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Objective. The population subgroups with the highest proportion of
overweight and obese women often are characterized by the lowest rates
of initiation and shortest durations of breastfeeding. We previously

documented that these 2 population-level trends may be related. In a

population of white women who lived in a rural area, we observed that
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prepregnant overweight and obesity were associated with failure to
initiate and also to sustain lactation. The means by which being
overweight or obese negatively affect lactational performance is unknown
and likely to be multifactorial in origin, including the simple mechanical
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difficulties of latching on and proper positioning of the infant. In addition,

we have shown that prepregnant body mass index (BMI) is negatively Vi thi ticl ith
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might occur because obesity alters the 24-hour spontaneous release of
prolactin and also because prolactin secretion is blunted in response to > Share

various stimuli among obese subjects. The fall in progesterone

associated with the timing of lactogenesis II, the onset of copious milk

secretion. Although the effects of obesity on the prolactin response to
infant suckling have never been studied, we postulated that maternal

obesity could compromise this important response. We proposed that this
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concentration that occurs immediately postpartum is the trigger for the
onset of copious milk secretion, but maintenance of prolactin and cortisol
concentrations is necessary for this trigger to be effective. Adipose tissue
concentrates progesterone. We proposed that this additional source of
progesterone would lead to consistently higher progesterone
concentrations among obese compared with normal-weight women. This,
in turn, would lead to a delay in reaching the appropriate concentration to
trigger the onset of lactogenesis II. We tested the hypotheses that a
reduced prolactin response to suckling and higher-than-normal
progesterone concentration in the first week after delivery might be
among the means by which maternal overweight could compromise early

lactation.

Methods. We enrolled 40 mothers of term infants from the same
population that we studied previously. We measured serum prolactin and
progesterone concentrations by radioimmunoassay before and 30 minutes
after the beginning of a suckling episode at 48 hours and 7 days after
delivery. We used path analysis to develop a parsimonious multivariate
prediction of the prolactin response to suckling at 48 hours and 7 days

postpartum.

Results. As expected, prolactin values decreased from 48 hours to 7 days
postpartum. Women who were overweight or obese (using the Institute of
Medicine’s cutoff for women of a BMI >26 kg/m?) before conception had
a lower prolactin response to suckling than normal-weight women at 48
hours but not at day 7. In multivariate analyses, overweight/obesity,
primiparity, and birth weight were negatively associated with the
prolactin response to suckling at 48 hours. After adjustment for
confounding by time since delivery and the duration of the nursing
episode, only overweight/obesity remained a significant negative
predictor of prolactin response to suckling at day 7. Concentrations of
progesterone decreased dramatically from 48 hours to 7 days postpartum
but did not differ between normal-weight and overweight/obese women at
either time. In addition, the decreases in progesterone concentrations
from 48 hours to 7 days postpartum did not differ between the

prepregnant BMI groups.

Conclusion. The unique and important finding from this study is that
overweight/obese women had a lower prolactin response to suckling. This
would be expected to compromise the ability of overweight/obese women
to produce milk and, over time, could lead to premature cessation of

lactation. These findings are important because, during our observation
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period (just before and after lactogenesis II, the time of onset of copious
milk secretion), the prolactin response to suckling is more important for
milk production than it is later in lactation. We have previously shown
that a high proportion of the overweight and obese women in this
population who give up on breastfeeding do so at this time. This finding
thus provides evidence of a biological basis for this association, and
additional study of it is likely to be informative. We postulated that there
would be consistently higher progesterone concentrations in the early
postpartum period among obese compared with normal-weight women
because adipose tissue is an extraplacental source of this hormone. This
hypothesis was not supported in this study because there were no
significant differences between normal-weight and overweight/obese
women in progesterone concentrations at either 48 hours or 7 days
postpartum. The values that we observed at these times were similar to
those reported by others in the early postpartum period. The findings
from this study add plausibility to our observation that initiation, not just
duration of breastfeeding, is negatively affected by maternal
overweight/obesity. Although women should begin pregnancy at a
healthy weight and gain reasonably during gestation, not all will.
Pediatricians can help overweight/obese women to succeed at
breastfeeding by targeting them for contact with a lactation consultant
before discharge from the hospital to be sure that they have received
optimal advice on breastfeeding techniques. In addition, early contact
with the mother after discharge—by calling her at home to offer her
support and counseling for breastfeeding, by scheduling the first pediatric
visit earlier than for other patients, or by enlisting the assistance of public
health nurses for a home visit if this is possible—would help
overweight/obese women to continue to breastfeed. Being overweight or
obese is negatively associated with the prolactin response to suckling in
the first week postpartum and, thus, may contribute to early lactation

