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Abstract

Objective

To study the association between mode of delivery and offspring BMI in late adolescence in

a large cohort that predated the obesity epidemic, and assess the role of maternal pre-preg-

nancy BMI (ppBMI) in this association.

Study design

We conducted a historical prospective study in the setting of the Jerusalem Perinatal Study

(JPS), a population-based cohort that includes all 17,003 births to residents of West Jerusa-

lem, between 1974 and 1976. Offspring’s BMI at age 17 was obtained upon army recruit-

ment and was available for 11,001 of cohort participants. The associations were examined

using logistic regressions, adjusting for socio-demographic characteristics and for proxies

for indication for C-Section birth. Analyses were then stratified by quartiles of ppBMI.

Results

C-Section was associated with offspring overweight/obesity, with adjusted OR of 1.44 (95%

CI:1.14–1.82). Significant interaction of ppBMI with mode of delivery was observed, such

that the associations of C-Section with overweight/obesity were limited to the upper quartile

of ppBMI (adjusted OR = 1.70, 95%CI:1.18–2.43). Restricting the analyses to singleton first

births and excluding pregnancies complicated with toxemia and gestational diabetes yielded

similar findings.

Conclusions

C-Section was positively associated with being overweight/obese at age 17. Importantly,

ppBMI modified this association, with a significant association between C-Section and over-

weight/obesity evident only among offspring born to mothers in the highest ppBMI quartile.

In light of the growing rates of obesity in women of reproductive age, these results should be
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considered in patient-doctor shared decisions related to selection of mode of delivery, in the

absence of a clear medical indication.

Introduction

Obesity, a global epidemic, often presents as an intergenerational cycle; parental obesity more

than doubles the risk of obesity in adult offspring, and up to 80% of children with two obese

parents will become obese adults [1]. Factors associated with maternal overnutrition, such as

increased maternal pre-pregnancy body mass index (BMI) and gestational weight gain were

shown to affect offspring adiposity [2].

In parallel, the rate of Caesarean section (C-Section) deliveries has also increased dramati-

cally over the last decades. In 1965, C-Section comprised only 4.5% of all births in the United

States, but increased to more than 30% in 2015 [3, 4].

C-Section delivery has been shown to be associated with higher risk of overweight and obe-

sity in offspring. Two meta-analyses reported an increased risk of overweight/obesity, with

pooled ORs ranging between 1.26 (95%CI:1.16,1.38) and 1.33 (95% CI: 1.19, 1.48) for offspring

delivered by C-Section compared with those delivered vaginally [5, 6]. However, some of the

studies included in these meta-analyses were either based on a relatively small sample size [7],

did not account for major confounders such as parental obesity [8] or have followed offspring

only up to late childhood. A large prospective study, following >22000 individuals from child-

hood through early adulthood, showed that C-Section was associated with an adjusted risk-

ratio of 1.15 (95%CI: 1.06–1.26) for obesity. Moreover, individuals born by C-Section had 64%

higher odds of obesity than did their siblings born via vaginal delivery [9]. There is accumulat-

ing evidence that mode of delivery plays a central role in the acquisition and structure of the

initial microbiota in newborns [10], and therefore both birth mode and the infant gut micro-

biota may jointly contribute to offspring obesity. Indeed a recent report, based on approxi-

mately 900 mother-offspring pairs, using adiposity measured in children at ages 1 and 3 years,

has demonstrated for the first time that maternal adiposity and mode of delivery together

affect offspring initial microbial composition, and thereby mediate subsequent risk for early

childhood obesity [11].

Here, we further investigate the association between mode of delivery and offspring adipos-

ity, reflected by BMI, in late adolescence, and specifically assess the modifying role of maternal

pre-pregnancy BMI (ppBMI) in this association. To study these questions, we make use of a

large population-based birth cohort initiated during the 70’s. Identifying these associations in

a cohort predating the current obesity epidemic may suggest that the underlying mechanisms

are beyond the effect of changes in lifestyle associated with increased obesity risks.

