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CHAPTER I 

INTRODUCTION 

International health organizations (WHO, 2003) and the American Academy of 

Pediatricians (Gartner et al., 2005) unanimously recommend to breastfeed infants 

exclusively (no other liquid or solid besides breastmilk) through the first six months of 

life and to some extent through at least the first year because breastfeeding is the best 

option for ensuring healthy infant growth and development. In infants, breastfeeding 

decreases the incidence and severity of a wide-range of infectious diseases (Heinig, 

2001), enhances neurodevelopment (Anderson et al., 1999), and decreases rates of 

childhood obesity (Arenz, 2004; Metzger and McDade, 2010). Maternal benefits include 

decreased risk of postpartum hemorrhaging and an earlier return of the uterus to a pre-

pregnancy state (Chua et al., 1994), decreased risk of breast and ovarian cancers 

(Collaborative Group on Hormonal Factors in Breast Cancer, 2002; Jernstrom et al., 

2004; Newcomb et al., 1994; Rosenblatt and Thomas, 1993) and a more rapid and 

sustained maternal weight loss pattern (Dewey et al., 1993). 

Encouragingly, breastfeeding initiation rates in the United States are currently 

higher than they have been for decades. The most recent data released from the Centers 

for Disease Control and Prevention indicate that 75% of infants were breastfed to some 

extent in 2007. Unfortunately, rates for continuation of breastfeeding are dramatically 

lower. Only 13% of infants were breastfed exclusively at six months and only 22% were 

breastfed any amount at twelve months (CDC, 2007). These numbers are especially 

troubling because many of the benefits of breastfeeding are realized in a dose-response 
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pattern so that the longer the duration of lactation, the greater the amount of benefits 

received (Gartner et al., 2005). 

One subgroup of women that has particular difficulty meeting these 

recommendations, and thus appears to be at higher risk for losing the many benefits of 

breastfeeding, are those with high pre-pregnant body mass index (BMI). As obesity 

increases worldwide, this pattern is a potentially significant global public health problem. 

In many countries, including both urban and rural developing, the prevalence of 

overweight young women now exceeds that of underweight (Mendez et al., 2005). The 

association between overweight women and reduced lactation duration is of particular 

concern in the United States, as prevalence rates of obesity among reproductive age 

females are currently at 34% and have been increasing for years (Flegal et al., 2010). For 

this reason, it is especially important to identify factors that lead to early cessation of both 

exclusive and any breastfeeding in overweight women. 

The relationship between high maternal body mass index and reduced lactation 

duration was first demonstrated in 1992 by Rutishauser and Carlin, yet the association 

has only been intensely investigated over the past decade. It is now well established that 

overweight and obese women experience a variety of poor breastfeeding outcomes, 

independent of various socio-demographic characteristics. These include: lower 

breastfeeding initiation rates (Donath and Amir, 2000; Hilson et al., 1997; Kitsantas and 

Pawlowski, 2010; Krause and Lovelady, 2011; Li et al., 2003; Manios et al., 2009; Scott 

et al., 2006), delay in onset of lactogenesis II (Chapman and Pérez-Escamilla, 1999; 

Dewey et al., 2003; Hilson et al., 2004; Nommsen-Rivers et al., 2010), and both shorter 
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exclusive and any breastfeeding duration (Baker et al., 2007; Donath and Amir, 2000; 

Forster et al., 2006; Hilson et al., 1997; Hilson et al., 2004; Kehler et al., 2009; Kugyelka 

et al., 2004; Li et al., 2003; Liu et al., 2009; Mok et al. 2008; Oddy et al., 2006; Riva et 

al. 1999). Moreover, some of these studies demonstrate that the heavier the woman, the 

greater the risk. One study found increasingly higher risks of breastfeeding cessation as 

BMI class increased (Baker et al. 2007). Additionally, others find negative associations 

only with obese, but not merely overweight, women (Kugyelka et al. 2004; Li et al. 2003; 

Mok et al. 2008). The effect of gestational weight gain on the consequence of high pre-

pregnant BMI is inconclusive. In some studies, high weight gain during pregnancy 

appears to increase the risk of short duration among overweight women (Hilson et al., 

2006; Li et al., 2003), but in others, gestational weight gain had no effect (Baker et al., 

2007).   

The aforementioned associations were mainly observed in women categorized as 

Caucasian from the United States, Canada, Australia and Western European countries. 

Within the United States, obese Hispanic women also were found to have lower initiation 

rates (Kugyelka et al., 2004), but obese African Americans did not have lower initiation 

or duration rates compared to African American women of normal body mass index 

(Kugyelka et al. 2004; Liu et al. 2009). Only two other studies included sizable 

populations of women in ethnic categories other than Caucasian, although the effect of 

ethnicity was not explored (Kitsantas and Pawlowski, 2010; Li et al., 2003). 

Although studies consistently report an association between maternal obesity and 

poor lactation outcomes, the cause(s) of this relationship is still not clear. Many of these 
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studies sample large medical record databases, which make it difficult to explore 

particular explanations for the association between maternal overweight and reduced 

breastfeeding initiation and duration. Additionally, some of these studies have had 

difficulty disentangling confounding factors, especially parity and maternal intention and 

commitment to breastfeeding. Because breastfeeding is contingent upon a delicate set of 

physiological, behavioral and social conditions, the explanation is likely to be made up of 

multiple and interacting causes. For this reason, I explored potential mediating effects on 

the relationship between high pre-pregnant maternal BMI and reduced lactation duration 

using a holistic approach, by examining a variety of explanations in a primiparous sample 

that was committed to breastfeeding and well-supported in their endeavor.     

If uninterrupted, the lactation process in humans begins with mammary gland 

development and differentiation at puberty. This process continues during pregnancy as 

the gland becomes capable of milk secretion, but is hormonally blocked from doing so 

until parturition. This stage is referred to as lactogenesis I. Milk, referred to as colostrum 

immediately postpartum, is initially limited in quantity, but increases rapidly in response 

to hormonal changes. Lactogenesis stage II is marked by this onset of copious milk 

secretion that follows parturition, usually within 48-72 hours postpartum. This rapid 

increase in milk volume is commonly referred to as the “coming in” of milk. At this time, 

milk removal from the breast, whether from infant suckling or maternal expression, is 

necessary for increased milk synthesis and secretion (Neville, 2001a; Neville, 2001b; 

Riordan, 2005). Inefficient transfer of milk from mother to infant leads to delays in 

breastfeeding establishment. If milk production does not reach appropriate levels, 
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supplementation may be necessary, which often results in reduced duration of exclusive 

breastfeeding. Transfer of milk may not take place for many reasons, from the maternal 

decision not to breastfeed her infant to a variety of physiological, psychological and 

behavioral factors that interrupt the process among those who do intend to breastfeed.  

There are various ways in which high maternal BMI could affect factors that 

reduce lactation directly or via the pathway of low milk volume (due possibly to delayed 

onset of lactogenesis II) (see Figure 1.1). The conceptual model demonstrates that high 

maternal BMI could disrupt development of the mammary gland either during puberty or 

pre-pregnancy. This may compromise one’s ability to breastfeed, resulting in reduced 

duration or no breastfeeding at all. High maternal BMI could also lead to hormone 

abnormalities, complications during pregnancy, labor, or delivery, as well as inefficient 

positioning while breastfeeding. These factors may affect milk production to some extent, 

even if only initially after parturition. Finally, high maternal BMI could reduce women’s 

intention to initially breastfeed by interacting with a variety of socio-demographic and/or 

psycho-social factors. In those that do initiate breastfeeding, the decision to continue 

could be impacted by socio-demographic and psychosocial factors, or a variety of 

problems that arise while breastfeeding. Breastfeeding problems include maternal factors 

such as sore nipples, as well as infant factors such as difficulty latching-on to the breast. 

The aim of this thesis research is to investigate potential mediating effects 

between high pre-pregnant maternal BMI and reduced lactation duration in an effort to 

provide new understanding of this association. This thesis is partitioned into chapters that 

include discussion of various components of the conceptual model: Chapter II explores 
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the impact of psychosocial factors on women’s decisions to continue breastfeeding, 

Chapter III investigates how breastfeeding problems influence women’s decisions to 

continue breastfeeding, and Chapter IV examines how the factors of hormone 

abnormalities and mother-infant positioning relate to short breastfeeding duration via low 

milk output. In particular, this dissertation takes a holistic approach and examines the 

following research questions: 1) Do psychosocial factors of concerns with one’s body 

shape/weight and comfort/confidence with one’s body impact the relationship between 

high pre-pregnant maternal BMI and reduced lactation duration?; 2) Are breastfeeding 

problems in the early postpartum period, such as maternal perception of insufficient milk, 

more prevalent among overweight women and if so, do these problems mediate the 

association with reduced duration?; and 3) Do obese women have difficulty obtaining 

efficient positioning or experience hormonal abnormalities that result in initial low milk 

supply and, ultimately, early cessation of exclusive breastfeeding?  

The present study follows a prospective, longitudinal design to achieve this aim. I 

collected data from a variety of sources: questionnaire responses, hormone analyses, 

observations of breastfeeding behavior and measures of milk output. This sample is 

unique in that all participants were primiparous with a strong intention and commitment 

to breastfeed and they were well supported by family and health professionals. This study 

design is important because these participants should be among the most successful at 

breastfeeding. Results from this thesis contribute a better understanding of the effect of 

maternal overweight on reduced breastfeeding duration while avoiding the challenges 

that past studies have encountered with regard to issues of parity and maternal intention 
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to breastfeed. Although it was not a specific aim of this paper to investigate how socio-

demographic characteristics, gestational weight gain patterns or labor and delivery 

complications affect obese women differentially, I considered many of these variables 

either by exclusion criteria before recruitment into the study or by controlling for them in 

adjusted analyses. It is not within the scope of this dissertation to explore how 

development of the mammary gland during puberty or pregnancy may be affected by 

maternal obesity and impact lactation duration. Otherwise, I explored all other 

components of the conceptual model.  

This thesis is composed of five chapters, including this Introduction. Chapter II 

presents the findings from survey responses that explore the relationship between body 

image, maternal overweight and reduced lactation duration. Chapter III focuses on 

breastfeeding problems during the first two weeks postpartum, paying particular attention 

to maternal perception of insufficient milk supply. Due to the importance of the early 

postpartum period for establishing milk supply, Chapter IV analyzes the effects of 

mother-infant positioning while breastfeeding and hormone levels on milk output within 

one-week after birth. Finally, the Conclusion gives a brief summary, including the 

strengths and limitations of the project, as well as identifying practical implications of the 

study and areas for further research. 
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Figure 1.1 Conceptual model of mediating factors between high maternal body mass 
index and reduced lactation duration. 
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CHAPTER II 
 
BODY IMAGE CONCERNS AND REDUCED BREASTFEEDING DURATION IN 

PRIMPAROUS OVERWEIGHT WOMEN 
 

 
Although the association between high maternal body mass index (BMI) and poor 

lactation outcomes has been known for almost two decades, few published studies have 

investigated the cause. Those seeking an explanation have tended to focus on 

physiological reasons such as altered hormone levels, delay in onset of lactogenesis II or 

the interaction of pre-pregnant maternal overweight with gestational weight gain. While 

these studies produce important findings, a more complete exploration would also include 

psychosocial factors that influence women’s decision to initiate and, subsequently, 

continue breastfeeding. These include support from family and friends, maternal self-

efficacy, and knowledge of breastfeeding, among others. 

One cause that has not been adequately examined is how attitudes relating to body 

image may play a role in shorter breastfeeding duration lengths among overweight 

women. Body image is defined as a multi-dimensional assemblage of one’s internal 

representation of his/her outward appearance (Pruzinsky and Cash, 2002; Thompson et 

al., 1999). Body dissatisfaction is one component of body image relating to 

dissatisfaction with the body (or parts of the body) (Thompson et al., 1999), sometimes in 

relation to an ideal (Heinberg, 1996). Pregnancy and childbirth result in considerable 

changes to a woman’s body size and shape. Not surprisingly, it is well established that 

women develop negative feelings towards their body image or dissatisfaction with their 

bodies at various times throughout pregnancy (Skouteris et al., 2005; Strang and Sullivan, 
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1985) and the postpartum period (Drake et al., 1998; Gjerdingen et al., 2009; Jenkin and 

Tiggemann, 1997; Strang and Sullivan, 1985; Rallis et al., 2007).  

Additionally, greater maternal weight, pre-pregnancy (Fox and Yamaguchi, 1997; 

Gjerdingen et al., 2009; Hilson et al., 2004; Huang et al., 2004; Walker, 1998), during 

pregnancy (Huang et al., 2004; Wiles, 1993) and during the postpartum period (Jenkin 

and Tiggemann, 1997; Walker, 1998), is a factor that exacerbates dissatisfaction. Poor 

body image or dissatisfaction with one’s body has a negative implication for infant health 

as those with greater body image concerns tend to bottle-feed with formula rather than 

breastfeed (Barnes et al., 1997; Foster et al., 1996; Gjerdingen, et al. 2009). While it is 

known that those with body image concerns tend not to initiate breastfeeding, data are 

scarce relating body dissatisfaction with breastfeeding success among those who have 

already initiated breastfeeding. One study found no difference in body satisfaction 

between those who were successful at breastfeeding versus those who were not, although 

maternal weight was not taken into account (Hughes, 1984). A second study reported that 

“less satisfaction with appearance” was one factor among many that related to both 

maternal obesity and shorter total lactation duration (Hilson et al., 2004).  

In this chapter, I aim to better explain the largely unexamined relationship 

between maternal overweight and body image, as it relates to breastfeeding success, by 

prospectively examining the following hypotheses: a) Pre-pregnant overweight BMI is 

associated with both shorter exclusive and shorter total duration of breastfeeding; b) 

Greater body image concerns are associated with both high maternal BMI and shorter 

lactation duration; and c) The relationship between high pre-pregnant BMI and reduced 
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lactation duration is mediated by body image concerns. This study is unique because it is 

the first to critically examine all three variables of breastfeeding duration, body image 

and high maternal pre-pregnancy body mass in primiparous women who are well-

supported and committed to breastfeeding. This research is important because once the 

causes of short lactation duration among overweight women are understood, 

interventions may be better targeted to help these women reach their breastfeeding goals. 

METHODS 

Study participants 

Two hundred and fifty-seven pregnant women from Minneapolis-St. Paul were 

recruited via advertisements in six clinics, pre-natal birth classes at four hospitals, and 

around the University of Minnesota campus during the time period from September 2008 

to October 2009. The study ran through June 2010. Women giving birth for the first time 

and planning to breastfeed their infants were included. Women were excluded from the 

study if they were cigarette smokers, less than 18-years-of-age, planned to use estrogen-

based birth control within six months postpartum, delivered their infant earlier than 37 

gestational weeks, gave birth to an infant whose birth weight was less than 2500 g or had 

an APGAR score (used to assess the health of newborns) of less than 7 after five minutes. 

Participants were characterized as normal weight when their BMI was 18.5 - 24.9 kg/m2 

and overweight when their BMI was ≥ 25 kg/m2. Seven women had a BMI of < 18.5 

kg/m2, but were included in the normal BMI group because they did not differ from 

others in this category. Body mass index was calculated as the weight in kilograms 

divided by the height in meters squared. Participants’ pre-pregnancy height and weight 
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were self-reported. Informed consent was obtained from each subject after study 

explanation. The protocol was approved by the Institutional Review Board and the 

General Clinical Research Center Scientific Advisory Committee of the University of 

Minnesota (2008). 

Eight women decided not to participate after consenting to the study and thus 

there is no information on the characteristics of these individuals. Ten individuals 

stopped participation after taking the first survey: three were excluded because their 

babies were born < 37 weeks gestation and seven because they could not be reached for 

follow-up after taking the first survey. These ten women did not differ from the 

remaining participants in demographic characteristics, nor in frequency of overweight 

status or intention of breastfeeding duration. Two participants could not be reached for 

follow-up after taking the second survey at two-weeks postpartum. Four participants 

completed all study components but failed to report a date when they stopped 

breastfeeding or to communicate that they were still breastfeeding when the study ended. 

