-

View metadata, citation and similar papers at core.ac.uk brought to you by .i CORE

provided by CURVE/open

The effect of pre-pregnancy body mass index
on breastfeeding initiation, intention and
duration: A systematic review and dose-
response meta-analysis

Hashemi-Nazari, S-S., Hasani, J., Izadi, N., Najafi, F., Rahmani, J.,
Naseri, P., Rajabi, A. & Clark, C.

Published PDF deposited in Coventry University’s Repository

Original citation:

Hashemi-Nazari, S-S, Hasani, J, I1zadi, N, Najafi, F, Rahmani, J, Naseri, P, Rajabi, A & Clark, C
2020, 'The effect of pre-pregnancy body mass index on breastfeeding initiation, intention
and duration: A systematic review and dose-response meta-analysis', Heliyon, vol. 6, no. 12,
e05622.

https://dx.doi.org/10.1016/j.heliyon.2020.e05622

DOIl 10.1016/j.heliyon.2020.e05622
ESSN 2405-8440
Publisher: Elsevier

This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).


https://core.ac.uk/display/373373736?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http:http://creativecommons.org
https://dx.doi.org/10.1016/j.heliyon.2020.e05622

Heliyon 6 (2020) e05622

Contents lists available at ScienceDirect

Heliyon
@ CelPress Heliyon
journal homepage: www.cell.com/heliyon caress
The effect of pre-pregnancy body mass index on breastfeeding initiation, R
intention and duration: A systematic review and dose-response ookt

meta-analysis

Seyed-Saeed Hashemi-Nazari %, Jalil Hasani ”, Neda Izadi “", Farid Najafi ", Jamal Rahmani ®,
Parisa Naseri f, Abdolhalim Rajabi é, Cain Clark"

2 Prevention of Cardiovascular Disease Research Center, Department of Epidemiology, School of Public Health and Safety, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

b Torbat Jam Faculty of Medical Sciences, Torbat Jam, Iran

¢ Student Research Committee, Department of Epidemiology, School of Public Health and Safety, Shahid Beheshti University of Medical Sciences, Tehran, Iran

4 Department of Epidemiology, Research Center for Environmental Determinants of Health (RCEDH), Kermanshah University of Medical Sciences, Kermanshah, Iran

¢ Department of Community Nutrition, Faculty of Nutrition and Food Technology, National Nutrition and Food Technology Research Institute, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

f Research Center for Social Determinants of Health, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

8 Environmental Health Research Center, Faculty of Health, Golestan University of Medical Sciences, Gorgan, Iran

1 Gentre for Sport, Exercise and Life Sciences, Coventry University, Coventry, CV1 5FB, United Kingdom

ARTICLE INFO ABSTRACT

Keywords:

Public health

Women's health
Reproductive medicine
Obstetrics and gynecology
Reproductive system
Clinical research

Overweight and obesity not only are major risk factors for number of chronic diseases, but also a risk factor for
pregnancy complications in women. The present study aims to investigate the association between pre-pregnancy
BMI and the persistence and duration of BF. The electronic databases including Medline (PubMed), Scopus,
Embase, Web of Science and Google Scholar were searched for papers with titles and/or abstracts including one of
our keywords and published up to 15 April 2019. For dose-response relationship, the two-stage random-effects
meta-analysis was performed using the “dosresmeta” function in R software. Thirty-two studies with the effect of
pre-pregnancy BMI on BF initiation, intention and duration were included in the present study. Based on crude
and adjusted OR models, the risk of BF cessation increased by 4% (OR = 1.04; 95% CI: 1.02-1.05) with an in-

Pre-pregnancy
Body mass index

Breastfeeding crease in a unit of BMI. In addition, based on crude and adjusted RR models, the risk of BF cessation increases by
Initiation 2% and 1% (crude RR = 1.02; 95% CI: 1.01-1.03 and adjusted RR = 1.01; 95% CI: 0.99-1.02) with an increase in
Duration

one unit of BMI. Based on the result, the health care professionals and other key stakeholders should be aware of
the impact excess weight, and that women who are overweight or obese should be encouraged with continued
access to guidance, counseling and support, starting from conception, to maximize BF outcomes.

1. Introduction million people each year die as a result of being overweight or obesity

[3]. In the past, obesity was associated with high-income countries,

Overweight and obesity are defined as abnormal or excess fat accu-
mulation, and are a risk for general health [1]. Given that the prevalence
of obesity has increased, universally, it has become a global public health
concern [2]. The prevalence of overweight and obesity has almost tripled
between 1975 and 2016 and has reached an epidemic in the world. Ac-
cording to the world health organization (WHO) in 2016, more than 1.9
billion adults were overweight and 650 million were obese. At least 2.8
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however, it is now also prevalent in both low- and middle-income
countries [4].

Overweight and obesity not only are major risk factors for the number
of chronic diseases, including diabetes, cardiovascular diseases, and
cancer, but also a risk factor for pregnancy complications in women [2].
According to recent studies; hypertension, preeclampsia, gestational
diabetes, cesarean section, long delivery, intrauterine fetal death and
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congenital anomalies in obese mothers are more common than others [5,
6]. Women with high body mass index (BMI) have delays in establishing
lactation after giving birth. In addition, overweight and obesity increase
the risk of early cessation of breastfeeding (BF) [7]. In fact, BF can reduce
the risk of infectious disease and overweight and obesity among children
[8]. The World Health Organization (WHO) recommends that exclusi-
ve/full breastfeeding (EBF) should continue to 6 months of age, with the
gradual addition of complementary foods until 24 months of age [1].
Worldwide, about 45% of infants are breastfed within the first hour after
birth, and data from 2011 to 2017 indicate that only 40% of infants
between 0 and 6 months of age are exclusively breastfed [9]. According
to data from WHO, 39% of women aged older than 18 years old were
overweight around the world in 2016 [1,10]. Studies show that women
with pre-pregnancy underweight, overweight, and obesity, are less likely
to initiate breastfeeding and/or continue EBF and/or any breastfeeding
(ABF) to recommended time [11, 12, 13, 14].

