLUSIONS 

Impact evaluations to determine the potential benefit of 
mHealth interventions on maternal and newborn health in 
LMICS are important to support policymakers with credible 
evidence about the potential effects of such interventions. 
This study provides evidence that smartphone applications 
can effectively supplement antenatal care by increasing 
women’s knowledge about a healthy lifestyle during preg-
nancy, which is likely to reduce the risk of adverse maternal 
health outcomes. 

ACKNOWLEDGEMENTS 

We thank the study participants for their time and commit-
ment and the hospital staff of the study site in Maharash-
tra, India. 

FUNDING 

Charlotte Dieteren acknowledges funding from the KNAW 
Ter Meulen Beurs and Igna Bonfrer acknowledges funding 
from the Erasmus Trustfonds and the Research Excellence 
Initiative on Universal Health Coverage from the Erasmus 
University Rotterdam, the Netherlands. The Together For 
Her program is run by Avegen Pvt Ltd and supported by 
funding from MSD, through its MSD for Mothers initiative 
and is the sole responsibility of the authors. MSD for Moth-
ers is an initiative of Merck & Co., Inc., Rahway, NJ, USA. 
MSD had no role in the design, collection, analysis and in-
terpretation of data, in writing of the manuscript or in the 
decision to submit the manuscript for publication. The con-
tent of this publication is solely the responsibility of the 
authors and does not represent the official views of MSD. 

AUTHORSHIP CONTRIBUTIONS 

All authors contributed to the study and manuscript. 

COMPETING INTERESTS 

Subhanwita Sarkar and Sumiti Saharan are employed by 
Avegen Pvt Ltd the party that developed and implemented 
the Together For Her program. Charlotte Dieteren and Igna 
Bonfrer report no conflicts of interest. 

CORRESPONDENCE TO: 

Charlotte M. Dieteren, Erasmus University Rotterdam, 
Erasmus School of Health Policy & Management, P.O. Box 
1738, 3000 DR Rotterdam, the Netherlands. di-
eteren@eshpm.eur.nl 

Sumiti Saharan, Avegen Limited, Pune, Maharashtra, India. 
sumiti@avegenhealth.com 

Submitted: June 29, 2022 GMT, Accepted: August 17, 2022 GMT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information. 

Effects of a smartphone application on maternal health knowledge and dietary diversity among pregnant women in India: a...

Journal of Global Health Reports 10

mailto:dieteren@eshpm.eur.nl
mailto:dieteren@eshpm.eur.nl
mailto:sumiti@avegenhealth.com


REFERENCES 

1. World Health Organization. Newborn Mortality. 
Fact sheets. Published online 2022. Accessed March 
31, 2022. https://www.who.int/news-room/fact-sheet
s/detail/levels-and-trends-in-child-mortality-repor
t-2021 

2. Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, et 
al. Global, regional, and national levels and causes of 
maternal mortality during 1990–2013: A systematic 
analysis for the Global Burden of Disease Study 2013. 
Lancet. 2014;384(9947):980-1004. doi:10.1016/s014
0-6736(14)60696-6 

3. Meh C, Sharma A, Ram U, et al. Trends in maternal 
mortality in India over two decades in nationally 
representative surveys. BJOG. 2021;129(4):550-561. d
oi:10.1111/1471-0528.16888 

4. Goli S, Jaleel ACP. What is the cause of the decline 
in maternal mortality in India? Evidence from time 
series and cross-sectional analyses. J Biosoc Sci. 
2013;46(3):351-365. doi:10.1017/s0021932013000564 

5. Randive B, Diwan V, de Costa A. India’s 
Conditional Cash Transfer Programme (the JSY) to 
Promote Institutional Birth: Is There an Association 
between Institutional Birth Proportion and Maternal 
Mortality? PLoS One. 2013;8(6):e67452. doi:10.1371/j
ournal.pone.0067452 

6. Kalaivani K, Ramachandran P. Time trends in 
prevalence of anaemia in pregnancy. Indian J Med 
Res. 2018;147(3):268. doi:10.4103/ijmr.ijmr_1730_16 

7. Rao KM, Balakrishna N, Arlappa N, Laxmaiah A, 
Brahmam GNV. Diet and Nutritional Status of 
Women in India. J Hum Ecol. 2010;29(3):165-170. do
i:10.1080/09709274.2010.11906259 

