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Abstract

Breastfeeding rates in the United States are low, and one possible reason may be the high prevalence of
overweight/obesity among women of childbearing age. This analysis examined the association between pregravid
body mass index and breastfeeding duration, and explored whether depressive symptoms, perceived stress and
anxiety during pregnancy mediated this relationship. Participants (n =550) in the Pregnancy, Infection and
Nutrition Postpartum Study were recruited through prenatal clinics prior to 20 weeks gestation and followed to
12 months post-partum. Duration of any breastfeeding was categorized as none, less than 4 months, 4-6 months,
7-12 months and more than 12 months (referent). Exclusive breastfeeding was categorized as less than 1 month,
1 to less than 4 months and 4 months or more (referent). Being overweight/obese before pregnancy (35.7% of
550) was inversely associated with the durations of any and exclusive breastfeeding. Women who entered
pregnancy overweight or obese were more likely to not initiate breastfeeding [relative risk ratio (RRR) =5.39
(95% confidence interval: 2.41,12.04)] and to breastfeed less than 4 months [RRR =2.38 (1.33,4.27)] compared
with women of normal weight status. Among women who initiated breastfeeding, being overweight or obese vs.
normal weight was related to exclusively breastfeeding less than 1 month [RRR =2.09 (1.24,3.51)]. We did not
find evidence to support mediation by depressive symptoms, perceived stress or anxiety during pregnancy.
Future research needs to explore the reasons behind the association between overweight/obesity and breast-
feeding duration.

Keywords: overweight, obesity, pregravid BMI, pregnancy, breastfeeding duration, depressive symptoms,
stress, anxiety.

Correspondence: Ushma Mehta, Gillings School of Global Public Health, University of North Carolina at Chapel Hill,
2200 McGavran-Greenberg Hall, CB #7461, Chapel Hill, NC 27599-7461, USA. E-mail: umehta@email.unc.edu

Introduction

The American Academy of Pediatrics (AAP) pro-
motes exclusive breastfeeding for the first 6 months of
life followed by partial breastfeeding up to at least 1
year of age (World Health Organization 2003a;
Gartner et al.2005). However, adherence to these rec-
ommendations is low. Three-quarters of women in the
United States initiate breastfeeding, but only 13.3%

of women exclusively breastfeed through 6 months
post-partum (Centers for Disease Control and Pre-
vention 2010). In addition, the prevalence of any
breastfeeding through 6 and 12 months is 43% and
22.4%, respectively (Centers for Disease Control and
Prevention 2010). Low breastfeeding rates may be
explained, in part, by the rise in overweight/obesity
among women of childbearing age. There is evidence
that women who enter pregnancy at a higher body
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Fig. 1. Mediation model of the associations between pregravid BMI,

breastfeeding duration, and psychological factors.

mass index (BMI) are less likely to initiate breast-
feeding and more likely to breastfeed for a shorter
duration, but reasons behind this association are
unclear (Li et al. 2003; Baker et al. 2004, 2007; Oddy
et al. 2000). It may be that women who start preg-
nancy overweight or obese face more biological,
physical, psychosocial and psychological barriers to
breastfeeding than women of normal BMI (Rasmus-
sen & Kjolhede 2004; Amir & Donath 2007).
Psychological factors present during pregnancy
may account for part of the association between
maternal overweight/obesity and breastfeeding dura-
tion, but few have researched the possibility of a
mediatory pathway. Studies have linked obesity to
poor mental health outcomes in the perinatal period
(path a, Fig. 1) (Bodnar et al. 2009; Laraia et al. 2009).
Further, psychological factors have been negatively
associated with breastfeeding duration (path b, Fig. 1)
(Hatton eral. 2005; Dunn efal. 2006; Dennis &
McQueen 2007, 2009; O’Brien et al. 2009). To our
knowledge, one epidemiologic study has accounted
for the effect of psychological factors on pregravid
BMI and breastfeeding duration. Hilson and col-
leagues (2004) adjusted for psychological factors such
as maternal confidence in breastfeeding and body sat-
isfaction, and found that they attenuated but did not

Key messages

eliminate the significant association between pre-
gravid BMI and breastfeeding duration.

