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Abstract

Background: Prevention of weight gain outside recommendations is a challenge for health services, with several
barriers to best practice care identified. The aim of this pragmatic implementation study with a historical control was
to examine the impact of implementing a service wide education program, and antenatal care pregnancy weight
gain chart combined with brief advice on women'’s knowledge of recommended gestational weight gain (GWG), the
advice received and actual GWG.

Methods: The PRECEDE PROCEED Model of Health Program planning guided intervention and evaluation targets
and an implementation science approach facilitated service changes. Pregnant women < 22 weeks’ gestation attend-
ing the antenatal clinic at a metropolitan birthing hospital in Australia were recruited pre (2010, n=715) and post
(2016, n=478) implementation of service changes. Weight measurements and questionnaires were completed

at recruitment and 36 weeks' gestation. Questionnaires assessed advice received from health professionals related

to healthy eating, physical activity, GWG, and at recruitment only, pre-pregnancy weight and knowledge of GWG
recommendations.

Results: Women who correctly reported their recommended GWG increased from 34% (pre) to 53% (post)
(p<0.001). Between pre and post implementation, the advice women received from midwives on recommended
GWG was significantly improved at both recruitment- and 36-weeks’ gestation. For normal weight women there was
a reduction in GWG (14.2+5.3 vs 13.3£4.7 kg, p=0.04) and clinically important reduction in excess GWG between
pre and post implementation (31% vs 24%, p=0.035) which remained significant after adjustment (AOR 0.53 [95%Cl
0.29-0.96]) (p =0.005).

Conclusions: Service wide changes to routine antenatal care that address identified barriers to supporting recom-
mended GWG are likely to improve the care and advice women receive and prevent excess GWG for normal weight
women.
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increased risk of small for gestational age babies and pre-
term birth [1]. Excess weight gain occurs in almost half
[1] of pregnancies and is associated with large for gesta-
tional age births, macrosomia [1] and future obesity in
mothers [2] and their offspring [3].

While women report wanting to be provided with
advice about GWG [4], this advice is seldom received
or accurate [5, 6]. Furthermore, women appear to have
poor knowledge about weight gain recommendations
[6, 7], which can impact on actual weight gain in preg-
nancy [5, 7].

In a trial setting routine weight monitoring as a stand-
alone measure appears to be of little value [8]. However,
diet and physical interventions coupled with routine
weight monitoring appear to have a small impact on
reducing excess GWG [9]. In an effort to support wom-
en’s long term wellbeing, advice and support around
recommended weight gain is considered part of good
clinical practice. Clinical practice guideline recommen-
dations suggest women should be offered the opportu-
nity to be weighed and provided with appropriate advice
to support recommended weight gain throughout preg-
nancy [2, 10]. However, it is unclear whether clinical
guideline recommendations impact on the provision of
routine care delivery, women’s knowledge of weight gain
recommendations and the amount of weight women gain
during pregnancy.

There is a pressing need to implement and evaluate rou-
tine health care service strategies that address identified
barriers to the provision of best practice that supports
recommended pregnancy weight gain and management
[11]. Recently, the integration of pregnancy weight gain
charts into routine clinical care demonstrated that while
implementation of the resources needed to guide conver-
sations and track weight was suboptimal, it was feasible
to implement changes to service delivery that were well
received by women [12]. The objective of this pragmatic
study was to examine the impact of the implementation
of a service wide education program, and antenatal care
pregnancy weight gain chart combined with brief advice
on women’s knowledge of recommended GWG, the
advice received and their actual GWG.

Methods

Study design

This was a pragmatic study with a prospective pre-post
health services research study design. This study was
approved by the Royal Brisbane and Women’s Hospi-
tal (HREC/14/QRBW/491) and Queensland Univer-
sity of Technology Human Research Ethics Committee
(1,500,000,362).
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The PRECEDE PROCEED model of Health Program
Planning [13] was used to guide pre-implementation
assessment, intervention development, implementa-
tion and evaluation of changes to routine antenatal care.
The PRECEDE component of the PRECEDE PROCEED
Model of Health Program Planning [13] was used as a
framework to undertake assessment of the factors influ-
encing GWG. The first three phases involved the New
Beginnings Healthy Mothers and Babies Study (“New
Beginnings”), a prospective observational study examin-
ing influences on weight gain and lifestyle behaviours in
pregnancy and post-partum, and provided the pre-imple-
mentation data to guide the planning and development of
further intervention. The New Beginnings study identi-
fied the need to provide women with antenatal care that
supported recommended pregnancy weight gain [4, 6,
14-16]. Both health professionals and pregnant women
were identified as populations to target, ensuring health
cognitions of individuals that influenced behaviour
change were accommodated [16].

