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Abstract Objectives Gestational diabetes mellitus (GDM)
substantially increases a woman’s lifetime risk of devel-
oping type 2 diabetes mellitus (DM). Lifestyle modification
interventions have been effective in preventing DM in
high-risk populations but present challenges in diverse,
postpartum women. We systematically reviewed the liter-
ature to synthesize current knowledge and practices around
tailoring multimodal, primarily home-based interventions
for situational and cultural relevance to reduce DM risk in
women with prior GDM. Methods We identified original
research articles published from January 2000 through July
2015 describing randomized controlled trials testing mul-
timodal interventions to reduce DM risk in women with
prior GDM. We compared articles by study objective,
delivery modes, intervention components, degree of indi-
vidualization, theoretical basis, design, population, out-
come variables, and findings. Results Ten studies met the
inclusion criteria. Telephone and mailings (n = 7) and
websites (n = 3) were the primary modes of participant
contact in these primarily home-based interventions. These
studies demonstrate that individualizing interventions may
contribute to increased postpartum weight loss and
improved dietary behaviors; however, researchers remain
challenged to improve physical activity in this population.
Additionally, even when testing primarily home-based
interventions, recruitment rates were very low, underscor-
ing challenges of engaging this population in lifestyle
changes. Conclusions Postpartum interventions addressing
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the broader social-ecological dimensions of health behav-
iors should be tested in women with prior GDM.
Researchers and clinicians must continue to explore ways
to engage women, including women’s families and com-
munities, in interventions to adequately address the
sociocultural determinants that affect women’s lifestyle
behaviors impacting their DM risk.

Keywords Gestational diabetes mellitus - Type 2 diabetes
mellitus - Prevention - Postpartum - Lifestyle intervention

Significance

Several pilot and feasibility studies have demonstrated
promise in improving health behaviors to reduce diabetes
risk in women with prior GDM yet, larger randomized
controlled trials are needed to assess the efficacy of post-
partum lifestyle interventions on curbing diabetes pro-
gression in this population. Given the persistent challenges
of engaging women with prior GDM in lifestyle behavioral
change interventions, greater effort should be made to
engage women’s families and communities to provide
necessary social support. Researchers must design and test
interventions accounting for the broader social-ecological
determinants of postpartum women’s health behaviors in
addition to individual-level determinants.

Introduction
Current prevalence estimates of type 2 diabetes mellitus
(DM) in the United States (U.S.) approach 29.1 million, or

9.3 % of the U.S. population, and ethnic minority popu-
lations experience DM disproportionately (Centers for
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Disease Control and Prevention 2014). Women with a
history of gestational diabetes mellitus (GDM), or glucose
intolerance first diagnosed during pregnancy, are fre-
quently overlooked for primary prevention of DM
(McCloskey et al. 2014). This population has a seven to
12-fold lifetime risk for the subsequent development of
DM with a 20-50 % chance of developing DM in the
5-10 years following the index GDM pregnancy (Ameri-
can Diabetes Association 2014; Bellamy et al. 2009).
Furthermore, DM develops disproportionately among eth-
nically diverse women with prior GDM, with cumulative
incidence approaching 60-70 % in East Indian and
American Indian women, respectively (Kim et al. 2002).
Importantly, a post hoc analysis of racially and ethnically
diverse women with self-reported, remote histories of
GDM in the Diabetes Prevention Program (DPP) demon-
strated that women randomized to an intensive lifestyle
program, aimed at reducing weight and increasing physical
activity, had a 53 % risk reduction for DM (Ratner et al.
2008). Observational 10-year follow-up of this landmark
study revealed that both lifestyle changes and metformin
were highly effective in reducing DM progression in
women with prior GDM (Aroda et al. 2015).

Since GDM diagnosis may heighten a woman’s risk
perception for her health and that of her offspring, recent
motherhood presents an underappreciated window of
opportunity for prevention (Bentley-Lewis et al. 2008;
Jones et al. 2012; Nicklas et al. 2011). However, imple-
menting interventions to reduce weight and increase
physical activity in this population is challenging due to
women’s competing priorities and demands (Ferrara and
Ehrlich 2011). Researchers, clinicians, and communities
are challenged to identify effective ways to address the
complex individual, interpersonal, and sociocultural factors
that impact women’s lifestyle behaviors during and fol-
lowing GDM-affected pregnancy.