failure.

obesity prolactin breastfeeding lactogenesis estrogen

progesterone leptin

Although we have made progress in meeting national goals for initiation
of breastfeeding in recent years, we have made disturbingly little progress
toward national goals for maintenance of breastfeeding in this same
period'—despite overwhelming scientific evidence that documents the
benefits of this method of feeding infants.? Simultaneously, American

women in general and some racial/ethnic subgroups in particular have
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gotten fatter.’ The population subgroups with the highest proportion of
overweight and obese women often are characterized by the lowest rates
of initiation and shortest durations of breastfeeding. We have previously
documented that these 2 population-level trends may be related. In a
population of white women who lived in a rural area, we observed that
those who were overweight or obese before conception had a
significantly increased risk of failing to initiate breastfeeding
successfully.* Those who did initiate breastfeeding successfully also
stopped this practice significantly sooner than their normal-weight
counterparts. These findings have been confirmed in larger, more diverse
populations.>~ Prepregnant body mass index (BMI) has been used as the
measure of maternal fatness in nearly all of these studies because it is
more readily available from medical records than BMI at delivery and is
highly associated with maternal fatness at the time when breastfeeding

begins.

The means by which being overweight or obese negatively affect
lactational performance is unknown and likely to be multifactorial in
origin, including the simple mechanical difficulties of latching on and
proper positioning of the infant when the mother is obese. In another
study in this same geographic area, we observed that prepregnant BMI
was negatively associated with the timing of lactogenesis II, the onset of
copious milk secretion.® This association was not confounded by the
tendency of heavier women to undergo cesarean sections, but it was
reduced by primiparity, which was unexpectedly more common among
the heavier women in this particular study population. Psychosocial
factors, such as planned duration of breastfeeding, behavioral beliefs
about breast- and bottle-feeding, and maternal knowledge of and
confidence about or support for breastfeeding, were not associated with

the timing of the onset of lactogenesis II.

The fall in progesterone concentration that occurs immediately
postpartum is the trigger for the onset of copious milk secretion, but
maintenance of prolactin and cortisol concentrations is necessary for this
trigger to be effective.’ It is known that adipose tissue concentrates
progesterone.!’ We proposed that this additional source of progesterone,
which remains after delivery of the placenta, would lead to consistently
higher progesterone concentrations among obese compared with normal-
weight women. This, in turn, would lead to a delay in reaching the
appropriate concentration to trigger the onset of lactogenesis II. Although
the effects of obesity on the prolactin response to infant suckling have

never been studied, we postulated that maternal obesity could
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compromise this important response. This is because obesity alters the
24-hour spontaneous release of prolactin and also because prolactin
secretion is blunted in response to various stimuli among obese
subjects.'! Finally, we observed previously that insulin concentrations
decrease less dramatically from the end of pregnancy to early lactation in
obese than in nonobese rats.!?> We postulated that this may also occur in
obese women, which could result in less glucose being available for milk
biosynthesis. The goal of the research reported here was to examine
whether maternal fatness at the time of conception was associated with
several biological factors that are known to be important for the

successful initiation of lactation.