These six women were included in analyses in which their information was provided. 

Thus the final sample consisted of 239, except for analyses involving total duration time 

in which case N=233. In summary, a total of 9.3% (24/257) of participants were lost to 

follow-up over the course of the entire 22-month study period.   

Measures 

The two outcome variables in this study were exclusive breastfeeding duration 

(weeks) and total breastfeeding duration (weeks). Participants were considered to be 

exclusively breastfeeding if they were providing only breastmilk to their infant and no 
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other liquids or solids for nutritional value. Exclusive breastfeeding duration was 

measured from the time of infant birth until the infant received non-breastmilk liquids or 

solids and continued to do so without going back to a breastmilk only diet. Participants 

were considered to be breastfeeding if they were nursing or pumping/expressing milk to 

any extent for their infant. Total breastfeeding duration was measured from the time of 

infant birth until the time when participants completely ceased all nursing and pumping, 

unless they were still breastfeeding at the end of the study, in which case they were right 

censored.  

All women submitted a pre-natal survey (during their third trimester of 

pregnancy), another at two-weeks postpartum and a third at four-months postpartum (or 

time of weaning, whichever came first). These responses provided information relating to 

demographic characteristics, hospital delivery experience, intended and actual 

breastfeeding patterns, and questions on a variety of psychosocial issues related to 

breastfeeding. Responses to each question in the surveys were voluntary and as such, 

some participants did not answer some questions despite completing the rest of the 

survey. Sample size for a particular analysis may fluctuate in accordance with these types 

of missing data. Survey measures included the following questions. 

Demographic/support variables: maternal age; education level (4-year college 

graduate, yes/no); income level (household income qualifies for the Federal assistance 

program, Women, Infants and Children (WIC), yes/no); working for pay at four months 

postpartum (yes/no); and marital status (married/single). Mothers’ perceptions of 

personal and institutional support were assessed as follows: in the prenatal survey, 
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“Describe the level of agreement the baby’s father (or other person you will raise the 

child with) has with your plan to feed your infant.” Answers were provided using a 5-

point Likert scale from strongly agree to strongly disagree. “Were you ever breastfed as 

a baby?” (yes/no). “Will you have attended a class on breastfeeding by the time your 

baby is born?” (yes/no); in the two-week postpartum survey, “While you were in the 

hospital or birth center for delivery of this baby, did anyone help you with breastfeeding 

by showing you how or talking to you about breastfeeding?” (yes/no). “Since your baby 

was born, have you attended a breastfeeding support group or visited with a lactation 

consultant?” (yes/no). Mothers’ intended exclusive and total breastfeeding durations were 

assessed by questions on the prenatal survey of “How long do you think you will 

breastfeed exclusively (in months)?” and “How old do you think your baby will be when 

you completely stop breastfeeding (in months)?” 

Perinatal variables: Maternal and infant variables that relate to the time period of late 

pregnancy through childbirth and the early postpartum period include gestational diabetes 

mellitus (GDM) (diagnosed, yes/no); gestational weight gain (GWG) (classified as 

Below, Within, and Above in relation to recommendations from the Institute of Medicine 

for appropriate weight category (IOM 2009); mode of delivery (cesarean section, yes/no); 

postpartum depression (diagnosed or treated for, yes/no); hours until full milk production 

postpartum (time period in hours until milk “came in”); infant sex (male/female); and 

infant weight at birth, at two weeks postpartum and four months postpartum.  

Psychosocial variables: Maternal concern with body image was assessed with 

questions asked in the pre-natal survey: “Do you think you will avoid breastfeeding in 
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public because others might see your breasts?” (yes/no). “Were you ever concerned about 

your body shape or weight before you became pregnant?” Answers were No; Yes, but 

rarely concerned; Yes, I was sometimes concerned; Yes, I was often concerned. “Are you 

comfortable with and self-confident in your body? (yes/no). And in the four-month 

postpartum survey: “Are you concerned about your body shape or weight?” Answers 

were: No; Yes, but rarely concerned; Yes, I am sometimes concerned; Yes, I am often 

concerned. “Are you comfortable with and self-confident in your body?” (yes/no). 

Statistical analysis  

In order to retain as many participant responses as possible in statistical analyses, 

missing values for two variables were computed by using a simple imputation strategy of 

assigning the sample means for each variable. This was done for 4.1% of observations for 

infant weight at four months and 2.1% of observations for hours postpartum until full 

milk production. This adjustment did not affect results.  

Chi-square (χ2) and t-test (2-tailed) analyses were conducted to compare the 

characteristics of women with normal BMI pre-pregnancy to those with overweight BMI 

pre-pregnancy. All participants had stopped breastfeeding exclusively when the study 

ended. Accordingly, complete exclusive duration lengths are reported and general linear 

models were used to examine associations between the outcome variable, exclusive 

duration, with the independent variables. Thirty-four percent of participants were still 

breastfeeding to some extent when the study ended, thus, total duration lengths are only 

observed partially. These participants were classified as not having the event of interest 

(i.e. cessation of breastfeeding) and were, therefore, right-censored for analyses that 
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involve total duration. The Kaplan-Meier life table method and Cox proportional hazards 

regression were employed to account for these censored data (Cox, 1972; Hosmer and 

Lemeshow, 1999). The Kaplan-Meier life table method was used to determine whether 

exclusive duration and total duration of any breastfeeding, also an outcome variable, 

differed by maternal pre-pregnant BMI categories, as well as by other independent 

variables. Wilcoxon’s test was used to compare the survival curves.  

After examining the unadjusted bivariate associations, multiple general linear 

models were used to assess the independent effects of maternal overweight on exclusive 

breastfeeding duration. Following a hierarchical regression modeling technique (Newton 

and Rudestam, 1999), models were built in steps on the basis of significance in the 

bivariate analyses. Variables that were associated (P < 0.10) with exclusive duration 

and/or maternal overweight were added to the model. Variables that remained 

independent significant predictors of duration (P < 0.05) were carried over to the next 

model. Body image variables were added to this adjusted model one at a time to 

determine whether the magnitude of the relationship with prepregnant BMI and exclusive 

duration decreased with their addition. Potential interactions among the resulting main 

effect variables and maternal BMI were investigated by adding their cross-product terms 

to the equation for the final model-building step. No significant interactions were found. 

The final explanatory variables were checked for multicollinearity by examining the 

Variance Inflation Factor (VIF) and the values were not high enough to indicate 

colinearity (Cody and Smith, 2006). Model fit was assessed and the final model was 
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chosen based on both the highest R2 value and the lowest Akaike Information Criterion 

(AIC) score (Akaike, 1974). 

Cox proportional hazards regression analyses were conducted to determine the 

hazard risk (HR) of discontinuing any breastfeeding among overweight women compared 

to those with normal pre-pregnancy BMI. Proportional hazards regression models the 

effects of independent variables on the “hazard” (or risk) of breastfeeding cessation over 

time. The hazard can be thought of as the instantaneous risk of breastfeeding cessation at 

a given time point.  

Models were built in steps on the basis of significance in the bivariate analyses. 

Variables that were significantly associated (P < 0.10) with total duration and/or maternal 

overweight were added to the model. Variables that remained independent significant 

predictors of duration (P < 0.05) were carried over to the next model. Body image 

variables were added to this adjusted model one at a time to determine whether the 

magnitude of the relationship with prepregnant BMI and total duration decreased with 

their addition. Potential interactions among the resulting main effect variables and 

maternal BMI were investigated by adding their cross-product terms to the equation for 

the final model-building step. No significant interactions were found. Cox regression is 

semi-parametric and allows for a continually changing “risk” (or hazard) over time. The 

major assumption of this type of analysis is that although the hazard may change over 

time for two individuals/groups, the hazard ratio for the change in exposure between 

them remains constant. To test this assumption, time-dependant covariates were included 

in the model. Time-dependent covariates are interactions of the predictors with time, in 
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this analysis, log(time) (UCLA, 2011). They were not significant individually or 

collectively so the assumption of proportionality was met. The final explanatory variables 

were checked for multicollinearity by examining the Variance Inflation Factor (VIF) and 

the values were not high enough to indicate colinearity (Cody and Smith, 2006). The final 

model was selected based on the lowest Akaike Information Criterion (AIC) score. All 

analyses were conducted with SAS (version 9.2; SAS Institute, Inc, Cary, NC). 

RESULTS 

Characteristics of the total sample and of the participants by prepregnant BMI 

category are shown in Table 2.1. Mean maternal age was 29.7 years and most were 

married (88.7%), college-educated (90.8%) and of high socioeconomic status (only 

13.4% had a household income that qualified for WIC). Over 71% of participants were 

working for pay at four-months postpartum. Self-identified ethnicity of participants was 

as follows: 202 participants (84.5% of the total sample) identified as Caucasian, 6 as 

African American, 20 as Asian, 3 as Hispanic, 1 as Native American, 1 as Pacific 

Islander and 6 as other or no response. Because the number of women who identified as 

an ethnicity other than Caucasian is small and too heterogeneous as a group to analyze in 

a statistically meaningful way, the role of ethnicity on lactation duration was not tested. 

Fewer than 4% of participants were diagnosed with gestational diabetes and 5.6% with 

postpartum depression. Many women (N=119) experienced delayed onset of full milk 

production (defined as > 72 hours) as the mean number of hours reported until milk 

“came in” was 75.3 ± 23.0. Overweight participants were less likely to have a 4-year 

college degree (P < 0.0001) and be married (P = 0.003) and they were more likely to 
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have an income that qualifies for WIC (P = 0.033) compared to those with normal BMI. 

There were no significant differences (P < 0.05) by BMI group in any other demographic 

or perinatal characteristics. 

Participants reported being committed to breastfeeding and receiving familial and 

institutional support: 75.5% of participants were breastfed themselves as babies, 63.2% 

took a prenatal breastfeeding class, 96.6% of participants received breastfeeding 

assistance from hospital staff following delivery, and 100% of those who were raising the 

baby with another adult had support from that individual to breastfeed the baby. The two 

BMI groups did not differ in any of these measures of breastfeeding support.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 20 

Table 2.1 Participant characteristics by pre-pregnant BMI group. 
 

 Total Sample 
(N=239)* 

Normal BMI 
(N=159)* 

Overweight BMI 
(N=80)* 

P 
value1 

Demographic     
Maternal age (years) 29.7 ± 4.5 30.0 ± 3.9  29.1 ± 5.1   0.136 
Prepregnant BMI (kg/m2) 24.3 ± 4.8 21.7 ± 1.9 29.6 ± 4.6  <.0001 
4-year college grad (% yes) 90.8%  96.2%  80.0% <.0001 
Married (yes) 88.7% (N=238) 93.0% (N=158) 80.0%   0.003 
Work, 4 month PP (% yes) 71.6% (N=236) 74.7% (N=158) 65.4% (N=78)   0.136 
Self-identified ethnicity2 

   Caucasian 
   African American 
   Asian 
   Hispanic 
   Native American 
   Pacific Islander 
   Other or No Response 

 
84.5% (N=202) 
  2.5% (N=6) 
  8.4% (N=20) 
  1.3% (N=3) 
  0.4% (N=1) 
  0.4% (N=1) 
  2.5% (N=6) 

 
 83.7% (N=133) 
   0.6% (N=1) 
 10.7% (N=17) 
   1.3% (N=2) 
      0% 
   0.6% (N=1) 
   3.1% (N=5) 

 
 86.3% (N=69) 
   6.3% (N=5) 
   3.8% (N=3) 
   1.3% (N=1) 
   1.3% (N=1) 
      0% 
   1.3% (N=1) 

--- 
 

Income (% WIC eligible) 13.4%  10.1%  20.0%   0.033 
Duration     
Planned exclusive (wks) 22.0 ± 9.5 (N=232) 21.8 ± 9.6 (N=153) 22.5 ± 9.2 (N=79)   0.627 
Planned total (wks) 43.8 ± 17.7 44.0 ± 16.2 43.6 ± 20.4   0.857 
Exclusive (wks) 16.5 ± 9.9 (N=235) 17.5 ± 9.2 (N=157) 14.3 ± 10.9 (N=78)   0.019 
Total (wks)3 40.9 (27.3) (N=233) 48.9 (42.9-52.6) 

(N=156) 
38.6 (27.7-46.0) 
(N=77) 

0.0094 

Perinatal/support     
Gestational weight gain (kg) 
   Above recommendation 
   Within recommendation 
   Below recommendation 

 
53.2% 
38.8% 
  8.0% 

 
43.4% 
47.8% 
  8.8% 

(N=78) 
73.1% 
20.5% 
  6.4% 

<.0001 

C-section delivery (% yes) 25.3% (N=237) 21.5% (N=158) 32.9% (N=79)   0.057 
GDM (% yes) 3.8% 2.5% 6.3%   0.150 
PP depression (% yes) 5.6% (N=233) 6.3% (N=158) 4.0% (N=75)   0.469 
Time PP till milk onset (hrs) 75.3 ± 23.0 73.5 ± 21.8 78.9 ± 25.1   0.086 
Attend prenatal BF class 63.2% (N=238) 62.0% (N=158) 66.3%   0.418 
BF help in hospital (% yes) 96.6% (N=238) 96.9% 96.2% (N=79)   0.792 
BF help after discharge (yes) 65.8% (N=237) 68.6% 60.3% (N=78)   0.206 
Mother BF as baby (% yes) 75.5% (N=233) 77.9% (N=154) 70.9% (N=79)   0.237 
Infant sex (% male) 54.2% (N=238) 57.0% (N=158) 48.8%   0.230 
Infant weight (kg) 
   Birth 
   2 weeks 
   4 months 

 
3.5 ± 0.4 (N=233) 
3.7 ± 0.5 (N=235) 
6.8 ± 0.8 

 
3.5 ± 0.4 (N=158) 
3.7 ± 0.5 (N=157) 
6.8 ± 0.8 

 
3.5 ± 0.5 (N=79) 
3.7 ± 0.5 (N=78) 
6.7 ± 0.8 

 
0.443 
0.926 
0.808 
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 Total Sample 
(N=239)* 

Normal BMI 
(N=159)* 

Overweight BMI 
(N=80)* 

P 
value1 

Psychosocial     
Avoid BF in public (% yes) 41.4% 41.5% 41.3%   0.969 
Body confidence, 
 pre-pregnancy (% no) 

28.5% 17.0% 51.3% <.0001 

Body confidence,  
4 month PP (% no) 

35.5% 28.5% (N=158) 50.0% (N=76)   0.001 

Body concerns, pre-preg 
  Yes, often concerned  
  Yes, sometimes concerned 
  Yes, rarely concerned 
  No 

 
18.8% 
45.2% 
24.3% 
11.7% 

 
15.7% 
43.4% 
26.4% 
14.5% 

 
25.0% 
48.8% 
20.0% 
  6.3% 

  0.081 

Body concerns, 4 month PP 
  Yes, often concerned  
  Yes, sometimes concerned 
  Yes, rarely concerned 
  No 

 
19.2% 
39.3% 
22.7% 
18.8% 

 
14.6% 
36.1% 
27.9% 
21.5% 

 
29.0% 
46.1% 
11.8% 
13.2% 

  0.002 

Values presented are frequencies or means ± standard deviations. 
*Sample size provided was used for all statistical tests unless otherwise noted. 
1P-values determined by t-test for continuous variables and chi-square test for categorical 
variables.  
2Sample sizes given are actual counts for each level of this variable. 
3For this variable, the median (inter-quartile range) is given for the total sample and the median 
(95% confidence intervals) is given for the total duration values of the BMI groups. Due to 
censored data points, the distribution cannot be assumed to be normal and, thus, the median is 
more appropriate.  
4P-value determined by Kaplan-Meier life table method, Wilcoxon test. 
BMI, body mass index; WIC, Women Infant Children; C-section, delivery via cesarean section; 
GDM, gestational diabetes mellitus; BF, breastfeeding; PP, postpartum 
 

Duration differences by body mass index  

All but 1.7% of participants stated that they were fairly or quite certain of their 

plans and were determined to follow through with them. Intended duration of both 

exclusive and any breastfeeding did not differ by maternal BMI group. Those who 

planned on feeding their infant exclusively for some period of time (97.1%, N=232) 

intended to do so for an average of 22 ± 9.5 weeks (mean ± standard deviation) (Table 

2.1). While actual mean exclusive breastfeeding length (16.9 ± 9.9 weeks) was shorter 

than planned for the entire sample, those in the overweight group had significantly lower 
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exclusive duration (14.3 ± 10.9 weeks) compared to those in the normal BMI group (17.5 

± 9.2 weeks) (P = 0.019). The estimated probability of breastfeeding exclusively was less 

for overweight women compared to the normal BMI group during the entire first six 

months postpartum (Figure 2.1). The largest difference between the groups is at three 

months: the estimated probability that an overweight woman will breastfeed exclusively 

for at least 12 weeks is 57.7% (confidence interval (CI) 46.0%, 67.7%), compared to 

75.8% (CI 68.3%, 81.8%) for normal BMI women.  
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Figure 2.1 Kaplan-Meier estimates of probability of exclusive breastfeeding duration 
by postpartum week and pre-pregnancy maternal BMI.  
Note: Dotted vertical line represents the health professional recommended time of 
exclusive breastfeeding until 6 months postpartum. 
 
