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Abstract

Background: Gestational diabetes mellitus (GDM) – a transitory form of diabetes first recognised during
pregnancy complicates between < 1% and 28% of all pregnancies. GDM has important short and long-term health
consequences for both the mother and her offspring. To prevent adverse pregnancy outcomes and to prevent or
delay future onset of type 2 diabetes in mother and offspring, timely detection, optimum treatment, and preventive
postpartum care and follow-up is necessary. However the area remains grossly under-prioritised.

Methods: To investigate determinants and barriers to GDM care from initial screening and diagnosis to prenatal
treatment and postpartum follow-up, a PubMed database search to identify quantitative and qualitative studies
on the subject was done in September 2012. Fifty-eight relevant studies were reviewed.

Results: Adherence to prevailing GDM screening guidelines and compliance to screening tests seems sub-optimal
at best and arbitrary at worst, with no clear or consistent correlation to health care provider, health system or client
characteristics. Studies indicate that most women express commitment and motivation for behaviour change to
protect the health of their unborn baby, but compliance to recommended treatment and advice is fraught with
challenges, and precious little is known about health system or societal factors that hinder compliance and what
can be done to improve it. A number of barriers related to health care provider/system and client characteristics
have been identified by qualitative studies. Immediately following a GDM pregnancy many women, when properly
informed, desire and intend to maintain healthy lifestyles to prevent future diabetes, but find the effort challenging.
Adherence to recommended postpartum screening and continued lifestyle modifications seems even lower.
Here too, health care provider, health system and client related determinants and barriers were identified. Studies
reveal that sense of self-efficacy and social support are key determinants.

Conclusions: The paper identifies and discusses determinants and barriers for GDM care, fully recognising
that these are highly dependent on the context.
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Background
Affecting between <1% and 28% of all pregnancies gesta-
tional diabetes mellitus (GDM) is a fairly common medical
condition associated with pregnancy in many settings [1].
As the epidemic of diabetes and pre-diabetes in the
general population grows with declining age of onset and
* Correspondence: kani@sund.ku.dk
1Department of International Health, Immunology and Microbiology,
University of Copenhagen, Oester Farimagsgade 5, Building 9, Copenhagen
DK-1014, K, Denmark
2World Diabetes Foundation, Brogaardsvej 70, Gentofte DK–2820, Denmark
Full list of author information is available at the end of the article

© 2014 Nielsen et al.; licensee BioMed Central
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
increasing age of conception and child bearing, the rates of
GDM will continue to rise as already seen in some studies
[2-4]. GDM was earlier defined as “hyperglycaemia first rec-
ognized during pregnancy” and has more recently (2012)
been described by the American Diabetes Association
(ADA) as diabetes diagnosed during pregnancy that is
not clearly overt diabetes [5]. GDM has health conse-
quences for both the mother and her offspring not only
in the short term but also in the long term. It is well estab-
lished that women with GDM are at increased risk of
adverse pregnancy outcomes [6,7], as well as, several fold
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higher risk of developing type 2 diabetes in the future
compared to women without GDM [8,9]. Studies show
that achieving glycaemic control with lifestyle modi-
fications and/or pharmaceutical intervention during preg-
nancy prevents or considerably reduces the risk of adverse
pregnancy outcomes [10,11]. Clinical trials provide evi-
dence that lifestyle modifications as well as pharmaco-
logical interventions can prevent progression to type 2
diabetes in women with a history of GDM and these inter-
ventions are as effective as in people with pre-diabetes
[12-14]. Effective intervention requires universal antenatal
screening for GDM, optimal treatment and adherence,
and rigorous postpartum follow-up and preventive care.
Nielsen et al. recently pointed out the urgent need for
universally applicable simple screening and diagnostic
procedures criteria for GDM [15]. In this paper we at-
tempt to identify determinants and barriers to implement-
ing effective and integrated public health initiatives to
address screening, diagnosis, treatment and postpartum
care for GDM based on a review of published studies on
the subject.

Methods
We reviewed the literature to assess existing evidence on
determinants and barriers for GDM services in high-,
middle- and low-income countries. GDM services were
understood as 1) screening and diagnosis 2) treatment
during pregnancy 3) postpartum diabetes testing and 4)
continuation of postpartum lifestyle modification.

Search strategy
PubMed database was searched in September 2012 using
the terms “GDM/gestational diabetes mellitus/‘diabetes’
and ‘pregnancy’” in combination with one of the terms
“barrier/barriers/challenge/challenges/determinant/deter-
minants/utilization/use/access/lifestyle change/self-ef-
ficacy/social support”. The Mesh terms “gestational
diabetes mellitus” and “access to health care” were
also used.

Study selection, eligibility criteria and data abstraction
Studies that only examined pre-gestational diabetes
whether type 1 or type 2 diabetes were excluded as were
studies where specific information on women with
GDM was not available. The list of citations was scanned
and qualitative and quantitative research studies with
relevant titles examining determinants and/or barriers to
GDM services and related aspects, e.g. compliance to
treatment, were included. The abstracts of these studies
were read and those with an abstract and subsequent
full-text reading indicating relevance to the purpose of
this review were selected. Finally, the reference lists of
the selected publications were manually searched for
additional relevant articles.
Results
Search outcome
A total of 1578 unique citations were identified; 977
were excluded based on the title and another 500 were
excluded after reading the abstract. Of the remaining
101, three papers were non English language (1 from
Poland, Spain and Mexico, respectively) and excluded.
The remaining 98 articles were read for relevance for
this review and a further 55 were excluded because of
lack of relevance i.e. studies did not look at determinants
or barriers to GDM services. One article was added
following suggestion from experts and 14 others were
added after going through the reference lists of included
articles. Thus, a total of 58 papers were included in this
review (see Figure 1).
The studies included are listed in Tables 1, 2 and 3. The

majority are from high-income countries: USA (N = 28),
Canada (N = 8), Australia (N = 10), New Zealand (=1) and
European countries (N =7) and only four from low- and
middle-income countries.

Determinants and barriers for GDM screening
Ensuring timely detection of GDM is a prerequisite for ini-
tiation of treatment and prevention of adverse outcomes
due to GDM. Only a few relevant studies related to GDM
screening were identified, and they mostly looked at deter-
minants of compliance to screening recommendations.

Characteristics of health care providers and health care
setting
In the US over 20 years ago with various screening
approaches available and no clear consensus on which
one to follow, Marreo et al. and Landon et al. conducted
two explorative studies on GDM screening and care
practices [16,17]. Marrero et al. examined practice differ-
ence between family physicians and physicians specialis-
ing in obstetrics/gynaecology and found that the former
were less likely to screen all pregnant women for GDM
compared to latter (75% vs. 83%; P = 0.033) [17]. Landon
et al. investigated differences in screening practices among
members of the Society of Perinatal Obstetricians (SPO)
and members of the American College of Obstetricians
and Gynaecologists (ACOG) and found that a significantly
higher proportion of the former practiced universal
screening for GDM compared to the latter [16]. A more
recent study by Sievenpiper et al. [18] looked at whether
the category of health care provider ordering a 2-step test
as recommended by the Canadian Diabetes Association
influenced if the recommendation was followed appropri-
ately i.e. whether an oral glucose tolerance test (OGTT)
was completed and found no association. Gazmararian
et al. [19] assessed whether the gender of the obstetrician
and years since graduation influenced if the glucose chal-
lenge test was undertaken, and found that the likelihood



Figure 1 Flow chart of study search and selection.
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increased if the obstetrician had graduated within the past
30 years, while gender had no significant effect. The
authors acknowledged that glucose challenge test recom-
mendations were not universally adhered to, but did
not believe that time since graduation explained the
differences in test executions.
A rather unusual finding was reported by Ruengkhachorn

et al. from Thailand, where compliance to screening
guideline recommending universal screening was 88% in
women at risk of GDM attending a non-private hospital
setting in Bangkok, but only half amongst women attend-
ing the antenatal care (ANC) clinic at a private hospital
and none amongst those attending a private clinic. The
authors hypothesised that the difference may be due to
concerns of inconvenience, cost of test or negligence of
the physicians themselves, and noted that a screening
guideline had not been fully implemented at the private
hospital [20]. Contrary to this, Moses et al. in their study
from Australia where screening of all pregnant women is
recommended found that women attending ANC at
public hospitals were less likely to be screened for GDM
compared to women attending ANC at general practi-
tioners’ or obstetricians’ private practices [21].

Client characteristics: ethnicity, body weight and age
Ethnicity
A study from New Zealand – a country with universal
screening recommendation for GDM, found that only
half of the women attending ANC were screened; being
of non-European ethnicity significantly increased the
likelihood; but still a large proportion of women with
risk factors were not screened [22]. Ethnicity was also
identified as a significant determinant for GDM screen-
ing by Blatt and colleagues in their study from the US,
where non-white ethnicity increased the likelihood of
being screened [23]. Two studies by Cullinan and col-
leagues have investigated determinants of GDM screen-
ing in Ireland where no single policy on GDM screening
is implemented, but the local authorities in the region
where the studies were conducted advocate a universal
screening approach. The data in the studies are over-
lapping in the sense that one paper uses data from five



Table 1 Overview of articles focusing on screening (n = 12) (alphabetic order)

Article Country Study design Study population Focus

Blatt et al. (2011) [23] USA Review of data from
Quest Diagnostics

924,873 pregnant women Characteristics of
pregnant women

Cullinan et al. (2012a) [24] Ireland Hospital clinical data 9,842 pregnant women Characteristics of the
pregnant women

Cullinan et al. (2012b) [25] Ireland Hospital clinical data 4,414 pregnant women Characteristics of the
pregnant women

Gazmararian et al. (1996) [19] USA Review of prenatal
care records

2,184 pregnant women Characteristics of health
care providers

Characteristics of the
pregnant women

Landon et al. (1990) [16] USA Cross-sectional mail
survey

471 obstetricians and
maternal-fetal specialists

Characteristics of health
care providers

Marrero et al. (1992) [17] USA Mail survey 668 family practice physicians
and obstetricians/gynaecologists

Characteristics of health
care providers

Moses et al. (2003) [21] Australia Review of medical
records

1,648 pregnant women Characteristics of health
care setting

Nielsen et al. (2012) [15] Various developing countries Qualitative. Interviews
and questionnaire.

