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Abstract

Background

Cumulative evidence indicates an association between maternal overweight and gestational

diabetes with delayed breastfeeding initiation; however, the presence of both conditions

simultaneously has been little explored. This study aims to investigate the interaction

between maternal overweight/obesity and gestational diabetes on breastfeeding initiation.

Methods

This study comprises data from the IVAPSA Birth Cohort, a prospective follow-up of moth-

ers and their newborns. Two of the five groups from IVAPSA were evaluated, considering

women with and without gestational diabetes. These women were further categorized

according to their pre-pregnancy body mass index as normal weight or overweight/obese.

Results

219 women were evaluated, 53.4% of them had pre-pregnancy overweight/obesity and

32% had gestational diabetes. Most women were able to initiate breastfeeding within 12

hours from delivery (92.7%) and only eight (3.7%) women had not breastfed in the first 24

hours postpartum. Of these, seven were overweight/obese (77.8%) and five had gestational

diabetes (66.7%), with four of them having overweight/obesity and gestational diabetes con-

comitantly. Women with both adverse conditions had an adjusted relative risk of delayed

breastfeeding initiation of 1.072 (95% CI 1.006; 1.141), p = 0.032.

Conclusions

The results indicate an additive interaction between maternal pre-pregnancy overweight/

obesity and gestational diabetes on delayed breastfeeding initiation.
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Introduction

The prevalence of overweight and obesity among women of reproductive age has risen all over

the world during the last decades [1, 2] and has been associated with a greater risk of preg-

nancy, obstetric and neonatal complications [3], including greater difficulties to initiate breast-

feeding (BF) after delivery compared with healthy weight women [4–6]

The increase of maternal body mass index (BMI) is strongly associated with a higher risk of

developing gestational diabetes (GDM) during pregnancy [7–9], which in turn is also a risk

factor for BF failure [10, 11]. GDM has been associated with delayed onset of lactogenesis II

(onset of copious milk secretion in the first few days postpartum), lower rates of BF initiation

and earlier weaning [12].

The health benefits of BF are of particular importance for mothers with overweight and/or

gestational diabetes, since BF is associated with a decreased probability of type 2 diabetes [13]

and a potential decrease of postpartum weight retention [14, 15]. Children born from those

women are also benefited by BF since increasing evidence indicates a protective effect against

obesity and diabetes for children as well [16–18].

Considering that women with overweight and gestational diabetes are at increased risk of

failure to initiate BF and that the timing of BF initiation is critical to BF success [19, 20], this

study aims to investigate the interaction between maternal overweight/obesity and gestational

diabetes on the timing of BF initiation.

Materials and methods

Participants

The subjects in this study are part of the “Impact of Perinatal Different Intrauterine Environ-

ments on Child Growth and Development in the First Six Months of Life—IVAPSA study”, a

prospective follow-up of mothers and their newborns that aims to investigate health outcomes

after exposure to adverse intrauterine environments. The IVAPSA study has a convenience

sample of 400 mother-offspring pairs, recruited in three public hospitals of Porto Alegre, Bra-

zil. The hospitals are Baby-Friendly, meaning that they follow the Ten Steps to Successful

Breastfeeding and have written policies for breastfeeding protection, promotion and support.

A detailed description of the IVAPSA recruitment and interviews has been previously pub-

lished elsewhere [21].

This paper comprises only two of the five groups that integrate the IVAPSA study: women

with gestational diabetes (GDM) and their offspring and a control group of mother-offspring

with none of the adverse conditions investigated by IVAPSA. Women with positive test for

HIV, multiple pregnancy or preterm delivery (<37 weeks) and infants with acute diseases or

congenital birth defects were not included in the study. All women and babies were together in

the maternity ward of the hospitals in the moment of recruitment, meaning that mother and

child were healthy and with no greater health risks.

Data collection

Information presented in this paper was collected during two interviews: the first conducted

between 24 and 48 hours postpartum, in the maternity ward of the hospitals, and the second

between 30 and 45 days after delivery, either in the participants’ house or in clinics located in

one of the hospitals.

In addition to the information provided by the mothers during the interviews, we also col-

lected data from the mother’s prenatal care booklet, which contains medical records of the
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entire gestation period, and from the hospital’s medical registries for detailed information on

hospital admission, delivery, exams and hospital discharge.

Maternal pre-pregnancy body mass index

Maternal pre-pregnancy weight was collected from the prenatal care booklet or, in the absence

of this information, was reported by the mother in the first interview in response to the ques-

tion “Just before you got pregnant with your new baby, how much did you weight?”. Maternal

height was measured in three occasions: before delivery (by hospital staff), at 6–8 days and at

30–45 days after delivery (by trained researchers). We preferably used the last measure (30

days) because there may be a postural adjustment during pregnancy and in the first days after

delivery [22]. Pre-pregnancy body mass index (BMI) was calculated by the equation “Pre-preg-

nancy weight (kg)/height squared (m2)” and categorized as Normal weight: 18.5–24.9 kg/m2;

Overweight: 25.0–29.9 kg/m2; or Obese:�30.0 kg/m2. Women under 20 years were evaluated

using the WHO AnthroPlus software BMI-for-age Z-score. We applied the BMI-for-age cut-

offs suggested by WHO: Normal weight: Z-score between -2SD and +1SD; Overweight: Z-

score >+1SD; and Obese: Z-score >+2SD.

