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Abstract

Background Timely detection and management of gestational diabetes mellitus (GDM) have been identified

as a high priority for policymakers in low- and middle-income countries (LMICs). The GUIDES trial will evaluate a pack-
age of three interconnected film-based interventions aimed at improving the timely detection and management

of GDM. The protocol for this trial has previously been published; this publication outlines the statistical analysis plan
for the trial.

Methods and design The GUIDES study is a multi-country cluster-randomised controlled trial consisting of one trial
conducted in Uganda and one in India (30 clusters in each country). Mixed effects models will be used to compare
the primary study outcomes of the proportion of women who are tested for GDM between 24 and 32 weeks of preg-
nancy and the mean fasting blood sugar of women with GDM at 34-week follow-up while accounting for clustering.
Secondary analyses will compare the proportion of women with self-reported GDM diagnosis at 32 weeks of preg-
nancy and the proportion of women with adverse perinatal outcomes related to GDM up to 4 weeks after birth

in each trial arm.

Trial status and discussion Follow-up is expected to end in March 2023 in Uganda and in May 2023 in India. Analy-
ses will be carried out following this statistical analysis plan in the month following trial completion.

Trial registration ClinicalTrials.gov NCT03937050. Registered on 3 May 2019. Clinical Trials Registry India
CTRI/2020/02/023605. Registered on 26 February 2020.
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Background

Women diagnosed with gestational diabetes mellitus
(GDM) have a ~50% greater risk of developing type 2 dia-
betes mellitus in later life, and the risk of obesity and dia-
betes among their offspring may also be increased [1, 2].
In the short term, GDM is associated with a higher risk
of adverse perinatal outcomes such as stillbirth and birth
complications [3]. Timely detection and management of
GDM have been identified as a high priority for policy-
makers in LMICs [4—6].

The original study protocol has been published else-
where [7]. In summary, this trial will evaluate a package
of three interconnected educational/behavioural inter-
ventions aimed at (a) improving skills and knowledge
of GDM guidelines among health providers (b) raising
awareness of the importance of GDM screening among
pregnant women and their families and (c) improving
confidence and skills in self-management among those
diagnosed with GDM. The interventions will be deliv-
ered through the medium of film and evaluated through
two independent trials in Wakiso, Mpigi and Masaka,
Uganda, and Bengaluru, India.

Our aim is to assess whether an educational/behav-
ioural intervention delivered through a package of cul-
turally tailored films for pregnant women, their family
members and health providers can improve timely detec-
tion, glycaemic control and clinical outcomes of women
with GDM. The specific objective of this trial is to evalu-
ate the effectiveness of the intervention (i.e. combined
package of GDM films) in improving timely screen-
ing and detection of GDM, decreasing the incidence of
adverse GDM-related perinatal outcomes and, among
women with GDM, to improve glycaemic control.

Methods and design

Trial design

The GUIDES study is a multi-country cluster-ran-
domised controlled trial with a parallel group design. It
consists of two trials, one being conducted in Uganda
and one in India. Randomisation occurred at the level of
the health centre with a 1:1 allocation of health centres
to intervention:control within each country. The trial is
open-label, and the data will be analysed at the individual
(rather than cluster) level.

Participating facilities

Sixty clinic facilities meeting the inclusion criteria (gov-
ernment-funded health centres recording a minimum
of 200 births per year) were recruited for the trial: 30 in
Uganda (Wakiso, Masaka and Mpigi districts) and 30 in
India (urban Bengaluru).
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Randomisation

The 60 clinics were defined as clusters. Randomisation
was carried out separately for each country, with clus-
ters assigned to intervention or control in a 1:1 ratio.
Covariate-constrained randomisation was used to help
ensure balance with respect to the following covari-
ates: size of facility (as determined by number of deliv-
eries per year); health facility (HF) level (levels I, II and
II in India or level III or IV in Uganda) and urban/peri-
urban or rural setting (Uganda only). Randomisation was
implemented by an independent trial statistician using
the cvcrand command in Stata. Concealment of alloca-
tion was ensured because the sites were enrolled before
the randomisation was conducted. Group allocation was
not blinded to researchers, site staff or participants. Data
analysts will be blinded to the allocation group of indi-
vidual sites until the analysis code is finalised.