10 GDM project implementers Barriers mentioned by
project implementers

Pedula et al. (2009) [26] USA Review of medical records 21,758 pregnancies Characteristics of the
pregnant women

Ruengkhachorn (2006) [20] Thailand Review of antenatal
care records

159 pregnant women Characteristics of health
care setting

Characteristics of the
pregnant women

Sievenpiper et al. (2012) [18] Canada Audit 1,026 pregnant women Characteristics of health
care providers

Characteristics of the
pregnant women

Yapa & Simmons (2000) [22] New Zealand Review of hospital
medical records

4,885 pregnant women Characteristics of the
pregnant woman
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health centres in West Ireland whereas the other paper
only includes data from the largest of these five centres.
Ethnicity was not found to be a statistically significant
determinant in either of the papers [24,25]. Pedula and
colleagues reported differences in the proportion screened
among different ethnic groups in a hospital setting in
Hawaii with a policy that GDM screening should be
routinely done among pregnant women [26].

BMI and body weight
The American College of Obstetrics and Gynecologists
recommends that all pregnant women without known
diabetes should have their risk for GDM assessed by
reviewing their history, clinical risk factors, including
overweight/obesity, or by having laboratory screening
tests done [27]. Yet, in their study from the US, Blatt et al.
found that women weighing more than 275 pounds
(125 kg) were 12% less likely to have a glucose tolerance
test than the women in the reference group who weighed
100–124 pounds (45–56 kg) [23]. However, whether the
women in the higher weight category had their clinical
risk factors assessed and subsequent intervention initiated
is not stated. Cullinan et al. found in both their studies
that having a BMI over 30 kg/m2 significantly increased
the likelihood of screening although this was not the case
for overweight women with a BMI between 25 and 30
[24,25]. Likewise, Yapa & Simmons in their study from
New Zealand also found that higher body weight signifi-
cantly increased the likelihood of screening in an environ-
ment where universal screening is recommended [22].

Age
Several studies have investigated age as a determinant
for screening. Despite the policy stating that GDM
screening should be routinely done among pregnant
women, Pedula et al. found that a higher proportion of
younger women (≤ 25 years) rather than older women
were screened [26]. Cullinan et al. and Blatt et al. found
that older women were more likely to be screened than
their younger counterparts [23-25]. In Cullinan et al.'s
studies universal screening was advocated locally but not
nationally, whereas in the study by Blatt et al. the
recommendation is that women should have a glucose
test or their clinical risk factors/patient history assessed.



Table 2 Overview of articles focusing on treatment (n = 15) (alphabetic order)

Article Country Study design Study population Focus

Bandyopadhyay et al. (2011) [29] Australia Qualitative. Semi-structured
interviews.

17 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Collier et al. (2011) [39] USA Qualitative. Focus group
discussions.

4 focus group discussion
with women with GDM

Barriers mentioned by women
with GDM

Doran & Davis (2010) [30] Tonga Qualitative. Semi-structured
interviews

11 women with GDM Experiences of living with GDM

Barriers mentioned by health
care providers

Barriers mentioned by women
with GDM

Evans & O’Brien (2005) [31] Canada Qualitative. Interviews 12 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Hirst et al. (2012) [38] Vietnam Qualitative. Focus group
discussions

4 focus group discussions
with women with GDM

Experiences of living with GDM

Barriers mentioned by women
with GDM

Hjelm et al. (2007) [36] Sweden Qualitative. Semi-structured
interviews

27 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Hjelm et al. (2008) [37] Sweden Qualitative. Semi-structured
interviews

23 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Landon et al. (1990) [16] USA Cross-sectional mail survey 471 obstetricians and
maternal-fetal specialists

Characteristics of health care
providers

Lawson & Rajaram (1994) [32] USA Qualitative. Interviews 17 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Marrero et al. (1992) [17] USA Mail survey 668 family practice physicians
and obstetricians/gynaecologists

Characteristics of health care
providers

Mersereau et al. (2011) [40] USA Qualitative. Focus group
discussions

6 focus groups with health
care providers

Barriers mentioned by health
care providers

Neufeld (2011) [33] Canada Qualitative. Semi-structured
interviews

29 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Persily (1996) [35] USA Convenience sample of
women with GDM followed
from diagnosis through delivery

29 women with GDM Experiences of living with GDM

Persson et al. (2010) [34] Sweden Qualitative. Interviews 10 women with GDM Experiences of living with GDM

Barriers mentioned by women
with GDM

Ruggiero et al. (1990) [28] USA Cross-sectional survey 98 women with GDM Role of psychosocial factors
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In both cases it could be hypothesised that age influ-
ences probability of screening, indicating an underlying
tendency to rely on risk factor based screening. On the
other hand, Yapa & Simmons did not find a significant
association between age and screening for GDM in their
setting where universal screening was recommended [22].
Similarly, Sievenpiper et al. found that maternal age did
not affect the probability that the recommended 2-step
approach was followed, as also the study by Gazmararian
et al. who found no statistically significant association
between maternal age and screening for GDM in an
environment with no consensus on the screening ap-
proach [18,19].

Other factors
Gazmararian et al. also investigated whether marital
status and trimester of entry to ANC influence the
likelihood of a glucose challenge test being administered,



Table 3 Overview of articles focusing on postpartum follow-up (n = 36) (alphabetic order)

Article Country Study design Study population Focus

Almario et al. (2008) [41] USA Review of data from Laboratory
Corporation of America and
Quest Diagnostics

90 women with GDM Characteristics of health
care setting

Characteristics of services/
treatment received

Characteristics of women
with GDM

Baker et al. (2009) [48] USA Mail survey 399 health care providers Characteristics of health
care providers

Barriers mentioned by
health care providers

Bandyopadhyay et al. (2011) [29] Australia Qualitative. Semi-structured
interviews.

17 women with GDM Experiences of living
with GDM

Barriers mentioned by
women with GDM

Beischer et al. (1997) [47] Australia Cohort study using data
from GDM follow-up
programme

2,939 women with GDM Characteristics of health
care setting

Characteristics of services/
treatment received

Characteristics of women
with GDM

Bennett et al. (2011) [61] USA Qualitative. Semi-structured
interviews.

22 women with GDM Barriers mentioned by
women with GDM

Blatt et al. (2011) [23] USA Review of data from Quest
Diagnostics

40,955 women with GDM Characteristics of women
with GDM

Clark et al. (2009) [55] Canada Randomized controlled trial 223 women with GDM Characteristics of services/
treatment received

Dietz et al. (2008) [46] USA Kaiser Permanente
Northwest data

461 women with GDM for
first part of the study and
356 for second part.

Characteristics of health
care setting

Characteristics of services/
treatment received

Characteristics of women
with GDM

Ferrara et al. (2009) [58] USA Review of medical records 14,448 women with GDM Characteristics of women
with GDM

Characteristics of services/
treatment received

Gabbe et al. (2004) [49] USA Mail survey 569 obstetricians/
gynaecologists

Characteristics of health
care providers

Graco et al. (2009) [70] Australia Qualitative. Interviews 10 women with GDM Barriers mentioned by
women with GDM

Hoedjes et al. (2012) [62] The Netherlands Qualitative. Focus
group discussions

5 women with GDM Barriers mentioned by
women with GDM

Hunt & Conway (2008) [59] USA Prospective cohort study 707 women with GDM Characteristics of women
with GDM

Characteristics of services/
treatment received

Kaufmann et al. (1999) [53] USA Cross-sectional survey 66 women with GDM Characteristics of health
care providers

Characteristics of women
with GDM

Keely et al. (2010) [50] Canada Fax and telephone survey 173 primary care providers
and 140 women with GDM

Barriers mentioned by
health care providers

Barriers mentioned by
women with GDM
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Table 3 Overview of articles focusing on postpartum follow-up (n = 36) (alphabetic order) (Continued)

Kim et al. (2008) [67] USA Cross-sectional survey 228 women with GDM Role of psychosocial factors

Kim et al. (2007) [57] USA Cross-sectional survey 217 women with GDM Experience of risk of
future diabetes

Kim et al. (2007a) [65] USA Cross-sectional survey 228 women with GDM Characteristics of services/
treatment received

Kim et al. (2006) [42] USA Review of hospital
medical records

533 women with GDM Characteristics of women
with GDM

Characteristics of health
care providers

Characteristics of services/
treatment received

Koh et al. (2010) [68] Australia Cross-sectional
telephone survey

331 women with GDM Characteristics of women
with GDM

Role of psychosocial factors

Kwong et al. (2009) [60] Canada Retrospective
cohort study

909 women with GDM Characteristics of women
with GDM

Characteristics of services/
treatment received

Lawrence et al. (2010) [43] USA Kaiser Permanente
Southern California Medical
Care Program data

11,825 women with GDM Characteristics of services/
treatment received

Characteristics of women
with GDM

Morrison et al. (2009) [49] Australia Cross-sectional mail survey 1,372 women with GDM Characteristics of health
care providers

Characteristics of women
with GDM

Characteristics of services/
treatment received

Neufeld (2011) [33] Canada Qualitative. Semi-structured
interviews

29 women with GDM Experiences of living
with GDM

Barriers mentioned by
women with GDM

Nicklas et al. (2011) [71] USA Qualitative. Interviews and
focus group discussions

3 focus group discussions
with women with GDM,
and interviews with 15
women with GDM

Barriers mentioned by
women with GDM

Razee et al. (2010) [72] Australia Qualitative. Semi-structured
interviews.

