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Introduction: While some studies suggest probiotic supplements may prevent Gestational Diabetes Mellitus (GDM), it is unclear if 
probiotics effectively prevent GDM among overweight and obese patients. This systematic review synthesizes recommendations for 
clinical practice and future research by evaluating the quality of evidence regarding Lactobacillus and Bifidobacterium containing 
probiotics to prevent GDM among obese and overweight patients.
Methods: PubMed, Embase, CINAHL, and Web of Science were searched using appropriate MeSH terms. Results were limited to 
randomized controlled trials published between 2011 and 2021. Titles and abstracts were screened for relevance after duplicates 
were removed. The inclusion criteria were as follows: studies that diagnosed GDM according to the International Association of 
Diabetes and Pregnancy Study Group criteria, suspended probiotic use prior to intervention, excluded participants with altered glucose 
metabolism, included participants with a body mass index ≥ 25 kg/m2, and provided a specified dose of probiotic supplements. Articles 
without statistical analysis were excluded. Resulting articles were critically appraised using Version 2 of the Cochrane Risk of Bias tool.
Results: This search strategy resulted in 24 articles after duplicates were removed. Five double-blind randomized controlled trials 
found that the incidence of GDM during the third trimester was not significantly different between probiotic and control groups. There 
was wide variation in the bacterial species, dose, and duration of probiotic treatments used. All studies have a high risk of bias due to 
non-adherence to the treatment.
Discussion: This review used highly sensitive criteria for GDM diagnosis that may mask a preventative effect of probiotics. 
Noncompliance may bias results toward the null, given insufficient analysis of the effect of adhering to the intervention. No patterns 
between the length of probiotic intervention or probiotic species and improved glucose tolerance were noted.
Conclusions: Current evidence is not sufficient to recommend probiotic supplements to prevent GDM in overweight and obese 
patients. Future evidence should address the effect of adhering to probiotic interventions and develop consistent probiotic intervention 
protocols.
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INTRODUCTION
he rising prevalence of Gestational Diabetes 
Mellitus (GDM) represents a public health con-

cern. During a healthy pregnancy, increased human 
placental lactogen and decreased insulin receptor sub-
strate-1 (IRS-1) tyrosine phosphorylation decrease 
maternal insulin sensitivity to improve glucose avail-
ability for the fetus.1,2 GDM refers to pathological insulin 
resistance that occurs when pancreatic β-cells cannot 
produce sufficient insulin to compensate for this 
increased demand.3 GDM is associated with reduced 
tyrosine phosphorylation of IRS-1 and the insulin recep-
tor’s intracellular domain that attenuates insulin 
response and persists after delivery.2 GDM affected 6% 
of pregnancies in the United States from 2012 to 2016,4 
which increased from 0.3% of pregnancies from 1979 
to 1980.4,5 Despite the development of more sensitive 

diagnostic criteria, the rise in GDM has been attributed 
to the increasing prevalence of obesity as GDM is more 
common among patients whose body mass index (BMI) 
classifies as being overweight (BMI: 25–29.9 kg/m2) or 
obese (BMI ≥ 30 kg/m2).4

The impact of GDM on healthcare spending and 
patient outcomes demands novel preventative mea-
sures. The total economic burden of GDM and complica-
tions was approximately $1.6 billion in the United 
States during 2017.6 Neonatal complications from GDM 
include macrosomia, respiratory distress syndrome, and 
hyperbilirubinemia.7–9 Neonates may also develop sei-
zures, obesity, and metabolic syndrome later in their 
life.7,8 Maternal long-term complications include type-2 
 diabetes mellitus and metabolic syndrome.8 While diet 
and exercise can prevent GDM,10 multiple reviews found 
no significant changes in the incidence of GDM when 
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patients of diverse BMI categories were assigned to life-
style interventions.11–13 These results were attributed to 
poor self-efficacy and low adherence to recommenda-
tions, especially for overweight and obese patient pop-
ulations with a higher prevalence of GDM.4

Host–microbiome interactions that influence glu-
cose metabolism suggest modulating the gut microbi-
ome using probiotics could be a novel target to prevent 
GDM. Hasain and colleagues have previously reviewed 
the molecular pathway, by which gram-negative 
 bacteria and lipopolysaccharides (LPS) in the colon can 
attenuate insulin signaling.14 The mechanism by which 
Bifidobacterium14 and Lactobacillus15 modulate this 
pathway and improve glucose metabolism has also 
been described. This basic science research aligns with 
results from a randomized controlled trial (RCT) that 
found a statistically significant decreased risk of GDM 
among women who received Lactobacillus rhamnosus 
and Bifidobacterium lactis containing probiotics com-
pared to those who did not, with a risk ratio of 
0.37  (95%  confidence interval [CI]: 0.15–0.89).15 The 
majority of participants in this study had a healthy BMI, 
which limits the generalizability of this trial due to the 
high prevalence of obesity in the United States.16 This 
discrepancy is especially important, as obesity is associ-
ated with changes in the gut microbiome and a greater 
risk of GDM due to increased insulin resistance and low-
grade inflammation.17

It is unclear if probiotics effectively prevent GDM 
among overweight and obese patients. A meta-analy-
sis-pooled results found probiotics did not significantly 
prevent GDM among obese and overweight patients, as 
diagnosed by International Association of Diabetes and 
Pregnancy Study Groups (IADPSG) criteria.18 However, 
the substantial methodological diversity across RCTs 
limits the utility of this meta-analysis. This systematic 
review aims to synthesize recommendations for clinical 
practice and future research by evaluating the quality of 
evidence regarding Lactobacillus and Bifidobacterium 
containing probiotics to effectively prevent GDM, as 
defined by the IADPSG criteria, among obese and over-
weight patients.