We used data from the post-partum component of
the Pregnancy, Infection and Nutrition (PIN) study to
examine whether women who started pregnancy
overweight or obese were less likely to follow current
breastfeeding guidelines. Further, we explored
whether depressive symptoms, perceived stress and
anxiety during pregnancy partially mediated the asso-
ciation between pregravid BMI and breastfeeding
duration.

Materials and methods

The PIN Postpartum study (PINPost) was a prospec-
tive cohort study focused on post-partum weight
retention, infant feeding, diet, physical activity and
psychological factors (Deierlein et al. 2008; Siega-Riz
et al. 2009). Women between 15 and 20 gestational
weeks (n =3203) were recruited at their second pre-
natal visit at University of North Carolina (UNC)
hospitals between January 2001 and June 2005.
Women ineligible to participate included those
younger than 16, non-English speaking, greater than
or equal to 20 weeks’ gestation on their second pre-
natal visit, not planning to continue care or deliver at
the study site, and those carrying multiple gestations.
Of the 2006 women followed through pregnancy in
the PIN study, 1169 were eligible to participate in
PINPost.

To participate in PINPost, women must have deliv-
ered a live-born infant between October 2002 and
December 2005, and have resided within a 2-hour
radius from UNC in order to facilitate home visits
(Siega-Riz et al. 2009). A total of 239 women were
excluded from PINPost because of medical con-
straints (n =24), they were unreachable (n=153),

* Women who entered pregnancy overweight or obese were less likely to adhere to American Academy of

Pediatrics guidelines for breastfeeding duration.

* Depressive symptoms, perceived stress and anxiety did not help to explain the negative association between

overweight/obesity and breastfeeding duration.

 Future research needs to explore the reasons behind the association between overweight/obesity and

breastfeeding duration.
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they were more than 5 months post-partum by the
time they were contacted (n=54) and, for eight
women, study protocols were not in place at the time
of their eligibility window. The remaining women
(n=930) were phoned 6 weeks after delivery with a
description of the post-partum component. Those
who agreed to participate were interviewed in their
homes by trained staff at 3 months (n=688), 12
months (n=550) and 36 months post-partum
(n=409). This analysis examined those who con-
sented and participated in both the 3- and 12-month
post-partum visits (n = 550); data from the 36-month
interview was used to update time of breastfeeding
cessation for those women who were still breastfeed-
ing at the 12-month interview. Protocols for the pre-
natal and post-partum studies, as well as this analysis,
were approved by the UNC School of Medicine Insti-
tutional Review Board.

The outcome variables for this analysis were any
and exclusive breastfeeding duration, created using
data collected during the 3-, 12- and 36-month post-
partum interviews. Any breastfeeding duration
included women who exclusively or partially breast-
fed. Initiation of breastfeeding was determined at the
3-month interview by asking women, ‘Did you ever
breastfeed this baby?’ Those who initiated were then
asked, ‘Are you still breastfeeding your baby?’, at the
3-, 12- and 36-month interviews. If women reported
having stopped breastfeeding, they were asked how
old the infant was when they stopped (reported in
days/weeks/months). Duration of any breastfeeding
was categorized as follows: none, those who breastfed
less than 4 months, 4-6 months, 7-12 months and
more than 12 months (referent).

Exclusive breastfeeding included infants fed only
breast milk with the exception of drops or syrups
consisting of vitamins, mineral supplements or medi-
cines (World Health Organization 2003b). Exclusive
breastfeeding duration was determined by compar-
ing total duration of any breastfeeding with the age
at which formula and complementary foods were
introduced. Women were considered to have stopped
exclusively breastfeeding when a non-breast milk
food (including formula) was introduced. At the 3-
and 12-month interviews, participants reported
whether they fed their infant breast milk, breast milk

substitutes and other foods such as cereals, tea, juice,
fruits/vegetables and meats for each post-partum
month. A more detailed list of foods can be found in
the questionnaires for the 3- and 12-month inter-
views at http://www.cpc.unc.edu/pin. For this analysis,
we categorized exclusive breastfeeding as follows:
less than 1 month, 1 to less than 4 months and 4
months or more (referent). The cut point of 4 months
was based on current AAP guidelines, which are con-
flicting. The AAP recommends that women should
exclusively breastfeed for up to 6 months, but they
also state that complementary foods may be intro-
duced as early as 4 months based on the ‘unique
needs or feeding behaviors of the individual infants’
(Gartner et al. 2005).

