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Abstract

Background: Gestational diabetes mellitus (GDM) is one of the most common complications of pregnancy and its
prevalence worldwide is increasing along with enhancing type two of diabetes. Contrary results have been found in
some review articles that examine the effect of exercise activities on preventing GDM, regardless of obesity. Therefore,
the aim of this study was to systematically review the articles on the effect of exercise activities on the prevention of
GDM in obese and overweight pregnant women.

Main text: Literature was retrieved by formally searching PubMed, Embase, Cochrane library, Web of Science, Scopus,
Proquest and by hand searching of reference lists of related articles. Finally, a total of eight literatures included, and
Review manager 5.3 and STATA 14.0 statistical software were utilized for processing. In order to investigate the effect
of sports activities on the incidence of GDM, the risk ratio (RR), and for quantitative indices, the standardized mean
difference (SMD) with 95% confidence interval (Cl) for each study was calculated. Out of 5107 papers identified, eight
papers with 1441 participants included in meta-analysis (intervention group 727, control group 714). In the interven-
tion group, 143 (19.66%, 95% Cl 76.83 to 22.74) and in the control group, 196 (27.45%, 95% Cl 20.24 to 30.88%), preg-
nant women had diabetes. The RR of gestational diabetes was 0.76 (95% Cl 0.56 to 1.03, 12=50%, P=0.05). In studies
that the time for the intervention was three times a week or less, effect of intervention was significant in reducing the
incidence of diabetes (RR: 0.59, 95% Cl 0.46 to 0.76, 1° = 0%, P =0.47). However, in studies with repeat of intervention
was more than three times a week, the effect of intervention between two intervention and control groups was not
different (RR: 1.03, 95% CI 0.78 to 1.35, 17 = 0%, P = 0.46).

Conclusions: The exercise activities, alone, in obese or overweight pregnant women did not have a significant effect
on the overall incidence of GDM, but considering the effect measure, the incidence of GDM was 24% lower in the
intervention group than control group. This difference is considerable in the two groups. As the systematic review lit-
eratures both represent the information gap on the research subject and pave the way for further studies so it seems
that there is a need for more randomized controlled trials so that we can make a complete conclusion on the type,
intensity and duration of exercise in preventing GDM.
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Background

Gestational diabetes mellitus is a disorder of carbohy-
drate and glucose metabolism, which is first occurring or
diagnosed during pregnancy [1, 2]. Due to the physiologi-
cal, endocrine and metabolic changes during pregnancy
in order to meet the nutrient and oxygen requirements of
the fetus continuously, the diabetogenic condition simi-
lar to that occurring in type 2 diabetes (T2D) is created,
increasing the insulin resistance, decreasing the insu-
lin sensitivity and consequently enhancing the need for
insulin [3]. In most pregnancies, this need is met and the
balance between insulin resistance and secretion is pro-
vided. However, if there is no such balance in a person,
the symptoms of gestational diabetes are manifested [4].
This disorder is one of the most common complications
of pregnancy and its prevalence worldwide is increasing
along with enhancing T2D [5].

Gestational diabetes mellitus not only is associated
with adverse maternal and perinatal outcomes such as
macrosomia, birth weight >90th percentile for gesta-
tional age, increased cesarean section, hypertension, fetal
hyperinsulinemia, serum C-peptide level of more than
90th percentile (fetal hyperinsulinemia), preterm labor,
shoulder dystocia, birth defects, need for care in the neo-
natal intensive care unit, hyperbilirubinemia and preec-
lampsia [5-7], but also increases the risk of long-term
problems in mother and infant [8]. Therefore, screening,
diagnosis and treatment of GDM are important and nec-
essary to prevent undesirable outcomes.

A number of risk factors affect the incidence and devel-
opment of GDM. The most common risk factors include
obesity and overweight, high maternal age, family his-
tory of T2D, previous history of GDM, polycystic ovary
syndrome, persistent glucosuria, recurrent abortions,
previous history of a large baby (birth weight >4000 g),
history of stillbirth, history of chronic hypertension or
blood pressure associated with pregnancy and mater-
nal smoking as well as other risk factors [6, 8]. Among
these risk factors, women with overweight, obesity and
morbid obesity are related to an increased risk of devel-
oping GDM at a rate of two, four and eight times, respec-
tively [9]. With the rise of obesity in the worldwide and
the consequent increase in GDM, preventive strategies
are needed to avoid the unwanted consequences of obe-
sity and hyperglycemia during pregnancy [10]. Today,
the interventions such as lifestyle changes, the use of
metformin [11], glyburide [12], myo-inositol [13], insu-
lin [14], diet and exercise activities [15] are applied to
prevent and treat the GDM. Contrary results have been
found in some review articles that examine the effect of
exercise activities on preventing GDM, regardless of obe-
sity [16—18]. A use inexpensive, easy and safe prevention
method is preferred in pregnancy. Some studies showed
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physical activity in pregnancy has these features [19, 20],
and also it is effective on insulin resistance [21]. So in the
present study, we assessed physical activity from different
strategies for preventing diabetes.

Therefore, the researchers of the current study
reviewed the articles in which exercise activities were
used to prevent GDM in obese or overweight pregnant
women. According to the searches, few systematic review
articles have been performed related to the effect of exer-
cise activities on GDM in obese and overweight pregnant
women, up to now [22].

The studies that have so far been conducted on obese
and overweight pregnant women are a combination of
lifestyle, diet and exercise on the prevention of GDM, and
the independent effect of exercise has not been reported
[23-25]. On the other hand, we could find any review
about the effect of physical activity on GDM in obese
and overweight mothers. Furthermore, since different
methods of exercise activities have been used in studies,
summarizing the results of these studies can be useful to
determine the effective exercise program. Therefore, the
aim of this study was to systematically review the articles
on the effect of exercise activities on the prevention of
GDM in obese and overweight pregnant women in order
to achieve a regular summation in this regard.

Methods

This study was fulfilled through databases and search
engines including Medline, Cochrane Library, PubMed,
Scopus, Web of Science (WoS), Embase and Cumulative
Index to Nursing and Allied Health Literature (CINAHL)
databases with interest in studies that reported on the
effect of exercise activities on the risk of GDM in obese
and overweight pregnant women in the period 1/1/2008
to 5/30/2018 using the relevant keywords. For a com-
plete list of search terms, please refer to Additional file 1.
The manual search was also carried out to review the list
of references of related articles. In addition, gray litera-
tures were searched in the ProQuest and Prospero, and
dissertations and articles presented in conferences were
searched in Scopus and WoS. These keywords were
selected based on the medical subject headings (MeSH).
The advanced search strategy was examined using the
operators and tags appropriate to each of the scientific
bases.