METHODS
PubMed, Embase, CINAHL, and Web of Science were 
searched for articles investigating the incidence of 
GDM among overweight or obese women receiving 
probiotics. PubMed was searched using the following 
MeSH terms: probiotic, Lactobacillus, Bifidobacterium, 

overweight, obesity, gestational diabetes, gestational, 
and gestational weight gain (GWG). CINAHL, EMBASE, 
and Web of Science were searched using the same 
terms. Results were limited to RCTs published within 
the last 10 years. Literature searches resulted in 24 
 articles after duplicates were removed, as illustrated in 
Fig. 1. Titles and abstracts were screened for relevance 
to the research question. Full texts of relevant articles 
were reviewed for inclusion and exclusion criteria by 
the author of this review. Studies were included if:

1. GDM was diagnosed according to IADPSG criteria.19 
It is important to use IADPSG criteria as it provides a 
consistent criterion to compare research produced 
in different countries. This is the most sensitive defi-
nition of GDM, which will lead to more conservative 
results for prevention studies.

2. Participants received a specified dose of probiot-
ics  with a noted species of Lactobacillus or 
Bifidobacterium, or a placebo/vehicle control.

3. All participants had a BMI ≥ 25 kg/m2.
4. Probiotic use prior to the intervention was 

suspended. 
5. Participants on medications or diagnosed medical 

conditions that alter glucose metabolism before the 
intervention period were excluded from the trial.

Articles were excluded if they did not provide results 
using statistical tests appropriate to the study design. 
Inclusion and exclusion criteria resulted in five selected 
articles, as shown in Fig. 1. 

The first author assessed the quality of evidence using 
Version 2 of the Cochrane Risk of Bias tool for random-
ized controlled trials (RoB2) after studying the RoB2 
guidance document.20 A narrative synthesis focused on 
critical appraisal and methodological heterogeneity of 
probiotic interventions was completed. An institutional 
review board was not needed, given the nature of a 
 systematic review.

Study Tabulations and Outcomes Measured
The incidence of GDM during the third trimester of 
pregnancy was the primary outcome in this review. 
Differences between intervention and control groups 
were determined by appropriate statistical tests for each 
study design, specifically odds ratios,21,22 relative risks,23 
unpaired t-test,24 and ANOVAs.25 The included primary 
studies completed statistical analysis using SPSS Version 
21,21 SPSS Statistics 23,22 SAS 9.4,23,25 and R 3.2.3.24 
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Statistical significance was defined by p < 0.05. The odds 
ratio of developing GM in the probiotic group compared 
to placebo/vehicle controls along with 95% CIs is listed 
in Table 1.

RESULTS
Probiotic Supplements on GDM
This literature search resulted in five RCTs summarized 
in Table 1. Sample sizes ranged from 49 to 460 partici-
pants. Three studies included overweight and obese 
patients.21,22,25 Two studies included obese patients 
only.23,24 All studies included patients in their second tri-
mester ranging from 12 to 22 weeks of gestation as per 
the inclusion criteria. Three studies compared the inci-
dence of GDM among patients who received probiotic 
supplements and placebo/vehicle controls.21,22,24 One 
study compared the incidence of GDM among those 
treated with a combination of probiotics and fish oil, 
probiotics only, fish oil only, or a double placebo 

control.25 Another study compared the incidence of 
GDM among patients treated with probiotic capsules, 
placebo capsules, dietary interventions, and routine 
dietary advice.23 Three studies reported a decrease in 
the incidence of GDM among the intervention com-
pared to the control group,21,23,25 while two studies found 
an increase in GDM. Of the two studies that included 
obese women only, one study found decreased rates of 
GDM among the probiotic group compared to placebo 
controls,23 while the other found an increase.24 The inci-
dence of GDM among those treated with probiotic sup-
plements compared to placebo controls was not 
statistically significant in all five studies, as outlined in 
Table 1.

Probiotic Supplements on Maternal Outcomes
Although GDM results were not significant for all arti-
cles included in this review, there were several signifi-
cant secondary outcomes. One study found fasting 

Figure 1. PRISMA flow diagram. Adapted from PRISMA 2020 Statement.38 *International Association of Diabetes and Pregnancy 
Study Groups (IADPSG).
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plasma glucose (FPG) was 4 mg/dL lower (95% CI: – 6.9, 
– 1.1) at 28 weeks gestation among the probiotic 
yogurt group compared to placebo controls when 
adjusted for baseline FPG and BMI, which was signifi-
cant according to Analysis of Covariance (ANCOVA) 
(p  =  0.008).21 The mean 2-h oral glucose tolerance of 
103.9 ± 21.0 mg/dL in the probiotic group was signifi-
cantly lower than the mean 2-h oral glucose tolerance 
of 115.5 ± 26.3 g/dL in the vehicle control group at 28 
weeks of gestation according to ANCOVA tests 
(p = 0.002).21 Oral glucose tolerance at 1 h was not sig-
nificantly different between the two groups in this 
study.21 Another study found that the mean FPG of 
77.5 ± 8.1 mg/dL among women who received probi-
otic supplements was significantly higher than the 
mean FPG of 79.3 ± 9.0 mg/dL among the placebo 
group at 28 weeks gestation, according to a general lin-
ear model adjusted for clinical center and BMI category 
(25–29 kg/m2, 30–39 kg/m, and ≥40 kg/m2) (p = 0.049).22 

However, these changes are not clinically significant as 
changes in FPG do not cross the threshold for GDM 
diagnostic criteria. In addition, oral glucose tolerance 
at 1- and 2-h time points was not statistically significant 
between groups in this study.22 A significant interaction 
between previous GDM and the probiotic group with 
respect to change in FPG was found in another study.25 
The change in blood glucose concentration was signifi-
cantly different among the probiotic and fish-oil groups 
depending on the duration of the intervention or 
pre-pregnancy BMI after excluding women with GDM 
in early pregnancy.25 There were no significant differ-
ences between FPG and oral glucose tolerance found 
in the two other studies.23,24

There were inconsistent results regarding the effect 
of  probiotic supplements on GWG and preeclampsia. 
One study found that 33% of participants in the probi-
otic group experienced excessive GWG, which was 
 significantly lower than 85% of participants receiving 

Table 1. Evidence table of five randomized controlled trials that investigate if Lactobacillus or Bifidobacterium containing probiotics 
administered to overweight or obese patients can effectively prevent Gestational Diabetes Mellitus according to International 
Association of Diabetes and Pregnancy Study Group.