8. Xiong X, Buekens P, Alexander S, Demianczuk N, 
Wollast E. Anaemia during pregnancy and birth 
outcome: a meta-analysis. Amer J Perinatol. 
2000;17(3):137-146. doi:10.1055/s-2000-9508 

9. Siddiqui MZ, Goli S, Reja T, et al. Prevalence of 
anaemia and its determinants among pregnant, 
lactating, and nonpregnant nonlactating women in 
India. Sage Open. 2017;7(3):215824401772555. doi:1
0.1177/2158244017725555 

10. Talegawkar SA, Jin Y, Sedlander E, et al. A Social 
Norms-Based Intervention Improves Dietary 
Diversity among Women in Rural India: The 
Reduction in Anemia through Normative Innovations 
(RANI) Project. Nutrients. 2021;13(8):2822. doi:10.33
90/nu13082822 

11. WHO. Strategies to prevent anaemia: 
Recommendations from an Expert Group 
Consultation. World Health Organization. Published 
online 2016:5-6. http://www.searo.who.int/entity/nut
rition/documents/recommendations_of_the_expert_gr
oup_on_anaemia.pdf?ua=1 

12. Singal N, Setia G, Taneja BK, Singal KK. Factors 
associated with maternal anaemia among pregnant 
women in rural India. Bangladesh J Med Sci. 
2018;17(4):583-592. doi:10.3329/bjms.v17i4.38320 

13. Allen LH. Anemia and iron deficiency: effects on 
pregnancy outcome. Am J Clin Nutr. 
2000;71(5):1280S-1284S. doi:10.1093/ajcn/71.5.1280s 

14. Cogswell ME, Parvanta I, Ickes L, Yip R, 
Brittenham GM. Iron supplementation during 
pregnancy, anemia, and birth weight: a randomized 
controlled trial. Am J Clin Nutr. 2003;78(4):773-781. d
oi:10.1093/ajcn/78.4.773 

15. Kozuki N, Lee AC, Katz J. Moderate to severe, but 
not mild, maternal anaemia is associated with 
increased risk of small-for-gestational-age outcomes. 
J Nutr. 2011;142(2):358-362. doi:10.3945/jn.111.1492
37 

16. Stevens GA, Finucane MM, De-Regil LM, et al. 
Global, regional, and national trends in haemoglobin 
concentration and prevalence of total and severe 
anaemia in children and pregnant and non-pregnant 
women for 1995–2011: A systematic analysis of 
population-representative data. The Lancet Global 
Health. 2013;1(1):e16-e25. doi:10.1016/s2214-109x(1
3)70001-9 

17. Cole-Lewis H, Kershaw T. Text messaging as a tool 
for behavior change in disease prevention and 
management. Epidemiologic Reviews. 
2010;32(1):56-69. doi:10.1093/epirev/mxq004 

18. Ferrara A, Hedderson MM, Brown SD, et al. A 
telehealth lifestyle intervention to reduce excess 
gestational weight gain in pregnant women with 
overweight or obesity (GLOW): a randomised, 
parallel-group, controlled trial. The Lancet Diabetes & 
Endocrinology. 2020;8(6):490-500. doi:10.1016/s221
3-8587(20)30107-8 

19. Feroz A, Perveen S, Aftab W. Role of mHealth 
applications for improving antenatal and postnatal 
care in low and middle income countries: A 
systematic review. BMC Health Serv Res. 
2017;17(1):1-11. doi:10.1186/s12913-017-2664-7 

Effects of a smartphone application on maternal health knowledge and dietary diversity among pregnant women in India: a...