METHODS

Pregnant women were identified from the obstetric database at Bassett
Healthcare in Cooperstown, New York, and were invited to participate
during prenatal visits, during labor, or shortly after delivery. When
contact was made before delivery, signed informed consent was returned
to study personnel by mail. When contact was made after admission for
delivery, signed informed consent was obtained before the first blood
sample was obtained. Multiple approaches were used to achieve the
desired enrollment, including changing the research protocol to reduce
the invasiveness of the procedures and the time and effort required by the
participants. We replaced nonmonetary with monetary incentives for the
participants because they told us that they would prefer this, and our
enrollment rate increased in response. Participants who enrolled after
these changes did not differ from those who enrolled earlier. In all, 41
women were eligible for our study and 40 were enrolled during a

24-month period.

At ~48 hours and again at ~7 days postpartum, 3-mL blood samples
were drawn from nonfasting participants just before the infant latched on
to breastfeed and again 30 minutes later. The time at the beginning of the
nursing episode and its duration were recorded. The elapsed time since
delivery at the beginning of the nursing episode was calculated. At 48
hours, 40 participants were available to provide data, but blood could be
obtained only from 39 of them in the first blood drawing. At 7 days
postpartum, 34 participants were available to provide data because 1 had
stopped breastfeeding and 5 had been enrolled at a time when the second

blood sampling time was at 10 days instead of 7 days postpartum.

http://pediatrics.aappublications.org/content/113/5/e465.long
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Maternal prepregnant weight and height, weight gain during pregnancy,
and age as well as newborn weight and length were abstracted from the
medical records. Participants were characterized as normal weight when
their prepregnant BMI was <26 kg/m? (n = 23) and as overweight/obese
when their prepregnant BMI exceeded this value (n = 17); this choice of
cutoff value was based on those used for recommended weight gains
during pregnancy by the Institute of Medicine.'® Maternal prepregnant

BMI was used as a proxy for maternal fatness at this time.

The blood samples were taken in a private setting in the hospital before
discharge and again at the time of the return visit at 7 days after birth.
Blood sampling began immediately after needle insertion. We had equal
success in obtaining blood samples from the 2 groups of participants;
only 1 participant required >1 attempt to obtain blood. Sera were
separated and frozen at —20°C for later analysis of the concentrations of
prolactin, insulin, estradiol, progesterone (all Coat-A-Count kits;
Diagnostic Products Corp, Los Angeles, CA, with Lymphochek controls
from the same manufacturer), leptin (Human Leptin RIA kit, Linco
Research Inc, St Charles, MO, with internal controls), and glucose by
standard analytical techniques. The prolactin response to suckling was
calculated as the difference between the value after 30 minutes of nursing
and the value before nursing began. As recommended by the
manufacturers of the kits that we used, data from grossly hemolyzed
blood samples (1 at the first drawing on days 7 and 2 at the second
drawing on day 7) were excluded from the statistical analyses presented
here. Approval for the study was obtained from the University Committee
on Human Subjects at Cornell University and the Institutional Review

Board at Bassett Healthcare Research Institute.
Statistical Analyses

Normal-weight women were compared with those who were overweight
or obese by ¢ test. Data obtained at 48 hours and 7 days postpartum were
compared using a paired ¢ test. Associations between pairs of variables

were evaluated by univariate regression analysis.

Path analysis was used to develop a parsimonious multivariate prediction
of the prolactin response to suckling at 48 hours and 7 days postpartum.

As described by Kleinbaum et al,'4

multivariate regression models were
built in steps, first evaluating the possibility of an interaction between
prepregnant BMI category and the candidate variable on the prolactin
response to suckling and then evaluating the possibility of confounding.

Candidate variables and their interactions were retained only when they

http://pediatrics.aappublications.org/content/113/5/e465.long
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were statistically significant.

All analyses were conducted with SAS (version 8.2; SAS Institute, Inc,
Cary, NC). Data are presented as mean + standard deviation. Differences
between groups or between observation times were declared to be

statistically significant at P <.05.

RESULTS

Overweight/obese women gained less weight during pregnancy than the
normal-weight comparison group, but, as expected, their BMI at delivery
remained significantly higher (Table 1). There were no differences
between the groups in maternal age, parity, or the size of the infants at

birth.