First author, 
date of 
publication

Study 
design

Study population Therapy Outcome

Sample 
size (n)

Pre-pregnancy  
BMI (kg/m2)

Gestational 
age (weeks)

Probiotic 
exposure

Comparison groups Odds ratio of GDM in the 
probiotic group compared 

to placebo controls  
(95% confidence interval)

Asgharian, 
2020

RCT 130 ≥25 20–22 100 g probiotic 
yogurt

100 g conventional 
yogurt**

0.5 (0.2–1.5)

Halkj eer, 
2020

RCT 49 ≥30, ≤35 12–14 Probiotic 
capsules

Placebo capsules 2.1 (0.4–12.7)

Callaway, 
2019

RCT 411 ≥25 <20 Probiotic 
capsules

Placebo capsules 1.62 (0.9–2.8)

Okesene-
Gafa, 2019

RCT 460 ≥30 12–17 Probiotic 
capsules

Dietary intervention***, 
routine dietary advice, 
placebo capsule

0.95 (0.2–4.9)

Pellonperä, 
2019

RCT 439 ≥25 <18 Probiotic 
capsules

Fish oil**** and probiotic 
capsules, probiotic and 
placebo capsules, fish oil 
and placebo capsules, 
placebo capsules

0.84 (0.5–1.5)
 

BMI, body mass index; GDM, Gestational Diabetes Mellitus; RCT, randomized controlled trial.
**Both probiotic and conventional yogurt contained Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus in the dosage of 
107 CFU/g (colony forming units per gram) used for biotransformation of milk (as starter).
***HUMBA handbook with information about healthy nutritious foods, recipes, unhealthy drinks, managing cravings, and ways to be more 
physically active. In addition, they received 4 home-based education sessions by a community health worker. Women in the dietary intervention 
also received motivational text messages 3 times weekly from randomization until birth.
****The fish oil capsules contained a total of 2.4 g of n-3 fatty acids (1.9 g docosahexaenoic acid [22:6n-3] [DHA] and 0.22 g eicosapentaenoicacid 
[20:5 n-3]).
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placebos at 28 weeks of gestation according to a binary 
logistic regression adjusted for clinical center and BMI 
category.22 Mean GWG was not significantly different 
between the two groups. No study found a significant 
change in GWG between the probiotic and placebo- 
control groups. One study reported 10% of participants 
with preeclampsia in the probiotic-treated group were 
greater than the 5% of controls according to a binary 
logistic regression adjusted for clinical center and BMI 
category (p = 0.09).22 However, no other study found a 
significant difference between preeclampsia or gesta-
tional hypertension.21,23–25 

Methodological Heterogeneity Between Study 
Designs
Methodological diversity between study designs 
included in this review is summarized in Table 2. 
Lactobacillus rhamnosus and Bifidobacterium lactis were 

the most common strains of bacteria contained in pro-
biotic supplements. Two studies that used these species 
observed a non-significant decrease in the incidence of 
GDM among the probiotic group compared to placebo 
controls,23,25 while one study observed an increased rate 
of GDM among the intervention group.22 One study pro-
vided the intervention group with  probiotics containing 
Lactobacillus acidophilus and Bifidobacterium lactis and 
observed a non-significant decrease in GDM rates com-
pared to placebo controls.21 This study provided probi-
otics via yoghurt compared to vehicle control created 
with the same starting bacteria. The other four studies 
provided probiotics using capsules. One study pro-
vided the intervention group with a multi-strain probi-
otic supplement containing strains of Streptococcus, 
Bifidobacterium, and Lactobacillus. This study found a 
non-significant increase in the incidence among GDM 
between groups.24

Table 2. Heterogeneity between study designs.

First author, 
date of 
publication

Bacterial strains in 
probiotics

Vehicle of 
administration

Daily dose 
(CFU)

Duration 
of probiotic 

therapy

Weeks of 
gestation at GDM 
diagnosis (weeks)

Self-reported 
compliance for 

probiotics definition

Asgharian, 
2020

Lactobacillus acidophilus 
La5, Bifidobacterium lactis
Bb12

Yogurt 5 × 108 24 weeks of 
gestation until 
delivery

28 Not specified

Halkjǝer, 
2020

Vivomixx* Capsules 4.5 × 1011 14–20 weeks of 
gestation until 
delivery

27–30 Self-reported >80% 
capsule intake

Callaway, 
2019

Lactobacillus rhamnosus 
(LGG), Bifidobacterium
animalis subspecies lactis
(BB-12)

Capsules >1.0 × 109 Enrollment 
until delivery**

28 Self-reported capsule use, 
verified by the presence 
of bifidobacterium DNA 
tested by end-stage PCR 
in fecal sample taken at 
28 weeks of gestation

Okesene-
Gafa, 2019

Lactobacillus
rhamnosus GG, 
Bifidobacterium
lactis (BB-12)

