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Abstract: An association between high pre-pregnancy body mass index (BMI) and early breastfeeding
cessation has been previously observed, but studies examining the effect of underweight are still
scant and remain inconclusive. This study analyzed data from a nationally representative cohort
of 18,312 women (mean age 28.3 years; underweight 20.1%; overweight 8.2%; obesity 1.9%) who
delivered singleton live births in 2005 in Taiwan. Comprehensive face-to-face interviews and surveys
were completed at 6 and 18 months postpartum. BMI status and breastfeeding duration were
calculated from the self-reported data in the questionnaires. In the adjusted ordinal logistic regression
model, maternal obesity and underweight had a higher odds of shorter breastfeeding duration
compared with normal-weight women. The risk of breastfeeding cessation was significantly higher
in underweight women than in normal-weight women after adjustments in the logistic regression
model (2 m: aOR = 1.11, 95% CI = 1.03–1.2; 4 m: aOR = 1.32, 95% CI = 1.21–1.43; 6 m: aOR = 1.3,
95% CI = 1.18–1.42). Our findings indicated that maternal underweight and obesity are associated
with earlier breastfeeding cessation in Taiwan. Optimizing maternal BMI during the pre-conception
period is essential, and future interventions to promote and support breastfeeding in underweight
mothers are necessary to improve maternal and child health.

Keywords: maternal underweight; maternal obesity; breastfeeding; population cohort; pre-pregnancy
body mass index

1. Introduction

Breastfeeding is a key strategy to improve maternal and child health. The benefits for infants include
the reduction of risk of infectious disorders, obesity, allergic disorders, and developmental delays [1,2].
For mothers, breastfeeding could protect against postpartum weight retention, cardiovascular diseases,
and malignancy, including breast, ovarian and endometrial cancers [3].

Although the World Health Organization (WHO) and the American Academy of Pediatrics
(AAP) have recommended exclusive breastfeeding for the first six months of life [4,5], recent data
suggest that less than 37% of women could fulfill this goal worldwide [2]. Factors associated with
the low breastfeeding rate are multifaceted. Potential risk factors for breastfeeding cessation are
maternal smoking behavior, delivery mode, parity, dyad separation, maternal educational status [6],
paternal support [7], maternal perception of lacking sufficient milk supply, mastitis, infants’ failure to
thrive [8], predelivery breastfeeding education [9], and maternal obesity [10].
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The epidemic of maternal obesity is a major public health concern today [11]. More than 30% of
American women of reproductive age are obese [12]. Overweight and obese women may not only have
a greater risk of adverse perinatal outcomes [13], but may also have more difficulty in continuing to
breastfeed after delivery, due to a decreased prolactin secretion response to suckling [14] and delayed
lactogenesis II [15]. However, observational studies have been conducted, to determine the possible
associations between pre-pregnancy body mass index (pBMI) and breastfeeding practices, and the
evidence remains inconclusive [16–21]. Less is known about the effects of maternal pre-pregnancy
underweight status on breastfeeding behavior. In one previous study, mothers with pre-pregnancy
underweight status had a higher risk of any breastfeeding cessation within two months postpartum [21].
However, Giovannini et al. reported no difference between underweight and normal-weight mothers
for the duration of breastfeeding [22]. The evidence of this association in Asian populations is scant,
and there is not enough data to show the relationship between pBMI and breastfeeding practices.
Only a few studies conducted in Japan and China have reported that pre-pregnancy obesity [17,23]
and underweight [21] may have a negative effect on breastfeeding duration.

The inconsistency in previous literature might result from differences in study designs, study
populations, sample sizes and various breastfeeding outcome definitions. In our previous study,
the prevalence of underweight was greater in Taiwan than in the United States and European
countries [11,24]. It is unclear whether pre-pregnancy underweight status may have a certain effect on
breastfeeding behaviors from a population with a higher proportion of women who are underweight.
Therefore, to address these knowledge gaps and study limitations in previous literature, we conducted
a secondary analysis study by using data from a prospective birth cohort in Taiwan, to explore the
association between pBMI and breastfeeding practices.