 

The pattern was similar for total duration. Mean planned duration of any 

breastfeeding for the entire sample was 43.8 ± 17.7 weeks (N=239), while the actual 

median duration was 40.9 weeks (inter-quartile range 27.3) (N=233). Because of 
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censored data, the distribution of total duration values cannot be assumed to be normal 

and thus, the median values are presented for this variable. Overweight women had a 

significantly lower median total duration (38.6 weeks) compared to normal weight 

women (48.9 weeks) (P = 0.009). The estimated probability for those in the overweight 

group to be breastfeeding any amount at six months was 66.2% (CI 54.5%, 75.6%) 

compared to 80.1% (CI 73.0%, 85.6%) for those in the normal BMI group. The 

magnitude of this difference continued as the estimated probability of any breastfeeding 

was less for overweight women compared to the normal BMI group during the entire first 

year postpartum (Figure 2.2).  
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Figure 2.2 Kaplan-Meier estimates of probability of total breastfeeding duration by 
postpartum week and pre-pregnancy maternal BMI. 
Note: Dotted vertical line represents the health professional recommended time of 
breastfeeding to some extent until at least 1 year postpartum. 
 
 

Maternal intended duration was positively related to both actual exclusive and 

total lengths of lactation (P = 0.0004 and P < 0.0001, respectively). Gestational diabetes 
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was negatively associated with both exclusive and total duration (P = 0.007 and P = 

0.0003, respectively). Number of hours until full milk production postpartum was 

negatively associated with exclusive duration only (P = 0.010). None of the other 

demographic or perinatal characteristics were individually associated with length of 

exclusive or total breastfeeding duration at the P < 0.05 level. (Data not shown). 

Relationship of body image to body mass index and breastfeeding duration 

There were a number of significant associations between body image concerns, 

overweight status, and lactation duration. (Associations by BMI category displayed in 

Table 2.1. Associations with duration not shown.) A positive response to the question 

asked in the prenatal survey “Do you think you will avoid breastfeeding in public because 

others might see your breasts?” was a significant negative predictor for both exclusive (P 

= 0.002) and total duration (P = 0.002), but it was not related to overweight status.  

A negative response to the question asked during pregnancy, “Are you 

comfortable with and self-confident in your body?” was strongly associated with 

overweight status (P < 0.0001). Over 50% of overweight and obese women responded 

that they were not comfortable with or self-confident in their bodies pre-pregnancy and 

they were more than three times as likely as those of normal BMI to report this feeling. 

This variable was not associated with exclusive (P = 0.314) or total duration (P = 0.082), 

however. The frequency of overweight women that reported feeling not comfortable/self-

confident at four months postpartum did not change from pre-pregnancy, while the 

prevalence of normal weight women who felt this way increased, yet there was still a 

significant difference between the BMI groups (P = 0.001). Feeling 
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comfortable/confident in one’s body at this postpartum time was also a significant 

predictor of both exclusive (P < 0.0001) and total duration (P < 0.0001).  

Finally, being concerned about one’s body shape/weight pre-pregnancy was 

negatively associated with both exclusive (P = 0.025) and total duration (P = 0.0006), but 

was not related to overweight status (P = 0.081). At four months postpartum, however, 

there was a relationship to overweight status (P = 0.002). Women of normal weight were 

equally likely to be either often or sometimes concerned as they were to be rarely or not 

concerned, but among overweight women, three times as many were often or sometimes 

concerned. Therefore, normal weight women were twice as likely as overweight women 

to be either rarely or not concerned about their body shape/weight. Being concerned with 

one’s body shape/weight was also significantly associated with total duration (P = 

0.0002), but not with exclusive duration (P = 0.064). 

Multivariate analysis of body image and exclusive duration 

After adjustment for potential confounders, several variables, including pre-

pregnant BMI, were significant predictors of exclusive duration. When all covariates 

were present in the model, BMI remained an independent predictor and its association 

with exclusive duration was not modified by these factors (Table 2.2). The column in 

Table 2.2 labeled “Coefficient” provides the beta coefficient of the maternal overweight 

variable in each model, as well as the beta coefficients of each variable in the final model. 

The beta coefficient is a mathematical weighting of each explanatory variable in the 

equation, holding all others constant. Here, the beta coefficient of maternal overweight is 

-2.81, which is interpreted to mean that overweight women had 2.81 fewer weeks of 



 

 26 

exclusive breastfeeding compared to normal weight women, holding all other variables in 

the model constant. 

To examine whether body image explains the association between maternal 

overweight and exclusive duration, each body image variable was added to the previous 

best-fit model. If the beta coefficient of maternal overweight becomes non-significant 

with the addition of another variable in the model, the interpretation is that the additional 

variable mediated the association between maternal overweight and duration. Concerns 

about one’s body shape/weight and not being comfortable/confident with one’s body, 

pre-pregnancy, were not significant predictors, nor did they mediate the relationship 

between pre-pregnant BMI and exclusive duration because the beta coefficients of BMI 

remained unchanged with inclusion of these variables (overweight β = -2.75, P = 0.039; β 

= -2.68, P = 0.045, respectively). Concerns about one’s body shape/weight at four 

months postpartum attenuated the effect of BMI on exclusive duration, indicating that 

this variable partially explained the relationship between overweight and exclusive 

duration (overweight β = -2.50, P = 0.067). This variable was not a significant predictor 

in the model, however, and was not included in the final model because it did not explain 

additional variance. In contrast, not being comfortable/confident with one’s body at four 

months postpartum was a significant negative predictor of exclusive duration. It clearly 

mediated the effect of BMI; with its inclusion in the model, BMI was no longer a 

significant predictor. In addition, it greatly improved the model fit. In this final model, 

lack of comfort/confidence with one’s body mediated the effect of BMI on exclusive 

duration (Table 2.2).   
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Lack of comfort/confidence with one’s body postpartum, along with avoidance of 

breastfeeding in public, gestational diabetes and postpartum depression, each had large 

effects on exclusive duration in the final model. Those with lack of comfort/confidence, 

avoidance of breastfeeding in public, gestational diabetes and postpartum depression had 

a shorter length of exclusive duration by 4.91, 3.45, 6.91, and 7.89 weeks, respectively, 

compared to those without these circumstances. Finally, every additional hour postpartum 

until full milk production began decreased the length of exclusive duration by 0.08 weeks 

and every additional week of intended duration increased actual exclusive duration by 

0.20 weeks.  

Table 2.2 Association of pre-pregnant maternal overweight and exclusive breastfeeding 
duration from general linear regression models. 
 

 Variable Coefficient Standard 
Error 

P 
value 

R2 N 

Model 1 Overweight (yes)1, unadjusted -3.20 1.36 0.019 0.02 235 
 
Model 2 

 
Overweight (yes), adjusted2 

 
-2.81 

 
1.31 

 
0.033 

 
0.19 

 
224 

 
Final 

   
Overweight (yes) 

 
-1.70 

 
1.30 

 
0.194 

 
0.24 

 
224 

Model GDM (yes) -6.91 3.05 0.024   
 Post-partum depression (yes) -7.89 2.64 0.004   
 Avoid BF in public (yes) -3.45 1.23 0.005   
 Hours until lactogenesis II -0.08 0.03 0.004   
 Intended exclusive duration  0.21 0.06 0.002   
 Body confidence, 4 mon (no) -4.91 1.28 .0002   

1Terms in italics are the participant response and were the predicted value in analyses.  
2Adjusted for other significant covariates: GDM, postpartum depression, avoidance of 
breastfeeding in public, hours postpartum until lactogenesis II, intended exclusive duration. 
GDM, gestational diabetes mellitus; BF, breastfeeding 
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Multivariate analysis of body image and total duration 

When the hazard ratio (HR) of discontinuing any breastfeeding was examined for 

overweight women, they were at a significantly higher risk of discontinuation of 

breastfeeding than normal weight women (unadjusted HR = 1.40; CI, 1.001-1.95; P = 

0.049) (Table 2.3). Several variables known to be related to either maternal overweight or 

breastfeeding duration were explored as potential confounders. Three variables were 

added to the model as covariates because of their significant association: gestational 

diabetes and avoiding breastfeeding in public were negative predictors and a longer 

planned duration of breastfeeding was a positive predictor of total duration. When they 

were entered into the proportional hazards regression model, the association between 

maternal overweight and duration of breastfeeding was not attenuated and remained 

significant (adjusted HR = 1.43; CI, 1.02- 2.01; P = 0.041). Each body image variable 

was then entered in turn. When having concerns about one’s body shape/weight pre-

pregnancy was added to the adjusted model, the HR for overweight was 1.48 (CI, 1.05- 

2.10; P = 0.027) (data not shown) suggesting that discontinuation of breastfeeding was 

not explained by pre-pregnancy body concerns. When concerns about one’s body at four 

months postpartum was added to the model, maternal overweight was no longer 

significant (HR = 1.22; CI, 0.85-1.77; P = 0.280). Similarly, when not being 

comfortable/confident with one’s body pre-pregnancy was added to the model, maternal 

overweight was no longer significant (HR = 1.35; CI, 0.95-1.91; P = 0.093). Finally, not 

being comfortable/confident with one’s body at four months postpartum also reduced the 

effect of maternal overweight on total duration (HR = 1.31; CI, 0.93-1.86; P = 0.126).  
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Table 2.3 Association of pre-pregnant maternal overweight and total breastfeeding 
duration from proportional hazards regression models. 
 

 Variable HR 95% CI P value1 N 
Model 1 Overweight (yes)2, unadjusted 1.40 1.001-1.95 0.049 233 
 
Model 2 

 
Overweight (yes), adjusted3 

 
1.43 

 
1.02-2.01 

 
0.041 

 
233 

 
Final  

   
Overweight (yes) 

 
1.31 

 
0.93-1.86 

 
0.126 

 
230 

Model Gestational diabetes (yes) 2.01 0.98-4.13 0.056  
 Avoidance of BF in public (yes) 1.53 1.11-2.12 0.009  
 Intended total duration 0.96 0.95-0.98 <0.0001  
 Body confidence, 4 mon (no) 1.56 1.11-2.19 0.011  

1P-values are based on the Wald test for significance of Cox regression coefficients. 
2Terms in italics are the participant response and were the predicted value in analyses. 
3Adjusted for other significant covariates: gestational diabetes, avoidance of breastfeeding in 
public, intended exclusive duration. 
HR, hazard ratio; CI, confidence internal; BF, breastfeeding 
 

These results indicate that comfort/confidence with one’s body pre-pregnancy and 

postpartum, as well as concerns about one’s body during the postpartum period, mediated 

the relationship between maternal overweight and total duration. Of these three body 

image variables that were added to the adjusted model, only lack of comfort/confidence 

with one’s body postpartum remained significant in the best-fit model and it increased the 

hazard of ceasing breastfeeding by 55% compared to those who were 

comfortable/confident (Table 2.3). Finally, those who would avoid breastfeeding in 

public had a 1.5-fold greater risk of ceasing compared to those who would not avoid 

breastfeeding in public and the hazard of ceasing breastfeeding decreased by 4% for 

every additional week of intended duration.  
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DISCUSSION   

This chapter aimed to explain how pre-pregnant maternal overweight negatively 

impacts breastfeeding duration by testing whether body image concerns were associated 

with exclusive and total lactation duration. The results indicate that overweight women in 

this study, although uniformly and highly committed to breastfeeding and well supported, 

more often fell short of their own breastfeeding goals and had significantly shorter 

durations compared to those of normal BMI. The overweight women expressed 

significantly more concerns with their body shape and weight and were less confident in 

and comfortable with their bodies. In addition to their association with BMI, greater body 

image concerns, especially postpartum, also played a role in predicting shorter lactation 

duration. 

Duration and body mass index 

Intended duration of exclusive breastfeeding and intended duration of total 

breastfeeding remained significant factors in the final models of exclusive and total 

duration respectively. Although planned duration did not have a large effect in this study, 

each additional week that women intended to breastfeed, predicted a small increase in 

both exclusive and total duration length. Breastfeeding is a planned behavior and it is not 

surprising that the longer women planned to breastfeed, the longer the actual duration. 

Several researchers have used the theory of reasoned action (Ajzen and Rishbein, 1980) 

to explore breastfeeding behavior. This theory asserts that the most important determinant 

of one’s behavior is one’s own behavioral intention. The results of the present study echo 

the findings that women who intend to breastfeed for a shorter time are less likely to 
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continue breastfeeding (DiGirolamo et al., 2005; Lawson and Tulloch, 1995; Manstead et 

al., 1983; O’Campo et al., 1992; Quarles et al., 1994).  

On average, those in both the normal and overweight BMI groups intended to 

breastfeed exclusively for just under the recommended six months and to some extent 

through eleven months postpartum. While women of normal BMI were about a month 

shy of their exclusive duration goals, on average they exceeded their goal for total 

duration of breastfeeding. In contrast, those in the overweight BMI category were several 

weeks short of both their exclusive and total duration goals. Overweight women had a 

higher probability of ceasing exclusive and total breastfeeding compared to normal BMI 

women at all times postpartum, until almost exactly the health professional recommended 

time period of six months and one year for exclusive and total duration, respectively. 

These results are consistent with what is demonstrated in the literature regarding 

shorter lactation duration among overweight women. Many studies also show that obese 

women have shorter planned durations (Hilson et al., 2004) and even initiate 

breastfeeding less frequently than do women of normal weight (Li et al. 2003, Oddy et al. 

2006, Scott et al. 2006), which may affect the shorter duration lengths reported. This 

study is unique, however, in that all participants were committed to breastfeeding and 

intentions did not differ between participants in the two BMI groups. In addition, 

participants were extremely well supported by their families and health professionals: 

every participant raising her baby with another adult had that individual’s support to 

breastfeed and almost all received breastfeeding instruction in the hospital following the 

birth. In addition, a majority attended a prenatal breastfeeding instruction class and 
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received support from a health professional after hospital discharge. There were no 

significant differences between overweight and normal weight women in any of these 

measures, which make the difference in duration between the groups even more striking. 

Effect of body image concerns on duration in overweight women 

Although overweight women did not differ in measures of intention or support, 

they did vary considerably from normal weight women in other psychosocial measures, 

namely concerns surrounding body image. Overweight women reported being concerned 

about their body shape/weight more frequently than the normal BMI group both pre-

pregnancy and postpartum. In addition, they were three times as likely to report a lack of 

comfort/confidence with their body pre-pregnancy and twice as likely to report lack of 

confidence postpartum. That women who were overweight before pregnancy have greater 

body image concerns both pre-pregnancy and postpartum is expected and has been 

demonstrated before (Fox and Yamaguchi, 1997; Gjerdingen et al., 2009; Hilson et al., 

2004; Huang et al., 2004; Walker, 1998), but this is the first study to demonstrate a 

relationship between greater body image concerns and shorter exclusive breastfeeding 

duration.  