Capsules >6.5 × 109 Enrollment 
until delivery***

26–28 Self-reported >75% 
capsule intake

Pellonperä, 
2019

Lactobacillus
rhamnosus HN001, 
Bifidobacterium
animalis ssp. lactis 420

Capsules 1.0 × 1010 First study 
visit**** until 
6 months 
postpartum

24–28 Self-reported capsule 
intake ≥5 days/week

CFU, colony forming units; GDM, Gestational Diabetes Mellitus.
*Vivomixx contains Streptococcus thermophilus DSM 24,731, bifidobacteria (Bifidobacterium breve DSM 24,732, Bifidobacterium 
longum DSM 24,736, and Bifidobacterium infantis DSM 24,737), and lactobacilli (Lactobacillus acidophilus DSM 24,735, Lactobacillus 
plantarum DSM 24,730, Lactobacillus paracasei DSM 24,733, and Lactobacillus delbrueckii subsp. bulgaricus DSM 24,734).
**Average gestational age at enrollment was 15.95 weeks ± 1.45.
***Average gestational age at enrollment was 15.13 ± 1.8.
****Average week of gestation is 13.9.
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There were differences in regard to the daily dose of 
probiotics and duration of the intervention. The daily 
dose of probiotic supplements ranged from 5 × 108 to 
4.5 × 1011 colony forming units (CFUs). There did not 
appear to be a pattern with decreased GDM rates in the 
probiotic group compared to placebo controls reported 
by studies with higher doses of probiotics. The duration 
of probiotic supplementation ranged from 4 weeks total 
to 13 weeks of gestation to delivery. A decreased inci-
dence of GDM in the intervention compared to the 
 control group was not found with longer durations of 
treatment.

Each study defined adherence to probiotic interven-
tions differently. One study did not define a threshold 
for compliance but reported a mean yogurt intake of 
27.8/28 days and 27.6/28 days among the probiotic and 
conventional yogurt groups, respectively.21 Four studies 
provided different thresholds to define adherence to 
the intervention. For example, Halkjær et al. defined 
compliance at ≥80% of capsule intake, which was met 
by 21/25 participants in the intervention and 17/24 par-
ticipants in the placebo group.24 Another study defined 
compliance as ≥75% of capsule intake, which was met 
by 76% of participants assigned to either probiotic or 
placebo capsules.23 In comparison, 81% of participants 
complied with dietary intervention in the same study. 
Pellonpera et al. considered probiotic intake ≥5 days 
per week as a threshold for compliance, which was met 
by 89% of participants among all four study groups.25 
These figures were derived from self-reported data. 
Interestingly, one studied defined compliance at ≥75% 
self-reported capsule use, which was verified by fecal 
sample analysis.22 While over 90% of participants in the 
probiotic group were compliant according to self- 
reported data, only 76% of compliance was found on 
fecal sample analysis.

Quality Assessment
Four included studies had a low risk of bias arising from 
the randomization process in the studies, as indicated in 
Table 3. All studies randomly allocated participants to 
study groups and performed blocked randomization 
stratified by pre-pregnancy BMI categories to ensure 
each study group had an equal number of overweight 
and obese participants. Intervention and control groups 
were not statistically significant for all baseline charac-
teristics included in two studies.21,24 Despite adequate 
randomization, a significantly higher prevalence of fam-
ily history for diabetes among the fish-oil/placebo group 

raised some concerns for bias in one study.25 Two studies 
did not statistically identify differences among study 
groups at baseline,22,23 which was considered a low risk 
of bias according to the RoB2.

All studies had a low risk of bias due to deviations 
from the intended interventions with respect to the 
assignment to the intervention. These double-blind pla-
cebo-controlled trials used appropriate measures to 
conceal the intervention assignment from participants, 
investigators, and those involved in data analysis. 
All studies analyzed participants according to the inter-
vention they have been assigned to as part of an inten-
tion to treat (ITT) analysis.

However, all studies had a high risk of bias due to 
deviations from the intended intervention with respect 
to adherence to the treatment. Despite adequate con-
cealment of the intervention from participants and 
researchers, non-adherence to daily probiotic use in all 
studies was sufficient to raise concerns. Three studies 
did not complete an analysis to estimate the effect of 
adhering to the intervention.21,22,25 Two studies per-
formed a per-protocol sensitivity analysis, which 
excluded participants who did not adhere to the probi-
otic or placebo capsule directions from further analy-
sis.23,24 A second study performed a per-protocol analysis 
for GWG outcome only.23 The RoB2 does not consider 
per-protocol analysis as an acceptable method for 
studying the effect of adherence.

Results from the included studies may be biased due 
to missing outcome data. Three studies included in this 
review have a low risk of bias due to missing data, as 
data were reported for 95% of randomized partici-
pants.21,22,24 Two studies did not perform a sensitivity 
analysis to demonstrate outcomes were not biased by 
missing data.23,25 However, it is unlikely that missing out-
come data depended on the true value of measured 
outcomes because the proportions of missing data were 
approximately equal between the study groups, and 
reasons for missing data were consistent across study 
groups. For these reasons, the two studies raised some 
concern for bias due to missing data.

There was a low risk of bias due to the outcome mea-
surements for all included studies. Four studies did not 
describe how blood glucose concentrations during the 
oral glucose tolerance test (OGTT) were measured.21–24 
Inappropriate methods may have been used, as porta-
ble blood glucose monitors have poor validity.26 
However, the non-differential bias on outcome mea-
sures and blinding of outcome assessors suggest a low 
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Table 3. Results from Version 2 of the Cochrane Risk of Bias Assessment (RoB2) for studies included in this review.

Signaling questions Asgharian, 
2020

Halkj eer, 
2020

Callaway, 
2019

Okesene-
Gafa, 2019

Pellonperä, 
2019

Domain 1: Risk of bias arising from the randomization 
process

Low Low Low Low Some 
concerns

Was the allocation sequence random? Yes Yes Yes Yes Yes
Was the allocation sequence concealed until participants 
were enrolled and assigned to interventions?

Yes Yes Yes Yes Yes

Did baseline differences between intervention groups 
suggest a problem with the randomization process?

No No No 
information 

No 
information

Yes

Domaine 2: Risk of bias due to deviations from the 
intended intervention

 

Were participants aware of their assigned intervention during 
the trial? 

No No No No No

Were carers and people delivering the interventions aware of 
participants’ assigned intervention during the trial? 

No No No No No

Domaine 2a: Risk of bias due to deviations from the 
intended intervention (effect of assignment to intervention)

Low Low Low Low Low

Was an appropriate analysis used to estimate the effect of 
assignment to intervention? 