In current systematic reviews, women with pre-pregnancy over-
weight and obesity were less likely to initiate BF and continue with EBF.
However, antecedent evidence does not consider a dose-response asso-
ciation between maternal BMI and EBF/ABF [8,15, 16, 17, 18]. There-
fore, in the present study, the association between pre-pregnancy body
mass index and the persistence and duration of BF will be investigated in
a systematic review and dose-response meta-analyses.

2. Methods
2.1. Search strategy

Five electronic databases including Medline (PubMed), Scopus,
Embase, Web of Science and Google Scholar were searched for papers
with titles and/or abstracts including one of our keywords and published
up to 15 April 2019. Different combinations of general keywords, MeSH
and Emtree terms were: “BMI”, “Body Mass Index”, “Overweight”,
“Obesity”, “Breast Feeding”, “Breast Feeding Initiation”, “Breast Feeding
Intensity”, “Breast Feeding Duration”, “Cross-Sectional Studies”, “Cohort
Studies”, “Case-Control Studies”, “Prospective Studies”, and “Retro-
spective Studies” (Appendix 1). Duplicate papers were checked and
deleted. In addition, if the full-text of paper were unavailable, we
requested the paper from the author via email. We used the abstracts of
paper (if there were enough information and data) or papers were
excluded from the study where the author did not answer.

2.2. Study selection

All English observational studies on pre-pregnancy BMI and breast-
feeding initiation, intention and duration were included. The title and
abstract of publications were screened.

The criteria for inclusion of studies in the meta-analysis were:

1. The study was included if enough information about pre-pregnancy
BMI before significant weight gain was available. Therefore, all
studies in which there was a record of first BMI within the first
trimester or earlier, either self-reported, by interview or recorded in a
medical report by measurement were included.

2. Women with a pregnancy

3. Primary observational studies

In addition, we excluded studies:

4. With a report of “maternal BMI” [17,19, 20, 21].

. Without mention of BMI type (pre-pregnancy or maternal BMI)

6. Those studies in which overweight was the reference group [22,23].
7. If they used a common data set in several studies. In these cases, a
newer study with the most information was included in the analysis
[13,24,25].

)]
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8. Also, the studies which had not reported the odds ratio (OR), relative
risk (RR), hazard ratio (HR), confidence interval (CI) or standard
error (SE), the percent or the number of initiation or intention of BF
and the number of BMI in each category or inadequate data to
calculate them

9. Case reports, letter to editor and previous systematic reviews or meta-
analyses

2.3. Screening and data extraction

The relevant publications were reviewed independently by two au-
thors using EndNote X8 software. Discrepancies between authors were
resolved by consensus or if they did not reach to agreement an expert
provided the final result. Then, qualified studies were obtained for full-
text screening. The three authors extracted the information in order to
identify eligible studies. After the final evaluation, the following infor-
mation was extracted: the name of the first author, date of publication,
country, sample size, study design, the number of BMI group, percent or
the number of initiation and intention of BF, mean or median duration of
BF, crude and adjusted OR, RR & HR and 95% confidence interval (CI).
For the purpose of this study, the dose (the mean for each BMI category)
was calculated based on Najafi et al, study [26], so that, doses were
defined as:

BMI: 18.5-24.9 = 21.7; BMIL: 25-29.9 = 27.45; BMIL: 30-34.9 =
32.45; BMIL: 35-39.9 = 37.45

BMI: 19.8-26 = 22.9; BMI: 20-24.9 = 22.4; BMI: 19-26 = 22.5; BMI:
26-29 = 27.5; BMI: 30-39.9 = 35; BMI: 40-49.9 = 45

BMI 20 = 18.5; BMI<25 = 21; BMI 25 = 30; BMI<30 = 23.7;
BMI 30 =34.6; BMI 35 = 38.5. Also, considering 18 for BMI 18.5, 41
for BMI 40 and 51 for BMI 50.

In addition, for those studies in which there was a report for number
and/or percent of initiation/intention of BF by levels of BMI, we calcu-
lated the crude OR/RR [2,11,22,27,28,29,30,31,32]. In order to calcu-
late OR for the association between levels of BMI and BF, and if the
authors used the non-initiation/intention group as reference, we calcu-
lated OR by the proportion of non-initiation/intention of BF to ini-
tiation/intention of BF (by using the reciprocal characteristic of OR) [1,7,
27,33, 34, 35, 36, 37, 38, 39, 40, 41]. Also, in a study by Hilson et al.
(2006) [42], we used values for adjusted ORs and RRs for a group of
women “within IOM” as they placed normal-weight women (within IOM)
as the reference group for all other strata and BMIs.

All procedures performed in studies involving data extracted from
articles were in accordance with the ethical standards of the Shahid
Beheshti University of Medical Sciences research committee and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards.

2.4. Quality assessment of studies

The quality of included studies, was assessed using the Newcastle-
Ottawa quality assessment scale for cohort, case-control and cross-
sectional studies [43], based on criteria including: the type of study,
sample size, participant selection, representativeness of the sample (case
or expose group), adequacy of follow up, comparability and method of
ascertainment for cases and controls. Finally, 40 studies with high and
medium quality were included in the analyses.

2.5. Statistical analysis

The “metaprop” and “metan” command was performed to aggregate
data from studies using Stata software (version 12) and fixed or random-
effects models were applied based on the degree of heterogeneity be-
tween the studies and significance of the Cochran's Q-test or a large
Higgins and Thompson's 12 value. The cumulative meta-analysis was



S.-S. Hashemi-Nazari et al.

Heliyon 6 (2020) e05622

Records identified through database
search
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[ Included ] [ Eligibility J [ Screening ’ [Identiﬁcation

33 studies with percent or number of initiation
or intention BF and duration of BF
32 studies with the effect of pre-pregnancy BMI
on BF initiation, duration and intention BMI

Figure 1. Flow diagram of the study selection process and including publications for the dose-response meta-analysis of pre-pregnancy BMI and breastfeeding

initiation, intention and duration.

performed using the “metacum” command and standard error for the
prevalence of BF was calculated by the binomial distribution formula.
The pooled effects of pre-pregnancy BMI levels (with 95% CI) on BF
initiation, intention and duration were presented separately as odds ratio
(OR), relative risk (RR) and hazard ratio (HR). In order to investigate the
dose-response relationship, the two-stage random-effects meta-analysis
was performed using the “dosresmeta” function in R software (version
3.5.2). In this analysis, the studies which had not reported the percent or
the number of BF initiation and the number of BMI in each level were
excluded then linear, quadratic and cubic spline models were used to
evaluate the relationship between pre-pregnancy BMI (dose) and BF
initiation. Different models were fitted to the data and the best model
was chosen according to the AIC and BIC. The dose-response analysis for

the duration of BF was not performed due to the low number of studies.
In addition, the funnel plot, Begg's and Egger's test were applied to
examine the publication bias using “metafunnel” and “metabias™ com-
mand in Stata software.