The PROCEED Component of the model was then
applied to align potential intervention strategies to
accommodate organisational resources and priori-
ties (Phase 4), implement and evaluate these strategies
(Phases 5-7) [13]. Data from the New Beginnings Study
was presented at a workshop of multidisciplinary service
leaders and executives to prioritise intervention strat-
egies. At the time there were no resources for new ser-
vices. Therefore, low cost interventions were prioritised
that included the introduction of routine weight moni-
toring into antenatal care and health professional educa-
tion on supporting recommended pregnancy weight gain.

Context and service change implementation

The setting for this study was a metropolitan birth-
ing facility with approximately 4500 births per year. The
range of antenatal care models offered included mid-
wifery group practice, birth centre care, team midwifery
care, shared care with a General Practitioner (GP), a high-
risk obstetric care, and a dedicated Aboriginal and Tor-
res Strait Islander continuity of care model. All women
had a first hospital visit with a midwife at 14—18 weeks’
gestation and subsequent antenatal care depended on
the model of care. Hospital based models followed the
minimum antenatal care schedule outlined within the
National Pregnancy Care Guidelines [17] which involved
monthly appointments until 28 weeks gestation, fort-
nightly until 36 weeks and then weekly until delivery.
The GP shared care model involved hospital antenatal
care visits at 14—18 weeks, 30 weeks and 36 weeks with a
midwife and one obstetric visit at 20—-24 weeks for preg-
nancies up until 40 weeks. Overdue pregnancies (40 + to
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42 weeks) had scheduled obstetric weekly visits until
delivery.

A facilitated implementation approach was used where
a multidisciplinary working group was established with a
midwifery and dietetic lead to guide changes to routine
care. Strategies used to support implementation were
mapped to the Expert Recommendations for Implement-
ing Change (ERIC) compilation [18]. Sixteen discrete
implementation strategies were used to support practice
change including “assessing readiness and identify barri-
ers and facilitators’, “facilitation” and “remind clinicians”
(See Additional File 1). Being guided by implementation
science principles a barrier assessment to the implemen-
tation of routine weight monitoring and a health profes-
sional education was undertaken through focus groups
with midwives [19]. Multifaceted changes within ante-
natal care were made, the elements of which have been
previously described in detail [12, 20, 21]. In summary,
there was a need identified for a resource to support the
implementation of routine weight monitoring. Pregnancy
weight gain charts were developed [12]. All midwives
attended mandatory training [21]. Obstetric and medical
staff were provided with in-service education at existing
education meetings, however this was not considered
mandatory to attend. Community GP’s were provided
with education through a hospital education day. Edu-
cational videos were available on computers in all work
areas, and weighing scales were provided in all outpatient
clinic rooms.

Pregnancy weight gain charts were to be commenced
for all pregnant women at first hospital visit with a brief
intervention advice framework [22] applied during rou-
tine antenatal midwifery consultations.

Participants and data collection

The participants and recruitment processes for the pre-
implementation New Beginnings study participants
(2010) have been previously described [4, 6]. In brief, a
consecutive sample of eligible women were recruited via
mail or in person in a metropolitan antenatal care facility
in Australia at <20 weeks gestation between August 2010
and January 2011 [6]. All women referred for antenatal
care were eligible except those who had insufficient Eng-
lish language skills to complete questionnaires and those
with pre-existing Type 1 or 2 diabetes [6]. Women who
delivered prior to 32 weeks gestation or had an infant
with major health concerns were withdrawn from the
study [6]. Data already collected were retained.

The post implementation cohort (2016) were part of
the Healthy Pregnancy Healthy Baby study. Recruitment
occurred between November 2015 and January 2016
and has been previously described [12]. In brief a con-
secutive unselected sample of pregnant women who were
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less than 20 weeks gestation were recruited in the wait-
ing room of the antenatal clinic at the same hospital the
New Beginnings Study was conducted [12]. A research
staff member approached the woman at their “first visit”
appointment and asked if they would like to participate
in a study evaluating the provision of health advice and
weight monitoring during pregnancy [6].

