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Abstract 

Background: Non‑pharmacological interventions are the first line of Gestational diabetes mellitus (GDM) manage‑
ment. Community‑based interventions are cheaper, more accessible, with higher patient satisfaction.

Objectives: To systematically review community‑based non‑pharmacological interventions and evaluate their effec‑
tiveness for GDM.

Search strategy: Twelve bibliographic databases and reference list of related studies from inception until January 
2022.

Selection criteria: All primary studies of community‑based non‑pharmacological interventions for GDM reported in 
English which investigated any behavioural or clinical outcome(s).

Data collection and analysis: Data were extracted using modified Cochrane’s data extraction template. Studies 
were evaluated using Cochrane Collaboration’s risk of bias tool. Narrative synthesis was used to summarise findings. 
This study is registered with PROSPERO (CRD42021257634).

Main results: Twenty‑seven studies involving 6,242 pregnant women with GDM investigated self‑management pro‑
grammes, medical nutrition/diet therapy, exercise/physical activity, combined diet and exercise, calcium plus vitamin 
D supplementation, and continuous glucose monitoring. Self‑management programmes were more effective than 
routine care in improving self‑efficacy, two‑hour postprandial blood glucose, and lifestyle behaviours but were as 
effective as routine care in improving infant birth weight. Self‑management programmes were superior to or as effec‑
tive as usual care in improving fasting blood glucose, blood glucose control, glycated haemoglobin, macrosomia, and 
preterm delivery. Medical nutrition/diet therapy was more effective than usual care in improving postprandial blood 
glucose levels. Postprandial blood glucose levels were better improved by regular supervised exercise plus daily 
brisk walks or a daily walking intervention than routine obstetric care or no treatment. The effects of exercise/physi‑
cal activity programmes were mostly inconsistent for other outcomes. Diet and exercise were superior to diet alone 
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Introduction
Gestational diabetes mellitus (GDM) is diagnosed by the 
detection of hyperglycaemia during pregnancy. This can 
convert a natural process to one fraught with increased 
risk for foetal and maternal mortality and morbidity, an 
increased need for surveillance, increased emotional dis-
tress, and reduced quality of life [1, 2]. Five percent of 
women develop type 2 diabetes within 10 years following 
first onset of GDM [3–5]. The prevalence of GDM is 1% 
– 30% globally. The burden is greatest in the Middle East 
and some North African countries (8.8–20.0%), followed 
by South- East Asia (9.6–18.3%), the Western Pacific 
(4.5–20.3%), South and Central America (7.1–16.6%), 
sub-Saharan Africa (8.5–13.1%) and North America and 
the Caribbean (6.5–11.9%). The lowest burden of GDM is 
found in Europe, and this region also has the widest vari-
ation in prevalence (1.8–31.0%) [2, 6].

GDM results from carbohydrate intolerance or hyper-
glycemia with first onset occurring in a present preg-
nancy. Most GDM are detected in late second trimester 
(13–26 completed weeks of gestation) or early in the 
third trimester (27–40 weeks). It appears that women 
who developed GDM in late gestation had decreased 
peripheral insulin sensitivity (insulin sensitivity – abil-
ity of insulin to increase glucose uptake in skeletal mus-
cle and adipose tissues) even before conception. There is 
defect in the pancreatic β- cell function such that as preg-
nancy progresses, insulin resistance increases, the insu-
lin response subsequently becomes inadequate resulting 
in hyperglycaemia. Inflammation, which has been linked 
to obesity, is also important in the pathophysiology of 
GDM as it disrupts insulin signaling. Pancreatic β- cell 
dysfunction can progress after the first GDM pregnancy 
and appear to be linked with retention of excessive ges-
tational weight gain and increases in insulin resistance. 
Decreased insulin sensitivity affect maternal amino acid 
and lipid metabolism, which increases foetal growth and 
adiposity, and this can be associated with complications 
during delivery. Other complications in the offspring 
include congenital malformations, shoulder dystocia, 

respiratory distress syndrome, neonatal hypoglycemia, 
hyperbilirubinaemia, and hypocalcaemia [2, 7, 8].

Risk factors for GDM include body mass index (BMI) 
greater than 25kg/m2, advanced maternal age, non-white 
ancestry, family history of type 2 diabetes mellitus, previ-
ous history of GDM, parity, male foetus, multiple preg-
nancy, genetic factors, polycystic ovarian syndrome, 
cigarette smoking, psychosocial factors such as depres-
sion during pregnancy, unhealthy dietary behaviour 
(‘western diet style – high sugar consumption including 
sweets, sweetened beverages, potatoes; increased dietary 
fat consumption including fried foods and animal fat; 
and protein including red/processed meat; refined grain 
products e.g., French fries and pizza) before and dur-
ing pregnancy, and physical inactivity before and during 
pregnancy. Furthermore, environmental (e.g., persistent 
organic pollutants and endocrine disruptors), and psy-
chosocial (e.g., depression in the first and second tri-
mester) factors increase the risk of developing GDM. 
Together with genetic susceptibility, these factors may 
explain the global differences in GDM burden. Nearly 
half of all GDM cases can be prevented by adopting a 
healthy diet prior to pregnancy (large uptake of fibre, 
nuts, fruits, green leafy vegetables, poultry and fish, an 
overall ‘Mediterranean’ diet), maintaining a BMI <25 
kg/m2, doing exercise ≥30 minutes per day, and avoid-
ing smoking [2, 3, 6]. Improvement in the metabolic 
processes associated with GDM occurs in women who 
return to pre-pregnancy body weight; which can be facil-
itated by engagement in physical activity and adoption of 
healthy diet [2].