The main exposure variable was pregravid BMI
(kg m™) calculated from self-reported pregravid
weight and measured height collected during a pre-
natal clinic visit between 15 and 20 weeks gestation
(screening), or at the 3-month post-partum visit.
Weight was checked for implausible values, and
three participants were excluded from analysis,
leaving 547 women with complete information on
pregravid BMI and breastfeeding duration. Pre-
gravid BMI was a dichotomous variable created
using the World Health Organization cut points
for normal weight/underweight (=24.9 kg m?) and
overweight/obese (=25.0kgm™) (World Health
Organization 2000).

Possible mediators

Depressive symptoms, perceived stress and state
anxiety were measured at two time points in preg-
nancy. This analysis used the second measure, which
was closer in time to the outcome of interest, breast-
feeding duration. Measurements of depressive symp-
toms, perceived stress and state anxiety for both time
points were reasonably well correlated (correlation
coefficients = 0.66, 0.68 and 0.56, respectively).
Depressive symptoms during pregnancy were
assessed using the Center for Epidemiologic Studies-
Depression Scale (Radloff 1977). Mail-in question-
naires given at the second prenatal visit between 24
and 29 weeks’ gestation were completed by 490 (89%
of 550) participants. The 20-item scale had Likert
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response categories that assessed the participant’s
feelings and activities in the previous week. A com-
posite score was calculated, and scores greater than or
equal to 17 indicated the presence of a higher level of
depressive symptoms. Although a cut point of 16 or
higher has been associated with a significant level of
depressive symptoms in the general population, we
used a slightly higher cut point to distinguish between
depressive and pregnancy symptoms, which are often
similar (Orr & Miller 1995). We compared our
method of a higher cut point with that proposed by
Hoffman & Hatch (2000), in which they used a cut
point of 16 after removing items that overlapped with
pregnancy and rescaling scores so that the range still
lay between 0 and 60. There was no difference in how
women were categorized between the two methods
(data not shown). Internal consistency as indicated by
Cronbach’s alpha ranged from 0.83 to 0.92 (Neuge-
bauer et al. 1992).

The Perceived Stress Scale (Cohen & Williamson
1988) measured the degree to which respondents
found situations to be stressful. Of 550 participants,
527 (95.8% of 550) completed a modified 10-item
scale administered during a phone interview con-
ducted between 27 and 30 gestational weeks. Ques-
tions were on a Likert scale, and higher overall
scores indicated higher levels of perceived stress.
After summing across items, the variable was
categorized into three levels: 0 to <11 (referent),
11 to <17 and =17. Cronbach’s alpha was 0.83 in
three non-pregnant samples tested by Cohen et al.
(1983).

The State-Trait Anxiety Inventory was used to
assess state and trait anxiety during pregnancy (Spiel-
berger 1983). For this analysis, we used the state
anxiety measurement because it assessed ‘immediate’
feelings of anxiety, which better represented how
women felt during pregnancy than the trait-anxiety
scale, a stable measure of anxiety. The majority of
participants (88.5% of 550) completed the mail-in
questionnaire provided at the second prenatal visit
(24-29 weeks). Scores from 20 questions on a 4-point
Likert scale were summed and categorized into three
levels: 0 to <29 (referent), 29 to <39 and =39. Cron-
bach’s alpha ranged from 0.90 to 0.94 for the state
scale (Spielberger 1983).

Covariates

Although the PINPost study collected data on a wide
range of variables, we discuss here only those that
were tested for confounding. These covariates were
chosen based on a directed acyclic graph, created
from a review of the literature (Greenland et al.
1999), and on the strength of their relationship with
exposure and outcome. Data were collected at
screening (15-20 weeks’ gestation) and through self-
reported questionnaires, telephone interviews and
medical chart abstraction. Participants reported their
race, age, parity, family income, household size, edu-
cation, marital status and smoking status in the first 6
months of pregnancy. Information on family income
and household size was used to create a variable rep-
resenting percentage of the 2001 poverty index
according to the US Bureau of the Census (Proctor &
Dalaker 2001).