Gestational diabetes

The Brazilian Society of Diabetes defines gestational diabetes as any level of glucose intolerance

with onset or diagnosis during gestation [23]. Threshold values for diagnosis of GDM recom-

mended by the Brazilian Society of Diabetes are: fasting plasma glucose� 92 mg/dL, 1-h

plasma glucose after a 75 g oral glucose load� 180 mg/dL or 2-h plasma glucose after a 75 g

oral glucose load� 153 mg/dL. The diagnosis of gestational diabetes was identified by review

of hospital medical records and later confirmed through detailed questions about diabetes dur-

ing the in-hospital interview with the mother.

Breastfeeding initiation

During the first interview, conducted between 24 and 48 hours postpartum, the mothers were

asked if they had breastfed their child any time until that moment. If the answer was positive,

they were asked to indicate how long (in minutes or hours) after delivery they had breastfed

for the first time. The answer was categorized in more or less than 24 hours after delivery and

it is presented as the primary outcome in the analysis.

Ethics

Approval to conduct this study has been granted by the Human Research Ethics Committees

of the Hospital de Clı́nicas de Porto Alegre (reference n˚ 110097) and of the Grupo Hospitalar

Conceição (reference n˚ 11027).

Statistical analysis

Characteristics of the study sample according to pre-pregnancy BMI and gestational diabetes

were compared using Pearson’s Chi Square test, Student T-test, and Fischer’s Exact test, as

appropriate. The frequency of BF initiation in the first 24 hours after delivery was compared

according to pre-pregnancy BMI and gestational diabetes diagnosis using Pearson’s Chi

Square test with Bonferroni correction. Poisson regression with robust error variance was used

to estimate the adjusted relative risk of failure to initiate BF in the first 24 hours after delivery,

with normal weight women without gestational diabetes as the reference group. All statistical

tests were two-sided and p<0.05 was considered statistically significant. Underweight women

Maternal pre-pregnancy overweight/obesity, gestational diabetes and breastfeeding initiation

PLOS ONE | https://doi.org/10.1371/journal.pone.0194879 June 18, 2018 3 / 11

https://doi.org/10.1371/journal.pone.0194879


(n = 5) and women with type 1 diabetes (n = 2) and type 2 diabetes (n = 2) were not included

in the analyses due to their reduced prevalence in the sample. All statistical analyses were per-

formed using SPSS software (version 20.0; SPSS Inc, Chicago, IL).

Results

Within 295 eligible women, 46 refused to participate (15.6%). Underweight women and

women with type 1 or 2 diabetes were not included in the analyses due to their reduced fre-

quency in the sample. Complete information on maternal BMI and BF initiation were available

for 219 participants (Fig 1).

Women in the included sample had no statistically significant differences compared to

those who refused to participate regarding race/ethnicity (p = 0.856), schooling (p = 0.628),

parity (p = 0.718) and type of delivery (p = 0.476), however the participants were significantly

younger than those who refused to participate [mean (SD): 26.75 (6.8) vs. 29.10 (7.0) years,

p = 0.031)].

Characteristics of the study sample according to pre-pregnancy BMI and gestational diabe-

tes (GDM) are described in Table 1. Pre-pregnancy BMI was higher in those with GDM com-

pared to those without GDM in both categories of BMI. The frequency of multiparous women

among overweight/obese was greater than among their healthy weight counterparts. Addition-

ally, having GDM raised the frequency of cesarean delivery, but only among overweight/obese

women.

Fig 1. Progress of participants through the study.

https://doi.org/10.1371/journal.pone.0194879.g001
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Most women were able to initiate BF within 12 hours from delivery (92.7%). Only eight

(3.7%) women did not breastfeed in the first 24 hours postpartum. Of these, seven were over-

weight/obese (77.8%) and five had gestational diabetes (66.7%), with four of them having both

conditions.

The percentage of mothers that did not breastfeed in the first day postpartum, according to

pre-pregnancy BMI and GDM is presented in Fig 2. All women with a healthy pre-pregnancy

weight without GDM managed to breastfeed in the first 24 hours postpartum. Among women

with GDM and healthy weight 5.9% did not breastfeed in this period, while among over-

weight/obese women without GDM 4.8% had delayed initiation of BF. When both conditions

were present, the frequency of delayed initiation raised to 7.5% (p = 0.021).

Table 2 indicates Poisson Regression analysis for the risk of not BF during the first 24h after

delivery according to pre-pregnancy BMI and gestational diabetes, adjusted for cesarean deliv-

ery. Women who had both overweight/obesity and gestational diabetes presented the highest

risk for delayed BF initiation among all groups.

Discussion

The results of this study indicate an additive interaction between maternal pre-pregnancy

overweight/obesity and gestational diabetes on delayed BF initiation after 24 hours postpar-

tum. This result added a new insight to other studies that also found worse outcomes for BF

initiation in overweight and obese women [4, 5, 17, 24] and in women with gestational diabe-

tes [10, 11, 25].

