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Introduction: This is a secondary analysis of a stepped-wedge trial. The 
sustainment of evidence-based care is essential for ongoing population benefits. 
In a randomized stepped-wedge controlled trial of public maternity services 
across three health sectors in New South Wales, Australia, we demonstrated a 
positive practice change related to addressing alcohol use during pregnancy. 
This change followed a 7-month implementation strategy conducted between 
February 2018 and November 2019. However, evidence suggests that the 
impact of implementation strategies may reduce over time. It is important to 
document when and if recommended care reduces, so that timely support for 
sustainment can be provided.

Methods: As a secondary analysis, an interrupted time series analysis of 
outcomes from the largest sector of the randomized stepped-wedge controlled 
trial was conducted. The analysis explored the rate, time points, and extent of 
change in women’s reported receipt of recommended antenatal care for alcohol 
consumption, following delivery of an effective implementation strategy.

Results: A total of 4,909 (82% consented) women were surveyed. The proportion 
of pregnant women receiving recommended care reduced significantly per 
week following the withdrawal of implementation support, for three of the four 
outcomes: assessment of alcohol consumption (% change per week: −0.66, 
95% CI: −1.1, −0.26); advice not to consume alcohol during pregnancy and of 
potential risks (% change per week: −0.63, 95% CI: −1.1, −0.22); and complete 
care relevant to alcohol risk level (advice and referral) (% change per week: 
−0.64, 95% CI: −1.1,-0.22). Similar results were observed regardless of the timing 
of antenatal visits. A more rapid decline occurred for most outcomes from the 
end of implementation until approximately 30 weeks post-implementation.

Discussion: Despite a reduction in the receipt of recommended care, rates 
were still higher post-implementation than pre-implementation. Receipt of 
recommended antenatal care for alcohol consumption declined after active 
implementation support was withdrawn. The findings suggest the need 
for ongoing monitoring of care delivery and the introduction of additional 
sustainability strategies at key time points post-withdrawal of implementation 
support.
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Highlights

 • Delivery of evidence-based care often declines following the 
withdrawal of implementation support.

 • An understanding of the rate, time points, and extent of change 
in care delivery is needed to identify if and when additional 
sustainment support is required.

 • Few studies collect continual data following active 
implementation to allow for such investigations.

 • This secondary analysis explores the rate, time points, and extent 
of change in delivery of recommended antenatal care addressing 
alcohol consumption during pregnancy, following delivery of an 
effective practice change intervention.

 • The findings suggest the need for continued monitoring of care 
delivery and provision of additional sustainment support 
following the withdrawal of implementation support.

Introduction

Alcohol consumption during pregnancy carries adverse effects on 
the pregnant woman and unborn child (1). Clinical practice guidelines 
(2–4) recommend that healthcare providers (i) routinely assess alcohol 
consumption by all pregnant women throughout their antenatal care 
using a validated tool; (ii) advise all women on the potential harms of 
alcohol consumption during pregnancy and recommend abstinence; 
and (iii) refer women to support services appropriate to their level of 
risk to assist in abstaining from alcohol consumption. However, the 
provision of all three elements of care is less than optimal (5).

In a recent randomized stepped-wedge controlled trial undertaken 
in public maternity services in three health services in New South 
Wales, Australia (i.e., sectors), it was found that a multi-strategy 
practice change intervention (i.e., implementation intervention) was 
effective in increasing the proportion of women who reported 
receiving all individual and combined elements of recommended care 
(assess, advise, and refer) appropriate to their level of alcohol risk (6). 
To have an impact, an implementation intervention needs to result in 
the continued delivery of guideline-recommended care long term, 
beyond the provision of initial implementation support. This is 
commonly referred to as sustainment (7). Emerging evidence suggests 
that once initial implementation support or funding is withdrawn, the 
impact of effective implementation strategies often diminishes (8–10). 
For example, in a systematic review of trials assessing the sustainment 
of health professional’s adherence to clinical practice guidelines, only 
seven of 18 evaluations illustrated 100% sustainment of professional 
adherence more than 1 year after active implementation (8). There is 
no agreed definition of what constitutes a successful rate of 
sustainment (11). However, recent definitions emphasize the need for 

the target behavior change or practice to be maintained to a level that 
continues to produce benefits for individuals or the system (10–12).