3. Results

Consistent with standard meta-analysis techniques, the PRISMA
guidelines, Up to April 2019, thirty-three studies with percent or number
of initiation/intention or duration of BF and thirty-two studies with the
effect of pre-pregnancy BMI on BF initiation, intention and duration were
included in the present study (Figure 1). The studies were conducted in
17 countries. More details about the studies are shown in Appendix 2.

Table 1. The overall prevalence of EBF and ABF by pre-pregnancy BMI (kg/n12) levels.

Type of BF Underweight Normal Overweight Obesity (Class I, II, III)
EBF Prevalence % 48.4 61.6 53.9 37.8
95% CI 12.2-85.6 42.6-78.9 33.6-73.6 23.8-52.9
No. of studies 6 24 20 30
ABF Prevalence % 75.9 72.1 68.7 64.4
95% CI 62.9-86.8 63.5-79.9 60.4-76.3 59.4-69.2
No. of studies 3 14 8 18
Not Reported Prevalence % 86 86.5 77.3 71.8
95% CI 82.7-88.9 83.6-89.1 69.1-84.5 68.3-75.1
No. of studies 9 27 28 29
EBF and/or ABF Prevalence % 73.6 75.6 68.2 58.3
95% CI 68.7-78.2 72.2-78.9 61.8-74.3 55.2-61.4
No. of studies 18 65 56 77

EBF = Exclusive/Full Breastfeeding; ABF = Any Breastfeeding.
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Table 2. The overall effect of pre-pregnancy BMI (kg/mz) on the cessation of EBF and ABF in BMI levels.

BMI Categories

Crude Odds Ratio

Adjusted Odds Ratio

No. of studies OR (95% CI) P for Heterogeneity 2 (%) No. of studies OR (95% CI) P for Heterogeneity 2 (%)
Underweight 25 1.3° (1.18-1.42) <0.0001 83.6 9 1.14" (1.12-1.17) <0.0001 307
Normal 68 1 - - 30 1 - -
Overweight 62 1.37° (1.10-1.70) <0.0001 99.6 29 1.24" (1.14-1.34) 0.001 89.7
Obesity (Class I, II, IIT) 77 1.72" (1.56-1.89) <0.0001 96.3 28 1.47" (1.23-1.75) <0.0001 98.4
BMI Categories Crude Relative Risk Adjusted Relative Risk

No. of studies RR (95% CI) P for Heterogeneity 1% (%) No. of studies RR (95% CI) P for Heterogeneity 1% (%)
Underweight 18 1.18" (1.11-1.25) <0.0001 86.1 4 17 (0.89-1.11) 0.98 396
Normal 55 1 - - 6 1 - -
Overweight 44 1.18" (1.03-1.35) <0.0001 99.6 6 1.05% (1.01-1.1) 0.01 24.4
Obesity (Class I, II, IIT) 64 1.32" (1.25-1.40) <0.0001 96.1 4 1.18" (1.03-1.36) 0.01 -
BMI Categories Crude Hazard Ratio Adjusted Hazard Ratio

No. of studies HR (95% CI) P for Heterogeneity 12 (%) No. of studies HR (95% CI) P for Heterogeneity 12 (%)
Underweight - - - - 2 1% (0.84-1.19) 0.99 -
Normal - - - - 6 1 - -
Overweight - - - - 3 1.17° (1.05-1.31) 0.005 -
Obesity (Class I, II, III) - - - - 5 1.69" (1.43-2) <0.001 20.8

EBF = Exclusive/Full Breastfeeding; ABF = Any Breastfeeding.

2 Fixed effect model.

b Random effect model.

3.1. The overall prevalence of BF initiation/intention by pre-pregnancy

BMI levels

EBF: The overall prevalence of EBF was 48.4, 61.6, 53.9, and 37.8%
for underweight, normal, overweight and obese women, respectively

(Table 1).

ABF: The overall prevalence of ABF was 75.9, 72.1, 68.7, and 64.4%
for underweight, normal, overweight and obese women, respectively

(Table 1).

Not Reported: The overall prevalence of BF in studies that did not
report the type of BF was 86, 86.5, 77.3, and 71.8% for underweight,
normal, overweight and obese women, respectively (Table 1).

EBF and/or ABF: The overall prevalence of EBF and/or ABF was
73.6, 75.6, 68.2, and 58.3% for underweight, normal, overweight and
obesity, respectively (Table 1).

3.2. The cumulative prevalence of BF initiation/intention among women

Based on the cumulative meta-analysis, the trend of BF prevalence
among underweight, normal, overweight and obese women decreased
from 2001 to 2019.

3.3. The overall effect of pre-pregnancy BMI on the risk of BF cessation

Crude and adjusted odds ratio: The overall crude estimate for odds
of BF cessation among underweight, overweight and obese women were

Table 3. The overall effect of pre-pregnancy BMI (kg/m?) on the breastfeeding duration in BMI levels.