Recruitment of participants

Women were eligible for the study if they were 18 years
of age or older, were of gestational age less than 32 weeks
at recruitment, were able to provide informed consent
and were available for follow-up for the study duration.
Prospective participants receiving antenatal care at par-
ticipating clinics were made aware of the study through
posters and information sheets. Country-specific recruit-
ment protocols were as follows.

UGANDA

Pregnant women attending participating health clin-
ics for their first antenatal visit were invited to take part.
Local fieldworkers visited clinics, distributed the patient
information sheet (PIS) and obtained written informed
consent for study participation. Once consent was pro-
vided, women were asked to complete a short question-
naire and to give contact details.

INDIA
Pregnant women potentially eligible for recruitment were
identified via the Bruhat Bangalore Municipal Corpora-
tion (BBMP), which provided regular updates on women
registering for antenatal care at participating clinics.
Remote recruitment was used: fieldworkers contacted
potentially eligible women, explained the study, con-
firmed eligibility and assessed interest in participation.
The PIS was sent electronically (via WhatsApp or simi-
lar), and electronic consent (eConsent) was sought using
a Google Docs form. For women subsequently diagnosed
with GDM who attended a clinic visit at 34 weeks, writ-
ten informed consent was added at this time.

Between April and December 2022, the study launched
a targeted recruitment drive in India to focus on pregnant
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women with GDM. Research assistants identified women
with GDM (defined as 140 mg/dL glucose value follow-
ing oral glucose challenge test (OGCT)) by contacting
local laboratories and tertiary and referral hospitals in
the study area. Fieldworkers contacted by phone women
who could be linked to a participating study facility (reg-
istered and obtained from their maternal and child health
services card). The existing study procedures (sharing of
PIS, obtaining consent, data collection) were followed for
women with GDM identified via this strategy. Women
with GDM who were receiving care at (or were assigned
to) an intervention facility were invited to receive the self-
management intervention either in-person or remotely,
as described in the protocol.

Withdrawal

Participants are welcome to withdraw from the study at
any time without giving reasons. The local investigators
and PI also have the right to withdraw patients from the
study in the event of illness, protocol violations or for
administrative or other reasons. The information already
observed will be kept on these participants, but they will
not be contacted for further follow-up and data collec-
tion. Loss to follow-up at each time point will be included
in the CONSORT flow diagram [8]. The number of
individuals who withdraw due to adverse events will be
reported. The baseline demographic characteristics of
women who were lost to follow-up will be summarised in
a table and compared to the baseline demographic char-
acteristics of women who completed the trial.

Study objectives
The primary study outcomes are as follows:

« The proportion of women who are tested for GDM
between 24 and 32 weeks (6 and 8 months) of preg-
nancy (self-reported at 32 weeks) (co-primary out-
come 1)

« The mean fasting blood sugar (mmol/L) of women
with GDM at 34-week follow-up (co-primary out-
come 2)

The secondary study outcomes are as follows:

« The proportion of women with self-reported GDM
diagnosis at 32 weeks (secondary outcome 1)

« Proportion of women with adverse perinatal out-
comes related to GDM (self-reported composite of
emergency caesarean section delivery, perinatal or
neonatal mortality and infant hospitalisation within
4 weeks of delivery) (secondary outcome 2)
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Timing of analyses and outcomes

No interim analyses or stopping guidance were planned
for this trial as the intervention is low-risk. However,
the aggregate prevalence of GDM screening and self-
reported diagnosis were regularly checked to under-
stand overall trends in each country.

Final analyses are set to begin within 1 month of all
follow-up data collection being completed across both
sites. Follow-up is anticipated to conclude in May 2023
in India and in March 2023 in Uganda.

