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The effect of lifestyle interventions on maternal body 
composition during pregnancy in developing countries: 
a systematic review
Estelle D Watson, Shelley Macaulay, Kim Lamont, Philippe J-L Gradidge, Sandra Pretorius, Nigel J 
Crowther, Elena Libhaber 

Abstract
Optimal maternal body composition during pregnancy is 
a public health priority due to its implications on mater-
nal health and infant development. We therefore aimed to 
conduct a systematic review of randomised, controlled trials, 
and case–control and cohort studies using lifestyle interven-
tions to improve body composition in developing countries. 
Of the 1 708 articles that were searched, seven studies, repre-
senting three countries (Brazil, Iran and Argentina), were 
included in the review. Two articles suggested that interven-
tion with physical activity during pregnancy may significantly 

reduce maternal weight gain, and five studies were scored 
as being of poor quality. This systematic review highlights 
the lack of research within developing countries on lifestyle 
interventions for the management of excessive weight gain 
during pregnancy. Similar reviews from developed countries 
demonstrate the efficacy of such interventions, which should 
be confirmed using well-designed studies with appropriate 
intervention methods in resource-limited environments. 
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Both developed and developing countries are experiencing a 
rapid increase in the prevalence of obesity, which places affected 
individuals at an increased risk for a number of different 
diseases, including hypertension, diabetes, heart disease, asthma 
and cancer.1,2 The World Health Organisation (WHO) estimated 
that in 2005 there were approximately 1.6 billion adults (aged 15 
years and over) globally who were overweight and at least 400 
million adults who were obese.3

Especially alarming is the high prevalence of overweight and 
obesity among women of childbearing age in both developed 
and developing countries. Around 12 to 38% of pregnant 
women in developed countries,5 and 8 to 26% of pregnant 
women in developing countries4,6 are reported to be overweight 
or obese. 

Obesity during pregnancy is associated with an increased risk 
for maternal and neonatal complications. The associated adverse 
maternal effects of obesity during pregnancy include miscarriage, 
pre-eclampsia, gestational diabetes mellitus, infection, venous 
thromboembolism and haemorrhage.7 The foetal risks associated 
with maternal obesity include stillbirths and neonatal deaths, 
preterm births, congenital abnormalities and macrosomia.8 
Long-term effects of maternal obesity on the offspring have 
also been observed and include increased risks of childhood and 
adolescent obesity, and diabetes and cardiovascular disease in 
adult life.9
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Both under- and overweight pose a risk to the mother 
and child during and after birth.10 It is therefore important to 
carefully manage weight gain during pregnancy with dietary 
intake of a sufficient level to ensure proper foetal nutrition,11 
but avoiding excessive maternal weight gain. The use of lifestyle 
interventions to attenuate such weight gain during pregnancy has 
been the focus of many studies in the developed world, with a 
recent systematic review of 88 studies, involving 182 139 women, 
showing that maternal weight control during pregnancy via diet, 
exercise or a mix of these methods is safe and improves both 
maternal and foetal outcomes.12 However, no similar analysis of 
such data from the developing world is currently available. 

The health risks of maternal obesity and excessive gestational 
weight gain to the mother and baby pose significant demands 
on the healthcare system, with an increased need for additional 
resources in both primary and secondary care settings.11,13 This 
is particularly true in developing countries where insufficient 
resources exist to meet these extra demands on the public 
health system, and where obesity is already prevalent. It is 
therefore important to develop cost-effective interventions to 
reduce maternal obesity in such environments. In an attempt to 
determine the effectiveness of maternal lifestyle interventions in 
resource-limited environments, we conducted a systematic review 
of the literature on weight-management protocols for pregnant 
females, undertaken in developing countries. 

Methods
Five electronic databases were searched; these included Public/
Publisher MEDLINE (PubMed), SCOPUS, a bibliographic 
database containing abstracts and citations for academic 
journal articles, Biomed Central, the Cochrane Library and the 
Cumulative Index to Nursing and Allied Health (CINHAL). 
Twenty-four search terms, with varying combinations, 
encompassing pregnancy, obesity/overweight, diet/nutrition, 
physical activity and developing countries (Table 1), were used. 
The search included all articles published up to 4 December 
2013. No filters were set, in order to obtain articles in all 
languages and all types of documents. 