57 women with GDM Barriers mentioned by
women with GDM

Russell et al. (2006) [54] USA Retrospective cohort study 344 women with GDM Characteristics of health
care setting

Characteristics of women
with GDM

Shah et al. (2011) [51] Canada Population-level health
care database

47,691 women with GDM Characteristics of health
care providers

Shea et al. (2011) [56] Canada Hospital laboratory and
provincial physician service
claims databases

262 women with GDM Characteristics of services/
treatment received

Characteristics of women
with GDM

Smirnakis et al. (2005) [45] USA Review of medical records 197 women with GDM Characteristics of health
care providers

Characteristics of women
with GDM

Nielsen et al. BMC Pregnancy and Childbirth 2014, 14:41 Page 7 of 18
http://www.biomedcentral.com/1471-2393/14/41



Table 3 Overview of articles focusing on postpartum follow-up (n = 36) (alphabetic order) (Continued)

Smith et al. (2005) [64] Australia Telephone survey 226 women with GDM Barriers mentioned by
women with GDM

Role of psychosocial factors

Stage et al. (2004) [66] Denmark Mail survey 121 women with GDM Experience of risk of
future diabetes

Stuebe et al. (2010) [52] USA Survey 207 primary care providers
and obstetrics & gynaecology
care providers

Characteristics of health
care providers

Barriers mentioned by
health care providers

Swan et al. (2007) [69] Australia Mail survey 53 women with GDM Characteristics of women
with GDM

Symons Downs & Ulbrecht (2006) [73] USA Mail survey 28 women with GDM Barriers mentioned by
women with GDM

Zehle et al. (2008) [63] Australia Telephone survey 226 women with GDM Role of psychosocial factors

Characteristics of women
with GDM
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but did not find a statistically significant association
[19]. Cullinan and colleagues noted that greater distance
to the screening site, residing in an urban, richer part of
town and high parity decreased the likelihood of partici-
pating in screening in a setting where universal screen-
ing was advocated. In addition, a positive family history
of diabetes did not significantly affect the decision to
attend GDM screening [24,25]. Furthermore, Sievenpiper
et al. found that a borderline result of the 50 g glucose
challenge test (GCT) did not predict if an OGTT would
be performed as stated in the guideline [18]. In spite of
the guideline on universal screening, Ruengkhachorn et al.
found that compliance to screening was more likely
amongst women with two or more risk factors for GDM
compared to those with only one risk factor [20].
These studies indicate that even in developed countries

adherence to prevailing guidelines for GDM screening
and compliance to screening tests seems sub-optimal
at best and arbitrary at worst. Very little information,
if any, is available on factors that favour or deter
screening and provide pointers to what can be done
to improve it.

Barriers for GDM screening
Nielsen et al. interviewed the implementing partners
of 11 GDM projects funded by the World Diabetes
Foundation in various developing countries and found
various challenges in GDM screening and diagnosis in-
cluding difficulties in screening women during the recom-
mended time period, applicability and relevance of the
risk factors used in selective screening programmes,
challenges in testing women in the fasting state and
need for repeated testing, screening procedure being
too time consuming, scarcity of test consumables and lack
of equipment etc. [15].
Determinants of and barriers for GDM treatment
While there are only a few studies looking at determinants
and barriers for screening as indicated in the foregoing,
studies to assess determinants and barriers for GDM
treatment are more extensive. Again, the majority of stud-
ies are from high-income countries (13 out of 15).
In their study from Indiana, US, published back in

1992, Marrero et al. examined the specialisation of the
health care provider in relation to insulin prescription
for GDM and found that family physicians were more
likely to initiate insulin therapy than obstetricians [17].
Landon et al. found that the method for glucose surveil-
lance differed greatly among members of the American
College of Obstetrics and Gynecologists (ACOG) depen-
ding on the post training duration of practice (≥ 15 years
or ≤ 15 years) and with members of the Society of
Perinatal Obstetricians (SPO). Use of insulin was more
frequent among SPO members who also used lower glu-
cose thresholds for initiating insulin compared to ACOG
members [16]. Ruggiero et al. investigated the role of
social support and dietary and insulin therapy compli-
ance, and found a significant positive correlation; social
support accounted for 10 and 24% variance in reported
compliance to dietary advice and insulin therapy, res-
pectively [28].
Other studies have taken a more anthropological ap-

proach to understanding the determinants and barriers to
GDM treatment. Six qualitative studies with focus on
women’s experiences with GDM diagnosis were identified
in our search. Most women expressed commitment and
motivation to manage their diabetes during pregnancy to
protect the health of the unborn baby, but behaviour
changes, and compliance to treatment were fraught with
challenges [29-34]. Two studies found that women inter-
viewed later in their pregnancy had acquired familiarity
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with their diabetes, and reported greater ability to cope
with the stress as the treatment became part of a normal
daily routine [31,34]. Persson et al. also noted that such
adaptation was easier to achieve for women with GDM in
a previous pregnancy [34]. In addition, both Evans &
O’Brien and Persson et al. reported that women described
their experience as if being controlled by the disease, their
families and health care providers; with their behaviour
under surveillance, and as if their blood glucose levels
determined if they were ‘good mothers’ [31,34] and that
delivery was the ‘moment of truth’ when maternal and
fetal outcomes were revealed [34]. Lawson & Rajaram
reported feelings amongst women with GDM: numb with
fear for the baby’s wellbeing, guilt and being personally
responsible for the disorder, anxious about the future and
distressed with the treatment, losing autonomy when
hospitalised and an inability to control the illness. It was
also reported that these feelings affected their own percep-
tion of self-worth [32]. In a quantitative study from 1996,
Persily reported that women who perceived GDM to have
a greater stress on their lives were less likely to self-
monitor their blood glucose [35]. Hjelm et al. studied
perceptions about treatment amongst women with GDM
attending a specialised diabetes clinic in Sweden [36].
Limited access and waiting time to meet health care
providers coupled with their perceived lack of competence
caused anxiety and loss of confidence; whereas provision
of adequate information reduced anxiety and gave women
a feeling of control over the situation [36]. In another
study by Hjelm et al., cost of healthy food and lack of
advice and information about exercise in relation to GDM
and waiting time to access health care providers for advice
were mentioned by women with GDM as important
barriers [37]. In her study about food perceptions and
concerns among aboriginal women with GDM in Canada,
Neufeld points out a number of emotional and psycho-
logical challenges related to dietary management during
pregnancy: women found it difficult to adhere to the
dietary management plan due to pregnancy-related food
preferences and cravings, plans being perceived as
stressful, adaptation of unhealthy eating patterns such
as ‘bulimia and binging’, and frequent use of ‘comfort
foods’. Women mentioned that dietary messages were
sometimes contradictory, lacked adequate practical in-
formation and they did not trust the nutrition edu-
cation messages received from health care providers
[33]. Confusion over dietary recommendations, lack of
sufficient advice and concerns about the effects of the
recommendations were also pointed out by Hirst et al. in
their study from Vietnam [38] as well as the study by
Lawson & Rajaram from the US [32]. From a study on
immigrant South Asian women with GDM in Australia,
Bandyopadhyay et al. reported difficulties in under-
standing dietary recommendations [29]. In addition, food
preferences and cravings, concerns for baby’s growth and
fear that too much physical activity would put a strain on
the baby were other concerns that hindered compli-
ance to diet and exercise recommendations during GDM
pregnancy [29].
Two recent qualitative studies from the US have spe-

cifically looked at barriers to treatment [39,40]. Collier
et al. conducted focus group discussions with women
who had GDM or pre-gestational diabetes during a re-
cent pregnancy. Women mostly reported financial bar-
riers e.g. cost of health care, medical supplies and food,
but also barriers related to access to care and insurance,
and related to physical activity and maintaining healthy
diet; difficulties in finding information and communicat-
ing with health care providers; lack of social support;
and barriers related to care, e.g. reluctance to inject in-
sulin and treatment being seen as time consuming [39].
Mersereau et al. conducted focus group discussions with
health care providers to investigate barriers to good gly-
caemic control in women with GDM [40]. The barriers
identified by the health care providers were lack of
knowledge and awareness among the women with
GDM, lack of access, including financial and insurance
issues, attitudinal barriers such as denial of the severity
of the disease, no motivation, lack of compliance, and
social barriers. The authors note that most of the health
care providers perceived the barriers to be outside their
locus of control [40]. Other barriers or challenges noted
in studies include difficulty in adhering to a diet when
participating in social gatherings [31,34], and insufficient
social support hampering compliance to treatment [34].
Finally, Doran & Davis in their study from Tonga high-
light structural changes such as more cars leading to
reduced physical activity, more unhealthy take away
food options and lower rates of home cooking and
eating of traditional foods, as factors contributing to
unhealthy lifestyle and difficulties in adherence to
treatment [30].
Hence, with regard to treatment and factors influ-

encing it, the published literature does provide some
direction. The majority of studies focusing on treat-
ment has been qualitative and found that women express
motivation and show commitment to manage their
diabetes, but that several challenges exist. Social sup-
port has been identified in qualitative studies to be
key to proper management of diabetes in pregnancy and
data from the quantitative study by Ruggiero et al. sup-
ports this finding.

Determinants and barriers for postpartum diabetes screening
The literature dealing with postpartum follow-up of
women with GDM is either focussed on postpartum
screening for diabetes or prevention of type 2 diabetes in
terms of maintaining healthy lifestyles.