Yes Yes Yes Yes Yes

Domain 2b: Risk of bias due to deviations from the 
intended interventions (effect of adhering to intervention)

High High High High High 

Was there non-adherence to the assigned intervention 
regimen that could have affected participants’ outcomes?

No 
information

Yes Yes Yes Yes

Was an appropriate analysis used to estimate the effect of 
adhering to the intervention?

No 
information 

No No No No

Domain 3: Missing outcome data Low Low Low Some 
concerns

Some 
concerns

Were data for this outcome available for all, or nearly all, 
participants randomized?

Yes Yes Yes No No

Is there evidence that the result was not biased by missing 
outcome data?

Not 
applicable

Not 
applicable 

Not 
applicable

No No

Could missingness in the outcome depend on its true value? Not 
applicable 

Not 
applicable

Not 
applicable 

Yes Yes

Is it likely that missingness in the outcome depended on its 
true value?

Not 
applicable 

Not 
applicable 

Not 
applicable 

No No 

Domain 4: Risk of bias in measurement of the outcome Low Low Low Low Low
Was the method of measuring the outcome inappropriate? No 

information 
No 
information

No 
information

No 
information

No

Could measurement or ascertainment of the outcome have 
differed between intervention groups?

No No No No No 

Were outcome assessors aware of the intervention received 
by study participants?

No No No No No 

Domain 5: Risk of bias in selection of the reported result Low Low Low Low Low 
Were the data that produced this result analyzed in accordance 
with a pre-specified analysis plan that was finalized before 
unblinded outcome data were available for analysis?

Yes Yes Yes Yes Yes

Is the numerical result being assessed likely to have been 
selected, on the basis of the results, from multiple eligible 
outcome measurements (e.g., scales, definitions, and time 
points) within the outcome domain?

No No No No No 

Is the numerical result being assessed likely to have been 
selected, on the basis of the results, from multiple eligible 
analyses of the data?

No No No No No

Note: Acceptable answers to signaling questions included: yes, probably yes, probably no, no, and no information. Levels of bias for each domain 
included: low, high, and some concerns. Questions that were not applicable for all included studies were not included in this table.
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risk of bias. One study specified that they measured 
blood glucose concentrations using an enzymatic hex-
okinase assay,25 which is a valid method.27 In addition, 
measuring blood glucose concentration to diagnose 
GDM is an automated test that requires no judgement 
from outcome assessors, which eliminates observer 
bias.

All studies had a low risk of bias due to the selection 
of the reported results. All studies analyzed results 
according to the pre-specified plan outlined in the 
methods section. There is only one way to report GDM 
according to IADPSG guidelines, which eliminates bias 
due to selecting outcomes from multiple measures. All 
of these analyses eligible for consideration, as statistical 
tests between probiotic and placebo control groups at 
comparable time points, were provided and appropriate 
for the study designs.

DISCUSSION
Although probiotic supplements did not significantly 
affect the development of GDM among overweight or 
obese patients, the high sensitivity of IAPDSG may not 
capture the preventative effect of probiotic supple-
ments. A study from New Zealand that included partici-
pants in all weight categories found probiotics contain 
Lactobacillus rhamnosus, or placebo capsules resulted in 
comparable rates of GDM according to IAPDSG guide-
lines, but a significant decrease in the incidence of GDM 
among the probiotic group when using New Zealand’s 
diagnostic criteria.28 While IAPDSG enables research to 
compare the incidence of GDM across countries, the 
highly sensitive criteria for diagnosing GDM provide a 
high number of false positives that may mask the poten-
tial preventative effect in probiotics.29 It would have 
been helpful if primary studies reported the incidence 
of GDM according to population-specific criteria in addi-
tion to IAPDSG, as primary studies included in this 
review included populations from Iran,21 Australia,22 
Denmark,24 New Zealand,23 and Finland.25 However, the 
incidence of GDM diagnosed by Carpenter and Coustan 
criteria was not significantly different among over-
weight or obese participants at 28 weeks gestation who 
received Lactobacillus and Bifidobacterium containing 
probiotics or placebo control according to a general-
ized  linear model adjusted for pre-pregnancy BMI 
(p  =  0.561).30 Therefore, probiotics may not effectively 
prevent GDM among overweight or obese women who 
enter pregnancy in a state of increased insulin resistance 
regardless of the sensitivity of the diagnostic criteria.

One study reported significant differences in glucose 
tolerance. After excluding patients with a history of 
GDM, one study found a significantly decreased FPG 
and 2-h glucose tolerance test in the probiotic group 
compared to placebo controls.21 Although this differ-
ence in FPG may not be clinically significant, this 
improvement in glucose metabolism aligns with a study 
of patients from diverse weight groups that found 
6 weeks of L. casei, L. acidophilus, and B. bifidum adminis-
tration containing probiotics significantly decreased 
FPG and insulin resistance compared to placebos.31 
However, an included study that did not exclude 
patients with a history of GDM or perform statistical 
tests to identify differences in sample characteristics at 
baseline found a significantly greater FPG among 
patients who received probiotics compared to place-
bos.22 History of GDM may influence the effect of probi-
otics on glycemic control in obese and overweight 
patients, as another included article reported a signifi-
cant interaction between GDM history and the inter-
vention group with respect to changes in FPG.25 This 
interaction was attributed to the association of previ-
ous GDM with decreased glucose values in the probi-
otic group when compared with the increase in fish oil 
and placebo group.25 Patients with a history of GDM 
may have persistently altered cell signaling pathways, 
such as decreased IRS-1 tyrosine phosphorylation, 
attenuating a potentially preventative effect of probi-
otic supplements for subsequent pregnancies.2 For this 
reason, it is recommended that future research excludes 
patients with a previous history of GDM among the 
study sample.