Results of the present study confirm previous research that identified a 

relationship between poor body image and shorter total duration, and add to that a novel 

finding, by demonstrating that concerns about one’s body shape/weight and 

comfort/confidence with one’s body are associated with shorter exclusive duration in 

overweight women. Most research shows that those intending to breastfeed their infants 

have a more positive body image or fewer body shape concerns than those intending to 
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bottle-feed formula (Barnes et al., 1997; Foster et al., 1996; Gjerdinger et al., 2009), 

although one study showed no difference in body image between the two groups (Walker 

and Freeland Graves, 1998). While these studies explore intentions for infant feeding, 

only two studies have examined the relationship between body image and breastfeeding 

success among those who already intend to breastfeed. In contrast to the current study, 

Hughes (1984) found no difference in body satisfaction between those who were 

successful (defined as breastmilk constituting all but up to eight ounces of an infant’s 

daily intake at four weeks postpartum) versus not. In addition, her study did not 

investigate the influence of maternal weight on either body image or breastfeeding 

success. Hilson et al. (2004) examined short breastfeeding duration among obese women 

and found that “less satisfaction with appearance” was one of several factors that was 

significantly associated with both maternal obesity and shorter total (but not exclusive 

duration) lactation duration, however, it did not mediate the effect of obesity. In Hilson et 

al.’s study, it is important to note that obese women planned to breastfeed for three fewer 

months than normal BMI women, which may play a role in the relationship.  

While the bivariate analyses clearly confirmed the previously known association 

between BMI and duration, (as well as demonstrated significant associations of body 

image with both BMI and lactation duration), a final aim of this study was to assess if 

body image was a possible explanation for how high BMI might result in shorter 

exclusive and total duration. In the adjusted model of exclusive duration, maternal 

overweight remained a significant predictor when pre-pregnant body image variables 

were added to the model. Concerns about one’s body and comfort/confidence in one’s 
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body postpartum attenuated its effect, however, suggesting that negative body image 

during the postpartum time period mediated the effect of BMI on exclusive duration. 

Similarly, in the adjusted model of total duration, lack of body comfort/confidence both 

pre-pregnancy and postpartum, as well as concerns about one’s shape/weight postpartum 

all mediated the effect of maternal overweight on duration of any breastfeeding. This is 

the first study to affirm the mediating effect of body image on the relationship between 

high maternal BMI and duration.  

It is interesting to note that of the two body image measures, lack of comfort in 

and confidence with one’s body had a stronger effect than concerns about one’s body 

shape/weight. Breastfeeding requires women to use their body in new ways and has even 

been named a “confidence trick” (Jelliffe and Jelliffe, 1978). Establishing and 

maintaining a breastfeeding pattern often requires persistence in the face of a variety of 

physiological, anatomical, and social obstacles. These obstacles could be exacerbated for 

overweight individuals who may have large breasts or extra body tissue. For a first-time 

mother, not being comfortable and confident in one’s body could make combating 

breastfeeding obstacles a continual struggle. This could eventually lead to lower 

confidence in one’s ability to breastfeed, a factor which is known to result in shorter 

exclusive duration (Noel-Weiss et al., 2006).  

Avoidance of breastfeeding in public, another psychosocial variable, also 

remained a strong negative predictor of both exclusive and total duration in the final 

models. Frequent and regular nursing episodes are necessary in order to produce a milk 

supply strong enough to support exclusive breastfeeding. As women are away from home 
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for longer periods as the time since delivery increases, it will be necessary to nurse away 

from the home in order to keep up one’s milk supply. If one avoids breastfeeding in 

public, it could lengthen the time between feedings, which decreases the milk supply and 

necessitates supplementation of the infant’s diet, thereby decreasing duration. I thought 

avoidance of breastfeeding in public might be a link between body image concerns and 

maternal overweight but no significant differences were found in avoidance between the 

BMI groups. It is possible that this measure only captured participants’ level of modesty, 

which may not differ by BMI, and not the degree of hassle associated with breastfeeding 

in public, which was thought to perhaps be greater for overweight women. 

Additional predictors of duration 

Postpartum depression, although affecting a small percentage of this sample, was 

a significant negative predictor in the final exclusive duration model. It is possible that 

those with poor body image cease breastfeeding earlier because of the connection with 

poor mental health. Previous studies have documented an association between perinatal 

depressive symptoms and body image concerns (Abraham et al., 2001; Dipietro et al., 

2003; Gjerdengin et al., 2009; Walker et al., 2002). Poor mental health is also known to 

result in lower breastfeeding rates and shorter breastfeeding duration (Dennis and 

McQueen, 2009). The order of causation between poor mental health and poor body 

image is unknown. The present study did not specifically examine measures of mental 

health in this population, but results do show that those who were diagnosed with 

postpartum depression stopped exclusively breastfeeding almost eight weeks earlier than 

those without the illness.  
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Gestational diabetes, like postpartum depression, had a strong negative effect on 

both exclusive and total duration and was a significant predictor in the final exclusive 

duration model. Among those with gestational diabetes (a small percentage in this 

sample), there was a decrease of almost seven weeks of exclusive breastfeeding 

compared to those without gestational diabetes. The evidence for the effect of gestational 

diabetes on lactation outcomes is sparse. One study showed no delay in onset of milk 

production (Hartmann and Cregan, 2001) and another found no difference in total 

duration (Gunderson et al., 2010) in women with gestational diabetes compared to 

women without gestational diabetes.  However, results from the present study indicate 

gestational diabetes is a strong predictor of shorter lactation duration. The relationship of 

gestational diabetes to lactation success is an important avenue of future investigation. 

Finally, many studies have found a strong relationship between high maternal 

BMI and delayed onset until full milk production (lactogenesis II) (Chapman and Perez-

Escamilla, 2000; Dewey et al., 2003). Although the average time until lactogenesis II was 

longer among overweight women compared to the normal BMI group in this study, the 

relationship was only significant at the P < 0.10 level. Hours until lactogenesis II did 

remain a significant negative predictor in the final exclusive duration model. 

The results presented here show that overweight/obese women, who are well 

supported and intend to breastfeed for as long as women of normal weight, have shorter 

exclusive breastfeeding duration that is mediated by lack of confidence in one’s body. 

Given the relationship between body image, weight status in the perinatal period and 

breastfeeding outcomes, along with current trends toward increasing obesity in 
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reproductive age women, further research in this interplay is important in order to find 

ways to enhance mothers’ body image and confidence levels during the perinatal period. 
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CHAPTER III 
 

PERCEPTION OF INSUFFICIENT MILK SUPPLY IS ASSOCIATED WITH 
SHORTER LACTATION DURATION IN PRIMIPAROUS OVERWEIGHT 

WOMEN 
 

 
As discussed in Chapter I, many potential reasons for early cessation of lactation 

operate through the pathway of low milk production (especially initially after parturition). 

Yet, except for establishing the relationship between high pre-pregnant maternal BMI and 

delayed onset of lactogenesis II, researchers have not given much direct attention to 

issues of milk production in overweight women. This chapter will explore breastfeeding 

problems occurring within the first two weeks postpartum, focusing particularly on 

maternal perception of low milk supply.  

Several factors are necessary for efficient milk production and subsequent 

transfer. Milk, referred to as colostrum immediately postpartum, is limited in quantity 

during the first couple days postpartum. Colostrum has lower concentrations of lactose, 

but higher levels of antibodies and immunoglobins than mature milk, which meet the 

unique needs of newborns. Production of mature milk, with increased concentrations of 

lactose and proteins, increases rapidly around 48-72 hours after birth (Neville, 2001b; 

Riordan, 2005). This marks the transition to lactogenesis II, more commonly referred to 

as the “coming in” of milk. Inefficient milk transfer leads to delays in breastfeeding 

establishment, which can lead to problems with long-term milk supply. If milk is not 

removed from the breast, milk production may not reach appropriate levels. Establishing 

a sufficient milk supply can be interrupted by several factors because they suspend 
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breastfeeding, even temporarily, including infant factors such as disinterest or problems 

latching-on to the breast or maternal factors such as sore nipples or breast infections.  

While less than 5% of women may have an actual physiological or anatomical 

inability to produce sufficient milk (Neifert, 2001), perceived insufficient milk (PIM) is 

often the most commonly cited reason by mothers (living in a variety of different 

countries and socioeconomic settings) for early supplementation or discontinuation of 

breastfeeding (Gatti, 2008). PIM has been defined as a state in which a mother has or 

perceives that she has an inadequate supply of breast milk to meet her infant’s needs (Hill 

and Humenick, 1989). Actual milk supply, however, is rarely measured and most reports 

refer only to maternal perception. Women experiencing PIM have been found to be most 

at risk for ceasing breastfeeding during the early postpartum period (Ahluwalia et al., 

2005; Health et al., 2002; Lewallen et al., 2006; McCarter-Spaulding and Kearney, 2001; 

Punthmatharith and Singh, 2005; Sheehan et al., 2001; Wojnar, 2004), yet some studies 

report that PIM continues to be a major risk factor for several months postpartum (Blyth 

et al., 2002; Cooke et al., 2003; Kirland and Fein, 2003). Women most commonly report 

PIM in response to infant crying, which they believe to be a sign that the infant is not 

receiving enough milk (Tully and Dewey, 1985; Segura-Millan et al., 1994; Dettwyler 

and Fishman, 1992). Formula supplementation, when available, is then the universal 

response used to combat PIM (Blyth et al., 2002; Lewallen et al., 2006; Sacco et al., 

2006; Alikassifogglu et al., 2001; Cooke et al., 2003; Heath et al., 2002; Schluter et al., 

2006), which subsequently leads to early discontinuation of breastfeeding.  
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PIM is associated with a variety of factors, many of which are known to affect 

milk production: delay of lactogenesis II (Perez-Escamilla et al., 1992; Segura-Millan et 

al., 1994), inadequate breastfeeding knowledge or technique (Hill and Aldag, 1991; 

Perez-Escamilla et al., 1993; Segura-Millan et al., 1994), lack of maternal confidence in 

breastfeeding ability (Otsuka et al., 2008; McCarter-Spaulding and Kearney, 2001; Dykes 

and Williams, 1999; Blyth et al., 2002; Segura-Millan et al., 1994) mismanagement due 

to formula supplementation or inappropriate feeding schedule (Wright, 2001), and loss of 

mother/baby contact (Gussler and Briesemeister, 1980).  

It is known that overweight women have shorter breastfeeding duration and that 

PIM is the most common reason cited for discontinuing breastfeeding, yet only three 

studies have explored the relationship between PIM and maternal obesity with conflicting 

results (Mok et al., 2008; Rutishauser and Carlin, 1992; Segura-Millan et al., 1994). The 

present study investigates whether this common reason for early cessation affects 

overweight women differentially and impacts the relationship between maternal 

overweight and duration. I explore a variety of common breastfeeding problems in the 

early postpartum period and focus on those that relate to milk production by testing the 

following hypotheses: a) Overweight women report PIM in greater frequencies than 

women of normal BMI; b) PIM is a predictor of shorter exclusive and total duration of 

lactation; and c) The relationship between maternal overweight and shorter lactation 

duration is mediated by PIM. In addition, I explore how other problems reported at this 

early postpartum time, may speak to the accuracy of maternal perception of insufficient 

milk. 
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METHODS 

Study participants 

Details of participant recruitment, including exclusion criteria, as well as the final 

number of participants are described in Chapter II. 

Measures 

The two outcome variables in this study are exclusive breastfeeding duration 

(weeks) and total breastfeeding duration (weeks). Participants were considered to be 

exclusively breastfeeding if they were providing only breastmilk to their infant and no 

other liquids or solids for nutritional value. Exclusive breastfeeding duration was 

measured from the time of infant birth until the infant received non-breastmilk liquids or 

solids and continued to do so without going back to a breastmilk only diet. Participants 

were considered to be breastfeeding if they were nursing or pumping/expressing milk to 

any extent for their infant. Total breastfeeding duration was measured from the time of 

infant birth until the time when participants completely ceased all nursing and pumping, 

unless they were still breastfeeding at the end of the study, in which case they were right 

censored.  

All women submitted a pre-natal survey (during their third trimester of 

pregnancy), another at two-weeks postpartum and a third at four-months postpartum (or 

time of weaning, whichever came first). These responses provided information relating to 

demographic characteristics, hospital delivery experience, intended and actual 

breastfeeding patterns, and breastfeeding problems experienced within the early 

postpartum period. Responses to each question in the surveys were voluntary and as such, 
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some participants did not answer some questions despite completing the rest of the 

survey. Sample size for a particular analysis may fluctuate in accordance with these types 

of missing data. Survey measures included the following: 

Demographic/support variables: maternal age; education level (4-year college 

graduate, yes/no); income level (household income qualifies for the Federal assistance 

program, Women, Infants and Children, yes/no); working for pay at four months 

postpartum (yes/no); and marital status (married/single). Mothers’ perceptions of 

personal and institutional support were assessed as follows: in the prenatal survey, 

“Describe the level of agreement the baby’s father (or other person you will raise the 

child with) has with your plan to feed your infant.” Answers were provided using a 5-

point Likert scale from strongly agree to strongly disagree. “Were you ever breastfed as 

a baby?” (yes/no). “Will you have attended a class on breastfeeding by the time your 

baby is born?” (yes/no); in the two weeks postpartum survey, “While you were in the 

hospital or birth center for delivery of this baby, did anyone help you with breastfeeding 

by showing you how or talking to you about breastfeeding?” (yes/no). “Since your baby 

was born, have you attended a breastfeeding support group or visited with a lactation 

consultant?” (yes/no). Mothers’ intended exclusive and total breastfeeding durations were 

assessed by questions on the prenatal survey of “How long do you think you will 

breastfeed exclusively (in months)?” and “How old do you think your baby will be when 

you completely stop breastfeeding (in months)?” 

Perinatal variables: Maternal and infant variables that relate to the time period of late 

pregnancy through childbirth and the early postpartum period include gestational diabetes 
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mellitus (GDM) (diagnosed, yes/no); gestational weight gain (GWG) (classified as 

Below, Within, and Above in relation to recommendations from the Institute of Medicine 

for appropriate weight category (IOM 2009); mode of delivery (cesarean section, yes/no); 

postpartum depression (diagnosed or treated for, yes/no); hours until full milk production 

postpartum (time period in hours until milk “came in”); infant sex (male/female); and 

infant weight at birth, at two weeks postpartum and four months postpartum. 

Breastfeeding problems (yes/no): Problems that were reported to have occurred 

within the first two weeks postpartum include pain while breastfeeding (pain experienced 

while breastfeeding so great at any time that it prevented participant from breastfeeding); 

infant concerns (poor latch, baby choked while feeding, baby was too sleepy to nurse, 

baby was too distracted or not interested in nursing), milk production concerns (it took 

too long for the milk to come in, there was trouble getting the milk flow to start, infant 

was losing too much or not gaining enough weight, mother didn’t have enough milk (i.e. 

PIM)), breast concerns (sore, bleeding or cracked nipples, engorged breasts, clogged 

duct, infected or abscessed breast). 

Statistical analysis  

In order to retain as many participant responses as possible in statistical analyses, 

missing values for two variables were computed by using a simple imputation strategy of 

assigning the sample means for each variable. This was done for 4.1% of observations for 

infant weight at four months and 2.1% of observations for hours postpartum until full 

milk production. This adjustment did not affect results. 
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Chi-square (χ2) and t-test (2-tailed) analyses were conducted to compare the 

characteristics of women with normal BMI pre-pregnancy to those with overweight BMI 

pre-pregnancy. All participants had stopped breastfeeding exclusively when the study 

ended. Accordingly, complete exclusive duration lengths are reported and general linear 

models were used to examine associations between the outcome variable, exclusive 

duration, with the independent variables. Thirty-four percent of participants were still 

breastfeeding to some extent when the study ended, thus, total duration lengths may only 

be partially observed. These participants were classified as not having the event of 

interest (i.e. cessation of breastfeeding) and were, therefore, right-censored for analyses 

that involve total duration. The Kaplan-Meier life table method and Cox proportional 

hazards regression were employed to account for these censored data (Cox, 1972; 

Hosmer and Lemeshow, 1999). The Kaplan-Meier life table method was used to 

determine whether exclusive duration and total duration of any breastfeeding, also an 

outcome variable, differed by maternal pre-pregnant BMI categories, as well as by other 

independent variables. Wilcoxon’s test was used to compare the survival curves.  

