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Abstract

Background: Gestational age (GA) is a key determinant of newborn survival and long-term impairment. Accurate
estimation of GA facilitates timely provision of essential interventions to improve maternal and newborn outcomes.
Menstrual based dating, ultrasound based dating, and neonatal estimates are the primarily used methods for
assessing GA; all of which have some strength and weaknesses that require critical consideration. Last menstrual
period (LMP) is simple, low-cost self-reported information, recommended by the World Health Organization for
estimating GA but has issues of recall mainly among poorer, less educated women and women with irregular
menstruation, undiagnosed abortion, and spotting during early pregnancy. Several studies have noted that about
20–50% of women cannot accurately recall the date of LMP. The goal of this study is therefore to improve recall
and reporting of LMP and by doing so increase the accuracy of LMP based GA assessment in a rural population of
Bangladesh where antenatal care-seeking, availability and utilization of USG is low.

Method: We propose to conduct a 4- parallel arm, superiority, community based cluster randomized controlled trial
comparing three interventions to improve recall of GA with a no intervention arm. The interventions include (i)
counselling and a paper based calendar (ii) counselling and a cell phone based SMS alert system (iii) counselling
and smart-phone application. The trial is being conducted among 3360 adolescent girls and recently married
women in Mirzapur sub-district of Bangladesh.
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Discussion: Enrolment of study participants continued from January 24, 2017 to March 29, 2017. Data collection
and intervention implementation is ongoing and will end by February, 2019. Data analysis will measure efficacy of
interventions in improving the recall of LMP date among enrolled participants. Results will be reported following
CONSORT guideline.
The innovative conventional & e-platform based interventions, if successful, can provide substantial evidence to
scale-up in a low resource setting where m-Health initiatives are proliferating with active support from all sectors in
policy and implementation.

Trial registration: ClinicalTrials.gov NCT02944747. The trial has been registered before starting enrolment on
24 October 2016.
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Background
Accurate estimation of gestational age (GA) is critical
for providing optimal care during pregnancy, childbirth
and postnatal period [1, 2]. It is essential for tracking
fetal growth and appropriate administration of live sav-
ing interventions related to pre-term births such as ante-
natal corticosteroids therapy (ACS), Kangaroo Mother
Care (KMC), tocolytics, and continuous positive airway
pressure [1, 2]. The importance of accurate estimation of
GA is paramount in Bangladesh as Prematurity/Low
birth weight (LBW) accounts for 13% of all newborn
deaths [3–5]. The national guideline of Bangladesh also
recommends using ACS for women with threatened
preterm deliveries between 24 and 34 weeks of GA and
KMC for preterm/LBW babies [6–9].
Three methods of GA estimation are primarily used -

menstrual based dating (LMP), ultrasonography (USG)
and neonatal assessment, all of which have some
strengths and weaknesses [10]. USG, based on biometric
measurements of the fetus, is considered the gold stand-
ard when it is done before 20 weeks of gestation [11].
However, in low and middle income countries (LMIC)
like Bangladesh, majority of the first antenatal care
(ANC) contacts happen after 20 weeks of Gestation [3, 12].
Out of those who have an USG performed within 20
weeks, there are issues with validity and reliability of mea-
surements due to the poor quality of equipment and inad-
equate skill of the health care providers [12, 13]. Moreover,
USG is expensive, and the availability is limited in resource
poor settings [12]. Neonatal assessments are based on stan-
dardized scoring systems of physical and neuromuscular
maturity of the newborns. These are, however, less
precise then USG, and also require skilled personnel
[14]. LMP is a simple, low-cost method recommended
by the World Health Organization [15]. However, sev-
eral studies have shown that approximately 15–45%
of pregnant women are unable to recall their LMP
accurately [16–18]. The accuracy of LMP-recall is
negatively influenced by digit preference, duration of
the recall period, irregularity or individual variations

in the length of the menstrual cycle, conception dur-
ing the period of lactational amenorrhea, preconcep-
tion amenorrhea and implantation bleeding [16–20].
The accuracy is further compromised by late presen-
tation for the first antenatal care contact and minimal
skills of the ANC providers in probing for an accur-
ate LMP date. Reliance on LMP-recall as the only
method for estimating GA may therefore result in
overestimation of GA at the extremes of gestation,
which is more common in women with no or low
education and those living in poverty [16, 21]. Des-
pite the limitations, studies conducted in Bangladesh
and Guatemala has suggested LMP to be the pre-
ferred method for determining GA in low-resource
settings [12, 22].
We therefore aim to determine the efficacy of three

interventions targeted to improve LMP-recall among
women in rural Bangladesh.