Nielsen et al. BMC Pregnancy and Childbirth 2014, 14:41 Page 10 of 18
http://www.biomedcentral.com/1471-2393/14/41
Characteristics of health care providers and health care
setting
Screening for diabetes following an index GDM preg-
nancy is in general reported to be low. Depending on
the definition of ‘postpartum diabetes screening’ including
the type of test and follow-up period, studies identified in
this review – all from the US or Australia – found post-
partum diabetes screening rates ranging from 19 to 73%
[23,41-45]. Studies that have assessed the frequency of
postpartum screening over time show that the proportion
of women with GDM completing a postpartum screening
test has increased; thus between 1999 and 2004 Dietz
et al. found that the proportion of women with confirmed
GDM who completed a postpartum screening test within
3 months increased from 9 to 58% in their research setting
in north-west US [46]. In their study from Australia,
Beischer et al. found that overall postpartum follow-up
attendance was 71% and attendance had increased from
43.7% in 1981 to 84.4% in 1995 [47].
A number of studies have examined possible deter-

minants for postpartum screening. Three studies investi-
gated how frequently health care providers screen women
with GDM for diabetes postpartum [48-50]. In their study
from US, Baker et al. found that only 21% of respondents
always screen for diabetes postpartum, whereas Keely
et al. reported that 37% of primary care providers in
Ottawa, Canada had their GDM patients complete a post-
partum OGTT [48,50]. Gabbe et al. reported that 74% of
obstetricians and gynaecologists in the US routinely
performed a postpartum evaluation of glucose intolerance
in women diagnosed with GDM and physicians younger
than 40 years of age were more likely to routinely perform
postpartum tests (87.6% vs. 73.2%, p = 0.005) [49]. Shah
et al. found that internists/endocrinologists in Ontario,
Canada ordered the majority of postpartum diabetes
screening test and obstetricians the fewest [51], and
Stuebe and colleagues found primary care providers being
more likely than OBGYN specialists in Massachusetts,
US, to order a postpartum screening test for women
with a known history of GDM [52]. In contrast,
Baker et al. and Kaufmann et al. found in their
studies from the US that physicians’ speciality did
not significantly influence the likelihood of postpar-
tum testing [48,53].
Morrison et al. assessed two-way interactions and

found that being under the care of an endocrinologist
insignificantly increased the likelihood of postpartum
screening among less educated Australian women, and
being seen by a diabetes educator significantly increased
the likelihood of postpartum screening among Australian
women under the care of an obstetrician [44]. Kim et al.
investigated different scenarios to predict postpartum
glucose testing in a university hospital in Michigan, USA.
After adjusting for confounders the only scenario that
significantly predicted testing was a visit to an endocrin-
ologist after delivery [42].
Almario et al. looked at the effect of the gyn/obst-spe-

cialists’ practice setting (‘office type’) and found that gyn/
obst-specialists working in a high-risk pregnancy setting
in the US were more likely to provide postpartum diabetes
screening compared to their colleagues working in a nor-
mal (non-high risk) pregnancy setting [41]. Likewise, in
their study also from the US, Dietz et al. found that prac-
tice site was predictive of clinician ordering the test but
not for the test being actually taken [46]. Smirnakis et al.
studied a population of women with a history of GDM in
Massachusetts, US, and found that practice site had a
borderline effect on postpartum screening in univariate
analysis, but not after adjustment for potential confoun-
ders [45]. Moreover, Russell et al. reported that type of
referral clinic did not predict postpartum testing in their
study from Rhode Island, US [54].
Reminders and advice on postpartum screening have

been assessed by four studies. Hence, two studies from
Canada found that receiving reminders about testing
increased the likelihood of testing [55,56]. Similarly, an
Australian study by Morrison et al. found that providing
postnatal written information or individualised risk re-
duction advice significantly increased the likelihood for
postpartum screening [44], and in the US, Kim et al.
found that women who recalled receiving advice on
postpartum screening were more likely to report actually
being tested [57].
Finally, the immediate postpartum OGTT was found

to be an important predictor of subsequent follow-up
test in a study by Beischer et al. from Australia. The
study moreover noted that whereas patients attending a
public clinic were more likely to receive postpartum
OGTT, private patients who received the postpartum
test were more likely to be enrolled in the long-term
follow-up programme [47].
The studies focusing on identifying health care

provider- or health care setting-related determinants for
postpartum screening show that often postpartum screen-
ing rates are sub-optimal. Studies that focus on the health
care provider or setting seem not to provide a clear pic-
ture, but this may be due to different practice between
countries and/or over time. Yet, receiving reminders or
postnatal information appear to have a positive impact on
the likelihood of postpartum screening, as does recollec-
tion of receiving advice on postpartum testing. For longer-
term follow-up it has been indicated that the immediate
postpartum test and attendance in a private clinic may be
predictors, at least in Australia.

Barriers according to health care providers
Three studies – two from the US and one from Australia -
reported on health care providers’ perceptions of barriers
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to performing postpartum diabetes screening [48,50,52].
Barriers mentioned were diverse: not seeing the patient,
the patient being lost to follow-up and lack of commu-
nication/collaboration between health care providers were
the most widely mentioned issues. Other barriers men-
tioned were inconsistent guidelines or lack of familiarity
to guidelines; not aware about history of GDM; patients
not considering the test necessary, or declining testing, or
unable to complete test; testing not affordable; patient
uninformed or lack understanding of need for test, and
practice being too busy etc. [48,50,52].

Characteristics of the client with GDM
Studies from high-income countries have also focused
on client characteristics and other determinants for post-
partum diabetes screening.
Studies from the US conducted by Almario et al. and

Ferrara et al. found that women had an increased like-
lihood of being screened postpartum if their GDM
was diagnosed early - before 24 weeks and 20 weeks of
gestation, respectively - compared to women later in
pregnancy [41,58]. In contrast, Hunt & Conway did not
find a significant association between gestational age at
diagnosis and glucose testing postpartum [59]; but they
found that women missing the postpartum testing had
higher fasting and 1-h OGTT glucose levels at GDM
diagnosis [59]. Almario et al. noted that women diag-
nosed with a GCT had an increased likelihood of post-
partum screening compared to women diagnosed with
GDM using a 3-h 100 g OGTT [41]. Blatt et al. found
that women who did not return for postpartum testing
had significantly lower glucose concentration in their
2-h OGTT than those who returned [23]. Other stud-
ies from the US found no significant effect of the results
of the fasting or the OGTT on postpartum screening
irrespective of the glucose load [42,58]. Smirnakis et al. in
their study from Massachusetts, US [45] also found no
significant effect of the 1-h, 2-h and 3-h OGTT re-
sults, but found that women with glucose concentra-
tions ≥ 98 mg/dl (5.4 mmol/l) in their fasting glucose
test or ≥171 mg/dl (9.5 mmol/l) at 1-h at the 50 g
GCT were more likely to undergo postpartum screen-
ing than were women with concentrations below these
levels. Similarly Beischer et al. from Australia found that
the results of the 50 g GCT significantly predicted both
enrolment and maintenance in postpartum follow-up
screening program [47]. Kwong et al. however found no
significant association between the results of the 50 g
GCT and postpartum screening in their study from
Canada [60]. Studying a population in the US, Hunt &
Conway found that women not returning for postpartum
testing had higher mean fasting, preprandial and 2-h
postprandial glucose levels during pregnancy [59]. Kim
et al. included total number of prenatal visits in their study
model conducted on data from Michigan, but found that
it did not predict postpartum glucose testing when inclu-
ded in multivariate analysis [42]. Dietz et al. and Hunt &
Conway have both looked at the timing of the test during
pregnancy, but found that it neither influenced postpar-
tum test order and test completion [46] nor whether the
women returned for postpartum screening [59]. On the
other hand attending a postpartum visit with an OBGYN
provider was found to greatly increase the likelihood of
postpartum glucose testing in two other studies from the
US [43,54] and if conducted within 3 months of delivery it
also increased the likelihood of completing the test [46].
Multiple visits were likewise shown to be positively associ-
ated with postpartum testing [42,58].
Ten studies have assessed the effect of treatment type

for GDM on postpartum glucose testing. Six of these
were from the US, including the study by Almario et al.
which found that women receiving pharmacotherapy
during pregnancy (treated with insulin or glyburide as a
combined variable) were more likely to be screened com-
pared to women treated with diet [41]. Hunt & Conway
on the other hand found that women who failed to return
for postpartum testing were more likely to have had
required medication to treat their GDM [59]. Dietz et al.
investigated predictors for physician ordering postpartum
glucose testing and for test completion and found that use
of insulin or glyburide during pregnancy was not signifi-
cantly associated with these outcomes [46]. Studies from
the US have also looked at the use of insulin and glyburide
as two independent variables. Ferrara et al. and Hunt &
Conway looked at glyburide, but whereas Ferrara et al.
found that the use of glyburide increased the likelihood of
postpartum glucose testing [58] Hunt & Conway did not
find a statistically significant difference in the use of gly-
buride among women who returned and did not return
for postpartum testing [59]. Six studies have looked at in-
sulin use, but their results differ: two studies from the US
and one from Australia found no significant association
with use of insulin and postpartum glucose screening
[42-44], one study from the US and two studies from
Canada found on the other hand that insulin signifi-
cantly predicted postpartum glucose testing [56,58,60].
In addition, Beischer et al. found that requiring insulin
during pregnancy predicted enrolment and maintenance
in follow-up program for postpartum testing in Australia
[47], but Hunt & Conway found that women in their
US population who failed to return for postpartum
testing were more likely to have used insulin [59]. Finally,
Lawrence et al. found that the use of oral agents alone
decreased the likelihood of testing among their study
population from Southern California [43].
Studies from the US looking at self-monitoring [59]

and nutrition visit during pregnancy [46], as well as a
Canadian study focusing on HbA1c level during pregnancy
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[60] found no significant association with postpartum
testing.
When assessing obstetrical history as a predictor for

postpartum testing studies found no significant associa-
tions with gravidity [42,53], number of prior pregnancies
with GDM [41], prior macrosomia [59], multiple births
with affected pregnancy [42], prior history of preeclamp-
sia or eclampsia [42]. When it comes to the role of par-
ity [43,46,53,54,58-60], study results from the US and
Canada, are inconsistent. Kaufmann et al. included subse-
quent pregnancies in their analysis on US data but found
no association with postpartum testing [53]. Hunt & Con-
way found that women who failed to return for postpar-
tum glucose testing were more likely to have a history of
GDM compared to women who returned [59], but other
studies from the US as well as from Australia and Canada
investigating the effect of previous GDM on postpartum
testing did not find statistically significant associations
[42,44,54,56,60].
Studies from the US have also investigated whether