Treatment of GDM aims to prevent foetal over-
growth and pregnancy complications and involves 
non-pharmacological and pharmacological modali-
ties. Pharmacological treatments are utilized when 
non-pharmacological interventions do not achieve 
glycaemic control. Insulin therapy is the main phar-
macological intervention, but it is associated with dis-
comfort, increased cost, and risk of hypoglycaemia, 
requiring regular hospital visits and dose adjustments. 

in reducing maternal weight gain although there were similar outcomes for other pregnancy and foetal outcomes. 
Limited or conflicting evidence was found for other outcomes and interventions including calcium and vitamin D 
supplementation and continuous glucose monitoring intervention.

Conclusions: Community‑based non‑pharmacological interventions are more effective than placebo; and are more 
or as effective as usual care. Self‑management programmes and medical nutrition/diet therapy had the most promis‑
ing GDM outcomes.

Funding: There was no funding for this study. The study design, data collection, data analysis and interpretation, and 
writing of this manuscript were not influenced externally by any funder.
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Hence, glucose lowering oral medications such as met-
formin are becoming popular. Non-pharmacological 
interventions include mainly diet and physical activity 
[2] and are often sufficient to achieve glycaemic control 
[9, 10]. Indeed, lifestyle interventions which promote 
healthy diet and physical activity are also effective in 
the prevention of GDM. Furthermore, 70-90% of preg-
nant women with GDM can be effectively managed 
with lifestyle interventions alone [11]. Psychological 
and health education interventions may be relevant 
where they promote health behaviour changes such 
as self-monitoring of blood glucose levels [12–14]. A 
randomised controlled trial (RCT) showed improve-
ments in 1-hour postprandial blood glucose after an 
educational intervention. The study reported no sta-
tistically significant differences amongst four groups 
of nutrition therapy only, nutrition therapy plus edu-
cation, insulin therapy only, and insulin therapy plus 
education in other outcomes such as fasting blood glu-
cose, 2-hour postprandial blood glucose, glycated hae-
moglobin and quality of life [15]. However, this study 
may have been underpowered to detect statistical sig-
nificance. Self-management programmes usually con-
tain psychological and health education components, 
and systematic reviews have suggested that they can be 
effective in the management of GDM [16–18].

Community-based treatment is associated with 
lower costs, higher patient satisfaction, fewer hos-
pitalizations and emergency department visits, and 
lower mortality [19, 20]. Community-based interven-
tions are often outside large health institutions such as 
primary health care and general community settings, 
can involve non-medical personnel, have behavioural 
expectations and active participation, are cultur-
ally sensitive rather than routine, and are usually not 
intrusive [21]. Community-based interventions can be 
seen as multicomponent interventions that combine 
individual and environmental change strategies across 
multiple settings aiming to prevent diseases and to 
promote well-being among population groups outside 
of mainstream secondary and tertiary health facilities 
[22].

There is no synthesized evidence on community-
based non-pharmacological interventions for GDM. 
Therefore, we aimed to systematically summarise the 
evidence regarding community-based non-pharmaco-
logical interventions for GDM, including intervention 
content and effectiveness. We reported this system-
atic review in line with the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) 
2020 and the Synthesis without meta-analysis (SWiM) 
in systematic reviews reporting guidelines [23, 24].

Methods
Eligibility criteria, information sources, selection process, 
data items, assessment of reporting bias and certainty 
assessment are detailed in Table 1.

Search strategy
Search strategies for the twelve databases were informed 
by the Cochrane handbook for systematic reviews of 
interventions [25]. In line with the PRISMA 2020 guide-
lines [23, 26], searches involved several combinations of 
MeSH and free text terms and word variants for preg-
nant, gestational diabetes, community-based and non-
pharmacological interventions. Search strategies were 
developed for the different databases and was piloted to 
establish sensitivity prior to searching (appendix 1).

Data collection process
Data were collected using a data extraction form that 
was adapted from the Cochrane Group’s Data Extrac-
tion Template [27]. Three reviewers (CNI-C, PCO, 
GNE) independently piloted the form on a random sam-
ple of 5 articles. Final amendments were made to the 
form prior to data extraction. PCO and GNE indepen-
dently extracted data from studies. Inconsistencies in 
extracted data were resolved by discussion with CNI-C. 
A maximum of three email requests were made to cor-
responding authors of studies with missing or unclear 
information.

