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Exercise and gestational diabetes mellitus

Abstract

Gestational diabetes mellitus (GDM) is defined as carbohydrate intoler-
ance of any degree first manifested during pregnancy. It is related to a nu-
merous complications and adverse outcomes during pregnancy. The pri-
mary goals of treatment are to achieve acceptable glycemic control and 
improve pregnancy outcomes, with changes in diet and lifestyle as primary 
therapeutic strategies. Exercise of moderate intensity is recommended for all 
pregnant women without contraindications, including those with GDM. 
The purpose of this article is to provide an overview of preventive and ther-
apeutic effects of exercise before and during pregnancy on the incidence, 
course and outcomes of GDM. Data on preventive and therapeutic effects 
of exercise before and during pregnancy are mainly based on cohort studies 
and a small number of randomized controlled trials. Cohort studies relate 
higher levels of physical activity before and during early stages of pregnancy 
with lower incidence of GDM. Aerobic exercise and resistance training 
after the diagnosis of GDM have some beneficial effects on glycemic control 
parameters and the need to apply insulin therapy. Definitive effects of exer-
cise for GDM prevention and management are still uncertain and the op-
timal exercise parameters need to be determined. Exercise before and during 
pregnancy might reduce GDM incidence and improve the course and the 
outcomes of GDM, but more randomized clinical trials are needed in this 
area.

INTRODUCTION

Pregnancy is characterised by a numerous anatomical, physiological 
and biochemical adaptations which begin soon after conception and 

continue throughout the course of the pregnancy (1). Most of these 
adaptations are a response to the physiological stimuli of the fetus and 
placenta. Insulin resistance, caused by placental hormones and cyto-
kines, including tumor necrosis factor alpha (TNF-a), human placental 
lactogen (hPL), placental growth hormone (PGH), cortisol and proges-
terone, is one of the most significant metabolic changes during preg-
nancy (2, 3). This provides increased quantities of glucose to the fetus, 
but also adaptively increases pancreatic b-cells function and insulin 
secretion. In susceptible pregnant women this leads to a slow progressive 
insulin secretion failure (4).

Gestational diabetes mellitus (GDM) is defined as carbohydrate in-
tolerance of any degree first manifested during pregnancy (5). Hyper-
glycemia in GDM is related to b-cells insufficiency as well as increased 
insulin resistance. GDM occurs due to reduced adaptation of b-cells 
when insulin secretion is insufficient in relation to insulin resistance (2). 
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Prevalence amounts from 1% to more than 20% of all 
pregnancies, depending on diagnostic criteria and the 
studied population, with increasing trend which is paral-
lel to the increase of obesity and type 2 diabetes mellitus 
(T2DM) prevalence (6 - 10). Main difference between 
GDM and T2DM is rapid onset during pregnancy and 
remission after birth. 

GDM is related to a numerous complications and ad-
verse outcomes during pregnancy and delivery such as 
preeclampsia, prolonged labour, and higher rate of cesar-
ean section, macrosomia, cephalopelvic disproportion, 
uterine rupture, shoulder dystocia and perineal laceration 
(11 - 13). Even a mild degree of hyperglycemia is related 
to adverse outcomes (12, 14). In the long term, GDM 
carries risks for the mother and child. Newborns of wom-
en with GDM have higher risk of obesity, glucose intoler-
ance, metabolic syndrome and T2DM (10, 15, 16). 
Women with GDM in their medical history have 7-8 
higher risk of developing T2DM (17, 18).  

The primary goal of treatment is achievement of ac-
ceptable glycemic control and improvement of pregnancy 
outcomes (19). Primary therapeutic strategies are changes 
in diet and lifestyle (5, 10, 20). If necessary, pharmaco-
logical therapy is introduced. Exercise of moderate inten-
sity is usually recommended for all pregnant women 
without contraindications, especially those with GDM 
(5, 10, 20). Physical activity in the prevention and man-
agement of T2DM in general population is proven to be 
beneficial (10, 21). However, there are not many findings 
on preventive and therapeutic effects of exercise on inci-
dence, course and outcomes of GDM. Available data are 
based on a small number of randomized controlled trials 
and cohort studies. 

The purpose of this review is to provide an overview of 
preventive and therapeutic effects of exercise before and 
during pregnancy on the incidence, course and outcomes 
of GDM. It provides an overview of the current evidence 
on the relation between exercise and GDM as well as 
clinical implications of prescribing exercise and future 
research design.

PReveNTIve eFFecTS OF eXeRcISe

Data on preventive effects of exercise before and during 
pregnancy are mainly based on cohort studies and a small 
number of randomized controlled trials. There was only 
one randomized trial on the preventive effects of exercise 
on the occurrence of GDM and insulin resistance con-
ducted on healthy pregnant women (22). Although sam-
ple was large (N=855), only 55% of women in the ex-
perimental group (N=375) managed to follow 
recommended exercise regimen, a 12-week exercise pro-
gramme during second half of the pregnancy. Pregnancy 
outcomes were similar for both groups and authors con-
cluded that exercise did not help prevent GDM or im-
prove insulin resistance.

Another two trials studied effects of exercise on insulin 
resistance, blood glucose and insulin levels on healthy 
pregnant women (23, 24). These trials were conducted on 
small samples and were not powered enough to measure 
GDM incidence as an outcome. Hopkins et al. (23) ex-
amined effects of exercise during second half of the preg-
nancy on maternal insulin sensitivity and neonatal out-
comes and Callaway et al. (24) studied fasting glucose and 
insulin levels and insulin resistance. Both Hopkins et al. 
(23) and Callaway et al. (24) did not find statistically sig-
nificant differences in maternal insulin sensitivity, but 
Callaway et al. (24) found statistically significant differ-
ences in fasting glucose and insulin levels in 28th and 36th 
week of pregnancy.

Cohort studies relate higher levels of physical activity 
before and during early stages of pregnancy with lower 
incidence of GDM (25). Risk of GDM is decreased by 
20-55% in women who have participated in exercise pro-
grammes of various duration and intensity, before and 
during the pregnancy (26-28). Women in the quintile of 
highest physical activity before pregnancy have 55% 
lower risk of GDM opposed to those in lower quintiles 
and women who were the most active during early preg-
nancy have 24% lower risk of GDM occurrence (25). 
Strenuous physical activity in the year before the preg-
nancy lowers the risk of GDM and abnormal glucose 
tolerance, and continuation with mild or moderate phys-
ical activities during pregnancy even more reduces the 
risks of developing GDM and abnormal glucose tolerance 
as opposed to physically inactive women in these periods 
(27). Other studies also confirmed strong relation be-
tween physical activity before pregnancy and a reduced 
risk of GDM with highest risk reduction for those physi-
cally active before and during the pregnancy (28, 29). 

Walking and stair climbing before and during early 
pregnancy are also inversely related to the risk of develop-
ing GDM (28, 29). Beginning physical activity after con-
ception in pregnant women who were previously inactive 
also reduces the risk of developing GDM (30). Low in-
tensity exercise, if combined with food intake control, 
reduces the risk of GDM and regulates blood glucose 
levels (31, 32).

THERApEUTIC EFFECTS OF ExERCISE

Scientific evidence for benefits of exercise for T2DM 
management is quite strong (33, 34), which is not the case 
for GDM. There are only seven published prospective tri-
als on the effects of exercise on the course and outcomes 
of GDM, five of which are randomized controlled trials 
(35 – 39) and two non randomized (40, 41).

Effects of aerobic exercise programme were examined 
in five trials (35 – 37, 40, 41). Only two trials examined 
the role of resistance exercise (38, 39) and none examined 
effects of combined aerobic and resistance exercise. Mea-
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sured outcomes were pregnancy and perinatal complica-
tions, glycemic control parameters (fasting glucose level, 
OGTT, HbA1c, glucose level maintenance within recom-
mended values) and need for insulin therapy. 

A total of 304 pregnant women were included in these 
trials and exercise intervention was conducted mostly in 
the third trimester, lasting aproximately six weeks. Type, 
frequency, intensity and duration of exercise intervention 
varied between trials. Exercise intervention was mostly 
conducted three times a week for 20-45 minutes. In most 
trials there were statistically significant differences in gly-
cemic control parameters or the need to apply insulin 
therapy (35, 36, 38, 39, 41).

Six weeks of aerobic exercise of moderate intensity per-
formed three times a week reduces levels of HbA1c, fast-
ing glucose and plasma glucose level one hour after glu-
cose ingestion (35). Experimental group who exercised 
three times a week for 45 minutes during the period of 8 
weeks managed to maintain euglycemia without intro-
ducing insulin therapy and without significant statistical 
differences in the rate of maternal and neonatal complica-
tions, compared to pregnant women in control group who 
did not exercise, but were treated with insulin therapy 
(36). Artal et al. (40) compared dietary therapy versus 
seven days a week of exercise and dietary therapy. They 
did not find any differences in the need for insulin ther-
apy, however, maternal body mass increase was signifi-
cantly lower in the experimental group. Walking inter-
vention 3-4 times a week during at least 6 weeks 
significantly reduces mean fasting glucose level and glu-
cose level one hour after meal in the last week of preg-
nancy while requiring fewer units of insulin per day (41).

Resistance training performed three times a week can 
also be beneficial. Pregnant women who exercised in the 
experimental group required lower dosage of insulin and 
insulin therapy was introduced at a later stage of preg-
nancy (38). Another trial on effects of resistance exercises 
were performed by de Barros et al. (39) with similar re-
sults. Experimental group who exercised three times per 
week displayed significant differences in insulin use and 
was more successful in maintaining glucose levels within 
recommended values in comparison to control group. No 
significant differences were recorded for body mass in-
crease, gestational age at birth and the number of cesar-
ean sections between the experimental and control group.

DISCUSSION AND CONCLUSIONS

Significant number of pregnant women affected by 
GDM every year, its growing prevalence and established 
relationship to numerous complications and disorders 
during and after the pregnancy demand identification of 
factors that can prevent the incidence and influence its 
course. Exercise has many health related benefits and it is 
proven method for effective prevention and treatment of 
T2DM. It reduces insulin resistance in non pregnant 

population and normalizes blood glucose levels in diag-
nosed individuals. Also, it can prevent or postpone disease 
in high risk persons. However, for a long lasting effect 
exercise must be regular (42). 

Physical inactivity is known risk factor for obesity and 
T2DM which have reached epidemic proportions in 
modern society (43, 44). Obese women have 17% higher 
risk for GDM (44). Exercise prevents excessive weight 
gain during pregnancy. Another risk factor for both obe-
sity and GDM is sedentary lifestyle. Both obesity and 
GDM are risk factors for T2DM. Only about 50% of non 
pregnant women follow recommendations for minimum 
level of physical activity and this percentage drops even 
further during pregnancy (45).  Regular exercise before 
and during pregnancy can significantly reduce GDM 
prevalence and it might also have therapeutic effect on the 
course and outcomes of GDM. 

Number of people diagnosed with diabetes mellitus is 
expected to rise from 366 million in 2011 to 552 million 
by 2030, if no urgent action is taken (46). Preventive and 
therapeutic effects of exercise could be very important due 
to vast health and economic implications of diabetes mel-
litus, obesity, and other diseases related to physical inac-
tivity. 

Aerobic training is effective in improving sensitivity to 
insulin and glycemic control in T2DM (33). Latest evi-
dence also indicates beneficial impact of resistance exer-
cises which makes them an important part of therapeutic 
and preventive exercise programmes for T2DM (34). De-
finitive clinical effect of exercise therapy for GDM preven-
tion and management still cannot be established with 
certainty. The optimal frequency, intensity, type and du-
ration of exercise programmes still need to be determined. 
Evidence from randomized controlled trials is still insuf-
ficient and although promising, further trials are neces-
sary. Regular exercise could have more important role in 
GDM prevention before and during early pregnancy than 
during the second half of the pregnancy which is prob-
lably the result of chronic adaptations to glucose uptake 
regulation in skeletal muscles and better tolerance of 
metabolic stress during pregnancy. However, randomized 
controlled trials on preventive effects of exercise through-
out all stages of pregnancy are yet to be conducted. Most 
findings originate from observational studies. Also, im-
pact of combined aerobic and resistance exercise pro-
grammes are still not known. Further trials should com-
pare aerobic and resistance exercise as well as the 
combination of the two. 

Randomized controlled trials of exercise effects on pre-
vention and management of GDM are accompanied by a 
number of methodological issues with adherence to pro-
tocol being the most significant. Feasibility of exercise 
intervention should be taken into consideration before 
conducting the study because in previous studies there 
have been relatively frequent subject withdrawals before 
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study completion as well as incomplete implementation 
of interventions. Other possible problems are incomplete 
randomization, small sample size and insufficient control 
of exercise parameters.

In conclusion, definite clinical significance of preven-
tive and therapeutic exercise programmes is still to be 
determined. Optimal frequency, intensity, type, duration 
and period of implementing exercises (before, early or late 
pregnancy) are still not known. Specific benefits of exer-
cise before and/or during the pregnancy as well as benefits 
of beginning exercise programme after conception for 
previously inactive women and for different groups of 
pregnant women, with and without risk factors cannot be 
determined. More research is necessary in this area. Ex-
ercise during pregnancy might reduce GDM incidence 
and its adverse effects, improve the course and the out-
comes of GDM as well as prevent risks of T2DM, obe-
sity and transmission of morbidity from one generation 
to the next.

REFERENCES

 1.  HYTTEN F E 1991 Weight gain in pregnancy. In: Hytten F E, 
Chamberlain G (eds) Clinical physiology in obstetrics, 2nd ed. 
Blackwell, Oxford, p 173

 2.  CLAPP J F 2006 Effects of diet and exercise on insulin resistance 
during pregnancy. Metab Syndr Relat Disord 4: 84-90

 3.  DEVLIEGER R, CASTEELS K, VAN ASSCHE F A 2008 Re-
duced adaptation of the pancreatic B cells during pregnancy is the 
major causal factor for gestational diabetes: current knowledge and 
metabolic effects on the offspring. Acta Obstet Gynecol Scand 87: 
1266-1270

 4.  BUCHANAN T A 2001 Pancreatic B-cell deffects in gestational 
diabetes: implications for the pathogenesis and prevention of type 
2 diabetes. J Clin Endocrinol Metab 86: 989-993

 5.  AMERICAN COLLEGE OF OBSTETRICIANS and GYNE-
COLOGISTS COMMITTEE ON PRACTICE BULLETINS-
OBSTETRICS 2001 ACOG Practice Bulletin. Clinical manage-
ment guidelines for obstetrician-gynecologists. Gestational 
diabetes. Obstet Gynecol 98: 525-538

 6.  JOVANOVIC L, PETTITT D J 2001 Gestational diabetes mel-
litus. JAMA 286: 2516-2518

 7.  DABELEA D, SNELL-BERGEON J K, HARTSFIELD C L, 
BISCHOFF K J, HAMMAN R F, MCDUFFIE R S 2005  Increas-
ing prevalence of gestational diabetes mellitus (GDM) over time 
and by birth cohort. Kaiser Permanente of Colorado GDM Screen-
ing Program. Diabetes Care 28: 579-584

 8.  BOTTALICO J N 2007 Recurrent gestational diabetes: risk fac-
tors, diagnosis, management, and implications. Semin in Perinatol 
31: 176-184

 9.  MULLA W R, HENRY T Q, HOMKO C J 2010 Gestational 
diabetes screening after HAPO: has anything changed? Curr Diab 
Rep 10: 224-228

10.  AMERICAN DIABETES ASSOCIATION 2011 Standards of 
medical care in diabetes. Diabetes Care 34: S11-S61

11.  CROWTHER C A, HILLER J E, MOSS J R, MCPHEE A J, 
JEFFRIES W S, ROBINSON J S 2005 Australian Carbohydrate 
Intolerance Study in Pregnant Women (ACHOIS) Trial Group. 
Effect of treatment of gestational diabetes mellitus on pregnancy 
outcomes. N Engl J Med 352: 2477-2486

12.  LANDON M B, SPONG C Y, THOM E, CARPENTE M W, 
RAMIN S M, CASEY B, WAPNER R J, VARNER M W, ROUSE 
D J, THORP J M JR, SCISCIONE A, CATALANO P, HARPER 
M, SAADE G, LAIN K Y, SOROKIN Y, PEACEMAN A M, 
TOLOSA J E, ANDERSON G B, EUNICE KENNEDY 
SCRHIVER NATIONAL INSTITUTE OF CHILD HEALTH 
AND HUMAN DEVELOPMENT MATERNAL-FETAL 
MEDICINE UNITS NETWORK 2009 A multicenter, random-
ized trial of treatment for mild gestational diabetes. N Engl J Med 
361: 1339-1348

13.  JASTROW N, ROBERGE S, GAUTHIE R J, LAROCHE L, 
DUPERRON L, BRASSARD N, BUJOLD E 2010 Effect of birth 
weight and adverse obstetric outcomes in vaginal birth after cesar-
ean delivery. Obstet Gynecol 115: 338-343

14.  HAPO STUDY COOPERATIVE RESEARCH GROUP 2008 
Hyperglycemia and adverse pregnancy outcomes. N Engl J Med 
358: 1991-2002

15.  GUERRERO-ROMERO F, ARADILLAS-GARCIA C, SIMEN-
TAL-MENDIA L E, MONREAL-ESCALANTE E, DE LA 
CRUZ MENDOZA E, RODRIGUEZ-MORAN M 2010 Birth 
weight, family history of diabetes, and metabolic syndrome in chil-
dren and adolescents. J Pediatr 156: 719-723

16.  HARDER T, ROEPKE K, DILLER N, STECHLING Y, 
DUDENHAUSEN J 2, PLAGEMANN A 2009 Birth weight, 
early weight gain, and subsequent risk of type 1 diabetes: system-
atic review and meta-analysis. Am J Epidemiol 169: 1428-1436

17.  BELLAMY L, CASES J P, HINGORANI A D, WILLIAMS D 
2009 Type 2 diabetes mellitus after gestational diabetes: a system-
atic review and meta-analysis. Lancet 373: 1773-1779

18.  CHODICK G, ELCHALAL U, SELLA T, HEYMANN A D, 
PORATH A, KOKIA E, SHALEV V 2010 The risk of overt dia-
betes mellitus among women with gestational diabetes: a popula-
tion-based study. Diabet Med 27: 779-785

19.  ALWAN N, TUFFNELL D J, WEST J 2009 Treatments for ges-
tational diabetes. Cochrane Database Syst Rev 3: CD 003395

20.  NATIONAL INSTITUTE FOR HEALTH AND CLINICAL 
EXCELLENCE 2008 Diabetes in pregnancy: management of 
diabetes and its complications from preconception to the postnatal 
period. National Institute for Health and Clinical Excellence, Lon-
don.

21.  PHYSICAL ACTIVITY GUIDELINES ADVISORY COM-
MITTEE 2008 Physical Activity Guidelines Advisory Committee 
Report. U.S. Department of Health and Human Services, Wash-
ington DC.

22.  STAFNE S N, SALVENSEN K A, ROMUNDSTAD P R, EGG-
EBø T M, CARLSEN S M, MøRKVED S 2012 Regular exercise 
during pregnancy to prevent gestational diabetes – a randomized 
controlled trial. Obstet Gynecol 119: 29-36

23.  HOPKINS S A, BALDI J C, CUTFIELD W S, MCCOWAN L, 
HOFMAN P L 2010 Exercise training in pregnancy reduces off-
spring size without changes in maternal insulin sensitivity. J Clin 
Endocrinol Metab 95: 2080-2088

24.  CALLAWAY L K, COLDITZ P B, BYRNE N M, LINGWOOD 
B E, ROWLANDS I J, FOXCROFT K, MCINTYRE H D, 
BAMBINO GROUP 2010 Prevention of gestational diabetes: 
feasibility issues for an exercise intervention in obese pregnant 
women. Diabetes Care 33: 1457-1459

25.  TOBIAS D K, ZHANG C, VAN DAM R M, BOWERS K, HU 
F B 2011 Physical activity before and during pregnancy and risk 
of gestational diabetes mellitus. Diabetes Care 34: 223-229

26.  DEMPSEY J C, SORENSEN T K, WILLIAMS A M, LEE I M, 
MILLER R S, DASHOW E E, LUTHY D A 2004 Prospective 
study of gestational diabetes mellitus risk in relation to maternal 
recreational physical activity before and during pregnancy. Am J 
Epidemiol 159: 663-670



Exercise and gestational diabetes mellitus Iva Šklempe Kokić

Period biol, Vol 116, No 1, 2014. 87

27.  OKEN E, NING Y, RIFAS-SHIMAN S L, RADESKY J S, 
RICH-EDWARDS J W, GILLMAN M W 2006 Associations of 
physical activity and inactivity before and during pregnancy with 
glucose tolerance. Obstet Gynecol 108: 1200-1207

28.  ZHANG C, SOLOMON C G, MANSON J E, HU F B 2006 A 
prospective study of pregravid physical activity and sedentary be-
haviours in relation to the risk for gestational diabetes mellitus. 
Arch Intern Med 166: 543-548

29.  DEMPSEY J C, BUTLER C L, WILLIAMS M A 2004 No need 
for a pregnant pause: physical activity may reduce the occurrence 
of gestational diabetes mellitus and preeclampsia. Exerc Sport Sci 
Rev 33: 141-149

30.  LIU J, LADITKA J N, MAYER-DAVIS E J, PATE R R 2008 Does 
physical activity during pregnancy reduce the risk of gestational 
diabetes among previously inactive women? Birth  35: 188-195

31.  SOPPER M M, HAMMOND J, GIROUX I, MCMANUS R, 
MOTTOLA M F 2004 Genesis of NELIP: a nutrition, exercise 
and lifestyle intervention program to help prevent excess weight 
gain and GDM in high-risk women. Can J Diabetes 28: 296

32.  MOTTOLA M F, SOPPER M M, VANDERSPANK D, 
CHARLESWORTH S, HANLEY A 2005 Insulin sensitivity is 
maintained in late pregnancy among overweight women at risk for 
gestational diabetes participating in a Nutrition and Exercise Life-
style Intervention Program (NELIP). Proc Can Fed Biol Soc: 62

33.  PEDERSEN B K, SALTIN B 2006 Evidence for prescribing exer-
cise as therapy in chronic disease. Scand J Med Sci Sports 16: 3-63

34.  MISRA A, ALAPPAN N K, VIKRAM N K, GOEL K, GUPTA 
N, MITTAL K, BHATT S, LUTHRA K 2008  Effect of super-
vised progressive resistance-exercise training protocol on insulin 
sensitivity, glycemia, lipids, and body composition in Asian Indians 
with type 2 diabetes. Diabetes Care 31: 1282-1286

35.  JOVANOVIC-PETERSON L, DURAK E P, PETERSON C M 
1989 Randomized trial of diet versus diet plus cardiovascular con-
ditioning on glucose levels in gestational diabetes. Am J Obstet 
Gynecol 161: 415-419

36.  BUNG P, ARTAL R, KHODIGUIAN N, KJOS S 1991 Exercise 
in gestational diabetes an optional therapeutic approach? Diabetes 
40: 182-185

37.  AVERY M D, LEON A S, KOPHER R A 1997 Effects of a par-
tially home-based exercise program for women with gestational 
diabetes. Obstet Gynecol 89: 10-15

38.  BRANKSTON G N, MITCHELL B F, RYAN E A, OKUN N B 
2004 Resistance exercise decreases the need for insulin in over-
weight women with gestational diabetes mellitus. Am J Obstet 
Gynecol 190: 188-193

39.  DE BARROS M C, LOPES M A B, FRANCISCO R P V, SAPI-
ENZA A D, ZUGAIB M 2010 Resistance exercise and glycaemic 
control in women with gestational diabetes mellitus. Am J Obstet 
Gynecol 203: 556.e1-6

40.  ARTAL R, CATANZARO R B, GAVARD J A, MOSTELLO D 
J, FRIGANZA J C 2007 A lifestyle intervention of weight-gain 
restriction: diet and exercise in obese women with gestational dia-
betes mellitus. Appl Physiol Nutr Metab 32: 596-601

41.  DAVENPORT M H, MOTTOLA M F, MCMANUS R, GRAT-
TON R 2008 A walking intervention improves capillary glucose 
control in women with gestational diabetes mellitus: a pilot study. 
Appl Physiol Nutr Metab 33: 511-517

42.  COLBERG S R, ALBRIGHT A L, BLISSMER B J, BRAUN B, 
CHASAN-TABER L, FERNHALL B, REGENSTEINER J G, 
RUBIN R R, SIGAL R J, AMERICAN COLLEGE OF SPORTS 
MEDICINE, AMERICAN DIABETES ASSOCIATION 2010  
Exercise and type 2 diabetes: American College of Sports Medicine 
and the American Diabetes Association: joint position statement. 
Exercise and type 2 diabetes. Med Sci Sports Exerc 42: 2282-2303

43.  BEN-HAROUSH A, YOGEV Y, HOD M 2003 Epidemiology of 
gestational diabetes and its association with type 2 diabetes. Diabet 
Med 21: 103-113

44.  LINNE Y 2004 Effects of obesity on women’s reproduction and 
complications during pregnancy. Obes Rev 5: 137-143

45.  BAUMAN A, FORD I, ARMSTRONG T 2001 Trends in popu-
lation levels of reported physical activity in Australia, 1997, 1999 
and 2000. Australian Sports Commission, Canberra.

46.  INTERNATIONAL DIABETES FEDERATION 2011 Interna-
tional Diabetes Federation Diabetes Atlas, 5rd Ed. International 
Diabetes Federation, Brussels.