Journal of Global Health Reports 11

https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://doi.org/10.1016/s0140-6736(14)60696-6
https://doi.org/10.1016/s0140-6736(14)60696-6
https://doi.org/10.1111/1471-0528.16888
https://doi.org/10.1111/1471-0528.16888
https://doi.org/10.1017/s0021932013000564
https://doi.org/10.1371/journal.pone.0067452
https://doi.org/10.1371/journal.pone.0067452
https://doi.org/10.4103/ijmr.ijmr_1730_16
https://doi.org/10.1080/09709274.2010.11906259
https://doi.org/10.1080/09709274.2010.11906259
https://doi.org/10.1055/s-2000-9508
https://doi.org/10.1177/2158244017725555
https://doi.org/10.1177/2158244017725555
https://doi.org/10.3390/nu13082822
https://doi.org/10.3390/nu13082822
http://www.searo.who.int/entity/nutrition/documents/recommendations_of_the_expert_group_on_anaemia.pdf?ua=1
http://www.searo.who.int/entity/nutrition/documents/recommendations_of_the_expert_group_on_anaemia.pdf?ua=1
http://www.searo.who.int/entity/nutrition/documents/recommendations_of_the_expert_group_on_anaemia.pdf?ua=1
https://doi.org/10.3329/bjms.v17i4.38320
https://doi.org/10.1093/ajcn/71.5.1280s
https://doi.org/10.1093/ajcn/78.4.773
https://doi.org/10.1093/ajcn/78.4.773
https://doi.org/10.3945/jn.111.149237
https://doi.org/10.3945/jn.111.149237
https://doi.org/10.1016/s2214-109x(13)70001-9
https://doi.org/10.1016/s2214-109x(13)70001-9
https://doi.org/10.1093/epirev/mxq004
https://doi.org/10.1016/s2213-8587(20)30107-8
https://doi.org/10.1016/s2213-8587(20)30107-8
https://doi.org/10.1186/s12913-017-2664-7


20. Sondaal SFV, Browne JL, Amoakoh-Coleman M, et 
al. Assessing the effect of mHealth interventions in 
improving maternal and neonatal care in low- And 
middle-income countries: A systematic review. PLoS 
ONE. 2016;11(5):e0154664. doi:10.1371/journal.pon
e.0154664 

21. Murthy N, Chandrasekharan S, Prakash MP, et al. 
Effects of an mHealth voice message service (mMitra) 
on maternal health knowledge and practices of low-
income women in India: Findings from a pseudo-
randomized controlled trial. BMC Public Health. 
2020;20(1):1-10. doi:10.1186/s12889-020-08965-2 

22. Coleman J, Black V, Thorson AE, Eriksen J. 
Evaluating the effect of maternal mHealth text 
messages on uptake of maternal and child health care 
services in South Africa: a multicentre cohort 
intervention study. Reprod Health. 2020;17(1):1-9. do
i:10.1186/s12978-020-01017-3 

23. Coleman J, Bohlin KC, Thorson A, et al. 
Effectiveness of an SMS-based maternal mHealth 
intervention to improve clinical outcomes of HIV-
positive pregnant women. AIDS Care. 
2017;29(7):890-897. doi:10.1080/09540121.2017.1280
126 

24. Nishimwe A, Ibisomi L, Nyssen M, Conco DN. The 
effect of a decision-support mHealth application on 
maternal and neonatal outcomes in two district 
hospitals in Rwanda: pre – post intervention study. 
BMC Pregnancy Childbirth. 2022;22(1):1-11. doi:10.11
86/s12884-022-04393-9 

25. McNabb M, Chukwu E, Ojo O, et al. Assessment of 
the quality of antenatal care services provided by 
health workers using a mobile phone decision 
support application in northern Nigeria: A pre/post-
intervention study. PLoS ONE. 2015;10(5):1-11. doi:1
0.1371/journal.pone.0123940 

26. Datta SS, Ranganathan P, Sivakumar KS. A study 
to assess the feasibility of text messaging service in 
delivering maternal and child healthcare messages in 
a rural area of Tamil nadu, India. Australasian 
Medical Journal. 2014;7(4):175-180. doi:10.4066/am
j.2014.1916 

27. Watkins SC, Robinson A, Dalious M. Evaluation of 
the Information and Communications Technology for 
Maternal, Newborn and Child Health Project. Invest 
in KNowledge. Published online 2013:1-225. http://w
ww.villagereach.org/wp-content/uploads/2017/07/IC
T_for_MNCH_Report_131211md_FINAL.pdf 

28. Kaewkungwal J, Singhasivanon P, 
Khamsiriwatchara A, Sawang S, Meankaew P, 
Wechsart A. Application of smart phone in “better 
Border Healthcare Program”: A module for mother 
and child care. BMC Med Inform Decis Mak. 
2010;10(1). doi:10.1186/1472-6947-10-69 