After examining the unadjusted bivariate associations, multiple general linear 

models were used to assess the independent effects of maternal overweight on exclusive 

breastfeeding duration. Following a hierarchical regression modeling technique (Newton 

and Rudestam, 1999), models were built in steps on the basis of significance in the 

bivariate analyses. Variables that were associated (P < 0.10) with exclusive duration 

and/or maternal overweight were added to the model. Variables that remained 

independently associated with duration (P < 0.05) were carried over to the next model. 
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Breastfeeding problem variables were then added to this adjusted model in three different 

groups – infant concerns, breast concerns and milk production concerns – to determine 

whether the magnitude of the relationship with prepregnant BMI and exclusive duration 

decreased with the addition of variables in each group. Potential interactions among the 

resulting main effect variables and maternal BMI were investigated by adding their cross-

product terms to the equation for the final model-building step. No significant 

interactions were found. The final explanatory variables were checked for 

multicollinearity by examining the Variance Inflation Factor (VIF) and the values were 

not high enough to indicate colinearity (Cody and Smith, 2006). Final model fit was 

assessed based on both the R2 value and Akaike Information Criterion (AIC) score 

(Akaike 1974). 

Cox proportional hazards regression analyses were conducted to determine the 

hazard risk (HR) of discontinuing any breastfeeding among overweight women compared 

to those with normal pre-pregnancy BMI. Proportional hazards regression models the 

effects of independent variables on the “hazard” (or risk) of breastfeeding cessation over 

time. The hazard can be thought of as the instantaneous risk of breastfeeding cessation at 

a given time point.  

Models were built in steps on the basis of significance in the bivariate analyses. 

Variables that were significantly associated (P < 0.10) with total duration and/or maternal 

overweight were added to the model. Variables that remained independently associated 

with duration (P < 0.05) were carried over to the next model. Variables associated with 

breastfeeding problems were then added to this adjusted model in three different groups – 
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infant concerns, breast concerns and milk production concerns – to determine whether the 

magnitude of the relationship with prepregnant BMI and exclusive duration decreased 

with the addition of variables in each group.  Potential interactions among the resulting 

main effect variables and maternal BMI were investigated by adding their cross-product 

terms to the equation for the final model-building step. No significant interactions were 

found. Cox regression is semi-parametric and allows for a continually changing “risk” (or 

hazard) over time. The major assumption of this type of analysis is that although the 

hazard may change over time between two individuals/groups, the hazard ratio for the 

change in exposure between them remains constant. To test this assumption, time-

dependant covariates were included in the model. Time-dependent covariates are 

interactions of the predictors with time, in this analysis, log(time) (UCLA, 2011). They 

were not significant individually or collectively so the assumption of proportionality was 

met. The final explanatory variables were checked for multicollinearity by examining the 

Variance Inflation Factor (VIF) and the values were not high enough to indicate 

colinearity (Cody and Smith, 2006). The final model was selected based on the lowest 

Akaike Information Criterion (AIC) score. All analyses were conducted with SAS 

(version 9.2; SAS Institute, Inc, Cary, NC). 

RESULTS  

Characteristics of the total sample, as well as frequencies of each study variable 

by prepregnant maternal BMI are shown in Table 2.1. Participants tended to be relatively 

older for giving birth for the first time, be married, college-educated, of high 

socioeconomic status and self-identify as Caucasian. For comparison, average age of first 
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birth in Minnesota is 25.8 years, 35.2% of women giving birth in Minnesota have a four-

year college degree, 85.2% identify as Caucasian and 70.2% are married (CDC 2009; 

PRAMS 2006).  

Participants were well supported by both family and health professionals in their 

decision to breastfeed. Although intended duration of both exclusive and any 

breastfeeding did not differ by maternal BMI group, average actual duration lengths were 

significantly shorter for those in the overweight BMI group. Complete details of the 

demographic and support characteristics, as well as lengths of exclusive and total 

duration by BMI can be found in Chapter II.  

Association of breastfeeding problems and body mass index 

Fewer than 7% of participants reported no problems related to breastfeeding 

within the first two weeks postpartum. The vast majority experienced different problems 

to varying degrees (Table 3.1). Under Infant Concerns, 47.9% reported that their infant 

had trouble latching on, 13.5% of infants choked while feeding, 34% said their babies 

would not wake up regularly enough to nurse, and 17.6% thought their baby was too 

distracted or not interested in nursing. In the category of Milk Production Concerns: 13% 

thought that their milk took too long to come in, 8.4% reported trouble getting the milk 

flow to start, 24.4% said that their infant had trouble gaining or was losing too much 

weight, and 11.8% responded that they did not have enough milk. Under Breast 

Concerns: 60.1% had sore or cracked nipples, 44.1% experienced engorgement, 6.3% 

had a clogged duct and 5% had an infected or abscessed breast. A large majority (84.9%) 
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experienced pain while breastfeeding during the first two weeks postpartum but only 

9.7% reported that its severity prevented them from breastfeeding to some extent.  

 
Table 3.1 Breastfeeding problems reported at two weeks postpartum by pre-pregnant 
maternal BMI group. 
 

Problem Total Sample 
(N=239)* 

Normal BMI 
(N=159)* 

Overweight 
BMI (N=80)* 

P 
value1 

Pain that prevented BF 9.7% (N=158) 8.8% 11.4% (N=79) 0.525 
Infant concerns  
  Latch 
  Choking 
  Not wake up 
  Distracted 

(N=238) 
47.9% 
13.5% 
34.0% 
17.6% 

 
46.5% 
13.8% 
31.5% 
18.2% 

(N=79) 
50.6% 
12.7% 
39.2% 
16.3% 

 
0.552 
0.802 
0.232 
0.703 

Milk production  
  Too long 
  Flow trouble 
  Lost weight 
  No milk 

(N=238) 
13.0% 
  8.4% 
24.4% 
11.8% 

 
12.0% 
  6.3% 
20.8% 
  7.6% 

(N=79) 
15.2% 
12.7% 
31.7% 
21.5% 

 
0.484 
0.095 
0.065 
0.002 

Breast concerns  
  Sore nipples 
  Engorgement 
  Clogged duct 
  Infection 

 
60.1% 
44.1% 
  6.3% 
  5.0% 

 
58.5% 
49.7% 
  6.3% 
  5.7% 

(N=79) 
63.3% 
32.9% 
  6.3% 
  3.8% 

 
0.476 
0.014 
0.991 
0.536 

Values presented are frequencies. 
*Sample size provided was used for all statistical tests unless otherwise noted. 
1P-values determined by chi-square test.  
BMI, body mass index; WIC, Women Infant Children; C-section, delivery via cesarean section; 
GDM, gestational diabetes mellitus; BF breastfeeding 

 

There were two statistically significant differences between the BMI groups 

related to problems of milk production at two weeks postpartum. Overweight women 

reported that they did not have enough milk (i.e. PIM) almost three times more frequently 

than women of normal BMI (P = 0.002). In addition, while half of women with normal 

body weight reported engorgement, overweight women did so only 33% of the time (P = 

0.01). Finally, almost a third of overweight women reported that their babies were not 



 

 49 

gaining enough/losing too much weight, compared to only 20% in the normal BMI group 

(P = 0.065), yet there was no actual infant weight difference between the groups at two 

weeks postpartum (P = 0.926). There were no other significant differences between the 

BMI groups in frequency of breastfeeding problems.  

Association of breastfeeding problems and duration 

Several reported factors of milk production were also associated with shorter 

exclusive and total duration: engorgement was associated with increased exclusive (P < 

0.0001) and total (P = 0.0002) duration; baby losing too much/not gaining enough weight 

and not having enough milk were both associated with decreased exclusive (P = 0.002 

and P < 0.0001, respectively) and total duration (both P < 0.0001); and trouble getting 

the milk to flow was associated with decreased exclusive (P = 0.032) and total duration 

(P = 0.011). Maternal perception that her milk took too long to come in was also related 

to shorter total duration length (P = 0.0002). In addition, infant choking while feeding 

was associated with both increased exclusive and total duration (P = 0.030, P = 0.038, 

respectively), while pain that was great enough to suspend breastfeeding to some extent 

was related to shorter exclusive duration (P = 0.025). No other early breastfeeding 

problems were associated with lactation duration. (Data not shown).  

Multivariate analysis of breastfeeding problems and exclusive duration 

After adjustment for potential confounders, several variables, including 

prepregnant BMI, were significant predictors of exclusive duration. When all covariates 

were present in the model, BMI remained an independent predictor but its association 

with exclusive duration was slightly attenuated by these factors (Table 3.2). The column 
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in Table 3.2 labeled “Coefficient” provides the beta coefficient of the maternal 

overweight variable in each model, as well as the beta coefficients of each variable in the 

final model. The beta coefficient is a mathematical weighting of each explanatory 

variable in the equation, holding all others constant. Here, the beta coefficient of maternal 

overweight is -2.73, which is interpreted to mean that overweight women had 2.73 fewer 

weeks of total breastfeeding compared to normal weight women, holding all other 

variables in the model constant. 

To examine whether breastfeeding problems explained the association between 

maternal overweight and exclusive duration, each group of problems (infant concerns, 

milk production concerns and breast concerns) was added to the previous best-fit model. 

If the beta coefficient of maternal overweight becomes non-significant with the addition 

of another variable in the model, the interpretation is that the additional variable mediated 

the association between maternal overweight and duration. Within these categories, two 

variables, infant choking during breastfeeding and engorgement, were positive 

independent predictors and maternal perception of not enough milk (PIM) was a 

significant negative predictor of exclusive duration. Infant choking did not attenuate the 

effect of maternal overweight on exclusive duration (overweight β = -2.77, P = 0.046) 

and it did not remain significant when entered with all covariates in the final model (data 

not shown). When engorgement and maternal PIM were included separately, however, 

maternal overweight became non-significant indicating each of these two variables 

clearly mediated the effect of BMI.   
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Engorgement, PIM, gestational diabetes and postpartum depression each had 

large effects on exclusive duration in the final model (Table 3.2). As demonstrated by the 

beta coefficient of -3.72, those not experiencing engorgement were predicted to 

exclusively breastfeed for almost a month less (i.e. 3.72 weeks) than those with 

engorgement. Exclusive duration was over two months less among those who perceived 

that they did not have enough milk, relative to those who did not report this problem. As 

average exclusive breastfeeding duration in this study was approximately four months, 

this translates into an exclusive duration length less than half as long as the average 

length. Gestational diabetes and postpartum depression each predicted a loss of six weeks 

of exclusive breastfeeding. Finally, longer intended duration of exclusive breastfeeding 

had a significant protective effect in the final model (Table 3.2). 

 
Table 3.2 Association of pre-pregnant maternal overweight and exclusive breastfeeding 
duration from general linear regression models. 
 

 Variable Coefficient SE P 
value 

R2 N 

Model 1 Overweight (yes)1, unadjusted -3.20 1.36 0.019 0.02 235 
 
Model 2 

 
Overweight (yes), adjusted2 

 
-2.73 

 
1.33 

 
0.042 

 
0.15 

 
224 

 
Final  

 
Overweight (yes) 

 
-1.08 

 
1.27 

 
0.394 

 
0.28 

 
224 

model GDM (yes) -6.76 2.97 0.024   
 Post-partum depression (yes) -6.16 2.59 0.018   
 Hours until lactogenesis II -0.04 0.03 0.101   
 Intended exclusive duration 0.20 0.06 0.001   
 Engorgement (no) -3.72 1.20 0.002   
 No milk (yes) 

Infant choking (no) 
-8.25 
-2.78 

1.86 
1.66 

<.0001 
0.096 

  

1Terms in italics are the participant response and were the predicted value in analyses.  
2Adjusted for other significant covariates: GDM, post-partum depression, hours postpartum until 
lactogenesis II, intended exclusive duration 
SE, standard error; GDM, gestational diabetes mellitus; BF, breastfeeding 
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Multivariate analysis of breastfeeding problems and total duration 

Overweight women experienced a 1.4-fold greater risk of discontinuation of 

breastfeeding than normal weight women (unadjusted HR = 1.40; CI, 1.001-1.95; P = 

0.049) (Table 3.3). Several variables known to be related to either maternal overweight or 

breastfeeding duration were explored as potential confounders. Two variables were added 

to the model as covariates because of their significant association: gestational diabetes 

was a negative predictor and a longer planned duration of breastfeeding had a protective 

effect on total duration. When they were entered into the proportional hazards regression 

model, the association between maternal overweight and duration of breastfeeding was 

not attenuated and remained significant (adjusted HR = 1.41; CI, 1.001-1.98: P = 0.049) 

(Table 3.3).  

Each group of breastfeeding problems was then added to this adjusted model. 

When infant concerns (trouble latching on, infant choking while feeding, infant not 

waking up enough or distracted) were included, the HR for overweight was 1.48 (CI, 

1.05-2.10; P = 0.027) suggesting that discontinuation of breastfeeding was not explained 

by infant-related breastfeeding problems. When breast concerns (sore nipples, 

engorgement, clogged duct or infection) were added to the model, overweight was no 

longer significant (HR = 1.35; CI, 0.96-1.90; P = 0.089). Engorgement appears to be the 

variable that results in this mediation. None of these variables, including engorgement, 

however, were statistically significant independent predictors and, thus, were not 

included in the final model. Similarly, when concerns related to milk production (milk 

took too long to come in, trouble getting the milk to flow, baby did not gain enough/lost 
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too much weight, maternal PIM) were tested, the significance of overweight was 

eliminated (HR = 1.34; CI, 0.94-1.91; P = 0.103). Although both PIM and maternal 

perception that the milk took too long to come in remained independent predictors in the 

final model, only PIM had a mediating effect on the relationship between maternal 

overweight and duration of any breastfeeding. 

In the final model, women who reported PIM had a 1.7-fold increased risk of 

ceasing any breastfeeding relative to those who did not report PIM. Similarly, those who 

believed their milk took too long to come in had an 89% increased risk of ceasing 

breastfeeding over those who did not report this problem. Those with gestational diabetes 

were greater than two times more likely to stop breastfeeding compared to those without 

gestational diabetes. Finally, the risk of ceasing breastfeeding decreased by almost 4% for 

every additional week of intended duration (Table 3.3).  

 
Table 3.3 Association of pre-pregnant maternal overweight and total breastfeeding 
duration from proportional hazards regression models. 
 

 Variable HR 95% CI P value1 N 
Model 1 Overweight (yes)2, unadjusted 1.40 1.001-1.95 0.049 233 
 
Model 2 

 
Overweight (yes), adjusted3 

 
1.41 

 
1.001-1.98 

 
0.049 

 
233 

 
Final 

 
Overweight (yes) 

 
1.35 

 
0.95-1.92 

 
0.094 

 
230 

model GDM (yes) 2.16 1.07-4.38 0.033  
 Intended total duration 

Milk too long to come in (yes) 
No milk (PIM) (yes) 

0.96 
1.89 
1.69 

0.95-0.98 
1.19-2.99 
1.06-2.70 

<.0001 
0.007 
0.028 

 

1P-values are based on the Wald test for significance of Cox regression coefficients. 
2Terms in italics are the participant response and were the predicted value in analyses. 
3Adjusted for other significant covariates: GDM and intended total duration 
HR, hazard ratio; CI, confidence internal, GDM, gestational diabetes mellitus 
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DISCUSSION 

Overweight women in this study reported perceived insufficient milk (PIM) in 

significantly higher frequencies than women with normal BMI. PIM was also an 

independent negative predictor for both exclusive and total lactation duration. Finally, a 

novel finding from this study is that breastfeeding problems related specifically to milk 

production in the early postpartum period appear to partly explain the relationship 

between maternal overweight and lactation duration.  