Inclusion criteria consistent of randomized controlled
clinical trials conducted on obese and overweight preg-
nant women; pregnant women in the control group
received routine prenatal care, and the intervention
group performed exercise in addition to routine prena-
tal care. All singleton pregnant women who had no con-
traindication to exercise. Review and descriptive articles,
studies on non-obese and overweight individuals, studies



Nasiri-Amiri et al. Diabetol Metab Syndr (2019) 11:72

whose interventions were both exercise and other life-
styles such as nutritional modification, studies that did
not compare the control and intervention groups and did
not answer the research question were excluded from the
study.

Different stages of study selection and data extraction
are shown in Fig. 1. At first, a list of articles was prepared
from the databases based on the mentioned keywords.
Then, after reviewing the titles of the found articles and
removing duplicate titles, two researchers independently
reviewed the abstract of articles based on the inclusion
and exclusion criteria of the current study. If an article
was excluded, the reasons were mentioned. If neces-
sary, the full text of the articles was reviewed. Any disa-
greement was discussed and if no agreement was found
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between two researchers, a third researcher indepen-
dently assessed the article in question. In the next step,
the related information of the articles entered into this
systematic study including authors’ name, title, year of
publication, inclusion and exclusion criteria, sample
size, type of intervention, comparison group, outcome
and intervention results was recorded. The methodo-
logical quality of studies was evaluated according to the
recommendation by the Cochrane Handbook, including
assessments of the generation of the allocation sequence
(selection bias); concealment of the allocation sequence
(selection bias); blinding (detection and performance
bias); blinding of participants and personnel to outcome
assessment; incomplete outcome data (attrition bias);
selective outcome reporting (reporting bias); and other
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Fig. 1 PRISMA flow diagram of screening, selection process and inclusion study
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bias (https://www.bmj.com/content/343/bm;j.d5928.extra
ct).

For each article, the RR was calculated in order to
investigate the effect of exercise activities on the inci-
dence of GDM, and standardized mean difference with
95% confidence intervals was calculated for quantitative
indices. Data were combined using the random-effects
model.

Heterogeneity of the studies was assessed graphically
with forest plots and statistically by Chi-square-based Q
statistic and I? value. Heterogeneity was considered sig-
nificant at a P-value of <0.10 in Q-test or I2>40%. Sub-
group analysis was carried out based on the frequency
and time of intervention. Statistical analyses were per-
formed using Review Manager 5.0.1 [26].

Results

In the initial search, 5107 papers were found in different
databases. Totally, 56 articles were selected after screen-
ing the titles and abstracts and removing duplicate and
unrelated titles. Then, the authors read the full text of the
articles and choose eight articles were analyzed (Fig. 1).

The characteristics of the articles studied on the effect
of exercise activities on the incidence of GDM in com-
parison with the control group in overweight and obese
women are summarized in Table 1. Different studies were
not the same in terms of the type, manner and intensity
of exercise. The total number of participants in these
studies was 1441 pregnant women. Of these women,
727 and 714 were in the intervention group and control
group, respectively. All women were obese or overweight,
in the first or second trimester of pregnancy as well as
singleton pregnancies without maternal chronic disease
and without abnormalities in the fetus. These women
may have been nulliparous and multiparous.

None of the studies has been conducted on women
of particular ethnicity or race. A study in Norway [27],
a study in Spain [28] a study in Ireland [29] a study in
the Netherlands [30], a study in Australia [31], a study
in China [32] a study in New Zealand [33] and a multi-
centre study conducted in nine countries (New Zealand,
the United Kingdom, Austria, Poland, Italy, Denmark
and Belgium, the Netherlands and Australia) [34] were
performed. The methodological quality of the stud-
ies entered into the final meta-analysis is illustrated in
Table 2. The randomization process was correctly per-
formed in all studies. The randomization and conceal-
ment process were not carried out in three studies [29,
33, 34] and explicitly described in two studies [27, 32].
Due to the type of intervention, it was impossible to blind
participants in any study. Blinding the outcome measure-
ment was correctly observed in all studies. In five stud-
ies, the analytical process was not intention to treat (ITT)
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[28-30, 33, 34]. The reporting process was in accordance
with the protocol. There was only one protocol violation,
which was mentioned in the article by the authors [30].

Exercise programs

There were different types of exercise program, severity,
duration and frequency in studies that included aerobic
[29, 30, 32-34], resistance [27, 34], strength [30] exer-
cises and resistance exercises with pelvic floor exercises
[29]. In a study, an exercise program with 900 kg calorie
per week was conducted through a pregnancy physical
activity questionnaire (PPAQ) [31]. In a number of stud-
ies, exercise programs began in the first trimester and
continued until delivery [31, 32]. In three studies, exer-
cise activities began in the second trimester and lasted
until 34—37 weeks of gestation [27, 30, 33]. In two stud-
ies, exercise activities started less than 17 weeks (in the
first and second trimesters) and continued up to 6 weeks
after delivery [29, 34]. In a study, exercise program
was repeated twice a week [30]. In four studies, it was
repeated three times a week [27, 29, 32, 34]. In a study,
the exercise program was daily repeated during a week
[31] and repeated three to five times a week in another
study [33]. In all studies, the duration of exercise was
between 15 and 60 min [27, 29-34].

The intensity level of exercise activities was low to
moderate [32, 34] in two studies, moderate to high in
three studies [29, 30, 33] and moderate in a study [27],
respectively, and it was not determined in one study [31].
In four studies, the intensity scale of exercise activities
was based on Borge-Scale [27, 29, 32, 33]. In a study, the
intensity level of exercise was according to the American
College of Obstetricians and Gynecologists (ACOG) and
American College of Sports Medicine (ACSM) guidelines
[30]. The ACOG guideline was used to assess the inten-
sity level of exercise in a study [34]. In a study, the inten-
sity level of exercise was at the start of the study based
on mother’s maximum heart rate [32]. Another study
applied a specific questionnaire for assessing the meta-
bolic equivalent of task to determine the intensity level
of exercise [34]. In all studies, the exercise activities were
evaluated by an observer [27, 29-32, 34]. In one study,
exercise activities were performed only once at home in
addition to conducting at the hospital’s clinic [27]. In one
study, the exercises were conducted only at home [33].