Methods

The Jerusalem Perinatal Study (JPS) population-based birth cohort includes all 17,003 births

to residents of West Jerusalem, between 1974 and 1976. All pregnancies of 28 weeks or more,

live births and stillbirths weighing at least 1000 grams were recorded. Detailed information on

data collection has been previously described [12]. Briefly, demographic data were extracted

from the hospital notification of delivery, that was sent to the district health office. This notifi-

cation is mandatory by Israeli law and is complete. Demographic and clinical data were

abstracted from birth certificates or maternity ward logbooks. Medical and lifestyle informa-

tion, such as gestational age, mother’s smoking status, height and pre-pregnancy weight, mode

Association of mode of delivery with offspring obesity

PLOS ONE | https://doi.org/10.1371/journal.pone.0209581 January 3, 2019 2 / 8

Jerusalem Perinatal Study; ppBMI, maternal pre-

pregnancy BMI.

https://doi.org/10.1371/journal.pone.0209581


of delivery and obstetric history, was collected by interviews of mothers on the first days post-

partum. Data on overweight/obesity (BMI�25kg/m2) in offspring at age 17 were obtained

from the Israeli military draft records, available for approximately 65% of the cohort. Data on

mode of delivery and adiposity at age 17 were available for a total of 11,001 births included in

this study.

Logistic regressions were used to study the associations between C-Section and overweight/

obesity, adjusting for socio-demographic characteristics, i.e. maternal education, socioeco-

nomic status, ethnicity and offspring sex (Model 1), and then further controlling for proxies

for indication for C-Section birth, i.e. toxemia, diabetes in pregnancy, multiple pregnancy,

birth order, maternal age at delivery, smoking during pregnancy, pre- and post-term delivery

(� 37 weeks and >41 weeks, respectively), birth weight in kg, low (� 2500 gr) and high

(>4000 gr) birth weight and previous C-Section (Model 2). Restricted analysis on a subgroup

of 9,791 singleton first births without toxemia or diabetes in pregnancy was performed as well.

Analyses were then stratified by quartiles of ppBMI. The interaction between C-Section

and ppBMI was tested by introducing a multiplicative term into the non-stratified models (e.g.

C-Section�BW, C-Section�ppBMI). All analyses were carried out using SPSS version 21.0 sta-

tistical package (SPSS, Inc, Chicago, IL).

This study was approved by the institutional review board (IRB) of the Hadassah hospital

(Hebrew university) which waived the requirement for informed consent. All data were fully

anonymized.

Results

At age 17, 12.5% of offspring were overweight/obese. Characteristics of the cohort at birth and

at adolescence by mode of delivery are presented in Table 1. Overall, 7.0% of the cohort deliv-

ered through C-Section. Mothers delivering in C-Section were older and had a higher rate of

toxemia and diabetes compared with mothers delivering vaginally. Additionally, vaginally

delivered babies had a higher birth weight (BW) compared with C-Section delivered babies.

C-Section was associated with offspring overweight/obesity, with adjusted OR of 1.44 (95%

CI:1.14–1.82, Table 2; Fig 1, Graphs A,B). Restricting the analyses to singleton first births and

excluding pregnancies complicated with toxemia and gestational diabetes yielded similar find-

ings (OR = 1.49,95%CI:1.16–1.92; Fig 1, Graphs C,D).

Significant interaction of ppBMI with mode of delivery was observed (P interaction = 0.01),

such that the associations of C-Section with overweight/obesity were limited to the upper

quartile of ppBMI (OR = 1.70,95%CI:1.18–2.43; Fig 1, Graph B). Additional adjustment for

continuous ppBMI, either within each ppBMI-quartile stratum or in models including a multi-

plicative interaction term, yielded similar results. No significant interaction was observed for

BW with C-Section.

Discussion

In this population-based cohort of individuals born prior to the obesity epidemic, C-Section

was associated with a 44% increased odds of offspring overweight/obesity at age 17. Our study

further demonstrates that maternal adiposity modifies this association, with a significant

C-Section—overweight/obesity association evident only among those born to mothers with

the highest pre-pregnancy BMI. C-Section born offspring of mothers in the upper quartile of

pre-pregnancy BMI, had 70% increased odds to become overweight/obese at age 17 compared

with offspring delivered vaginally, in the same upper quartile of ppBMI.

Accumulating evidence points to an association between C-Section and offspring obesity.

One meta-analysis of these studies reported an increased risk of overweight/obesity
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(OR = 1.33, 95% CI: 1.19, 1.48) for offspring delivered by C-Section compared with those

delivered vaginally [5]. Another meta analysis reported a pooled unadjusted OR of 1.26 (95%

CI: 1.16, 1.38), however, lacking patient level data prevented adjustment for confounders [6].

Two additional studies, not included in these meta-analyses, reported higher risk of obesity in

children born through C-Section (adjusted ORs between 1.2 and 1.68), however these results

Table 1. Maternal and offspring characteristics of the cohort by mode of delivery, N = 11,001.