occurrences in the current GDM pregnancy influences
the likelihood of postpartum glucose testing, but the
findings are no different from studies looking at occur-
rences in past pregnancies, and no significant association
is found between preeclampsia [59], gestational week at
delivery [42,54,59], having a caesarean delivery [43,54,59],
macrosomia [42,46,58,59], live birth [42], need for neo-
natal intensive care [54] and postpartum diabetes testing.
However, Lawrence et al. found that year of delivery sig-
nificantly influenced the likelihood of postpartum glucose
testing within 6 months from delivery, with women deliv-
ering in the years 2000 to 2006 having a higher likelihood
for testing than women in 1999 [43]. The Australian study
by Beischer et al. similarly found that the year of the preg-
nancy influenced the likelihood of enrolment in postpar-
tum testing programme [47].
Two studies from the US investigated the effect of

weight gain during pregnancy and one looked at weight
changes in general, but none of them found a significant
association with postpartum testing [42,53,59]. Hunt &
Conway in addition found that women who did not
return for postpartum glucose testing weighed more
prior to pregnancy than those who returned [59]. Other
studies focusing on maternal weight likewise found that
obesity or increasing weight significantly reduced the like-
lihood of testing [23,58]. Studies focusing on BMI are
available from US, Australia and Canada; however, they
have in general not found any significant association with
postpartum glucose testing. Hence, only one – a study
from Canada - of the nine studies assessing BMI as a
predictor for screening [41,42,44-46,54,56,59,60] found a
significant association with women being normal or over-
weight being more likely to go for any postpartum glucose
testing than obese women [56].
Equally variable results are seen when it comes to
assessing whether age, income, education, ethnicity/
race and marital status are predictors of screening
[23,41-47,53,54,56,58-60]. One study from Australia
and two from the US investigated effect of primary
language and found no significant association [44-46].
Two studies looked at country at birth as a predictor
for postpartum testing and whereas Morrison et al. in
their study from Australia found no effect of whether
one was born in or outside Australia [44], Lawrence et al.
in their study from the US found that women born
outside the US had significantly higher odds for testing
compared to US born women [43]. Family history of type
2 diabetes did not predict postpartum glucose testing
according to five of the six studies who included it in
their analysis [41,42,44,56,59,60]. Studies have also
looked at employment status [44], antenatal tobacco use
[54], changes in diet [53], changes in exercise [53], and
health insurance status [45,54] without finding significant
associations with postpartum screening.
No studies from low- or middle-income countries have

examined determinants for postpartum screening, but
studies from high-income countries investigating this have
shown inconsistent results or only found statistically insig-
nificant associations when it comes to determinants re-
lated to the GDM screening test conducted during
pregnancy, treatment, obstetric history, current preg-
nancy, demography, weight, lifestyle changes, family his-
tory of type 2 diabetes, and socio-economic factors.
However, having a postpartum visit with an OBGYN
provider seem to increase the likelihood of postpartum
testing and the likelihood is further increased with more
postpartum visits.

Barriers according to women with GDM
Only two studies - one survey and one qualitative study -
asked women with a history of GDM about barriers to
postpartum diabetes screening [50,61]. Keely et al. investi-
gated why women in Ottawa, Canada with a history of
GDM did not complete postpartum screening for diabetes
using an OGTT. By far the most frequent reason was time
pressure, but lost requisition was mentioned by almost
20% respondents [50]. In the qualitative study by Bennet
et al. conducted among women with GDM attending a
high risk obstetric clinical practice in Baltimore, US, a
number of themes were identified including recent deliv-
ery experience and baby’s health issues; adjustment to the
new baby (emotional stress, feeling overwhelmed and lack
of time and burden of child care); concerns about post-
partum and future health (feeling healthy and not in need
for care, and fear of receiving bad news); and experiences
with medical care and services (dissatisfaction with care
and logistics of accessing care) as barriers to postpartum
follow-up care [61].
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Determinants and barriers for healthy postpartum
lifestyle and prevention of future diabetes
Studies have also investigated determinants for main-
taining a healthy lifestyle (diet or exercise) after an index
GDM pregnancy. Hoedjes et al. reported in their study
from the Netherlands that although women expressed
that they intended to live a healthy postpartum lifestyle,
it was generally not achieved [62]. This notion is sup-
ported by two studies from Australia which found that
among women with GDM in the past 6–24 months un-
healthy diet was prevalent [63] and only 33.6% reported
sufficient physical activity [64]. A reason may be that
women with a history of GDM do not perceive them-
selves to be at increased risk of future diabetes. Hence,
Kim et al. examined risk perception for diabetes among
women with a history of GDM in a US population and
found that although 90% of women recognized GDM as
a risk factor for future diabetes, only 16% believed they
themselves were at high risk of developing diabetes,
though the proportion increased to 39% when asked to es-
timate their risk assuming they maintained their current
lifestyle [65]. In a study from Denmark, Stage et al. found
that 40% of women with a history of GDM were very
worried about developing diabetes in the future, 46% were
a little worried and 14% were not worried at all [66]. In
addition, whereas Stage et al. found no correlation between
worrying and postpartum weight loss, Kim et al. found that
women who perceived themselves to be at no or slight risk
of diabetes were less likely to modify their lifestyle [65,66].
In Neufeld’s study among aboriginal women with a history
of GDM or currently experiencing a GDM affected preg-
nancy in Canada it was noted that many women tried to
continue eating healthy postpartum to protect their health;
however, some postpartum women felt they no longer had
to worry about what they were eating as their dietary in-
take would no longer impact the health of the baby [33].
The importance of self-efficacy and social support for

postpartum healthy lifestyle has been investigated for
both diet [63,67] and physical activity [64,67,68]. Zehle
and colleagues investigated cognitive and social factors,
including the role of self-efficacy and social support,
related to postpartum dietary behaviours among women
with recent GDM in Australia [63]. They found that
non-English speaking women consumed less vegetables
and bread and more fried food than English speaking
women. Self-efficacy was associated with high vegetable
consumption, ability to cook healthy foods, and report-
ing that healthy diet is not a difficult change and that
dislike of healthy foods by other household members is
not a barrier for them. Moreover, self-efficacy when busy
and not reporting a dislike of healthy foods by others at
home were associated with high fruit consumption [63].
Focusing on physical activity, Smith and colleagues found
that in multivariate analysis sufficient physical activity
was independently associated with high self-efficacy
and social support; yet more than half of the women
in their Australian study reported never receiving sup-
port in the form of assistance with household work or
others exercising with them [64]. Another Australian
study by Koh et al. found a similar significant association
of social support and self-efficacy for physical activity, but
noted that these concepts could only explain a small pro-
portion of the variance in physical activity among women
with recent GDM in their study population [68]. In their
study from the US, Kim and colleagues examined the as-
sociation between self-efficacy and social support for both
physical activity and diet and found similar results except
that the adjusted association between self-efficacy and
dietary quality just missed significance [67]. The role of
various socio-demographic variables in physical activ-
ity and weight management among women with recent
GDM has been investigated by two Australian studies but
no significant association was noted [68,69].
When it comes to continuing lifestyle modifications

postpartum, studies indicate that intention may be there,
but many women do not succeed in continuing their
modifications. This may be influenced by their percep-
tion of risk of future diabetes and particularly by self-
efficacy and social support.

Barriers for healthy postpartum lifestyle
A number of studies from Australia, US and the
Netherlands have investigated barriers to a healthy post-
partum lifestyle among women with history of GDM
[62,64,70-73]. Lack of time and/or energy was a com-
mon barrier mentioned in all studies [29,62,64,70-73]
and so was lack of child care support [62,70-73]. Other
barriers identified in the studies included not feeling well
and/or emotional distress [72,73]: lack of motivation
[70,71]; financial barriers [70,71]; other domestic respon-
sibilities such as cooking [72]; lack of knowledge [62,64]:
lack of understanding about GDM [62]; lack of social
support [64,70-72] lack of health care provider support
[62]; feeling of solitude, dullness and isolation from fam-
ily and friends [62,70]; poor body image [70]; bad wea-
ther [70]; considering oneself to be too young to be on a
restricted diet [29]; obstacles at work [71]; unsuitable
local neighbourhood or no access to exercise equipment
[64,71]; cultural expectations e.g. needs of women come
last in the family [70,72]; and lack of enjoyment of phys-
ical activity [64]. Moreover, in a study among immigrant
women in Australia it was mentioned that breastfeeding
was a barrier to postpartum weight reduction as it made
them increase their food intake [29].