All included studies of the current research assessed
the effect of exercise during pregnancy on a num-
ber of pregnancy outcomes. The primary outcome
of the recent study was to compare the incidence of
gestational diabetes in the intervention group (exer-
cise training during pregnancy) and control group.
In the case of diabetes incidence, eight clinical trials
with a sample size of 1441 were entered into the final


https://www.bmj.com/content/343/bmj.d5928.extract
https://www.bmj.com/content/343/bmj.d5928.extract

Page 5 of 14

(2019) 11:72

Nasiri-Amiri et al. Diabetol Metab Syndr

Iy
5Sdavl
JAYAN)
IIEMNTY
OHM
uo paseg
000
(c90
-0%0) 860

00
(s6'0
—-700) 10

(% "1)
ISEWIETS]
uealesad)
(sAep)
obe
|UOIIRISID)
(®)
1ybram
yuig
ulw g
21025
43 Jebdy
6¢ uiw |
19 21025
? E@Q<

2JeD 3aulINol
93 pPaAIadal
dnoib
|0J1U0d

Ul USWIOAN
(UoIssas
/UlW G605
"oam/sawll
EEIN
SISIDI9X
dlgolae pue
90URISISAU
Alsuaiul

-91RI9POIN

sjol}
-uo) aled)
plepueig
SEINEREY)
USWOM
buuen
yibuans jo
ulw GZ pue
CHWIENC]
9oURINPUD
Ausua1ul
S1eJ9pow
4O Ul G¢
JO SUOISSaS
pasiniadns
WEEEI
DUy}
SSIETIG
sem dnoib

9SI124aX3 Y|

pupen
‘soueba
‘910N
soueba
pnjes sp
01jua) pue
S9YD0Ipad
so7ap
onuad

|exdsoH
ISTSEN[Vg}
wisypuol|

5Sdavi
pue eua1

-2 OHM

5Sdavi
3y uo

paseg

el [eoIuID -

104 - SPIM 101l dW PUBdN

JAS 49
Aoueubaid a1e]
(1DY) oM gl-C|
sulleseg  dIN PUB xdN

(8]
uleds
(€100)
1eyeleg
usgny

gEFLEC
LY FL'vC

rFLE
EFLE

GGCU0D
GG |

[a
KemioN

(9102)
GpiUOD)  Seeule)
9k U] UyoIy NIy

9vF L's¢
EFOEE

LYFrLE
geEFELE

anjeA-d
(%56 1D) 4O

3jeuosN

UOIJUDAIBIU|

Bunas

Wao
-IN'Q«

dA1L £103s1H aby'sen juedpiyed

A13uno>
‘1eak

Ing abe ueay -oN dnoip ‘loyiny

S3W0d 3N

JnsuapeIeYd ApMS

syuedpiied

uawom 3yB1aMIIA0 pue 3530 Ul S3}3eIP [euolle)sab uo sapdIlIe 3y} Jo SolIsiddeIRY) | d[qeL



Page 6 of 14

(2019) 11:72

Nasiri-Amiri et al. Diabetol Metab Syndr

SOSIDIOX
yibuans
pue djgqoiee dcl yim
(U) % WD 4O Pa1sIsuod EMEE]
(U) 9% buurel| apelb
'Uondas uiw 09 1814 HO
ueoIeSRR) 10 SOSIDIDXD wep AdD 4o [0g]
6 1ybrom JYEEI -121sWyY Kioisiy spuei
LE0 -yuig dIMY U3JUSD D DSdav! HO el -UeN
(590 (CaroRn! obe dnoib uopn -IP3N Auis ayruo -0soloew 9SF6EE ¥SF L0 79 u0D (100
-55'1) LT0 (O%1) £ [PUONRISD  -USAISIUIBYL  -IBAIUN NA paseq 1D4  JoAIOISIH - SA99M 0TI dW pue dN LSFEE TSFSO0E 65Ul Wepiso0
aled |eleu
-a4d aupnol
Sa100S [SEAVERED]
Jebdy UaWOM
EEE) IV 'umop
yuiq e -|00D pue
uo1rIS9ID) 'S9SIDI9XD
(joam) o1qoUde ulgng
yuiqg e ‘syybram 1o ‘lendsoH
uol1e1SD) 9dUPISISal Ausianun l67]
®) ‘dn-uwitem  syueyu| pue Dsdav! puea|
@8y) Lz blam 19512193 JO USWOM ay1 uo R ECWA USFLYE  v8FV6C P#IU0D (£100)
lS0=d (889 S¢ yuig uIw 09-05 3qWooD paseg 104 - uey] ss3| AN 9vF /e I'SFO0E ppaul Aleg ywelN
£13uno>
anjead (%) wao “1eak
(%S6 1) HO NWQdD  3jeuOdN  UORBUBAIRWI Bunias -IN'Qx dAL K103s1H aby'san  juedpnied Ing  dbeuesyy ‘oN dnoip “tloyiny

S9Wi0d N0

sisuddeIRYd APN)S

syuedpiyied

(panunuod) | ajqel



Page 7 of 14

(2019) 11:72

Nasiri-Amiri et al. Diabetol Metab Syndr

500V
uo paseq
(2dAy awn [v€l
‘Asua1ul eljensny
‘Aouanbaly) spueid
AuAnoe [ed -YIaN
-IsAyd aoue S0l ‘wnibjag
-1sI1Sa1 pue 24D jensn) jewius(
dlqouse yiog 801 ‘Vd®3H “Aley
MM YIGE  SaUUNOD OLL:N ‘pue|od
3yl [IuNn ueadoing Ayanoe ‘eLasSNY
obe aNnunuod 6 Ul SID [eo1skud N ‘puey
|euon pue dn pue -1uad 10y €1l -edaZ MaN
d<s00 -e1596 R EEUN4 L1 SS0I> 5Sdav! Apnis ‘N bunes 9100)
(L9T 61001 1ybrem Wwolj 1iels e soluld |yl uo 3lh1say NS ¥SF0CE AgyesH  suowwis
-S5O 1TL (61066 Yuig  suonusAI| [e1euRIUY psseg  lvdoylL  Jo AioisiH SPMOZ>  JWPURAN  OvF/€E R0l 9By 334 pineq
Aoueubaud
JO SPaMm /¢
JIeNEEI
3y1 Jo pua
ay1 [hun
SI2YDJeasal
91 JO auo
Jo uols
-Ingedns
ay3 Japun
[eudsoy e ul
puE %99M e
21025 Sawn 8.1yl
Jebdy ulw 0G 1o}
ybram ENRIENE
-yuig pawiloyad
1000 ‘21025 dnoub uon [zgl
(5040 lebdy -UdAISIU |evdsoy 95davl eulyD
-0v20) (Q0Y) vs ‘obe ayrul  Isug Ausion ayiuo SLTFSL9T  L6YFOSTE  TEL 0D (9100)
4h40) (C0) 6¢ |euoneisen  uswomayl  -lun buped paseg 104 - opPamM9+zl>  JWPURdN 9/TFI89C LSYFYLTE €elaup Buep usyd
£13uno>
anjead (%) wao “1eak
(%S6 1) HO NWQdD  3jeuOdN  UORBUBAIRWI Bunias -IN'Qx dAL K103s1H aby'san  juedpnied Ing  dbeuesyy ‘oN dnoip “tloyiny