Although the effects of implementation interventions often reduce 
over time, little is known about when, how quickly, and to what extent 
such reductions occur. According to the Dynamic Sustainability 
Framework, sustainability is a dynamic process that is impacted by the 
continually changing environment in which the intervention/model 
of care is being delivered (13). To ensure that sustained delivery is 
optimized and appropriate support is provided, continuous 
monitoring, evaluation, and refinement of the intervention and 
implementation strategies are required (13).

To adequately assess and understand the complex process of 
sustainability, longitudinal designs (10, 14) and statistical analyses that 
allow modeling of complex, non-linear relationships are necessary (14). 
Measurement of sustainment should also be considered from the outset 
of the implementation process, rather than at the end, when it may be too 
late to identify when improvements or additional support are needed 
(13). Due to short funding periods and the difficulties of undertaking 
continual data collection, long-term assessments are rare (14). Several 
examples do exist, where data across multiple time points have been used 
to gain a greater understanding of how implementation effects change 
over time (15, 16). In one study conducted in the general practice setting 
in Forth Valley, Scotland, (16) an interrupted time series was used to 
examine how prescribing rates changed during and following a 12-month 
quality improvement intervention. An improvement in high-risk 
non-steroidal anti-inflammatory drugs was found at the end of the 
intervention period, but also that such effects began to wane in the 
12 months following the intervention phase (16). In another example, 
(15) post-hoc analyses of a cluster randomized controlled trial conducted 
in 20 hospitals across three Australian states, examining thrombolysis 
rates across time, illustrated initial improvements toward the end and 
directly after active implementation support, followed by rapid declines 
thereafter (15). These studies illustrate the advantages of assessing 
implementation effects across time in terms of understanding the 
potential for sustainment and if and when additional support and 
improvements may be  needed. There are also examples where the 
implementation and/or sustainment of alcohol screening and brief 
behavioral interventions generally (17), and in the context of maternal 
health specifically (18), have been investigated. While these studies 
provide important insights into the potential barriers and facilitators of 
implementing and sustaining these interventions, these studies use 
predominately qualitative and case study methods, which do not allow 
for a comprehensive assessment of how implementation rates change 
over time. We are unaware of similar studies that assess implementation 
changes over time that address the sustainment of antenatal care 
addressing alcohol consumption.

The randomized controlled stepped-wedge trial undertaken by 
Doherty et al. (6) provides a unique opportunity to undertake a secondary 
analysis of women’s receipt of guideline-recommended care in relation to 
alcohol consumption over time. While the primary analysis followed 
recommended practice for a stepped-wedge design (19), it only informs 
us whether the level of care received is on average higher across the entire 
post-implementation period combined, compared to the 

Abbreviations: AUDIT-C, Alcohol Use Disorders Identification Test-Consumption; 

CATI, Computer-Assisted Telephone Interview.
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pre-implementation period combined. It does not examine whether the 
observed increase in recommended care changes after active 
implementation support has ended. In this study, many, but not all the 
practice change strategies, were intended to continue to support the 
delivery of the recommended model of care following the implementation 
period, with the primary exceptions being the withdrawal of the clinical 
champion and educator and the provision of academic detailing and audit 
and feedback. Thus, an examination of how care continued to be delivered 
post-active implementation support will provide an opportunity to assess 
whether implementation effects are being sustained, or if and when 
additional support may be needed to support long-term sustainment. In 
this study, the three participating sectors were randomly allocated to one 
of three wedges. Each wedge started with baseline data collection (or 
pre-implementation phase) and then moved one by one into receiving the 
multi-strategy implementation intervention (or implementation phase), 
which lasted for 7 months. This was followed by a period of post-
implementation data collection (or post-implementation phase), which 
ranged from 9 months for sector three to 21 months for sector one (see 
Figure 1 for a depiction of sector one’s research phases). The extended 
follow-up data collection for sector one provides an ideal opportunity to 
explore the sustainment of this implementation intervention and assess 
whether care changed during the post-implementation phase following 
receipt of the implementation intervention.