Outcomes related to GWG or preeclampsia may also 
be affected by the prevalence of previous GDM. One 
study reported excessive GWG was significantly lower 
among those receiving probiotics compared to place-
bos, while the mean GWG was comparable between 
both groups.22 The higher proportion of participants 
with a history of GDM in the probiotic group may con-
tribute to the significantly decreased excessive GWG 
and higher prevalence of preeclampsia found in this 
group.22 The four other studies reported no significant 
differences in GWG among probiotic and place-
bo-treated groups.21,23–25 These results align with a study 
that found GWG was not significantly different among 
pregnant participants of diverse weight categories who 
received conventional or probiotic yoghurt enriched in 
L. acidophilus and B. animalis.32 Another study found that 
women of diverse weight categories who received 
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L. rhamnosus and B. lactis containing probiotics were at 
a  significantly decreased risk of central adiposity than 
placebo controls at 6 months postpartum.33 Future stud-
ies should investigate the effect of probiotics at longer 
postpartum time points using multiple body composi-
tion outcomes. Although central adiposity is defined as 
a waist circumference >80 cm, which is not a suitable 
measure of body composition during pregnancy, a 
decreased hydration constant may underestimate fat 
mass in BMI calculations during pregnancy, while this 
would result in a non-differential bias.

The systematic quality appraisal is a strength of this 
review, which suggests the results may be biased due 
to the effect of adhering to the intervention. All RCTs 
completed an ITT analysis. However, high rates of 
non-compliance in an ITT analysis may increase type 2 
error, as low rates of compliance can substantially 
impact on the power of an equivalence trial.34 The 
threshold of capsule uptake to define compliance was 
inconsistent across all included studies. In addition, 
self-reported data likely over-estimated the proportion 
of compliant participants. Although two studies com-
pleted a per-protocol analysis,23,24 such results may be 
biased by factors that influence participants’ willing-
ness or ability to comply with protocol guidelines. 
Future studies should measure compliance using fecal 
sample analysis and complete inverse probability 
weighting (IPW) to estimate causal effects, as suggested 
by the RoB2. As part of IPW, outcomes of each study 
arm are weighted by the inverse of the probability for 
receiving the treatment they were assigned, which cre-
ates an average potential outcome based on a pseu-
do-population where every participant received the 
treatment value. Currently, there are no relevant studies 
that complete such an analysis. 

The heterogeneity among included interventions is a 
limitation of this review. Differences between study 
designs, as summarized in Table 2, make it difficult to 
draw meaningful conclusions from pooled data from 
individuals. Future studies should apply a more consis-
tent probiotic supplement and a dosing schedule before 
the efficacy of probiotic supplements for preventing 
GDM among high-risk patients can be concluded. 

While one might presume increased exposure to pro-
biotics would have beneficial effects on glucose metab-
olism, this may not be the case for overweight and 
obese patients. An included study that provided 4 weeks 
of probiotic supplements starting at 24 weeks of gesta-
tion found a significant decrease in FPG but no change 

in the incidence of GDM among study groups.21 Similarly, 
a study of patients from diverse weight categories who 
received probiotic supplements for 6 weeks starting at 
22 weeks of gestation found a significant decrease in 
FPG.31 However, GDM diagnosis was not a measured 
outcome in this study. This study design is comparable 
to the study design by Wickens et al., which found a sig-
nificant decrease in FPG and GDM according to New 
Zealand guidelines compared to placebo controls.28 
Other studies included in this review provided probiotic 
supplements for a longer duration and began treatment 
earlier in gestation but found no significant differences 
in FPG or GDM.22,24,25 While the optimal time to provide 
probiotic interventions during gestation is unclear, 
this  comparison suggests that high risk patients may 
benefit from probiotic interventions later in gestation. 
Furthermore, the study that provided the lowest dose of 
probiotic supplements was the only included study to 
report an improvement in glycemic control among 
obese and overweight patients.21 This dose was also less 
than that provided in studies that improved glycemic 
control among normal-weight patients.28,31 Potential dif-
ferences in doses and treatment time for probiotic inter-
ventions to prevent GDM may relate to the rise in insulin 
resistance starting at 19–22 weeks of gestation and peak 
at 33–36 weeks of gestation among normal-weight 
patients compared to overweight or obese individuals 
who begin pregnancy with a higher insulin requirement. 
However, this argument conflicts with evidence from a 
meta-analysis reporting a dose-dependent improve-
ment in glucose metabolism among GDM patients of 
diverse BMI categories.35

Current literature contains variation in bacterial 
species contained in probiotic supplements without 
any trends regarding the most effective combination 
for improving glycemic control. L. acidophilus and B. 
lactis containing probiotics were found to significantly 
decrease FPG among overweight and obese women.21 
However, probiotics containing B. lactis combined 
with L. rhamnosus did not produce such results among 
this patient population.25 Conflicting results are also 
found among studies with healthy weight partici-
pants.32,36 These inconsistencies suggest the effective-
ness of probiotic species at improving glycemic 
control depends on the host gut microbiome at base-
line. This explanation is likely, as Lactobacillus and 
Bifidobacterium improve host metabolism by increas-
ing the availability of substrates for enteric butyr-
ate-producing bacteria.37
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CONCLUSIONS
Current evidence is not sufficient to recommend probi-
otic supplements to prevent GDM in overweight and 
obese patients, as the incidence of GDM among inter-
vention and control groups was not statistically signifi-
cant in all included studies. The majority of articles 
included in this review did not report any adverse effects 
of probiotic supplements. Therefore, there is insufficient 
evidence to suggest probiotics should be avoided due 
to adverse effects or contraindications. Clinical recom-
mendations for preventing GDM among this high-risk 
patient population using probiotics may become more 
conclusive as future evidence addresses the effect of 
adhering to probiotic interventions using fecal sample 
analysis and IPW. In addition, a more consistent regime, 
possibly consistent Ing of lower dose probiotics later in 
gestation, should be established. Future studies may 
benefit from excluding participants with a history of 
GDM in addition to using multiple GDM diagnostic crite-
ria and body composition measurements.

Disclaimers
None.