All women in both cohorts provided written informed
consent to participate. At their first visit women com-
pleted a questionnaire assessing pre-pregnancy weight
and demographic characteristics and had their height
measured. At their 36 week visit they were weighed and
completed the second questionnaire. Both questionnaires
assessed the advice women received in relation to healthy
eating, physical activity and weight gain. Independ-
ent research staff not involved in clinical care delivery
recruited women and collected data.

Measures

GWG knowledge

Participants knowledge at first hospital visit was meas-
ured by categorising their reported recommended gesta-
tional weight gain value as correct or incorrect (including
unsure) based on the relevant IOM guidelines recom-
mendations for their pre-pregnancy BML.

Advice received

Four items each assessed the frequency of receiving
health professional advice for adequate weight gain,
healthy eating and physical activity in pregnancy. Items
were based on those developed for the assessment of
social support [23, 24] and modified to reflect health pro-
fessional specific support and advice in relation to rec-
ommended pregnancy weight gain [4]. The instrument
was reviewed by an expert panel including an expert in
questionnaire development and research methods, an
expert in health promotion theory, a maternal health
dietitian and an obstetric physician to determine con-
tent and face validity. Pilot testing was conducted under
the same conditions for study administration to identify
items that lacked clarity, ensure instructions, content
and layout were acceptable and assess practical issues
with administration [6]. [tems were rated on a five-point
Likert scale and asked at first visit and 36 weeks’ gesta-
tion. In the pre implementation cohort these items were
asked in relation to health professional advice, whereas in
the post-implementation cohort the items were asked in
relation to advice received separately from doctors and
midwives as a large focus of the implementation was on
midwifery staff practices. Responses were highly skewed
and were dichotomised for the analyses (never/rarely,
vs. sometimes/usually/always) to reflect the desired fre-
quency of health professional advice.



de Jersey et al. BMC Pregnancy and Childbirth (2022) 22:416

Gestational weight gain

Self-reported pre-pregnancy weight and measured height
were used to calculate pre-pregnancy BMI. World Health
Organization (WHO) classifications were used to cat-
egorise BMI in kg/m?: underweight < 18.5; normal weight
18.5-24.9; and overweight>25.0 (comprising pre-obese
25.0- 29.9 and obese > 30.0) [25].

Total GWG was the difference between measured
weight at the 36 week visit and pre-pregnancy weight
self-reported at first visit weeks. Excess GWG gain
was defined by the upper limit of IOM guidelines for
each pre-pregnancy BMI category for single (under-
weight > 18 kg, normal weight > 16 kg, pre-obese >11.5 kg,
obese >9 kg) [2], and multiple-fetus pregnancies (>25 kg
for normal weight and underweight, > 23 kg for pre-obese
and > 19 kg for obese women) [2].

Statistical analysis

Analyses were performed using the Statistical Package
for Social Sciences (Version 26: SPSS Inc., Chicago, IL,
USA). Continuous variables were examined for normal-
ity, using descriptive statistics and histograms. Normal-
ity was established if the following criteria were met:
mean within 10% of median; minimum and maximum
approximately mean+3 standard deviations; skewness
and kurtosis both within+3, and a roughly symmetri-
cal histogram [4]. Mean and standard deviation (mean
(SD) are reported for normally distributed data; median
and interquartile range (median [IQR]) for skewed data.
Descriptive statistics were used to examine population
characteristics and outcomes. Difference between groups
used t-tests or chi squared for continuous and categori-
cal variables respectively. Appropriate non-parametric
tests were used for non-normally distributed data. Logis-
tic regression, stratified for WHO pre-pregnancy BMI
classification [25] were used to compare excess GWG
between the pre and post implementation cohorts con-
trolling for gestation at final weight measurement, age,
education, number of antenatal visits and language spo-
ken at home.

In the pre-implementation cohort, there were 13
women with a multiple pregnancy at 16 weeks and four
of these provided a weight measure at 36 weeks’ gesta-
tion. In the post implementation cohort, there were
seven women with a multiple pregnancy at 16 weeks
and four of these provided a weight measurement at
36 weeks’ gestation. Analysis of GWG was conducted
with and without multiple pregnancies and did not alter
interpretation of results; they were therefore included in
the presented data.