There is an international consensus on the importance of early BF initiation, since it has

been strongly associated with reduced neonatal and early infant mortality [26–28]. Smith et al.,

conducted a large systematic review and meta-analysis and found that mortality risk for infants

who were breastfed for the first time after 24 hours was more than 100% higher compared

Table 1. Characteristics of the study sample according to pre-pregnancy body mass index and gestational diabetes, collected at 24–48 hours after delivery.

Normal Weight

(n = 102)

Overweight/Obese

(n = 117)

P3

No GDM

(n = 85)

DGM

(n = 17)

P1 No GDM

(n = 64)

DGM

(n = 53)

P2

Age (years)a 25.3 (7.3) 28.4 (5.8) 0.109 27.0 (6.5) 28.1 (6.2) 0.360 0.083

Pre-pregnancy BMI (kg/m2)a 21.7 (1.8) 22.7 (1.7) 0.026 29.4 (3.9) 31.2 (5.5) 0.036 <0.001

Schoolingb 1.000 0.096 0.268

< 8 years 14 (16.5) 2 (11.8) 10 (15.6) 15 (28.3)

� 8 years 71 (83.5) 15 (88.2) 54 (84.4) 38 (71.7)

Parityb 0.425 0.222 0.014

None 44 (51.8) 7 (41.2) 25 (39.1) 15 (28.3)

�1 41 (48.2) 10 (58.8) 39 (60.9) 38 (71.7)

Type of deliveryb 0.260 0.021 0.623

Vaginal 57 (67.1) 14 (82.4) 48 (75.0) 29 (54.7)

Cesarean 28 (32.9) 3 (17.6) 16 (25.0) 24 (45.3)

Chi Square and Fisher’s exact test used to compare categorical variables; t test used to compare continuous variables.
a continuous variables, presented as mean (SD);
b categoric variables, presented as n (%)
1 P-value for comparison of women with and without GDM among the Normal weight group;
2 P-value for comparison of women with and without GDM among the Overweight/obese group;
3 P-value for comparison of women Normal weight and women Overweight/obese.

https://doi.org/10.1371/journal.pone.0194879.t001
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with infants that were breastfed within the first hour of life [28]. Also, previous studies indicate

that women who did not breastfeed in the first days after delivery were less able to sustain any

or exclusive BF 4 weeks postpartum [19], and had earlier weaning [29].

Poor lactation performance in overweight and obese women may be explained by several

different aspects, such as: abnormal development of mammary glands before, during and after

pregnancy [30, 31]; complications of pregnancy, including higher rates of cesarean section [9,

32], preterm birth [9, 32], and babies with macrosomia [9, 33]; psychosocial, economic and

cultural factors, such as postpartum depression [34, 35], body image concerns [36, 37], educa-

tion and income [38]; maternal confidence and behavior beliefs [38]; latching and positioning

difficulties [39–41]; less support from family, friends and hospital staff [38, 42, 43]; and hor-

monal and metabolic alterations [44, 45].

Fig 2. Percentage of mothers that initiated BF in the first 24 hours after delivery, according to pre-pregnancy body mass index and gestational

diabetes. Chi Square test with Bonferroni correction. Distinct superscript letters represent statistical difference (p<0.05).

https://doi.org/10.1371/journal.pone.0194879.g002

Table 2. Adjusted relative risk for failure to initiate BF during the first 24 hours after delivery.

aRR (95% confidence interval) p
Normal weight, no-GDM 1 (reference) -

Normal weight, GDM 1.063 (0.956; 1.182) 0.257

Overweight/Obese, no-GDM 1.050 (0.998; 1.105) 0.060

Overweight/Obese, GDM 1.072 (1.006; 1.141) 0.032

aRR, Adjusted Relative Risk; GDM, Gestational Diabetes. Poisson regression with robust error variance, adjusted for

type of delivery

https://doi.org/10.1371/journal.pone.0194879.t002
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Gestational diabetes, on the other hand, may negatively impact BF initiation with an effect

on mammary development and milk production. Emerging evidence connect different levels

of glucose intolerance with poor development of mammary glands during pregnancy [46, 47],

delayed onset of lactogenesis [48, 49], and reduced milk production in early and mature lacta-

tion [50, 51]. This delayed milk production is thought to be a result of protein tyrosine phos-

phatase, receptor type F overexpression in the mammary gland caused by decreased insulin

sensitivity [50].

Most studies analyzed only the effect of maternal overweight or the effect of gestational dia-

betes over BF initiation. Matias et al., however, assessed the impact of maternal obesity evaluat-

ing GDM women from the Study of Women, Infant Feeding and Type 2 Diabetes After GDM

Pregnancy (SWIFT), and found that pre-pregnancy obesity was independently associated with

delayed lactogenesis in women with GDM [52]. The authors, however, were not able to iden-

tify whether the outcome was caused only by maternal obesity or if obesity and GDM were

interacting to produce this effect, since there were no control women without diabetes in the

study.

Given all the evidence of worse BF outcome in overweight women, a few intervention stud-

ies have been conducted to improve BF initiation rates for this group. Rasmussen et al. con-

ducted two low-intensity interventions with obese women [53]: the first one design to give

telephone support to mothers on BF and the second one to provide manual or electric pumps

for milk supply. Neither of them were successful in enhancing BF rates. Another study pro-

vided intensive peer counseling to overweight/obese mothers, including prenatal visits, daily

in-hospital visits, postpartum home visits and phone calls [54]. This intervention also had no

impact on BF initiation and on exclusive BF rates at 1, 3, or 6 months postpartum.