GDM screening will be assessed at a 32-week follow-
up (gestational age). If a woman is nearly 32 weeks
into her pregnancy at baseline, a minimum of 1 week
must pass between the baseline assessment and the
first follow-up. The fasting blood sugar of women with
GDM will be assessed at a 34-week follow-up (ges-
tational age). The presence of adverse perinatal out-
comes related to GDM will be reported at the final
follow-up scheduled to occur 6 weeks after birth or at
the 32-week follow-up if the woman reports she is no
longer pregnant at this time.

Sample size

Based on pilot data from Bengaluru, we anticipated that
we would be able to recruit approximately 10,000 preg-
nant women in each country during a 1-year recruitment
period (an average of one delivery per day per unit). Of
these, we expected that approximately 10% (2=500) in
the intervention arm, and 5% (»=250) in the control arm
would be diagnosed with GDM. However, data monitor-
ing revealed that the overall prevalence of self-reported
GDM was less than 5% in both countries, suggesting a
lower sample size of women with GDM given the same
overall recruitment rate.

Our initial estimated sample size requirements (per
site) at the outset of the trial were 1218 pregnant women
for the original co-primary outcome of GDM detection
(5% vs 10%) [9] and 5935 women for the secondary out-
come of composite adverse perinatal outcomes (30% vs
35%) [10, 11]. However, as the prevalence of the new co-
primary outcome is notably different than the original
co-primary outcome, the sample size calculations were
re-computed for the new co-primary outcome of timely
GDM screening. Under the conservative assumption that
the intervention would increase timely GDM screening
by a minimum of 10% (based upon three previous trials
of interventions to promote screening among women
with GDM [12-14]), and considering the observed in-
trial prevalence of timely screening in each setting (52.5%
in Uganda and 33.5% in India), we anticipate that we will
now need a minimum sample of 2220 women in Uganda
and 1290 women in India for this revised outcome.
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For co-primary outcome 2 of the mean fasting blood
sugar at 34 weeks, the previous sample size calculation
suggested a need to recruit at least 180 women with
GDM (fasting glucose difference of 0.3 mmol/L, for
an SD of 0.9 mmol/L) (5), which will still be met under
the updated diagnosis rate assumptions (in which we
expected at least 200 women with GDM in each site).

Statistical analysis plan

The current document represents the most recent ver-
sion of the statistical analysis plan (SAP) for GUIDES
(version 2.1, 16 December 2022). The SAP was designed
based on protocol v4.3, following the guidelines of Gam-
ble et al. [15] and was finalised prior to the completion
of trial follow-up data collection. Data have not yet been
viewed disaggregated by the trial arm at the time of SAP
completion.

Descriptive analyses

Baseline patient characteristics will be presented by
country in a tabular format. Though we will be collect-
ing information about a variety of demographic and life-
style factors, a subset of these variables will be presented
in the main table, and full distributions will be described
in supplementary material. Categorical variables will be
presented as n (%), and continuous variables will be pre-
sented as mean (SD) or median (IQR) if the distribution
is skewed (as determined by visual inspection). The varia-
bles to be reported in the main study table are participant
age, gestational age at baseline in weeks, marital status,
household size, income sufficiency, education, parity,
previous obstetric history, current pregnancy risk factors,
GDM-specific risk factors, physical activity and dietary
behaviour. The number of women recruited from each
health centre will also be reported.

To assess the representativeness of the trial sample, we
will report the number of women who are assessed for
eligibility, the number eligible and the number recruited
in each clinic. Furthermore, we obtain otherwise eligi-
ble women’s reasons for not joining the trial, which may
provide insight into any potential differences between the
study population and the general population. A CON-
SORT flow diagram will be used to visualise the sample
size at each of these stages and for each analysis endpoint.

Analysis framework

The main analyses will be performed on an intention-to-
treat basis using a superiority framework. That is, par-
ticipants will be analysed according to the randomisation
arm to which their health clinic was assigned, regardless
of the level of engagement with the intervention materi-
als. The analyses will be performed separately for each
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country. Analyses will be conducted using the R and
Stata software.