Randomised, controlled trials (RCTs), case–control studies 
and cohort studies that were performed in developing countries 
and which investigated overweight/obesity in pregnant women 
and/or lifestyle interventions during pregnancy were considered 
eligible. Investigations performed in developing countries and 
the following types of studies were not eligible for inclusion: 
reviews, position statements/guidelines, reports, epidemiological 
studies, observational studies and prevalence studies.

The literature search was performed independently by two 
authors, Shelley Macaulay (SM) and Estelle Watson (EW). The 
search results obtained from each of the five electronic databases 
were pooled and duplicates were removed. At the first step, titles 
were screened for eligibility. Following this, the abstracts of those 
that were considered eligible were then obtained and read. Full-
text articles of the abstracts that fulfilled the inclusion criteria 
were then obtained and read. In addition, the reference lists 
of appropriate full-text articles were hand-searched for further 
relevant articles. 

Data were extracted from the full-text articles by four of 
the reviewers: Phillipe Gradidge (PG), Elena Libhaber (EL), 
EW and SM. For each included article, data were extracted for 
country, region, sample size, gestational age, BMI, intervention 
details and outcomes. 

The quality of each included article was assessed by three 
authors (EW, PG and EL) using the Cochrane Risk of Bias 
Tool (Cochrane, 2011). In accordance with the risk-assessment 
checklist, each study was assessed on: sequence generation, 
allocation concealment, blinding, incomplete outcome data, 
selective outcome reporting and other threats to validity.

The studies were classified as being good, average or poor 
quality based on how many of the above criteria were met. 
Good-quality articles met five or more of the above criteria, 
average-quality articles met three to four of the above criteria, 
and poor-quality ones met less than three of the above criteria.

Results
A total of 6 988 records were identified from the five databases, 
after which 5 280 duplicates were removed. The title screen 
therefore involved 1 708 articles, of which 73 were considered 
appropriate, and their abstracts were obtained and reviewed. 
After reviewing the abstracts, 23 full-text articles were obtained 
and read. In addition, the bibliography of the full-text articles 
were hand-searched for further appropriate articles. Six additional 
articles were obtained through hand-searching. Together with 
the hand-searched articles, a final total of seven articles were 
considered eligible for this systematic review. Articles that were 
excluded at this stage were those conducted in high-income 

Table 1. Search terms

Search 1 Pregnancy AND obesity AND diet AND developing countries

Search 2 Pregnancy AND obesity AND nutrition AND developing countries

Search 3 Pregnancy AND obesity AND physical activity AND developing 
countries

Search 4 Pregnancy AND obesity AND exercise AND developing countries

Search 5 Pregnancy AND overweight AND diet AND developing countries

Search 6 Pregnancy AND overweight AND nutrition AND developing 
countries

Search 7 Pregnancy AND overweight AND physical activity AND developing 
countries

Search 8 Pregnancy AND overweight AND exercise AND developing countries

Search 9 Pregnancy AND obesity AND diet AND middle-income countries

Search 10 Pregnancy AND obesity AND nutrition AND middle-income 
countries

Search 11 Pregnancy AND obesity AND physical activity AND middle-income 
countries

Search 12 Pregnancy AND obesity AND exercise AND middle-income 
countries

Search 13 Pregnancy AND overweight AND diet AND middle-income 
countries

Search 14 Pregnancy AND overweight AND nutrition AND middle-income 
countries

Search 15 Pregnancy AND overweight AND physical activity AND middle-
income countries

Search 16 Pregnancy AND overweight AND exercise AND middle-income 
countries

Search 17 Pregnancy AND obesity AND diet AND low-income countries

Search 18 Pregnancy AND obesity AND nutrition AND low-income countries

Search 19 Pregnancy AND obesity AND physical activity AND low-income 
countries

Search 20 Pregnancy AND obesity AND exercise AND low-income countries

Search 21 Pregnancy AND overweight AND diet AND low-income countries

Search 22 Pregnancy AND overweight AND nutrition AND low-income 
countries

Search 23 Pregnancy AND overweight AND physical activity AND low-income 
countries

Search 24 Pregnancy AND overweight AND exercise AND low-income 
countries
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countries and articles involving women post delivery of their 
babies (Fig. 1).

The results of the Cochrane Risk of Bias Tool are displayed in 
Table 2, highlighting the criteria for assessing quality and risk of 
bias. Two of the included six articles displayed adequate sequence 

generation, allocation concealment, and addressed incomplete 
outcome data.14,15 However, only one of these reported a low 
risk of bias for ‘blinding’ of participants.14 The final outcome of 
the quality assessment showed that five out of the seven articles 
(71%) were of poor quality. 

Table 2. Reporting quality and risk-of-bias assessment

Author 

Cochrane tool for assessing bias

Sequence  
generation

Allocation 
concealment Blinding

Incomplete 
outcome data

Selective outcome 
reporting 

Other threats to 
validity

Final  
outcome

Santos et al., 200514 Yes Yes Yes Yes Unclear Yes Good

Sedaghati et al., 200716 No No No Yes Unclear No Poor

Garshasbi et al., 200519 Unclear Unclear No Yes Unclear Yes Poor

Prevedel et al., 200317 Unclear Unclear No No Yes Yes Poor

Cavalcante et al., 200918 Yes Yes No Yes Yes Yes Good

Malpeli et al., 201311 No No No Yes Yes No Poor

Ghodsi & Asltoghiri, 201215 No No No Yes Unclear Yes Poor

Titles excluded
(n = 1635)

•	 systematic reviews, literature reviews, 
summaries

•	 management guidelines, policies
•	 domestic violence
•	 TB, HIV, influenza, cancer
•	 adolescents healthy eating 
•	 developed countries
•	 schizophrenia, depression
•	 undernutrition, micronutrient deficiency, 

diabetes
•	 unable to find full text

Total records identified
(n = 6988) 

Duplicates removed
(n = 5280)

Titles screened
(n = 1708)

Abstracts screened
(n = 73)

Abstracts excluded 
(n = 50)

Full text articles excluded
(n = 22)

•	 review studies/position statements/ 
guidelines/reports

•	 epidemiological/prevalence studies
•	 studies performed in high-income 

countriesAbstracts of titles identified by 
hand-searching whose full-text 

articles were read (n = 6)

Full-text articles included in 
systematic review

(n = 7)

Full-text articles screened 
(n = 23)
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Fig. 1. �Flow diagram illustrating the number of included and excluded studies in the systematic review on lifestyle interventions for 
obesity/overweight during pregnancy in developing countries 
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The articles comprised five RCTs from Brazil and Iran and 
two non-RCTs from Argentina and Iran, as shown in Table 3.11,14-19 
Characteristics of the interventions across the seven studies are 
detailed in Table 4. Six of the trials studied the impact of exercise 
alone on maternal and birth outcomes, and one study investigated 
using fortified food to enhance micronutrient nutritional status.

A study by Prevedel et al.17 was one of two that used aquatic 
physical activity as an intervention. The relative body fat 
percentage of the experimental group remained at 29%, however, 
the control group increased by 1.9%. 

A study by Cavalcante et al.18 also used an intervention of 
aquatic exercise during pregnancy to determine its effectiveness 
on maternal outcomes. No differences were noted between control 
and intervention groups for weight gain during pregnancy, body 
fat percentage, fat-free mass or body mass index (BMI). 

The effects of supervised aerobic exercise on the maternal 
outcomes of overweight pregnant women were evaluated by 
Santos et al.14 Although oxygen consumption of the exercise 
group at anaerobic threshold was higher post intervention, 
neither groups showed any differences in weight change after the 
intervention.

Two Iranian interventions16,19 evaluated the effect of land-
based exercise on low-back pain during pregnancy. The typical 
exercise programme for these studies included a combination of 
midwife-supervised anaerobic and aerobic exercise performed 
three days per week at a moderate intensity. In the study by 
Garshabi et al.,19 lordosis was reduced in the exercise group after 
the intervention, but weight gain was similar between the study 

groups. In addition, spinal flexibility was significantly lower in 
the exercise group post intervention, and this was correlated 
with BMI. Weight gain was lower in the control group, and body 
weight of the neonate was higher than in the exercise group. 
Although Sedaghati et al.16 showed intensity of low-back pain 
was higher in the control group, weight gain during pregnancy 
was higher in the exercise group. 

The intervention that aimed to determine the possibility 
of improving maternal outcomes using fortified foods11 found 
that the prevalence of folic acid and serum retinol deficiency 
decreased, while vitamin A deficiency remained the same post 
intervention. No differences were noted for body composition, 
and the proportions of overweight and obesity in the groups 
were at a moderate level of 20 and 26.3%, respectively, post 
intervention.

Discussion
Pregnancy appears to be a pivotal time for both maternal and 
foetal health. Emerging research has highlighted the profound 
effects of the in utero environment on the lifelong health of the 
baby. More specifically, both underweight and overweight babies 
are at risk of obesity later on in life.20 The perinatal period has 
been cited by Lawlor and Chaturvedi21 as one of the three critical 
periods in life for the prevention of obesity. 

Maternal obesity is perhaps one of the major causes of intra-
uterine over-nutrition during pregnancy, and can lead to large-
for-gestational-age deliveries. In addition, excessive gestational 

Table 3. Details and characteristics of the final studies included in the systematic review

Author
Type of 
study Country Region

Study setting  
(urban/rural) Inclusion criteria Sample size Age (years) Gestational age (weeks)

Santos et al., 
200514

RCT Brazil Porto 
Alegre

Public health 
clinic (not speci-
fied)

Healthy, non-smoking, 
≥ 20 years, gestational 
age < 20 weeks; BMI 
26–31 kg/m2

Control 35 
Exercise 37

Control 28.6 ± 5.9
Exercise 26.0 ± 3.4 

Control 18.4 ± 3.9
Exercise 17.5 ± 3.3

Garshasbi et 
al., 200519

RCT Iran Tehran Hospital Primi-gravid, 20–28 
years old, 17–22 weeks’ 
gestation, housewives, 
high-school graduated

Control 105 
Exercise 107

Control 26.48 ± 4.43
Exercise 26.27 ± 4.87 

Not specified

Malpeli et al., 
201311

Non-
randomised

Argentina Buenos 
Aires

Urban Sample from low-
income families, preg-
nant women, without 
chronic or infectious 
diseases

Control 164
Experimental 108

Control 25.8 ± 6.4
Intervention 26.3 ± 7.1 

Control 23.6 ± 9.3
Intervention 24.3 ± 8.00

Sedaghati et 
al., 200716

Non-
randomised

Iran Qom 
province

Pre-natal clinics Exclusion: history of 
orthopaedic diseases 
or surgery, history of 
exercise before preg-
nancy

Control 50 
Experimental 40

Control 23.36 ± 4.237
Exercise 23.28 ± 2.522 

Control 38.884 ± 1.232
Exercise 39.195 ± 0.921

Prevedel et al., 
200317

RCT Brazil Sao 
Paulo

Pre-natal clinic 
of the Faculty 
of Medicine de 
Botucatu (urban)

Primi-gravid or 
adolescents, single-
ton pregnancies, no 
co-morbidities

Intervention 22 
Control 19

Mean: 20 years 16–20

Cavalcante et 
al., 200918

RCT Brazil Sao 
Paulo

Pre-natal out-
patient clinic of 
the University of 
Campinas and 
the neighbouring 
basic healthcare 
centre

Low-risk, sedentary 
pregnant women who 
had not had more than 
1 C-section and were 
able to participate in 
physical exercise

Intervention 34
Control 34

Not specified 16–20 

Ghodsi & 
Asltoghiri, 
201215

RCT Iran Unspec-
ified

Pre-natal clinics 
and hospitals

BMI 19.8–26 kg/m2; 
lack of specific disease, 
willingness to partici-
pate, correct address 
for follow up; ability to 
read and write; nulli- 
and primi-gravid

Total sample 250; 
unclear on 
specific numbers 
in each group

Control 25.86 ± 4.90 
Training 25.43 ± 4.52

20–26 

RCT = randomised, control trial; BMI = body mass index.
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weight gain in both overweight and normal-weight women 
has been shown to increase obesity in the offspring in both 
childhood22 and adolescence.23 For the mother, obesity-related 
complications and gestational diabetes mellitus may predispose 
her to the risk of metabolic and vascular diseases later on in life.24 
Therefore, with the current epidemic of obesity, maternal obesity 
has serious implications on the health of both current and future 
generations.

Due to the potential health consequences of maternal obesity, 
pregnancy is a pivotal period to implement health interventions,25 
however, little research exists on health promotion during 
this period.24 A previous systematic review by Thangaratinam 
et al.12 found 44 randomised, controlled trials, conducted in 
developed countries, which implemented dietary or physical 
activity interventions to influence maternal weight during 
pregnancy. In their review, 14 studies implemented physical 
activity interventions, while 10 looked at dietary interventions 
and 10 addressed a mixed approach. Similarly, in our study, 
the majority of interventions focused on physical activity over 
dietary programmes. It is interesting to note that Thangaratinam 
et al.12 found that diet was more cost effective than physical 
activity in the management of weight in this population. 

The type of interventions used to limit weight gain during 
pregnancy appears to vary widely between studies. In their 
systematic review of  lifestyle interventions in pregnancy, 
Oteng-Ntim et al.26 found a variety of individual, group and 
seminar interventions, while in the review by Thangaratinam 
et al.,12 interventions varied from a balanced diet and exercise 
prescription to counselling and educational sessions. In our 
study, six out of the seven interventions focused on physical 
activity, while only one used a nutritional intervention. 

Although previous systematic reviews have analysed the 
literature dealing with interventions during pregnancy for 
limiting excessive weight gain,12,26,27 ours is the first review of such 
studies performed solely in developing countries. Changes in diet 
and activity levels resulting from globalisation and movement of 
populations from rural to urban environments have led to a rapid 
rise in the prevalence of obesity in developing countries,28 and 
have caused this disease to move to the top of the public health 
agenda in many of these countries.29 

Although there have been calls to focus interventions on 
maternal nutrition in order to reduce the risk of obesity later 
on in life,30 our review found only seven articles covering 
maternal obesity interventional studies, with only one specifically 
addressing nutrition. In addition, although the rate of obesity is 
high and affects many developing countries, our study showed 
that only three countries (Brazil, Iran and Argentina) have 
reported on interventions to curb obesity during pregnancy.

Despite the growing prevalence of obesity in developing 
countries and the well-recognised detrimental effects of maternal 
obesity on both maternal and foetal outcomes, this review 
demonstrates the lack of pertinent research in this area within 
developing countries. Two of the studies in our review found an 
increase in weight16 and fat percentage17 in their control groups, 
and weight or weight gain was often a secondary outcome 
measure within the studies reviewed, the majority of which 
(six of seven studies) were not targeted to overweight women. 
Other reviews have demonstrated the effectiveness and safety of 
lifestyle interventions for reducing gestational weight gain,12 but 
this was not strongly demonstrated in the current study.

Very few studies exist to address the issues of intervention for 
obesity and weight gain during pregnancy in developing countries. 
This review summarises the existing literature, of which 71% 
were of poor quality. Although our review focused on lifestyle 
interventions for overweight and obesity during pregnancy, the 
search yielded only one study that aimed the intervention at 
overweight women, and 50% of the studies were not primarily 
measuring weight gain as an outcome. In addition, the studies 
varied significantly from type of intervention to outcome measure, 
and additionally, the methodology was often poorly described, 
making comparative and accumulative analysis difficult.

Conclusion
Dietary and lifestyle interventions during pregnancy may well 
be the key to addressing the prevention of obesity in future 
generations.28 Physical activity29 and dietary12 interventions 
have been shown to play an effective role in maternal weight 
management in the developed world. To our knowledge, this 
review is the first to address interventions for weight gain and 
obesity in developing countries, and few articles appear to have 
addressed this important issue. Lifestyle interventions may be a 
cost-effective and useful way to curb the growing epidemic of 
nutrition-related non-communicable diseases. Despite maternal 
health and obesity being a public health priority, few robust 
studies have addressed this critical area. 