Antenatal breast expression is lately being applied, especially to diabetic women, in order to

store colostrum and handle neonatal hypoglycemia and as a form of hastening milk produc-

tion and preventing delayed initiation of BF after delivery [55]. The efficacy and safety of this

practice, however, is yet to be proven, with some small studies indicating that this procedure

could induce preterm delivery and increase the frequency of NICU admissions [56]. Forster el

al. conducted a big randomized control trial and found no harm in advising diabetic women

with low risk of complications to express breast milk from 36 weeks’ gestation, however the

authors enunciated their concerns with the extrapolation of this results to other high risk

groups without further research [57].

Our results were both strengthened and limited by the design of the IVAPSA Study. To our

knowledge this is the first study to present women with and without GDM and women with

and without overweight/obesity to investigate the interaction of these adverse conditions over

BF initiation. Greater statistical power, with the increase in the number of participants in each

group, however, would be substantial to carry out more complex statistical analysis. We can

not refute the possibility that the aggravation of obesity for women with both overweight and

GDM could, in part, be responsible for the increased relative risk for delayed BF in this group.

Another strength of this study was the quality of the prospective data collection, especially on

BF and maternal anthropometry.

Conclusion

This study indicates an additive interaction between maternal pre-pregnancy overweight/obe-

sity and gestational diabetes on delayed BF initiation. Intervention studies that aim to improve

BF initiation in these target groups are essential given the increasing rates of overweight and

diabetes in women of reproductive age worldwide and the benefitial effect of BF for these

women and their offspring.

Maternal pre-pregnancy overweight/obesity, gestational diabetes and breastfeeding initiation

PLOS ONE | https://doi.org/10.1371/journal.pone.0194879 June 18, 2018 7 / 11

https://doi.org/10.1371/journal.pone.0194879


Supporting information

S1 File. MDS_plos: Minimal data set for the analysis presented in this paper.

(SAV)

S2 File. MDS labels: Labels for the minimal data set.

(DOCX)

Acknowledgments

We would like to thank the researchers Clécio Homrich da Silva, Isabel Cristina Werlang, Juli-

ana Rombaldi Bernardi and Vera Lucia Bossa, from the IVAPSA group, who were fully

involved in the rationale and design of the IVAPSA project and contributed to data collection

and analysis in all studies involving this project.

Author Contributions

Conceptualization: Tanara Vogel Pinheiro, Marcelo Zubaran Goldani.

Formal analysis: Tanara Vogel Pinheiro, Marcelo Zubaran Goldani.

Investigation: Tanara Vogel Pinheiro.

Methodology: Tanara Vogel Pinheiro, Marcelo Zubaran Goldani.

Resources: Marcelo Zubaran Goldani.

Writing – original draft: Tanara Vogel Pinheiro.

Writing – review & editing: Tanara Vogel Pinheiro, Marcelo Zubaran Goldani.

References
1. Williams EP, Mesidor M, Winters K, Dubbert PM, Wyatt SB. Overweight and Obesity: Prevalence, Con-

sequences, and Causes of a Growing Public Health Problem. Curr Obes Rep. 2015; 4(3):363–70.

https://doi.org/10.1007/s13679-015-0169-4 PMID: 26627494

2. Zera C, McGirr S, Oken E. Screening for obesity in reproductive-aged women. Prev Chronic Dis. 2011;

8(6):A125. PMID: 22005618

3. Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated with obesity in pregnancy, for

the mother and baby: a systematic review of reviews. Obes Rev. 2015; 16(8):621–38. https://doi.org/

10.1111/obr.12288 PMID: 26016557

4. Rasmussen KM. Association of maternal obesity before conception with poor lactation performance.

Annu Rev Nutr. 2007; 27:103–21. https://doi.org/10.1146/annurev.nutr.27.061406.093738 PMID:

17341160

5. Turcksin R, Bel S, Galjaard S, Devlieger R. Maternal obesity and breastfeeding intention, initiation,

intensity and duration: a systematic review. Matern Child Nutr. 2014; 10(2):166–83. https://doi.org/10.

1111/j.1740-8709.2012.00439.x PMID: 22905677

6. Bever Babendure J, Reifsnider E, Mendias E, Moramarco MW, Davila YR. Reduced breastfeeding

rates among obese mothers: a review of contributing factors, clinical considerations and future direc-

tions. Int Breastfeed J. 2015; 10:21. https://doi.org/10.1186/s13006-015-0046-5 PMID: 26140049

7. Torloni MR, Betran AP, Horta BL, Nakamura MU, Atallah AN, Moron AF, et al. Prepregnancy BMI and

the risk of gestational diabetes: a systematic review of the literature with meta-analysis. Obes Rev.