Despite demonstrated efficacy of lifestyle behavioral
modification in preventing DM (Knowler et al. 2009),
relatively little is known regarding how to effectively
translate prevention in high-risk, ethnically diverse women
with prior GDM. Tailoring interventions for situational and
cultural relevance has emerged as a promising approach to
eliminate health disparities in vulnerable populations (In-
stitute of Medicine 2003). Numerous barriers to postpartum
lifestyle changes exist for women with prior GDM, and
these same barriers may make it difficult to engage women
in face-to-face interventions (Jones et al. 2015; Nicklas
et al. 2011; Razee et al. 2010). Therefore, the purpose of
this systematic review was to synthesize current knowledge
and practices around tailoring multimodal interventions for
situational and cultural relevance to reduce DM risk in
women with prior GDM. We followed the framework for
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) to report our findings (Moher
et al. 2009).

Methods

We systematically searched MEDLINE and CINAHL
databases to identify relevant English language, original
research articles published electronically or in print from
January 2000 through July 2015. The lead author con-
ducted the final search in August 2015. Search terms
included: gestational diabetes mellitus, type 2 diabetes
mellitus, prevention, health behavior, postpartum, post-
partum program, and lifestyle intervention. Inclusion cri-
teria were: (a) study sample of women with prior GDM;
(b) lifestyle modification intervention to reduce DM risk;
(c) multimodal, primarily home-based intervention, thus
not fully reliant on face-to-face mode of delivery; (d) clear
elements of situational and/or cultural tailoring in inter-
ventions; (e) randomized controlled trial (RCT). We lim-
ited the review to quantitative studies that described
completed or recently launched interventions.

We used a two-step exclusion process to identify
relevant articles. First, the study’s lead author reviewed
the titles and abstracts to determine if they met inclusion
criteria. If there was concern about inclusion, the other
authors reviewed the article to determine if the article
met inclusion criteria. After excluding duplicates and
irrelevant articles, the lead author and second author
then reviewed each remaining full article to determine if
it met the criteria. We categorized included articles
according to whether the intervention was initiated
during pregnancy and continued postpartum or initiated
during the postpartum period. We compared articles by
study objective, intervention delivery modes, interven-
tion components, degree of individualization, theoretical
basis, design, population, outcome variables, and find-
ings, when applicable (Tables 1, 2). We assessed risk of
bias at the study-level using the domain-based evaluation
recommended by the Cochrane Collaboration (Higgins
and Green 2011).

Results

The initial search yielded 805 articles (Fig. 1); after
screening to remove duplicates and irrelevant articles, we
identified 38 full-text articles to be reviewed in-depth by
two authors (H.E.F., E.J.J.). This resulted in the selection
of 19 articles for full review; nine of these met inclusion
criteria. We hand-searched articles included in two relevant
systematic reviews (Chasan-Taber 2015; Morton et al.
2014) and identified one additional article for inclusion.
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805 articles identified in initial
database search

v

522 articles screened

v

38 full-text articles assessed for
eligibility by two authors

v

9 articles met inclusion criteria I

v

Hand searches of two systematic
reviews led to identification of one
more article that met inclusion criteria

v

10 articles included in
systematic review

Fig. 1 Identification of articles for systematic review

Therefore, we will present results from a final sample of
ten articles.

Multimodal Interventions Initiated During
Pregnancy

Telephone and Mailings as Primary Modes of Contact

Three RCTs were initiated during the third trimester of
pregnancy, soon after confirmation of GDM (Tables 1, 2).
Of these, one pilot RCT and two RCT protocols described
health-behavior change interventions delivered or to be
delivered primarily via telephone and mailings with mini-
mal or no face-to-face sessions during the studies’ year
long duration. Ferrara et al. (2011) and Chasan-Taber et al.
(2014) included one individual, face-to-face session at the
initiation of the prenatal phase and one at the initiation of
the early postpartum (active) phase. Ferrara et al. (2011)
included a second face-to-face session at the conclusion of
the early postpartum phase. With no face-to-face sessions,
Ferrara et al. (2014) describe an interactive program-
specific website to supplement their intervention’s tele-
phone sessions and mailings.

The completed pilot RCT (Ferrara et al. 2011) included
197 participants; Chasan-Taber et al. (2014) aim to recruit
300 participants, while Ferrara et al. (2014) are recruiting
from a pool of 2320 eligible women. Each study’s

—_ |

—>

a *Not an intervention study to reduce

283 duplicate articles removed

484 articles excluded after title and
abstract screening

29 full-text articles excluded:

diabetes risk among women with prior
gestational diabetes mellitus
*Non-RCT

*Primary mode of intervention delivery
was face-to-face

*No cultural tailoring

*No situational tailoring

intervention is divided into three distinct phases: prenatal
(third trimester), early postpartum (6-weeks to 6- to
7-months postpartum), and late postpartum (6- to 7-months
to 12 months postpartum). The goal of the prenatal phase
focuses on optimizing gestational weight gain and on
preparing women for DM prevention following GDM; in
the pilot RCT (Ferrara et al. 2011), this phase also aimed to
increase women’s breastfeeding support following deliv-
ery. The shared goal of the interventions’ second (active)
phase is to assist women to set postpartum dietary, physical
activity, and weight loss goals and problem-solve around
barriers to achieving those goals. The goal of the inter-
ventions’ third (maintenance) phase is to foster women’s
independence in maintaining positive behavior changes
established in the active period.