Statistical analyses

The models for pregravid BMI and duration of any
breastfeeding were restricted to participants for
whom we had complete information on pregravid
BMI (n=547). The models for pregravid BMI and
duration of exclusive breastfeeding were limited to
participants for whom we had complete information
on pregravid BMI and who initiated breastfeeding
(n=509). There are several ways to analyse polyto-
mous outcomes. We originally considered analysing
the data using a cumulative logit ordinal regression
model, which would have taken into account the
natural order of the outcome categories. However, the
proportional odds assumption was violated for the
majority of our explanatory variables. Hence, we cal-
culated relative risk ratios (RRRs) for the association
between pregravid BMI and breastfeeding duration
using multinomial logit models. Multinomial models
include two sets of referents categories, one for the
outcome category and one for the exposure.

We were unable to analyse effect measure modifi-
cation because of low power. Backward elimination
was used to build our adjusted model, and covariates
were kept as confounders in the model if they
changed the beta coefficients of the exposure catego-
ries by greater than 10%.
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Mediation was examined using a series of regres-
sion analyses (Baron & Kenny 1986). To be consid-
ered a mediator, the exposure must be associated with
the outcome (path c in Fig. 1), the exposure must be
associated with the mediator (path a, Fig. 1), the
mediator must be associated with the outcome while
adjusting for the exposure (path b, Fig. 1) and the
effect estimate of the exposure must fully or partially
reduce while adjusting for the mediator. A third
regression model was added to determine the rela-
tionship between the potential mediator and breast-
feeding duration when pregravid BMI was not
accounted for because few have researched these
associations, specifically in regard to stress and
anxiety. Each psychological factor was tested in sepa-
rate mediation analyses. All statistical analyses were
conducted using Stata software (version 9.2, College
Station, TX, USA).

Results

The majority of participants initiated breastfeeding
(92.6% of 550 women). Duration of any breastfeeding
ranged from 0 to 38.6 months with a mean duration of
8.0 £ 6.3 months. Prevalence at 3 and 6 months was
67.5% and 56.7%, respectively. Women who did not
initiate and those who breastfed less than 4 months
were more likely to be overweight or obese, while
those who breastfed longer were more likely to be of
normal BMI (Table 1). Compared with normal weight
women, those who entered pregnancy overweight or
obese were more likely to breastfeed for a shorter
duration (any and exclusive) and to introduce
complementary foods earlier (P < 0.01).

Of the 509 women who breastfed, more than half
(51.7%) exclusively breastfed for 4 months or longer.
Duration of exclusive breastfeeding ranged from 0 to
9 months with a mean duration of 3.2 = 2.3 months.
Women who exclusively breastfed less than 1 month
and 1 to <4 months had mean BMIs of 26.7 kg m~2 and
25.4kgm™, respectively. Women who exclusively
breastfed for 4 months or longer were more likely to
be white (90.0%), be married (94.3%), of higher
income (mean =492.3% = 186.0 of the poverty line)
and have more years of education completed
(mean=17.1 = 2.1 years).

Women with low levels of depressive symptoms,
stress and anxiety tended to be white, be married, of
higher income and have more years of education
completed. They were also more likely to enter preg-
nancy at a BMI = 24.9 kg m™ and to breastfeed (any
or exclusively) longer than women with high levels of
these factors.

Crude multinomial regression showed a strong
negative association between pregravid BMI and
duration of any breastfeeding (Table 2). After adjust-
ing for race, education, marital status and smoking in
the first 6 months of pregnancy, the effect estimate for
the overweight/obese BMI category was attenuated.
However, overweight/obese women remained at
higher risk of not breastfeeding [RRR =5.39 (95%
confidence interval: 2.41, 12.04)] and of breastfeeding
less than 4 months [RRR =2.38 (1.33, 4.27)] com-
pared with normal/underweight women.

Being overweight or obese before pregnancy was
associated with shorter duration of exclusive breast-
feeding in crude analysis (Table 2). After adjusting for
race, education and poverty status, the association
between pregravid BMI and exclusive breast-
feeding duration decreased. Being overweight/obese
remained associated with exclusively breastfeeding
less than 1 month [RRR =2.09 (1.24,3.51)], but there
was no longer an association with exclusive breast-
feeding less than 4 months.