Association between body mass index, perceived insufficient milk and duration 

Three studies previously explored a relationship between PIM and maternal 

obesity, but produced conflicting results. Rutishauser and Carlin (1992) first presented a 

relationship between maternal obesity (assessed at one-month postpartum) and shorter 

breastfeeding duration. Women were asked their reason for weaning and results show 

that the obese women in their sample cited “inadequate lactation” less frequently than 

women with normal BMI as a reason for early cessation. In contrast, Segura-Millan and 

colleagues (1994) found that high maternal BMI (measured at one-week postpartum) was 

one of several variables that was significantly associated with an earlier onset of PIM 

(assessed at one-week postpartum), yet BMI did not remain a significant predictor of PIM 

in the their multivariate model. In both of these cases, maternal BMI was assessed 

postpartum and not pre-pregnancy as in the present study. 

The present research adds support to the finding that high maternal BMI is 

associated with greater frequency of PIM. Overweight women reported that they did not 

have enough milk at two weeks postpartum almost three times more frequently than did 
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women of normal BMI. Only one other study investigated an association between pre-

pregnancy BMI and PIM. Mok and colleagues (2008) explored maternal perceptions and 

infant weight changes in obese versus normal-weight mothers and report that fewer obese 

women believed they had sufficient milk for their infants at both one and three months 

postpartum than did women of normal BMI. Furthermore, obese women in their sample 

also gave PIM as the reason they chose to stop exclusive breastfeeding more frequently 

than did those of normal weight, however, this relationship was not supported when 

exploring reasons for cessation of any breastfeeding. 

The present study is the first to find an association between PIM and shorter 

duration of any breastfeeding in overweight women. PIM had a negative effect not only 

on exclusive duration (similar to the finding by Mok et al. 2008), but additionally on total 

breastfeeding duration. Those who reported PIM were at greater risk of ceasing 

breastfeeding completely at any time compared to those who did not report PIM, which 

falls in line with previous knowledge that PIM is a common predictor of short lactation 

duration in all women, regardless of BMI status (Gatti et al. 2008). Additionally, 

however, perceived insufficient milk mediated the effect of maternal overweight on 

duration, which suggests it is a potential explanation for why overweight women 

experience reduced exclusive and total lactation duration. 

Maternal overweight and accuracy of maternal perception of insufficient milk 

Although it is well documented that there is a strong relationship between PIM 

and reduced duration, this association raises the question: Do women who report 

insufficient milk actually produce less or simply believe that they do? It is important to 
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note that actual milk supply is rarely measured, and that reports of PIM in the literature 

are often based on maternal perception alone (Gatti et al., 2008). Although it is not 

possible to answer this question with the present sample either, a subset of participants 

from this study (N=41) participated in more intensive data collection and milk output was 

measured once at seven days postpartum. Overweight women produced significantly less 

milk at this time period compared to those of normal weight (1.42 oz vs. 1.98 oz, 

respectively) (P = 0.049), which suggests a true lower milk supply among overweight 

women (full details are discussed in Chapter IV). The results of one other study may 

indirectly examine the accuracy of maternal perception in relation to actual milk supply. 

Hill & Aldag (2007) found that inadequate milk supply (< 500 mL/day) at six weeks 

postpartum (using 24-hour test-weights) was a significant predictor of formula 

supplementation by twelve weeks postpartum and that mothers who reported PIM at eight 

weeks were more likely to provide formula at twelve weeks relative to those who did not 

report PIM. Unfortunately, they did not include maternal BMI measures in their study.  

Additional results from the present study also indirectly support the claim that 

overweight women have a true lower milk supply. Engorgement at two weeks postpartum 

was an independent positive predictor of length of exclusive breastfeeding and 

significantly fewer overweight women reported this condition compared to normal 

weight women. Engorgement has been defined as “the swelling and distension of the 

breasts, usually in the early days of initiation of lactation, caused by vascular dilation as 

well as the arrival of the early milk” (Lawrence and Lawrence, 2005). There is no 

standard tool for assessing engorgement, which varies on a continuous scale. While 
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engorgement is often referred to as a breastfeeding problem (and can be in severe cases 

that do not clear), breast “fullness” is actually an indication that milk is accumulating 

(ABM, 2009). In addition, engorgement is associated with maternal perception of 

efficient milk production. Cooke and colleagues (2003) explored the relationship between 

a variety of breastfeeding problems and maternal perception of infants’ satisfaction with 

breastfeeding. They found that infant satisfaction score was negatively associated with 

PIM, yet it was positively associated with engorgement. At both two and six weeks 

postpartum, women who experienced engorgement had a significantly higher mean infant 

satisfaction score than those who did not.  

On the other hand, a true insufficient milk supply may be reflected in smaller 

infant weight gains. Results of the present study, however, show no difference in infant 

weight at any time postpartum between the BMI groups. One reason for this lack of 

association may be because the causal chain between PIM, actual low milk supply and 

timing of supplementation (i.e. cessation of exclusive breastfeeding) is unknown. Once 

one believes her infant is not receiving enough milk, whether or not that belief is 

accurate, formula supplementation is more likely to take place, which could obscure any 

weight differences that may otherwise be seen in women who are exclusively feeding 

only their own milk supply. One study has, in fact, demonstrated that PIM in exclusively 

breastfeeding obese women is associated with slower growth of their infants. Mok et al. 

(2008) found that in addition to more frequent reports of insufficient milk by obese 

women, infants of obese breastfeeding mothers lost more weight before hospital 
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discharge and gained less weight at one month compared with infants of normal BMI 

breastfeeding mothers and obese mothers who were formula-feeding.  

Finally, a delay in milk “coming-in” (lactogenesis II) is also known to affect milk 

supply and has been associated with both PIM (Perez-Escamilla et al., 1992; Segura-

Millan et al., 1994) and maternal obesity (Chapman and Pérez-Escamilla, 1999; Dewey et 

al., 2003; Hilson et al., 2004; Nommsen-Rivers et al., 2010). In the present study, 

overweight women did have a higher mean time until lactogenesis II, relative to normal 

BMI women, although this difference was not as large as that reported by other studies. 

Because a delay in onset often results in initial low production and subsequently, earlier 

supplementation, the presence of this association also provides indirect evidence of a true 

lower milk supply among overweight women.  

It cannot be ruled out, however, that PIM actually induces a lower milk supply. 

Mothers who may have an adequate milk supply, but perceive that they do not, may 

respond by supplementing, which then does result in a lower supply. Perhaps overweight 

mothers have different perceptions about what constitutes an adequate milk supply 

compared to mothers that are not overweight. Future research on maternal decision-

making in the early postpartum period is needed to assess the accuracy of PIM and 

disentangle how this affects lactation duration in overweight women. Findings from this 

study highlight the importance of addressing milk supply issues immediately postpartum 

and better management of the mother-infant pair until a sufficient milk supply is built. 

Interventions that decrease the incidence of breastfeeding problems affecting supply 

and/or increase maternal confidence that her milk supply is sufficient, may play an 
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important role in reducing the prevalence of early lactation cessation, especially in 

overweight women. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 60 

CHAPTER IV 
 

LOW MILK OUTPUT, DECREASED PROLACTIN LEVELS AND POOR 
POSITIONING ASSOCIATED WITH EARLY CESSATION OF EXCLUSIVE 

BREASTFEEDING IN OBESE WOMEN 
 
 

As previously discussed, establishing lactation during the early postpartum period 

is of critical importance to continued breastfeeding success. Due to the significance of 

this time period and the variety of factors that can affect it, this chapter will focus on how 

maternal obesity negatively impacts lactation establishment by exploring several key 

aspects related to breastfeeding during the first-week postpartum. Mother-infant pairs that 

transfer milk from mother to infant shortly after parturition experience greater long-term 

breastfeeding success than those who experience a delay in breastfeeding establishment 

(Chapman and Perez-Escamilla, 2000).  

Several steps are necessary for efficient milk production and subsequent transfer. 

Milk secretion is under hormonal control and initially begins at birth. Most influential are 

decreases in progesterone and estrogen with a simultaneous steep increase in prolactin. 

After parturition, women have high baseline prolactin concentrations and prolactin 

responds to nursing episodes with sharp peaks (Neville, 2001a; Riordan, 2005). Women 

may experience difficulty establishing lactation if these hormone patterns are altered. 

Differences in hormone concentrations have been reported in non-pregnant, non-lactating 

obese women and men compared to normal weight controls. Adipose tissue is an extra 

source of and storage tissue for estradiol. In addition, elevated estrogen values have been 

found in regularly menstruating obese women (Azziz, 1989; Birkenfeld and Kase, 1994; 

Ellison, 2001). Pijl et al. (1993) found lower basal prolactin levels among obese subjects 
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compared to those of normal weight. In addition, the release of prolactin, in daily pulses 

and in response to other hormones, has been shown to be reduced in obese men and 

women (Cavagnini et al., 1981; Kopelman, 2000). 

After initial secretion, milk needs to be removed from the breast for continued 

production and supply is largely influenced by infant demand (i.e. the frequency of 

feedings). In humans, breastfeeding is a learned behavior in which mother and baby must 

successfully execute a variety of steps to ensure proper latching on by the infant. 

Inefficient transfer due to improper positioning leads to delays in breastfeeding 

establishment. If milk is not removed from the breast, milk production may not reach 

appropriate levels and severe infant weight loss may result (Manganaro et al., 2001).   

After previously investigating the impact of various psychosocial factors on the 

relationship between maternal overweight and reduced lactation duration, in this chapter I 

explore whether maternal pre-pregnant obesity impacts hormone levels and breastfeeding 

behavior. The following hypotheses are tested: 1) Obese women have altered hormone 

levels, specifically a) estradiol levels are increased and, b) prolactin levels are decreased 

relative to normal weight women; 2) Obese mothers have more difficulty obtaining 

correct positioning as indicated by lower mother-infant positioning scores; and 3) Obese 

women produce lower milk volume, resulting in early cessation of exclusive 

breastfeeding. This approach is unique in the holistic way it explores hormonal and 

behavioral factors in a group of women who were highly motivated and should be among 

the most successful at breastfeeding. This approach contributes a better understanding of 

how the interaction among various factors influences the relationship between maternal 
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obesity and early cessation of exclusive breastfeeding, while avoiding confounding due to 

lack of maternal commitment to breastfeeding. 

METHODS 

Study participants 

A subset of 54 women from the larger sample (described in Chapter II) 

participated in data collection procedures for this more intensive component of the study. 

Two participants could not be contacted for follow-up and one participant delivered 

earlier than 37 weeks gestation and was therefore ineligible for participation. Thus, the 

final sample consisted of 51 participants. All participants intended to breastfeed their 

infants exclusively (no other solids or liquids) for at least 1-2 months postpartum. 

Exclusion criteria did not differ from the larger study. Participants’ pre-pregnancy height 

and weight were self-reported and confirmed with medical records. Body mass index was 

calculated as the weight in kilograms divided by the height in meters squared. Following 

World Health Organization classification, participants were characterized as normal 

weight when their BMI was 18.5-24.9 kg/m2, overweight when their BMI was 25-29.9 

kg/m2 and obese when their BMI was ≥ 30 kg/m2 (WHO, 2003). Informed consent was 

obtained from each subject after study explanation. The protocol was approved by the 

Institutional Review Board and the General Clinical Research Center Scientific Advisory 

Committee of the University of Minnesota (2008). 

Serum samples 

Blood samples of 12 mL were collected by venipuncture within 48 hours after 

birth and again at approximately 7 days postpartum in a private hospital room and private 
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clinic setting, respectively. Samples collected within 48 hours were drawn at least 60 

minutes after the last breastfeeding episode. Samples collected at 7 days postpartum were 

drawn from participants fasting overnight for at least 8 hours and were taken between 

07:30-10:30. At 7 days postpartum, participants had blood drawn shortly before their 

infant latched on to breastfeed, and an additional 3 mL sample was drawn approximately 

30 minutes after the start of the nursing episode in order to capture the expected prolactin 

peak in response to nursing (Battin et al., 1985). The duration of the nursing episode was 

recorded, as was the time the infant was last fed. Within 48 hours postpartum, 51 

participants were available to provide a blood sample, but only 48 samples were collected 

due to hospital errors in collection and storage. Ten participants chose not to provide 

further blood samples, resulting in a total of 41 participants who provided samples at 7 

days postpartum. These ten participants were not significantly different from the 

remaining 41 participants in any of the characteristics listed in Table 4.1, nor did they 

differ in status of exclusively breastfeeding at 2 weeks postpartum. Samples were 

allowed to clot for approximately 30-45 minutes at room temperature and were then 

centrifuged at 3200 rpm for 10 minutes. Sera were separated and frozen at -20° C.  

Hormone assays 

Serum samples were assayed for estradiol and cortisol using non-extraction, solid-

phase 125I radioimmunoassay kits and following manufacturer’s instructions (Coat-A-

Count kits; Siemens Healthcare Diagnostics, Deerfield, IL). For estradiol, the intra and 

interassay coefficients of variation were 9.3% and 12.3% respectively. Assay sensitivity 

was 8 pg/mL. For cortisol, the intra and interassay coefficients of variation were 6.9% 
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and 15.4% respectively. Assay sensitivity was 0.2 µg/dL. Prolactin levels were assessed 

using a sandwich-type immunoradiometric assay (IRMA), with intra and interassay CV 

of 5.2% and 13.9% respectively. Assay sensitivity was 0.1 ng/mL (Coat-A-Count kit; 

Siemens Healthcare Diagnostics, Deerfield, IL). All serum samples were assayed in 

duplicate using standards supplied by the manufacturer. The three hormonal assays also 

included human serum-based tri-level controls, the values of which fell within expected 

ranges (CON6 Multivalent Control Module; Siemens Healthcare Diagnostics, Deerfield, 

IL). 

Behavioral assessment (Mother-Baby Assessment score) 

The adequacy of breastfeeding behavior in each mother-infant dyad was assessed 

once at 7-days postpartum. A scale score was assigned at each feeding episode based on 

the Mother-Baby Assessment tool (MBA). The MBA observational tool is a validated 

instrument designed to assess the success of a single nursing episode by rating both 

mothers and infants for a possible combined score of ten (Mulford, 1992). Breastfeeding 

is a learned behavior that relies on a constant stimulus-response feedback pattern between 

mothers and their infants. Therefore, this scale assigns value to both a mother and infant 

behavior in five sequential categories: mother-infant signaling, infant positioning, 

latching of infant’s mouth to breast, milk transfer, and infant satiation. The behavior in 

each category must be successfully executed before value is given to a behavior in the 

following category. Dyads that do not achieve a score greater than seven out of ten 

require additional assistance because little to no milk transfer took place.   
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Milk output 

A one-time measure of milk output was determined by intake volume using infant 

test weights with a BabyWeigh scale (Medela, Inc., McHenry, IL) at 7 days postpartum. 

The infant was weighed before and after a breastfeeding episode, the pre-feed weight was 

subtracted from the post-feed weight and the difference represents the volume of milk 

consumed. Insensible water loss was not estimated. The manufacturer’s stated accuracy 

for the scale is ± 0.034% of the reading with a resolution of 2 g (0.1 oz).   

Statistical analysis 

General linear regression or chi-square (χ2) tests were performed to compare the 

maternal and infant characteristics of women classified as normal weight, overweight or 

obese according to pre-pregnancy BMI. Multiple linear regression models were used to 

test whether maternal BMI category (normal, overweight, obese) was associated with the 

outcome variables of prolactin, estradiol and cortisol levels at 48 hours and 7 days 

postpartum, milk output at 1-week postpartum, MBA score at 1-week postpartum and 

status of exclusive breastfeeding at 2-weeks postpartum. Unadjusted relationships 

between maternal BMI category and these outcome variables were first explored using χ2 

or general linear regression models. Those that had a significant association with BMI – 

prolactin level at 48 hours postpartum, milk output at 1-week postpartum, MBA score at 

1-week postpartum and status of exclusive breastfeeding at 2 weeks postpartum – were 

examined further. To explore the impact of potentially confounding factors, additional 

independent variables were tested against the outcome variables by general linear 

regression. Possible covariates were considered based on whether there was a theoretical 
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basis for an association and if the independent variable occurred earlier in time than the 

outcome variable. Those covariates that were not significant (P > 0.05) were dropped, 

and the least-squares means from the final models, by maternal BMI category, are 

presented for each outcome variable.   