BMI Categories

Crude Odds Ratio

Adjusted Odds Ratio

No. of studies OR (95% CI) P for Heterogeneity ? (%) No. of studies OR (95% CI) P for Heterogeneity ? (%)
Underweight 1 0.85 (0.62-1.16) 0.3 - 1 0.84 (0.62-1.13) 0.25 53
Normal 4 1 - - 4 1 - -
Overweight 4 1.14% (1.05-1.25) 0.002 - 4 1.07% (0.98-1.19) 0.13 50.2
Obesity (Class I, II, IIT) 2 1.22" (1.11-1.35) <0.0001 43.3 2 1.18" (1.06-1.32) 0.003 41.7
BMI Categories Crude Relative Risk Adjusted Relative Risk

No. of studies RR (95% CI) P for Heterogeneity 1 (%) No. of studies RR (95% CI) P for Heterogeneity 1 (%)
Underweight 1 0.97 (0.81-1.15) 0.72 - 3 0.96 (0.92-1.23) 0.04 12.9
Normal B 1 - - 7 1 - -
Overweight 5 1.04" (0.95-1.15) 0.33 - 7 1.08" (1.06-1.1) <0.001 39.1
Obesity (Class I, II, III) 5 0.95 (0.85-1.06) 0.36 53.5 11 1.21° (1.12-1.31) <0.001 78
BMI Categories Crude Hazard Ratio Adjusted Hazard Ratio

No. of studies HR (95% CI) P for Heterogeneity 12 (%) No. of studies HR (95% CI) P for Heterogeneity 12 (%)
Underweight 2 1.27% (0.98-1.64) 0.06 - 4 1.02% (0.95-1.09) 0.47 18.4
Normal 4 1 - - 6 1 - -
Overweight 4 1.02% (0.90-1.16) 0.69 62.9 6 1.12° (1.02-1.22) <0.001 64.2
Obesity (Class I, II, III) 6 1.18" (0.93-1.49) 0.003 69.9 6 1.26" (1.06-1.49) <0.001 55.9

2 Fixed effect model.

b Random effect model.
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Figure 2. The dose-response relationship of BMI (kg/m?) and risk of BF cessation based on the linear model and crude and adjusted OR; the solid line represents the

fitted linear trend and dash line represents the 95% confidence interval.

1.3, 1.37, and 1.72, respectively. The corresponding values for adjusted
OR were 1.14, 1.24, and 1.47, respectively (Table 2).

Crude and adjusted relative risk: The overall crude estimate for the
risk of BF cessation among underweight, overweight and obese women
were 1.18, 1.18 and 1.32, respectively. The corresponding values for
adjusted RR were 1, 1.05, and 1.18, respectively (Table 2).

Adjusted hazard ratio: The adjusted hazard for BF cessation in un-
derweight, overweight and obese women were 1, 1.17, and 1.69,
respectively (Table 2).

3.4. The overall effect of pre-pregnancy BMI on the risk of short-time BF

Crude and adjusted odds ratio: The crude point estimate for odds of
short-time BF among underweight, overweight and obese women were
0.85, 1.14, and 1.22, respectively. The corresponding values for adjusted
OR were 0.84, 1.07, and 1.18, respectively (Table 3).

Crude and adjusted relative risk: The crude point estimate for the
risk of short-time BF among underweight, overweight and obese women
were 0.97, 1.04 and 0.95, respectively. The corresponding values for
adjusted RR were 0.96, 1.08, and 1.21, respectively (Table 3).

Crude and adjusted hazard ratio: The crude estimate of hazard for
short-time BF among underweight, overweight and obese women were
1.27,1.02 and 1.18, respectively. The corresponding values for adjusted
HR were 1.02, 1.12 and 1.26, respectively (Table 3).

3.5. Dose-response association between pre-pregnancy BMI and risk of BF
cessation

Using dose-response meta-analysis, there was a significant linear as-
sociation between risk of BF cessation and pre-pregnancy BMI. Based on
crude and adjusted OR models, the risk of BF cessation increased by 4%
(OR = 1.04; 95% CI: 1.02-1.05) with an increase in a unit of BMI
(Figure 2). In addition, based on crude and adjusted RR models, the risk
of BF cessation increases by 2% and 1% (crude RR = 1.02; 95% CI:
1.01-1.03 and adjusted RR = 1.01; 95% CI: 0.99-1.02) with an increase
in one unit of BMI (Figure 3).

3.6. Publication bias of risk of BF cessation in women

The Begg's and Egger's test indicates that there is no publication bias
in the present study (except in the crude odds ratio of the risk of BF
cessation) (p > 0.05).

4. Discussion

More than one-third of women, aged over 18 years old, were classi-
fied as being overweight in 2016 [1,44], with many independent bodies
projecting increases, globally, in the coming years [45,46]. Empirical
data exists to suggest that women with pre-pregnancy underweight,
overweight, and obesity, are less probable to initiate BF, and/or continue
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Figure 3. The dose-response relationship of BMI (kg/m?) and risk of BF cessation based on the linear model and crude and adjusted RR; the solid line represents the

fitted linear trend and dash line represents the 95% confidence interval.

EBF, and/or any breastfeeding (ABF) [11, 12, 13, 14]. Previously, it has
been reported that women with pre-pregnancy overweight and obesity
were less likely to initiate BF and continue with EBF. However, such
available evidence does not consider a dose-response association be-
tween maternal BMI and EBF/ABF [8,15, 16, 17, 18]. Therefore, in the
present study, we sought to investigate the association between
pre-pregnancy BMI and the persistence and duration of BF in a systematic
review and dose-response meta-analyses. In accordance with the aim of
this study, we found that the trend of BF prevalence among underweight,
normal weight, overweight and obese women decreased from 2001 to
2019, the lowest prevalence was related to overweight and obesity.
Accordingly, overweight and obese women were more likely (in terms of
relative risk, hazard ratio and odds ratio) to not initiate, or cease,
EBF/ABF, as compared to normal-weight women. Furthermore, there
was a significant linear association between risk of BF cessation and
pre-pregnancy BMI, where the risk of BF cessation increased by 4% per
1-unit increase of BMI.