These three highly individualized interventions reflect
situational and cultural relevance for a racially and ethni-
cally diverse sample of women with GDM in northern
California (Ferrara et al. 2011, 2014) and Hispanic women
with GDM in western Massachusetts (Chasan-Taber et al.
2014). Both studies by Ferrara and colleagues were adapted
from the DPP, but by using telephone sessions and mail-
ings as the primary modes of participant contact, rather
than individual, face-to-face counseling sessions, each
intervention was tailored for recent motherhood. These
interventions seek to accommodate women’s busy lives
and limited time for face-to-face interaction and to promote
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Table 1 Multimodal postpartum lifestyle interventions to reduce diabetes risk among women with gestational diabetes

Reference
(author, year)
Study name

Study outcomes

Intervention—modes of Application  Target population

engagement and duration of
of phases behavioral
theory

Findings

Interventions initiated during pregnancy

Chasan-Taber (1) Postpartum weight
et al. 2014 reduction (return to
Estudio Parto prepregnancy weight if
normal, lose 5 % of
prepregnancy weight if
overweight)
(2) 150 min/week of
moderate intensity PA

(3) Reduction in caloric
intake, reduced portion
size, appropriate
modification to ethnic
recipes, increased fruit
and vegetable intake

Ferrara et al.
2011

Diet, exercise,

(1) Postpartum weight
reduction (return to
prepregnancy weight if

and normal, lose 5 % of
breastfeeding prepregnancy weight if
Intervention overweight)

(DEBI) (2) 150 min/week of

moderate intensity PA

(3) Reduction in caloric
intake; 25 % daily
calories from fat

(4) Exclusive
breastfeeding for
6 months

SCT
TT™M

Introductory phase: first
session during pregnancy
(face to face); 3rd
trimester booster session
(telephone and mailings)

Hispanic pregnant
women diagnosed
with GDM at
Baystate Medical
Center in western
Massachusetts

(N = 300)

Active phase: 6-weeks to
6-months postpartum;
first session (face to face);
weekly, biweekly, and
monthly mailed, print-
based materials and
telephone booster calls

Maintenance phase: 6 to
12-months postpartum;
continued telephone
sessions; materials mailed
monthly, then bi-monthly

Note: all mailed materials
are culturally,
linguistically modified,
motivationally targeted,
and individually tailored
based on responses to
monthly mailed tailoring
questionnaires

SCT
TT™M

Women with a GDM
diagnosis between
October 2005 and
May 2008 recruited
from Kaiser
Permanente of
Northern California

(N = 197)

Prenatal phase: first session
during pregnancy (face to
face); two telephone
counseling contacts

Postpartum phase: 6-weeks
to 7-month postpartum;
Women were given the
Diabetes Prevention
Program (DPP) handbook
organized in 16 sessions;
the intervention consisted
of eight adapted sessions;
six of the eight were
telephone sessions; the
first and last sessions were
face-to-face; there were
eight additional sessions
that participants could opt
into if they desired
additional contact

Maintenance Phase:
Initiated after end of
postpartum phase,
continued until 12-months
postpartum; consisted of
three telephone contacts
to reinforce positive
behavioral changes
achieved during core
curriculum

N/A (study underway)

Decreased weight,
decreased dietary fat,
increased breastfeeding
(not statistically
significant) in the
intervention group; no
differences in PA
between groups
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Table 1 continued

Reference Study outcomes Intervention—-modes of Application  Target population Findings
(author, year) engagement and duration of  of
Study name phases behavioral
theory
Ferrara et al. (1) Postpartum Pregnancy phase I: one SCT Women with a GDM N/A (study underway)
2014 weight reduction mailing addressing TT™M diagnosis between
The (2) Postpartum gestational weight gain March 2011 and March
Gestational glycemia, blood Early postpartum phase II: 2012 recruited from
Diabetes’ pressure, 6-weeks to 6-months Kaiser Permanente of
Effects on depression, % postpartum; At 2-weeks Northern California
Moms calories from fat, postpartum, women are (N = 2320)
(GEM) total caloric intake, mailed a workbook of 13
study PA levels sessions; women are
guided through these
sessions over telephone by
lifestyle coach; first session
is 30-minutes, remaining
12 sessions are 15-minutes;
referred to interactive
program-specific website
Late postpartum phase III:
three maintenance letters
between 33 and 52 weeks
postpartum, encouraging
active problem solving of
barriers after contact with
lifestyle coaches has ended
Interventions initiated postpartum
Cheung et al. 150 min/week of Adoption Phase SCT Women with prior Slightly greater % of
2011 moderate intensity (0—6 months): Individual GDM < 4 years women achieved PA goals
PA or 10,000 1-hour session (face to previously; physically in intervention group (not
steps/day for face); pedometers used to inactive; Sydney, statistically significant);
5 days/week set targets and monitor Australia overall, PA targets were
success; scripted telephone (N = 43) not attained