Goals and objectives
The goal of this study is to improve the accuracy of
LMP-recall based estimation of (GA). Through this trial
we aim to determine the efficacy of paper based LMP
dating calendar and e-platform based interventions
(SMS based system and smart phone applications) in
improving accuracy of LMP-recall among adolescent
girls and recently married women in rural Bangladesh.

Trial design
We propose to undertake a 4 - parallel arm, superiority,
community based cluster randomized controlled trial
comparing a no intervention arm with three intervention
arms. The four arms are as follows:

Arm 1: No intervention arm
Arm 2: Counselling and a paper based calendar
Arm 3: Counselling and a mobile-phone based SMS
alert system
Arm 4: Counselling and smart-phone application
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The trial was designed following SPIRIT guideline
(Additional file 1). The design and randomization
process has been illustrated in Fig. 1.

Methods
Study setting
The study is being carried out in Mirzapur sub-district
of Tangail district located at the northwest of Dhaka city,
the capital of Bangladesh. Administratively, Mirzapur
has 13 unions (the lowest administrative body with an
average population of around 30,000), with 219 vil-
lages covering an area of 375 sq. km and a population
of 3, 37, 496 (Fig. 2).

Since 2007, icddr,b has been running a demographic
surveillance system (DSS) in 10 unions of Mirzapur
covering 293,691 with a four monthly round. The trial
will be implemented in the DSS area for ease of identifi-
cation and enrolment of study participants.

Participants
Adolescent girls (15–17 years of age) and recently
married women (within past two and half years)
with no or a single child residing in the selected vil-
lages has been enrolled to participate in the study.
Table 1 shows the inclusion and exclusion criteria
for enrolment.

Fig. 1 Study design (created by authors)
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Study arms
The study arms and interventions being tested in this
study are described below:

Arm 1-no intervention arm: In the no intervention arm,
study participants follow their usual practices to recall
LMP start and end dates; if any.
Arm 2- counselling and a paper based calendar: This
intervention entails counselling and documentation
of menstrual bleeding dates on a paper based
calendar. The topics of counselling include normal
menstrual cycle length, abnormal bleeding, menstrual
hygiene and importance of remembering and
recording LMP dates. In addition, a free especially

designed paper-based calendar is provided to the
participant who prospectively records menstrual
bleeding and spotting dates in each month. Likewise,
if anybody forgets to record, she keeps a retrospect-
ive record of it in the subsequent month. Female
counsellors from the study team conducted the
individual education sessions.
Arm 3- counselling and a cell-phone based SMS alert
system: This intervention entails counselling and a cell-
phone based SMS alert system. Counselling is similar
to the calendar arm. Cell-phones are provided free
of cost to the study participants who shares their
first date of menstrual period every month to a des-
ignated number through an SMS. A automated-

Fig. 2 Study area map (created by authors)

Table 1 Eligibility criteria

Adolescents Recently married women

Inclusion criteria • Permanent resident of the study area (Adolescents who are
usual residents of the households and living or intend to live
in the area for 6 or more months)

• Permanent resident of the study area(recently married women
who are usual residents of the households living or intend
to live in the area for 6 or more months)

• Aged between 15 and 17 years at the time of enrolment • Aged < 45 years at the time of enrolment

• Unmarried at the time of enrolment • Married within the past two and half years with no or a single
child

• Parent or legal guardian is present at the time of recruitment
and is willing to give assent for the adolescent’s participation

• Legal guardian is present at the time of recruitment and is
willing to give assent for the participation of the recently
married women aged < 18 years

Exclusion criteria • Not applicable • Pregnant or exclusively breastfeeding at the time of recruitment

• Participant is mentally/physically challenged to provide consent • Participant is mentally/physically challenged to provide consent
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system is designed to record the dates from the
SMSs. An SMS reminder is sent 3 days after the ten-
tative start date of the cycle (as will be obtained
from a LMP surveillance). If the user still does not
input the start date, 2 other reminders are sent at
an interval of 2 days. There is provision for sending
unlimited LMP start dates in 1 month with restric-
tions to enter future dates. All the instructions are
provided in Bangla. The charge of SMS for reporting
LMP dates is free for the user.
Arm 4- counselling and smart-phone application:
Participants of this intervention arm received
counselling and a free smart-phone with an application
for recording menstruation dates and an inbuilt re-
minder system. Counselling is done on similar topics as
the calendar arm. The smart phone based application is
a password protected, colour-coded system for record-
ing start date and end date of each menstrual cycle.
The app is in Bangla (local language). Participants rec-
ord start date and end date of their LMP each month
in the application. There are provisions for entering
dates for multiple cycles in a month and retrospective
recording of dates (in case the user forgot to enter
their previous cycles).