Mediation

The association between pregravid BMI and any
breastfeeding duration was not explained by depres-
sive symptoms, perceived stress or state anxiety status
during pregnancy. All three psychological factors
were significantly predicted by pregravid BMI (path
a in Fig.1; model 2 in Supporting Information
Tables S1-S3). Higher levels of depressive symptoms
were related to breastfeeding less than 4 months
(path b in Fig. 1; model 3 in Supporting Information
Table S1), but this association no longer remained
significant once pregravid BMI was in the model
(model 4, Supporting Information Table S1). Thus,
depressive symptoms did not fulfil the criteria to be a
mediator. In addition, once we adjusted for confound-
ers (race, education, marital status and smoking in the
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Table 1. Maternal characteristics by pregravid BMI and breastfeeding status among women in the Pregnancy, Infection and Nutrition Postpartum

study (n=550)

Pregravid BMI

Normal weight
(=249 kgm™)

Overweight/obese
(=25.0kgm™)

n =355 n=192

Pregravid BMI (kg m™) 21.4 = 1.9% 32.1 =68
Age (years) 30252 29.4 =58
Race: white (%) 86.8* 64.1
Married (%) 90.7* 70.8
Education (years) 16.6 = 2.5 149 = 2.7
Percent of the 2001 poverty level 479.2 = 204.1 351.7 = 219.47
Primiparous (%) 51.6 42.27
Smoked during pregnancy (%) 4.7 13.8°
Breastfeeding duration (months) 92 *62 59=*6.1"

No breastfeeding (%) 34% 15.1

>0 to <4 (%) 20.9 375

4106 (%) 10.1 63

>6 to <12 (%) 327 24.0

>12 (%) 33.0 172
Exclusive breastfeeding (months) 35%22 2.5+23"

<1 (%) 17.2¢ 31.9

>0 to <4 (%) 239 30.7

=4 (%) 58.9 374
Age of complementary food introduction (months) 47+13 40+ 1.7
Depressive symptoms (% with high levels) 17.4 29.5°
Perceived stress

Low (%) 37.9% 320

Moderate (%) 40.8 332

High (%) 213 348
State anxiety

Low (%) 46.4* 433

Moderate (%) 358 26.8

High (%) 17.8 29.9

BMI, body mass index. *X = standard deviation (all such values). 'Significantly different from normal weight women: ¢-test P < 0.01. *Pearson’s

chi-squared test P < 0.05.

first 6 months of pregnancy), pregravid BMI no
longer predicted the psychological factors (path a,
Fig. 1).

When examining mediation of the pregravid BMI-
exclusive breastfeeding relationship, higher levels of
depressive symptoms and perceived stress were pre-
dicted by pregravid BMI (path a in Fig. 1; model 2 in
Supporting Information Tables S4-S6). The presence
of high depressive symptoms during pregnancy was
associated with exclusive breastfeeding duration of
less than 1 month and 1 to <4 months; high stress
predicted exclusive breastfeeding less than 1 month
(path b in Fig. 1; model 3 in Supporting Information

Tables S4-S6). Depressive symptoms and stress
remained associated with the outcome once pre-
gravid BMI was added to the model (model 4 in
Supporting Information Tables S4,S5), but they
accounted for only a small part of the association
between pregravid BMI and duration of exclusive
breastfeeding (i.e. <10%). Further, adjusting for race,
education and poverty status greatly attenuated, and
made non-significant, the association between
depressive symptoms/stress and exclusive breast-
feeding. The association between pregravid BMI
and psychological factors also disappeared in the
adjusted models.
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Table 2. Adjusted results for multinomial logit regression® models of the association between pregravid BMI and breastfeeding duration

Breastfeeding duration

Pregravid BMI

Overweight/obese

Crude RRR
(95% CI)

Adjusted RRR
(95% CI)

Any breastfeeding (months)*
No breastfeeding
>0 to <4
4to6
>6to 12
>12
Exclusive breastfeeding (months)*
<1
<4
=4