contacts made at 2-, 6-, and
10-weeks to encourage
goals

Maintenance Phase
(6-12 months): Scripted
telephone calls at 26-,
34-weeks; seven mailings
to reinforce behavior
change
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Table 1 continued

Reference
(author, year)
Study name

Study outcomes

Intervention—-modes of
engagement and
duration of phases

Application of
behavioral theory

Target population

Findings

Kim et al.
2012

Mclntyre
et al. 2012

Nicklas et al.
2014

Balance
After Baby

Peacock et al.
2012

Walking for
Exercise
and
Nutrition to
Prevent
Diabetes
for You
(WENDY)

(1) Change in glucose
levels between
baseline and follow
up (primary outcome)

(2) Change in weight
between study arms

(3) Changes in self-
efficacy, risk
perception, and
physical activity
levels

(1) Change in self-
reported planned
physical activity

(2) Change in insulin
resistance, weight,
body composition

Change in body weight
at 12-months from (1)
first postpartum
measured weight; and

(2) Self-reported
prepregnancy weight

(1) Increased weight
loss in intervention
group (primary
outcome)

(2) Changes in hip and
waist measurements,
insulin sensitivity and
body composition,
physical activity, and
self-efficacy in eating
behaviors (secondary
outcomes)

13-week web-based
education intervention
with pedometer
messaging; internet
forum/message board
to facilitate
interaction with other
participants; feedback
about progress
towards goals was
displayed graphically
online and via text
messages

12-week intervention
beginning at 6-weeks
postpartum; initial
face-to-face
consultation with
exercise physiologist
to individualize goals;
telephone contact by
exercise physiologist
1x/week for 4 weeks,
then 1x/week every
2 weeks to assess
progress, promote
accountability, and
provide tailored
support

12-month intervention
(‘Balance after Baby’)
beginning at 6 weeks
postpartum; 12 core
web modules;
telephone or email
sessions with lifestyle
coach were optional;
six optional ‘Balance
after Core’ modules
(to follow the 12
modules)

3-month intervention
beginning between
6-months and 2-years
postpartum; web-
based pedometer
program combined
with 4 week nutrition
coaching workshop
with dieticians at the
local hospital
(involving four 1-hour
face-to-face group
sessions)

No specific theory
reported; relevant
constructs: self-
efficacy, risk
perception,
perceived benefits
and barriers, self-
regulation

SCT

SCT
TT™

No specific theory
reported; relevant
constructs:
behavioral goals,
self-efficacy, social
support

Women with prior
GDM < 3 years
previously; physically
inactive; had access to
email and computer;
southeast Michigan

(N = 49)

Women in immediate
postpartum period
after GDM-affected
pregnancy; Australia

(N = 28)

Diverse, urban-dwelling
women in immediate
postpartum period
after GDM-affected
pregnancy; Boston,
MA

(N=175)

Overweight or obese
women 6-months to
2-years removed from
GDM-affected
pregnancy; had
computer access and
skills; Brisbane,
Australia

(N = 31)

Slightly greater decline
in weight and insulin
resistance in
intervention group
(not statistically
significant); no
significant changes in
behavioral constructs
or physical activity;
no changes in glucose
levels

Increased planned
physical activity in
intervention group
(not statistically
significant); majority
of women in both
groups failed to reach
recommended PA
levels of 150 min/
week; no significant
changes in weight,
insulin resistance, or
body mass index

Decreased weight at
12-months postpartum
in intervention group;
no differences in PA
between groups

Intervention group
significantly reduced
weight and hip and
waist circumference;
there was clinical
improvement in PA
and eating behaviors;
no significant changes
in glucose metabolism
or body composition
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Table 1 continued

Application of

Target population Findings

behavioral theory

Reference Study outcomes Intervention—modes of
(author, year) engagement and duration of
Study name phases
Reinhardt (1) Change in 6-month intervention
et al. 2012 anthropometrics beginning around
(body mass 6-weeks postpartum; self-
index, weight, help booklet mailed to
waist participants; ten
circumference) individualized phone-
(2) Change in diet based sessions lasting
(3) Change in PA 10-30-minutes (weekly
for 5 weeks, then
monthly for 5 months)
Smith et al. (1) Change in 5-month intervention;
2014 nutritional and participants were between

energy intake

(2) Change in
daily PA

6-months and 4-years
postpartum; initial 1-hour
face-to-face counseling
session; telephone