Screening, consent & enrolment of study participants
The study participants (adolescent girls and recently
married women) has been selected using DSS database.
Participants selected from the DSS data base were
approached by the field research staffs (surveillance
workers) in a chronological way through household
visits and enrolled in the study after getting written
informed consent/ assent. Enrolment continued till the
required sample size was achieved.
Two sets of consents/assents were taken from the

study participants in the three intervention arms; one
for participation in the intervention and the other for
data collection. In the no intervention arm, consent/
assent was obtained only for participation in data collec-
tion. Assent was taken from the legal guardians of all
participants below 18 years of age. All the consent/assent
forms are in Bangla for better understanding in local
context. Details of the consent forms(purpose of the
study, activities, risk, benefit, confidentiality, anonym-
ity, future use of information, right not participate
etc.) were read out and explained to study partici-
pants by the field research staffs before taking con-
sent. Those who agreed to participate in the study
signed two copies of consent/assent forms (thumb
print were taken in case of illiterate participants); a
copy of consent/assent was given to the study partici-
pant and the other one kept at icddr,b central office
for record keeping.

Delivering & monitoring the interventions
The roll out of interventions were arm specific. Female
counsellors provided individual counselling to the en-
rolled study participants and handed over the specific in-
terventions (paper-based calendars, mobile phones and
smart phones) with adequate demonstration on how to
record LMP-dates using the tools.
Adoption of interventions were reinforced by follow-

up visits. For the first 2 months, each study participant
received weekly household visit followed by biweekly
visits in the subsequent 2 months. During the follow up
visits, each participant were requested to record their
LMP dates in the given tool and troubleshooting (device
issues, balance & internet connectivity problems, forgot
how to use the tools etc.) were done if needed. Partici-
pants are discontinued from the study in case of preg-
nancy (recently married women), marriage (adolescent
girls), and permanent migration out of the study area,
withdrawal of consent to participate etc.
Quality of intervention implementation are monitored by

independent field research supervisors and investigators.

Outcome measures
The primary outcome of this trial is the accuracy of
LMP-recall dates. Accuracy of LMP-recall is defined as
participants who will able to recall their start date of
LMP within ±1 day of actual start date for their last
menstrual cycle.
The secondary outcome of the trial is the certainty of

LMP-recall dates. Participants will be asked to mention
their level of certainty regarding their LMP-recall dates
using the Likert scale ranging from 1 to 4 (highly
certain, almost certain, somewhat certain, uncertain).
Certainty will be defined if the participant are ‘highly
certain’ regarding their recall for the last menstrual
cycle.
Additionally we will also validate the LMP-dates re-

corded through the intervention tools with dates ob-
tained from surveillance.

Sample size
Sample size has been calculated to observe a minimum
of 30% relative change in the primary outcome measure.
We used STATA (comparison of two proportions in the
presence of clustering effect) for sample size calculation.
Assuming that in the rural context of Bangladesh ap-
proximately 55% of women can accurately recall LMP
(at baseline without any intervention) [13], to measure a
30% relative change in recall as an effect of the interven-
tion, we will require 252 participants from 28 clusters
per arm (5% level of significance and 90% power). Ac-
counting for 15% refusal and 20% loss to follow-up, the
adjusted sample size was 420 adolescents and 420
recently married women per arm (Table 2).
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Participant timeline
The study will be conducted for 34 months. Enrolments
continued till achievement of sample size. Interventions
will be continued for 12 months. Detailed of the study
timeline has been illustrated in Additional file 2.

Study cluster formation, randomization & assignment of
intervention
The trial administrator for this study was responsible for
cluster formation and randomization of study clusters in
the study arms using block randomization in stata.
At first, DSS data has been used to identify the re-

quired number of adolescent girls recently married
women from the 10 unions after exclusion of high mi-
gration villages. One hundred twelve individual clusters
were formed using GIS (geographic information system)
technique with at least 15 adolescent girls and 15 re-
cently married women per cluster. Buffer spaces between
clusters (geographic spaces like river, roads, wet land,
village boundary etc) were ensured during this exercise
to reduce spill over effect.
All the field staffs (including managers and workers) &

study participants were unaware of the intervention
allocation during enrolment & baseline data collection.
Recruitment of field research staffs were arm specific.
Separate teams are responsible for data collection and
intervention implementation for ensuring allocation
concealment.

Methods of data collection, management and analysis
Data for this study is being collected in the following
ways:

(i) LMP surveillance

Actual LMP-dates of the enrolled study participants
are being collected at two time points through 3-month
long surveillances.. The baseline LMP surveillance was
done before the start of implementation of interventions
whilst the endline will be done before the end of imple-
mentation. A tab-based LMP surveillance tool (specially
designed for this study), is used by field surveillance
workers to collect this information through fortnightly
rounds. No other information will be elicited from the
participants during LMP-surveillance.