Vaginal delivery

N = 10234

Cesarean section

N = 767

p-value

Maternal and offspring adiposity

Maternal pre-pregnancy BMI, kg/height2 21.8±2.9 22.8±3.5 <0.0001

Maternal pre-pregnancy overweight/obesity�,% 12.5 19.8 <0.0001

Offspring BMI at age 17, kg/height2 21.4±3.3 21.89±3.5 <0.0001

Offspring overweight/obesity�,% 12.3 16.6 0.001

Socio-demographic characteristics

Maternal Education at birth, %

0–9 years 22.7 25.4 0.24

10–12 years 40.0 38.7

13+ years 37.3 35.9

Socioeconomic Status at birth,%

Low 22.2 24.4 0.03

Middle 39.3 41.9

High 38.5 33.8

Ethnicity,%

Israel 14.0 14.2 0.63

Asia 28.4 26.4

Africa 22.6 24.0

Europe/America 34.9 35.4

Offspring sex,%

Female 38.4 38.6 0.92

Proxies for indication for Cesarean section

Toxemia,% 1.2 5.0 <0.0001

Gestational diabetes,% 0.1 0.8 <0.0001

Singletons,% 97.7 93.4 <0.0001

Number of previous pregnancies,%

0 37.7 37.9 0.99

1 28.9 28.9

2 18.5 18.4

�3 14.9 14.7

Mother’s age at delivery, years 27.2±5.1 28.9±5.5 <0.0001

Maternal smoking during pregnancy,% 21.3 23.5 0.17

Preterm delivery (�37 weeks),% 7.2 13.5 <0.0001

Post-term delivery (>41 weeks),% 20.7 24.2 0.023

Birth weight, kg 3.27±0.5 3.18±0.62 <0.0001

High birth weight (>4000 gram),% 5.0 7.3 0.004

Low birth weight (�2500 gram),% 5.3 11.9 <0.0001

Previous cesarean section,% 1.5 34.8 <0.0001

�Overweight/obesity defined as BMI�25kg/m2

https://doi.org/10.1371/journal.pone.0209581.t001
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Table 2. Odds Ratio for overweight/obesity (BMI�25kg/m2) in 17-year-old offspring associated with cesarean vs. vaginal delivery.

Model 1a Model 2b

OR p-value 95% CI p_interaction
c OR p-value 95% CI p_interaction

c

Main analyses 1.42 0.001 1.16–1.74 0.013 1.44 0.002 1.14–1.82 0.014

Restricted analysesd 1.43 0.002 1.14–1.78 0.106 1.49 0.002 1.16–1.92 0.086

a Adjusted for maternal education, socioeconomic status, ethnicity and offspring sex
b Further adjusted for proxies for indication for cesarean section (c-section), including toxemia, diabetes in pregnancy, multiple pregnancy, birth order, maternal age at

delivery, smoking during pregnancy, preterm and post-term delivery, low and high birth weight and previous c-section
c Interaction was examined by adding cross-product terms between upper quartile of maternal pre-pregnancy BMI (vs. rest) and mode of delivery to the multivariable

model
d Subgroup of singleton first births within the cohort, without toxemia or diabetes in pregnancy. The restricted sample included 9,160 offspring born vaginally and 631

born by c-section, of which 1,089 and 102 were overweight/obese, respectively.

https://doi.org/10.1371/journal.pone.0209581.t002

Fig 1. Adjusted odds ratios for overweight and obesity (BMI�25kg/m2) in 17-year-old offspring associated with cesarean vs. vaginal delivery by quartiles of

maternal pre-pregnancy BMI. Diamond indicates odds ratio (OR), vertical lines indicate 95% CIs and arrows indicate OR reference of 1. Significant ORs are marked

with a dark diamond. Top two graphs (A,B) present results of main analyses and bottom two (C,D) present results of subgroup analyses restricted to singleton first

births within the cohort, without toxemia or diabetes in pregnancy. Model 1 (A,C) reflect multivariable models adjusted for maternal education, socioeconomic status,

ethnicity and offspring sex. Model 2 (B,D) is further adjusted for proxies for indication for cesarean section, including toxemia, diabetes in pregnancy, multiple

pregnancy, birth order, maternal age at delivery, smoking during pregnancy, preterm and post-term delivery, low and high birth weight and previous c-section.

https://doi.org/10.1371/journal.pone.0209581.g001
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were not statistically significant most likely due to small sample size (N varied from 1734 to

2988) [8, 13]

Recent data from the Growing Up Today Study (GUTS), a prospective cohort of>22000

offspring, reported a crude RR of 1.30 for obesity associated with C-Section delivery, and this

estimate was attenuated to 1.15 in the multivariable model adjusted also for ppBMI [9]. Our

findings provide additional support for the GUTS findings and our estimates are clearly in line

with theirs. Of note, the magnitudes of the associations reported in most of the above studies

are similar, despite the lack of statistical significance in some of them.