S9Wi0d N0

sisuddeIRYd APN)S

syuedpiyied

(panunuod) | ajqel



Page 8 of 14

(2019) 11:72

Nasiri-Amiri et al. Diabetol Metab Syndr

esediy|nuw i, diA ‘esediNN :dN ‘WAD 104 poyIaw dnsoubelp , WaD-W'd

NS
Jouaw
-obeuewl
pue sisou
399M -beip aya
/183X 006 10} pasn
SY2IM 87 01dn uon 2I9M
/S0 -dwnsuod IEMTD)
SYPM 7| ABIsus Jo K191008
L00 |eob oy} Aoueu e (L€l
SY9aM 87 (CINES yum dnoib |eudsoH -baiq ul Jo=][[eht ISENIETe] eljensny
/S0 )0 UOJIUAJRIUI SUSWOAN sa1agelq -uod 01 PaMo||0} doel
SPIM 7| (€0 ElHYe] pue aueq ueseles} paziwo pue uoieIsab GZauoD  ‘eme|ed)
£00 (cl) ¢ - SSI2I9X3 -suug |edoy -Sny  -pueliold SeeM L dINPUe dN G U] '9lu0]
SS2UISIP Elplsllel
Kio1esidsay onaubew
elWoEd  31PIS-Apeals
-KIbodAH e buisn
21025 ujw G| 0}
Jebdy G| uojown
6) yoes pue
1ybam oom e
[eIUSIR|Y SaUI} 9AY
(W [QEEETIU
/B%) yuig Aususaul
12 N9 S1elapow
(qud urse o10¢
/b) xapul %99M WOl
|eJapUOg sweiboud
(WD) ENDIEYE]
ER[IEIEN paseq
-Win2ud -awioy
|eIuo1} Ajsuaqul
-0)dpdQ  -9ielspoud
6) pawioad
1ybram dnoib uon €]
yuig RICIVEAV]] pueppPny puejeaz
(skep) YUl sie uruon M3N
e 0=d (K4 obe -npiApUl -Usnssul 8€ JU0D (9100)
©ci-co) 1 (L1)¥ leuoneissn  ‘Apnissiyiul paseq-aWioH 104 SSOM O WOI{  dIN pue dN £€3U] UIRIASUSS
£13uno>
anjead (%) wao “1eak
(%S6 1) HO NWQdD  3jeuOdN  UORBUBAIRWI Bunias -IN'Qx dAL aby'san  juedpiied "oN dnoup “tloyiny

S9Wi0d N0

sisuddeIRYd APN)S

syuedpiyied

(panunuod) | ajqel



Nasiri-Amiri et al. Diabetol Metab Syndr (2019) 11:72 Page 9 of 14
Table 2 The methodological quality of the included studies
Author, year Random Allocation Blinding Blinding Incomplete Selective Other bias
sequence concealment of participants  of outcome outcome data reporting
generation (selection bias) and personnel assessment (attrition bias) (reporting bias)
(selection bias) (performance (detection bias)
bias)
Callway etal. 2010 — + + — _ _ _
Oostdam et al. - + + - + - _
2012
Barakatetal. 2013 — + + - + - _
Seneviratneetal. — — + — — _ _
2015
Simmons et al. — - + — — — _
2018
Wangetal. 2017 — ? + - + - —
Krohn Garnees1 — ? + — + - _
etal. 2018
Daly et al. 2018 - - + — + — _

meta-analysis. Accordingly, 143 (19.66%, with 95% CI
16.83 to 22.74) and 196 (27.45%, with a 95% CI 24.20
to 30.88) pregnant women suffered from diabetes in
the intervention group and control group, respectively.
The RR of GDM was 0.76 (with 95% CI 0.56 to 1.03,
P=0.07). There was moderate heterogeneity between
studies (I>=50%, P =0.05) (Fig. 2).

Moreover, there was no statistically significant relation-
ship between the studies with intervention in the first
trimester of pregnancy (0.85, with 95% CI 0.55 to 1.29,
I’=66%, P=0.03) and those with intervention in the
second trimester of pregnancy (0.64, with 95% CI 0.40 to
1.04, I>=23%, P=0.27) (Fig. 3).

In studies which had an intervention time in three
times a week or less, the effect of intervention was
observed on reducing the incidence of diabetes (0.59,
with 95% CI 0.46 to 0.76, I>=0%, P =0.47). However, the
effect of intervention on reducing the incidence of diabe-
tes was not seen in studies with an intervention time of

more than three times a week (1.03, with 95% CI 0.78 to
1.35, I>=0%, P =0.46) (Fig. 4).

Fasting plasma glucose (FPG) was evaluated in six
clinical trials with a sample size of 819 participants (423
and 396 in the intervention group and control group,
respectively), entered into the final meta-analysis [27,
29-31, 34]. The mean FPG had no significant difference
between intervention and control groups (SMD: 0.01,
95% CI —0.34 to 0.36, I>=82%, P<0.001). In addition,
no significant difference was found between the studies
with intervention in the first trimester of pregnancy [29,
31, 32, 34]. (SMD: —0.20, 95% CI —52.0 to 0.12, I>=71%,
P=0.02) and those with intervention in the second tri-
mester of pregnancy [27, 30] (SMD: 0.45, 95% CI —0.20
to —10.1, ’=79%, P=0.03) (Fig. 5). There was no sig-
nificant difference between the intervention and con-
trol groups in the studies whose intervention time was
three times a week or less (SMD: 0.13, 95% CI —0.60 to
—0.86, 2=92%, P<0.001) like studies with intervention