2. Materials and Methods

2.1. Data Source and Study Population

The study population included in the present analysis was from the Taiwan Birth Cohort Study
(TBCS), in which the Taiwan Health Promotion Administration supervised a prospective longitudinal
nationally representative birth cohort. Study participants were mother-child dyads born between
1 January 2005 and 31 December 2005. The TBCS enrolled postpartum women by a two-stage, stratified,
systematic random sampling method from 369 cities and towns in Taiwan. The first and second
face-to-face interviews and questionnaire surveys with mothers or primary caregivers were completed
at 6 and 18 months postpartum, between 2005 and 2007. Initially, 24,200 (11.7% sampling rate of all
children born in 2005) mother-child dyads were selected, and 21,648 and 20,559 of them completed
the first and second surveys, respectively. Participants with multiple pregnancies (twins, triplets or
more), those with missing or invalid data (pre-pregnancy body weight < 20 kg or > 200 kg), or mothers
with major illness or pre-existing diabetes were excluded from the analysis. The survey contents
include comprehensive information about prenatal care history, dietary behaviors, parental health
status, family socioeconomic status, and the growth and development of the offspring. A detailed
history of the TBCS has been previously provided elsewhere [1,24,25].

Since 2013, researchers could apply the TBCS database for clinical investigation under the
permission and supervision of the Taiwan Ministry of Health and Welfare. Our data analysis was
conducted at the Health and Welfare Data Science Center, between December 2019 and June 2020.
This study was approved by the Institute Review Board of National Taiwan University Hospital
Hsin-Chu Branch (IRB No. 107-021-E).

2.2. Maternal Pre-pregnancy BMI Evaluation

Maternal pBMI was obtained and calculated from the self-reported pre-pregnancy weight and
height of mothers. The pre-pregnancy body weight and height of study participants were obtained
from the self-reported responses of the questionnaire surveyed by face-to-face interviews, at 6 months
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postpartum. All women were categorized into four subgroups according to the classification of WHO:
underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5~25 kg/m2), overweight (BMI 25~30 kg/m2)
and obese (BMI ≥ 30 kg/m2) [26].

2.3. Breastfeeding Outcome Definition

The main outcome in this study is the duration of any breastfeeding, which was determined from
participants’ response to the following question: “When did you completely stop feeding him (her)
breastmilk?” This question was used to assess the duration of breastfeeding in the survey, at 18 months
postpartum. We categorized the duration of breastfeeding into “never breastfed”, “any breastfeeding
for 2 months”, “any breastfeeding for 4 months”, and “any breastfeeding for 6 months” for further
analysis. In addition, we also categorized the breastfeeding duration as 0, 0–2, 2–4, 4–6, and 6 months
or more, for ordinal logistic regression model analysis. Because there were no complete food or
dietary records of any liquids or water other than breastmilk, for the restrictive definition of exclusive
breastfeeding [27], we were not able to determine exclusive breastfeeding duration in our cohort.
Consequently, we reported our outcome as any breastfeeding duration. Gestational weight gain (GWG)
was defined as the difference in self-reported predelivery weight and pre-pregnancy weight. GWG was
further categorized into three subgroups according to the Institute of Medicine (IOM) recommendation
during pregnancy as inadequate, within the normal range or excessive GWG (recommended GWG:
underweight: 12.5~18 kg; normal weight: 11.5~16 kg; overweight: 7~11.5 kg; obesity: 5~9 kg) [28].

2.4. Other Covariates

Potential confounders of the association between pBMI and breastfeeding were obtained from the
surveys at 6 and 18 months postpartum, including maternal age at childbearing, maternal educational
status, parity, smoking during pregnancy, gestational diabetes, delivery mode, employment status
at 6 months postpartum, preterm birth, maternal nationality, urbanicity of living area, gestational
weight gain, dyad separation, and marital status. Maternal childbearing age was categorized as “<25”,
“25–34” and “≥35”. Maternal educational status was categorized as “below college” and “college or
above”. Parity was categorized as “primiparous” and “multiparous”. Information about preterm
birth was obtained and confirmed by birth certificate data. Immigrant mothers were defined by the
nationality reported on the survey question at 6 months postpartum. The urbanicity of the living area
was categorized as “urban”, “town”, and “rural area”. Dyad separation was defined if the offspring
was admitted to hospital after birth for any reasons. Employment status at 6 months postpartum
(returned to work) was defined if the mothers returned to work before 6 months postpartum.