No specific theory
reported; relevant
constructs: health
beliefs, perceived
benefits and
barriers, social
support

No specific theory
reported; relevant
constructs:
behavioral goals,
self-efficacy,
barriers to change

Rural-dwelling women

in immediate
postpartum period
after GDM-affected
pregnancy; New
South Wales,
Australia

(N = 38)

Overweight or obese

women 6-months to
4-years removed
from GDM-affected
pregnancy; New
South Wales,

Intervention group
significantly reduced
total fat intake, total
carbohydrate intake, and
glycemic load, also
increased leisure time
PA; no statistically
significant changes in
total PA level

Decreased caloric, dietary
fat, and carbohydrate
intake in intervention
group; no differences in
PA between groups

support contact 2 weeks
later; 2nd face-to-face
session 2 weeks after
that; four short telephone
contacts made over the
remaining 4 months of
intervention;
supplemented by SMS
messaging and mailed
postcards

Australia
(N =59)

GDM gestational diabetes mellitus, PA physical activity, SCT social cognitive theory, TTM transtheoretical model

accountability via regular contact with a lifestyle coach/
interventionist. Each intervention relied/relies heavily on
using motivational interviewing principles, tailored ques-
tionnaires, and self-monitoring diaries to individualize the
interventions according to women’s goals, preferences, and
available resources. The two RCT protocols specify using
multi-language materials to ensure cultural and linguistic
relevance (Chasan-Taber et al. 2014; Ferrara et al. 2014);
additionally, Ferrara et al. (2014) describe using bilingual
(English/Spanish) lifestyle coaches. In each of these stud-
ies, the authors specified drawing from social cognitive
theory (SCT) (Bandura 1986) and the Transtheoretical
Model (TTM) (Prochaska and Velicer 1997) to address
self-efficacy, social support, and stages of change.
Results from the pilot RCT (Ferrara et al. 2011) indi-
cated that a greater proportion of women in the intervention
arm reached their postpartum weight goals, decreased their
dietary fat intake, and increased breastfeeding compared to
women receiving usual care, although none of these dif-
ferences achieved statistical significance. No differences
were observed between the two groups related to postpar-
tum physical activity. The study was limited by a small
sample size and risk for attrition bias due to loss to follow-
up differences between the intervention and control arms of

the study. Yet, importantly, this pilot study demonstrated
that a lifestyle behavior-change intervention initiated dur-
ing pregnancy and continued through the first postpartum
year is feasible and shows promise for reducing pregnancy
weight retention.

Chasan-Taber et al. (2014) and Ferrara et al.
(2011, 2014) specify procedures to reduce the risk of
detection bias by blinding outcome assessors from
knowledge of intervention allocation. However, given the
nature of the lifestyle interventions and self-reported
measures within the studies, each study presents a high risk
of performance bias due to the participants’ knowledge of
intervention allocation and the added potential for recall or
social desirability biases.

Multimodal Interventions Initiated Postpartum
Telephone and Mailings as Primary Modes of Contact
Seven RCTs were initiated during the postpartum period
(Tables 1, 2). Of these, four Australian studies, including
three pilot RCTs and one RCT, described interventions

delivered primarily via telephone and mailings with no or
minimal (one to two) face-to-face sessions during the
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Table 2 Components of multimodal, home-based interventions to reduce diabetes risk in women with prior gestational diabetes

Reference
(authors,
year)

Telephone
sessions

Mailings Website Supplementary

text messages

Supplementary
face-to-face
sessions

Used multi-
language (English
and Spanish)
materials

Motivational interviewing or
patient-centered counseling with
expert interventionist

Interventions initiated during pregnancy
Chasan- X X X
Taber
et al.
(2014)
Ferrara X X X
et al.
(2011)
Ferrara X X X
et al.
(2014)
Interventions initiated postpartum

Cheung X X X
et al.
(2011)

Kim et al. X X
(2011)

Mclntyre X X
et al.
(2012)

Nicklas X X
et al.
(2014)

Peacock X X
et al.
(2015)

Reinhardt X X
et al.
(2012)

Smithetal. X X X X
(2014)

Xa

% Optional components of the intervention

" Used bilingual (English/Spanish) lifestyle coaches

intervention timeframes, ranging from 12-weeks to 1 year.
Three interventions included one individual, face-to-face
session with an expert interventionist at initiation (Cheung
et al. 2011; Mclntyre et al. 2012; Smith et al. 2014); Smith
and colleagues additionally included a second face-to-face
session 2-weeks after the first. Study samples ranged from
28 to 59 participants. The goal of two interventions was to
improve physical activity and healthy eating behaviors
during the immediate/early postpartum period (Reinhardt
et al. 2012) and within 6 months to 4 years out from a
GDM-affected pregnancy (Smith et al. 2014). The other
two interventions sought only to increase physical activity
during the immediate/early postpartum period (Mclntyre
et al. 2012) and within the first 4 years following GDM
(Cheung et al. 2011).

