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A B S T R A C T

Question: In women with gestational diabetes mellitus, does the addition of a consumer co-created
infographic to usual education about gestational diabetes mellitus improve knowledge about physical
activity and self-efficacy to exercise? Design: A randomised trial with concealed allocation, a blinded
assessor and intention-to-treat analysis. Participants: Sixty-nine women diagnosed with gestational dia-
betes mellitus. Intervention: In addition to gestational diabetes education, the experimental group received
a paper copy of a consumer co-created infographic about physical activity during a gestational diabetes
pregnancy. The control group received gestational diabetes education alone. Outcome measures: Partici-
pants completed outcome measures at baseline and again 1 week later. Knowledge of physical activity in a
gestational diabetes mellitus pregnancy was assessed using a 19-item questionnaire modified to reflect
current physical activity guidelines, with a total score from 0% (worst) to 100% (best). Self-efficacy was
measured using the nine-item Self-Efficacy for Exercise Scale, with a total score from 0 (not confident) to 10
(very confident). Results: Provision of the infographic led to a clinically important between-group difference
in knowledge (MD 12%, 95% CI 10 to 15) and self-efficacy (MD 2.5 units, 95% CI 1.9 to 3.0). Conclusion: In
women with gestational diabetes mellitus, short-term knowledge about physical activity and self-efficacy to
exercise were improved when usual education was supplemented with a consumer co-created infographic
that provided specific and relevant information about physical activity during a gestational diabetes mellitus
pregnancy. Trial registration: ACTRN12619001207101. [Harrison AL, Taylor NF, Frawley HC, Shields N
(2020) A consumer co-created infographic improves short-term knowledge about physical activity and
self-efficacy to exercise in women with gestational diabetes mellitus: a randomised trial. Journal of
Physiotherapy 66:243–248]
© 2020 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Physical activity (any movement produced by skeletal muscles
that results in energy expenditure)1 has substantial benefits and
minimal risks for pregnant women,2–4 and is important for the health
of women with gestational diabetes mellitus (GDM) and their ba-
bies.5–7 Physical activity is recommended for women with GDM
because it improves glycaemic control,5,7 a critical factor in reducing
adverse risks associated with GDM such as maternal hypertension,
pre-eclampsia8 and birth trauma from macrosomia.9,10 GDM, a com-
mon complication of pregnancy11 defined as glucose intolerance
during pregnancy,12 also has longer-term health implications
including increased risks of recurrence in subsequent pregnancies13

and the risk of developing type 2 diabetes mellitus later in life for
both mother and child.14 Physical activity performed at a moderate
intensity for 30 minutes on most days of the week is a safe and
n. Published by Elsevier B.V. This is
effective adjunctive intervention for improving glycaemic control.5,7

Given this, guidelines recommend that pregnant women with GDM
participate in physical activity.2,15 However, up to 60% of women with
GDM do not participate in physical activity as recommended.16

A diagnosis of GDM introduces complexity to a pregnancy and can
negatively impact a woman’s confidence to be physically active, due
to concerns about safety.17 Inconsistency in information about phys-
ical activity during a GDM pregnancy, lack of confidence in knowl-
edge sources such as the Internet and uncertainty about specific
details of what type and how much physical activity is safe for a GDM
pregnancy have been identified as barriers hindering women’s
participation in physical activity.17 This suggests that information
from guidelines is not reaching women with GDM or is not in a
format that meets their needs.17

A recent qualitative study concluded that women with GDM
wanted clear and simple messaging about physical activity from a
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Box 1. Eligibility criteria

Inclusion criteria
� Women with a singleton pregnancya

� Diagnosed with GDM
� Aged 18 to 40 yearsb

� Able to read and write in English

Exclusion criteria
� High-risk pregnancyc

� Conditions affecting ability to participate in physical activity

a Considered lower risk, therefore able to exercise without
restriction.

b Minimum age to legally provide informed consent; maximum
age because pregnant women aged . 40 years are generally
considered as having higher-risk pregnancies.29

c Risk of premature labour, incompetent cervix, persistent
bleeding, ruptured membranes, growth retardation, pre-
eclampsia, severe anaemia, placenta previa after 26 weeks’
gestation, haemodynamically significant heart disease or
restrictive lung disease.2,3