Gestational weight gain could not be calculated for
women who delivered before 36 weeks. These women
were excluded from analyses involving GWG, and advice
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received at 36 weeks but were included in analysis relat-
ing to changes in GWG knowledge. The criterion for
statistical significance was set at p<0.05 (two tailed) for
all analyses. All available data were used in analysis, no
data were imputed. There was variable missing data for
each time point, for each cohort (as outlined in Fig. 1).
Women who gave birth prior to 36 weeks’ gestation were
excluded from GWG analysis, however all data provided
in relation to other measures were retained and analysed.
Those who were retained in the study at 36 weeks, pro-
vided a questionnaire and weight measurement were not
significantly different from those who did not complete
for pre-pregnancy BMI, education status, language spo-
ken at home, or age.

Results

Both the pre [16] and post [12] implementation partici-
pants have been previously described. Briefly, in the pre-
implementation a total of 715 from 1,059 eligible women
(67%) consented to participate, and post implementation
a total of 478 women consented to participate from 590
approached (81%). Figure 1 demonstrates the flow of
participants from each cohort across the two study time
points.

Participant characteristics of both study cohorts are
described in Table 1 with post implementation partici-
pants on average 1 year older.

Compared to pre data, there was a significant increase
in the proportion of women who could correctly report
their GWG recommendations 34% (pre) vs 53% (post)
(»<0.001) which remained significant after controlling
for education in the post implementation group. The
greatest knowledge increase was observed for women
without a university education where those correctly
identifying GWG recommendations increased from 28%
(pre) to 55% (post) (compared to university educated
women, 41%, pre to 51% post). The misestimates of the
recommended weight gain improved at both the lower
and upper end of the range in the post cohort, supporting
this improvement in knowledge as outlined in Table 2.

Table 3 outlines the levels of advice women reported
receiving from their health professional after the
implementation in relation to recommended preg-
nancy weight gain, healthy eating, and physical activ-
ity. Between pre and post implementation the advice
women reported receiving from midwives in relation to
recommended pregnancy weight gain was significantly
improved at both 16- and 36-weeks’ gestation. Signifi-
cant improvements were reported for recommended
weight gain advice from doctors at 36 weeks only, and
this was not as marked as for the midwives. Changes
in specific advice about physical activity and healthy
eating were inconsistent across time points and health
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New Beginnings Healthy Pregnancy

Approached in clinic or provided Approached face to face

Excluded n=139 with information via mail in clinic -

. . _ Declined

Did not present to hospital n=590

n=29 n=1059 112

Declined participation

n=236

715 participants consented
Written consent obtained and a self
administered questionnaire given to

participants to complete

Did not respond and unable
to contact n=80

Baseline height and weight measures
n=664

Active withdrawal n=

22 (3%)

Early delivery/adverse

outcome n= 12 (1%)

Transferred care/lost

to follow up n= 19 (2%)

Baseline questionnaire returned n=585

36 week questionnaire sent
n=647

36 week weight measures n=543

36 week questionnaires returned n= 502

Baseline questionnaire + anthropometry= 582 (81%)
36 week questionnaire + anthropometry= 485 (68%)
Complete demographic + delivery records = 492 (69%)

Complete data baseline and 36 weeks=462 (64%)

follow up

Fig. 1 Progression of participants through the New Beginnings and Healthy Pregnancy study time points from recruitment through to 36 week

478 participants consented
Written consent obtained and a self
administered questionnaire given to

participants to complete

Baseline height and weight
measures n= 453
Baseline questionnaire returned
n=291

Active withdrawal
n=7 (1%)

Early delivery (<36
weeks)/adverse outcome
n=14 (3%)

36 week appointment
n=271

Transferred care/lost to
follow up n=17 (4%)

36 week weight measures n=350

36 week questionnaires returned n=260

Baseline questionnaire + anthropometry= 272 (57%)
36 week questionnaire + anthropometry= 236 (49%)
Complete demographic + delivery records = 240 (50%)

Complete data baseline and 36 weeks= 231 (48%)

professional group (Table 3). Improvements mostly
occurred at 16 weeks (rather than 36 weeks) and these
were more often by midwives than doctors.