Multivariate logistic regression models were used to test maternal BMI category 

on the status of exclusive breastfeeding at 2-weeks postpartum (yes/no). For this analysis, 

variables were standardized with a mean of zero and standard deviation of one.  

Covariates were considered in this model using the same procedure as above and only 

those with P < 0.10 were retained and entered the model using forward stepwise 

selection. Adjusted odds ratios and 95% confidence intervals from this final model are 

presented. All analyses were conducted with SAS (version 9.2; SAS Institute, Inc, Cary, 

NC). Differences between groups are considered statistically significant at P < 0.05. 

RESULTS 

Characteristics of the participants by prepregnant BMI category are shown in 

Table 4.1. Mean maternal age was 29 ± 5.8 years, 80.4% of participants had a four-year 

college degree and 15.7% had a household income that qualified them for the Federal 

assistance program, Women, Infants and Children (WIC). Self-identified ethnicity of 

participants was as follows: 45 participants (88.2% of the total sample) identified as 

Caucasian, 3 as African American, 2 as Asian, and 1 as Native American. Participants 

reported being committed to breastfeeding and receiving familial and institutional 

support: 76.5% of participants were breastfed themselves as babies, 70.6% took a 

prenatal breastfeeding class, 96% of participants reported receiving breastfeeding 
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assistance from hospital staff following delivery, 100% of those who were raising the 

baby with another adult had full support from that individual to breastfeed the baby, and 

all participants had an intention to exclusively breastfeed their infants for at least 1-2 

months postpartum. The c-section rate was 32%, which matches the national average of 

31.8% (Martin et al. 2010). There was not a significant difference in c-section rate by 

BMI category. The only significant difference in maternal or infant characteristics among 

the maternal BMI groups was the prevalence of gestational diabetes (P = 0.01); the two 

women who presented with gestational diabetes were both obese.   

 
Table 4.1 Characteristics of women and their infants by prepregnant BMI category 
(N=51) 
 

Variable Normal BMI 
(N=24) 

Overweight 
BMI (N=17) 

Obese BMI 
(N=10) 

P 
value1 

Maternal age (years) 30.1 ± 1.2 28.9 ± 1.4 27.8 ± 1.8 0.55 
Prepregnant BMI (kg/m2) 22.1 ± 0.6 27.4 ± 0.7 36.5 ± 0.9 <.0001 

GWG (kg) (n=50) 16.6 ± 1.1 16.0 ± 1.3 13.6 ± 1.8 0.35 
College graduate (% yes) 87.5% (N=21) 82.4% (N=14) 60.0% (N=6) 0.18 
Self-identified ethnicity  
(Caucasian) 
(African American) 
(Asian) 
(Native American) 

 
87.5% (N=21) 
4.2%   (N=1) 
8.3%   (N=2) 
0%      (N=0) 

 
94.1% (N=16) 
5.9%   (N=1) 
0%      (N=0) 
0%      (N=0) 

 
80.0% (N=8) 
10.0% (N=1) 
0%      (N=0) 
10.0% (N=1) 

 
0.54 
0.80 
0.31 
0.12 

Income (% WIC eligible) 12.5% (N=3) 17.6% (N=3) 20.0% (N=2) 0.83 
C-section delivery (% yes) 20.8% (N=5) 52.9% (N=9) 20.0% (N=2) 0.07 
Gestational diabetes (% yes) 0%      (N=0) 0%      (N=0) 20.0% (N=2) 0.01 

Time PP till milk onset (hrs) 71.8 ± 5.6 83.2 ± 6.9 82.9 ± 9.2 (N=9) 0.36 
Attend prenatal BF class 62.5% (N=15) 82.4% (N=14) 60.0% (N=6) 0.44 
BF help in hospital (% yes) 91.7% (N=22) 100%  (N=17) 100% (N=17) 0.31 
Mother BF as baby (% yes) 83.3% (N=20) 82.4% (N=14) 50.0% (N=5) 0.09 
Infant weight (kg) 3.56 ± 0.1 3.58 ± 0.1 3.50 ± 0.2 0.93 
Infant sex (% male) 50.0% (N=12) 58.8% (N=10) 30.0%  (N=3) 0.35 

Values presented are percentages or means ± standard deviations. 
1P-values determined by general linear regression for continuous variables and chi-square test for 
categorical variables.  
BMI, body mass index; WIC, Women Infant Children; C-section, delivery via cesarean section; 
PP, post-partum depression; BF, breastfeeding; GWG, gestational weight gain 
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Early cessation of exclusive breastfeeding and maternal obesity 
 

Four breastfeeding outcome variables were found to have an association with 

maternal BMI category and were further explored (prolactin at 48 hours, MBA score, 

milk output and status of exclusive breastfeeding at two weeks) (Table 4.2). There was a 

significant difference in the frequency of women who reported early cessation of 

exclusive breastfeeding (cessation by two weeks postpartum). Only one woman in the 

normal BMI category stopped breastfeeding exclusively by 2 weeks so that 96% of 

women in this category were still doing so at this time. In contrast, 35% (9 of 26) of 

overweight and obese women had stopped breastfeeding exclusively by 2 weeks (χ2 = 

7.24, P = 0.027, N=50). Due to small sample sizes in some cells, the overweight and 

obese categories were combined for a 2x2 analysis which revealed a stronger statistically 

significant association between maternal overweight and early cessation (Fisher’s exact 

test P = 0.011, N=50). 

 
Table 4.2 Outcome variables by prepregnant maternal BMI category (unadjusted). 
 

 Normal BMI Overweight BMI Obese BMI P value1 

MBA score      
7 d* 

9.6 ± 0.4 
(N=19) 

8.9 ± 0.5     
(N=14) 

7.5 ± 0.6 
(N=8) 

0.02 

Milk output (oz) 
7 d* 

1.98 ± 0.2 
(N=19) 

1.6 ± 0.2     
(N=14) 

1.1 ± 0.3 
(N=8) 

0.06 

Exclusive BF   
2 wks* 

95.8%  
(N=24) 

64.7%         
(N=17) 

66.7%   
(N=9) 

0.022 

Estradiol (pg/mL) 
48 hr  

787.6 ±109.8 
(N=24) 

834.8 ±143.8 
(N=14) 

790.4 ±170.1 
(N=10) 

0.96 

Estradiol (pg/mL) 
7d  

133.5 ± 11.6 
(N=19) 

159.2 ± 13.5 
(N=11) 

116.2 ± 17.9 
(N=8) 

0.14 

Cortisol (µg/dL) 
48 hr 

22.6 ± 1.9 
(N=24) 

18.9 ± 2.6   
(N=14) 

21.5 ± 3.0 
(N=10) 

0.51 

Cortisol (µg/dL) 
7 d 

23.3 ± 1.4 
(N=18) 

24.7 ± 1.6   
(N=11) 

22.0 ± 2.1 
(N=8) 

0.58 

Prolactin (ng/mL) 
48 hr*  

186.1 ± 10.9 
(N=24) 

165.5 ± 14.8 
(N=14) 

132.8 ± 16.9 
(N=10) 

0.03 
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Prolactin (ng/mL) 
7 d baseline  

129.8 ± 10.4 
(N=18) 

121.6 ± 12.1 
(N=11) 

102.7 ± 16.0 
(N=8) 

0.38 

Prolactin 7 d 
response to 30 
min BF episode 

52.0 ± 16 
(N=18) 

68.4 ± 18.6   
(N=11) 

23.9 ± 26.4 
(N=7) 

0.39 

Values presented are percentages or unadjusted LSmeans ± standard errors. 
1P-values determined by general linear regression 
2P-value determined by chi-square test 
*Tested for associations with the following potential confounders: gestational weight gain, mode 
of delivery, infant birth weight and infant sex, gestational diabetes mellitus (GDM) status, and 
maternal age. Only GDM showed significance with both prolactin level at 48 hours postpartum 
and milk output. Additional confounders were tested as follows. None were significant. 
Prolactin at 48 hrs: time of blood draw postpartum and breastfeeding attempt within 2 hours 
postpartum. 
Milk output, 7 days: breastfeeding attempt within 2 hours postpartum and time postpartum until 
onset of milk production. 
MBA score, 7 days: attendance at pre-natal breastfeeding class and breastfeeding assistance 
provided in the hospital following delivery. 
Exclusively breastfeeding, 2 weeks: amount of education, income level, pre-natal intention of 
exclusive breastfeeding duration, attendance at pre-natal breastfeeding class, mother breastfed as 
a baby herself, and lactation assistance received from health professional after leaving the 
hospital. 

 

Prolactin at 48 hours and maternal obesity 

In general, the BMI categories presented similar hormone profiles but with one 

significant difference: prolactin levels within 48 hours postpartum (for unadjusted means 

see Table 4.2). Prolactin concentration within 48 hours postpartum was significantly 

associated with both BMI category and gestational diabetes status separately (P = 0.037, 

P = 0.022 respectively). The overall linear regression model including these two variables 

was statistically significant (P = 0.031), however, neither BMI category nor gestational 

diabetes status themselves retained significance (P = 0.153, P = 0.127 respectively) (for 

adjusted means see Table 4.3). 
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Table 4.3 Adjusted general linear regression of outcome variables by BMI category. 
 

 Normal 
BMI 

Overweight 
BMI 

Obese BMI P value R2 

Prolactin, 48 hours 
(N=47)1 

153.8 ± 23.3 133.2 ± 25.3 113.4 ± 20.7 0.031 0.19 

MBA score, 7 days 
(N=41)  

9.6 ± 0.4 8.9 ± 0.4 7.5 ± 0.6 0.025 0.18 

Milk output, 7 days 
(N=41)1  

1.98 ± 0.2 1.6 ± 0.2 1.1 ± 0.3 0.065 0.13 

Values presented are adjusted LSmeans ± standard errors. 
1 Adjusted for GDM 
BMI, body mass index; MBA, Mother Baby Assessment. 
 
 
 
Mother-Baby Assessment score and maternal obesity 
 
 Pre-pregnant maternal BMI was also associated with lower Mother Baby 

Assessment (MBA) score at 7 days postpartum (P = 0.025) (Table 4.3). Obese women 

had a greater frequency (38%) of low MBA scores (≤ 7) than both normal BMI (5%) and 

overweight BMI women (21%). Only one woman of normal BMI had a low MBA score, 

while two obese women had scores of 2 and 3 respectively, which are likely driving this 

association (Figure 4.1). Neither self-reported prenatal breastfeeding instruction, 

breastfeeding assistance in the hospital after delivery, nor delivery via c-section were 

associated with MBA score (P > 0.5 for all). 
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Figure 4.1 Plot of Mother Baby Assessment score by maternal body mass index 
(kg/m2). 
Note: The dotted vertical line represents the cut-off between normal and overweight BMI. MBA 
values ≤ 7 indicate inefficient positioning. 
 

Milk output and maternal obesity 

 Milk output at 7 days postpartum was significantly associated with the predictor 

variables of prolactin concentration within 48 hrs postpartum (P = 0.037) and MBA score 

at 7 days postpartum (P < 0.0001). It also was significantly associated with gestational 

diabetes status (P = 0.05). Lower milk output in obese women was hypothesized and on 

average, their milk output was approximately half that of women with normal BMI (1.1 

vs. 1.98 oz). Although the magnitude of the difference was large, it was significant only 

at the P < 0.10 level (P = 0.065) (Table 4.3, Figure 4.2). In the multiple regression model, 

MBA score was the only variable that remained significantly associated with milk output 

(Table 4.4).   
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Figure 4.2 Plot of milk output by maternal body mass index (kg/m2). 
Note: The dotted vertical line represents the cut-off between normal and overweight BMI. 
 
 
Table 4.4 Multivariate model for milk output at 7 days postpartum (N=41) 
 

 Coefficient Standard Error P value R2 
Maternal BMI 
   Obese 
   Overweight 
   Normal 

 
-0.24 
-0.12 
referent 

 
0.34 
0.28 
referent 

 
0.48 
0.66 
referent 

0.45 

Prolactin at 48 hrs 0.002 0.002 0.37  
MBA score 0.26 0.07 0.0006*  

BMI, body mass index; MBA, Mother Baby Assessment 
 

Risk factors for cessation of exclusive breastfeeding by two weeks postpartum 

Time to onset of milk production (P = 0.010), milk output (P = 0.016) and MBA 

(P = 0.014) score were all significantly associated with early cessation of exclusive 

breastfeeding. In the logistic regression model that included these variables, only milk 

output at 7 days remained significant, while delay in the onset of milk production 

remained significant only at the P < 0.10 level. Specifically, greater milk output at 7 days 

reduced the risk of early cessation of exclusive breastfeeding (Odds Ratio 0.41 per 
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standard deviation increase in milk output, CI: 0.17-0.98, P = 0.045) and delay in the 

onset of milk production increased the risk of early cessation of exclusive breastfeeding 

(Odds Ratio 2.32 per standard deviation increase in hours, CI: 0.99-5.40, P = 0.052) 

(Table 4.5). 

 
Table 4.5 Logistic regression analysis of risk factors for cessation of exclusive 
breastfeeding at 2 weeks postpartum (N=41) 
 

Variable Odds Ratio 95% CI P value 
Milk output, 7 days 0.41 0.17 – 0.98 0.045 
Hours postpartum till BF established 2.32 0.99 – 5.40 0.052 

CI, confidence interval 
 

DISCUSSION 

 This study aimed to help explain how maternal obesity negatively impacts 

breastfeeding outcomes by exploring both hormonal and behavioral determinants of 

successful breastfeeding. The results indicate that early cessation of exclusive 

breastfeeding in overweight and obese women, who intend to breastfeed and are well-

supported, is influenced by low milk output, which is in turn influenced by low MBA 

scores and low prolactin levels, factors that, in this sample, are associated with high 

maternal BMI.  

Early cessation of exclusive breastfeeding and maternal obesity  

This study yielded results that are consistent with results reported in the literature 

regarding the association of maternal obesity and short breastfeeding duration. The 

prevalence of early cessation of exclusive breastfeeding was higher among overweight 

and obese women compared to women of normal BMI. Both milk output and hours 
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postpartum until full milk production commenced were found to impact the risk of 

ceasing exclusive breastfeeding at 2 weeks postpartum. Previous studies have found that 

a delay in onset of lactation is correlated with shorter lactation duration (Chapman and 

Pérez Escamilla, 2000) and these results confirmed this finding. This study also found 

that low milk output at day 7 postpartum was associated with early cessation of exclusive 

breastfeeding. Both mothers and health care providers are highly sensitive to infant 

weight patterns at this time and if milk production is too low for adequate infant weight 

gain, or even perceived to be too low (as most mothers do not have regular access to an 

infant scale), early supplementation of liquids or solids other than breastmilk may take 

place, which in turn may further suppress milk production, creating a negative feedback 

loop. 

Milk output and maternal obesity 

Although BMI was not significantly associated with milk output, it did approach 

significance in the predicted direction and is functionally meaningful; women of normal 

BMI produced almost twice the amount of milk produced by obese women in this 

sample. No other study has explored whether low milk output plays a role in early 

cessation of lactation among obese women. Thus, this novel finding suggests that this 

may be an important area of research in future studies. On average, by days 5-7 

postpartum, milk transfer to the infant is commonly 550-650 grams per day (or 

approximately 19-23 oz per day) (Chen et al., 1998; Neville et al., 1988). Lactation 

consultants recommend an average of 2 oz per breastfeeding episode (or approximately 

18-24 oz per day) be transferred from mother to infant at this time period (Jane Helgesen 
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IBCLC, personal communication). The infants of obese women in this sample were only 

receiving just over half that amount on average (1.1 oz vs. 1.98 oz in the normal BMI 

mother). Milk output was significantly associated with both prolactin concentration at 48 

hours postpartum and MBA score at 7 days postpartum, however, MBA score appears to 

be the main driving force for variation in milk output. Although higher prolactin levels do 

not necessarily lead to greater milk production, high prolactin levels are necessary for 

milk synthesis and it is thought that excess adiposity may lower prolactin levels and 

thereby reduce milk production (Lawrence and Lawrence, 2005; Neville, 2001).    