Primary analyses

The primary analysis for the prevalence of timely GDM
screening will utilise a logistic mixed effects model for
a binary outcome. The null hypothesis is that the pro-
portion of women who self-report screening for GDM
between 24 and 32 weeks is the same in both arms. The
model will include a random effect for the health centre
(unit of randomisation), a fixed effect for the treatment
arm (exposure) and fixed effects for cluster-level charac-
teristics used as strata in randomisation (i.e. clinic size,
facility level and (in Uganda) urbanicity). We will report
the model-based prevalence ratio and prevalence differ-
ence in the primary outcome between intervention and
control arms, with appropriate 95% confidence intervals.
As a sensitivity analysis, the results will also be reported
using cluster-level summaries (adjusted for covariates as
above).

For the co-primary outcome of glycaemic control, we
recognise that the participants who are diagnosed with
GDM in the two trial arms may not be comparable, as
the intervention encourages more frequent screening.
We will consider the use of propensity score adjust-
ment to take account of this non-randomised compari-
son, if appropriate. Differences in baseline covariates
related to glycaemic control will be assessed by compar-
ing treatment arms for differences of clinically relevant
magnitude. Indication of imbalance will prompt the use
of these variables in the construction of the propensity
scores. Covariates to be considered will include age, soci-
oeconomic status, baby previously weighing more than
4 kg, previous GDM diagnosis, family history of diabe-
tes and tobacco use. In the case that many variables are
related to the exposure, we will utilise the statistical rule
of thumb that suggests using no more than one covari-
ate per every 10 individuals in the smaller arm. Variables
will be assessed for inclusion in the propensity score
model based on the level of statistical significance with
which they are related to the trial arm. The mixed effects
models described for the prevalence of GDM diagno-
sis will be used, though with a continuous, rather than
binary, outcome specification. A plot will be generated
to compare model residuals to fitted values to check that
linear regression assumptions are satisfied and to iden-
tify outliers or points which are given disproportionate
influence in fitting the model. Appropriate transforma-
tions may be made applied to the outcome variable as
necessary, and if any substantial outliers are identified
through visual inspection, the analysis will be repeated
with outliers removed as a sensitivity analysis. If an indi-
cation of clinically significant imbalance had been noted,
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the propensity score will additionally be included in the
model as a continuous covariate.

Secondary analyses

The proportion of women with adverse perinatal out-
comes related to GDM (self-reported composite of emer-
gency caesarean section delivery, perinatal or neonatal
mortality and infant hospitalisation within 4 weeks of
delivery) will be compared between trial arms. As with
the primary outcome of GDM diagnosis, this will be
assessed through the use of logistic mixed effects mod-
els with a random effect for the health centre and fixed
effects for the pre-specified cluster-level variables. The
same statistical methods will also be used to assess the
secondary outcome of self-reported GDM diagnosis. For
these outcomes, we will also present models adjusted for
key a priori individual-level confounders that are strongly
associated with the outcomes, namely age, parity and
education.

Missing data

As the follow-up data are collected through telephone
surveys, there is a risk that participants may not be con-
tactable for follow-up. If less than 5% of women who
participate at baseline are lost to follow-up or have miss-
ing data in an outcome variable for another reason, a
complete case analysis will be used. If more than 5% of
women who participate at baseline are lost to follow-up
or have missing data on an outcome variable, we will per-
form multiple imputation based on available covariates
(making the assumption that the data are missing at ran-
dom (MAR)). We will use a multilevel imputation model
to account for the lack of independence of observations
from the same cluster. Appropriate confidence intervals
will be computed [16]. To explore the sensitivity of these
results, complete case analyses will also be presented. If
more than 40% of women have missing data in variables
needed to conduct a given analysis, pairwise deletion will
be utilised [17].

Adverse events

The proportion of women with adverse perinatal out-
comes related to GDM is assessed as a secondary out-
come of the trial. As the intervention is very low risk, we
do not anticipate that any adverse events will be causally
linked to the intervention. Further analyses of safety are
likely to be underpowered since the sample size was not
calibrated to detect an effect for these events, assuming
that the rate of specific adverse events is less than that
of the composite outcome of adverse perinatal events
related to GDM. Any additional adverse events (includ-
ing withdrawals due to adverse events) will be reported
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by the trial arm but will not be analysed through hypoth-
esis testing.