(ii) LMP surveys

A baseline survey was conducted among enrolled ado-
lescents and recently married women in all arms before
the start of the implementation of interventions. Face-to
face interviews were done by trained data collectors
using a structured questionnaire to elicit the required
information. Participants were asked to recall their past
3 months LMP dates and their level of certainty regard-
ing the LMP-recall dates. Information regarding demo-
graphic characteristics (age, sex, education, occupation),
household’s socioeconomic profiles (housing status, as-
sets, monthly income, ownership of mobile phone &
accessibility to mobile phone), menstrual history were
also collected. Recently married women were addition-
ally asked regarding the use of contraceptive, pregnancy
and birth outcomes. A similar survey will be conducted
at endline.

(iii)Data extraction from the intervention tools

Data is extracted regularly from calendar records, SMS
and smart-phones. The users of SMS arm sends their
LMP dates via SMS whereas users of the smart-phone
upload their data via the internet connected to the
mobile-phone. For participants using the calendar, data
collectors collect the information from the enrolled
household every 2 months.

Data management and analysis
Data management
Data quality will be ensured through rigorous training of
the data collectors, refresher trainings and frequent spot
checks by field supervisors. All the paper based data will be
checked for completeness and will be entered into Micro-
soft access data base. An experienced data manager will be
in charge of monitoring data quality. Any inconsistency
will be resolved through rechecking the forms or by revisit-
ing the households if possible. A real time online monitor-
ing system (dash board) has been designed for quick and
timely availability of information on intervention adher-
ence, and data collection summary in intervention arms.

Data analysis
A participant flow diagram will be prepared following
CONSORT 2010 guideline. Primary data analysis will be

Table 2 Sample distribution

Number of samples

Arm1: Control arm Arm2: Counselling & calendar
(C + C)

Arm3: Counselling & SMS
(C + S)

Arm4: Counselling & smart
phone application

Total

Recently married women 420 420 420 420 1680

Adolescent girls 420 420 420 420 1680
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done on intention to treat basis. Analyses will be con-
ducted at the individual level, and will be adjusted for
cluster randomization.
For the primary outcome analysis, we will first exam-

ine the proportion of women accurately reporting
LMP-dates at baseline and at endline. Differences in
differences method will be used to ascertain the change.
The analysis will be adjusted for confounders such as
education, socio-economic status, and length of recall by
bivariate analysis. Additionally, we will explore the
change in mean and standard deviation of the difference
between LMP-recall dates collected through LMP surveys
and LMP-dates collected through LMP surveillance.
We will also validate the tools by comparing the distri-

bution of LMP-dates recorded through the intervention
tools with actual LMP-dates collected through LMP
surveillance. Skewness and kurtosis tests of distribution
of two LMP dates (recorded LMP and actual LMP) will
be compared.
Stata® software version 10.1 (2008; Stata Corporation,

College Station, TX, USA) will be used for all analyses.

Data safety monitoring plan (DSMP)
We anticipate no risk of interventions. Validity and in-
tegrity of the data is being ensured by appropriate
research design, use of pretested and validated tools for
data collection and by quality assurance.

Data confidentiality and archiving
Privacy, anonymity and confidentiality of data is strictly
being maintained. In order to protect the safety of par-
ticipants, all trial related information is being kept confi-
dential and stored securely at the central office in
icddr,b. Coded identification is used to anonymise and
depersonalise the data. The linking code, electronic data
files and paper forms are stored in a separate location
under password protections or lock and key. Access to
the data will be limited to the small number of individ-
uals including the investigators, statisticians, quality
control team and audit.

Dissemination policy
The trial results will be communicated and published
irrespective of the outcome of the trial upon approval
from all the investigators, implementing organizations
and funding bodies.

Project update
Enrolment of study participants continued from January
24, 2017 till March 29, 2017. Baseline data collection
commenced from April 2017 and was completed in Oc-
tober, 2017. Implementation of interventions started
from October 2017 and are currently ongoing. Endline
data collection will start from mid-September, 2018.

Discussion
This trial is expected to generate evidence on efficacy of
calendar, SMS and smart phone application system for
improving accuracy of LMP-recall in rural settings. Al-
though calendar, or menstrual dairies has already been
tried in clinical settings for recording menstrual dates,
public health implication of using these tools for record-
ing LMP is yet to be explored [16, 23]. The nationwide
coverage of mobile phone networks, relatively cheaper
tariff and increasing use of smart phone among general
population including the poor, presets m-health as a
potential solution to address this issue. [3, 23–25].
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