In a secondary analysis of data collected from public maternity 
services located in the largest health sector (i.e., a geographically and 
administratively defined region overseeing healthcare services in that 
region) from the original stepped wedge trial conducted by Doherty 
et al. (6), we aimed to:

 1. Assess the rate of change in the receipt of care post-
implementation for all antenatal visits combined (primary  
analysis).

 2. Assess the rate of change in the receipt of care post-
implementation separately by antenatal visit (i.e., initial and 
subsequent visits).

 3. Identify specific points during post-implementation where the 
rate of change in care received is more rapid.

 4. Describe the extent of care receipt at the end of each 
implementation phase and directly following key time points 
identified for all antenatal visits combined.

Methods

Study design and setting

We conducted an exploratory secondary analysis of data collected 
during a randomized stepped-wedge controlled trial, which assessed 

the effect of a multi-strategy practice change intervention on the 
delivery of recommended antenatal care addressing alcohol 
consumption by women during pregnancy by healthcare providers (6, 
20) (Registration number: ACTRN12617000882325, date registered: 
16/06/2017). Human research ethics approval was obtained from the 
Hunter New England Human Research Ethics Committee (HNELHD: 
16/11/16/4.07), the University of Newcastle (H-2017-0032), and the 
Aboriginal Health and Medical Research Council (1236/16).

All 28 public maternity services within three sectors of the Hunter 
New England Local Health District of New South Wales, Australia, 
participated in the trial (conducted between July 2017 and May 2020). 
For this secondary analysis, only data from sector one were re-analyzed 
as insufficient data were available from the other two sectors, and 
sector one had the longest period of data collection for the post-
implementation period (~17 months), making it the most suitable for 
this analysis. Data from all three sectors could not be combined as 
each sector moved through the phases of implementation at different 
time points. Data collection for sector one is described in Figure 1. For 
this secondary analysis, the last 4 months of data were excluded due 
to unexpected disruptions caused by COVID-19.

Participants

The implementation intervention was delivered to all public 
maternity services, comprising 14 antenatal care teams for sector one.

Pregnant women were eligible to complete a study survey if they 
were between 12 and 37 weeks gestation; were attending the maternity 
service for either their scheduled first antenatal, 27–28 week gestation, 
or their 35–36 week gestation antenatal visit in the preceding week; 
were ≥ 18 years; had a sufficient level of English and were mentally 
and physically capable of completing the survey; and were receiving 
the majority of their antenatal care via the public health system. 
Women who had already given birth, had a negative pregnancy 
outcome, had completed a survey within the last 4 weeks, or had 
previously declined participation were ineligible.

Every week, a random sample of 105 eligible women from all three 
sectors was generated using the appointment system and medical record 
data; approximately 75% were recruited from sector 1. The percentage 
of women selected per week was equal for those attending their initial 
visit (~29%) and 27–28 week gestation visit (~29%). There was a slight 
oversampling of women attending their 35–36 week gestation visit 
(~43%) to allow for a higher proportion becoming ineligible due to 
giving birth. Selected women were sent a study information sheet, and 
non-Aboriginal women were called 1 week later and invited to complete 
the survey via computer-assisted telephone interview (CATI) or online. 
Based on advice received regarding culturally appropriate survey 
approaches for Australia’s First Nations peoples, women who identified 

FIGURE 1

Overview of study phases illustrating the number of months of data collection for each of the phases of pre-implementation, implementation, and 
post-implementation.
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as Aboriginal or Torres Strait Islander origin and/or were attending an 
Aboriginal Maternal Infant Health Service were sent a text inviting 
them to complete the survey via CATI or online (6).

Model of care

Healthcare providers were supported to provide women with the 
following three elements of guideline-recommended care during their 
antenatal visits at three time points: initial visit, 27–29 weeks gestation, 
and 35–37 weeks gestation:

 1. Assessment of alcohol consumption using a validated tool: 
Healthcare providers were to use the three-item Alcohol Use 
Disorders Identification Test-Consumption (AUDIT-C) tool 
(21, 22) to assess all pregnant women’s alcohol consumption.