8.57 (3.94, 18.63)
345 (2.08,5.73)
1.18 (0.55, 2.53)
1.41 (0.83,2.37)
1.00

539 (2.41,12.04)
2.38 (1.33,4.27)
0.91 (0.39,2.14)
1.34 (0.77,2.32)
1.00

2.92 (1.82,4.67)
2.02 (1.29,3.17)
1.00

2.09 (1.24,3.51)
1.41 (0.86,2.33)
1.00

BMI, body mass index; RRR, relative risk ratio; CI, confidence interval. *There are two referent categories in multinomial logit regression

models, one for the exposure (normal weight/underweight) and one for the outcome variable (any breastfeeding >12 months; exclusive
breastfeeding =4 months). ‘Model of the association between pregravid BMI and any breastfeeding was adjusted for race, maternal education,

marital status and smoking in the first 6 months of pregnancy (n=524). ‘Model of the association between pregravid BMI and exclusive
breastfeeding was adjusted for race, maternal education and percent of the 2001 poverty index (n =493). ¥Does not include women who did not

initiate breastfeeding (n =41).

Discussion

In these analyses, we found an inverse association
between pregravid BMI and breastfeeding duration.
Specifically, our results suggest that women who enter
pregnancy overweight or obese are less likely to ini-
tiate breastfeeding and to breastfeed the amount of
time recommended by current AAP guidelines; these
associations were not explained by depressive symp-
toms, stress and anxiety during pregnancy. We find
that our results of a negative association between
pregravid BMI and any breastfeeding duration are
consistent with those of studies conducted worldwide,
despite differences in population and statistical meth-
odology. Studies in Danish and Australian popula-
tions found that overweight and obese women are at
greater risk of earlier termination of any breastfeed-
ing than normal BMI women (Donath et al. 2003;
Oddy et al. 2006; Baker et al. 2007), while studies con-
ducted among US populations (Li et al. 2003; Hilson
etal. 2004) found that being obese, but not over-
weight, was related to shorter duration of any breast-
feeding. Although we found that being overweight or
obese before pregnancy was inversely related to
exclusive breastfeeding, one study in the United

States found no association between pregravid BMI
and exclusive breastfeeding, but this may have been
because of small sample size (n=151) (Hilson et al.
2004). Another reported higher risk of cessation for
overweight/obese women up to 16 weeks post-partum
(Baker et al. 2007).

This study is unique in that women who did not
initiate breastfeeding were included in the analyses.
Previous studies conducted analyses only among
women who initiated, which limits interpretation of
the effects of obesity on breastfeeding duration to
those who breastfeed and may be a source of selec-
tion bias (Donath et al. 2003; Li et al. 2003; Hilson
et al. 2004; Oddy et al. 2006; Baker et al. 2007). From
a prior analysis (Mehta et al. 2011), we know that
being overweight or obese before pregnancy
strongly predicts not initiating breastfeeding in our
study population. Excluding non-breastfeeders in
our analyses, then, would have produced an artifi-
cially attenuated effect estimate of the association
between obesity and breastfeeding duration. For
example, an obese woman may choose not to initiate
breastfeeding in the current pregnancy because
she experienced obesity-related mechanical difficul-
ties breastfeeding a previous child. In our study,
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overweight and obese women were more likely to be
multiparous (P < 0.05).

Although we found that depressive symptoms, per-
ceived stress and anxiety did not mediate the associa-
tion between pregravid BMI and breastfeeding
duration, there existed differences in the crude asso-
ciations between these psychological factors and
breastfeeding duration. For instance, all three factors
were predictive of exclusively breastfeeding less than
1 month. However, only the presence of a high level of
depressive symptoms during pregnancy was associ-
ated with the duration of any breastfeeding, specifi-
cally, a higher risk of breastfeeding less than 4 months.
Previous studies support an association between high
levels of depressive symptoms during pregnancy and
shorter duration of any breastfeeding for women
(Cooper et al. 1993; Dunn et al. 2006; Pippins et al.
2006). Depression during pregnancy is a strong pre-
dictor of post-partum depression (American Psychi-
atric Association 2000), which can influence parenting
practices (McLearn et al. 2006; Hurley ez al. 2008).
There is evidence that women with high levels of
depressive symptoms, stress and anxiety in the post-
partum are less likely to engage in responsive infant
feeding styles (Hurley ez al. 2008) and in parenting
practices that require active interactions with their
infant, such as breastfeeding (McLearn et al. 2006). It
is possible, then, that women who experience high
levels of depressive symptoms during pregnancy are
more likely to provide formula along with breast milk
in early post-partum. Providing formula makes it pos-
sible for a partner or family member to bottle-feed
the child, thus reducing the time that a woman expe-
riencing depressive symptoms is forced to spend
breastfeeding, an activity that requires a lot of active
interaction with their child. In our study population,
significantly greater proportions of women with high
levels of depressive symptoms, stress and anxiety
during pregnancy gave their infants formula in the
first month compared with women with low levels of
these factors (P < 0.05).