2009; 10(2):194–203. https://doi.org/10.1111/j.1467-789X.2008.00541.x PMID: 19055539

8. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ, et al. Maternal obesity and risk of ges-

tational diabetes mellitus. Diabetes Care. 2007; 30(8):2070–6. https://doi.org/10.2337/dc06-2559a

PMID: 17416786

9. Poston L, Caleyachetty R, Cnattingius S, Corvalan C, Uauy R, Herring S, et al. Preconceptional and

maternal obesity: epidemiology and health consequences. Lancet Diabetes Endocrinol. 2016; 4

(12):1025–36. https://doi.org/10.1016/S2213-8587(16)30217-0 PMID: 27743975

Maternal pre-pregnancy overweight/obesity, gestational diabetes and breastfeeding initiation

PLOS ONE | https://doi.org/10.1371/journal.pone.0194879 June 18, 2018 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0194879.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0194879.s002
https://doi.org/10.1007/s13679-015-0169-4
http://www.ncbi.nlm.nih.gov/pubmed/26627494
http://www.ncbi.nlm.nih.gov/pubmed/22005618
https://doi.org/10.1111/obr.12288
https://doi.org/10.1111/obr.12288
http://www.ncbi.nlm.nih.gov/pubmed/26016557
https://doi.org/10.1146/annurev.nutr.27.061406.093738
http://www.ncbi.nlm.nih.gov/pubmed/17341160
https://doi.org/10.1111/j.1740-8709.2012.00439.x
https://doi.org/10.1111/j.1740-8709.2012.00439.x
http://www.ncbi.nlm.nih.gov/pubmed/22905677
https://doi.org/10.1186/s13006-015-0046-5
http://www.ncbi.nlm.nih.gov/pubmed/26140049
https://doi.org/10.1111/j.1467-789X.2008.00541.x
http://www.ncbi.nlm.nih.gov/pubmed/19055539
https://doi.org/10.2337/dc06-2559a
http://www.ncbi.nlm.nih.gov/pubmed/17416786
https://doi.org/10.1016/S2213-8587(16)30217-0
http://www.ncbi.nlm.nih.gov/pubmed/27743975
https://doi.org/10.1371/journal.pone.0194879


10. Chamberlain CR, Wilson AN, Amir LH, O’Dea K, Campbell S, Leonard D, et al. Low rates of predomi-

nant breastfeeding in hospital after gestational diabetes, particularly among Indigenous women in Aus-

tralia. Aust N Z J Public Health. 2017; 41(2):144–50. https://doi.org/10.1111/1753-6405.12629 PMID:

28110518

11. Oza-Frank R, Moreland JJ, McNamara K, Geraghty SR, Keim SA. Early Lactation and Infant Feeding

Practices Differ by Maternal Gestational Diabetes History. J Hum Lact. 2016; 32(4):658–65. https://doi.

org/10.1177/0890334416663196 PMID: 27550377

12. Nommsen-Rivers LA. Does Insulin Explain the Relation between Maternal Obesity and Poor Lactation

Outcomes? An Overview of the Literature. Adv Nutr. 2016; 7(2):407–14. https://doi.org/10.3945/an.

115.011007 PMID: 26980825

13. Schwarz EB, Brown JS, Creasman JM, Stuebe A, McClure CK, Van Den Eeden SK, et al. Lactation and

maternal risk of type 2 diabetes: a population-based study. Am J Med. 2010; 123(9):863.e1–6.

14. Ostbye T, Krause KM, Swamy GK, Lovelady CA. Effect of breastfeeding on weight retention from one

pregnancy to the next: results from the North Carolina WIC program. Prev Med. 2010; 51(5):368–72.

https://doi.org/10.1016/j.ypmed.2010.07.017 PMID: 20655944

15. Krause KM, Lovelady CA, Peterson BL, Chowdhury N, Ostbye T. Effect of breast-feeding on weight

retention at 3 and 6 months postpartum: data from the North Carolina WIC Programme. Public Health

Nutr. 2010; 13(12):2019–26. https://doi.org/10.1017/S1368980010001503 PMID: 20519049

16. Mayer-Davis EJ, Rifas-Shiman SL, Zhou L, Hu FB, Colditz GA, Gillman MW. Breast-feeding and risk for

childhood obesity: does maternal diabetes or obesity status matter? Diabetes Care. 2006; 29(10):2231–

7. https://doi.org/10.2337/dc06-0974 PMID: 17003298

17. Bider-Canfield Z, Martinez MP, Wang X, Yu W, Bautista MP, Brookey J, et al. Maternal obesity, gesta-

tional diabetes, breastfeeding and childhood overweight at age 2 years. Pediatr Obes. 2017; 12(2):171–

8. https://doi.org/10.1111/ijpo.12125 PMID: 26956226

18. Dugas C, Perron J, Kearney M, Mercier R, Tchernof A, Marc I, et al. Postnatal Prevention of Childhood

Obesity in Offspring Prenatally Exposed to Gestational Diabetes mellitus: Where Are We Now? Obes

Facts. 2017; 10(4):396–406. https://doi.org/10.1159/000477407 PMID: 28848122

19. Brownell E, Howard CR, Lawrence RA, Dozier AM. Does Delayed Onset Lactogenesis II Predict the

Cessation of Any or Exclusive Breastfeeding? J Pediatr. 2012; 161(4):608–14. https://doi.org/10.1016/j.

jpeds.2012.03.035 PMID: 22575242

20. Zhu P, Hao J, Jiang X, Huang K, Tao F. New insight into onset of lactation: mediating the negative effect

of multiple perinatal biopsychosocial stress on breastfeeding duration. Breastfeed Med. 2013; 8:151–8.

https://doi.org/10.1089/bfm.2012.0010 PMID: 23057642

21. Bernardi JR, Ferreira CF, Nunes M, da Silva CH, Bosa VL, Silveira PP, et al. Impact of Perinatal Differ-

ent Intrauterine Environments on Child Growth and Development in the First Six Months of Life—

IVAPSA Birth Cohort: rationale, design, and methods. BMC Pregnancy Childbirth. 2012; 12:25. https://

doi.org/10.1186/1471-2393-12-25 PMID: 22471837

22. Rodacki CL, Fowler NE, Rodacki AL, Birch K. Stature loss and recovery in pregnant women with and

without low back pain. Arch Phys Med Rehabil. 2003; 84(4):507–12. https://doi.org/10.1053/apmr.

2003.50119 PMID: 12690588

23. Milech A, Angelucci AP, Golbert A, Matheus A, Carrilho AJF, Ramalho AC, et al. Diretrizes da Socie-

dade Brasileira de Diabetes (2015–2016). São Paulo: A C Farmacêutica; 2016. 348 p.

24. Amir LH, Donath S. A systematic review of maternal obesity and breastfeeding intention, initiation and

duration. BMC Pregnancy Childbirth. 2007; 7:9. https://doi.org/10.1186/1471-2393-7-9 PMID:

17608952

25. Verd S, de Sotto D, Fernandez C, Gutierrez A. The Effects of Mild Gestational Hyperglycemia on Exclu-

sive Breastfeeding Cessation. Nutrients. 2016; 8(11).

26. Fawzi WW. Timing of initiation, patterns of breastfeeding, and infant survival: prospective analysis of

pooled data from three randomised trials. 2016.

27. Debes AK, Kohli A, Walker N, Edmond K, Mullany LC. Time to initiation of breastfeeding and neonatal

mortality and morbidity: a systematic review. BMC Public Health. 2013; 13 Suppl 3:S19.

28. Smith ER, Hurt L, Chowdhury R, Sinha B, Fawzi W, Edmond KM. Delayed breastfeeding initiation and

infant survival: A systematic review and meta-analysis. PLoS One. 2017; 12(7):e0180722. https://doi.

org/10.1371/journal.pone.0180722 PMID: 28746353

29. Hossain MM, Department of Community Medicine FoMHS, UAE UniversityP.O. Box 17666, Al Ain,

United Arab Emirates, Reves RR, Denver Disease Control Service and University of Colorado Health

Sciences CenterDenver C, USA, Radwan MM, Epidemiology Study Center Bilbeis Sharqiya E, and

Center for Infectious Diseases, University of Texas, Medical School and School of Public

Maternal pre-pregnancy overweight/obesity, gestational diabetes and breastfeeding initiation

PLOS ONE | https://doi.org/10.1371/journal.pone.0194879 June 18, 2018 9 / 11

https://doi.org/10.1111/1753-6405.12629
http://www.ncbi.nlm.nih.gov/pubmed/28110518
https://doi.org/10.1177/0890334416663196
https://doi.org/10.1177/0890334416663196
http://www.ncbi.nlm.nih.gov/pubmed/27550377
https://doi.org/10.3945/an.115.011007
https://doi.org/10.3945/an.115.011007
http://www.ncbi.nlm.nih.gov/pubmed/26980825
https://doi.org/10.1016/j.ypmed.2010.07.017
http://www.ncbi.nlm.nih.gov/pubmed/20655944
https://doi.org/10.1017/S1368980010001503
http://www.ncbi.nlm.nih.gov/pubmed/20519049
https://doi.org/10.2337/dc06-0974
http://www.ncbi.nlm.nih.gov/pubmed/17003298
https://doi.org/10.1111/ijpo.12125
http://www.ncbi.nlm.nih.gov/pubmed/26956226
https://doi.org/10.1159/000477407
http://www.ncbi.nlm.nih.gov/pubmed/28848122
https://doi.org/10.1016/j.jpeds.2012.03.035
https://doi.org/10.1016/j.jpeds.2012.03.035
http://www.ncbi.nlm.nih.gov/pubmed/22575242
https://doi.org/10.1089/bfm.2012.0010
http://www.ncbi.nlm.nih.gov/pubmed/23057642
https://doi.org/10.1186/1471-2393-12-25
https://doi.org/10.1186/1471-2393-12-25
http://www.ncbi.nlm.nih.gov/pubmed/22471837
https://doi.org/10.1053/apmr.2003.50119
https://doi.org/10.1053/apmr.2003.50119
http://www.ncbi.nlm.nih.gov/pubmed/12690588
https://doi.org/10.1186/1471-2393-7-9
http://www.ncbi.nlm.nih.gov/pubmed/17608952
https://doi.org/10.1371/journal.pone.0180722
https://doi.org/10.1371/journal.pone.0180722
http://www.ncbi.nlm.nih.gov/pubmed/28746353
https://doi.org/10.1371/journal.pone.0194879


HealthHouston, Texas, USA, et al. The Timing of Breastfeeding Initiation and its Correlates in a Cohort

of Rural Egyptian Infants. Journal of Tropical Pediatrics. 2017; 41(6):354–9.

30. Sejrsen K, Purup S, Vestergaard M, Foldager J. High body weight gain and reduced bovine mammary

growth: physiological basis and implications for milk yield potential. Domest Anim Endocrinol. 2000;

19(2):93–104. PMID: 11025189

31. Thorn SR, Purup S, Cohick WS, Vestergaard M, Sejrsen K, Boisclair YR. Leptin does not act directly on

mammary epithelial cells in prepubertal dairy heifers. J Dairy Sci. 2006; 89(5):1467–77. https://doi.org/

10.3168/jds.S0022-0302(06)72214-7 PMID: 16606717

32. Ma RC, Schmidt MI, Tam WH, McIntyre HD, Catalano PM. Clinical management of pregnancy in the

obese mother: before conception, during pregnancy, and post partum. Lancet Diabetes Endocrinol.

2016; 4(12):1037–49. https://doi.org/10.1016/S2213-8587(16)30278-9 PMID: 27743977

33. Liu P, Xu L, Wang Y, Zhang Y, Du Y, Sun Y, et al. Association between perinatal outcomes and mater-

nal pre-pregnancy body mass index. Obes Rev. 2016; 17(11):1091–102. https://doi.org/10.1111/obr.

12455 PMID: 27536879

34. Mannan M, Mamun A, Doi S, Clavarino A. Is there a bi-directional relationship between depression and

obesity among adult men and women? Systematic review and bias-adjusted meta analysis. Asian J

Psychiatr. 2016; 21:51–66. https://doi.org/10.1016/j.ajp.2015.12.008 PMID: 27208458

35. Mehta UJ, Siega-Riz AM, Herring AH, Adair LS, Bentley ME. Maternal obesity, psychological factors,

and breastfeeding initiation. Breastfeed Med. 2011; 6(6):369–76. https://doi.org/10.1089/bfm.2010.

0052 PMID: 21492019

36. Hauff LE, Demerath EW. Body image concerns and reduced breastfeeding duration in primiparous

overweight and obese women. Am J Hum Biol. 2012; 24(3):339–49. https://doi.org/10.1002/ajhb.22238

PMID: 22308116

37. Gavin AR, Simon GE, Ludman EJ. The association between obesity, depression, and educational

attainment in women: the mediating role of body image dissatisfaction. J Psychosom Res. 2010;

69(6):573–81. https://doi.org/10.1016/j.jpsychores.2010.05.001 PMID: 21109045

38. Hauff LE, Leonard SA, Rasmussen KM. Associations of maternal obesity and psychosocial factors with

breastfeeding intention, initiation, and duration. Am J Clin Nutr. 2014; 99(3):524–34. https://doi.org/10.

3945/ajcn.113.071191 PMID: 24401717

39. Katz KA, Nilsson I, Rasmussen KM. Danish health care providers’ perception of breastfeeding difficulty

experienced by women who are obese, have large breasts, or both. J Hum Lact. 2010; 26(2):138–47.

https://doi.org/10.1177/0890334409349805 PMID: 19910520

40. Mok E, Multon C, Piguel L, Barroso E, Goua V, Christin P, et al. Decreased full breastfeeding, altered

practices, perceptions, and infant weight change of prepregnant obese women: a need for extra sup-

port. Pediatrics. 2008; 121(5):e1319–24. https://doi.org/10.1542/peds.2007-2747 PMID: 18450874

41. Garner CD, McKenzie SA, Devine CM, Thornburg LL, Rasmussen KM. Obese women experience mul-

tiple challenges with breastfeeding that are either unique or exacerbated by their obesity: discoveries

from a longitudinal, qualitative study. Matern Child Nutr. 2016.

42. Kair LR, Colaizy TT. Obese Mothers have Lower Odds of Experiencing Pro-breastfeeding Hospital

Practices than Mothers of Normal Weight: CDC Pregnancy Risk Assessment Monitoring System

(PRAMS), 2004–2008. Matern Child Health J. 2016; 20(3):593–601. https://doi.org/10.1007/s10995-

015-1858-z PMID: 26515471

43. Garner CD, Ratcliff SL, Devine CM, Thornburg LL, Rasmussen KM. Health Professionals’ Experiences

Providing Breastfeeding-Related Care for Obese Women. Breastfeed Med [Internet]. 2014; 9(10):

[503–9 pp.]. Available from: http://dx.doi.org/10.1089/bfm.2014.0104.

44. Rasmussen KM, Kjolhede CL. Prepregnant overweight and obesity diminish the prolactin response to

suckling in the first week postpartum. Pediatrics. 2004; 113(5):e465–71. PMID: 15121990

45. Moynihan AT, Hehir MP, Glavey SV, Smith TJ, Morrison JJ. Inhibitory effect of leptin on human uterine

contractility in vitro. Am J Obstet Gynecol. 2006; 195(2):504–9. https://doi.org/10.1016/j.ajog.2006.01.