In a previous systematic review, Turcksin et al. (2014) reported that
obese women plan to BF for a shorter period and are less likely to initiate
and continue BF than normal-weight counterparts [16]; in the present
study, this assertion was affirmed statistically, where we also incorpo-
rated a robust, hitherto unseen, dose-response meta-analysis. It is
important to discern why adverse BF outcomes are more prevalent
among overweight and obese women. One conceivable explanation re-
lates to the axiom that women with excess weight will have larger

breasts, which can act as a mechanical barrier, and therein have a
negative impact on milk production, secretion and infant latching [47]. A
significantly higher prevalence of obese women report difficulties BF,
including cracked nipples, fatigue or difficulty initiating BF, whilst resi-
dent on the maternity ward, at 1- and 3-months post-partum, respec-
tively, in comparison with normal-weight counterparts [28]. Concerning
milk supply, in comparison to normal-weight counterparts, obese women
have a significantly lower milk transfer, more likely to perceive their milk
supply as insufficient, and are more likely to report feeling uncomfortable
BF at 3 months in social contexts [28]. The further putative explanation
for the finding that overweight and obesity is associated with negative BF
outcomes includes, that excessive adipose tissue acts as a reservoir of
progesterone, and this can be an obstacle to the generation and secretion
of lactogenesis II [42], which influences BF initiation [48]. However, in
Garcia et al. (2016) it was reported that, in the overweight women, the
indicative function of body fat was limited, suggesting that overweight
may only have a limited impact on breastfeeding initiation [15];
although contrastingly, we found that even being classified as overweight
was associated with negative BF outcomes. Further, having excess weight
is associated with a plethora of injurious comorbidities, including the
history of cesarean-section delivery, gestational diabetes, and post-
partum complications, which, coincidentally, are also strongly associated
with poor BF outcomes [49]. In addition, increasing evidence indicates
that the quantity and the quality of human milk may be, in part, modu-
lated by body composition [50], suggesting that problems associated
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with BF may be entwined with diet. Meyer et al. (2017) demonstrated
that maternal diet significantly alters the milk microbiome, human milk
oligosaccharides (HMO) composition, and abundance of gut-associated
taxa [51]. Whilst postnatally, Burchenal et al. (2017) reported that the
quality of carbohydrate consumed at 2-weeks and 4-months postpartum
is associated with human breast milk quality, suggesting that modifiable
factors, such as diet, may deleteriously impact bioactive components
[52].

This systematic review and meta-analysis highlighted that over-
weight and obesity have negative associations with BF. In addition, there
is also strong evidence to suggest that obesity is an independent cause of
pregnancy and delivery complications, before BF has commenced,
conceivably influencing intentions to BF [53, 54, 55, 56]. Although there
is a paucity of data available on the associated cost induced by the
pregnancy of obese women, Galtier-Dereure et al [55] reported that the
cost for the obese mothers was five times higher than for the
normal-weight mothers. Moreover, offspring of obese mothers have a
higher risk for intrauterine fetal death [57,58], congenital abnormalities
[57], head trauma, shoulder dystocia, brachial plexus lesions, fractures of
the clavicle [59] and increased risk of mortality within the first year [60,
61]; whilst paradoxically, BF is associated with the amelioration of many
of these injurious pathologies. In this systematic review and
meta-analysis, a number of negative BF outcomes are identified in obese
women. Findings from this review suggest that health care professionals
should consider obese women at risk for poor BF success and that they
merit additional attention. To optimize the BF practice in overweight and
obese women, health care professionals could facilitate additional edu-
cation and assistance for BF, starting before conception, and into the
post-partum period. Breastfeeding promotion interventions and coun-
seling practices targeted at overweight and obese women specifically
should be developed and tested for efficacy before implementation to
ensure successful initiation and continuation of BF, notwithstanding,
however, such interventions require tactful planning so to avoid
weight-related stigma.

4.1. Strengths and limitations

The strengths of this review include that it reports the synthesis of the
currently available evidence, whilst concurrently providing hitherto
unseen quantitative evidence, in the form of a dose-response meta-
analysis, and contains a large, overall sample. Some limitations of this
review also should be noted. The measurement of exposures and out-
comes include self-report values, and it has been reported that women
often overstate their height and underreport their weight, which could
yield inaccurate BMI reports. In addition, recall bias would be generated
when BF was self-reported, and as such, it is conceivable that the asso-
ciation could be of greater magnitude considering that the exposures may
be underestimated, and may have recall bias. Furthermore, an important
point that needs to be highlighted is that BF is a cultural issue that varies
among countries [62], and thus, more detailed, culturally specific trials
must be conducted.

4.2. Conclusions

Findings from the present study suggest that BF rates are lowest in
women who are overweight or obese, and there is a significantly greater
hazard, relative risk, and odds ratio, respectively, for overweight and
obese women to not initiate, or cease, EBF/ABF. Finally, we found that
there is a significant linear association between risk of BF cessation and
pre-pregnancy BMI, where the risk of BF cessation increases by 4% per 1-
unit increase of BMI. Clearly, the influence of excessive weight on BF is
multifaceted, with psychological, physiological, emotional and me-
chanical barriers all, likely, having mediating roles. Health care pro-
fessionals and other key stakeholders should be aware of the impact
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excess weight, and that women who are overweight or obese should be
encouraged with continued access to guidance, counseling and support,
starting from conception, to maximize BF outcomes.

Declarations
Author contribution statement

All authors listed have significantly contributed to the development
and the writing of this article.

Funding statement

This work was supported by the Student Research Committee, Shahid
Beheshti University of Medical Sciences (1397/69239).

Data availability statement

Data is included in supplementary material.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2020.e05622.

Acknowledgements

This study is related to the project NO 1397,/69239 from “Student
Research Committee”, Shahid Beheshti University of Medical Sciences,
Tehran, Iran. We also appreciate the “Student Research Committee” and
“Research & Technology Chancellor” in Shahid Beheshti University of
Medical Sciences for their financial support of this study.

References

[1] L.van Rossem, A. Oenema, E.A. Steegers, H.A. Moll, V.W. Jaddoe, A. Hofman, et al.,
Are starting and continuing breastfeeding related to educational background? The
generation R study, Pediatrics 123 (6) (2009) e1017-e1027.

[2] A. Tehranian, L. Hosseini, S. Nariman, B. Eslami, H. Rastad, F. Aghajani, The
association between prepregnancy body mass index and breastfeeding duration in
Iranian women, J. Compr. Pediatr. 8 (3) (2017).

[3] R.C. Tarrant, K.M. Younger, M. Sheridan-Pereira, M.J. White, J.M. Kearney, The
prevalence and determinants of breast-feeding initiation and duration in a sample
of women in Ireland, Publ. Health Nutr. 13 (6) (2010) 760-770.