@ Springer

By using flexible modes of participant contact and
individualizing the interventions at varying degrees, these
interventions reflect situational and cultural relevance for
geographically (rural versus urban) and socioeconomically
diverse samples of women with prior GDM in Australia.
All studies involved patient-centered counseling by expert
interventionists to individualize the interventions in terms
of cultural needs, goal-setting, and ongoing support to
initiate and maintain behavioral change. By using
pedometers, researchers in two studies tailored the inter-
vention according to participants’ baseline physical activity
levels and ongoing progress toward goal achievement
(Cheung et al. 2011; Smith et al. 2014). Reinhardt et al.
(2012) and Smith et al. (2014) also provided participants
with physical activity and dietary journals to promote



Matern Child Health J (2017) 21:45-57

53

behavioral self-monitoring. In addition to telephone calls
and mailings, Smith et al. (2014) supplemented the inter-
vention with SMS/text messages.

Mclntyre et al. (2012) specified drawing from SCT;
while the other authors did not specify particular theoreti-
cal underpinnings, they each discussed embedding behav-
ioral constructs that align closely to those represented in
SCT such as self-regulation and self-sufficiency (Cheung
et al. 2011), health beliefs, perceived barriers, perceived
benefits, and social support (Reinhardt et al. 2012), and
self-efficacy and barriers to change (Smith et al. 2014).

Results from the RCT with 59 racially and ethically
diverse women living in New South Wales (Smith et al.
2014) indicated that women in the intervention arm
achieved statistically significant improvements in caloric,
total and saturated fats, and carbohydrate intake but did not
improve physical activity. The authors note a lack of power
for detecting intervention effects due to loss to follow-up.

Results from the three pilot RCTs were mixed. Findings
from the 12-month pilot RCT with 43 women (Cheung
et al. 2011) showed that women in the intervention arm met
the primary physical activity target at a significantly greater
rate than women in the control arm. However, the authors
noted difficulty in recruiting enough participants to detect
differences in long-term DM risk along with significant
resource-related challenges in conducting such a large-
scale intervention study. Findings from the 12-week pilot
RCT with 28 women (MclIntyre et al. 2012) demonstrated
improvements in planned physical activity in the inter-
vention group, but no changes were achieved in biophysi-
cal/anthropometric measures in either group. Although
participant retention was a strength, limitations of this
study included poor recruitment rates, small sample size,
and short duration of follow-up. Lastly, findings from the
6-month pilot RCT with 38 women in rural, northern New
South Wales (Reinhardt et al. 2012) demonstrated that
women in the intervention arm achieved significant
improvements in total fat and carbohydrate intake, gly-
cemic load, and body mass index. This group also
increased leisure time physical activity; however, no sig-
nificant changes in total physical activity levels occurred.

In all four reviewed studies that were initiated in the
postpartum period and utilized telephone and mailings as
the primary mode of contact, authors noted poor recruit-
ment and participation rates as a major limitation. In
addition, risk of performance bias is high due to partici-
pants’ and study personnel’s knowledge of active inter-
vention assignment, and risk of recall and social
desirability biases is high due to the self-reported measures.
Risk of detection bias is unclear as the authors do not
provide details regarding blinding of outcome assessment.
Challenges related to participant retention and subsequent
loss to follow up (Cheung et al. 2011; Reinhardt et al.

2012; Smith et al. 2014) present some risk of attrition bias
in these studies, as well, although Reinhardt et al. (2012)
and Smith et al. (2014) specify analytic procedures to
address that risk.

Website as Primary Mode of Contact

Three of the seven RCTs initiated postpartum tested web-
based interventions as the primary mode of contact. Two
interventions required no face-to-face contact with partic-
ipants; of these, one was initiated in the early postpartum
period (Nicklas et al. 2014) and one within 3 years post-
partum (Kim et al. 2012). One study tested a web-based
intervention supplemented with four face-to-face counsel-
ing sessions (Peacock et al. 2015). The aim of the DPP-
adapted lifestyle intervention with diverse, urban-dwelling
women in Boston, Massachusetts, was to decrease post-
partum weight retention (Nicklas et al. 2014). With a
broader focus, the aims of the pedometer interventions with
women in Michigan (Kim et al. 2012) and Brisbane,
Australia, (Peacock et al. 2015) were to examine the
interventions’ impact on women’s physical activity
behaviors, anthropometrics, and insulin and glucose levels.