The prevalence of excess GWG was 38% pre and 36%
post implementation. After controlling for baseline dif-
ferences between pre and post implementation cohorts
and the gestation at final weight measurement as a group
the cohorts did not differ on the proportion of excess
GWG (p=0.06). Table 4 outlines total GWG for each
WHO pre-pregnancy BMI category. For women with
a pre-pregnancy BMI in the under-weight, pre-obese
and obese category there were no differences in total or
excess GWG between pre and post implementation. For
normal weight women unadjusted and adjusted compari-
sons for total and excess GWG were significantly differ-
ent. There was a 1 kg reduction in GWG (14.2+5.3 vs
13.3+4.7 kg, p=0.04) and a clinically important reduc-
tion in the proportion with excess GWG between pre
and post implementation (31% vs 24%, p=0.035, AOR
0.53 [95%CI 0.29-0.96]) which remained significant after
adjustment (p =0.005).

Discussion

This theory informed; pragmatic study evaluated service
wide changes to support the delivery of best practice
care in relation to recommended GWG. It demonstrated
that women reported improved advice about recom-
mended weight gain from midwives, improved knowl-
edge of GWG recommendations, and reduced excess
GWG in women who started pregnancy a normal weight.
However, advice from doctors and midwives relating to
healthy eating and physical activity did not consistently
change. For underweight, pre-obese and obese women
this low intensity, “one size fits all” approach was insuf-
ficient to impact on GWG and perhaps doesn’t recognise
the underlying complexities that may be associated with
weight.

Advice women reported receiving relating to GWG,
both generally and specifically improved as a result of the
practice changes, particularly in relation to midwives. The
improvements in advice observed are likely to reflect real
practice change as they are based on the advice women
reported receiving rather than health professionals
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Table 1 Participants characteristics from the New Beginnings (2010) and Healthy Pregnancy (2016) Study Cohorts

Characteristic Pre- implementation Post- implementation p value
cohort (2010) n=492 cohort (2016) n=240
Age (years)® Mean +s.d. (range) 30452 31+54 <0.001
Parity n (%)° Nulliparous 353 (60.5) 158 (55.4) 0.151
Education n(%)° Year 12 or less 129 (22.2) 34(11.9) 0.001
Trade/certificate/diploma 192 (33.0) 98 (34.3)
University degree 261 (44.8) 154 (53.8)
Household Income $SAu <50 000 pa 111 (19.1) 38(134) 0.005
50- 100000pa 249 (42.9) 108 (38)
100 000 + pa 143 (24.6) 101 (35.6)
Employment n (%)° Full time 274 (47.0) 149 (52.3) 0.304
Part time/casual 167 (28.6) 77 (27.0)
Not working 142 (24.4) 59 (20.7)
Language at home (%)P English 502 (86.3) 233(80.3) 0.024
Marital status n (%)° Married/defacto 551 (94.5) 267 (93.7) 0.623
BMI (kg/m?)? Mean £ s.d. (range) 243451 247+46 0.236
Weight status n (%)(BMI kg/mz) <185 39(5.9 25 (5.5) 0.525
18.5-24.9 403 (60.7) 257 (56.7)
25-29.9 141 (21.2) 107 (23.6)
>300 81(122) 64 (14.1)
Overweight category n (%) >25 kg/m? 222 (334) 170 (37.7) 0.144
Gestational age at first hospital visit Weeks (s.d.) 16.7 (2.2) 16.9 (1.9) 0.093
Gestational age at delivery Weeks (s.d.) 396 (1.6) 39.2(1.9) <0.01
Number of antenatal visits 2-4 14(2.2) 4(0.8) 0.004
5-7 67 (10.4) 27 (5.7)
8 or more 564 (87.4.4) 443 (93.5)

2 t-test for comparison
b pearson'’s chi squared test for comparison

Table 2 Institute of Medicine (IOM) [2] recommended weight gain ranges for body mass index (BMI) categories’ and participant
reported ranges

Pre-implementation cohort (n =569) Post-implementation cohort (n =270)

Pre-pregnancy BMI IOM recommended GWG range matched Lowest and highest GWG range matched Lowest and

category GWG recommended n (%) reported GWG recommended n (%) highest reported
GWG

Underweight? 12.5-18.0 11(33) 7-18 3(18) 11-20

Normal vveightb 11.5-16.0 145 (42) 0-22 90 (55) 6-20

Pre-obese® 7.0-115 21(17) 2-25 33(57) 6-18

Obese 5.0-9.0 15 (23) 0-16 17 (46) 5-15

All women N/A 34% N/A 53% N/A

BMI Body mass index

2 underweight = BMI < 18.5 kg/m?

b hormal weight = BMI 18.5-24.9 kg/m?
< pre-obese = BMI 25.0-29.9 kg/m?