Statement of Source Support
No material support was provided for this article.

Conflict of interest and funding
No conflicts of interest to disclose. The author has not 
received any funding or benefits from industry or else-
where to conduct this study.

REFERENCES
1. Sonagra AD, Biradar SM, Dattatreya K, Jayaprakash M. 
Normal pregnancy – a state of insulin resistance. J Clin 
Diagnostic Res 2014; 8(11): 1–3. doi: 10.7860/
jcdr/2014/10068.5081
2. Catalano PM. Trying to understand gestational 
diabetes. Diabet Med 2014; 31(3): 273–81. doi: 10.1111/
dme.12381
3. Baz B, Riveline JP, Gautier JF. Gestational diabetes mellitus: 
definition, aetiological and clinical aspects. Eur J Endocrinol 
2016; 174(2): R43–51. doi: 10.1530/EJE-15-0378
4. Deputy NP, Kim SY, Conrey EJ, Bullard KM. Prevalence and 
changes in preexisting diabetes and gestational diabetes 
among women who had a live birth – United States, 
2012–2016. MMWR Morb Mortal Wkly Rep 2018; 67(43): 
1201–7. doi: 10.15585/mmwr.mm6743a2
5. Lavery J, Friedman A, Keyes K, Wright J, Anath C. Gestational 
diabetes in the United States: temporal changes in prevalence 

rates between 1979 and 2010. An Int J Obstet Gynaecol 2017; 
124(1): 804–13. doi: 10.1111/1471-0528.14236.Gestational
6. Dall TM, Yang W, Gillespie K, Mocarski M, Byrne E, Cintina I, 
et al. The economic burden of elevated blood glucose levels 
in 2017: diagnosed and undiagnosed diabetes, gestational 
diabetes mellitus, and prediabetes. Diabetes Care 2019; 42(9): 
1661–8. doi: 10.2337/dc18-1226
7. Kc K, Shakya S, Zhang H. Gestational diabetes mellitus and 
macrosomia: a literature review. Ann Nutr Metab 2015; 66(2): 
14–20. doi: 10.1159/000371628
8. Reece EA. The fetal and maternal consequences of 
gestational diabetes mellitus. J Matern Neonatal Med 2010; 
23(3): 199–203. doi: 10.3109/14767050903550659
9. McGillick E V., Morrison JL, McMillen IC, Orgeig S. Intrafetal 
glucose infusion alters glucocorticoid signaling and reduces 
surfactant protein mRNA expression in the lung of the late-
gestation sheep fetus. Am J Physiol – Regul Integr Comp 
Physiol 2014; 307(5): 538–45. doi: 10.1152/ajpregu.00053.2014
10. Bowers K, Tobias DK, Yeung E, Hu FB, Zhang C. A 
prospective study of prepregnancy dietary fat intake and risk 
of gestational diabetes. Am J Clin Nutr 2012; 95(2): 446–53. 
doi: 10.3945/ajcn.111.026294
11. Wu S, Jin J, Hu K, Wu Y, Zhang D. Prevention of gestational 
diabetes mellitus and gestational weight gain restriction in 
overweight / obese pregnant. Nutrients 2022; 14(2383): 1–19. 
doi: 10.3390/nu14122383
12. Tanentsapf I, Heitmann BL, Adegboye ARA. Systematic 
review of clinical trials on dietary interventions to prevent 
excessive weight gain during pregnancy among normal 
weight, overweight and obese women. BMC Pregnancy 
Childbirth 2011; 11(81): 1–12. doi: 10.1186/1471-2393-11-81
13. Oostdam N, van Poppel MNM, Wouters MGAJ, van 
Mechelen W. Interventions for preventing gestational diabetes 
mellitus: a systematic review and meta-analysis. J Women 
Health 2011; 20(10): 1551–63. doi: 10.1089/jwh.2010.2703
14. Hasain Z, Mokhtar NM, Kamaruddin NA, Mohamed Ismail 
NA, Razalli NH, Gnanou JV, et al. Gut microbiota and 
gestational diabetes mellitus: a review of host-gut microbiota 
interactions and their therapeutic potential. Front Cell Infect 
Microbiol 2020; 10(188): 1–19. doi:10.3389/fcimb.2020.00188
15. Barrett HL, Dekker Nitert M, Conwell LS, Callaway LK. Probiotics 
for preventing gestational diabetes. Cochrane Database Syst Rev 
2014; 4(2): 1–26. doi: 10.1002/14651858.CD009951.pub2
16. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of 
obesity and severe obesity among adults: United States, 
2017–2018. NCHS Data Brief 2020; (360): 1–8.
17. Diamant M, Blaak EE, de Vos WM. Do nutrient-gut-
microbiota interactions play a role in human obesity, insulin 
resistance and type 2 diabetes? Obes Rev 2011; 12(4): 272–81. 
doi: 10.1111/j.1467-789X.2010.00797.x
18. Chatzakis C, Goulis DG, Mareti E, Eleftheriades M, Zavlanos 
A, Dinas K, et al. Prevention of gestational diabetes mellitus in 
overweight or obese pregnant women: a network meta-
analysis. Diabetes Res Clin Pract 2019; 158: 107924. doi: 
10.1016/j.diabres.2019.107924