Postpartum hormone profiles and maternal obesity 

Postpartum women have high baseline prolactin concentrations and prolactin 

usually displays a sharp rise in response to nursing. Because of the importance of this 

hormone in breastfeeding and because the natural nocturnal increase in prolactin is 

delayed in both obese adult men and women (Kopelman, 2000), it was hypothesized that 

obese women in this sample may have lower prolactin levels, which may disrupt 

lactation. Obese women in this study did have significantly lower levels of prolactin at 48 

hours, but not 7 days postpartum, compared to those of normal BMI. One other study 

(Rasmussen and Kjolhede, 2004) found a similar result showing that overweight and 

obese women had a significantly lower prolactin response to nursing when samples were 

taken before and 30 minutes after a breastfeeding episode within 48 hours postpartum.  

The study by Rasmussen & Kjolhede did not have data on duration of lactation among 

their subjects and was thus, unable to connect their finding of low prolactin response to 

shortened duration of lactation among obese women. Although only able to obtain a pre-
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nursing blood sample at 48 hours postpartum (unlike Rasmussen & Kjolhede who 

obtained both a before and after nursing blood sample at this time) results of this study 

demonstrate for the first time a connection between low basal prolactin levels 

immediately postpartum and early cessation of exclusive breastfeeding among women 

with high BMI. This finding strengthens the potential explanation that obese women 

experience poor breastfeeding outcomes, in part, because of lower prolactin levels shortly 

after delivery.   

Ethnic diversity in this sample was low and prohibited engagement in meaningful 

statistical analyses on how ethnicity may play a role in the effect of obesity on lactation 

success, yet it is interesting to note that women who self-identified as Caucasian had 

significantly lower prolactin levels compared to those who identified as an ethnicity other 

than Caucasian (P = 0.04). Although the number of women who identified as an ethnicity 

other than Caucasian is small and too heterogeneous as a group to analyze in a 

statistically meaningful way, there are ethnic differences in individual data points that are 

notable. Four of the five highest prolactin concentrations within 48 hours postpartum 

belonged to women who identified as African American, Asian or Native American in 

this study. The association between lower prolactin levels at 48 hours postpartum and 

obesity status is strengthened then when only data points from Caucasian women are 

included in the model (N = 42, P = 0.022). To my knowledge, there has not been research 

on postpartum prolactin concentrations stratified by ethnicity, however, some studies 

have found that prolactin levels during pregnancy are lower among Caucasian women 

compared to women who identify with a different ethnicity (Arslan et al., 2006; Lipworth 
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et al., 1999; Potischman et al., 2005).  Although there has not been research on obesity 

and breastfeeding outcomes in Asian-American or Native American populations, two 

studies (Kugyelka et al., 2004; Liu et al., 2009) have found that the association between 

obesity and poor breastfeeding outcomes does not hold among African American women 

in that obese African American women have similar lengths of exclusive and any 

breastfeeding duration compared to African American women of normal BMI.  No 

research has yet been done to explain why obesity status appears to play a different role 

among African Americans as it relates to breastfeeding success, but prolactin levels in the 

immediate post-partum period should be further explored.  

In addition to prolactin, estradiol and cortisol levels were also examined. It was 

hypothesized that higher estradiol levels in obese women may be related to a delay in 

onset of lactation or early cessation of exclusive breastfeeding because a sharp drop in 

sex steroids (including estradiol) is expected following childbirth and because adipose 

tissue is a significant source of and storage tissue for estradiol (Birkenfeld and Kase, 

1994; Ellison, 2001; Riordan, 2005). There is also evidence that maintenance of cortisol 

levels in the presence of high prolactin levels is also important in the onset of lactation 

(Ganguly et al., 1980; Neville and Morton, 2001). The results of this study, however, 

revealed no significant association between BMI and either estradiol or cortisol levels.   

Although only two women in this study presented with gestational diabetes, both 

were obese, and thus, gestational diabetes played a statistical role in the significance of 

obesity on both prolactin levels at 48 hours postpartum and milk output at 7 days 

postpartum. The evidence on whether gestational diabetes has a negative effect on 
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lactation outcomes is unclear. Women with Type I (insulin dependent) diabetes are 

known to experience a delay in onset of milk production (Arthur et al., 1989), yet, this 

condition was found to have no effect on basal prolactin levels in pregnant women when 

compared to non-diabetic women (Botta et al., 1984). In addition, no significant 

difference was found in milk production at 7 days postpartum in women with Type I 

diabetes compared to control women (Neubauer et al., 1993). There is less information on 

women with noninsulin-dependent gestational diabetes, however, some studies show no 

delay in onset of milk production (Hartmann and Cregan, 2001), nor a decrease in total 

duration of lactation (Gunderson et al., 2010) in women with gestational diabetes 

compared to women without gestational diabetes. Thus, there is no consistent negative 

effect of gestational diabetes on lactation success. Additionally, women with diabetes are 

often overweight so it is difficult to tease apart whether the obesity or the diabetes is 

involved. Because of the small number of women with diabetes in this study, it is not 

possible to analyze the role gestational diabetes plays in prolactin concentration and milk 

output, however, the association tells us that it would be important to explore in future 

studies. 

Mother-infant positioning and maternal obesity 

Mother Baby Assessment (MBA) score, as a measure of correct positioning and 

technique for a successful breastfeeding episode, had a significant association with BMI 

in our study. Correct positioning and latching on are necessary to establish a consistent 

milk supply shortly after birth. Incorrect positioning during this critical window would 

lead to low milk transfer between mother and infant, which would ultimately result in 
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needing to supplement shortly after birth. A low MBA score could be the result of several 

problems, including poor positioning due to mechanical difficulties associated with 

maternal obesity and/or large breasts. Only one other study (Hilson et al., 2004) has 

explored MBA scores in relation to maternal BMI, but they found no difference in MBA 

scores among the BMI groups in their sample. In contrast to results from the present 

study, they found that MBA score did not mediate the relationship between delayed onset 

of lactogenesis II and high maternal BMI in their study population. Hilson and colleagues 

collected their data shortly after birth while women were still in the hospital following 

delivery, and thus, their average MBA score of 4.1 may reflect that most of the women, 

regardless of BMI status, were still learning to breastfeed their infants.  

Previous research shows that difficulty establishing correct positioning shortly 

after birth is common, yet most mother-infant dyads succeed within a few days 

postpartum. A study exploring the prevalence of suboptimal infant breastfeeding 

behavior (SIBB), evaluated via use of the Infant Breastfeeding Assessment Tool 

(IBFAT), found that 49% of participants displayed SIBB on the day of delivery in the 

hospital, yet only 14% did so at 7 days postpartum (Dewey et al., 2003). This study also 

reported high maternal BMI to be a risk factor for SIBB at 7 days postpartum, but 

maternal BMI was determined at 14 days postpartum, rather than pre-pregnancy. In 

addition, although the IBFAT is similar to the MBA, it only measures infant feeding 

behavior and does not take into account maternal behaviors, which are especially 

important when exploring the effect of maternal obesity on effective positioning. 
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 This study is unique in that MBA score data was collected at 7 days postpartum, 

a time by which women and their babies need to successfully establish breastfeeding in 

order to avoid excess infant weight loss. A novel finding was the significant association 

between BMI category and MBA score with obese women having a greater frequency of 

low scores. It might be expected that prenatal breastfeeding instruction and/or 

breastfeeding assistance in the hospital after delivery may be positively related to MBA 

scores or that delivery by c-section may negatively affect MBA scores. None of these 

variables, however, had a significant relationship with MBA score. In the multivariate 

model, MBA score is the variable that appears to be driving lower milk output and may 

be the mediator between obesity and milk output, ultimately leading to an increased risk 

of ceasing exclusive breastfeeding as early as 2 weeks postpartum.  

 In summary, obesity was associated with early cessation of exclusive 

breastfeeding. Low milk output may be impacting women’s decisions to begin 

supplementing with liquids or solids other than breastmilk. Low milk output may be 

influenced by the mediating factor of obesity on MBA score (a proxy for incorrect 

positioning) or on early postpartum prolactin levels, which would affect the development 

of a sufficient milk supply in this critical window two weeks postpartum (Figure 4.3).  

 

 

 
 
 
 
Figure 4.3 Possible causal pathways for the factors associated with early cessation of 
exclusive breastfeeding. Arrows denote (unadjusted) significant interactions (P < 0.05). 
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CHAPTER V 
 

CONCLUSION 

Summary 

The purpose of this thesis was to investigate potential mediating effects on the 

relationship between high pre-pregnant maternal body mass index and reduced lactation 

duration in an effort to provide new understanding of this association. My holistic 

analysis of this relationship provides evidence that support many of the suggested links 

presented in the conceptual model in Chapter I. Consistent with previous studies, 

overweight women did have significantly reduced duration of both exclusive and any 

breastfeeding compared to women with normal BMI, even though their intentions for 

breastfeeding duration did not differ. This reduced duration appears to be influenced by 

high maternal BMI interacting with several factors. High maternal BMI was associated 

with both hormone abnormalities and inefficient positioning while breastfeeding, which 

was related to reduced milk output. In addition, psychosocial factors, as well as 

breastfeeding problems in the early postpartum period contributed to overweight 

women’s decision to cease breastfeeding earlier than planned.   

Psychosocial factors relating to body image impacted this relationship. 

Overweight women were less comfortable with and confident in their bodies and they 

had more concerns about their body shape/weight. This study is the first to report that 

these concerns mediated the reduced duration observed in this subgroup of women. Body 

image concerns during the postpartum period, and especially those relating to women’s 

comfort and confidence in their bodies, appear to impact the association more heavily 
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than do pre-pregnancy concerns about one’s body shape/weight. This distinction is 

important as postpartum confidence with one’s body may be more amenable to 

intervention, compared to body image concerns that develop before pregnancy. 

Breastfeeding problems related to milk production in the first two weeks 

postpartum were also found to explain reduced exclusive duration, and also for the first 

time, total duration, among overweight women. Although only a small percentage of the 

total sample reported perceived insufficient milk, overweight women were significantly 

more likely to do so than normal weight women. Engorgement, a measure of breast 

fullness that signals milk accumulation, was a positive predictor of duration and 

overweight women experienced engorgement in significantly lower frequencies than 

women of normal weight. Results indirectly suggest that maternal perception may 

accurately reflect a true lower milk supply. 

 Finally, one of the more interesting findings to emerge from this study is that 

obese women had lower prolactin levels shortly after birth and they had more difficulty 

establishing efficient positioning while nursing. Both of these factors were found to 

negatively influence milk output, although positioning was a stronger predictor. As low 

milk production is one of the main paths to reduced duration, the finding that obese 

women had lower milk output at one-week after birth is important in explanations of 

reduced duration. That obese women have less efficient positioning, which leads to lower 

milk output and ultimately, early cessation of exclusive breastfeeding, is a novel finding 

and should be a key avenue of future research on this topic.  
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 In addition to study findings that speak to the aims of this study, two other 

variables are note-worthy because of their impact on duration. The length of time women 

intend to breastfeed matters. Longer planned duration clearly has a positive impact on the 

actual duration of lactation, although the effect is small. Second, there is not currently a 

clear understanding if, and if so, how gestational diabetes impacts lactation, although 

results from this study suggest it has a negative effect. While there was no difference in 

status of gestational diabetes between the two BMI groups in the full sample of this 

study, gestational diabetes is known to be more common in overweight women and is 

thus, an important area for future research. 

Strengths and limitations 

 This study has several limitations. First, like all observational studies, the 

results of this study cannot determine what causes women with high pre-pregnant BMI to 

experience reduced breastfeeding duration. Rather, an attempt was made to identify 

potential explanations for this association. Second, while participation by women who 

identified as non-European/Caucasian was sought and encouraged, the final sample was 

not demographically diverse and thus cannot be generalized to other populations. In 

addition, recruitment largely took place in a university setting, which likely contributed to 

the older and more highly educated sample. Third, the results of this study would be 

strengthened with the addition of more and different types of data. The milk output, MBA 

score, and hormone level values were only measured at a single point in time, which may 

not be an accurate representation of average daily levels. Qualitative data on maternal 

perception of milk supply and infant needs, as well as a record of the actions taken in 
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response to this assessment would be beneficial in teasing out the causal pattern related to 

early cessation of exclusive breastfeeding. Additionally, information on how women 

navigate the changes their bodies experience in relation to their new role as breastfeeding 

mothers would increase the value of this research. Fourth, in the subset of participants 

from the larger sample, the sample size is small due to the type and intensity of data 

collected. All participants were giving birth for the first time and it can be difficult to 

collect data during this sensitive time period. The relatively small sample size limits the 

ability to precisely estimate the magnitude of effects, such as the number of hours to 

lactation establishment postpartum and milk output on the risk of exclusive breastfeeding 

cessation. It is significant, however, that even in this small sample, important differences 

were still found.   

 Despite its limitations, this study provides a novel and important contribution 

because of the comprehensive nature in which data were explored in order to address the 

complex ecology of breastfeeding in overweight women. Many studies to date have 

consisted of large samples drawn from medical records. Although such studies have been 

extremely useful in identifying the relationship between reduced lactation and obesity, 

these studies have not provided the information necessary to explain why the association 

exists. Additionally, some of these studies have had difficulty disentangling confounding 

factors, especially parity and maternal intention and commitment to breastfeeding. In 

contrast, the present study included only primiparous women, almost all of whom 

intended to breastfeed exclusively for some period of time. All reported that they had 

familial support for their decision to breastfeed and the majority received support from 
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health professionals. As a group, they were highly educated with relatively high income 

levels, living in a region with high breastfeeding rates. This group of women was highly 

motivated and should be among the most successful at breastfeeding. Results from this 

study help clarify why they experience difficulty and may be useful in developing 

interventions. 

Implications 

 Taken together, none of the factors found to reduce duration in this study affect 

overweight women exclusively. Problems surrounding milk supply, lack of confidence 

with one’s body, and inefficient positioning, for example, are obstacles to successful 

lactation that all women may experience regardless of body mass index. Recognition of 

the greater frequency of these problems in overweight women, however, will be 

important in reducing their negative effect. Unfortunately, most medical professionals 

and lactation consultants are not currently aware that obesity is a risk factor for difficulty 

with breastfeeding, and therefore, do nothing special when counseling this group of 

women (Rasmussen et al., 2006). The important implications of the present study – that 

lack of confidence in one’s body and perception of insufficient milk are associated with 

reduced duration and that inefficient positioning is a main predictor of lower milk output 

– speak to the influence of these factors for breastfeeding success. Fortunately, many of 

them are modifiable factors and, therefore, may be amenable to intervention. Study 

results demonstrate that there is an opportunity for health professionals to intervene 

during the critical early postpartum time period when breastfeeding patterns are 

established.  
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 Only one intervention study to date has focused on improving breastfeeding 

outcomes in obese women (Rasmussen et al., 2010). Participants in the treatment group 

of this randomized control trial received telephone-based support postpartum from a 

lactation consultant or provision of a breast pump. Unfortunately, implementation of 

these interventions was difficult and neither intervention increased the duration of 

lactation among obese women. Results from this thesis demonstrate that interventions 

including a more direct, in-person approach may be better targeted at solving problems of 

inefficient positioning and providing support to women who are not confident with their 

bodies or believe their milk production is not sufficient. Medical professionals could 

spend more time with this subgroup of women before and shortly after birth and/or 

provide options for mothers to arrange a visit within a few days after birth to be 

evaluated, as more intense assistance immediately after birth may be extremely helpful 

for this subgroup of women.  
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