 2. Provision of brief advice regarding the potential harms of alcohol 
consumption during pregnancy and recommend abstinence: All 
women were to be  advised that it is safest not to consume 
alcohol during pregnancy and of the potential risks associated 
with alcohol consumption during pregnancy.

 3. Referral of women to appropriate support services based on their 
level of alcohol consumption risk: Women with alcohol 
consumption classified as medium risk (AUDIT-C score: 3–4) 
were to be  referred to the free government Get Healthy in 
Pregnancy telephone coaching service (23) with Aboriginal 
women also offered referral to counseling at Aboriginal 
Community Controlled Health Services. Women with alcohol 
consumption classified as high risk (AUDIT-C score: 5 +) were 
to be referred to the drug and alcohol service provided by the 
health district.

Implementation intervention

To support the implementation of this model of care, a multi-
strategy practice change intervention was delivered over a 7-month 
period (between February and August 2018 for sector one). The 
intervention is described in full in the study protocol (20) and primary 
outcome paper (6). It was designed to address the key impediments to 
increasing and sustaining the delivery of the recommended model of 
care (5). Strategy selection, content, and delivery were informed by 
current evidence, behavior change experts, practitioner input, and 
cultural inclusion informed by Aboriginal women, Aboriginal health 
staff, and local community members and organizations. Broadly, the 
strategies included leadership and managerial supervision, 
development of local clinical practice guidelines, electronic prompts 
and reminders, dedicated clinical champions, provision of educational 
materials and meetings, academic detailing and audit and feedback, 
and monitoring and accountability for the performance of the delivery 
of healthcare. Five of the seven strategies were designed to 
be  integrated within the maternity service’s usual systems and 
processes, with the intention they would continue as part of routine 
practice to support the delivery of the recommended model of care 
following the implementation period and without the external support 
provided as part of the practice change intervention. Only the 
dedicated clinical champion and educator, and the provision of 
academic detailing and audit and feedback strategies were not 
continued following the implementation period.

Data collection and outcomes

Data from pregnant women were collected continuously on a 
weekly basis for the entire 35-month study period (see Figure 1).

Characteristics of participating women

Women reported their age, Aboriginal and Torres Strait Islander 
origin, education, employment, marital status, first/subsequent 
pregnancy status, and the antenatal care providers they saw during 
their visit in the self-report surveys. Women also completed the 
AUDIT-C (21, 22) as a measure of their alcohol consumption risk 
level. Total scores are classified as no risk (0); low risk (1–2); medium 
risk (3–4); and high risk (5+) (24).

Receipt of recommended model of care

Women were asked to indicate (yes, no, or do not know) whether 
they received each of the elements of recommended care during their 
recent antenatal visit. Specifically, they were asked (i) whether their 
healthcare provider assessed their alcohol consumption with 
question/s consistent with the AUDIT-C, (ii) whether they were 
advised not to consume alcohol during pregnancy and on the potential 
risks associated with consuming alcohol, and (iii) whether they were 
offered a referral for further support for abstaining from alcohol 
consumption during pregnancy.

The primary outcomes were the proportion of women who received 
(i) assessment via the AUDIT-C; (ii) both components of advice (i.e., 
advised not to consume alcohol while pregnant and of the potential risks 
associated with consuming alcohol); (iii) complete care appropriate to 
alcohol risk level (both components of advice and offer of referral if 
medium or high risk); and (iv) all components of guideline-
recommended care appropriate to alcohol risk level (i.e., assessment and 
complete care). Consistent with the original trial, all outcomes were 
assessed across all visits combined (i.e., initial antenatal visit, 27–29 weeks 
gestation, and 35–37 weeks gestation) (6). However, due to significant 
differences in the effects observed on outcomes in the later appointments 
(i.e., 27–29 weeks gestation and 35–37 weeks gestation) (6), we  also 
assessed all outcomes separately for initial and subsequent visits (i.e., 
27–29 weeks gestation and 35–37 weeks gestation).