29. Mildon A, Sellen D. Use of mobile phones for 
behavior change communication to improve 
maternal, newborn and child health: A scoping 
review. Journal of Global Health. 2019;9(2). doi:10.718
9/jogh.09.020425 

30. Balarajan Y, Selvaraj S, Subramanian S v. Health 
care and equity in India. NIH Public Access Lancet. 
2011;377:505-515. doi:10.1016/S0140-6736(10)6189
4-6.Health 

31. Singh PK, Rai RK, Alagarajan M, Singh L. 
Determinants of maternity care services utilisation 
among married adolescents in rural India. PLoS ONE. 
2012;7(2):e31666. doi:10.1371/journal.pone.0031666 

32. Rout SK, Sahu KS, Mahapatra S. Utilization of 
health care services in public and private healthcare 
in India: Causes and determinants. International 
Journal of Healthcare Management. 
2021;14(2):509-516. doi:10.1080/20479700.2019.1665
882 

33. Nair H, Panda R. Quality of maternal healthcare 
in India: Has the National Rural Health Mission made 
a difference? Journal of Global Health. 2011;1:79-86. 

34. Lahariya C. Cash incentives for institutional 
delivery: Linking with antenatal and post natal care 
may ensure “Continuum of care” in India. Indian J 
Community Med. 2009;34(1):15-18. doi:10.4103/097
0-0218.45370 

35. Kapil U, Kapil R, Gupta A. National Iron Plus 
Initiative: Current status & future strategy. Indian J 
Med Res. 2019;150(3):239-247. doi:10.4103/ijmr.ijm
r_1782_18 

36. Ali B, Debnath P, Anwar T. Inequalities in 
utilisation of maternal health services in urban India: 
Evidences from national family health survey-4. 
Clinical Epidemiology and Global Health. 
2021;10:100672. doi:10.1016/j.cegh.2020.11.005 

37. Kattula D, Venugopal S, Velusamy V, et al. 
Measuring poverty in southern India: A Comparison 
of socio-economic scales evaluated against childhood 
stunting. PLoS ONE. 2016;11(8):1-13. doi:10.1371/jou
rnal.pone.0160706 

38. FAO, 360 FHI. Minimum Dietary Diversity for 
Women: A Guide for Measurement. Published 2016. h
ttp://www.fao.org/3/a-i5486e.pdf 

39. Lee SH, Nurmatov UB, Nwaru BI, Mukherjee M, 
Grant L, Pagliari C. Effectiveness of mHealth 
interventions for maternal, newborn and child health 
in low– and middle–income countries: Systematic 
review and meta–analysis. Journal of Global Health. 
2016;6(1). doi:10.7189/jogh.06.010401 

Effects of a smartphone application on maternal health knowledge and dietary diversity among pregnant women in India: a...

Journal of Global Health Reports 12

https://doi.org/10.1371/journal.pone.0154664
https://doi.org/10.1371/journal.pone.0154664
https://doi.org/10.1186/s12889-020-08965-2
https://doi.org/10.1186/s12978-020-01017-3
https://doi.org/10.1186/s12978-020-01017-3
https://doi.org/10.1080/09540121.2017.1280126
https://doi.org/10.1080/09540121.2017.1280126
https://doi.org/10.1186/s12884-022-04393-9
https://doi.org/10.1186/s12884-022-04393-9
https://doi.org/10.1371/journal.pone.0123940
https://doi.org/10.1371/journal.pone.0123940
https://doi.org/10.4066/amj.2014.1916
https://doi.org/10.4066/amj.2014.1916
http://www.villagereach.org/wp-content/uploads/2017/07/ICT_for_MNCH_Report_131211md_FINAL.pdf
http://www.villagereach.org/wp-content/uploads/2017/07/ICT_for_MNCH_Report_131211md_FINAL.pdf
http://www.villagereach.org/wp-content/uploads/2017/07/ICT_for_MNCH_Report_131211md_FINAL.pdf
https://doi.org/10.1186/1472-6947-10-69
https://doi.org/10.7189/jogh.09.020425
https://doi.org/10.7189/jogh.09.020425
https://doi.org/10.1016/S0140-6736(10)61894-6.Health
https://doi.org/10.1016/S0140-6736(10)61894-6.Health
https://doi.org/10.1371/journal.pone.0031666
https://doi.org/10.1080/20479700.2019.1665882
https://doi.org/10.1080/20479700.2019.1665882
https://doi.org/10.4103/0970-0218.45370
https://doi.org/10.4103/0970-0218.45370
https://doi.org/10.4103/ijmr.ijmr_1782_18
https://doi.org/10.4103/ijmr.ijmr_1782_18
https://doi.org/10.1016/j.cegh.2020.11.005
https://doi.org/10.1371/journal.pone.0160706
https://doi.org/10.1371/journal.pone.0160706
http://www.fao.org/3/a-i5486e.pdf
http://www.fao.org/3/a-i5486e.pdf
https://doi.org/10.7189/jogh.06.010401