2.5. Statistical Analysis

All analyses were conducted by using SAS statistical software version 9.4 (SAS Institute, Cary, NC,
USA). Continuous and categorical variables were compared through the analysis of variance (ANOVA)
and chi-square tests. The outcome of interest, namely, the categories of breastfeeding duration associated
with pBMI, was evaluated by two stages of analysis. In the first stage, crude and multivariable ordinal
logistic regression models were used, considering the ordinal outcomes of breastfeeding duration as 0,
0–2, 2–4, 4–6, and 6 months or more. This method could provide estimates of the effect of maternal BMI
status on the likelihood of longer or shorter breastfeeding duration. We defined the shorter duration of
breastfeeding as higher order in the outcome. An odds ratio of more than 1 may indicate a higher
likelihood of shorter breastfeeding duration. Then, in the second stage, we performed a multivariable
logistic regression model adjusted for maternal age, maternal educational status, parity, gestational
diabetes, delivery mode, smoking during pregnancy, employment status at 6 months postpartum,
preterm birth, maternal nationality, urbanicity, dyad separation, and marital status. For the risk
adjustment and proper analyses, multicollinearity was assessed by using variance inflation factor
(VIF) [29]. The VIFs values exceeding 10 were considered as signs of serious multicollinearity which
may require correction. In our study, there was no serious multicollinearity presented in all the factors
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assessed in the regression models. The risk of any breastfeeding cessation at 2, 4, and 6 months
postpartum is reported as an odds ratio (OR), with a 95% confidence interval (95% CI). In the ordinal
regression model, the risk of shorter breastfeeding duration is reported as an OR with 95% Wald
confidence limits. Normal-weight women were the reference group. To explore the interaction between
pBMI and GWG on breastfeeding duration, we further divided our study population into 12 subgroups
by different pBMI and GWG categories, and compared the risk among them. Normal-weight women
with GWG within the IOM recommendation were the reference group. Considering that parity might
be another important contributor to maternal obesity [16,23], we further examined the association by
subgroup analysis stratified by parity.

3. Results

3.1. Clinical Characteristics of the Study Participants

There were 21,248 women who completed the survey at 6 months postpartum initially. Participants
with missing or invalid data, maternal major disease or pre-existing diabetes, birth defects, or multiple
pregnancies were excluded, and 18,312 women (86.2% of the original sample) were enrolled in this
study (Figure S1). The clinical characteristics of the study participants are summarized in Table 1.
The prevalence of underweight, normal weight, overweight and obesity was 20.1%, 69.8%, 8.2%,
and 1.9%, respectively. Underweight women were significantly younger than normal-weight women,
and most of them were primiparous.

Table 1. Clinical characteristics of the study participants.

Underweight Normal Overweight Obesity All p-Value *

N 3686 12,787 1498 341 18,312

Maternal and gestational factors

Pre-pregnancy BMI 17.5 (0.8) 20.9 (1.7) 26.9 (1.3) 32.8 (2.6) 21 (3.2)
Maternal age 26.8 (4.7) 28.6 (4.8) 29.5 (4.9) 28.9 (4.8) 28.3 (4.9) <0.0001

Parity <0.0001
Primiparous 2301 (62.4) 6420 (50.2) 537 (35.9) 123 (36.1) 9381 (51.2)