[4] G.D. Dinsa, Y. Goryakin, E. Fumagalli, M. Suhrcke, Obesity and socioeconomic
status in developing countries: a systematic review, Obes. Rev. 13 (11) (2012)
1067-1079.

[5] M.L. Watkins, S.A. Rasmussen, M.A. Honein, L.D. Botto, C.A. Moore, Maternal
obesity and risk for birth defects, Pediatrics 111 (5 Pt 2) (2003) 1152-1158.

[6] Y. Linne, Effects of obesity on women's reproduction and complications during
pregnancy, Obes. Rev. : Off. J. Int. Assoc. Study Obesity 5 (3) (2004) 137-143.

[7] S.J. de Jersey, K. Mallan, J. Forster, L.A. Daniels, A prospective study of
breastfeeding intentions of healthy weight and overweight women as predictors of
breastfeeding outcomes, Midwifery 53 (2017) 20-27.

[8] B.L.Horta, C. Loret de Mola, C.G. Victora, Long-term consequences of breastfeeding
on cholesterol, obesity, systolic blood pressure and type 2 diabetes: a systematic
review and meta-analysis, Acta paediatrica (Oslo, Norway 104 (467) (2015) 30-37.

[9] X. Cai, T. Wardlaw, D.W. Brown, Global trends in exclusive breastfeeding, Int.
Breastfeed. J. 7 (1) (2012) 12.

[10] H. Soltani, M. Arden, Factors associated with breastfeeding up to 6 months
postpartum in mothers with diabetes, J. Obstet. Gynecol. Neonatal Nurs. : J. Obstet.
Gynecol. Neonatal Nurs. 38 (5) (2009) 586-594.

[11] A. Winkvist, A.L. Brantsaeter, M. Brandhagen, M. Haugen, H.M. Meltzer, L. Lissner,
Maternal prepregnant body mass index and gestational weight gain are associated
with initiation and duration of breastfeeding among Norwegian mothers, J. Nutr.
145 (6) (2015) 1263-1270.


https://doi.org/10.1016/j.heliyon.2020.e05622
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref1
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref1
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref1
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref1
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref2
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref2
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref2
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref3
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref3
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref3
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref3
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref4
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref4
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref4
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref4
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref5
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref5
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref5
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref6
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref6
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref6
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref7
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref7
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref7
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref7
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref8
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref8
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref8
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref8
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref9
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref9
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref10
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref10
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref10
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref10
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref11
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref11
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref11
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref11
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref11

S.-S. Hashemi-Nazari et al.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

C. Logan, T. Zittel, S. Striebel, F. Reister, H. Brenner, D. Rothenbacher, et al.,
Changing societal and lifestyle factors and breastfeeding patterns over time,
Pediatrics 137 (5) (2016).

N. Ramji, J. Quinlan, P. Murphy, J.M. Crane, The impact of maternal obesity on
breastfeeding, J. Obstet. Gynaecol. Can. : JOGC = Journal d'obstetrique et
gynecologie du Canada : JOGC 38 (8) (2016) 703-711.

J.T. Wallenborn, W.C. Graves, S.W. Masho, Breastfeeding initiation in mothers with
repeat cesarean section: the impact of marital status, Breastfeed. Med. : Off. J. Acad.
Breastfeed. Med. 12 (2017) 227-232.

AH. Garcia, T. Voortman, C.P. Baena, R. Chowdhurry, T. Muka, L. Jaspers, et al.,
Maternal weight status, diet, and supplement use as determinants of breastfeeding
and complementary feeding: a systematic review and meta-analysis, Nutr. Rev. 74
(8) (2016) 490-516.

R. Turcksin, S. Bel, S. Galjaard, R. Devlieger, Maternal obesity and breastfeeding
intention, initiation, intensity and duration: a systematic review, Matern. Child
Nutr. 10 (2) (2014) 166-183.

D.A. Forster, H.L. McLachlan, J. Lumley, Factors associated with breastfeeding at six
months postpartum in a group of Australian women, Int. Breastfeed. J. 1 (2006) 18.
Y. Huang, Y.Q. Ouyang, S.R. Redding, Maternal Prepregnancy Body Mass Index,
Gestational Weight Gain, and Cessation of Breastfeeding: A Systematic Review and
Meta-Analysis, Breastfeeding Medicine : the Official Journal of the Academy of
Breastfeeding Medicine, 2019.

A. Ozenoglu, P. Sokulmez Kaya, C. Asal Ulus, K. Alakus, The relationship of
knowledge and breastfeeding practice to maternal BMI, Ecol. Food Nutr. 56 (2)
(2017) 152-170.

S.M. Donath, L.H. Amir, Does maternal obesity adversely affect breastfeeding
initiation and duration? J. Paediatr. Child Health 36 (5) (2000) 482-486.

A.E. Joham, N. Nanayakkara, S. Ranasinha, S. Zoungas, J. Boyle, C.L. Harrison, et
al., Obesity, polycystic ovary syndrome and breastfeeding: an observational study,
Acta Obstet. Gynecol. Scand. 95 (4) (2016) 458-466.

K.M. Krause, C.A. Lovelady, T. Ostbye, Predictors of breastfeeding in overweight
and obese women: data from Active Mothers Postpartum (AMP), Matern. Child
Health J. 15 (3) (2011) 367-375.

J.L. Martinez, D.J. Chapman, R. Perez-Escamilla, Prepregnancy obesity class is a
risk factor for failure to exclusively breastfeed at hospital discharge among latinas,
J. Hum. Lactation : Off. J. Int. Lactation Consultant Assoc. 32 (2) (2016) 258-268.
J.A. Hilson, K.M. Rasmussen, C.L. Kjolhede, High prepregnant body mass index is
associated with poor lactation outcomes among white, rural women independent of
psychosocial and demographic correlates, J. Hum. Lactation : Off. J. Int. Lactation
Consultant Assoc. 20 (1) (2004) 18-29.

J.A. Hilson, K.M. Rasmussen, C.L. Kjolhede, Maternal obesity and breast-feeding
success in a rural population of white women, Am. J. Clin. Nutr. 66 (6) (1997)
1371-1378.