The modifying role of ppBMI in the association between C-Section delivery and offspring

obesity was explored for the first time only recently. Tun et al. found that infants born vagi-

nally to overweight or obese mothers were 3 times more likely to become overweight, while

cesarean-delivered infants of overweight mothers had a 5-fold risk of becoming overweight

[11]. One could hypothesize that offspring of obese mothers, who are themselves prone to obe-

sity, may benefit more from exposure to vaginal microbiome during vaginal delivery. There is

evidence that the offspring delivered vaginally have a different gut microbiota compared with

the offspring delivered in C-Section [10], [14], and that the gut flora of the infant persists into

childhood and predicts overweight [15]. Additionally, there is evidence that gut microbiota is

linked with obesity [16]. Multiple mediator path modeling revealed that mode of delivery and

infant gut microbiota (Firmicutes species richness, especially of the Lachnospiraceae family)

sequentially mediated the association between maternal pre-pregnancy overweight and child-

hood overweight at ages 1 and 3 years [11]. Our findings support and extend these results by

showing that the interaction between maternal pre-pregnancy BMI and mode of delivery

indeed affects offspring body size, and that this effect is retained beyond early childhood.

Our study subjects represents a population that predated the obesity epidemic. Although it

may limit the generalizability of our results, we believe that this is actually a strength of the

study, since it demonstrates that the association between C-Section and offspring obesity is

consistent across decades. At the time this birth cohort was established, more than four

decades ago, obesity rates, as well as rates of C-Section deliveries were significantly lower than

current rates. Approximately 13% of the mothers in our cohort had a BMI>25, whereas a

recent global report estimates that over than 50% of women>20 years of age in Israel are over-

weight [17]. Additionally, the rates of gestational diabetes were low in our cohort. As routine

screening for gestational diabetes were not available in Israel during the study period, reported

rates likely represented the most severe cases. It has been argued that the root of the obesity

epidemic is the ubiquitous access to convenient and inexpensive foods with high amounts of

salt, sugar, fat, and flavor additives, which drive increased consumption [18]. However, our

birth cohort represents a population that was only minimally exposed to western foods. There-

fore, the mechanisms underlying this association may be more fundamental, and not necessar-

ily related to the recent obesity epidemic.

Another strength of our study is the availability of reliable measurements of BMI at age 17,

through documentation upon military recruitment. These data provided a unique opportunity

to follow up offspring into adulthood and avoid reporting bias.

The major limitation of our study is the lack of information on breastfeeding and antimi-

crobial use which may be associated with changes in the gut microbiota. We also did not have

information regarding the indications for C-Section delivery and the timing of membrane rup-

ture, yet aimed to address this limitation by adjusting for proxies for C-Section indication,

such as gestational diabetes, toxemia and multiple pregnancy. Finally, lifestyle variables such

as physical activity and diet were also unavailable.

In conclusion, our findings suggest that the adverse association between C-Section and off-

spring adiposity is most pronounced in women whose pre-pregnancy body size is at the upper
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end of the distribution. In light of the growing rates of obesity in women of reproductive age,

as well as the rise in C-Section utilization, more common among obese women [19] these

results should be considered in patient-doctor shared decision making when considering C-

section without a clear medical indication (e.g. upon maternal request).

Supporting information

S1 Dataset. Dataset plos1.xls.

(XLS)

Author Contributions

Conceptualization: Maskit Bar-Meir.

Formal analysis: Maskit Bar-Meir, Hagit Hochner.

Investigation: Hagit Hochner.

Methodology: Yechiel Friedlander, Ronit Calderon-Margalit.

Supervision: Yechiel Friedlander.

Writing – original draft: Maskit Bar-Meir.

Writing – review & editing: Yechiel Friedlander, Ronit Calderon-Margalit, Hagit Hochner.

References
1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the United

States, 2011–2012. Jama. 2014; 311(8):806–14. Epub 2014/02/27. https://doi.org/10.1001/jama.2014.

732 PMID: 24570244.

2. Hochner H, Friedlander Y, Calderon-Margalit R, Meiner V, Sagy Y, Avgil-Tsadok M, et al. Associations

of maternal prepregnancy body mass index and gestational weight gain with adult offspring cardiometa-

bolic risk factors: the Jerusalem Perinatal Family Follow-up Study. Circulation. 2012; 125(11):1381–9.

Epub 2012/02/22. https://doi.org/10.1161/CIRCULATIONAHA.111.070060 PMID: 22344037.

3. Taffel SM, Placek PJ, Moien M. One-fifth of 1983 US births by cesarean section. Am J Public Health.

1985; 75(2):190. Epub 1985/02/01. PMID: 3966628.

4. www.cdc.gov. NCHS Home-FastStats Homepage-Births. 2015.

5. Li HT, Zhou YB, Liu JM. The impact of cesarean section on offspring overweight and obesity: a system-

atic review and meta-analysis. Int J Obes (Lond). 2013; 37(7):893–9. Epub 2012/12/05. https://doi.org/

10.1038/ijo.2012.195 PMID: 23207407.

6. Darmasseelane K, Hyde MJ, Santhakumaran S, Gale C, Modi N. Mode of delivery and offspring body

mass index, overweight and obesity in adult life: a systematic review and meta-analysis. PLoS One.

2014; 9(2):e87896. Epub 2014/03/04. https://doi.org/10.1371/journal.pone.0087896 PMID: 24586295.

7. Li HT, Zhou YB, Liu JM. Cesarean section might moderately increase offspring obesity risk. Am J Clin

Nutr. 2012; 96(1):215–6; author reply 6. Epub 2012/06/22. https://doi.org/10.3945/ajcn.112.038760

PMID: 22718776.

8. Flemming K, Woolcott CG, Allen AC, Veugelers PJ, Kuhle S. The association between caesarean sec-

tion and childhood obesity revisited: a cohort study. Arch Dis Child. 2013; 98(7):526–32. Epub 2013/05/

18. https://doi.org/10.1136/archdischild-2012-303459 PMID: 23680850.

9. Yuan C, Gaskins AJ, Blaine AI, Zhang C, Gillman MW, Missmer SA, et al. Association Between Cesar-

ean Birth and Risk of Obesity in Offspring in Childhood, Adolescence, and Early Adulthood. JAMA

Pediatr. 2016; 170(11):e162385. Epub 2016/09/07. https://doi.org/10.1001/jamapediatrics.2016.2385

PMID: 27599167.

10. Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer N, et al. Delivery mode

shapes the acquisition and structure of the initial microbiota across multiple body habitats in newborns.

Proc Natl Acad Sci U S A. 2010; 107(26):11971–5. Epub 2010/06/23. https://doi.org/10.1073/pnas.

1002601107 PMID: 20566857.

Association of mode of delivery with offspring obesity

PLOS ONE | https://doi.org/10.1371/journal.pone.0209581 January 3, 2019 7 / 8

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0209581.s001
https://doi.org/10.1001/jama.2014.732
https://doi.org/10.1001/jama.2014.732
http://www.ncbi.nlm.nih.gov/pubmed/24570244
https://doi.org/10.1161/CIRCULATIONAHA.111.070060
http://www.ncbi.nlm.nih.gov/pubmed/22344037
http://www.ncbi.nlm.nih.gov/pubmed/3966628
http://www.cdc.gov
https://doi.org/10.1038/ijo.2012.195
https://doi.org/10.1038/ijo.2012.195
http://www.ncbi.nlm.nih.gov/pubmed/23207407
https://doi.org/10.1371/journal.pone.0087896
http://www.ncbi.nlm.nih.gov/pubmed/24586295
https://doi.org/10.3945/ajcn.112.038760
http://www.ncbi.nlm.nih.gov/pubmed/22718776
https://doi.org/10.1136/archdischild-2012-303459
http://www.ncbi.nlm.nih.gov/pubmed/23680850
https://doi.org/10.1001/jamapediatrics.2016.2385
http://www.ncbi.nlm.nih.gov/pubmed/27599167
https://doi.org/10.1073/pnas.1002601107
https://doi.org/10.1073/pnas.1002601107
http://www.ncbi.nlm.nih.gov/pubmed/20566857
https://doi.org/10.1371/journal.pone.0209581


11. Tun HM, Bridgman SL, Chari R, Field CJ, Guttman DS, Becker AB, et al. Roles of Birth Mode and Infant

Gut Microbiota in Intergenerational Transmission of Overweight and Obesity From Mother to Offspring.