This review has highlighted the need for further research, 
and in particular, carefully designed randomised, controlled 
trials, addressing primarily the issues of  weight gain and 
obesity in pregnancy. Such studies are essential to determine 
the effectiveness and safety of appropriate lifestyle interventions 
during pregnancy in resource-limited settings.
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Key messages: 

•	 Lifestyle interventions may be a cost-effective and 
useful way to manage maternal overweight and obesity 
as well as gestational weight gain

•	 Few good-quality studies assessing the efficacy of life-
style interventions on maternal body composition have 
been conducted in developing countries

•	 In this systematic review of seven studies, two suggested 
that a physical activity intervention during pregnancy 
may significantly reduce maternal weight gain; and five 
were scored as being of poor quality.

•	 Future, well-designed lifestyle-intervention studies 
aimed at managing maternal body composition are 
much needed in developing countries 



CARDIOVASCULAR JOURNAL OF AFRICA • Volume 28, No 6, November/December 2017AFRICA 403

References
1.	 Steyn K, Fourie J, Temple N. Chronic Diseases of Lifestyle in South 

Africa: 1995–2005. South African Medical Research Council, 2006: 

9–21.

2.	 Guh DP, Zhang W, Bansback N, Amasi Z, Birmingham CL, Anis AH. 

The incidence of co-morbidities related to obesity and overweight: 

a systematic review and meta-analysis. BMC Public Health 2009; 9: 

88–108. doi: 10.1186/1471-2458-9-88.

3.	 World Health Organisation 2005. Chronic Diseases: Causes and Health 

Impacts: Preventing Chronic Diseases: a Vital Investment. WHO Global 

Report, Geneva, Switzerland, 2005: 32–57.

4.	 Ahmed F, Tseng M. Diet and nutritional status during pregnan-

cy. Public Health Nutr 2013; 16(8): 1337–1339. doi: http:10.1017/

S1368980013001651.

5.	 McDonald SD, Han Z, Mulla S, Beyene J. Overweight and obesity in 

mothers and risk of preterm birth and low birth weight infants: system-

atic review and meta-analysis. Br Med J 2010; 341: c3428. doi: 10.1136/

bmj.c3428.

6.	 Chigbu CO, Aja LO. Obesity in pregnancy in southeast Nigeria. Ann 

Med Health Sci Res 2011; 1(2): 135–140.

7.	 Doherty DA, Magann EF, Francis J, Morrison JC, Newnham JP. 

Pre-pregnancy body mass index and pregnancy outcomes. Int J Gynaecol 

Obstet 2006; 95: 242–247. doi: 10.1016/j.ijgo.2006.06.021.

8.	 Abenhaim HA, Kinch RA, Morin L, Benjamin A, Usher R. Effect of 

pre-pregnancy body mass index categories on obstetrical and neonatal 

outcomes. Arch Gynecol Obstet 2007; 275: 39–43. doi: 10.1007/s00404-

006-0219-y.

9.	 Batista MC, Hivert MF, Duval K, Baillargeon JP. Intergenerational 

cycle of obesity and diabetes: how can we reduce the burden of these 

conditions on the health of future generations? Exp Diabetes Res 2011; 

2011: 1–19. doi: 10.1155/2011/596060.

10.	 Mahan LK, Escott-Stump S. Krause’s Food, Nutrition & Diet Therapy, 

11th edn. Philadelphia: Saunders, 2004.

11.	 Malpeli A, Ferrari MG, Varea A, Falivene M, Etchegoyen G, Vojkovic 

M, et al. Short-term evaluation of the impact of a fortified food aid 

program on the micronutrient nutritional status of Argentinian preg-

nant women. Biol Trace Elem Res 2013; 155: 176–183. doi: 10.1007/

s12011-013-9780-y.

12.	 Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Roseboom T, 

Tomlinson JW, et al. Effects of interventions in pregnancy on maternal 

weight and obstetric outcomes: meta-analysis of randomised evidence. 

Br Med J 2012; 344: e2088. doi: 10.1136/bmj.e2088. 

13.	 World Health Organisation 2006. Working Together for Health. WHO 

Global Report, Geneva, Switzerland, 2006: 1–237.

14.	 Santos IA, Stein R, Fuchs SC, Duncan BB, Ribeiro JP, Kroeff LR, et 

al. Aerobic exercise and submaximal functional capacity in overweight 

pregnant women: a randomized trial. Obstet Gynaecol 2005; 106(2): 

243–249. doi: 10.1097/01.AOG.0000171113.36624.86.

15.	 Ghodsi Z, Asltoghiri M. Maternal exercise during pregnancy and 

neonatal outcomes in Iran. Procedia Soc Behav Sci 2012; 46: 2877–2881. 

doi: 10.1016/j.sbspro.2012.05.581.

16.	 Sedaghati P, Ziaee V, Arjmand A. The effect of an ergometric training 

program on pregnants’ weight gain and low back pain. Gazz Med Ital 

Arch Sci Med 2007; 166: 209–213.

17.	 Prevedel TTS, Calderon IDMP, De Conti MH, Consonni EB, Rudge 

MVC. Maternal and perinatal effects of hydrotherapy in pregnancy. 

Rev Bras Ginecol Obstet 2003; 25(1): 53–59. doi: 10.1590/S0100-

72032003000100008. 

18.	 Cavalcante SR, Cecatti JG, Pereira RI, Baciuk EP, Bernardo AL, 

Silveira C. Water aerobics II: Maternal body composition and perinatal 

outcomes after a program for low risk pregnant. Women Reprod Health 

2009; 6: 1.doi: 10.1186/1742-4755-6-1.

19.	 Garshasbi A, Zadeh SF. The effect of exercise on the intensity of 

low back pain in pregnant women. Int J Gynaecol Obstet 2005; 88(3): 

271–275. doi: 10.1016/j.ijgo.2004.12.001.

20.	 Oken E, Gillman MW. Fetal origins of obesity. Obes Res 2003; 11(4): 

496–506. doi: 10.1038/oby.2003.69.

21.	 Lawlor DA, Chaturvedi N. Treatment and prevention of obesity – Are 

there critical periods for intervention? Int J Epidemiol 2006; 35(1): 3–9. 

doi: 10.1093/ije/dyi309.

22.	 Olson CM, Strawderman MS, Dennison BA. Maternal weight gain 

during pregnancy and child weight at age 3 years. Matern Child Health 

J 2009; 13(6): 839–846. doi: 10.1007/s10995-008-0413-6.

23.	 Oken E, Rifas-Shiman SL, Field AE, Frazier AL, Gillman MW. Maternal 

gestational weight gain and offspring weight in adolescence. Obstet 

Gynaecol 2008; 112(5): 999. doi: 10.1097/AOG.0b013e31818a5d50.

24.	 Lin YH, Tsai EM, Chan TF, Chou FH, Lin YL. Health promoting 

lifestyles and related factors in pregnant women. Chang Gung Med J 

2009; 32(6): 650–661.

25.	 Sattar N, Greer IA. Pregnancy complications and maternal cardiovas-

cular risk: opportunities for intervention and screening. Br Med J 2002; 

325(7356): 157. doi: 10.1136/bmj.325.7356.157.

26.	 Oteng-Ntim E, Varma R, Croker H, Poston L, Doyle PC. Lifestyle 

interventions for overweight and obese pregnant women to improve 

pregnancy outcome: systematic review and meta-analysis. BMC Med 

2012; 10(1): 47. doi: 10.1186/1741-7015-10-47.

27.	 Streuling I, Beyerlein A, Rosenfeld E, Hofmann H, Schulz T, von 

Kries RC. Physical activity and gestational weight gain: a meta-analysis 

of intervention trials. Br J Obstet Gynaecol 2011; 118(3): 278–284. 

doi: 10.1111/j.1471-0528.2010.02801.x.

28.	 Popkin BM, Adair LS, Ng SWC. Global nutrition transition and the 

pandemic of obesity in developing countries. Nutr Rev 2012; 70(1): 3–21. 

doi: 10.1111/j.1753-4887.2011.00456.x.

29.	 Prentice AM. The emerging epidemic of obesity in developing countries. 

Int J Epidemiol 2006; 35(1): 93–99. doi: 10.1093/ije/dyi272.

30.	 Yang Z, Huffman SLC. Nutrition in pregnancy and early childhood and 

associations with obesity in developing countries. Matern Child Nutr 

2013; 9(S1): 105–119. doi: 10.1111/mcn.12010.