Additional analyses

As the women in the intervention are also asked ques-
tions related to whether they have seen the videos or
attended the peer sessions if diagnosed with GDM, we
will also perform a per-protocol analysis where only
women who report seeing at least one of the educational
films are analysed as part of the intervention arm. How-
ever, as one component of the intervention involves the
professional development of doctors and nurses, women
still may be impacted by the intervention through the
doctors and nurses even if the women have not seen the
video themselves. We will present the number and pro-
portion of women in the intervention clinics who report
having seen at least one video. Among women with
GDM, we will also report the distribution of the number
of times attending a group session (coded as a categorical
variable, with levels 0, 1 or 2 times, 3 or 4 times, and 5 or
more times).

As an additional data quality assessment to aid in our
interpretation of results for adverse perinatal outcomes
from the 32-week follow-up, we will compute the dis-
tribution in a number of weeks between the date of the
last menstrual period reported at baseline and the date of
delivery reported in the 32-week follow-up survey among
women who reported that they were no longer pregnant
(reported as minimum, 25th percentile, median, 75th
percentile and maximum). Where available, we will also
compare the expected delivery date reported at baseline
to the date reported in the final follow-up survey. Finally,
we will describe the distribution of computed gestational
age of women at the time of completion of each follow-
up survey. These checks will inform the strength of our
assumption that all births reported at 32-week follow-
up are preterm births, which in turn will affect how we
interpret our adverse perinatal outcome analyses.

To account for the changes to the definition of co-pri-
mary outcome 1, we will also perform a sensitivity analy-
sis wherein we restrict the sample to include only women
who completed the 32-week follow-up after the 32-week
follow-up questionnaire was revised to include additional
questions about the timing of GDM screening (see the
“Protocol updates” section). Note that this restriction will
decrease the sample size and possibly lead to an under-
powered analysis. Still, we expect it may be meaningful
to describe how the prevalence of timely GDM screening
differs in the two trial arms when excluding women who
had to report this information several weeks after the end
of their pregnancy.

We also will generate the following list of supplemental
tables for each country:
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— Supplemental Table 1: number of participants per
health centre (including column for each stage of fol-
low-up)

— Supplemental Table 2: demographic comparison of
women lost to follow-up vs baseline covariates of
women who completed all follow-up

— Supplemental Table 3: primary and secondary analy-
sis results calculated using cluster-level summaries

— Supplemental Table 4: prevalence of individual com-
ponents of composite adverse perinatal outcome

Trial status and discussion

In Uganda, recruitment of trial participants began in
May 2021 and ended in April 2022. In India, recruitment
began in July 2021, and recruitment to the main trial
ended in January 2022. Additional recruitment of women
with GDM took place in India between April 2022 and
December 2022 (see the “Protocol updates” section for
details). Follow-up of the final participants is expected to
occur in March 2023 in Uganda and May 2023 in India.
This SAP was submitted for publication before the com-
pletion of follow-up in both countries. Analysis code will
be developed and implemented following the submission
of this SAP.

Protocol updates
Since the publication of the original protocol in 2021 [7],
there have been several important changes to the study
protocol. These changes were predominantly made in
order to mitigate the impact of COVID-19-related dis-
ruption on the study. All protocol amendments were
initially approved by the LSHTM Ethics Committee and
subsequently also approved by local ethics committees.
In the original protocol [7], the recruitment method
was intended to be the same in India and Uganda: preg-
nant women were to be recruited from waiting areas
at participating antenatal clinics. While this recruit-
ment method was feasible throughout the study period
in Uganda, in India, local guidance issued early in the
COVID-19 pandemic prohibited women from wait-
ing inside antenatal care facilities. BBMP, under whose
jurisdiction we conducted the trial in Bangalore, India,
mandated us to switch to remote recruitment using their
maternal and child health (MCH database). Addition-
ally, we had intended for the general awareness-raising
film to be shown to pregnant women in waiting areas of
intervention facilities. Given the high smartphone own-
ership in our Indian study setting, we proposed that these
films could instead be shared with women remotely via
web links sent via WhatsApp or similar. In Uganda, the
films were able to be shared in antenatal waiting rooms
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as originally intended. These changes to the study proto-
col were approved in January 2022 (LSHTM REC amend-
ment 4).

Following a review of in-trial data in March 2022
(blinding preserved), we noted that a considerably lower
proportion (~2%) of women were reporting a GDM diag-
nosis in both sites. Our original sample size was based on
a 5% difference in GDM diagnosis (5% vs 10% prevalence)
which would have been impossible to detect at this prev-
alence. Following discussion with stakeholders and our
Trial Steering Committee, we changed our co-primary
outcome 1 to the proportion of women who report being
tested for GDM between 24 and 32 weeks. Our original
co-primary outcome 1 (the proportion of women report-
ing a GDM diagnosis at 32 weeks) was retained as sec-
ondary outcome 2. Additionally, our original secondary
outcome (a composite endpoint consisting of a number
of possible adverse perinatal outcomes) included cae-
sarean delivery, but this was changed to include emer-
gency caesarean delivery as the relevant component.
This change was made in response to an unexpectedly
high prevalence of elective (planned) caesarean sections
in India, likely due to financial incentives. A further revi-
sion to the protocol was made to allow the self-manage-
ment intervention for women with GDM to be delivered
remotely in India, in line with previous amendments
the introductory film for pregnant women to be viewed
remotely. This change was a further attempt to mitigate
the adverse impact of COVID-19-related restrictions
on the trial in India. The changes to the study protocol
described above were approved in April 2022 (LSHTM
REC amendment 5).

Finally, as the prevalence of self-reported GDM was
lower than we anticipated, this meant that we had diffi-
culty recruiting enough women for the evaluation of the
self-management intervention. In India, we undertook an
additional recruitment drive, with the study team reach-
ing out to local laboratories and affiliated services in
order to recruit additional women with GDM, therefore
increasing the likelihood that we would reach the sample
size necessary to evaluate the self-management interven-
tion. Unfortunately, a similar approach was not feasible
in Uganda due to a lower prevalence of GDM screening.
Women recruited through this targeted approach will
not be included in the analysis of co-primary outcome 1
(GDM testing) and our secondary outcomes (composite
perinatal outcome and GDM diagnosis). This change was
also approved in April 2022 (LSHTM REC amendment
5).

Following the revision to the co-primary outcome
from the proportion of women with self-reported GDM
diagnosis to the proportion of women reporting GDM
screening between 24 and 32 weeks of gestational age,
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an additional question was added to the 32-week fol-
low-up questionnaire. In this original questionnaire,
women were only asked about the timing of their first
GDM test. The additional question asked women who
reported receiving more than one test for GDM “Were
any of these tests done between 24 and 32 weeks (6
and 8 months) of pregnancy?”. Note that this question
was asked retrospectively of women who completed
the 32-week follow-up before this question was added.
Women will be considered as “screened for GDM at or
after 24 weeks” if they reported any GDM screening
that occurred between 24 and 32 weeks gestational age
(or between 6 and 8 months gestational age, if report-
ing in months). If a woman reports her gestational age
at screening in both weeks and months, the value in
weeks will be used to determine the outcome due to the
increased precision of this measurement.

Due to challenges related to staff funding, some
women completed the postnatal questionnaire much
later than intended. Furthermore, women who missed
the window for the 32-week questionnaire were asked
a modified version of these questions at the postnatal
follow-up. A sensitivity analysis related to women’s ges-
tational age (or weeks since the end of pregnancy) at
each questionnaire is described in a previous section.

In the original protocol [7], co-primary outcome
1 (glycaemic control in women with GDM) was due
to be assessed by both FBS and HbAlc. HbAlc was
dropped from this outcome prior to the start of study
recruitment. This decision was taken due as HbAlc
is a measure of glycaemic control over the previous 2
to 3 months [18] and therefore would not capture any
short-term impact of the intervention on glycaemic
control. HbAlc was instead retained as an additional
outcome.
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