Statistical analysis

All analyses were conducted in R version 4.1.0 (25). Linear 
segmented regression models were conducted for each of the outcomes 
across all visits combined (primary analysis), as well as separately for 
initial and subsequent visits. Data were assessed for autocorrelation, 
which was not present. Three segments, one for each of the 
implementation phases (i.e., pre-implementation, implementation, 
and post-implementation), were specified in each model. No 
confounders were included in the models. A break-point analysis for 
all antenatal visits combined was conducted to estimate additional 
segments in the post-implementation phase where rates changed more 
rapidly. The regression coefficient (representing the percentage change 
in outcomes per week), 95% confidence intervals, and Type III p-value 
are reported. Descriptive statistics were used to describe the levels of 
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care received by women for the last 4 weeks of each implementation 
phase and following any significant break points identified. An alpha 
level of 0.05 was used to determine statistical significance.

Results

Participants

A total of 9,474 women were sampled over the entire study period, 
of which 5,996 (63%) were eligible to participate. Of eligible women 
contacted, 4,927 (82%) consented to complete a survey, with 4,909 
(82%) completing a survey. The characteristics of participating women 
were similar across implementation phases (see Table 1).

Aim 1: rate of change in the receipt of care 
post-implementation for all antenatal visits

Table 2 presents the average weekly change in the proportion 
women, for all antenatal visits combined, reporting receipt of each 
element of guideline-recommended care during the 

post-implementation phase. Positive values represent an average 
weekly increase in the receipt of care, while negative values represent 
an average weekly decrease. A visual representation of the change for 
all components of guideline-recommended care appropriate to alcohol 
risk level (i.e., assessment and complete care) across all three phases 
of implementation (i.e., pre-implementation, implementation, and 
post-implementation) is shown in Figure 2 and for all other outcomes 
in the Supplementary File.

Following an increase in recommended care during the 
implementation phase (Figure 2 and Supplementary File 1), all outcomes 
illustrate a significant decrease in the rate of care receipt during the post-
implementation phase except for “assessment of alcohol and level of risk 
using the AUDIT-C and complete care relative to risk level,” which had 
a non-significant decrease with an average change of −0.36% (95%: 
−0.72, 0.00) per week (see Figure 2). For all other outcomes, the average 
weekly decrease in the receipt of care was statistically significant and 
ranged from −0.63% (95% CI: −1.10, −0.22) for “complete brief advice” 
to −1.00% (95% CI: −1.40, −0.52) for “advice safest not to drink” (see 
Table  2). A potential outlier in the post-implementation phase was 
observed for the outcome “assessment for alcohol consumption and 
level of risk using the AUDIT-C.” However, sensitivity analysis removing 
the outlier did not result in a meaningful difference in the results 

TABLE 1 Sector one participant characteristics.

Characteristics Pre-implementation Implementation Post-implementation

Months of data collection 8.5 6.25 16.5

Total number of responses 1,309 (82.6%) 1,028 (81.5%) 2,572 (80.0%)

Participants

Age

  18- < 25 240 (18%) 138 (13%) 375 (15%)

  25- < 35 840 (64%) 687 (67%) 1,634 (64%)

  35+ 228 (17%) 203 (20%) 563 (22%)

  Aboriginal and/or Torres Strait Islander origin 70 (5%) 61 (6%) 117 (5%)

Education level

  Completed high school or less 362 (28%) 285 (28%) 652 (25%)

  TAFEa or diploma 481 (37%) 366 (36%) 893 (35%)

  University 465 (36%) 377 (37%) 1,026 (40%)

Employment status

  Employed 908 (69%) 755 (73%) 1898 (74%)

  Not employed 400 (31%) 272 (26%) 674 (26%)

Marital status

  Married or partnered 1,152 (88%) 901 (88%) 2,297 (89%)

  Single 155 (12%) 126 (12%) 274 (11%)

Geographic remoteness

  Major city 1,148 (88%) 880 (86%) 2,291 (89%)