Discussion
This review of scientific literature on barriers and
determinants for screening, diagnosis, management and
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post-partum follow up of GDM pregnancies examined
58 full text papers published in peer reviewed journals.
In the final stage of literature review we excluded 3 non-
English articles. This of course may entail some bias,
missing out some of the additional local issues that may
have been highlighted in these articles. The decision to
limit the search to not include grey literature, reports
and book chapters was made due to allowed journal
space for a review article.
The review does not cover determinants and barriers

to ANC attendance in general. GDM screening will only
occur when women are able to overcome barriers to
ANC attendance in the first place. Others have pub-
lished extensively on determinants and barriers for ANC
attendance [74,75].
There are serious barriers to proper GDM services,

management and care even in high-income countries
and across study settings (see Table 4). Although some
determinants and barriers to GDM management are
consistent across studies, many are contextual or
culture-specific. The barriers operate at different levels –
cultural and societal; health system resources; health care
provider and client characteristics. Lack of knowledge and
perceived seriousness about the issue amongst policy
makers, health care providers, affected women and their
family and lay people in general is perhaps the biggest
hurdle. Compartmentalisation of care is another import-
ant barrier - as noted earlier- not seeing the patient, the
patient being lost to follow-up and lack of communica-
tion/collaboration between health care providers were the
most widely mentioned issues by the health care providers
as barriers to postpartum follow up. Following delivery
women with GDM usually no longer have diabetes and
are no longer pregnant and therefore unlikely to visit phy-
sicians or gynaecologists for check-ups and thus perceived
to be lost to follow-up. However these women do visit
health services focused on the wellbeing of their babies,
for instance for the child’s vaccination program and
follow-up and are likely to do so at regular intervals for at
least five years. So why cannot this opportunity be used to
provide them follow-up advice and conduct necessary
tests? Why cannot the health system tag the mother’s
GDM status to the child for the benefit of both? [76].
Studies have shown that lifestyle modifications and/or
pharmaceutical intervention following a GDM pregnancy
is as effective in preventing or delaying the onset of type 2
diabetes as in the case of other people with pre-diabetes
[12,13,77-79]. Clinical trials now provide grade A evidence
for the impact of multiple interventions to prevent the
progression to type 2 diabetes in women with a history of
GDM. Both lifestyle modification and pharmacological
therapies (metformin, troglitazone, and pioglitazone) have
been shown to reduce diabetes development by 50% or
more [80]. Several prospective studies have been initiated
in different ethnic groups to replicate the findings of these
studies with encouraging initial positive results [81-83].
The diagnosis of GDM should initiate a long-term inter-
vention and diagnostic process to minimize the risk of de-
veloping diabetes or to diagnose it as early in the course
of disease as possible [80]. Moreover, women with one
GDM affected pregnancy are at high risk of developing
GDM in subsequent pregnancies [84]. The need to ad-
dress barriers to postpartum follow-up and lifestyle modi-
fications are therefore imperative. In view of the emerging
burden of GDM in populous low- and middle-income
countries, it is remarkable that all except four of the in-
cluded studies were conducted in high-income countries.
It is equally remarkable that few studies sought to identify
barriers and how they might be overcome by including
the pregnant and postpartum women’s opinions and prop-
ositions, including the role of breastfeeding.
Studies on the magnitude of the GDM burden in

recent years have shown that GDM is a fast growing
problem in low- and middle-income countries. Studies
from South India and China found prevalence rates of
17.8% and 17.5%, respectively [85,86]. At the same time
many developing countries are experiencing rapidly in-
creasing diabetes prevalence rates [87] and continue to
struggle with high rates of maternal mortality and mor-
bidity and inadequate emergency obstetric care [88].
Availability, affordability and access to services for GDM
are likely to be even bigger barriers in low- and middle-
income countries than what has been illustrated in this
review. GDM increases the risk of macrosomia, shoulder
dystocia and obstructed labour and so pregnancies com-
plicated by GDM without proper access to obstetrical
care can be fatal or result in debilitating outcomes. For-
tunately, a number of developing countries have started
to pilot or implement GDM programmes [15]. Health
care providers, health care planners, public health pro-
fessionals and policy makers need to understand and
take these barriers into consideration to ensure proper
initiatives to address GDM are put in place, without for-
getting to involve the women at risk.

Conclusions
This systematic review has evaluated determinants and
barriers to proper GDM services. Very few studies from
low- and middle-income countries were found. Compli-
ance to screening tests was sub-optimal, but little infor-
mation is available on what factors influence poor
compliance and thereby identify what can be done to
improve it. While women express commitment and mo-
tivation for treatment to protect their health and thereby
the health of the unborn baby, behaviour changes and
compliance to treatment are associated with challenges
and a number of barriers have been identified, particularly
in the qualitative studies. Also postpartum screening for



Table 4 Barriers identified in high-income and low- and middle-income countries

High-income countries Low- and middle-income countries

• No studies focusing on barriers to GDM screening and diagnosis
were identified.

• Barriers to GDM screening and diagnosis include difficulties in
screening women during the recommended time period, applicability
and relevance of the risk factors used in selective screening programmes,
challenges in testing women in the fasting state and need for repeat
test, screening procedure being too time consuming, scarcity of test
consumables and lack of equipment.

• Barriers to treatment include lack of social support, stress, cost of
healthy food, cost of health care and medical supplies, lack of
advice and information about diet and exercise, dietary messages
being contradictory, dietary messages being difficult to understand,
lack of trust in messages received from the health care providers,
waiting time to access health care providers for advice, lack of
access to health care and health insurance, pregnancy-related food
preferences and cravings, diet plans being perceived as stressful,
adaptation of unhealthy eating patterns such as bulimia and binging,
frequent use of ‘comfort foods’, difficulty in adhering to a diet when
participating in social gatherings, concerns for baby’s growth and
putting a strain on the baby, reluctance to inject insulin, treatment
being time consuming, lack of knowledge, denial of severity, lack of
motivation, other social barriers.

• Barriers to treatment include confusion over dietary recommendations,
lack of sufficient advice, concerns about the effects of the
recommendations, structural changes such as more cars leading to
reduced physical activity, more unhealthy take away food options and
lower rates of home cooking and eating of traditional foods.

• Barriers to postpartum screening include health care provider not
seeing the patient, the patient being lost to follow-up, lack of
communication/collaboration between health care providers,
inconsistent guidelines or lack of familiarity to guidelines, not aware
about history of GDM, patients not considering the test necessary,
or declining testing, or unable to complete test, testing not affordable,
patient uninformed or lack understanding of need for test, practice
being too busy, time pressure (women), lost requisition, recent
delivery experience, baby’s health issues, adjustment to the new baby
(emotional stress, feeling overwhelmed and lack of time and burden
of child care), concerns about postpartum and future health
(feeling healthy and not in need for care, and fear of receiving
bad news), and experiences with medical care and services
(dissatisfaction with care and logistics of accessing care).

• No studies focusing on barriers to postpartum GDM screening were
identified

• Barriers to healthy postpartum lifestyle include lack of time and/or
energy, lack of child care support, not feeling well, emotional distress,
lack of motivation, financial barriers, domestic responsibilities such
as cooking, lack of knowledge, lack of understanding about GDM,
lack of social support, lack of support from health care provider,
feeling of solitude, dullness and isolation from family and friends,
poor body image, bad weather, considering oneself to be too young
to be on a restricted diet, obstacles at work, unsuitable local
neighbourhood, no access to exercise equipment, cultural
expectations, lack of enjoyment of physical activity, breastfeeding
as it made some women increase their food intake.

No studies focusing on barriers to healthy postpartum lifestyle were
identified
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diabetes is unsatisfactory and a number of determi-
nants and barriers have been identified, including pa-
tients being lost to follow-up, lack of time and lost
requisition etc. Variable results were found for many de-
terminants. Following a recent GDM pregnancy many
women desire and intend to maintain healthy lifestyles to
prevent future diabetes but find the effort challenging.
Self-efficacy and social support are important deter-
minants in this regard. Understanding determinants and
barriers within the local context is vital in designing public
health interventions to address the growing burden of
GDM and diabetes. Therefore, studies from low- and
middle-income countries where the prevalence of GDM is
rapidly increasing are especially warranted.
Competing interests
The authors have no competing interests to declare.
Authors’ contributions
KKN, AK, PD, MdC, ICB designed the study; KKN carried out the
literature search and selection; KKN, AK, PD, MdC, ICB contributed
to the analysis; KKN wrote the first draft of the manuscript; KKN, AK,
PD, MdC, ICB critically revised the manuscript and approved the
final version.

Author details
1Department of International Health, Immunology and Microbiology,
University of Copenhagen, Oester Farimagsgade 5, Building 9, Copenhagen
DK-1014, K, Denmark. 2World Diabetes Foundation, Brogaardsvej 70, Gentofte
DK–2820, Denmark. 3Center for Pregnant Women with Diabetes, Department
of Obstetrics, Rigshospitalet, University of Copenhagen, Blegdamsvej 9,
Copenhagen DK-2100, Denmark.



Nielsen et al. BMC Pregnancy and Childbirth 2014, 14:41 Page 16 of 18
http://www.biomedcentral.com/1471-2393/14/41
Received: 12 June 2013 Accepted: 6 January 2014
Published: 22 January 2014
References
1. Jiwani A, Marseille E, Lohse N, Damm P, Hod M, Kahn JG: Gestational

diabetes mellitus: results from a survey of country prevalence and
practices. J Matern Fetal Neonatal Med 2012, 25(6):600–610.

2. Aljohani N, Rempel BM, Ludwig S, Morris M, McQuillen K, Cheang M, et al:
Gestational diabetes in Manitoba during a twenty-year period.
Clin Invest Med 2008, 31(3):E131–E137.

3. Anna V, van der Ploeg HP, Cheung NW, Huxley RR, Bauman AE:
Sociodemographic correlates of the increasing trend in prevalence of
gestational diabetes mellitus in a large population of women between
1995 and 2005. Diabetes Care 2008, 31(12):2288–2293.

4. Ferrara A, Kahn HS, Quesenberry CP, Riley C, Hedderson MM: An increase
in the incidence of gestational diabetes mellitus: Northern California,
1991–2000. Obstet Gynecol 2004, 103(3):526–533.

5. American Diabetes Association: Diagnosis and classification of diabetes
mellitus 2013. Diabetes Care 2013, 36(Suppl 1):S67–S74.

6. Black MH, Sacks DA, Xiang AH, Lawrence JM: Clinical outcomes of
pregnancies complicated by mild gestational diabetes mellitus differ by
combinations of abnormal oral glucose tolerance test values.
Diabetes Care 2010, 33(12):2524–2530.

7. Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, Coustan DR, et al:
Hyperglycemia and adverse pregnancy outcomes. N Engl J Med 2008,
358(19):1991–2002.