9 obese = BMI > 30.0 kg/m?

fbased on measured height at 16 weeks and self-reported pre-pregnancy weight
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Table 4 Total gestational weight gain (GWG) according to the pre-pregnancy weight status® (WHO Classification) of 2010 and 2016

participants [Mean = s.d. (range)®

Characteristic  Underweight™ Underweightt®> Normal Normal Pre-obese™ Pre-obeset® Obeset? Obese™®
2010 6% 2016 5% weight*t2010 weight™ 2010 21% 2016 24% 2010 12% 2016 14%
(n=39) (n=25) 61%(n=403) 2016 57% (n=141) (n=107) (n=81) (n=64)

(n=257)

Total GWG . 143+£43 13.7£50 142 £5.3% 133+4.7* 13.8+6.8 13.1£53 75+£87 86+£8.5

atabout36” (75 33 (6-26) (-4.0-384) (-7.6-26.9) (-3.0-35.6) (2.3-30.1) (-106-240)  (-10.1-22.4)

weeks gestation

(kg) n=27] [n=20] [n=338] [n=202] [n=116] [n=84] [n=62] [n=44]

@ measured height and self reported pre-pregnancy weight
b measured weight

“World Health Organization weight status categories

4 comparisons adjusted for weeks gestation at final weight measure (weeks), age (years), education (university degree vs. less than university degree), number of
antenatal visits, and language spoken at home, (English vs other); *underweight, pre-pregnancy body mass index (BMI) < 18.5 kg/m?; normal weight pre-pregnancy
BMI 18.5-24.9 kg/m? pre-obese pre-pregnancy BMI 25.0-29.9 kg/m?; obese pre-pregnancy > 30 kg/m?

*2010 vs 2016 data significantly different p <0.05

reporting their own behaviour which is common in this
type of research. However, for healthy eating and physi-
cal activity, specific advice relating to how much to eat,
how to prepare healthy meals, or how to include regular
physical activity as part of their day was poor, with incon-
sistent changes. These findings mirror those of other
research where women perceive advice as being too gen-
eral [26] and specific details about food requirements are
rarely provided [27]. In the current study it was notable
that the changes were more pronounced for the midwives
than for doctors. Engagement in service changes and
education from midwifery staff was much higher than
for doctors. The education for midwifery staff was man-
datory, whereas for doctors it was more opportunistic. It
is likely some of the observed differences in advice was
as a result of the greater saturation of training received
within the midwifery discipline than for doctors. Women
often see multiple health care professionals including
obstetricians, general practitioners and midwives during
pregnancy, however midwives may have more capacity to
counsel women on key lifestyle aspects than doctors with
their approach more focussed on holistic care [27]. Fur-
ther exploration is needed as to whether more specific
healthy eating, physical activity and weight gain advice
delivered by doctors and midwives at key visits is appro-
priate to their role or if greater access to other appropri-
ate professionals such as dietitians is needed [27, 28].
This low intensity intervention incorporated into rou-
tine care resulted in a modest reduction in excess GWG
for women who commenced pregnancy a normal weight.
Excess GWG has been attributed to a cycle of increasing
BMI in women of reproductive age, where weight reten-
tion post-partum, leads to a higher pre-pregnancy BMI
at a subsequent pregnancy with associated consequences
[29]. This brief intervention taking as little as 1-3 min

[30] may reduce excess GWG. Excess GWG often puts
women into an unhealthy weight range for the first time,
with heightened risk for staying at an unhealthy weight
and gaining more over time and with subsequent preg-
nancies [31, 32]. It has been suggested that almost nine
out of ten women with a normal BMI prior to pregnancy
with excess weight gain will become pre-obese or obese
within 5 years post-partum [33]. With 60% of the sam-
ple in the current study, similar to state-wide estimates
[34], having a normal BMI prior to pregnancy the impli-
cations for future population health of women are likely
significant.