Using online educational modules, all interventions
were situationally relevant for postpartum women. These
interventions provided individualized feedback regarding
progress towards goals through web-linked pedometers
(Kim et al. 2012; Peacock et al. 2015), text-messaging
(Kim et al. 2012) and optional, self-initiated counseling
sessions via email or telephone with a lifestyle coach
(Nicklas et al. 2014). Nicklas and colleagues also provided
participants with pedometers, complementary YMCA
memberships, body scales, and journals to promote
behavioral self-monitoring, but noted that these were
underutilized. To promote interaction among participants,
Kim and colleagues provided an online messaging board;
however, only three women used this feature to reach study
staff, not other participants. Each of these RCTs included
English-only speakers; methods to ensure cultural rele-
vance for individual participants were not explicit.

While the authors did not specify particular theoretical
foundations, the DPP-adapted program by Nicklas et al.
(2014) embedded behavioral constructs from the SCT and
TTM, and Kim et al. (2012) and Peacock et al. (2015)
discussed addressing behavioral constructs that closely
align with SCT such as self-efficacy, perceived risk, social
support, and behavioral goals.

While results from Kim and colleagues’ intervention
demonstrate feasibility, they found that the structured web-
based education had small impact on weight and insulin
and minimal impact on health behaviors, and intervention
uptake was low. In contrast, the web-based interventions
supplemented with individual counseling and self-
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monitoring (Nicklas et al. 2014) and face-to-face, group-
based nutrition counseling and self-monitoring (Peacock
et al. 2015) demonstrated both feasibility and efficacy to
decrease weight in women with prior GDM. Additionally,
Peacock et al. (2015) demonstrated clinical improvement
in physical activity and eating behavior; however, signifi-
cant differences in physical activity between groups were
not detected in any of the studies.

All authors noted low recruitment rates as a significant
challenge. Further, each of the three web-based interven-
tion studies poses risk of performance bias due to knowl-
edge of intervention allocation by participants as well as
recall and social desirability biases related to the self-re-
ported measures. Nicklas et al. (2014) report measures
taken to reduce risk of detection and attrition biases, while
Kim et al. (2012) and Peacock et al. (2015) do not provide
sufficient details to estimate such risk.

Discussion

Overall, the studies reviewed demonstrate the applicability
and feasibility of multimodal, primarily home-based
interventions to promote postpartum lifestyle behavioral
change following GDM. Findings suggest that individual-
izing interventions for situational and cultural relevance
may contribute to improved outcomes in terms of post-
partum weight loss and dietary behaviors. However, in the
eight completed studies reviewed, the authors noted no
statistically significant changes in women’s postpartum
physical activity behaviors, underscoring the challenges
inherent in improving physical activity in women who
struggle to balance competing priorities and time con-
straints. Additionally, the majority of authors reported poor
recruitment rates, underscoring challenges to engage
women and improve health in this population. Further-
more, only Ferrara et al. (2014) described a plan to analyze
the cost effectiveness of their intervention, a key element
of feasibility and sustainability.

Based on this review, several overarching lessons
emerge for researchers in this field. First, the careful
embedding of behavioral constructs in the interventions is
crucial. A study’s underlying theoretical framework clearly
influences the way researchers design the interventions,
selecting both modes of delivery and methods of partici-
pant engagement congruent with key constructs such as
self-efficacy, perceived barriers to change, and self-regu-
lation. However, even with careful attention to these con-
structs, researchers struggled to change women’s physical
activity behaviors. This could, in part, be related to the fact
that the SCT and TTM are focused primarily at the indi-
vidual level and not the broader socio-ecological level.
Perhaps dietary behaviors are more amenable to change
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than physical activity behaviors due to time constraints that
are socially influenced by maternity leave policies, tradi-
tional workday hours, and childcare practices impacting
women in the first postpartum year. Researchers
acknowledge the need to target physical activity determi-
nants at various levels of the social-ecological continuum
in interventions aimed at preventing unhealthy weight in
children (Kellou et al. 2014). Similarly, we suggest that
interventions that carefully consider the social-ecological
dimensions of health behaviors, beyond the individual
level, should be tested for relevance in women with prior
GDM. For example, interventions designed to impact
women’s physical activity behaviors should address fam-
ily, community, and/or societal influences on these
behaviors.