8. Damm P: Future risk of diabetes in mother and child after gestational
diabetes mellitus. Int J Gynaecol Obstet 2009, 104(Suppl 1):S25–S26.

9. Kim C, Newton KM, Knopp RH: Gestational diabetes and the incidence
of type 2 diabetes: a systematic review. Diabetes Care 2002,
25(10):1862–1868.

10. Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson JS: Effect
of treatment of gestational diabetes mellitus on pregnancy outcomes.
N Engl J Med 2005, 352(24):2477–2486.

11. Landon MB, Spong CY, Thom E, Carpenter MW, Ramin SM, Casey B, et al: A
multicenter, randomized trial of treatment for mild gestational diabetes.
N Engl J Med 2009, 361(14):1339–1348.

12. Buchanan TA, Xiang AH, Peters RK, Kjos SL, Marroquin A, Goico J, et al:
Preservation of pancreatic beta-cell function and prevention of type 2
diabetes by pharmacological treatment of insulin resistance in high-risk
hispanic women. Diabetes 2002, 51(9):2796–2803.

13. Ratner RE, Christophi CA, Metzger BE, Dabelea D, Bennett PH, Pi-Sunyer X,
et al: Prevention of diabetes in women with a history of gestational
diabetes: effects of metformin and lifestyle interventions. J Clin Endocrinol
Metab 2008, 93(12):4774–4779.

14. Xiang AH, Peters RK, Kjos SL, Marroquin A, Goico J, Ochoa C, et al: Effect of
pioglitazone on pancreatic beta-cell function and diabetes risk in
Hispanic women with prior gestational diabetes. Diabetes 2006,
55(2):517–522.

15. Nielsen KK, De Courten M, Kapur A: The urgent need for universally
applicable simple screening procedures and diagnostic criteria for
gestational diabetes mellitus - lessons from projects funded by the
World Diabetes Foundation. Glob Health Action 2012, 5:17277.

16. Landon MB, Gabbe SG, Sachs L: Management of diabetes mellitus and
pregnancy: a survey of obstetricians and maternal-fetal specialists.
Obstet Gynecol 1990, 75(4):635–640.

17. Marrero DG, Moore P, Langefeld CD, Golichowski A, Clark CM Jr: Care of
diabetic pregnant women by primary-care physicians. Reported
strategies for managing pregestational and gestational diabetes.
Diabetes Care 1992, 15(1):101–107.

18. Sievenpiper JL, McDonald SD, Grey V, Don-Wauchope AC: Missed
follow-up opportunities using a two-step screening approach for
gestational diabetes. Diabetes Res Clin Pract 2012, 96(2):e43–e46.

19. Gazmararian JA, Cogswell ME, Koplan JP: The relationship between
characteristics of obstetrician-gynecologists and rates of recommended
prenatal care screening tests. HMO Pract 1996, 10(3):108–113.

20. Ruengkhachorn I, Sunsaneevithayakul P, Boriboonhirunsarn D:
Non-compliance to clinical practice guideline for screening of
gestational diabetes mellitus in Siriraj Hospital. J Med Assoc Thai 2006,
89(6):767–772.
21. Moses RG, Webb AJ, Comber CD, Walton JG, Coleman KJ, Davis WS, et al:
Gestational diabetes mellitus: compliance with testing. Aust N Z J Obstet
Gynaecol 2003, 43(6):469–470.

22. Yapa M, Simmons D: Screening for gestational diabetes mellitus in a
multiethnic population in New Zealand. Diabetes Res Clin Pract 2000,
48(3):217–223.

23. Blatt AJ, Nakamoto JM, Kaufman HW: Gaps in diabetes screening during
pregnancy and postpartum. Obstet Gynecol 2011, 117(1):61–68.

24. Cullinan J, Gillespie P, Owens L, Dunne F: Accessibility and screening
uptake rates for gestational diabetes mellitus in Ireland. Health Place
2012, 18(2):339–348.

25. Cullinan J, Gillespie P, Owens L, Dunne FP: The impact of travel distance
on the decision to attend for screening for gestational diabetes mellitus.
Ir Med J 2012, 105(5 Suppl):18–20.

26. Pedula KL, Hillier TA, Schmidt MM, Mullen JA, Charles MA, Pettitt DJ:
Ethnic differences in gestational oral glucose screening in a large US
population. Ethn Dis 2009, 19(4):414–419.

27. American College of Obstetricians and Gynecologists: ACOG Practice
Bulletin. Clinical management guidelines for obstetrician-gynecologists.
Number 30, September 2001 (replaces Technical Bulletin Number 200,
December 1994). Gestational diabetes. Obstet Gynecol 2001, 98(3):525–538.

28. Ruggiero L, Spirito A, Bond A, Coustan D, McGarvey S: Impact of social
support and stress on compliance in women with gestational diabetes.
Diabetes Care 1990, 13(4):441–443.

29. Bandyopadhyay M, Small R, Davey MA, Oats JJ, Forster DA, Aylward A:
Lived experience of gestational diabetes mellitus among immigrant
South Asian women in Australia. Aust N Z J Obstet Gynaecol 2011,
51(4):360–364.

30. Doran F, Davis K: Gestational diabetes mellitus in Tonga: insights from
healthcare professionals and women who experienced gestational
diabetes mellitus. N Z Med J 2010, 123(1326):59–67.

31. Evans MK, O’Brien B: Gestational diabetes: the meaning of an at-risk
pregnancy. Qual Health Res 2005, 15(1):66–81.

32. Lawson EJ, Rajaram S: A transformed pregnancy: the psychosocial
consequences of gestational diabetes. Sociol Health Illn 1994,
16(4):536–562.

33. Neufeld HT: Food perceptions and concerns of aboriginal women
coping with gestational diabetes in Winnipeg, Manitoba. J Nutr Educ
Behav 2011, 43(6):482–491.

34. Persson M, Winkvist A, Mogren I: ‘From stun to gradual balance’–women’s
experiences of living with gestational diabetes mellitus. Scand J Caring
Sci 2010, 24(3):454–462.

35. Persily CA: Relationships between the perceived impact of gestational
diabetes mellitus and treatment adherence. J Obstet Gynecol Neonatal
Nurs 1996, 25(7):601–607.

36. Hjelm K, Bard K, Nyberg P, Apelqvist J: Management of gestational
diabetes from the patient’s perspective–a comparison of Swedish and
Middle-Eastern born women. J Clin Nurs 2007, 16(1):168–178.

37. Hjelm K, Berntorp K, Frid A, Aberg A, Apelqvist J: Beliefs about health and
illness in women managed for gestational diabetes in two organisations.
Midwifery 2008, 24(2):168–182.

38. Hirst JE, Tran TS, Do MA, Rowena F, Morris JM, Jeffery HE: Women with
gestational diabetes in Vietnam: a qualitative study to determine
attitudes and health behaviours. BMC Pregnancy Childbirth 2012, 12:81.

39. Collier SA, Mulholland C, Williams J, Mersereau P, Turay K, Prue C: A
qualitative study of perceived barriers to management of diabetes
among women with a history of diabetes during pregnancy. J Womens
Health (Larchmt ) 2011, 20(9):1333–1339.

40. Mersereau P, Williams J, Collier SA, Mulholland C, Turay K, Prue C: Barriers to
managing diabetes during pregnancy: the perceptions of health care
practitioners. Birth 2011, 38(2):142–149.

41. Almario CV, Ecker T, Moroz LA, Bucovetsky L, Berghella V, Baxter JK:
Obstetricians seldom provide postpartum diabetes screening for women
with gestational diabetes. Am J Obstet Gynecol 2008, 198(5):528–5.

42. Kim C, Tabaei BP, Burke R, McEwen LN, Lash RW, Johnson SL, et al: Missed
opportunities for type 2 diabetes mellitus screening among women with
a history of gestational diabetes mellitus. Am J Public Health 2006,
96(9):1643–1648.

43. Lawrence JM, Black MH, Hsu JW, Chen W, Sacks DA: Prevalence and timing
of postpartum glucose testing and sustained glucose dysregulation after
gestational diabetes mellitus. Diabetes Care 2010, 33(3):569–576.



Nielsen et al. BMC Pregnancy and Childbirth 2014, 14:41 Page 17 of 18
http://www.biomedcentral.com/1471-2393/14/41
44. Morrison MK, Collins CE, Lowe JM: Postnatal testing for diabetes in
Australian women following gestational diabetes mellitus. Aust N Z J
Obstet Gynaecol 2009, 49(5):494–498.

45. Smirnakis KV, Chasan-Taber L, Wolf M, Markenson G, Ecker JL, Thadhani R:
Postpartum diabetes screening in women with a history of gestational
diabetes. Obstet Gynecol 2005, 106(6):1297–1303.

46. Dietz PM, Vesco KK, Callaghan WM, Bachman DJ, Bruce FC, Berg CJ, et al:
Postpartum screening for diabetes after a gestational diabetes
mellitus-affected pregnancy. Obstet Gynecol 2008, 112(4):868–874.

47. Beischer NA, Wein P, Sheedy MT: A follow-up program for women
with previous gestational diabetes mellitus. Med J Aust 1997,
166(7):353–357.

48. Baker AM, Brody SC, Salisbury K, Schectman R, Hartmann KE: Postpartum
glucose tolerance screening in women with gestational diabetes in the
state of North Carolina. N C Med J 2009, 70(1):14–19.

49. Gabbe SG, Gregory RP, Power ML, Williams SB, Schulkin J: Management of
diabetes mellitus by obstetrician-gynecologists. Obstet Gynecol 2004,
103(6):1229–1234.

50. Keely E, Clark H, Karovitch A, Graham I: Screening for type 2 diabetes
following gestational diabetes: family physician and patient
perspectives. Can Fam Physician 2010, 56(6):558–563.

51. Shah BR, Lipscombe LL, Feig DS, Lowe JM: Missed opportunities for type 2
diabetes testing following gestational diabetes: a population-based
cohort study. BJOG 2011, 118(12):1484–1490.

52. Stuebe A, Ecker J, Bates DW, Zera C, Bentley-Lewis R, Seely E: Barriers to
follow-up for women with a history of gestational diabetes. Am J
Perinatol 2010, 27(9):705–710.

53. Kaufmann RC, Smith T, Bochantin T, Khardori R, Evans MS, Steahly L: Failure
to obtain follow-up testing for gestational diabetic patients in a rural
population. Obstet Gynecol 1999, 93(5 Pt 1):734–737.

54. Russell MA, Phipps MG, Olson CL, Welch HG, Carpenter MW: Rates of
postpartum glucose testing after gestational diabetes mellitus.
Obstet Gynecol 2006, 108(6):1456–1462.

55. Clark HD, Graham ID, Karovitch A, Keely EJ: Do postal reminders increase
postpartum screening of diabetes mellitus in women with gestational
diabetes mellitus? A randomized controlled trial. Am J Obstet Gynecol
2009, 200(6):634–637.

56. Shea AK, Shah BR, Clark HD, Malcolm J, Walker M, Karovitch A, et al: The
effectiveness of implementing a reminder system into routine clinical
practice: does it increase postpartum screening in women with
gestational diabetes? Chronic Dis Can 2011, 31(2):58–64.

57. Kim C, McEwen LN, Kerr EA, Piette JD, Chames MC, Ferrara A, et al:
Preventive counseling among women with histories of gestational
diabetes mellitus. Diabetes Care 2007, 30(10):2489–2495.

58. Ferrara A, Peng T, Kim C: Trends in postpartum diabetes screening and
subsequent diabetes and impaired fasting glucose among women with
histories of gestational diabetes mellitus: A report from the Translating
Research Into Action for Diabetes (TRIAD) Study. Diabetes Care 2009,
32(2):269–274.

59. Hunt KJ, Conway DL: Who returns for postpartum glucose screening
following gestational diabetes mellitus? Am J Obstet Gynecol 2008,
198(4):404–406.

60. Kwong S, Mitchell RS, Senior PA, Chik CL: Postpartum diabetes
screening: adherence rate and the performance of fasting plasma
glucose versus oral glucose tolerance test. Diabetes Care 2009,
32(12):2242–2244.

61. Bennett WL, Ennen CS, Carrese JA, Hill-Briggs F, Levine DM, Nicholson WK,
et al: Barriers to and facilitators of postpartum follow-up care in women
with recent gestational diabetes mellitus: a qualitative study. J Womens
Health (Larchmt ) 2011, 20(2):239–245.

62. Hoedjes M, Berks D, Vogel I, Franx A, Duvekot JJ, Oenema A, et al:
Motivators and barriers to a healthy postpartum lifestyle in women at
increased cardiovascular and metabolic risk: a focus-group study.
Hypertens Pregnancy 2012, 31(1):147–155.

63. Zehle K, Smith BJ, Chey T, McLean M, Bauman AE, Cheung NW:
Psychosocial factors related to diet among women with recent
gestational diabetes: opportunities for intervention. Diabetes Educ 2008,
34(5):807–814.

64. Smith BJ, Cheung NW, Bauman AE, Zehle K, McLean M: Postpartum
physical activity and related psychosocial factors among women with
recent gestational diabetes mellitus. Diabetes Care 2005, 28(11):2650–2654.
65. Kim C, McEwen LN, Piette JD, Goewey J, Ferrara A, Walker EA: Risk
perception for diabetes among women with histories of gestational
diabetes mellitus. Diabetes Care 2007, 30(9):2281–2286.

66. Stage E, Ronneby H, Damm P: Lifestyle change after gestational diabetes.
Diabetes Res Clin Pract 2004, 63(1):67–72.

67. Kim C, McEwen LN, Kieffer EC, Herman WH, Piette JD: Self-efficacy, social
support, and associations with physical activity and body mass index
among women with histories of gestational diabetes mellitus. Diabetes
Educ 2008, 34(4):719–728.

68. Koh D, Miller YD, Marshall AL, Brown WJ, McIntyre D: Health-enhancing
physical activity behaviour and related factors in postpartum women
with recent gestational diabetes mellitus. J Sci Med Sport 2010,
13(1):42–45.

69. Swan W, Kilmartin G, Liaw ST: Assessment of readiness to prevent type 2
diabetes in a population of rural women with a history of gestational
diabetes. Rural Remote Health 2007, 7(4):802.

70. Graco M, Garrard J, Jasper AE: Participation in physical activity:
perceptions of women with a previous history of gestational diabetes
mellitus. Health Promot J Austr 2009, 20(1):20–25.

71. Nicklas JM, Zera CA, Seely EW, Abdul-Rahim ZS, Rudloff ND, Levkoff SE:
Identifying postpartum intervention approaches to prevent type 2
diabetes in women with a history of gestational diabetes. BMC Pregnancy
Childbirth 2011, 11:23.

72. Razee H, van der Ploeg HP, Blignault I, Smith BJ, Bauman AE, McLean M,
et al: Beliefs, barriers, social support, and environmental influences
related to diabetes risk behaviours among women with a history of
gestational diabetes. Health Promot J Austr 2010, 21(2):130–137.

73. Symons DD, Ulbrecht JS: Understanding exercise beliefs and behaviors
in women with gestational diabetes mellitus. Diabetes Care 2006,
29(2):236–240.

74. McNamee P, Ternent L, Hussein J: Barriers in accessing maternal
healthcare: evidence from low-and middle-income countries. Expert Rev
Pharmacoecon Outcomes Res 2009, 9(1):41–48.

75. Simkhada B, Teijlingen ER, Porter M, Simkhada P: Factors affecting the
utilization of antenatal care in developing countries: systematic review
of the literature. J Adv Nurs 2008, 61(3):244–260.

76. Kapur A: Pregnancy: a window of opportunity for improving current and
future health. Int J Gynaecol Obstet 2011, 115(Suppl 1):S50–S51.

77. Gong Q, Gregg EW, Wang J, An Y, Zhang P, Yang W, et al: Long-term
effects of a randomised trial of a 6-year lifestyle intervention in impaired
glucose tolerance on diabetes-related microvascular complications: the
China Da Qing Diabetes Prevention Outcome Study. Diabetologia 2011,
54(2):300–307.

78. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker
EA, et al: Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med 2002, 346(6):393–403.

79. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H,
Ilanne-Parikka P, et al: Prevention of type 2 diabetes mellitus by changes
in lifestyle among subjects with impaired glucose tolerance. N Engl J Med
2001, 344(18):1343–1350.

80. Ratner RE: Prevention of type 2 diabetes in women with previous
gestational diabetes. Diabetes Care 2007, 30(Suppl 2):S242–S245.

81. Hu G, Tian H, Zhang F, Liu H, Zhang C, Zhang S, et al: Tianjin Gestational
Diabetes Mellitus Prevention Program: study design, methods, and
1-year interim report on the feasibility of lifestyle intervention program.
Diabetes Res Clin Pract 2012, 98(3):508–517.

82. Infanti JJ, Dunne FP, Dea O, Gillespie P, Gibson I, Glynn LG, et al: An evaluation
of Croi MyAction community lifestyle modification programme compared
to standard care to reduce progression to diabetes/pre-diabetes in women
with prior gestational diabetes mellitus (GDM): study protocol for a
randomised controlled trial. Trials 2013, 14(1):121.

83. Shih ST, Davis-Lameloise N, Janus ED, Wildey C, Versace VL, Hagger V, et al:
Mothers After Gestational Diabetes in Australia Diabetes Prevention
Program (MAGDA-DPP) post-natal intervention: study protocol for a
randomized controlled trial. Trials 2013, 14(1):339.

84. Khambalia AZ, Ford JB, Nassar N, Shand AW, McElduff A, Roberts CL:
Occurrence and recurrence of diabetes in pregnancy. Diabet Med 2013,
30(4):452–456.

85. Seshiah V, Balaji V, Balaji MS, Paneerselvam A, Arthi T, Thamizharasi M, et al:
Prevalence of gestational diabetes mellitus in South India (Tamil Nadu)–
a community based study. J Assoc Physicians India 2008, 56:329–333.



Nielsen et al. BMC Pregnancy and Childbirth 2014, 14:41 Page 18 of 18
http://www.biomedcentral.com/1471-2393/14/41
86. Zhu WW, Yang HX, Wei YM, Yan J, Wang ZL, Li XL, et al: Evaluation of
the value of fasting plasma glucose in the first prenatal visit to
diagnose gestational diabetes mellitus in china. Diabetes Care 2013,
36(3):586–590.

87. International Diabetes Federation: Diabetes Atlas. 5th edition. Brussels:
International Diabetes Federation; 2011.

88. World Health Organization: Maternal mortality. Fact sheet No. 348.
2010. www.who.int/mediacentre/factsheets/fs348/en/ accessed
30 May 2013.

doi:10.1186/1471-2393-14-41
Cite this article as: Nielsen et al.: From screening to postpartum follow-
up – the determinants and barriers for gestational diabetes mellitus
(GDM) services, a systematic review. BMC Pregnancy and Childbirth
2014 14:41.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.who.int/mediacentre/factsheets/fs348/en/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Study selection, eligibility criteria and data abstraction

	Results
	Search outcome
	Determinants and barriers for GDM screening
	Characteristics of health care providers and health care setting
	Client characteristics: ethnicity, body weight and age
	Ethnicity
	BMI and body weight
	Age
	Other factors

	Barriers for GDM screening
	Determinants of and barriers for GDM treatment
	Determinants and barriers for postpartum diabetes screening
	Characteristics of health care providers and health care setting
	Barriers according to health care providers
	Characteristics of the client with GDM
	Barriers according to women with GDM
	Determinants and barriers for healthy postpartum lifestyle and prevention of future diabetes
	Barriers for healthy postpartum lifestyle

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