This study has several limitations that influence its
interpretation and generalizability. Our study popula-
tion is different from the general US population in
that 92.6% initiated breastfeeding, and of those who
initiated, almost 50% exclusively breastfed 4 months

or more, which is much higher than national rates
(Centers for Disease Control and Prevention 2009).
We also have a much lower prevalence of overweight/
obese women (35.7% ) compared with the average for
women of childbearing age in the United States
(59.5%) (Flegal et al. 2010). In addition, out of the
1169 that were eligible, 480 did not to participate in
PINPost. A comparison of the 480 to the 688 women
who completed the 3-month visit revealed that
women who did not participate in PINPost were more
likely to be overweight or obese before pregnancy, be
non-white, be younger, of lower income, less educated
and have smoked during pregnancy. Further, they had
significantly higher levels of depressive symptoms and
anxiety during pregnancy than women who com-
pleted the 3-month interview. This was also true of the
138 women who did not participate in the 12-month
post-partum interview (20% of 688). Additionally,
those lost between the 3- and 12-month post-partum
interviews were less likely to have initiated breast-
feeding compared with women who completed the
12-month interview.

Nationally representative data show that there is a
higher proportion of overweight/obesity and a lower
proportion of breastfeeders among African-
American women compared with Caucasian women
(Centers for Disease Control and Prevention 2009;
Flegal er al. 2010). However, we were restricted in our
ability to examine potential effect measure modifica-
tion by race because of small sample size and a pri-
marily Caucasian population. And although we have
data collected prospectively, it is possible that there
existed a reciprocal relationship between pregravid
BMI and the psychological factors. For example,
women with higher levels of the psychological factors
during pregnancy may also have had higher levels
before pregnancy, which placed them at risk of begin-
ning pregnancy overweight or obese. Consequently,
their risk of continuing in or developing a poor
mental health state during pregnancy was increased.
The literature supports evidence of bidirectionality
between psychological factors and obesity, and, as an
observational study, we cannot be certain that it does
not exist in our data, thus limiting our ability to make
causal inferences (Luppino et al. 2010). Additionally,
it is possible that our method of determining exclusive
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breastfeeders captured women who were not exclu-
sively breastfeeding. However, PINPost participants
were mainly Caucasian, of high income and of high
education, which are all predictors of better breast-
feeding outcomes. Thus, the prevalence of exclusive
breastfeeding, although high, is not unreasonable for
this population. Finally, pregravid BMI was calculated
from weight that was self-reported during pregnancy.
Women of childbearing age tend to underestimate
their weight, which would result in some BMI
values being artificially low (Brunner Huber 2007).
However, we checked pregravid BMI values for
implausibility and used a categorized pregravid
BMI variable, thus minimizing any potential
misclassification.

These analyses show that women who enter preg-
nancy overweight or obese are less likely to follow
current breastfeeding guidelines. To our knowledge,
this is the first study to examine whether psychologi-
cal factors such as depressive symptoms, perceived
stress and anxiety help explain the association
between pregravid BMI and breastfeeding duration.
Although we found that the psychological factors did
not explain this association, it may be that clinically
relevant assessment tools would show a different rela-
tionship with pregravid BMI and breastfeeding dura-
tion even after adjusting for confounders. Future
studies should confirm the associations among pre-
gravid BMI, psychological factors and breastfeeding
duration in a larger and more diverse sample using
clinically relevant assessment tools.
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