  Inner/outer regional/remote 161 (12%) 147 (14%) 282 (11%)

Area of disadvantageb

  Least disadvantaged 732 (56%) 577 (56%) 1,414 (55%)

  Most disadvantaged 577 (44%) 450 (44%) 1,157 (45%)

First pregnancy 552 (42%) 402 (39%) 1,033 (40%)

aTAFE, technical and further education. In this context, it refers to participants with a technical certificate as their highest level of education.
bIndex of relative socio-economic disadvantage (33) was used to classify area of disadvantage.
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(−0.66% to −0.63% per week, see Supplementary File 1 Figure S2). As 
this outlier was not an error, it was not removed from the analysis.

Aim 2: rate of change in the receipt of care 
post-implementation separately by 
antenatal visit

Initial visit only
Five of the six outcomes illustrated a significant decrease in the 

receipt of recommended care once initial implementation ended (see 
Table 2 and Supplementary File 2). There was minimal change in the 
rate to which women attending their initial visit received “assessment 
of alcohol consumption and level of risk using the AUDIT-C,” with a 
non-significant decrease observed for this outcome (Table  2 and 
Supplementary File 2 Figure S1).

Subsequent visits only
All outcomes illustrated a significant decrease in the receipt of 

recommended care once initial implementation ended (see Table 2 
and Supplementary File 3).

Aim 3: identify specific points during 
post-implementation where the rate of 
change in the receipt of care is more rapid

The results from the break-point analysis are illustrated in 
Supplementary File 4. All outcomes except “assessment of alcohol 
consumption and level of risk using the AUDIT-C,” illustrated an 
immediate and rapid decline in the receipt of care post-implementation, 
until approximately 30 weeks post-implementation. From 30 weeks post-
implementation, the rates of care appear to stabilize. The outcome 
“assessment of alcohol consumption and level of risk using the 
AUDIT-C” illustrates an immediate decline until approximately 60 weeks 
when rates begin to stabilize (Supplementary File 4 Figure S1). However, 
when a potential outlier for this outcome is removed, the break-point 

analysis suggests an immediate and rapid decline until approximately 
9 weeks post-implementation (Supplementary File 4 Figure S2).

Aim 4: the extent of care receipt at the end 
of each implementation phase and directly 
following key time points from the 
break-point analysis

Table 3 presents the percentage of women receiving care for the 
last 4 weeks of each implementation phase (i.e., pre-implementation, 
implementation, and post-implementation) and for the 4 weeks 
following 30 weeks post-implementation as this was identified as a 
significant break point for all but one outcome. The percentage of 
women receiving recommended care was low at pre-implementation, 
then increased during active implementation, and then reduced 
during post-implementation. However, the percentage of women 
receiving recommended care post-implementation never reduced to 
pre-implementation levels for any of the outcomes.

Discussion

This study used existing data from a stepped-wedge randomized 
controlled trial to explore the change in recommended antenatal care 
delivery following an effective implementation intervention. It 
overcomes existing limitations of the field by using an appropriate 
analytic approach to explore changes in outcomes across the 
implementation process, using recently collected data (14). It helps to 
identify if and when the implementation intervention effects may 
reduce (“wash out”), and when additional support may be required. 
Encouragingly, rates of care receipt were positively influenced by the 
implementation intervention (6). However, rates for all outcomes 
declined after the implementation phase ended, with immediate and 
more rapid declines appearing to occur for all but one outcome until 
approximately 30 weeks following the completion of implementation 
support. For most outcomes, the prevalence of care seemed to stabilize 

TABLE 2 Weekly change in the delivery of recommended care across the post-implementation phase for all antenatal visits combined and separately by 
initial visit and subsequent visits.

Outcome Post-implementation % change per week (95% CI)

All visits combined Initial visit Subsequent visits

Assessment of alcohol consumption and 

level of risk using the AUDIT-C

−0.66 (−1.1, −0.26; p = 0.002)* −0.20 (−0.86, 0.46; p = 0.5) −0.97 (−1.4, −0.53; p < 0.001)*

Complete brief advice (safest not to 

consume and potential risks)

−0.63 (−1.1, −0.22; p = 0.003)* −1.1 (−1.9, −0.33; p = 0.006)* −0.50 (−1.00, −0.01; p = 0.044)*

  Component one of brief advice: 

advice safest not to drink

−0.98 (−1.4, −0.52; p < 0.001)* −0.96 (−1.7, −0.22; p = 0.011)* −1.1 (−1.7, −0.49; p < 0.001)*

  Component two of brief advice: 

advice on potential risks

−0.80 (−1.3, −0.28; p = 0.003)* −1.2 (−2.0, −0.37; p = 0.005)* −0.75 (−1.4, −0.09; p = 0.025)*

Complete care relative to risk level 

(complete brief advice and referral)

−0.64 (−1.1, −0.22; p = 0.003)* −1.1 (−1.9, −0.31; p = 0.007)* −0.51 (−0.99, −0.02; p = 0.040)*

Assessment of alcohol consumption and 

level of risk using the AUDIT-C and 

complete care relative to risk level

−0.36 (−0.72, 0.00; p = 0.050) −0.40 (−0.76, −0.03; p = 0.034)* −0.40 (−0.76, −0.03; p = 0.034)*

*Statistically significant rate of weekly change at p < 0.05.
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from this point, although longer follow-up assessment is needed to 
confirm if further reductions occur.

These findings illustrate an immediate decline in women’s 
receipt of recommended care once implementation support 
ended, regardless of what antenatal visit women were attending, 
and despite the intervention including a number of 
implementation strategies that were ongoing through integration 
with existing resources and systems, such as those that were 

believed to support sustainment due to their system-level 
technological changes, including reminders built into the existing 
medical record system. However, for two of the 18 outcomes, this 
decline was not statistically significant, one of which was for 
outcomes assessed in women attending their initial visit. This is 
not surprising as the rates of recommended care delivered prior 
to the implementation intervention were higher for women 
attending their initial visit compared to those attending a 

FIGURE 2

Fitted values of a linear segmented regression model including all antenatal appointments for outcome assessment of alcohol consumption and level 
of risk using the AUDIT-C and complete care relative to risk level. General Equation ( ) ( )α β α β α β= + + + + +0 0 1, 1 1 2, 2 2Y t X t X tt t t . The two factor 
variables 1,X t and 2,X t  are used in combination to indicate the pre-implementation ( = =0, 0 )1, 2,X Xt t , implementation ( = =1, 0)1, 2,X Xt t , and post-
implementation ( = =0, 1)1, 2,X Xt t  periods. For each of these phases, the α i represents intercepts or changes in intercept for the respective 
implementation phases, and β i represents the trend of the phase or the change in trend from the previous phase.

TABLE 3 Percentage of women reporting receipt of recommended care elements for the last 4 weeks in each implementation phase and at 30 weeks 
post-implementation for all antenatal visits combined.

Outcome Percentage of women reporting receipt of each recommended care elements

Pre-implementation 
(n = 178 women)

Implementation 
(n = 161 
women)

30 weeks post-
implementation 
(n = 177 women)

End of post-
implementation 
(n = 126 women)

Assessment of alcohol consumption and level of 

risk using the AUDIT-C

27% (n = 48) 45% (n = 73) 44% (n = 77) 37% (n = 46)

Complete brief advice (safest not to consume and 

potential risks)

16% (n = 29) 35% (n = 57) 25% (n = 44) 22% (n = 28)

  Component one of brief advice: advice safest not 

to drink

32% (n = 57) 56% (n = 90) 45% (n = 79) 41% (n = 52)

  Component two of brief advice: advice on 

potential risks

21% (n = 37) 41% (n = 67) 31% (n = 54) 29% (n = 36)

Complete care relative to risk level (complete brief 

advice and referral)

16% (n = 28) 35% (n = 57) 25% (n = 44) 22% (n = 28)