Smoking during pregnancy 176 (4.8) 367 (2.9) 57 (3.8) 14 (4.1) 614 (3.4) <0.0001
Gestational diabetes 39 (1.1) 236 (1.9) 78 (5.2) 25 (7.3) 378 (2.1) <0.0001
Cesarean delivery 980 (26.6) 4077 (31.9) 661 (44.1) 198 (58.1) 5916 (32.3) <0.0001
Preterm delivery 224 (6.1) 774 (6.1) 140 (9.4) 44 (12.9) 1182 (6.5) <0.0001
Dyad separation 85 (2.3) 267 (2.1) 50 (3.3) 17 (5) 419 (2.3) 0.0001

Gestational weight gain <0.0001
Inadequate 1410 (38.3) 3599 (28.2) 170 (11.4) 37 (10.9) 5216 (28.5)

Within normal range 1606 (43.6) 5419 (42.4) 548 (36.6) 99 (29) 7672 (41.9)
Excessive 670 (18.2) 3769 (29.5) 780 (52.1) 205 (60.1) 5424 (29.6)

Infant sex, male 1855 (50.3) 6696 (52.4) 761 (50.8) 182 (53.4) 9494 (51.9) 0.12

Socioeconomic factors

Maternal education <0.0001
College or above 596 (16.2) 2885 (22.6) 222 (14.8) 31 (9.1) 3734 (20.4)

Urbanicity of living area <0.01
Rural 929 (25.2) 3144 (24.6) 409 (27.3) 99 (29) 4581 (25)
Town 10,000 (27.1) 3532 (27.6) 442 (29.5) 100 (29.3) 5074 (27.7)
Urban 1757 (47.7) 6111 (47.8) 647 (43.2) 142 (41.6) 8657 (47.3)

Immigrant mothers 688 (18.7) 1638 (12.8) 63 (4.2) 6 (1.8) 2395 (13.1) <0.0001
Marital status (yes) 3560 (96.6) 12510 (97.8) 1463 (97.7) 323 (94.7) 17,856 (97.5) <0.0001

Employment status at 6 months
postpartum (returned to work) 1986 (53.9) 7709 (60.3) 862 (57.5) 182 (53.4) 10,739 (58.6) <0.0001

Data are presented as mean (SD), numbers (%) or medians. * By chi-square test or ANOVA.

The mean breastfeeding duration was longer in normal-weight mothers than in mothers in other
pBMI categories. The average breastfeeding duration in our study participants was 4.17 months,
and more normal-weight mothers continued breastfeeding postpartum (Table 2).
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Table 2. Breastfeeding rates and duration among women in different BMI categories.

Breastfeeding Duration Underweight Normal Overweight Obesity All p-Value *

Total duration (months) 3.75 ± 4.86 4.33 ± 5.25 4.16 ± 5.38 3.16 ± 4.61 4.17 ± 5.18 <0.0001

Never breastfed 614 (16.7) 1930 (15.1) 300 (20) 91 (26.7) 2935 (16) <0.0001
0–2 months 1090 (29.6) 3496 (27.3) 405 (27) 100 (29.3) 5091 (27.8)
2–4 months 925 (25.1) 2905 (22.7) 311 (20.8) 64 (18.8) 4205 (23)
4–6 months 256 (6.9) 1038 (8.1) 93 (6.2) 20 (5.9) 1407 (7.7)

6 months or more 801 (21.7) 3418 (26.8) 389 (26) 66 (19.3) 4674 (25.5)

Data are presented as numbers (%) or means ± standard deviations. * By chi-square test or ANOVA.

3.2. Association between pBMI and Breastfeeding Duration

Table 3 showed the association of maternal pBMI status and breastfeeding duration in the crude
and adjusted ordinal logistic regression model. After adjustments, underweight and obese women
had a greater odds ratio of shorter breastfeeding duration compared with normal-weight women.

Table 3. Association between pre-pregnancy body mass index status and breastfeeding duration by
ordinal logistic regression model.