F. Najafi, J. Hasani, N. Izadi, S.S. Hashemi-Nazari, Z. Namvar, S. Mohammadi, et al.,
The effect of prepregnancy body mass index on the risk of gestational diabetes
mellitus: a systematic review and dose-response meta-analysis, Obes. Rev. : Off. J.
Int. Assoc. Study Obesity 20 (3) (2019) 472-486.

J.A. Scott, C.W. Binns, K.I. Graham, W.H. Oddy, Temporal changes in the
determinants of breastfeeding initiation, Birth (Berkeley, Calif) 33 (1) (2006)
37-45.

E. Mok, C. Multon, L. Piguel, E. Barroso, V. Goua, P. Christin, et al., Decreased full
breastfeeding, altered practices, perceptions, and infant weight change of
prepregnant obese women: a need for extra support, Pediatrics 121 (5) (2008)
e1319-e1324.

S.A. Leonard, J. Labiner-Wolfe, S.R. Geraghty, K.M. Rasmussen, Associations
between high prepregnancy body mass index, breast-milk expression, and breast-
milk production and feeding, Am. J. Clin. Nutr. 93 (3) (2011) 556-563.

I. Guelinckx, R. Devlieger, A. Bogaerts, S. Pauwels, G. Vansant, The effect of pre-
pregnancy BMI on intention, initiation and duration of breast-feeding, Publ. Health
Nutr. 15 (5) (2012) 840-848.

R. Lucas, M. Judge, J. Sajdlowska, X. Cong, J.M. McGrath, D. Brandon, Effect of
maternal body mass index on infant breastfeeding behaviors and exclusive direct
breastfeeding, J. Obstet. Gynecol. Neonatal Nurs. 44 (6) (2015) 772-783.

K. Cox, C.W. Binns, R. Giglia, Predictors of breastfeeding duration for rural women
in a high-income country: evidence from a cohort study, Acta Paediatrica, Int. J.
Paediatr. 104 (8) (2015) e350-e359.

N.J. Sebire, M. Jolly, J.P. Harris, J. Wadsworth, M. Joffe, R.W. Beard, et al.,
Maternal obesity and pregnancy outcome: a study of 287,213 pregnancies in
London, International journal of obesity and related metabolic disorders, J. Int.
Assoc. Study Obesity 25 (8) (2001) 1175-1182.

J.G. Kugyelka, K.M. Rasmussen, E.A. Frongillo, Maternal obesity is negatively
associated with breastfeeding success among Hispanic but not Black women,

J. Nutr. 134 (7) (2004) 1746-1753.

J. Liu, M.G. Smith, M.A. Dobre, J.E. Ferguson, Maternal obesity and breast-feeding
practices among white and black women, Obesity 18 (1) (2010) 175-182.

L.A. Thompson, S. Zhang, E. Black, R. Das, M. Ryngaert, S. Sullivan, et al., The
association of maternal pre-pregnancy body mass index with breastfeeding
initiation, Matern. Child Health J. 17 (10) (2013) 1842-1851.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]
[54]
[55]

[56]

[57]

[58]

[59]
[60]

[61]

[62]

Heliyon 6 (2020) e05622

L.E. Hauff, S.A. Leonard, K.M. Rasmussen, Associations of maternal obesity and
psychosocial factors with breastfeeding intention, initiation, and duration, Am. J.
Clin. Nutr. 99 (3) (2014) 524-534.

T. Gubler, F. Krahenmann, M. Roos, R. Zimmermann, N. Ochsenbein-Kolble,
Determinants of successful breastfeeding initiation in healthy term singletons: a
Swiss university hospital observational study, J. Perinat. Med. 41 (3) (2013)
331-339.

N. Ramyji, S. Challa, P.A. Murphy, J. Quinlan, J.M.G. Crane, A comparison of
breastfeeding rates by obesity class, the journal of maternal-fetal & neonatal
medicine : the official journal of the European Association of Perinatal Medicine,
the Federation of Asia and Oceania Perinatal Societies, Int. Soc. Perinatal Obstet 31
(22) (2018) 3021-3026.

T. Campbell, N. Shackleton, Pre-pregnancy body mass index and breastfeeding
initiation, early cessation and longevity: evidence from the first wave of the UK
Millennium Cohort Study, J. Epidemiol. Community Health 72 (12) (2018)
1124-1131.

N.E. Marshall, B. Lau, J.Q. Purnell, K.L. Thornburg, Impact of maternal obesity and
breastfeeding intention on lactation intensity and duration, Matern. Child Nutr. 15
(2) (2019), e12732.

J.A. Hilson, K.M. Rasmussen, C.L. Kjolhede, Excessive weight gain during
pregnancy is associated with earlier termination of breast-feeding among White
women, J. Nutr. 136 (1) (2006) 140-146.

G. Wells, B. Shea, D. O’Connell, J. Peterson, V. Welch, M. Losos, et al., The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses. http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
(Accessed 13 November 2017).

World Health Organization (WHO), Global health observatory (GHO) data,
Available at: http://www.who.int/gho/ncd/risk_factors/overweight _obesity
/obesity_adults/en/, 2018. (Accessed 27 November 2018).

C.C.T. Clark, Is obesity actually non-communicable? Obesity Med. 8 (2017) 27-28.
C. Baker, Obesity statistics 2018 [updated 2018/03/20/. Available from: https
://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN03336.

T. Gubler, F. Krahenmann, M. Roos, R. Zimmermann, N. Ochsenbein-Kolble,
Determinants of successful breastfeeding initiation in healthy term singletons: a
Swiss university hospital observational study, J. Perinat. Med. 41 (3) (2013)
331-339.

X.-Y. Tao, K. Huang, S.-Q. Yan, A.-Z. Zuo, R.-W. Tao, H. Cao, et al., Pre-pregnancy
BMI, gestational weight gain and breast-feeding: a cohort study in China, Publ.
Health Nutr. 20 (6) (2017) 1001-1008.

M. Rahman, S. Abe, M. Kanda, S. Narita, M. Rahman, V. Bilano, et al., Maternal
body mass index and risk of birth and maternal health outcomes in low-and middle-
income countries: a systematic review and meta-analysis, Obes. Rev. 16 (9) (2015)
758-770.