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Barakat 2013 41 255 61 255 21.2% 0.67 [0.47, 0.96] B
Callaway 2010 5 22 3 19 4.6% 1.44 [0.40, 5.24] —
Daly 2017 25 44 21 44 19.6% 1.191[0.80, 1.78] ™
Krohn 2016 2 46 9 45 3.6% 0.22 [0.05, 0.95]
Oostdam 2012 7 62 11 59  8.4% 0.61[0.25, 1.46] I
Seneviratne 2015 4 38 2 37 3.0% 1.95[0.38, 10.00] —
Simmons 2016 30 110 35 105 19.4% 0.82[0.54, 1.23] .
Wang 2016 29 150 54 150 20.0% 0.54 [0.36, 0.79] =
Total (95% Cl) 727 714 100.0% 0.76 [0.56, 1.03] <&
Total events 143 196
Heterogeneity: Tau? = 0.08; Chi? = 13.92, df = 7 (P = 0.05); I> = 50% ; f t y
Test fo?over;IIl effect: Z=1.79 (P = 0.07) ( ) 0.01 0.1 ; ! 10 100
Favours [experimental] Favours [control]
Fig. 2 Forest plot of risk ratio of GDM among the intervention and control groups
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 First trimester
Callaway 2010 5 22 3 19 4.6% 1.44 [0.40, 5.24] - 1
Daly 2017 25 44 21 44 19.6% 1.19[0.80, 1.78] ™
Simmons 2016 30 110 35 105 19.4% 0.82[0.54, 1.23] ™
Wang 2016 29 150 54 150 20.0% 0.54 [0.36, 0.79] =
Subtotal (95% CI) 326 318 63.6% 0.85 [0.55, 1.29] ‘
Total events 89 113
Heterogeneity: Tau? = 0.11; Chi* = 8.75, df = 3 (P = 0.03); I> = 66%
Test for overall effect: Z = 0.78 (P = 0.44)
1.5.2 Second trimester
Barakat 2013 41 255 61 255 21.2% 0.67 [0.47, 0.96] =
Krohn 2016 2 46 9 45 3.6% 0.22 [0.05, 0.95] - |
Oostdam 2012 7 62 11 59 8.4% 0.61[0.25, 1.46] - |
Seneviratne 2015 4 38 2 37 3.0% 1.95[0.38, 10.00] -1
Subtotal (95% CI) 401 396 36.4% 0.64 [0.40, 1.04] ‘
Total events 54 83
Heterogeneity: Tau? = 0.07; Chi* = 3.91, df = 3 (P = 0.27); I = 23%
Test for overall effect: Z = 1.82 (P = 0.07)
Total (95% Cl) 727 714 100.0% 0.76 [0.56, 1.03] ‘
Total events 143 196
Heterogeneity: Tau? = 0.08; Chi? = 13.92, df = 7 (P = 0.05); I> = 509 t t t d
Test fo?over;/ll effect: Z = 11.79 P= 0.075 ( ! * 0.01 01 : ! 10 100
N . Favours [experimental] Favours [control]
Test for subgroup differences: Chiz2 = 0.71, df = 1 (P = 0.40), I>= 0%
Fig. 3 Forest plot of risk ratio of GDM among the intervention and control groups in the first and second trimester of pregnancy
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Under 3 Weeks
Barakat 2013 41 255 61 255 21.2% 0.67 [0.47, 0.96] i
Krohn 2016 2 46 9 45 3.6% 0.22 [0.05, 0.95]
Oostdam 2012 7 62 11 59 8.4% 0.61[0.25, 1.46] - |
Wang 2016 29 150 54 150 20.0% 0.54 [0.36, 0.79] =
Subtotal (95% CI) 513 509 53.4% 0.59 [0.46, 0.76] ‘
Total events 79 135
Heterogeneity: Tau? = 0.00; Chi* = 2.51, df = 3 (P = 0.47); I = 0%
Test for overall effect: Z=4.17 (P < 0.0001)
1.2.2 Above 3 Weeks
Callaway 2010 5 22 3 19 46% 1.44 [0.40, 5.24] s
Daly 2017 25 44 21 44 19.6% 1.19[0.80, 1.78] ™
Seneviratne 2015 4 38 2 37  3.0% 1.95[0.38, 10.00] I
Simmons 2016 30 110 35 105 19.4% 0.82[0.54, 1.23] T
Subtotal (95% CI) 214 205 46.6% 1.03 [0.78, 1.35] L 2
Total events 64 61
Heterogeneity: Tau? = 0.00; Chi? = 2.57, df = 3 (P = 0.46); I>= 0%
Test for overall effect: Z=0.18 (P = 0.86)
Total (95% CI) 727 714 100.0% 0.76 [0.56, 1.03] <
Total events 143 196
Heterogeneity: Tau? = 0.08; Chi2 = 13.92, df = 7 (P = 0.05); I = 509 t t t {
Test fo?oerle e?fect: Z= 11.79 P= 3.075 ( oo * 0.01 01 . ! 10 100
N . Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 8.56. df = 1 (P = 0.003). I* = 88.3%
Fig. 4 Forest plot of risk ratio of GDM among the intervention and control groups with an intervention time in three times a week or less and an
intervention time of more than three times a week

time more than three times a week (SMD: — 0.04, 95% CI
—0.28 t0 0.21, ’=19%, P=0.29) (Fig. 6).

Fasting plasma insulin (FPI) was investigated in three
clinical trials with a sample size of 235 participants (119
and 116 in the intervention and control groups, respec-
tively), entered into the final meta-analysis [30, 31, 33].
The mean FPI had no significant difference between two

intervention and control groups (SMD: —0.28, 95% CI
—0.65 to 0.08, 2=49%, P=0.14) (Fig. 7).

Discussion

The objective of this review and meta-analysis study was
to determine the effectiveness of exercise activities alone
in preventing GDM in obese or overweight pregnant
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 First trimester
Callaway 2010 -0.29 0.44 25 -0.17 0.59 25 13.8% -0.23 [-0.78, 0.33]
Daly 2017 0.1 0.44 43 0.2 0.44 43 16.1% -0.23 [-0.65, 0.20]
Simmons 2016 -0.04 04 110 -0.09 044 110 18.8% 0.12[-0.15, 0.38]
Wang 2016 -0.28 039 150 -0.08 0.47 132 19.2% -0.46 [-0.70, -0.23] -
Subtotal (95% Cl) 328 310 67.8% -0.20 [-0.52, 0.12]

Heterogeneity: Tau? = 0.07; Chi? = 10.37, df = 3 (P = 0.02); I?=71%
Test for overall effect: Z = 1.22 (P = 0.22)

1.6.2 Second trimester

Krohn 2016 0 054 46 -05 072 38 157% 0.79[0.34, 1.24] —
Oostdam 2012 0.17 046 49 0.11 048 48 16.5% 0.13[-0.27, 0.53] =
Subtotal (95% Cl) 95 86 32.2% 0.45[-0.20, 1.10] g

Heterogeneity: Tau? = 0.17; Chi? = 4.71, df = 1 (P = 0.03); I>=79%
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 423 396 100.0% 0.01 [-0.34, 0.36]
Heterogeneity: Tau? = 0.15; Chi? = 28.57, df = 5 (P < 0.0001); I = 82%

Test for overall effect: Z = 0.06 (P = 0.95)

Test for subgroup differences: Chi? = 3.08, df = 1 (P = 0.08), I = 67.6%

Fig.5 Forest plot of the standardized mean differences FPG the intervention and control groups in the first and second trimester of pregnancy

4 2 2 4
Favours [experimental] Favours [control]

=14

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Callaway 2010 0.83 873 25 7.86 9.36 25 25.6% -0.76 [-1.34,-0.19] "
Krohn 2016 50.7 79.32 46 58 85.23 46  37.1% -0.09 [-0.50, 0.32]
Oostdam 2012 31 51.29 48 384 45.71 45 37.3% -0.15 [-0.56, 0.26]
Total (95% Cl) 119 116 100.0% -0.28 [-0.65, 0.08]

-4 2 0 2 4
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.05; Chi? = 3.90, df = 2 (P = 0.14); I = 49%
Test for overall effect: Z=1.52 (P = 0.13)

Fig. 6 Forest plot of the standardized mean differences FPG among the intervention and control groups with an intervention time in three times a
week or less and an intervention time of more than three times a week

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Callaway 2010 0.83 8.73 25 7.86 9.36 25 25.6% -0.76 [-1.34, -0.19] —
Krohn 2016 50.7 79.32 46 58 85.23 46  37.1% -0.09 [-0.50, 0.32]
Oostdam 2012 31 51.29 48 384 4571 45 37.3% -0.15[-0.56, 0.26]
Total (95% CI) 119 116 100.0% -0.28 [-0.65, 0.08]