Crude OR 95% Wald Confidence Limits Adjusted OR * 95% Wald Confidence Limits

Underweight 1.22 1.15, 1.31 1.21 1.13, 1.29
Normal Reference - Reference -

Overweight 1.21 1.09, 1.33 0.98 0.89, 1.08
Obese 1.83 1.5, 2.23 1.25 1.02, 1.53

* Adjusted for maternal age, parity, maternal education, maternal immigration status, urbanicity of living area,
maternal gestational diabetes, cesarean delivery, employment status at 6 months postpartum, preterm delivery,
marital status, dyad separation, gestational weight gain and smoking during pregnancy.

The associations between pBMI and any breastfeeding duration are listed in Table 4. Women
with normal pre-pregnancy weight status were the reference group. Maternal pre-pregnancy obesity
was a risk factor for the early cessation of any breastfeeding at 2 months postpartum (aOR = 1.36, 95%
CI = 1.09–1.7). In contrast, underweight women still had a greater odds ratio of early breastfeeding
cessation at 2, 4, and 6 months postpartum than did normal-weight women in the adjusted model.
Table S1 summarizes the association between breastfeeding duration and GWG, based on the
pre-pregnancy BMI, and women with GWG within the IOM recommendation were the reference group.
After adjustments were made for confounders, the odds ratio of any breastfeeding cessation at 2 and 4
months postpartum was higher in women with inadequate GWG. Women with excessive GWG had a
higher odds ratio of early breastfeeding cessation at 2 months postpartum. Another logistic regression
model analysis was done after excluding women who never breastfed (Table S2), and the findings
showed similar results, as in the original analysis model.

To explore the interaction between pBMI and GWG on the duration of any breastfeeding,
study participants were divided into 12 subgroups according to pBMI and GWG categories. Women with
normal weight and GWG within the IOM recommendation were defined as the reference group. In the
multivariable logistic regression model adjusted for confounders, underweight women with all GWG
categories had a consistently greater odds ratio of failure to continue breastfeeding at 2, 4, and 6 months
postpartum (Table 5). Normal-weight women with excessive GWG and obese women with inadequate
GWG also had an increased odds ratio of early breastfeeding cessation at 2 and 4 months postpartum,
while the odds ratio was attenuated to nonsignificant at 6 months.
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Table 4. Association between pre-pregnancy body mass index status and early breastfeeding cessation
at different periods.

Crude OR 95% CI Adjusted OR * 95% CI

Breastfeeding cessation at 2 months postpartum
Underweight 1.17 1.09, 1.26 1.11 1.03, 1.2

Normal Reference - Reference -
Overweight 1.21 1.08, 1.34 1.05 0.94, 1.17

Obese 1.73 1.39, 2.15 1.36 1.09, 1.7
Breastfeeding cessation at 4 months postpartum

Underweight 1.33 1.23, 1.44 1.32 1.21, 1.43
Normal Reference - Reference -

Overweight 1.13 1.01, 1.26 0.96 0.85, 1.08
Obese 1.59 1.24, 2.03 1.21 0.94, 1.57

Breastfeeding cessation at 6 months postpartum
Underweight 1.31 1.2, 1.43 1.3 1.18, 1.42

Normal Reference - Reference -
Overweight 1.04 0.92, 1.18 0.87 0.77, 1

Obese 1.52 1.16, 1.99 1.15 0.87, 1.52

* Adjusted for maternal age, parity, maternal education, maternal immigration status, urbanicity of living area,
maternal gestational diabetes, cesarean delivery, employment status at 6 months postpartum, preterm delivery,
marital status, dyad separation, gestational weight gain and smoking during pregnancy.

Table 5. Association of pre-pregnancy body mass index, gestational weight gain and early breastfeeding
cessation at different periods.

pBMI and GWG Categories
2 Months Postpartum 4 Months Postpartum 6 Months Postpartum

aOR * 95% CI aOR * 95% CI aOR * 95% CI

Normal weight
With adequate GWG Ref - Ref - Ref -

Inadequate GWG 1.12 1.02, 1.22 1.09 0.99, 1.2 1 0.9, 1.1
Excessive GWG 1.12 1.03, 1.22 1.12 1.02, 1.23 1.08 0.98, 1.2