40. Jiang H, Li M, Wen LM, et al. Effect of short 
message service on infant feeding practice findings 
from a community-based study in shanghai, china. 
JAMA Pediatr. 2014;168(5):471-478. doi:10.1001/jama
pediatrics.2014.58 

41. Khorshid MR, Afshari P, Abedi P. The effect of 
SMS messaging on the compliance with iron 
supplementation among pregnant women in Iran: a 
randomized controlled trial. J Telemed Telecare. 
2014;20(4):201-206. doi:10.1177/1357633x14533895 

42. Tahir NM, Al-Sadat N. Does telephone lactation 
counselling improve breastfeeding practices?: A 
randomised controlled trial. International Journal of 
Nursing Studies. 2013;50(1):16-25. doi:10.1016/j.ijnur
stu.2012.09.006 

43. Colaci D, Chaudhri S, Vasan A. mHealth 
Interventions in Low-Income Countries to Address 
Maternal Health: A Systematic Review. Annals of 
Global Health. 2016;82(5):922-935. doi:10.1016/j.aog
h.2016.09.001 

44. Tripathy P, Nair N, Sinha R, et al. Effect of 
participatory women’s groups facilitated by 
Accredited Social Health Activists on birth outcomes 
in rural eastern India: A cluster-randomised 
controlled trial. The Lancet Global Health. 
2016;4(2):e119-e128. doi:10.1016/s2214-109x(15)002
87-9 

45. Houweling TAJ, Tripathy P, Nair N, et al. The 
equity impact of participatory women’s groups to 
reduce neonatal mortality in India: Secondary 
analysis of a cluster-randomised trial. International 
Journal of Epidemiology. 2013;42(2):520-532. doi:10.1
093/ije/dyt012 

46. Ajzen I, Schmidt P. Changing behavior using the 
theory of planned behavior. In: The Handbook of 
Behavior Change. Cambridge University Press; 
2020:17-31. doi:10.1017/9781108677318.002 

Effects of a smartphone application on maternal health knowledge and dietary diversity among pregnant women in India: a...

Journal of Global Health Reports 13

https://doi.org/10.1001/jamapediatrics.2014.58
https://doi.org/10.1001/jamapediatrics.2014.58
https://doi.org/10.1177/1357633x14533895
https://doi.org/10.1016/j.ijnurstu.2012.09.006
https://doi.org/10.1016/j.ijnurstu.2012.09.006
https://doi.org/10.1016/j.aogh.2016.09.001
https://doi.org/10.1016/j.aogh.2016.09.001
https://doi.org/10.1016/s2214-109x(15)00287-9
https://doi.org/10.1016/s2214-109x(15)00287-9
https://doi.org/10.1093/ije/dyt012
https://doi.org/10.1093/ije/dyt012
https://doi.org/10.1017/9781108677318.002

	Background
	Methods
	Results
	Conclusions
	Methods
	Study setting
	Study design and data collection
	Study population
	Intervention
	Measures
	Individual characteristics
	Outcome measure: knowledge
	Outcome measure: nutritional intake

	Statistical analysis
	Knowledge module
	Nutritional intake module
	Regression models

	Patient and public involvement
	Ethics approval

	RESULTS
	Study sample characteristics
	Knowledge assessment
	Nutritional intake
	Regression results

	DISCUSSION
	Limitations

	CONCLUSIONS
	Acknowledgements
	Funding
	Authorship contributions
	Competing interests
	Correspondence to:

	References