JAMA Pediatr. 2018. Epub 2018/02/21. https://doi.org/10.1001/jamapediatrics.2017.5535 PMID:

29459942.

12. Harlap S, Davies AM, Deutsch L, Calderon-Margalit R, Manor O, Paltiel O, et al. The Jerusalem Perina-

tal Study cohort, 1964–2005: methods and a review of the main results. Paediatr Perinat Epidemiol.

2007; 21(3):256–73. Epub 2007/04/19. https://doi.org/10.1111/j.1365-3016.2007.00799.x PMID:

17439536.

13. Pei Z, Heinrich J, Fuertes E, Flexeder C, Hoffmann B, Lehmann I, et al. Cesarean delivery and risk of

childhood obesity. J Pediatr. 2014; 164(5):1068–73 e2. Epub 2014/02/11. https://doi.org/10.1016/j.

jpeds.2013.12.044 PMID: 24508442.

14. Biasucci G, Benenati B, Morelli L, Bessi E, Boehm G. Cesarean delivery may affect the early biodiver-

sity of intestinal bacteria. J Nutr. 2008; 138(9):1796S–800S. Epub 2008/08/22. https://doi.org/10.1093/

jn/138.9.1796S PMID: 18716189.

15. Kalliomaki M, Collado MC, Salminen S, Isolauri E. Early differences in fecal microbiota composition in

children may predict overweight. Am J Clin Nutr. 2008; 87(3):534–8. Epub 2008/03/11. https://doi.org/

10.1093/ajcn/87.3.534 PMID: 18326589.

16. Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: human gut microbes associated with

obesity. Nature. 2006; 444(7122):1022–3. Epub 2006/12/22. https://doi.org/10.1038/4441022a PMID:

17183309.

17. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national

prevalence of overweight and obesity in children and adults during 1980–2013: a systematic analysis

for the Global Burden of Disease Study 2013. The Lancet. 2014; 384(9945):766–81. https://doi.org/10.

1016/s0140-6736(14)60460-8 PMID: 24880830

18. Hall KD. Did the Food Environment Cause the Obesity Epidemic? Obesity (Silver Spring). 2018;

26(1):11–3. Epub 2017/12/22. https://doi.org/10.1002/oby.22073 PMID: 29265772.

19. Fyfe EM, Anderson NH, North RA, Chan EH, Taylor RS, Dekker GA, et al. Risk of first-stage and

second-stage cesarean delivery by maternal body mass index among nulliparous women in labor at

term. Obstet Gynecol. 2011; 117(6):1315–22. Epub 2011/05/25. https://doi.org/10.1097/AOG.

0b013e318217922a PMID: 21606741.

Association of mode of delivery with offspring obesity

PLOS ONE | https://doi.org/10.1371/journal.pone.0209581 January 3, 2019 8 / 8

https://doi.org/10.1001/jamapediatrics.2017.5535
http://www.ncbi.nlm.nih.gov/pubmed/29459942
https://doi.org/10.1111/j.1365-3016.2007.00799.x
http://www.ncbi.nlm.nih.gov/pubmed/17439536
https://doi.org/10.1016/j.jpeds.2013.12.044
https://doi.org/10.1016/j.jpeds.2013.12.044
http://www.ncbi.nlm.nih.gov/pubmed/24508442
https://doi.org/10.1093/jn/138.9.1796S
https://doi.org/10.1093/jn/138.9.1796S
http://www.ncbi.nlm.nih.gov/pubmed/18716189
https://doi.org/10.1093/ajcn/87.3.534
https://doi.org/10.1093/ajcn/87.3.534
http://www.ncbi.nlm.nih.gov/pubmed/18326589
https://doi.org/10.1038/4441022a
http://www.ncbi.nlm.nih.gov/pubmed/17183309
https://doi.org/10.1016/s0140-6736(14)60460-8
https://doi.org/10.1016/s0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/pubmed/24880830
https://doi.org/10.1002/oby.22073
http://www.ncbi.nlm.nih.gov/pubmed/29265772
https://doi.org/10.1097/AOG.0b013e318217922a
https://doi.org/10.1097/AOG.0b013e318217922a
http://www.ncbi.nlm.nih.gov/pubmed/21606741
https://doi.org/10.1371/journal.pone.0209581