Underweight
With adequate GWG 1.17 1.04, 1.32 1.33 1.17, 1.51 1.29 1.13, 1.49

Inadequate GWG 1.18 1.05, 1.34 1.44 1.26, 1.65 1.3 1.12, 1.5
Excessive GWG 1.23 1.04, 1.46 1.45 1.2, 1.76 1.42 1.15, 1.76

Overweight
With adequate GWG 1.09 0.91, 1.31 1.02 0.84, 1.24 0.96 0.78, 1.18

Inadequate GWG 0.99 0.72, 1.36 1 0.71, 1.41 0.9 0.63, 1.3
Excessive GWG 1.18 1.01, 1.38 1.03 0.87, 1.21 0.87 0.73, 1.04

Obese
With adequate GWG 1.44 0.95, 2.16 1.46 0.9, 2.35 1.29 0.77, 2.17

Inadequate GWG 5.38 2.32, 12.51 2.82 1.07, 7.42 3.21 0.96, 10.7
Excessive GWG 1.22 0.9, 1.62 1.11 0.8, 1.52 1.02 0.72, 1.45

* Adjusted for maternal age, parity, maternal education, maternal immigration status, urbanicity of living area,
maternal gestational diabetes, cesarean delivery, employment status at 6 months postpartum, preterm delivery,
marital status, dyad separation, and smoking during pregnancy. Abbreviations: pBMI, pre-pregnancy body mass
index; GWG, gestational weight gain; aOR, adjusted odds ratio.

3.3. Subgroup Analysis by Parity

Because the prevalence of maternal obesity may be higher in multiparous women, to assess
the effect of pBMI on breastfeeding associated with parity, we further analyzed the association
between pBMI and breastfeeding, stratified by primiparous and multiparous women. For women of
pre-pregnancy underweight status, primiparous mothers had an increased OR of any breastfeeding
cessation at 2, 4, and 6 months postpartum. Maternal obesity was only associated with a significant
higher risk of breastfeeding cessation at 2 months postpartum among primiparous mothers (Table 6).
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Table 6. Subgroup analysis for the risk of breastfeeding cessation at different postpartum periods
stratified by parity.

Subgroup
Primiparous Women Multiparous Women

aOR * 95% CI aOR * 95% CI

Breastfeeding cessation at 2 months postpartum
Underweight 1.11 1.01, 1.23 1.12 0.99, 1.26

Normal Ref - Ref -
Overweight 1.2 0.99, 1.43 0.97 0.84, 1.12

Obese 1.56 1.06, 2.26 1.25 0.94, 1.66
Breastfeeding cessation at 4 months postpartum

Underweight 1.34 1.2, 1.49 1.29 1.13, 1.47
Normal Ref - Ref -

Overweight 1.04 0.85, 1.27 0.91 0.78, 1.06
Obese 1.36 0.88, 2.1 1.15 0.84, 1.59

Breastfeeding cessation at 6 months postpartum
Underweight 1.35 1.19, 1.52 1.22 1.06, 1.41

Normal Ref - Ref -
Overweight 0.95 0.76, 1.18 0.83 0.7, 0.97

Obese 1.5 0.91, 2.49 1 0.71, 1.41

* Adjusted for maternal age, maternal education, maternal immigration status, urbanicity of living area, maternal
gestational diabetes, cesarean delivery, employment status at 6 months postpartum, preterm delivery, marital status,
dyad separation, gestational weight gain, and smoking during pregnancy. Abbreviations: aOR, adjusted odds ratio.

4. Discussion

In the present study, our findings indicated that maternal obesity was associated with a shorter
duration of breastfeeding compared with normal weight, and obese mothers also had a greater
risk of breastfeeding cessation at 2 months postpartum. In the ordinal logistic regression model,
maternal underweight and obesity were associated with a shorter duration of breastfeeding. Moreover,
underweight mothers were less likely to sustain breastfeeding, and the risks of early breastfeeding
cessation postpartum at different time points were consistent in the adjusted logistic regression model
and subgroup analysis stratified by parity. Our results using data from a nationally representative
cohort in Taiwan indicated that maternal underweight and obesity may be important risk factors for
breastfeeding practices.