R N
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.05; Chi? = 3.90, df = 2 (P = 0.14); I = 49%
Test for overall effect: Z=1.52 (P = 0.13)

Fig. 7 Forest plot of the standardized mean differences FPI among the intervention and control groups

women. The results of the present study showed that of the absolute risk reduction or increase and the number
the exercise activities, alone, in obese or overweight of patients that need to be treated for one to benefit com-
pregnant women did not have a significant effect on the  pared with a control. The ideal NNT is 1, where everyone
overall incidence of GDM, but considering the RR, the has improved with treatment and no-one has with con-
incidence of GDM was 24% lower in the intervention trol. The higher the NNT, the less effective is the treat-
group than control group. This difference is considerable = ment. But the value of an NNT is not just numeric. For
in the two groups. Furthermore; the effect of interven-  instance, NNTs of 2-5 are indicative of effective thera-
tion on reducing the incidence of GDM was significantin  pies [35].

studies whose intervention time was three times a week Start taking an exercise intervention in the first or sec-
or less. So that the RR of GDM was up to 41% lower in  ond trimesters of pregnancy had no significant difference
the intervention group than routine care group. Accord- to decrease the incidence of GDM, but the RR of GDM
ing to the RR, the number needed to treat (NNT) value was up to 36% lower in the intervention group of stud-
was 4.2 (confidence ranges from 3.0 to 4.4). The inverse ies that began the exercise intervention in the second
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trimester of pregnancy. The review and meta-analysis
study of Sanabria-Martinez et al. assessed the effect of
physical activity on preventing of GDM and maternal
weight gain in 13 studies with 2873 pregnant women. The
results of their study also indicated that the risk of devel-
oping GDM can be prevented by 31% through physical
activities before pregnancy. This prevention of GDM was
more evident when exercise was a combination of resist-
ance and aerobic exercises. They have stated that since
the resistance exercises lead to blood glucose uptake
without varying the muscle capacity to respond to insu-
lin, and aerobic exercises cause glucose uptake via insu-
lin; thus, when these two types of exercise combine with
together, the probability of preventing GDM is increased
[17].

Du et al. [22] in their review study evaluated the effect
of exercise on 1439 pregnant women of 13 studies, and
observed that the exercise decreased the risk of GDM in
obese and overweight pregnant women. They believed
that the heterogeneity in the diagnosis criteria of GDM in
various studies may be effective on a result of the study.

However, Han et al. [36] reviewed clinical trials (a total
of five articles with 1115 participants) about the impact
of exercise on preventing GDM and suggested that
there was no significant difference in GDM incidence
in women receiving moderate-intensity exercise inter-
vention compared to those receiving routine prenatal
care. Moreover, Rogoziniska et al. [18] in a review study
evaluated the effect of exercise and diet on maternal and
fetal outcomes in 24 studies with 8852 participants and
found that the exercise, alone, had no significant effect on
GDM. In a review study by Yin [16], the effect of physical
activity on the risk of developing GDM was assessed in
six clinical trials with 1089 pregnant women, and no sta-
tistically significant difference was observed in the risk of
developing GDM between the intervention and control
groups. Besides, Larijani et al. [37] in a review study on
GDM women have explained that the upper-body exer-
cises which begin gradually and last 35 to 40 min per day
(with two 5-min rest periods during exercise) are as one
of the treatments for controlling GDM. This study was
conducted not only on obese and overweight pregnant
women, but also on all GDM pregnant women. Another
study by Khan et al. examined the effects of exercise and
diet on maternal outcomes through reviewing 36 arti-
cles (with 12,526 pregnant women). After analyzing the
results of the studies, the researchers found that observ-
ing diet and doing exercise reduce the risk of developing
GDM [18]. In the current study, the intervention was a
combination of exercise and diet; therefore, the differ-
ence between the results of that intervention and those of
the present intervention can be due to the differences in
intervention type.
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An interesting result of this systematic review study
was that doing exercise three times a week or less had
better outcomes than doing it more time in preventing
GDM, and this difference was statistically significant.
This phenomenon may occur through two mecha-
nisms. The stress exerted on the muscles increases
the cortisol secretion and cortisol also enhances the
blood glucose levels by increasing liver gluconeogen-
esis and stimulating protein degradation [38]; on the
other hand, the body’s metabolism moves into a fat
intake and the energy needed to do exercise is obtained
by burning fat in people who do daily exercises. As a
result, the blood glucose levels of these individuals
may remain unchanged or even higher, while when the
exercise period is 3 days a week, the body’s metabolism
moves to available sources such as blood glucose which
reduces the blood glucose [39].

Nasiri and colleagues examined a relationship between
the amount of physical activity in the first 20 weeks of
pregnancy and the risk of developing GDM in a case—
control study. They determined that women with low
physical activity in the first 20 weeks of pregnancy,
according to the PPAQ questionnaire, were at high risk
for development of GDM compared with those who had
more physical activity. In addition, after adjusting for age,
BM]I, gravidity and a family history of diabetes, females
with lower physical activity (PPAQ) in the domain of
transportation activity during the first 20 weeks of preg-
nancy were at a significantly higher risk of developing
GDM [40].

In this review study, the mean of FBG and FBI changes
had no significant difference between intervention and
control groups. Motahari et al. studied the effect of eight-
week aerobic exercises on insulin resistance in women
with T2D. In their study, the participants (who were
housewives with T2D) did moderate-intensity aero-
bic exercise three times a week (daily: 50 min) during
8 weeks. Their results illustrated that the exercise had a
significant effect on reducing plasma glucose concentra-
tion, insulin resistance and insulin levels, which is incon-
sistent with the results of the current study [21]. Because
their study was conducted on non-pregnant and diabetic
women, the exercise had significant effect on the reduc-
tion of glucose concentration and, generally, on the con-
trol of T2D.

Shakil-ur-Rehman [41] in relation to the effect of exer-
cise on FBG and plasma insulin levels in T2D patients
suggested that a 25-day structured aerobic exercise could
be a good management of FBG and plasma insulin lev-
els, which are inconsistent with the present study. The
study of Shakil-ur-Rehman was also performed on non-
pregnant women, which might have resulted in more
success of exercise in controlling T2D. In general, these
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contradictory results represent that more and more pre-
cise trials are needed to make a good conclusion.

The researchers of the present study could not inves-
tigate the effect of exercise type on the incidence of
GDM because of differences in the type of exercise and
use of a combination of various exercises in some stud-
ies. Besides, the intensity of exercise in all articles of this
study was moderate; therefore, it was impossible for the
researchers of the current study to assess the effect of
different intensities of exercise on the risk of developing
GDM. Moreover, the duration of exercise in various stud-
ies was between 15 and 50 min, and the lack of access
to a sufficient number of studies made it impossible for
researchers to compare the exercise duration.