Study risk of bias assessment
Two reviewers (CNI-C, PCO) independently assessed 
the risk of bias in all RCTs. Other study designs were 
regarded as high risk of bias. The risk of bias in RCTs 
were assessed using the Cochrane’s risk of bias tool 
including selection bias, performance bias, detection 
bias, attrition bias, reporting bias and other potential 
threats to validity [28]. For each RCT, low risk of bias in 
all domains was classified as low risk of bias overall. High 
risk of bias or unclear risk of bias in only one item was 
classified as minimal risk of bias overall. High risk of bias 
or unclear risk of bias in two to three items was classi-
fied as moderate risk of bias overall. High risk of bias or 
unclear risk of bias in four items and above was classified 
as high risk of bias overall.

Synthesis methods
Narrative synthesis was used due to clinical, methodo-
logical, and statistical heterogeneity arising from diverse 
interventions, study designs, methods, and outcomes, 
respectively.

This systematic review is registered with PROSPERO 
(CRD42021257634) and the protocol is available online.
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Results
Study selection
One thousand eight hundred sixteen duplicates were 
removed from the initial search yield of 9 162. 7 346 
titles and abstracts were screened, and 109 full text arti-
cles were screened. 25 articles were eligible. Two RCTs 
were included from the update search. A total of 27 arti-
cles were included in this review: 16 RCTs and 11 quasi-
experimental studies (Fig. 1).

Study characteristics
Included study characteristics are illustrated in Table  2. 
Identified studies were published between 2004 and 
2021; and involved 6,242 pregnant women with gesta-
tional diabetes mellitus in China (6), Iran (5), United 
State of America (3), Canada (2), Australia (1), Brazil (1), 
Croatia (1), Egypt (1), Ireland (1), Japan (1), Mexico (1), 
Nigeria (1), Oman (1), Thailand (1), and Turkey (1). The 

community-based non-pharmacological interventions 
were delivered in primary health care centres (antena-
tal/maternal clinics) (8), private community clinics (5), 
obstetric community clinics (3), gestational diabetes 
mellitus community clinics (3), perinatology community 
clinics (2), outpatient community clinics (2), medical cen-
tre (1), and urban community clinic (1) by researchers 
(9), dieticians/nutritionists (4), physicians and research-
ers (2), physicians (2), nurses (2), physiotherapists (1), 
educators (1), physician and nurses (1), educator and 
physicians (1), exercise physiologist and nurse (1), mid-
wives and nurses (1), dietician and nurse (1), not speci-
fied (1). The control interventions were delivered in the 
same facilities.

Risk of bias in studies
Table  3 highlights the risk of bias in individual RCTs. 
Overall, two RCTs were low risk of bias, two RCTs were 
minimal risk of bias, eight RCTs were moderate risk of 

Fig. 1 Flow diagram of the study selection process
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bias, and three RCTs were high risk of bias. All eleven 
quasi-experimental studies were regarded as high risk of 
bias.

Results of individual studies
Table 4 presents the description of the community-based 
non-pharmacological interventions and the control 
group interventions as well as the results of each study.

Summary of individual study outcomes
Majority (25) of the studies showed that community-
based non-pharmacological interventions were more 
effective than control interventions which included rou-
tine/standard prenatal care, placebo, or no treatment in 
improving the greatest number of maternal and new-
born outcomes. 15 studies reported similar effectiveness 
in comparatively fewer number of outcomes in the inter-
vention and control groups. Only one study reported a 

superior improvement in a neonatal outcome (neonatal 
body mass index), and only one study reported a superior 
improvement in a maternal outcome (reduced caesarean 
section use), both when compared with control (routine/
standard prenatal care).

Summary of community‑based non‑pharmacological 
interventions

Self‑management programmes Nine studies investi-
gated self-management programmes which involved 
face-to-face educational sessions and self-care guide 
package [47], health education and lifestyle manage-
ment delivered using social media (WeChat) plus 
motivational briefing to promote self-care in relation 
to diet, exercise, and blood glucose control [53], self-
management education programme involving goal set-
ting, motivational interviewing to increase self-efficacy, 

Table 3 Risk of bias table for the randomised controlled trials (RCTs)

Author’s 
name and 
year

Random 
sequence 
generation 
(selection 
bias)

Allocation 
concealment 
(selection 
bias)

Blinding of 
participants 
and 
personnel 
(performance 
bias)

Blinding of 
outcome 
assessment 
(detection 
bias)

Incomplete 
outcome 
data 
(attrition 
bias)

Selective 
reporting 
(reporting 
bias)

Other biases Overall grading 
of bias

Karamali et al. 
[52]

Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Louie et al., 
[39]

Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk

de Barros et al., 
[30]

Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Kolivand et al., 
[47]

Low risk Low risk Low risk Unclear Low risk Low risk Low risk Minimal risk

Kokic et al., 
[31]