Our study findings are consistent with those of previous studies, demonstrating that maternal
obesity was inversely associated with breastfeeding duration [16,19,20,23,30]. Obese women were
at greater risk of an inability to sustain any breastfeeding at 2 months postpartum. In our cohort,
the obese rate is lower in primiparous mothers. However, the adjusted odds ratios for obese women to
stop breastfeeding were not the same, and the aOR was greater in primiparous women. A potential
explanation could be contributed to more breastfeeding experiences in multiparous mothers. In contrast
to the effect of obesity, underweight women had an extensively greater risk of failure to continue
breastfeeding at 2, 4, and 6 months postpartum.

Breastfeeding behavior is complex. It is well established that maternal obesity may contribute to
many adverse perinatal outcomes, including preterm birth [31] and cesarean delivery [32], which are
common risk factors for unsuccessful breastfeeding. Obese women may have other negative
characteristics, such as lower socioeconomic status or educational level, that make it challenging for
them to continue breastfeeding [33].

Less is known about the association between underweight and breastfeeding. In contrast to most
of the previous studies on obesity and breastfeeding in Western countries [16,19,20,30], our findings
indicated that maternal pre-pregnancy underweight also has a negative effect on the duration of
breastfeeding. In a systematic review and meta-analysis study, Huang et al. [10] reported that maternal
pre-pregnancy underweight status was associated with the initiation of breastfeeding only in sensitivity
analysis involving studies with sample sizes of less than 500. In addition, only one Chinese study was
enrolled in the meta-analysis study for investigation [17]. Since the prevalence of underweight is low
in most Western countries [11], the effect of underweight on breastfeeding duration may need more
studies to clarify the possible influences of pBMI from different countries and populations.

The potential explanations for the inconsistent results in previous literature may include differences
in study designs, definitions of breastfeeding, definitions of pre-pregnancy BMI, adjusted confounding
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factors, race/ethnicity and sample sizes. Zhu et al. [21] reported that underweight before pregnancy
increased the risk of termination of any breastfeeding within 2 months postpartum, while another study
by Giovannini et al. [22] showed no association between underweight and breastfeeding duration. It is
important to note that these two studies defined underweight mothers according to different criteria
(Zhu: <18.44 kg/m2; Giovannini: <19.8 kg/m2). In another study, Guelinckx et al. [20] found that
underweight in pre-pregnancy was associated with low intentions and low initiation of breastfeeding,
and they defined underweight status according to the WHO classification (<18.5 kg/m2), which is
the same definition we used. However, they only enrolled 50 women in each category, and could
not assess the risk by a comprehensive adjusted model, due to the small sample size. An insufficient
number of participants may limit the ability of the evidence to unveil the effect of underweight
on breastfeeding practices, and to fully investigate this issue at the population level. Currently,
the evidence of the association between maternal pre-pregnancy underweight and breastfeeding
duration is still inconclusive. Researchers in the abovementioned studies all applied the same
measurement as self-reported body weight and measured body height for pBMI calculation [20–22].
Moreover, women tend to underestimate their body weight before pregnancy [34], which may bias
the effect of pre-pregnancy underweight on the duration of breastfeeding. In the future, consistent
and reliable definitions of pBMI and criteria for BMI statuses should be emphasized, to compare the
differences between each study accurately.

The potential mechanisms for lower breastfeeding rate in obese women might be due to
decreased prolactin secretion response to suckling [14] and delayed lactogenesis II [15]. However,
the underlying mechanism behind underweight and breastfeeding behavior remains unknown.
The factors contributing to breastfeeding behaviors are multifaceted, and possible reasons could
be considered for the low breastfeeding rate among underweight women. Underweight women
may have more unfavorable background characteristics to continue breastfeeding [9]. In our study,
62.4% of underweight women were primiparous; multiparous women may have more experience
with breastfeeding, and parity may be another important contributor to breastfeeding. However,
in our subgroup analysis by parity, the effect of underweight persisted, which means that there
might be more unmeasured risk factors for evaluation. Notably, regarding the possibility of a higher
prevalence of low-birth-weight (LBW) infants among underweight women in the TBCS cohort [24],
these vulnerable babies are also at an increased risk of dyad separation after birth and early breastfeeding
cessation, and these interactions among SGA, LBW and underweight mothers may contribute to early
breastfeeding termination [9,35].