Among the limitations of the current study, the search
was only performed in Persian and English, which limited
the opportunity to access the trials published in other
languages. Unfortunately, due to the lack of studies, there
was no possibility to analyze the subgroup for the type
and duration of exercise.

The positive aspects of this study were that the HOMA
index was used in all studied articles to assess the effects
of exercise on insulin level. Furthermore, the intensity
of exercise was the same in all early studies (moderate
intensity).

Although the effect of exercise on incidence of GDM
was not significant, this incidence was considerably lower
in the intervention groups. So it seems practitioners may
recommend physical activity along with other interven-
tions such as change in life style to prevention of GDM in
obese and overweight pregnant women.

Conclusion

The exercise activities, alone, in obese or overweight
pregnant women did not have a significant effect on the
overall incidence of GDM, but considering the effect
measure, the incidence of GDM was 24% lower in the
intervention group than control group. This difference is
considerable in the two groups.

Given the above, since the response to exercise in most
studies was based on limited evidence and the current
research was basically limited to the responses of a hor-
mone to a variety of type, intensity or duration of exer-
cises, and no study was found to consider the various
aspects of exercise on other factors affecting gestational
diabetes; hence, more trials are needed to actually find
the effect of exercise on GDM in obese and overweight
pregnant women. As the systematic review literatures
both represent the information gap on the research sub-
ject and pave the way for further studies so it seems that
there is a need for more randomized controlled trials
so that we can make a complete conclusion on the type,
intensity and duration of exercise in preventing GDM.

Page 13 of 14

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513098-019-0470-6.

Additional file 1. Searching keywords based on the medical subject
headings (MeSH).

Abbreviations

GDM: gestational diabetes mellitus; SMD: standardized mean difference; Cl:
confidence interval; RR: risk ratio; T2D: type 2 diabetes; WoS: Web of Science;
CINAHL: Cumulative Index to Nursing and Allied Health Literature; MeSH:
medical subject headings; IADPSG: International Association of Diabetes in
Pregnancy Study Group; WHO: World Health Organization; GCT: glucose chal-
lenge test; OGTT: oral glucose tolerance test.

Acknowledgements
The authors would like to acknowledge Ms. Reyhaneh Barari for critical editing
of English grammar and syntax of the manuscript.

Authors’ contributions

FNA was involved in study design, search in databases, quality assessment,
study selection, data extraction, data analysis, manuscript drafting, and critical
discussion. SMT conceptualized the study and was involved in study design,
quality assessment, data analysis, revising manuscript, and critical discussion.
MAS contribute in quality assessment, data extraction, critical discussion,

and manuscript drafting. MS and PH performed statistical analysis, interpret-
ing data and manuscript drafting. All authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this article.

Ethics approval and consent to participate
All analyses were based on previous published studies, thus no ethical
approval and patient consent are required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Fateme Zahra Fertility & Infertility Research Health Center, Health Research
Institute, Babol University of Medical Sciences, Babol, PO.Box: 4717647745,
Iran. ? Department of Biostatistics and Epidemiology, Babol University of Medi-
cal Sciences, Ganjafroze Street, Babol, PO.Box: 4717647745, Iran. > Department
of Midwifery, School of Nursing & Midwifery, Mazandaran University of Medical
Sciences, Vesal Street, Sari, PO.Box: 4816715793, Iran. * Islamic Azad University
of Medical Science Sari Branch, Sari, PO.Box: 194-48164, Iran.

Received: 22 April 2019 Accepted: 21 August 2019
Published online: 27 August 2019

References

1. BuchananTA, Xiang AH, Page KA. Gestational diabetes mellitus: risks
and management during and after pregnancy. Nat Rev Endocrinol.
2012;8(11):639.

2. Snapp CA, Donaldson SK. Gestational diabetes mellitus: physical exercise
and health outcomes. Biol Res Nurs. 2008;10(2):145-55.

3. Mottola MF, Artal R. Role of exercise in reducing gestational diabetes mel-
litus. Clin Obstet Gynecol. 2016;59(3):620-8.


https://doi.org/10.1186/s13098-019-0470-6
https://doi.org/10.1186/s13098-019-0470-6

Nasiri-Amiri et al. Diabetol Metab Syndr

20.

21.

22.

23.

(2019) 11:72

Jovanovic L, editor. Pathophysiology of diabetes. In: Pregnancy satellite
symposium: 36th annual meeting of the European association for the
study of diabetes. Jerusalem, Israel: European annual meeting; 2000.
Metzger BE, Persson B, Lowe LP, Dyer AR, Cruickshank JK, Deerochana-
wong C, et al. Hyperglycemia and adverse pregnancy outcome study:
neonatal glycemia. Pediatrics. 2010;126:1545-52.

Catalano PM, Mclntyre HD, Cruickshank JK, McCance DR, Dyer AR,
Metzger BE, et al. The hyperglycemia and adverse pregnancy outcome
study: associations of GDM and obesity with pregnancy outcomes.
Diabetes Care. 2012;35:780-6.

Group HSCR. Hyperglycemia and adverse pregnancy outcomes. N Engl J
Med. 2008;358(19):1991-2002.

Kampmann U, Madsen LR, Skajaa GO, Iversen DS, Moeller N, Ovesen P.
Gestational diabetes: a clinical update. World J Diabetes. 2015;6(8):1065.
Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ, et al.
Maternal obesity and risk of gestational diabetes mellitus. Diabetes Care.
2007;30(8):2070-6.

Bain E, Crane M, Tieu J, Han S, Crowther CA, Middleton P. Diet and exer-
cise interventionsfor preventing gestational diabetes mellitus. Cochrane
Database Syst Rev. 2015. https://doi.org/10.1002/14651858.CD010443.
pub2.

. Ratner RE, Christophi CA, Metzger BE, Dabelea D, Bennett PH, Pi-Sunyer

X, et al. Prevention of diabetes in women with a history of gestational dia-
betes: effects of metformin and lifestyle interventions. J Clin Endocrinol
Metab. 2008;93(12):4774-9.

Nachum Z, Zafran N, Salim R, Hissin N, Hasanein J, Letova YGZ, et al.
Glyburide versus metformin and their combination for the treatment of
gestational diabetes mellitus: a randomized controlled study. Diabetes
Care. 2017;40:332-7.

Santamaria A, Di Benedetto A, Petrella E, Pintaudi B, Corrado F, D’Anna R,
et al. Myo-inositol may prevent gestational diabetes onset in overweight
women: a randomized, controlled trial. J Maternal Fetal Neonatal Med.
2016,29(19):3234-7.

Sobrevia L, Salsoso R, Sdez T, Sanhueza C, Pardo F, Leiva A. Insulin therapy
and fetoplacental vascular function in gestational diabetes mellitus. Exp
Physiol. 2015;100(3):231-8.

Alfadhli EM. Gestational diabetes mellitus. Saudi Med J. 2015;36(4):399.
Yin Y-N, Li X-L, Tao T-J, Luo B-R, Liao S-J. Physical activity during preg-
nancy and the risk of gestational diabetes mellitus: a systematic review
and meta-analysis of randomised controlled trials. Br J Sports Med.
2014;48(4):290-5.