106 PMID: 16647683

46. Neville MC, Webb P, Ramanathan P, Mannino MP, Pecorini C, Monks J, et al. The insulin receptor

plays an important role in secretory differentiation in the mammary gland. Am J Physiol Endocrinol

Metab. 2013; 305(9):E1103–14. https://doi.org/10.1152/ajpendo.00337.2013 PMID: 23982156

47. Vanky E, Nordskar JJ, Leithe H, Hjorth-Hansen AK, Martinussen M, Carlsen SM. Breast size increment

during pregnancy and breastfeeding in mothers with polycystic ovary syndrome: a follow-up study of a

randomised controlled trial on metformin versus placebo. Bjog. 2012; 119(11):1403–9. https://doi.org/

10.1111/j.1471-0528.2012.03449.x PMID: 22827167

Maternal pre-pregnancy overweight/obesity, gestational diabetes and breastfeeding initiation

PLOS ONE | https://doi.org/10.1371/journal.pone.0194879 June 18, 2018 10 / 11

http://www.ncbi.nlm.nih.gov/pubmed/11025189
https://doi.org/10.3168/jds.S0022-0302(06)72214-7
https://doi.org/10.3168/jds.S0022-0302(06)72214-7
http://www.ncbi.nlm.nih.gov/pubmed/16606717
https://doi.org/10.1016/S2213-8587(16)30278-9
http://www.ncbi.nlm.nih.gov/pubmed/27743977
https://doi.org/10.1111/obr.12455
https://doi.org/10.1111/obr.12455
http://www.ncbi.nlm.nih.gov/pubmed/27536879
https://doi.org/10.1016/j.ajp.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/27208458
https://doi.org/10.1089/bfm.2010.0052
https://doi.org/10.1089/bfm.2010.0052
http://www.ncbi.nlm.nih.gov/pubmed/21492019
https://doi.org/10.1002/ajhb.22238
http://www.ncbi.nlm.nih.gov/pubmed/22308116
https://doi.org/10.1016/j.jpsychores.2010.05.001
http://www.ncbi.nlm.nih.gov/pubmed/21109045
https://doi.org/10.3945/ajcn.113.071191
https://doi.org/10.3945/ajcn.113.071191
http://www.ncbi.nlm.nih.gov/pubmed/24401717
https://doi.org/10.1177/0890334409349805
http://www.ncbi.nlm.nih.gov/pubmed/19910520
https://doi.org/10.1542/peds.2007-2747
http://www.ncbi.nlm.nih.gov/pubmed/18450874
https://doi.org/10.1007/s10995-015-1858-z
https://doi.org/10.1007/s10995-015-1858-z
http://www.ncbi.nlm.nih.gov/pubmed/26515471
http://dx.doi.org/10.1089/bfm.2014.0104
http://www.ncbi.nlm.nih.gov/pubmed/15121990
https://doi.org/10.1016/j.ajog.2006.01.106
https://doi.org/10.1016/j.ajog.2006.01.106
http://www.ncbi.nlm.nih.gov/pubmed/16647683
https://doi.org/10.1152/ajpendo.00337.2013
http://www.ncbi.nlm.nih.gov/pubmed/23982156
https://doi.org/10.1111/j.1471-0528.2012.03449.x
https://doi.org/10.1111/j.1471-0528.2012.03449.x
http://www.ncbi.nlm.nih.gov/pubmed/22827167
https://doi.org/10.1371/journal.pone.0194879


48. Neubauer SH, Ferris AM, Chase CG, Fanelli J, Thompson CA, Lammi-Keefe CJ, et al. Delayed lacto-

genesis in women with insulin-dependent diabetes mellitus. Am J Clin Nutr [Internet]. 1993 Jul; 58(1):

[54–60 pp.]. Available from: http://dx.doi.org/10.1093/ajcn/58.1.54

49. Nommsen-Rivers LA, Dolan LM, Huang B. Timing of Stage II Lactogenesis Is Predicted by Antenatal

Metabolic Health in a Cohort of Primiparas. Breastfeed Med [Internet]. 2012; 7(1):[43–9 pp.]. Available

from: http://dx.doi.org/10.1089/bfm.2011.0007.

50. Lemay DG, Ballard OA, Hughes MA, Morrow AL, Horseman ND, Nommsen-Rivers LA. RNA Sequenc-

ing of the Human Milk Fat Layer Transcriptome Reveals Distinct Gene Expression Profiles at Three

Stages of Lactation. PLoS One [Internet]. 2013; 8(7). Available from: http://dx.doi.org/10.1371/journal.

pone.0067531.

51. Riddle SW, Nommsen-Rivers LA. A Case Control Study of Diabetes During Pregnancy and Low Milk

Supply. Breastfeed Med. 2016; 11(2):80–5. https://doi.org/10.1089/bfm.2015.0120 PMID: 26859784

52. Matias SL, Dewey KG, Quesenberry CP, Gunderson EP. Maternal prepregnancy obesity and insulin

treatment during pregnancy are independently associated with delayed lactogenesis in women with

recent gestational diabetes mellitus1234. Am J Clin Nutr [Internet]. 2014; 99(1):[115–21 pp.]. Available

from: http://dx.doi.org/10.3945/ajcn.113.073049.

53. Rasmussen KM, Dieterich CM, Zelek ST, Altabet JD, Kjolhede CL. Interventions to increase the dura-

tion of breastfeeding in obese mothers: the Bassett Improving Breastfeeding Study. Breastfeed Med.

2011; 6(2):69–75. https://doi.org/10.1089/bfm.2010.0014 PMID: 20958105
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