Strengths and Limitations

To our knowledge, the present study is the first to comprehensively investigate the association
between pBMI and breastfeeding duration in a large-scale population cohort in an Asian population.
Furthermore, in contrast to previous literature, the main strength of our study is its focus on differences
in the effects of underweight on breastfeeding behaviors. The richness of information also allows us to
analyze the contribution of pBMI in the multivariable adjusted model, stratified by primiparous and
multiparous mothers.

Our study has several limitations. First, information on pBMI and breastfeeding duration
was obtained from self-reported data. Although previous studies have indicated that maternal
recall for pre-pregnancy weight, height and GWG were reliable [36,37] and that maternal recall for
breastfeeding duration was also reliable after 3 years postpartum [38], recall bias may still exist, and the
misclassification of outcomes should be considered. Given that bias of outcome misclassification
is usually toward the null, our findings may underestimate the impact of pBMI on breastfeeding
behaviors [39]. Second, we could only provide information on any breastfeeding duration, and not
on exclusive breastfeeding, which is recommended by the WHO [4] and the AAP [5]. Given the
restrictive definition of exclusive breastfeeding [27], we could not determine from the information in
the questionnaires whether infants consumed any liquids or food in addition to breastmilk or formula.
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We can only define the outcome as any breastfeeding duration in our analysis. Third, prenatal data
for maternal breastfeeding plans, detailed dietary behaviors, employment status before 6 months
postpartum, treatment and diagnosis for dyad separation [6], paternal support [7], maternal perception
of lacking sufficient milk supply, mastitis, infants’ failure to thrive [8], predelivery breastfeeding
education [9] and psychological factors may influence the initiation and duration of breastfeeding.
These factors might contribute to the causality between pBMI and breastfeeding duration. Given that
our study design was an observational study, causality for the association could not be discussed in
detail. Additional studies to explore the causal mechanisms between them are warranted. Fourth,
our data were collected from 2006 to 2007; therefore, our results might not be fully generalized to
current clinical practices.

Considering that improvements in breastfeeding rates may benefit both mothers and children,
and that current breastfeeding rates are still not sufficient worldwide, our research has important
public health implications to encourage healthy weight before conception, especially for underweight
women of reproductive age, which may help them maintain breastfeeding for a longer period of
time postpartum. Healthcare providers should raise concerns about the threat of low breastfeeding
rates, regarding the long-term impact on maternal and child health. Maternal undernutrition and
obesity remain significant global health issues in women of reproductive age. Nutritional status before
conception has major implications for the long-term health outcomes for mothers and children [40].
Evidence-based maternity care practices and policies could help to improve breastfeeding [41];
however, underweight and obese mothers might need additional and special assistance to increase
their willingness to initiate breastfeeding and their success of continuing breastfeeding for longer
periods. Optimizing maternal BMI during the pre-conception period is essential, and nutrition-specific
interventions should be considered, to improve maternal and child health outcomes in many areas.

5. Conclusions

Our study findings indicate that maternal underweight and obesity may have a negative impact
on breastfeeding duration. Healthcare providers should continue to improve breastfeeding support,
especially for women who may have a higher likelihood of early breastfeeding cessation. Given the
inconsistent findings in previous literature, additional studies are needed to better understand
the impact of maternal underweight on breastfeeding, and the mechanism behind this association.
Interventions to improve breastfeeding rates and provide education regarding a healthy weight before
conception are necessary for the promotion of maternal and child health.
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Figure S1. Flow chart of the study population. Table S1. Breastfeeding rates and duration among women in
different gestational weight gain categories. Table S2. Association between pre-pregnancy body mass index status
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