Low risk Low risk High risk Low risk Low risk Low risk Low risk Minimal risk

Tian et al., [53] Low risk Unclear Low risk Unclear Low risk Low risk Low risk Moderate risk

Barati et al., 
[54]

Low risk Low risk High risk Unclear Low risk Low risk Low risk Moderate risk

Mohebbi et al., 
[32]

High risk Low risk Unclear Low risk Low risk Low risk Low risk Moderate risk

Al Hashmi, [48] Low risk Unclear High risk Low risk Low risk Low risk Low risk Moderate risk

Bartholomew 
et al., [35]

Low risk Low risk High risk Low risk High risk Low risk Low risk Moderate risk

Asemi et al., 
[40]

Low risk Unclear Unclear Unclear Low risk Low risk Low risk Moderate risk

Grant et al., 
[41]

Low risk Low risk Unclear Unclear Low risk Low risk High risk Moderate risk

Mendelson 
et al., [45]

Low risk High risk High risk High risk Low risk Low risk Low risk Moderate risk

Daniel et al., 
[29]

Unclear Unclear Unclear Unclear Low risk Low risk Low risk High risk

Hu et al., [38] Unclear Unclear Unclear Unclear Low risk Low risk Low risk High risk

Ural & Beji, [46] High risk High risk High risk High risk Low risk Low risk Low risk High risk
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social support, self-monitoring of blood glucose, plus 
phone call reminder of education [32], self-efficacy 
enhancing intervention involving individualised health 
education comprising motivational messages, role mod-
elling, goal-setting and mastery experience to facilitate 
healthy behaviours [48], cell phone–internet technol-
ogy (CIT) for self-management (monitoring) of hyper-
glycemia during pregnancy [35], supplementary 1-hour 
education session for diabetes education [45], health-
promoting lifestyle education programme [46], con-
tinuous health education using a smartphone-based tel-
emedicine system [33], group educational programme 
enhancing health-related knowledge and facilitating 
self-care [34].

Medical nutrition/diet therapy interventions Nine 
studies examined medical nutrition/diet therapy pro-
grammes which involved low–glycaemic index (LGI) 
diet [38, 39, 41], oat bran plus routine diet for gesta-
tional diabetes [54], dietary approaches to stop hyper-
tension (DASH) diet that is rich in fruits, vegetables, 
whole grains and low-fat diary products [40], 3-day 
intensive diet therapy [37], medical nutrition therapy 
counselling [49–51].

Exercise/physical activity programmes Five studies 
investigated exercise/physical activity programmes which 
involved resistance exercise [30], regular supervised exer-
cise plus daily brisk walking [31], aerobic dance exercise 
[29], physical activity lifestyle programme [44], and daily 
walking programme [4].

Combined diet and exercise interventions Two studies 
investigated combined exercise and diet therapy pro-
grammes which involved exercise equivalent to a 60% 
symptom-limited VO2 max and diabetic diet [42], and 
consultation with a dietician plus individually tailored 
exercise [43].

Calcium and vitamin D supplement therapy One study 
examined the use of combined 1000 mg of Calcium and 
two pearls containing 1250 μg (50 000 IU) of cholecalcif-
erol [52].

Continuous glucose monitoring intervention One study 
investigated the use of continuous glucose monitoring 
which involved the use of continuous glucose monitor-
ing system to assess 24-hour glucose fluctuations (every 
10 seconds and an average value stored every 5 minutes. 
This provides up to 288 measurements per day, and offers 
a complete view of glucose profile about the direction, 
magnitude, duration, frequency, and causes of fluctua-
tions in blood glucose levels [36].

Results of syntheses
Effectiveness of community‑based non‑pharmacological 
interventions
Meta-analysis was precluded due to different interven-
tion content in experimental and control groups, study 
designs, and outcomes (Tables 2 and 4).

Effectiveness of self‑management programmes Self-
management programmes consistently improved most 
health behaviour-related outcomes such as self-efficacy 
[32, 47, 48], lifestyle behaviours [46, 48], self-manage-
ment behaviour [32], self-monitoring of blood glucose 
[35], adherence to recommended healthy health promot-
ing behaviours [45], cues to action [32], perceived ben-
efits [32], perceived barriers [32], perceived severity [32], 
perceived susceptibility [32], and satisfactory knowledge 
[34] better than routine obstetric care.

Two-hour postprandial blood glucose was also consist-
ently better improved by self-management programmes 
than routine care [33, 35, 47].

Only one clinical trial each measured quality of life [46] 
and satisfaction [35], pregnancy-induced hypertension 
[33] with all reporting better improvements in the self-
management programmes.

No differences between self-management programmes 
and routine care were found for infant birth weight [47, 
53] and age of neonate at delivery [47], premature rup-
ture of membranes [53], postpartum haemorrhage [53], 
days of maternal/neonatal hospitalisation [45].