Findings also suggest that those interventions begin-
ning in pregnancy and continuing postpartum capitalize
on the ‘teachable moments’ during GDM-affected
pregnancy and may facilitate a smoother transition to
sustain lifestyle-related behavioral changes during the
complex postpartum period (Chasan-Taber et al. 2014;
Ferrara et al. 2011, 2014). Additionally, those interven-
tions that were individualized to greater degrees and
incorporated methods of behavioral self-monitoring such
as food and physical activity diaries and pedometers
demonstrated greater improvements in behavior change
(Cheung et al. 2011; Ferrera et al. 2011; Nicklas et al.
2014; Peacock et al. 2015; Reinhardt et al. 2012; Smith
et al. 2014). Regular, supportive interactions through
ongoing, individualized coaching over longer study
duration appear to be key in improving health behaviors
during the postpartum period. A longer intervention
phase coupled with a phase of supported transition to
independence may help sustain health benefits over time
in this high-risk population.

Finally, researchers must continue to explore solutions
to barriers that result in poor recruitment rates in this
population as successful scaling up of effective interven-
tions depends on successful recruitment and retention.
Several authors specifically mentioned using qualitative
methods to inform their interventions, but this could also
be particularly useful for determining the most-effective
recruitment and retention methods. Using mixed-methods
approaches to incorporate participant voices in the inter-
vention development phase may be critical to designing
effective, sustainable interventions (Creswell et al. 2011),
particularly when participants are from underserved or
understudied high-risk groups who develop diabetes dis-
parately following GDM.

Overall, these studies show promise in demonstrating
the feasibility of multimodal, primarily home-based inter-
ventions in addressing the barrier of time constraints that
make participating in  face-to-face  interventions
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challenging for childbearing women. However, researchers
need to further explore the feasibility of family-based and
community-based interventions to reduce DM risk in
women with prior GDM, such as the Croi MyAction
community lifestyle modification program in Ireland (In-
fanti et al. 2013). Since some childbearing women may
predominantly view their own behaviors in the context of
family health behaviors and rely on families for crucial
social support (Jones et al. 2015), a family-focused lifestyle
program could be a motivating approach to engage women
in lifestyle change following GDM.

Across the ten studies, interventions were based on the
underlying assumption that the postpartum period is a
unique time of transition. If women are to be successful in
changing lifestyle behaviors during this adaptive life stage,
ample social support and, perhaps, direct support from
expert interventionists are essential. However, researchers
should also explore the effectiveness of interventions
incorporating social support from lay community health
workers or peers. This approach has been effective in
improving diabetes self-management in vulnerable popu-
lations (Kim et al. 2015) and in promoting exclusive
breastfeeding in underserved women (Coutinho et al. 2014)
and should be tested as a DM delay or prevention strategy
in women with prior GDM.

There were several limitations of this review. First, by
setting our inclusion criteria more narrowly than prior
systematic reviews in this area to capture only those trials
that used multimodal, primarily home-based interventions,
we did not review family-focused, face-to-face interven-
tions that may be relevant and effective. In addition, the
majority of studies reviewed were pilot RCTs, therefore,
while we can draw some conclusions about feasibility, we
cannot estimate the overall efficacy of the interventions
since the small sample sizes in many of the studies limited
the power to detect differences in outcomes. Furthermore,
primary outcomes varied across studies, so it is challenging
to estimate risk of bias across studies in this review.
However, all studies reviewed present risk for performance
bias given the nature of the lifestyle interventions and
participants’ knowledge of intervention assignment.
Additionally, the inclusion of self-reported measures
within studies results in high risk for measurement bias,
specifically recall or social desirability bias. It is unclear if
these biases resulted in overestimation of the intervention
effect on self-reported dietary and physical activity mea-
sures in the review studies. Lastly, this review is subject to
both publication bias and publication language bias as
unpublished studies and those published in a language
other than English were not included.

This review highlights a limited number of studies
testing multimodal, primarily home-based, and highly
individualized lifestyle interventions to reduce DM risk in

women with prior GDM, and, thus, demonstrates why more
research is required in this important area of maternal child
health. These interventions have great potential to reduce
DM risk, especially in women from diverse sociocultural
groups who progress to DM at disparate rates. Future
studies could add much to the existing literature by
focusing on these women in particular, utilizing behavioral
theories and mixed-methods designs to inform the inter-
ventions. Interventions should ideally begin during preg-
nancy, facilitating a smoother transition to the postpartum
period and first postpartum year, and they should promote
accountability through behavioral self-monitoring as well
as supportive coaching. Researchers must continue to
explore cost-effective, innovative ways to include women’s
families and communities in interventions to provide ample
social support and address the broader sociocultural
determinants that affect women’s daily lifestyle choices
impacting their DM risk following GDM.
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