Assessment of alcohol consumption and level of 

risk using the AUDIT-C and complete care relative 

to risk level

11% (n = 19) 25% (n = 41) 16% (n = 29) 17% (n = 22)
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subsequent visit (6). Furthermore, the implementation 
intervention was found to have a greater effect on outcomes for 
women attending their subsequent visits than those attending 
their initial visit (6); thus, there was the potential for a greater 
level of implementation effect to be  lost for women attending 
subsequent visits as rates of recommended care were already high 
for initial visits. The findings are consistent with systematic 
reviews and individual trials that have identified a decline in 
implementation following the withdrawal of funding or 
completion of implementation support (8, 9, 15, 26). The findings 
highlight the difficulties in sustaining long-term changes in 
clinical care, which are likely impacted by a range of 
organizational and outer environmental factors that can change 
rapidly over time (e.g., staffing, policies, regulations, and 
evidence) (27, 28). As recommended, ongoing monitoring and 
adaptation of the intervention and implementation support may 
be needed to ensure that successful practice changes continue to 
fit and are integrated within changing clinical environments (27). 
In this specific instance, additional support may need to 
be considered within 30 weeks following implementation.

It is likely that an array of contextual factors impact the 
declines observed in this study. However, our understanding of 
the clinical setting and existing evidence suggests that two 
possible factors may have had an impact on the sustainment of 
recommended care being delivered. First, a lack of capacity or 
capability for clinicians to provide recommended care due to the 
withdrawal of the specifically trained clinical champion who 
educated and supported clinicians during this trial, and the 
provision of academic detailing and audit and feedback, with 
evidence suggesting that clinical champions in particular are 
influential to sustainment (10, 17, 29). The second relates to 
reductions in the number of staff who had been exposed to the 
initial implementation intervention due to regular clinical 
rotations and workforce turnover. Post-implementation surveys 
with staff 12 weeks after the intervention found that only 
approximately 70% had received the training. The high rotation 
of staff from antenatal clinics may reduce the impact of a number 
of the implementation strategies, including educational meetings, 
academic detailing, and support from clinical champions (30). 
Additional strategies, such as booster education for existing staff 
and inclusion of training in the orientation of new staff, may 
be  needed to ensure sustainment. Working with services to 
develop education and training that can be incorporated, as much 
as possible, into current systems and workflows will be necessary 
to ensure that such strategies can be  embedded into routine 
practice. We are currently testing the impact and feasibility of 
delivering such sustainment strategies in the maternal health 
setting (31).

Limited research has been conducted on sustainability-specific 
strategies to address declines following effective implementation 
support. We  are aware of one systematic review that assessed 
sustainability strategies, which focused on public health interventions 
(32). Only six of the 26 included studies reported the use of strategies 
specifically to support sustainment (32). The effect of such strategies 
was not assessed, providing limited knowledge as to which strategies 
maybe most effective. Further research is required that involves the 
development and conduct of specific sustainability trials aimed at 

supporting the long-term receipt of recommended care generally and 
addressing pregnant women’s consumption of alcohol specifically (31).

Limitations

This is a secondary analysis. The design and sample size were not 
developed a priori to undertake this study. Consequently, the findings 
should be interpreted as hypothesis and concept generating only. Only 
one of the three sectors from the primary trial was included, due to 
the small sample sizes within the other two sectors. Finally, we only 
assessed implementation rates until 17 months post-implementation, 
which is contrary to recommendations that sustainment should 
be  considered from 2 years post-implementation. However, our 
finding that care delivery reduced by the end of the 17-month post-
implementation period highlights the need to consider issues relating 
to sustainment earlier in the implementation continuum.

Conclusion

This secondary analysis provided an opportunity to explore the 
rate, time points, and extent of change in women’s receipt of 
recommended antenatal care addressing alcohol consumption during 
pregnancy, following the withdrawal of effective implementation 
support. Consistent with previous research, we found that the effects 
of the implementation intervention declined after active 
implementation were completed. However, for most outcomes, this 
decline appears to stabilize from approximately 30 weeks post-
implementation. The results suggest the potential need for additional 
sustainability strategies initially after the withdrawal of implementation 
support to ensure that the benefits of delivering guideline-
recommended care are continued long term.
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