http://www.msrj.org


Probiotics prevent gestational diabetesChristina Carfagnini

MSRJ  2023 VOL: 10. Issue: Spring 
ePub March 2023; www.msrj.org

Medical Student Research Journal 011

19. International Association of Diabetes and Pregnancy Study 
Groups Consensus Panel. International Association of Diabetes 
and Pregnancy Study Groups recommendations on the 
diagnosis and classification of hyperglycemia in pregnancy. 
Diabetes Care 2010; 33(3): 676–82. doi: 10.2337/dc09-1848
20. Higgins JP, Savović J, Page MJ, Sterne JAC. RoB 2 
guidance: parallel trial. Cochrane Collab 2019; (July): 1–24. 
Available from: https://methods.cochrane.org/bias/
resources/rob-2-revised-cochrane-risk-bias-tool-
randomized-trials [cited 20 May 2022].
21. Asgharian H, Homayouni-Rad A, Mirghafourvand M, 
Mohammad-Alizadeh-Charndabi S. Effect of probiotic 
yoghurt on plasma glucose in overweight and obese 
pregnant women: a randomized controlled trial. Eur J Nutr 
2020; 59(1): 205–15. doi: 10.1007/s00394-019-01900-1
22. Callaway LK, McIntyre HD, Barrett HL, et al. Probiotics for 
the prevention of gestational diabetes mellitus in overweight 
and obese women: findings from the SPRING double-blind 
randomized controlled trial. Diabetes Care 2019; 42(3): 
364–71. doi: 10.2337/dc18-2248
23. Okesene-gafa KAM, Li M, Mckinlay C, Taylor R, Rush EC, 
Wall CR, et al. Effect of antenatal dietary interventions in 
maternal obesity on pregnancy weight-gain and birthweight: 
Healthy Mums and Babies (HUMBA) randomized trial. 2019; 
22(2): 152.e1–152.e13. doi: 10.1016/j.ajog.2019.03.003
24. Halkjær SI, Knegt VE De, Lo B, et al. Multistrain probiotic 
increases the gut microbiota diversity in obese pregnant 
women : results from a randomized, double-blind placebo-
controlled study. Curr Dev Nutr 2020; 4(7): nzaa095. doi: 
10.1093/cdn/nzaa095
25. Pellonperä O, Vahlberg T, Mokkala K, et al. Weight gain 
and body composition during pregnancy : a randomised pilot 
trial with probiotics and / or fish oil. Br J Nutr 2020; 126(4): 
541–51. doi: 10.1017/S0007114520004407
26. Salacinski AJ, Alford M, Drevets K, Hart S, Hunt BE. Validity 
and reliability of a glucometer against industry reference 
standards. J Diabetes Sci Technol 2014; 8(1): 95–9. doi: 
10.1177/1932296813514315
27. Dickson LM, Buchmann EJ, Janse Van Rensburg C, Norris 
SA. The impact of differences in plasma glucose between 
glucose oxidase and hexokinase methods on estimated 
gestational diabetes mellitus prevalence. Sci Rep 2019; 9(1): 
1–7. doi: 10.1038/s41598-019-43665-x
28. Wickens KL, Barthow CA, Murphy R, Abels PR, Maude RM, 
Stone PR, et al. Early pregnancy probiotic supplementation 
with Lactobacillus rhamnosus  HN001 may reduce the 
prevalence of gestational diabetes mellitus: a randomised 
controlled trial. Br J Nutr 2017; 117(6): 804–13. doi: 10.1017/
S0007114517000289

29. Agarwal MM, Dhatt GS, Othman Y. Gestational diabetes : 
differences between the current international diagnostic 
criteria and implications of switching to IADPSG. J Diabetes 
Complications 2015; 29(4): 544–9. doi: 10.1016/j.
jdiacomp.2015.03.006
30. Lindsay KL, Kennelly M, Culliton M, Smith T, Maguire 
O, Shanahan F, et al. Probiotics in obese pregnancy do 
not reduce maternal fasting glucose: a double-blind,  
placebo-controlled, randomized trial (Probiotics in 
Pregnancy Study). Am J Clin Nutr 2014; 99(6):1432–9. doi: 
10.3945/ajcn.113.079723
31. Karamali M, Nasiri N, Taghavi Shavazi N, Jamilian M, 
Bahmani F, Tajabadi-Ebrahimi M, et al. The effects of synbiotic 
supplementation on pregnancy outcomes in gestational 
diabetes. Probiotics Antimicrob Proteins 2018; 10(3): 496–503. 
doi: 10.1007/s12602-017-9313-7
32. Asemi Z, Samimi M, Tabassi Z,  Naghibi Rad M, Rahimi 
Foroushani A, Khorammian H, et al. Effect of daily 
consumption of probiotic yoghurt on insulin resistance in 
pregnant women: a randomized controlled trial. Eur J Clin 
Nutr 2013; 67(1): 71–4. doi: 10.1038/ejcn.2012.189
33. Ilmonen J, Isolauri E, Poussa T, Laitinen K. Impact 
of dietary counselling and probiotic intervention on 
maternal anthropometric measurements during and 
after pregnancy : a randomized placebo-controlled trial. 
Clin Nutr 2011; 30(2): 156–64. doi: 10.1016/j.
clnu.2010.09.009
34. Sheng D, Kim MY. The e ects of non-compliance on intent-
to-treat analysis of equivalence trials. Stat Med 2006; 25(7): 
1183–99. doi: 10.1002/sim.2230
35. Łagowska K, Malinowska AM, Zawieja B, Zawieja E. 
Improvement of glucose metabolism in pregnant women 
through probiotic supplementation depends on gestational 
diabetes status: meta-analysis. Sci Rep 2020; 10(1): 1–17. 
doi: 10.1038/s41598-020-74773-8
36. Karamali M, Dadkhah F, Sadrkhanlou M, Jamilian M, 
Ahmadi S, Tajabadi-Ebrahimi M, et al. Effects of probiotic 
supplementation on glycaemic control and lipid profiles in 
gestational diabetes: a randomized, double-blind, placebo-
controlled trial. Diabetes Metab 2016; 42(4): 234–41. doi: 
10.1016/j.diabet.2016.04.009
37. Rivière A, Selak M, Lantin D, Leroy F, De Vuyst L. 
Bifidobacteria and butyrate-producing colon bacteria: 
importance and strategies for their stimulation in the human 
gut. Front Microbiol 2016; 7: 979. doi: 10.3389/
fmicb.2016.00979
38. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic 
reviews. BMJ 2021; 372: n71. doi: 10.1136/bmj.n71

http://www.msrj.org
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials

