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Abstract

Background: Although exercise is recommended for preventing gestational diabetes mellitus (GDM), the situation has remained unclear
regarding the characteristics and timing of the proper exercise.

Objectives: The aim of the present study was to compare exercise characteristics including volume, frequency, intensity and energy
expenditure before and during pregnancy in diabetic and non-diabetic pregnant women.

Patients and Methods: Participants of the study included 137 pregnant women (80 diabetics and 57 non-diabetics) who were selected
based on the inclusion criteria. Exercise activities of the participants were evaluated by interviews. Statistical tests of Mann-Whitney and
Chi-square were used for data analysis.

Results: Participating in regular exercise activities was significantly higher in the non-diabetics compared to the diabetics during
all stages including 8 and 1 years before pregnancy and during the 1st and 2nd trimesters of pregnancy (P < 0.05). However among the
diabetics and non-diabetics who regularly exercised, there was no significant difference in terms of exercise characteristics (frequency,
intensity, duration and energy cost).

Conclusions: Regular participation in exercise activities before and during pregnancy especially during the second trimester is important

for preventing GDM. However, in few cases, similar exercise characteristics were found among diabetics and non-diabetics.
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1. Background

Gestational diabetes mellitus (GDM) is one of the most
important complications during pregnancy which af-
fects about 7% of pregnancies in the US (1) and even more
in other countries (2). GDM can induce several harmful
effects on both the offspring and mothers. GDM can be
associated with increasing risk of post pregnancy glu-
cose intolerance and type 2 diabetes (3), higher risk of ce-
sarean section (4), increasing labor complications (5) in
mothers, developing diabetes mellitus and impairment
of intellectual achievements in infants (6).

Several risk factors are associated with GDM which can
be divided in two categories of modifiable and non-mod-
ifiable risk factors. Some non-modifiable risk factors in-
clude maternal age during pregnancy, ethnicity, previous
GDM and macrosomia (7). Modifiable risk factors may be
related to diet or physical activities (8, 9). Physical activ-
ity has been found to improve glucose hemostasis and
insulin sensitivity through different mechanisms (10)
during pregnancy. Physical activity can have a long term
effect on improving insulin sensitivity through decreas-
ing weight or increasing fat free mass (11, 12) in mothers.
Therefore, long term physical exercises before pregnancy

probably influence GDM. Exercise during pregnancy im-
proves insulin sensitivity in mature rat offspring (13).
Therefore, the overall relationship (14) or influence (15-17)
of physical exercise and GDM has been reported in many
studies. However, it seems that there are controversies re-
garding the influence of exercise on GDM related to the
duration of exercise participation or its characteristics.
The influence of exercise before (18) and during pregnan-
cy (19) has been studied. Han et al. reported that there are
limited studies regarding the influence of pre pregnancy
exercises on GDM and no conclusive evidence is available
regarding the exercises before pregnancy (18). Barakat et
al. found that exercising in different trimesters can have
different effects on GDM (19). Yin et al. in a review study
concluded that there is insufficient evidence to suggest
that physical activity during pregnancy reduces the risk
of GDM (20). Studies have indicated that exercise volume
and intensity is important in predicting its influence on
insulin sensitivity (21, 22), and even persistence of insu-
lin action is dependent on the characteristics of the per-
formed exercise training (23). Also various exercise char-
acteristics may have different effects on GDM.
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2. Objectives

The aim of the present study was to evaluate the influ-
ence of exercise characteristics including frequency, du-
ration, intensity and energy expenditure 1 and 8 years
before and during pregnancy on GDM.

3. Patients and Methods

This study was a case-control investigation includ-
ing 137 pregnant women (80 diabetics and 57 non-dia-
betics) at 30 to 35 weeks of pregnancy who referred to
Hafez Hospital affiliated to Shiraz University of Medical
Sciences, Shiraz, Iran for pregnancy health care from
April to September 2013. Participants took part in this
study voluntarily and signed a written informed con-
sent. All volunteers completed a detailed questionnaire
on family history of diabetes, any medication or treat-
ment and personal information including age, par-
ity, education and monthly income. Out of about 400
women who referred to Hafiz Hospital, 137 of the preg-
nant women met the inclusion criteria.

Exclusion criteria were pre-pregnancy types 1 or 2 dia-
betes, previous pregnancy GDM, not being able to per-
form physical activities because of orthopedic diseases
before and during pregnancy, family history of GDM or
diabetes mellitus and taking any medications which can
cause GDM. Inclusion criteria were age of 30 - 35 weeks
of pregnancy, maternal age of 18 to 35 years, GDM recog-
nized at 28 to 30 weeks of pregnancy. The GDM diagnosis
was based on the IADPSG HAPO study (2 hours, 75 g OGTT:
fasting glucose >92mg/dLorail-hourresultof >180mg/
dL, or a 2-hour result of >153 mg/dL)(24).

Self-reported height and weight prior to pregnancy
were used to calculate BMI (kg/m?). Women were inter-
viewed about their history of recreational physical ac-
tivity, including moderate exercise activities or sports
(i.e., brisk walking, golf, volleyball, cycling on level
streets, recreational tennis, or softball) and strenuous
exercise activities or sports (i.e., swimming laps, aero-
bics, calisthenics, running, jogging, basketball, cycling
on hills, or racquetball) at 8 and one years before preg-
nancy and during the first, second and third trimesters
of pregnancy. For each age interval and each type of ac-
tivity (moderate and strenuous), information on exer-
cise activity were recorded as duration of every session
(in six categories from none to 3 hours per day or ses-
sion), usual intensity of exercise in five categories (very
light: ranging from being able to talk during exercise
very easily, to very intensive: not being able to talk at
all during exercise), frequency per week (ranging from
one to 7 days a week), number of weeks in a month
(ranging from one to 4) and number of months per
year (ranging from 1 to 12). The volume of every activity
during a year or semester was recorded by multiplying
every session duration by frequency per week, month,
semester or year. The computed number multiplied by
energy cost or metabolic equivalent of (MET) of every

activity (8.5 for strenuous activity and 5.4 for moderate
activity) presented the total energy cost of physical ex-
ercise per semester (total score of one year was divided
by 4 to compute the score of 3 months) (25).

Data were analyzed using SPSS software (version 16),and
independent t-test, Mann-Whitney U and Chi-square sta-
tistical tests were used to compare differences between
diabetics and non-diabetics while P < 0.05 was consid-
ered statistically significant.

4. Results

Table 1 shows descriptive characteristics of participants
as mean and standard deviation.

Independent T-test was used to compare BMI (P =
0.003) and age (P = 0.001) in diabetic and non-diabetic
women, which indicated that pre-pregnancy BMI and
age were significantly higher in the diabetic than the
non-diabetic women.

Chi-square analysis findings indicated that regular
participation in exercise activities during 8 years before
pregnancy was 40% (n = 32) in diabetics and 63.15% (n =
36) in non-diabetics (P = 0.008). On the other hand the
respective values were 31.25 % (n = 25) and 61.40 % (n =
35), (P=0.001) one year before pregnancy. In the first tri-
mester, regular exercise activities were 21.25% (n =17) in
diabetics, and 42.10% (n =24) in non-diabetics (P =0.013).
In the second trimester, however, such activities were
found in 17.5% (n = 14) of the diabetics, and 56.14 % (n =
32) of the non-diabetics (P = 0.001), which was signifi-
cantly higher in the non-diabetics than diabetics.

Using Mann-Whitney U test, no statistically significant
difference was found in variables such as frequency (P
= 0.427, 0.070, 0.910, and 0.888), intensity (P = 0.085,
0.934,0.058,and 0.116), duration (P=0.254, 0.485, 0.544,
and 0.327) and energy expenditure(P = 0.056, 0.138,
1.000, and 0.215) between diabetics and non- diabetics
who regularly participated in exercise activities during
eight and one year before, first and second trimesters of
pregnancy (Table 2).

According to partial evaluations of the study, there was
no significant difference in education (P = 0.432), month-
ly income (P = 0.810) and parity (P = 0.517) between dia-
betics and non- diabetics.

Table 1. Descriptive Characteristics of Subjects®

BMI Before Pregnancy,
Groups Age,y kg/m?
Non-diabetic 273244236 2138 +3.82
women (n =57)
Diabeticwomen ¢, 5 49 25244229
(n=80)
P Value 0.001 0.003

dpata are presented as mean = SD.
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Table 2. Comparison of Exercise Characteristics in Diabetic and Non-Diabetic Pregnant Women

Groups P Values?
Period
Non-Diabetics Diabetics Frequency Intensity Duration Energy Expenditure
8 years before 36 32 0.427 0.085 0.254 0.056
One year before 34 25 0.070 0.934 0.485 0.138
First trimester 24 17 0.910 0.058 0.544 1.000
Second trimester 31 12 0.888 0.116 0.327 0.215

dFindings are based on statistical analysis by Mann-Whitney U test.

5. Discussion

The findings of the present study indicated that regu-
lar exercise during eight and one year before pregnancy
and during the first and second trimesters of pregnancy
were higher in non- diabetic compared to diabetic wom-
en. It can be concluded that regular exercise activities
before and during pregnancy especially during the sec-
ond trimester of pregnancy is important for preventing
GDM. This was confirmed by some studies which indi-
cated that participating in physical activity before preg-
nancy was associated with reduction in GDM (26).

Physical exercise during the first 20 weeks of pregnancy
has been associated with a 50% reduction in GDM. Also,
GDM was prevented by physical exercise before and during
pregnancy (26). According to another study, exercise in-
tensity of atleast 60 percent of reserved heart rate reduces
GDM (27). The more the intensity of the exercise, the less
time required for it to take effect. Moderate exercise per-
formed three times a week during pregnancy improved
levels of maternal glucose tolerance in healthy, pregnant
women (28). It has been suggested that pregnant women
at risk for GDM may need to walk for 25 minutes per ses-
sion at high intensity or for 35 to 40 minutes per session
at low intensity and for at least 25 minutes at either low or
high intensity to control or prevent GDM (29).

On the other hand some studies have shown that physi-
cal exercise cannot reduce or prevent the onset of GDM. For
example, a review of the five randomized controlled trials
in 2012 reported limited evidence on the effect of exercise
during pregnancy to prevent pregnancy-induced hypergly-
cemia (18). A recent study conducted by Barakat et al. (19),
indicated that moderate-intensity resistance and aerobic
exercises (three times a week for 50 to 55 minutes per ses-
sion), did not reduce the risk of developing GDM. Physical
exercise can prevent and treat GDM through increasing
insulin sensitivity, adipokines changes, and reduced oxida-
tive stress related to antioxidant effect of exercise (23).

According to the study carried out by Cypryk et al. (30),
there was no significant difference in exercise character-
istics between diabetic and non-diabetic mothers who
regularly performed exercise activities. Even partial find-
ings of the study showed no significant difference in BMI
and age between the diabetic and non-diabetic women
who regularly performed exercise 1 year before pregnan-
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cy, excluding the the probable influence of BMI. Prob-
ably more important environmental risk factors of GDM
include advanced maternal age, unbalanced diet, HBsAg
carrier status and DM family history. On the other hand,
HLA-DRB1*12, 16 genotype may be a protective genotype
against GDM (30). Age, overweight and obesity, diabetes
in the family, parity, macrosomia and a history of perina-
tal complications have been suggested as risk factors for
GDM and no reliable method has been found to identify
subjects at increasing risk of GDM (23). The findings of the
study indicated that the number of diabetics was signifi-
cantly lower than non-diabetics among women who reg-
ularly performed exercise during the second trimester of
pregnancy. Exercising decreased significantly during the
first trimester of pregnancy probably because of probable
risk factors, which was in agreement with the results of
the present study, so physical exercise in the second tri-
mester may be more important in preventing GDM.

The strength of this study is considering various exer-
cise characteristics in different periods before and dur-
ing pregnancy. The limitation of the present study was
its inability to control or measure other factors affecting
GDM including diet, lifestyle and psychological status of
women during different periods which can be the sub-
jects of future investigations.

We conclude that regular physical activity before and
during pregnancy especially in the second trimester is
probably important for preventing GDM. Although regu-
lar exercise is important in preventing GDM, other effec-
tive factors including genetic predisposition may con-
tribute to GDM is among the subjects deserving further
investigation.

Acknowledgments

This study was conducted at Hafez Hospital in Shiraz.
The authors greatly appreciate the valuable cooperation
of all staff and pregnant mothers during this study.

Footnote

Authors’ Contribution:All authors have been involved
in all processes of the study including designing, con-
ducting, and drafting the manuscript.



Moosavi SE et al.

References

1.

11.

12.

14.

15.

16.

17.

American Diabetes A. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2010;33 Suppl 1:562-9. doi: 10.2337/dc10-
S062. [PubMed: 20042775]

Jovanovic L, Pettitt D]. Gestational diabetes mellitus. JAMA.
2001;286(20):2516-8. [PubMed: 11722247

Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes
mellitus after gestational diabetes: a systematic review and me-
ta-analysis. The Lancet. 2009;373(9677):1773-9. doi: 10.1016/s0140-
6736(09)60731-5.

Landon MB, Spong CY, Thom E, Carpenter MW, Ramin SM, Casey
B, et al. A multicenter, randomized trial of treatment for mild
gestational diabetes. N Engl | Med. 2009;361(14):1339-48. doi:
10.1056/NEJM0a0902430. [PubMed: 19797280]

Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson
]S, et al. Effect of treatment of gestational diabetes mellitus on
pregnancy outcomes. N Engl | Med. 2005;352(24):2477-86. doi:
10.1056/NEJM0a042973. [PubMed: 15951574]

Mulla WR, Henry TQ, Homko CJ. Gestational diabetes screening
after HAPO: has anything changed? Curr Diab Rep. 2010;10(3):224-
8.doi:10.1007/s11892-010-0109-3. [PubMed: 20425586]

Petry CJ. Gestational diabetes: risk factors and recent advances
in its genetics and treatment. Br | Nutr. 2010;104(6):775-87. doi:
10.1017/S0007114510001741. [PubMed: 20487576]

Mottola MF. The role of exercise in the prevention and treatment
of gestational diabetes mellitus. Curr Diab Rep. 2008;8(4):299-
304. [PubMed: 18631443]

Hernandez TL, Anderson MA, Chartier-Logan C, Friedman JE, Bar-
bour LA. Strategies in the nutritional management of gestation-
al diabetes. Clin Obstet Gynecol. 2013;56(4):803-15. doi: 10.1097/
GRE.0b013e3182a8e0e5. [PubMed: 24047934]

Pauli JR, Cintra DE, Souza CT, Ropelle ER. [New mechanisms by
which physical exercise improves insulin resistance in the skel-
etal muscle]. Arq Bras Endocrinol Metabol. 2009;53(4):399-408.
[PubMed: 19649376]

Larson-Meyer DE, Heilbronn LK, Redman LM, Newcomer BR,
Frisard MI, Anton S, et al. Effect of calorie restriction with or
without exercise on insulin sensitivity, beta-cell function, fat
cell size, and ectopic lipid in overweight subjects. Diabetes Care.
2006;29(6):1337-44. doi: 10.2337/dc05-2565. [PubMed: 16732018]
Harrison CL, Lombard CB, Strauss BJ, Teede HJ. Optimizing healthy
gestational weight gain in women at high risk of gestational
diabetes: a randomized controlled trial. Obesity (Silver Spring).
2013;21(5):904-9. doi: 10.1002/oby.20163. [PubMed: 23784892]
Carter LG, Qi NR, De Cabo R, Pearson KJ. Maternal exercise im-
proves insulin sensitivity in mature rat offspring. Med Sci Sports
Exerc. 2013;45(5):832-40. doi: 10.1249/MSS.0b013e31827de953.
[PubMed: 23247711]

Merriam AA, Chichester M, Patel N, Hoffman MK. Bed rest
and gestational diabetes: more reasons to get out of bed
in the morning. Obstet Gynecol. 2014;123:70. doi: 10.1097/01.
a20g.0000447383.50068.26.