Other maternal and neonatal clinical outcomes were con-
flicting. Two clinical trials (one cross-over trial) reported 
no difference in fasting blood glucose in the routine care 
and self-management programmes [35, 47]; but one non-
RCT reported superior improvements in fasting blood 
glucose in the self-management programmes than rou-
tine care [33]. One study each reported superior effects 
of self-management programmes on blood glucose con-
trol (glycaemic qualification rate) [53], glycated haemo-
globin [32], but another study reported no significant dif-
ferences in glycaemic control [45] compared with routine 
care. No differences were found in macrosomia [45] in 
one study whereas another study reported lower rates of 
macrosomia in the self-management programmes com-
pared with routine care [46]. One study reported no dif-
ferences in preterm birth [53] but another study showed 
lower rates of premature delivery in the self-management 
programme compared with routine care [33]. Two stud-
ies reported no differences in the type of delivery [47, 53], 
whereas one study reported that caesarean section was 
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less in the routine care group compared with self-man-
agement [33].

Effectiveness of medical nutrition/diet therapy interven‑
tions Medical nutrition/diet therapy interventions 
consistently improved postprandial blood glucose levels 
more than routine diabetic diet [38, 41, 49, 50, 54].

One study showed that small group nutritional coun-
selling saved 27 dietitian hours compared to individual 
nutritional counselling, with knowledge levels being sim-
ilar in both treatment groups [51].

Fasting blood glucose was better improved by the addi-
tion of 30 grams oat bran daily to routine diabetic diet 
for 4 weeks than routine diabetic diet alone [54]. Supe-
rior improvements in fasting blood glucose was produced 
by a medical nutrition therapy (MNT) counselling com-
pared with a no MNT group [49]. Another MNT pro-
gramme produced similar improvements in fasting blood 
glucose as routine obstetric care [50].

Similar glycaemic control was observed between a low 
glycaemic index diet and a routine diabetic diet consist-
ing of conventional high fibre diet [41]. However, a three-
day intensive diet therapy produced superior glycaemic 
control than routine diabetic care such that fewer people 
required insulin therapy [37].

Similar outcomes between a low glycaemic index and a 
conventional high fibre diet were produced for infant 
birth weight, ponderal index (within normal), maternal 
weight, foetal abdominal circumference [54]. Likewise, 
similar outcomes were produced by an intensive MNT 
programme and routine obstetric care in insulin use, 
prematurity, macrosomia, low birth weight, and intrau-
terine death [50]. MNT counselling produced superior 
outcomes in maternal weight, rates of adverse events, 
and exclusive breast feeding than a no MNT control [49]. 
Similarly, an intensive MNT programme produced better 
outcomes in rates of perinatal complications, preeclamp-
sia, maternal hospitalisations, neonatal intensive care 
unit admissions, and had no neonatal deaths compared 
with routine obstetric care [50]. Dietary approaches to 
stop hypertension (DASH) diet that is rich in fruits, vege-
tables, whole grains and low-fat diary products produced 
superior pregnancy outcomes (lower caesarean delivery 
and insulin therapy), lower rates of macrosomia, lower 
birth weight and head circumference, and lower ponderal 
index; but similar outcomes in gestational age, polyhy-
dramnios, newborn length, and Apgar score compared 
to a control diet (45-55% carbohydrate, 15-20% protein, 
25-30% total fat) given as routine care [40].

Effectiveness of exercise/physical activity pro‑
grammes Postprandial blood glucose levels were bet-
ter improved by regular supervised exercise plus daily 
brisk walks than routine obstetric care [31]. Similarly, 
postprandial blood glucose levels were improved by a 
daily walking intervention in a pre-post-test study with 
no control group [4]. The effects of exercise/physical 
activity programmes were mostly inconsistent for other 
outcomes.

Fasting blood glucose was better improved by an aerobic 
dance exercise intervention than routine obstetric care 
[29]. In contrast, a regular supervised exercise plus daily 
brisk walking intervention and routine obstetric care 
produced similar improvements in fasting blood glucose 
[31]. Resistance exercise produced greater improvements 
in glycaemic control (weeks within target blood glucose 
range) than routine obstetric care but resistance exercise 
and routine obstetric care produced similar mean glu-
cose levels [30].

Resistance exercise produced greater reduction in people 
requiring insulin, new-born birthweight but similar out-
comes in quantity of insulin required by patients, time 
interval between patient inclusion in study and insulin 
use, rates of caesarean section, rates of preterm when 
compared with routine obstetric care [30]. Physical activ-
ity lifestyle programme produced better improvements in 
maternal body mass index, rates of preterm birth, rates of 
low birth weight, and macrosomia than a control group 
without such intervention [44]. Regular supervised exer-
cise plus daily brisk walks produced similar outcomes as 
routine obstetric care on rates of pregnancy and birth 
complications, need for pharmacological therapy, mater-
nal body mass and body fat percentage, neonatal Apgar 
scores, ponderal index. However, neonatal body mass 
index was better in the routine obstetric care group than 
the exercise/physical activity group [31].

Effectiveness of combined diet and exercise interven‑
tions Diet and exercise was superior to diet alone in 
reducing maternal weight gain per week but similar out-
comes were observed for other pregnancy and foetal out-
comes including complications, gestational age at deliv-
ery, and rate of caesarean delivery [42]. Diet and exercise 
were better in improving the rates of large for gestational 
age and macrosomia compared with pregnant women 
with normal glucose tolerance placed on routine obstet-
ric care, although other adverse outcomes were similar 
between the two groups [43].

Effectiveness of calcium and vitamin D supplement 
therapy Significant decrease in the rates of caesarean 
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delivery, maternal hospitalisation, hyperbilirubinaemia, 
newborn hospitalisation were observed with combined 
1000 mg of Calcium and 1250 μg of cholecalciferol com-
pared with placebo. No case of macrosomia was seen 
with the vitamin supplementation, in contrast to placebo 
[52].

Effectiveness of continuous glucose monitoring interven‑
tion Better glycaemic control, reduced risk of pre-
eclampsia and caesarean delivery, and reduced birth 
weight and neonatal complications were produced with 
continuous glucose monitoring plus routine obstetric 
care compared to routine obstetric care alone [36].

Reporting bias in overall results
There were no systematic differences in the consistent 
and inconsistent outcomes based on study rating of bias, 
study design and the size of individual studies.

Certainty of overall results
Strong evidence showed that the community-based self-
management programmes improved self-efficacy [32, 
47, 48], and 2-hour postprandial blood glucose [33, 35, 
47], better than routine care. Moderate evidence sug-
gests that the self-management programmes improved 
life style behaviours [46, 48], better than routine care. 
Moderate evidence indicated that the self-management 
programmes produced similar outcomes on infant birth 
weight as routine care [47, 53].

The strength of evidence for the effectiveness of the 
self-management programmes for some outcomes was 
conflicting. Moderate evidence suggests that the self-
management programmes produced similar outcomes 
as routine care for fasting blood glucose [35, 47] but very 
low evidence suggest that they are superior to routine 
care [33] for fasting blood glucose. There is very low evi-
dence that the self-management programmes were supe-
rior or as effective as routine care in improving blood 
glucose control [32, 45], macrosomia [45, 46], and pre-
term delivery [33, 53]. There is moderate evidence that 
the self-management programmes produced similar out-
comes as routine care in reducing the rates of caesarean 
delivery [47, 53], but very low strength of evidence that 
they are inferior to routine care [33] in reducing the rates 
of caesarean delivery.

There is moderate evidence that community-based 
medical nutrition/diet therapy interventions were more 
effective than usual care in improving postprandial blood 
glucose levels [38, 41, 49, 50, 54].

The strength of evidence for the other outcomes 
and the effectiveness of the other community-based 

non-pharmacological interventions was uncertain 
because only one study examined them.

Discussion
This systematic review of community-based non-phar-
macological interventions for pregnant women with 
gestational diabetes mellitus indicate that these interven-
tions were more effective than routine care in improv-
ing health behaviour related outcomes and two-hour 
postprandial blood glucose. Other outcomes of these 
programmes were less consistent. Community-based 
self-management programmes were superior to or as 
effective as routine care in improving fasting blood glu-
cose, blood glucose control, glycated haemoglobin, mac-
rosomia/infant birth weight, and preterm delivery. There 
was a trend towards community-based self-management 
programmes being superior to routine care in improv-
ing self-management behaviour, self-monitoring of blood 
glucose, adherence to recommended health promot-
ing behaviours, quality of life, satisfaction, pregnancy-
induced hypertension, cues to action, perceived benefits, 
perceived barriers, perceived severity, perceived sus-
ceptibility, and satisfactory knowledge. However, there 
was a trend towards the self-management programmes 
being similar to usual care in improving age of neonate at 
delivery, premature rupture of membranes, postpartum 
haemorrhage, and days of maternal and neonatal hospi-
talisation. The impact on the rates of caesarean delivery 
is conflicting.

These findings align with the reviews of self-manage-
ment programmes for other diabetic populations includ-
ing adults, adolescents and/or children with type 1 or 
type 2 diabetes mellitus. Self-management programmes 
were efficacious and cost effective for facilitation of 
self-management, improvements in patients’ knowl-
edge, skills, and motivation, and improved biomedical, 
behavioural, and psychosocial outcomes [55]. Self-man-
agement programmes had a greater impact on glycae-
mic outcomes than on mental health outcomes which 
were rarely assessed [56]. Blood glucose control, diabe-
tes knowledge, body weight, blood pressure, low density 
lipoprotein cholesterol, mean arterial pressure, anxiety 
and depression, diabetes distress, sedentary behaviours, 
quality of life, self-efficacy, self-care, self-management 
skills, and treatment satisfaction were improved follow-
ing diabetes self-management programmes [57]. Self-
management produced better improvements in glycated 
haemoglobin, diabetes knowledge, self-efficacy, self-
management behaviours, depression, quality of life and 
patient satisfaction compared with routine care [58]. 
Self-management programmes were better than routine 
care for fasting blood glucose, blood pressure, body mass 
index, self-efficacy, diabetes knowledge; but were similar 
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for self-management practices, physical activity, diabetes 
distress, and depression [59].

The conflicting results of the impact of self-manage-
ment programmes for some outcomes in our review 
could be due to the different content, intensity, and deliv-
ery of the self-management programmes in few studies. 
Other reviews of diabetes self-management programmes 
have made similar observations and reported very few 
and differing studies of diverse diabetes self-management 
programmes which make interpretation and generalisa-
tion of findings difficult [57, 59]. The recommendation 
that diabetes self-management programmes be tailored 
acknowledging individual and cultural needs [60] might 
increase effectiveness and consistency of findings. Deter-
mining and utilising active components and core out-
comes of diabetes self-management programmes could 
enhance effectiveness and consistency of findings. Self-
management programmes focus on lifestyle changes, 
health behaviour change, and daily self-management of 
conditions [61–64] which could explain the consistent 
superior effectiveness of the community-based self-man-
agement programmes on health behaviour related out-
comes when compared with routine care in our review.

Our results show that community-based medical nutri-
tion/diet therapy interventions were more effective than 
routine care in improving postprandial blood glucose 
levels; which can be a proxy for good adherence to nutri-
tional therapy [65]. The effectiveness of the interventions 
was less certain for the other outcomes because only 
one study reported each of them. Overall, there was a 
trend towards community-based medical nutrition/diet 
therapy interventions being superior to or as effective as 
usual care in the other maternal outcomes and all neona-
tal outcomes. Intensive nutritional interventions tended 
to be more effective than usual care in the greatest num-
ber of outcomes. Although group nutritional counselling 
was as effective as individual nutritional counselling in 
improving diabetes knowledge, group counselling had an 
additional advantage of saving dietitian hours.

Overall, our review found no evidence that any spe-
cific community-based nutritional therapy was superior 
to the other. This could be because any diet based on 
low glycaemic index diet, high in complex carbohydrate 
and fibre, low in simple sugar and low in saturated fat 
produce positive outcomes in GDM including reduc-
tion in blood glucose, prevention of insulin resistance, 
and attenuating excess foetal fat accretion [65–70]. Low 
glycaemic index diet is known to reduce two hour post 
prandial glucose, fasting blood glucose, and lipid profile 
in patients with GDM [71]. This aligns with our review 
which found that glycaemic control was similar between 
low glycaemic index and conventional high fibre diets. 
Low carbohydrate diet is not better than high complex 

carbohydrate diet [72]. Low carbohydrate diet can stimu-
late higher fat intake exacerbating maternal insulin resist-
ance due to increased free fatty acids [70, 73, 74]. High 
fibre and low-fat intake increase gut microbiota diversity 
and richness which reduce insulin resistance and inflam-
matory response [75]. Caloric restriction is generally 
advised only for overweight and obese pregnant women 
with GDM [65, 66]. However, there is no consensus on 
specific diet characteristics including carbohydrate dis-
tribution and quantity due to the limited number of high 
quality clinical trials and the complexity that such inter-
ventions and studies will warrant [65, 66, 70, 76].

The strength of evidence for the effectiveness of com-
munity-based exercise/physical activity was limited due 
to the paucity of studies (less than two studies for each 
outcome). There was a trend for physical activity/exercise 
interventions being superior in improving postprandial 
blood glucose levels than routine care and no treatment. 
Other outcomes were less consistent but overall physi-
cal activity/exercise interventions tended to be better 
than or as effective as routine care in improving fasting 
blood glucose, glycaemic control, mean glucose levels, 
proportion requiring insulin, quantity of insulin required, 
time to insulin use, new-born birthweight, rates of cae-
sarean section, rates of preterm birth, maternal body 
mass index, rates of low birth weight, macrosomia, rates 
of pregnancy and birth complications, need for phar-
macological therapy, maternal body mass and body fat 
percentage, neonatal Apgar scores, ponderal index. Neo-
natal body mass index was the only outcome reported to 
be better with routine obstetric care in one study. There 
is limited direct evidence with which to compare these 
findings. A systematic review which shows that physical 
activity during pregnancy improves fasting and postpran-
dial glucose, as well as glycated haemoglobin in pregnant 
women with GDM, had four of the included six studies 
combining exercise with diet [77].

Most reviews have focused on the prevention of 
GDM using exercise/physical activity. Although previ-
ous reviews found insufficient evidence that exercise/
physical activity during pregnancy is effective in reducing 
the development of GDM [78, 79], more recent system-
atic reviews have found that exercise during pregnancy 
reduces the risk of developing GDM [80–82]. The great-
est benefit of physical activity in reducing the risk of 
GDM occurs before pregnancy [83]. Findings from our 
review and previous reviews have not shown any evi-
dence for the superiority of any exercise type. However, 
guidelines recommend both aerobic and resistance exer-
cise at a moderate intensity, a minimum of three times 
per week for 30-60 minutes each time [84]. The exercise/
physical activity interventions in our review were aerobic, 
resistance, or combined aerobic and resistance exercise 
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which may align with this recommendation. Exercise/
physical activity provides an alternative pathway of glu-
cose uptake to insulin activated transport via muscular 
contraction that ultimately stimulates glucose transport; 
directly increases the biogenesis of GLUT4 which is an 
insulin-regulated glucose transporter that is responsible 
for insulin-regulated glucose uptake into fat and muscle 
cells; and can strengthen and compensate for defects in 
insulin signalling; which improve glycaemic control [85].

Our review found very limited evidence that commu-
nity-based diet and exercise was better than diet alone or 
routine obstetric care in improving maternal and neona-
tal outcomes particularly maternal and neonatal weight. 
Evidence suggest that dietary improvements and physical 
activity are effective in managing hyperglycaemia and the 
associated sequelae [86].

Similarly, our review found very limited evidence that 
combined calcium and vitamin D supplement therapy 
was better than placebo in reducing the rates of caesarean 
delivery, maternal hospitalisation, hyperbilirubinaemia, 
newborn hospitalisation, and preventing macrosomia. 
Evidence suggests that multivitamins containing vitamin 
D reduce the risk of preeclampsia which was not found 
with administering only vitamins C and E [66, 87]. There 
is some evidence that vitamin D supplements improve 
insulin sensitivity in women with GDM, and an intake of 
900-1000mg of calcium per day is recommended for all 
pregnant women [66, 87]. Calcium is considered impor-
tant because the hyperglycaemia resulting from GDM is 
associated with neonatal hypocalcaemia, hypoglycaemia, 
hyperbilirubinemia, polycythaemia and respiratory dis-
tress syndrome [88].

We found very limited evidence that continuous glu-
cose monitoring added to routine obstetric care reduced 
risk of pre-eclampsia and caesarean delivery, and reduced 
birth weight and neonatal complications better than 
routine obstetric care only. A recent meta-analysis of 
six RCTs found that continuous glucose monitoring was 
associated with lower glycated haemoglobin, less gesta-
tional weight gain, lower birth weight compared to stand-
ard blood glucose monitoring. However, there were no 
differences between continuous glucose monitoring and 
standard blood glucose monitoring for gestational age 
newborns, gestational age at birth, preterm deliveries, 
shoulder dystocia, neonatal hypoglycaemia, Apgar at five 
minutes, admission to neonatal intensive care unit, neo-
natal jaundice, and neonatal mortality [89].

Strengths and limitations
To the authors’ knowledge, this systematic review is the 
first to investigate community-based non-pharmaco-
logical interventions for pregnant women with GDM. 

Moreover, the concept of community-based interven-
tions is evolving and can be diverse since ‘community’ 
can be conceptualised as the setting, target, agent, or the 
resource [90]. The inclusion of all relevant primary stud-
ies on GDM regardless of study design and publication 
date; plus, the grading of the strength of each outcome 
strengthens the evidence-base on which the findings of 
this review are based.

This review is limited by the lack of a consensus defi-
nition and diagnostic criteria for GDM in individual 
studies. This review used the most widely accepted defi-
nition of GDM as hyperglycaemia during pregnancy. This 
implies all cases of hyperglycaemia during pregnancy 
including true GDM (which develops later during preg-
nancy) and previously undetected pre-existing diabetes 
(which is also referred to as ‘overt diabetes’ and is often 
identified in early pregnancy, and comprises both pre-
gestational type 2 diabetes mellitus and type 1 diabetes 
mellitus) [11]. Therefore, the findings from this system-
atic review may not be exclusive to GDM. This may not 
be a limitation per se since preventive strategies for type 
2 diabetes may also be successful in the prevention of 
GDM [11]. The inclusion of observational studies along-
side RCTs is a limitation which was addressed by the 
grading of the overall quality of evidence for each out-
come. The heterogeneity in intervention content, study 
design and settings prohibit the endorsement of any spe-
cific components of the community-based non-pharma-
cological interventions.

Conclusions
Community-based non-pharmacological interventions 
were more effective or as effective as routine obstet-
ric care in improving the most maternal and neonatal 
outcomes; and could be delivered by a broad range of 
health professionals. Of the six interventions identified, 
self-management programmes and medical nutrition/
diet therapy had the strongest evidence for the most 
promising outcomes – on postprandial blood glucose 
levels and health behaviour related outcomes. There 
is need for more research on the effectiveness of these 
interventions whilst focusing on core GDM outcomes 
[91–94] and the active components of these interven-
tions. There may be need to compare the clinical and 
cost-effectiveness of these interventions with hospital-
based interventions.
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