Sanabria-Martinez G, Garcia-Hermoso A, Poyatos-Ledn R, Alvarez-Bueno
C, Sdnchez-Lopez M, Martinez-Vizcaino V. Effectiveness of physical activity
interventions on preventing gestational diabetes mellitus and excessive
maternal weight gain: a meta-analysis. BJOG Int J Obstet Gynaecol.
2015;122(9):1167-74.

Rogozinska E, Marlin N, Jackson L, Bogaerts A, Rayanagoudar G, Ruifrok
AE, et al. Effects of antenatal diet and physical activity on maternal and
fetal outcomes: individual patient data meta-analysis and health eco-
nomic evaluation. Health Technol Assess. 2017;21(41):1-158.

Khaledan A, Mirdar SH, Motahari Tabari NS, Ahmad Shirvani M. Effect

of an aerobic exercise program on fetal growth in pregnant women. J
Faculty Nurs Midwifery Tehran Univ Med Sci (HAYAT). 2010;16(1):55-64.
Motahhari Tabari NS, Mirdar Sh, Khaldan A, Ahmad Shirvani M. The effect
of aerobic exercise on pregnancy outcomes. J Babol Univ Med Sci.
2010;12(1):36-43.

Motahari-Tabari N, Shirvani MA, Shirzad-e-Ahoodashty M, Yousefi-
Abdolmaleki E, Teimourzadeh M. The effect of 8 weeks aerobic exercise
on insulin resistance in type 2 diabetes: a randomized clinical trial. Glob J
Health Sci. 2015;7(1):115.

Du MC, Ouyang YQ, Nie XF, Huang Y, Redding SR. Effects of physical exer-
cise during pregnancy on maternal and infant outcomes in overweight
and obese pregnant women: a meta-analysis. Birth. 2018;46:211-21.
Oteng-Ntim E, Varma R, Croker H, Poston L, Doyle P. Lifestyle interven-
tions for overweight and obese pregnant women to improve pregnancy
outcome: systematic review and meta-analysis. BMC Med. 2012;10(1):47.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 14 of 14

Poston L, Bell R, Croker H, Flynn AC, Godfrey KM, Goff L, et al. Effect of a
behavioural intervention in obese pregnant women (the UPBEAT study):
a multicentre, randomised controlled trial. Lancet Diabetes Endocrinol.
2015;3(10):767-77.

Briley AL, Barr S, Badger S, Bell R, Croker H, Godfrey KM, et al. A complex
intervention to improve pregnancy outcome in obese women; the
UPBEAT randomised controlled trial. BMC Pregnancy Childbirth.
2014;14(1):74.

Higgins JPT. Cochrane handbook for systematic reviews of interventions
version 5.0.1. The Cochrane Collaboration, ci.nii.acjp. 2008. http://www.
cochrane-handbook.org.

Garnaes KK, Mgrkved S, Salvesen @, Moholdt T. Exercise training and
weight gain in obese pregnant women: a randomized controlled trial
(ETIP trial). PLoS Med. 2016;13(7):e1002079.

Barakat R, Pelaez M, Lopez C, Lucia A, Ruiz JR. Exercise during pregnancy
and gestational diabetes-related adverse effects: a randomised controlled
trial. Br J Sports Med. 2013;47:630-6.

Daly N, Farren M, McKeating A, O'kelly R, Stapleton M, Turner MJ. A medi-
cally supervised pregnancy exercise intervention in obese women: a
randomized controlled trial. Obstet Gynecol. 2017;130(5):1001-10.
Oostdam N, Van Poppel M, Wouters M, Eekhoff E, Bekedam D,
Kuchenbecker W, et al. No effect of the FitFor2 exercise programme

on blood glucose, insulin sensitivity, and birthweight in pregnant
women who were overweight and at risk for gestational diabetes:
results of a randomised controlled trial. BJOG Int J Obstet Gynaecol.
2012;119(9):1098-107.

Callaway LK, Colditz PB, Byrne NM, Lingwood BE, Rowlands 1J, Fox-

croft K, et al. Prevention of gestational diabetes: feasibility issues for

an exercise intervention in obese pregnant women. Diabetes Care.
2010;33(7):1457-9.

Wang C, WeiY, Zhang X, Zhang Y, Xu Q, Su S, et al. Effect of regular exer-
cise commenced in early pregnancy on the incidence of gestational dia-
betes mellitus in overweight and obese pregnant women: a randomized
controlled trial. Diabetes Care. 2016;39(10):e163-4.

Seneviratne S, Jiang Y, Derraik J, McCowan L, Parry G, Biggs J, et al. Effects
of antenatal exercise in overweight and obese pregnant women on
maternal and perinatal outcomes: a randomised controlled trial. BJOG Int
J Obstet Gynaecol. 2016;123(4):588-97.

Simmons D, Devlieger R, Van Assche A, Jans G, Galjaard S, Corcoy R, et al.
Effect of physical activity and/or healthy eating on GDM risk: the DALI
lifestyle study. J Clin Endocrinol Metab. 2016;102(3):903-13.

Nuovo J, Melnikow J, Chang D. Reporting number needed to treat

and absolute risk reduction in randomized controlled trials. JAMA.
2002,287(21):2813-4.

Han S, Middleton P, Crowther CA. Exercise for pregnant women for
preventing gestational diabetes mellitus. Cochrane Database Syst Rev.
2012(7).

Larejani B, Hossein Nezhad A. Diabetes mellitus and pregnancy. Iranian J
Diabetes Lipid Disord. 2001;1(1):9-22.

McArdle WD, Katch FI, Katch VL. Exercise physiology: nutrition, energy, and
human performance. Philadelphia: Lippincott Williams & Wilkins; 2010.
Hall JE. Guyton and Hall textbook of medical physiology. Amsterdam:
Elsevier Health Sciences; 2015.

Nasiri-Amiri F, Bakhtiari A, Faramarzi M, Adib Rad H, Pasha H. The
association between physical activity during pregnancy and gesta-
tional diabetes mellitus: a case—control study. Int J Endocrinol Metab.
2016;14(3):37123.

Shakil-Ur-Rehman S, Karimi H, Gillani SA. Effects of supervised structured
aerobic exercise training program on fasting blood glucose level, plasma
insulin level, glycemic control, and insulin resistance in type 2 diabetes
mellitus. Pak J Med Sci. 2017;33(3):576-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1002/14651858.CD010443.pub2
https://doi.org/10.1002/14651858.CD010443.pub2
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org

	The effect of exercise on the prevention of gestational diabetes in obese and overweight pregnant women: a systematic review and meta-analysis
	Abstract 
	Background: 
	Main text: 
	Conclusions: 

	Background
	Methods
	Results
	Exercise programs

	Discussion
	Conclusion
	Acknowledgements
	References