GDM = gestational diabetes mellitus.
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credible source, such as health professionals, to feel confident and
safe being physically active.17 Self-efficacy theory18 suggests a per-
son’s confidence in their ability to perform a specific behaviour is
positively related to their ability to action and perform that behav-
iour.19,20 Self-efficacy to undertake exercise in pregnant women and
others has been shown to increase as a result of the provision of
highly relevant messages20,21 and when messages are from credible
sources.20,22 Therefore, it is important that health professionals such
as physiotherapists find effective ways to satisfy women’s informa-
tion needs, in order to increase confidence and feeling of safety
during physical activity.

One way to provide relevant and easy-to-understand physical
activity information is by using an infographic. An infographic pre-
sents data and ideas visually with minimal use of text and can pro-
vide messaging that is engaging, clear and simple.23 Information from
an infographic is more likely to be remembered compared with text
alone,24 as visual inputs improve ability to process and retain infor-
mation.24 It has been reported that almost 60% of Australian adults
are insufficiently health literate to understand healthcare informa-
tion,25 so it is important to find effective modes of messaging, like
infographics, that are appropriate for the target audience.

Current literature also recommends consumer involvement in
healthcare.26 Engaging women with GDM to co-create messaging
about physical activity in a GDM pregnancy is important for ensuring
that information is relevant, appropriate and specific to their needs,
including how messages are presented. Providing physical activity
information to women in the form of a consumer co-created info-
graphic may be an effective strategy to improve the knowledge and
self-efficacy of women with GDM.

Therefore, the research question for this randomised trial was:

In women with gestational diabetes mellitus, does the addition of
a consumer co-created infographic to usual education about
gestational diabetes mellitus improve knowledge about physical
activity and self-efficacy to undertake physical activity?
Method

Design

A parallel-group, randomised controlled trial was conducted with
women diagnosed with GDM who attended a metropolitan hospital
in Melbourne, Australia. Recruitment was completed between
September and November 2019. The trial was prospectively regis-
tered with the Australian New Zealand Clinical Trials Registry. The
trial was approved by the hospital and university ethics committees,
and reported according to the Consolidated Standards of Reporting
Trials (CONSORT) Statement27 and the Template for Intervention
Description and Replication (TIDieR) checklist.28

Participants

Pregnant women newly diagnosed with GDM, who met the
eligibility criteria (Box 1) and consented, were recruited from ante-
natal clinics.

As per the usual clinic process, women were booked to attend the
next available date for a GDM education class; this was done by an
administrative officer with no involvement in the trial. Screening of
women listed to attend a GDM education class for inclusion in the
trial was completed by a member of the research team (AH). All class
dates were randomised to either the experimental or control group
by an independent, off-site person using a computer-generated ran-
domisation sequence. Due to the potential for contaminationwithin a
class, all participants attending on the same class date received the
individual intervention as randomly allocated for that class date. The
holder of the allocation emailed the researcher the day before the
class to reveal the allocation. All eligible women attending GDM ed-
ucation classes during the period of data collection were invited to
participate. Written participant information statements were
individually provided to interested women who met the eligibility
criteria. Participants who volunteered completed a written consent
form.
Intervention

Infographic development
An infographic about physical activity for women diagnosed with

GDM was co-created in collaboration with consumers, prior to trial
commencement. The Critical Appraisal Skills Programme’s Patient
and Public Involvement checklist was used to guide consumer
engagement.30 The consumers were 13 pregnant women with GDM
who consented to participate in a 20-minute, face-to-face, group
consultation meeting. Four group meetings were held, with two to
five consumers participating per meeting. A question guide was used
to facilitate the group meetings on key points about the infographic
design, including ranking the priority of different pieces of informa-
tion, and presentation features such as the amount of text versus
graphics, graphic preferences, colours, readability, and text font and
size. During the meetings the consumers were shown four examples
of infographics about physical activity for other health conditions31–34

to elicit responses about how they felt about different design features.
They were also shown a draft document developed by the re-
searchers, with information based on current evidence and physical
activity guidelines for women with GDM5–7,15 and which incorpo-
rated data from women with GDM about what physical activity
messages were considered important.17 During each meeting, infor-
mation from the consumers was recorded on poster paper for them to
view, add to and refine during the session. This information was read
back at the end of the session and consumers were given the op-
portunity to add further information and confirm if it was a true and
accurate representation of their contributions. This process of con-
sumer consultation meetings continued until no new information
emerged. Inductive thematic analysis of the information collected
from the consumer meetings was completed to identify the key
concepts to inform the design and development of a draft infographic
about physical activity for pregnant women with GDM. A paper,
colour copy of this draft infographic was then shown individually to a
further five women with GDM who provided feedback. This addi-
tional round of consumer feedback assisted in refining the info-
graphic and improving dependability of the findings and relevance
for women with GDM.
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Consumers prioritised information that they felt was important,
such as listing the benefits of physical activity for a GDM pregnancy,
among which blood sugar control, weight control, baby’s health and
physical activity (amount, frequency and type) were considered the
most important. Consumers recommended stating that physical
activitywas safe formother andbaby in aGDMpregnancyand adding a
hospital logo to reassure women that the information was from a
credible source. In termsof physical activityprescription, all consumers
reported that10minutesofwalking three timesperdayaftermealswas
more achievable and more encouraging than listing a daily or weekly
amount. They said that this text should be bolded and placed centrally,
as this information was a priority. All consumers reported that their
preferred type of physical activity was walking, with three also
including swimming. For design, they preferred less text and more
icon-style graphics,which they feltwere quick and easy to understand.
They recommendedblue and green colours because they felt that these
were energising and they recommended including an image of a baby,
as this was a key motivating factor for them. The final consumer co-
created infographic (Appendix 1 on the eAddenda) included informa-
tion about the benefits of physical activity during a GDM pregnancy,
and the duration, frequency and types of suitable physical activities. It
was used as the intervention for this trial.

Randomised trial
All participants received usual GDM education at the same clinic

location and from the same staff, diabetes educators and dietitians,
during a single 2.5-hour education class and then at follow-up ap-
pointments as required. This education class included information
about: GDM; when and why it occurs; nutritional requirements in
pregnancy; GDM dietary modifications and lifestyle changes; and
regular monitoring of blood sugar levels and, if necessary, medication
to reduce risks associated with poor glycaemic control during preg-
nancy.7–10 In addition to usual GDM education, a researcher (AH)
handed a paper, colour copy of the co-created infographic to each
consenting participant attending on dates randomly allocated to the
experimental group on that one occasion. This was accompanied by a
simple verbal instruction of , 5 minutes to each participant, advising
her to take the infographic home, read it and display it somewhere
highly visible as a regular reminder to participate in physical activity
during her GDM pregnancy.
Outcome measures

Two outcomes were assessed: knowledge about physical activity
during a GDM pregnancy and self-efficacy to participate in physical
activity. Participants completed these outcome measures at baseline
(Week 0) on the day of attending the GDM class and again at follow-
up 1 week later (Week 1). Participants completed follow-up ques-
tionnaires either via email or individually in person if attending a
follow-up dietetic or ante-natal appointment, where they were given
a paper copy of the questionnaires to complete and return in a sealed
and addressed envelope.

The participants’ knowledge about physical activity during a GDM
pregnancy was assessed using questions that were based on a
questionnaire about physical activity knowledge in adults35 and
modified to reflect current physical activity guidelines36 and preg-
nancy guidelines,2–4 including those specific to GDM.7,15 Knowledge
was assessed using 19 questions: seven true/false questions about
physical activity prescription and 12 questions about which types of
physical activity were safe or should be avoided during pregnancy.
Correct responses were allocated a score of ‘1’ and incorrect a ‘0’. The
percentage of total correct responses was calculated.

Self-efficacy to undertake physical activity was measured using
the Self-Efficacy for Exercise Scale, for which there is evidence of
reliability and validity.37,38 This nine-item measure, which was
modified slightly to reflect current physical activity dosage guide-
lines,36 asked participants to rate their level of confidence to partic-
ipate in physical activity for 30 minutes, five times a week for each
statement from ‘0’ (not confident) to ‘10’ (very confident) and the
mean of these nine responses was calculated as the self-efficacy
score.37,38

Data analysis

With an alpha of 0.05, this study would have exceeded 80% power
to identify a 1.2-unit between-group difference in exercise self-
efficacy on the 0-to-10 scale, given an initial cohort of 60 partici-
pants, a standard deviation of 1.6, and an allowance of loss to
follow-up of two participants.39

Data were analysed according to the principle of intention to treat,
with all available data used for analysis. Participant demographic data
were described using means and standard deviations (age and
gestation) or proportions (parity, body mass index, previous GDM,
educational level and country of birth). The difference in mean values
of knowledge and self-efficacy between the experimental and control
groups at follow-up (Week 1) were analysed with analysis of
covariance, using the baseline (Week 0) scores as covariates. A
separate analysis of covariance was completed with the day of the
week of the class added as an additional covariate in a sensitivity
analysis to account for any effect from the day of class that women
attended. Consistent with recommendations, the level of significance
was not adjusted to account for multiplicity related to the two out-
comes, since there was no universal hypothesis.40,41 Any statistically
significant differences were interpreted as being clinically worth-
while if the mean difference and the 95% confidence interval excee-
ded the minimum important difference. Half a standard deviation of
the baseline control group score was nominated as the minimum
important difference.42

Results

Flow of participants through the trial

Of the 123 women booked to attend a GDM education class, 69
were eligible and consented to participate (Figure 1). Sixty-eight
participants completed the outcome measures at both time points.
One participant in the control group was lost to follow-up and did not
complete the outcome measures at Week 1.

The groups appeared well matched for demographic factors, as
shown in Table 1. The groups were also well matched for their
baseline values on the study’s outcome measures, as shown in the
first two columns of data in Table 2.

Compliance with the trial protocol

The number of participants who completed the study (n = 69)
exceeded the sample size target of 60 because the final class from
which participants were recruited was large and many women
attending that class expressed an interest in the trial. Several par-
ticipants were slow to complete and return the follow-up outcome
measures (Week 1) due to changing their follow-up clinic appoint-
ment or delay in their return by email; however, all data were
received within 2 weeks of baseline (Week 0).

Effect of intervention

The effect of the experimental intervention on knowledge about
physical activity during a GDM pregnancy was estimated to be a
greater increase in knowledge by 12%. A similar result was obtained
when we accounted for the day of the week on which participants
attended their education class (Table 2). The lower band of the 95% CI
for the outcome of knowledge (ie, 10%) exceeded the clinically
important difference of 6.5%.

The effect of the experimental intervention on self-efficacy to
undertake physical activity during the pregnancy was estimated to be
a 2.5-unit improvement in self-efficacy on the 0-to-10 scale. A similar
result was obtained when we accounted for the day of the week on
which participants attended their education class (Table 2). The lower



Control group
· usual GDM 

education class

Women booked into GDM education classes 
and assessed for eligibility (n = 123)

Measured knowledge and self-efficacy about exercise during a GDM pregnancy

Randomised (n = 69)

(n = 37) (n = 32)

Excluded (n = 54)
· did not attend the class (n = 23)
· declined to participate (n = 25)
· high-risk pregnancy (n = 4)
· age > 40 years (n = 1)
· chronic physical condition that limited 

ability to exercise (n = 1)

Week 0

Experimental group
· usual GDM 

education class
· infographic about 

physical activity 
during a GDM 
pregnancy

Week 1
Measured knowledge and self-efficacy about exercise during a GDM pregnancy

(n = 37) (n = 31)

Lost to follow-up (n = 0) Lost to follow-up (n = 1)
· moved away, unable 

to be contacted (n = 1)

Figure 1. Design and flow of participants through the trial.
GDM = gestational diabetes mellitus.
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band of the 95% CI for the outcome of knowledge (ie, 1.9 units)
exceeded the clinically important difference of 1.2 units.
Discussion

A consumer co-created infographic with specific and relevant in-
formation about physical activity during a GDM pregnancy, provided
in addition to standard GDM education, resulted in clinically impor-
tant short-term improvements in women’s knowledge and self-
efficacy to participate in physical activity compared with standard
education alone. This trial contributes to the existing literature on co-
designed infographics about physical activity and their use as an
intervention.
Table 1
Baseline characteristics of the participants.

Characteristic Exp (n = 37) Con (n = 32)

Age (yr), mean (SD) range 31 (3) 24 to 38 32 (4) 23 to 39
Gestation (weeks), mean (SD) range 27 (5) 17 to 33 27 (5) 15 to 34
Parity, n (%)
nulliparous 14 (38) 13 (41)
multiparous 23 (62) 19 (59)

Pre-pregnancy BMI (kg/m2), n (%)
� 25 19 (51) 15 (47)
26 to 29 10 (27) 9 (28)
� 30 8 (22) 8 (25)

GDM in previous pregnancy, n (%) 8 (22) 5 (16)
Education, n (%)
� high school 3 (8) 3 (9)
. high school 34 (92) 29 (91)

Country of birth, n (%)
Australia 5 (14) 3 (9)
India 19 (51) 18 (56)
Asia (excluding India) 10 (27) 8 (25)
Africa 2 (5) 2 (6)
Oceania (excluding Australia) 1 (3) 1 (3)

Day of class, n (%)
Tuesday 14 (38) 10 (31)
Thursday 23 (62) 22 (69)

BMI = body mass index, Con = control group, Exp = experimental group,
GDM = gestational diabetes mellitus.
The diagnosis of GDM shocks women17,43,44 and triggers concerns
about the safety of physical activity.17 Combined with a lack of cer-
tainty about what type and how much physical activity is safe in a
GDM pregnancy, this may contribute to a disconnect (ie, a
knowledge-action gap)45 between a woman’s intention and her ac-
tion. As proposed by the Theory of Planned Behaviour,46 factors
additional to attitudes that hinder or enable behaviour may also in-
fluence intention and subsequent action.46,47 Inconsistency in infor-
mation about physical activity for a GDM pregnancy specifically and a
lack of confidence in knowledge sources such as the Internet are
known to be barriers that hinder women’s participation in physical
activity.17 Women have described improved messaging about physical
activity during a GDM pregnancy as a key enabler.17 One enabling
factor was the provision of specific information from credible sources
(such as health professionals) that clearly and simply explains what
and how much physical activity is safe during a GDM pregnancy, and
why it was relevant and important to improving their GDM preg-
nancy outcomes. Another enabling factor was the provision of prac-
tical, convenient and flexible exercise options, such as walking, that
could be tailored to fit in with women’s busy lives.17 Therefore, as
diagnosis appears to be a trigger that makes women receptive to
information about their health, findings from this trial suggest that
providing targeted physical activity messages in an easy-to-read
infographic format to women newly diagnosed with GDM is effec-
tive in improving their short-term knowledge and self-efficacy
regarding physical activity during their pregnancy.

Co-designing the infographic about physical activity during a GDM
pregnancy with consumers may have been an important factor
contributing to its effectiveness. The consumer co-created infographic
gave women the specific and relevant information about physical
activity in a GDM pregnancy that women with GDM said they wan-
ted, and in the easy-to-read and understandable format they rec-
ommended. Providing pregnant women with specific and relevant
information about benefits of physical activity has previously been
shown to influence their beliefs and intentions about physical activity
participation.21 Although providing a one-page information sheet
about physical activity during a GDM pregnancy, in addition to
standard GDM education, may seem a very simple intervention, it is



Table 2
Mean (SD) of groups, mean (SD) within-group difference and mean between-group difference (95% CI) using baseline scores as covariates.

Outcome Groups Difference within
groups

Difference between groups

Week 0 Week 1 Week 1 minus
Week 0

Week 1 with baseline
scores as covariatea

Week 1 with baseline scores
and day of the week as covariates

Exp
(n = 37)

Con
(n = 32)

Exp
(n = 37)

Con
(n = 31)

Exp
(n = 37)

Con
(n = 31)

Exp minus Con Exp minus Con

Knowledge (0 to 100) 82
(10)

83
(13)

96
(4)

85
(10)

14
(9)

2
(6)

12
(10 to 15)

12
(10 to 15)

Self-efficacy (0 to 10) 4.8
(1.6)

5.1
(2.4)

7.2
(1.3)

4.9
(2.0)

2.4
(1.5)

–0.2
(1.0)

2.5
(1.9 to 3.0)

2.5
(1.9 to 3.0)

For both outcome measures, higher scores are better.
Con = control group, Exp = experimental group.

a Derived from ANCOVA with dependent variable at baseline as covariate.
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suggested that its effectiveness was increased because the info-
graphic was co-created with women with GDM. Consistent with
current recommendations for developing patient information,25,26

this appeared to be because it made the messaging about physical
activity highly relevant to these women’s specific information needs
at a time when they were concerned about their health and preg-
nancy and provided it in a format that met their needs.