While it is clear this intervention was helpful for many
normal weight women, more work needs to be done to
unpack why those above or below a normal weight prior
to pregnancy did not appear to benefit beyond increas-
ing knowledge of recommendations. It was accepted
that other supporting and peripheral intervention strat-
egies may support the adoption of the desired practice
changes. It has previously been demonstrated that while
women above a normal weight have strong intentions to
manage their weight during pregnancy, they experience
greater barriers and have a lower confidence for over-
coming challenges [15]. Furthermore, health cognitions
appear to be associated with excess GWG and these differ
according to pre-pregnancy BMI [16]. Previous experi-
ences with weight management, weight potentially being
a triggering factor and previous stigmatising experiences
are likely to be more common in women outside of a
body weight considered normal [35, 36]. Collectively this
evidence suggests the need for more targeted interven-
tions and greater time investment during consultations
to understand women’s previous experiences and pro-
vide individualised support. These aspects of developing
a therapeutic relationship with women may be difficult to
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achieve through brief interventions, particularly with a
lack of continuity in antenatal care [19].

The improvements were observed in the context of sub-
optimal implementation of some aspects of the interven-
tion, in particular the pregnancy weight gain charts. [12]
Further work needs to explore if more consistent and
accurate use of the weight gain charts results in further
improvements in the outcomes observed in this study.

Strengths and limitations

The findings of this research should be considered in
the context of several strengths and limitations. This
study was not a randomised trial. As a pragmatic trial,
changes within the broader community and hospital
over time may have impacted study findings. However,
the applied nature in routine care demonstrated the fea-
sibility of the small changes having a positive impact.
Between the two study periods there were changes to
health service policy around who was accepted to birth
within the facility whereby women who were not eli-
gible for publicly provided health services (“Medicare
ineligible”), and those from outside the hospital catch-
ment were no longer accepted in the post-implementa-
tion period, impacting on language spoken at home and
education differences. There were also antenatal care
scheduling improvements where a greater proportion
of women had 8 or more appointments post implemen-
tation. However, these differences were small and were
accounted for in statistical analysis. Furthermore, the
pre implementation study sample was comparable to
the broader pregnant population from which they were
recruited [6, 37], giving strength to the representative-
ness of the cohort. A consideration is pre-implemen-
tation women were asked to report the advice received
from health professionals, however post implementa-
tion this was separated to midwives and doctors due
to the more intensive nature of implementation strate-
gies focussing on midwifery practice. Due to the differ-
ent pre-comparison group, interpretation of changes in
advice needs to be undertaken with caution. However,
the magnitude of changes and improvements across
knowledge for women given confidence in the positive
changes in advice women report receiving. Self-reports
from the women indicate changed practices specifi-
cally relating to GWG, and the greatest improvements
in GWG knowledge was observed in less educated
women, so this gives greater confidence that the differ-
ence in GWG from pre to post groups is at least partly
if not mostly due to the intervention. The post imple-
mentation cohort had a higher consent rate, however a
greater proportion of missing data at follow up. These
differences were because of different staffing between
recruitment and follow up which meant more intensive
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recruitment but more follow up appointments missed
by study staff, impacting on statistical power for sub-
group analysis. An important strength of this research
was considering women’s pre-pregnancy BMI, to allow
identification of who did not benefit from this inter-
vention. For these women, given the combination that
midwives and doctors were not good at giving spe-
cific advice on eating and exercise, it is likely that early
access to appropriate allied health professionals may
be required to achieve healthier GWG. Another key
strength of this work was the strong theoretical foun-
dation to intervention strategy development and the
implementation science approach to integrating service
changes based on the barrier identification and problem
assessment. Sixteen discrete implementation strategies
were used to support practice change.

While the use of multiple implementation strate-
gies strengthens the chance of health service changes
being embedded into routine care, further evaluation is
required to determine if these practice improvements
are sustained longer term.

Conclusion

Using theory and implementation science to scale and
spread this approach to integrating low intensity strate-
gies into routine care that support recommended preg-
nancy weight gain may improve the care and advice
women receive and reduce excess GWG for normal
weight women.
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