F. Mosca, M.L. Gianni, Human Milk: Composition and Health Benefits, 2017.
K.M. Meyer, M. Mohammad, L. Bode, D.M. Chu, J. Ma, M. Haymond, et al.,
Maternal diet structures the breast milk microbiome in association with human
milk oligosaccharides and gut-associated bacteria, Am. J. Obstet. Gynecol. 216 (1)
(2017) S15.

C. Burchenal, L. Barbour, T. Hernandez, J. Friedman, N. Krebs, B. Young, Impact of
maternal diet and exercise on human milk insulin, Faseb. J. 31 (1_supplement)
(2017), 650.6-.6.

J.A. Garbaciak Jr., M. Richter, S. Miller, J.J. Barton, Maternal weight and pregnancy
complications, Am. J. Obstet. Gynecol. 152 (2) (1985) 238-245.

A. Kumari, Pregnancy outcome in women with morbid obesity, Int. J. Gynecol.
Obstet. 73 (2) (2001) 101-107.

F. Galtier-Dereure, C. Boegner, J. Bringer, Obesity and pregnancy: complications
and cost, Am. J. Clin. Nutr. 71 (5) (2000) 1242S-1248S.

B. Feldman, Y. Yaron, G. Critchfield, J. Leon, J.E. O’Brien, M.P. Johnson, et al.,
Distribution of neural tube defects as a function of maternal weight: no apparent
correlation, Fetal Diagn. Ther. 14 (3) (1999) 185-189.

R.L. Naeye, Weight gain and the outcome of pregnancy, Am. J. Obstet. Gynecol. 135
(1) (1979) 3-9.

Trends in smoking and overweight during pregnancy: prevalence, risks of
pregnancy complications, and adverse pregnancy outcomes, in: S. Cnattingius,

M. Lambe (Eds.), Seminars in Perinatology, Elsevier, 2002.

W. Spellacy, S. Miller, A. Winegar, P. Peterson, Macrosomia-maternal
characteristics and infant complications, Obstet. Gynecol. 66 (2) (1985) 158-161.
J.M. Baeten, E.A. Bukusi, M. Lambe, Pregnancy complications and outcomes among
overweight and obese nulliparous women, Am. J. Publ. Health 91 (3) (2001) 436.
L.L. Moore, M.L. Bradlee, M.R. Singer, K.J. Rothman, A. Milunsky, Folate intake and
the risk of neural tube defects: an estimation of dose-response, Epidemiology (2003)
200-205.

C.G. Victora, R. Bahl, A.J. Barros, G.V. Franca, S. Horton, J. Krasevec, et al.,
Breastfeeding in the 21st century: epidemiology, mechanisms, and lifelong effect,
Lancet 387 (10017) (2016) 475-490.


http://refhub.elsevier.com/S2405-8440(20)32465-8/sref12
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref12
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref12
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref13
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref13
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref13
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref13
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref13
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref14
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref14
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref14
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref14
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref15
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref15
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref15
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref15
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref15
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref16
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref16
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref16
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref16
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref17
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref17
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref18
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref18
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref18
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref18
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref19
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref19
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref19
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref19
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref20
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref20
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref20
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref21
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref21
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref21
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref21
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref22
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref22
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref22
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref22
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref23
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref23
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref23
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref23
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref24
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref24
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref24
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref24
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref24
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref25
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref25
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref25
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref25
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref26
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref26
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref26
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref26
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref26
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref27
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref27
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref27
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref27
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref28
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref28
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref28
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref28
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref28
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref29
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref29
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref29
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref29
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref30
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref30
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref30
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref30
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref31
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref31
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref31
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref31
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref32
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref32
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref32
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref32
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref33
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref33
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref33
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref33
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref33
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref34
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref34
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref34
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref34
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref35
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref35
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref35
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref36
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref36
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref36
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref36
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref37
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref37
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref37
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref37
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref38
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref38
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref38
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref38
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref38
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref39
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref40
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref40
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref40
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref40
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref40
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref41
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref41
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref41
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref42
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref42
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref42
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref42
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.who.int/gho/ncd/risk_factors/overweight_obesity/obesity_adults/en/
http://www.who.int/gho/ncd/risk_factors/overweight_obesity/obesity_adults/en/
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref45
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref45
https://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN03336
https://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN03336
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref47
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref48
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref48
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref48
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref48
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref49
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref49
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref49
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref49
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref49
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref50
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref51
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref51
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref51
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref51
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref52
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref52
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref52
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref53
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref53
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref53
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref54
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref54
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref54
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref55
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref55
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref55
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref56
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref56
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref56
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref56
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref57
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref57
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref57
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref58
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref58
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref58
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref59
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref59
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref59
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref60
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref60
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref61
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref61
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref61
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref61
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref62
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref62
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref62
http://refhub.elsevier.com/S2405-8440(20)32465-8/sref62

	The effect of pre-pregnancy  cs
	PIIS2405844020324658
	The effect of pre-pregnancy body mass index on breastfeeding initiation, intention and duration: A systematic review and do ...
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Study selection
	2.3. Screening and data extraction
	2.4. Quality assessment of studies
	2.5. Statistical analysis

	3. Results
	3.1. The overall prevalence of BF initiation/intention by pre-pregnancy BMI levels
	3.2. The cumulative prevalence of BF initiation/intention among women
	3.3. The overall effect of pre-pregnancy BMI on the risk of BF cessation
	3.4. The overall effect of pre-pregnancy BMI on the risk of short-time BF
	3.5. Dose-response association between pre-pregnancy BMI and risk of BF cessation
	3.6. Publication bias of risk of BF cessation in women

	4. Discussion
	4.1. Strengths and limitations
	4.2. Conclusions

	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References