Increasing women’s knowledge and sense of confidence about
safe physical activity in a GDM pregnancy, and the relevance to
pregnancy and child outcomes, may provide the motivation and
confidence to facilitate a shift from intention to action, thereby
creating the behaviour change necessary to improve participation in
physical activity. Higher self-efficacy has been reported to be posi-
tively associated with the adoption and participation in physical
activity.19,20,48 However, further research is needed to explore if
providing a co-designed infographic translates into women with
GDM actually being more physically activity during their pregnancy.

The participants in our study included a high proportion of
women born in Asia. This is consistent with reported risk factors for
developing GDM, which include specific race/ethnic backgrounds.11

Women born in Southern and Central Asia are more than twice as
likely, and women born in South-East Asia are 1.7 times more likely,
to be diagnosed with GDM than Australian-born women;11,49 there-
fore, a higher proportion of women presenting with GDM from these
higher risk areas is expected. Therefore, the participants included in
our trial appear representative of women diagnosed with GDM in
terms of country of birth,11,49 age44,50 and gestation, as routine GDM
screening occurs at between 24 to 26 weeks.51 Recruitment of only
English-speaking women may have influenced our findings and is a
limitation. However, with the women’s country of birth from 17
different countries, a range of ethnicities and cultural backgrounds
was represented. The diversity and detailed descriptions of partici-
pant characteristics enhance the generalisability of findings to similar
populations.

Although the intervention was conducted at an individual level,
the process of randomisation by class rather than by individual, to
account for the risk of contamination, could be considered a limita-
tion. However, the randomisation process resulted in groups that
were well balanced for the day of the week on which the class was
conducted, and a sensitivity analysis that added day of the week as a
covariate confirmed the main analysis. Due to the type of interven-
tion, it was not possible to blind the participants or the therapist who
provided the infographic to participants. However, it was possible for
the knowledge tests to be scored by a blinded researcher; therefore,
this primary outcome had a blinded assessor. Randomisation was
performed by an independent, off-site person and the researcher was
only notified of the intervention allocated to each class the day before
the class occurred. By this time, the women were already booked into
the class, so to this extent the allocation was concealed. Other
strengths include: the use of intention-to-treat analysis, the use of
estimation with 95% CI to report the effects of the intervention,
comparison of these results against smallest worthwhile effect
thresholds, and incorporation of consumer involvement into the
study. Also, the extent of loss to follow-up was less than what was
allowed for in the original sample size calculation, which assisted the
study to achieve greater statistical power than anticipated. Although
the use of infographics is becoming a popular means of providing
health information, randomised trials evaluating the effectiveness of
using infographics as an intervention are uncommon.52 A strength of
this trial is its contribution to those existing trials by studying a
consumer co-designed infographic about physical activity.

In conclusion, this study estimated the effects of adding a con-
sumer co-created infographic to the usual education class given to
women with GDM. This simple intervention was estimated to cause
worthwhile improvements in short-term knowledge about physical
activity during a GDM pregnancy and self-efficacy to undertake
physical activity.
What was already known on this topic: Physical activity is
recommended for women with gestational diabetes mellitus, but
most of these women are inactive during their pregnancy. These
women want clear, simple and gestational diabetes-specific
physical activity messages that are: directly related to preg-
nancy outcomes; explicit about what and how much physical
activity they need to participate in during their pregnancy; and
delivered by a credible source.
What this study adds: Consumerswere involved in co-creating
an infographic that provides clear, simple, specific and relevant
information about physical activity and gestational diabetes. For
women with gestational diabetes, provision of the infographic in
addition to usual education about gestational diabetes led to
worthwhile improvements in both knowledge and self-efficacy in
relation to physical activity during their pregnancy.

eAddenda: Table 3 and Appendix 1 can be found online at https://
doi.org/10.1016/j.jphys.2020.09.010.
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