Stafne SN, Salvesen KA, Romundstad PR, Eggebo TM, Carlsen SM,
Morkved S. Regular exercise during pregnancy to prevent ges-
tational diabetes: a randomized controlled trial. Obstet Gynecol.
2012;119(1):29-36. doi: 10.1097/AOG.0b013e3182393f86. [PubMed:
22183208]

da Silva R, Borges PS, Agra KF, Pontes IA, Alves ]G. Effects of an
aquatic physical exercise program on glycemic control and
perinatal outcomes of gestational diabetes: study protocol for a
randomized controlled trial. Trials. 2013;14:390. doi: 10.1186/1745-
6215-14-390. [PubMed: 24245914

Youngwanichsetha S, Phumdoung S, Ingkathawornwong T. The

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

effects of mindfulness eating and yoga exercise on blood sugar
levels of pregnant women with gestational diabetes mellitus.
Appl Nurs Res. 2014;27(4):227-30. doi: 10.1016/j.apnr.2014.02.002.
[PubMed: 24629718]

Han S, Middleton P, Crowther CA, Han S. Exercise for pregnant
women for preventing gestational diabetes mellitus. Cochrane
Database Syst Rev. 2012;11:7.d0i:10.1002/14651858.CD009021.pub2.
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(10):630-6.
doi: 10.1136/bjsports-2012-091788. [PubMed: 23365418]

Yin YN, Li XL, Tao TJ, Luo BR, Liao SJ. Physical activity during preg-
nancy and the risk of gestational diabetes mellitus: a systematic
review and meta-analysis of randomised controlled trials. Br |
Sports Med. 2014;48(4):290-5. doi: 10.1136/bjsports-2013-092596.
[PubMed: 24037671]

Black LE, Swan PD, Alvar BA. Effects of intensity and vol-
ume on insulin sensitivity during acute bouts of resistance
training. | Strength Cond Res. 2010;24(4):1109-16. doi: 10.1519/
JsC.obo13e3181cbab6d. [PubMed: 20093961]

Houmard JA, Tanner CJ, Slentz CA, Duscha BD, McCartney ]S,
Kraus WE. Effect of the volume and intensity of exercise training
on insulin sensitivity. | Appl Physiol (1985). 2004;96(1):101-6. doi:
10.1152/japplphysiol.00707.2003. [PubMed: 12972442]

Bajpeyi S, Tanner CJ, Slentz CA, Duscha BD, McCartney ]S, Hickner
RC, et al. Effect of exercise intensity and volume on persistence
of insulin sensitivity during training cessation. | Appl Physiol
(1985).2009;106(4):1079-85. doi: 10.1152/japplphysiol.91262.2008.
[PubMed: 19196913]

International Association of Diabetes, Pregnancy Study Groups
Consensus Panel, Metzger BE, Gabbe SG, Persson B, Buchanan TA,
et al. 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. [PubMed: 20190296

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM,
Strath §J, et al. Compendium of Physical Activities: an up-
date of activity codes and MET intensities. Med Sci Sports Ex-
erc. 2000;32(Supplement):S498-516. doi: 10.1097/00005768-
200009001-00009. [PubMed:10993420]

Dempsey ]C, Sorensen TK, Williams MA, Lee IM, Miller RS, Dashow
EE, et al. Prospective study of gestational diabetes mellitus risk
in relation to maternal recreational physical activity before and
during pregnancy. Am J Epidemiol. 2004;159(7):663-70. [PubMed:
15033644]

Oken E,Ning Y, Rifas-Shiman SL, Radesky ]S, Rich-Edwards JW, Gill-
man MW. Associations of physical activity and inactivity before
and during pregnancy with glucose tolerance. Obstet Gynecol.
2006;108(5):1200-7. doi: 10.1097/01.A0G.0000241088.60745.70.
[PubMed: 17077243]

BarakatR, CorderoY,Coteron J,Luaces M, Montejo R. Exercise dur-
ing pregnancy improves maternal glucose screen at 24-28 weeks:
arandomised controlled trial. Br | Sports Med. 2012;46(9):656-61.
doi:10.1136/bjsports-2011-090009. [PubMed: 21948120]

Tobias DK, Zhang C, van Dam RM, Bowers K, Hu FB. Physical activ-
ity before and during pregnancy and risk of gestational diabe-
tes mellitus: a meta-analysis. Diabetes Care. 2011;34(1):223-9. doi:
10.2337/dc10-1368. [PubMed: 20876206]

Cypryk K, Szymczak W, Czupryniak L, Sobczak M, Lewinski A. Ges-
tational diabetes mellitus - an analysis of risk factors. Endokrynol
Pol. 2008;59(5):393-7. [PubMed: 18979449]

Women's Health Bull. 2016;3(1):e29805