TABLE 1. View inline

Characteristics of Participants and Their Newborn Infants by Maternal
Prepregnant BMI Category

The time from delivery to the first measurement was 53.1 &+ 15.6 hours (n
= 23) among the normal-weight women and 51.6 = 10.2 hours (n = 17)
among the overweight/obese women; these differences were not
significant. For unknown reasons, the time from delivery to the second
measurement was significantly (P < .05) less among the normal-weight
than the overweight/obese women (168.0 +30.2 [n = 16] vs 196.7 £ 40.4
hours [n = 17], respectively). The duration of the nursing episode at the
48-hour measurement did not differ between the groups (~21 minutes in
both cases), but at 7 days postpartum, the overweight/obese women
reported that their infants suckled longer than those of the normal-weight
women (23.2 = 5.6 minutes [# = 17] vs 15.3 + 6.1 minute [n# = 16],

respectively; P =.0005).

Prolactin concentrations showed the expected time trend: baseline values
decreased significantly from 48 hours to 7 days postpartum in both
normal-weight and overweight/obese women. The prolactin response to
suckling increased in both groups, significantly (P <.001) so in the
overweight/obese group (Table 2). The prolactin response to suckling was
significantly (P < .05) lower in the overweight/obese group than in the
normal-weight comparison group at 48 hours but not at 7 days

postpartum (Table 2).

TABLE 2.

http://pediatrics.aappublications.org/content/113/5/e465.long
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Prolactin Concentration (ng/mL) Before and After Infant e
. - View inline
Suckling at 48 Hours and 7 Days Postpartum by Maternal

Prepregnant BMI Category

Concentrations of both estradiol and progesterone decreased dramatically
from 48 hours to 7 days postpartum, as expected (Table 3). There were no
significant differences between the groups in estradiol or progesterone
values at either time. The decreases in both estradiol and progesterone
concentrations from 48 hours to 7 days postpartum did not differ between

the prepregnant BMI groups (Table 3).

TABLE 3. View inline

Metabolic Characteristics and Hormone Concentrations of Participants at 48
Hours and 7 Days Postpartum by Maternal Prepregnant BMI Category

As expected, insulin concentrations decreased from 48 hours to 7 days
postpartum; whereas glucose concentrations remained unchanged (Table
3). There were no significant differences between the groups in the
concentrations of insulin or glucose at either time, although the insulin
values were 30% to 40% higher in the overweight/obese than in normal-
weight women. Leptin concentrations did not decrease significantly
during the first week postpartum in either group. As expected, leptin
concentrations were higher in the overweight/obese group than in the

normal-weight group at both times.

In path analyses, overweight/obesity (P = .006), primiparity (P <.02),
and birth weight (P < .008) were directly and negatively associated with
the increase in prolactin concentration in response to suckling at 48 hours
(Fig 1). Compared with normal-weight women, those who were
overweight/obese experienced a decrease in the prolactin response to
suckling of ~45 ng/mL. Compared with multiparous women, those who
were primiparous experienced a decrease in the prolactin response to
suckling of a similar magnitude. Also, for each addition kilogram of
infant birth weight, there was a decrease of a similar magnitude in the

prolactin response to suckling.

-45 ng/mL*
+0.005 kg -43 ng/mL*
Prepregnant — Infant —* Prolactin
BMI category birthweight response to
(BMI<26 vs. >26) (kg) suckling at
-0.38 kg* “ ngimL* 48 h (ngme)
Primiparous
(nfy)

*p <005, "p <0.01
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*p<0.05"p <0.01
Fig 1.

Download figure Open in new tab Download powerpoint

Association of prepregnant BMI category with prolactin response to suckling at
48 hours postpartum. Regression coefficients from path analysis are shown.
Statistical significance is indicated. Model for direct effects: adjusted 7% = 0.32, P
<.002. Total direct and indirect (via birth weight) of prepregnant BMI, —44.0
ng/mL; direct effect of birth weight, —43.2 ng/mL; total direct and indirect (via
birth weight) effects of parity, —25.1 ng/mL.

Path analysis also permits the evaluation of indirect pathways. At 48
hours postpartum, there is an indirect pathway from prepregnant BMI
category to the prolactin response to suckling via birth weight, which is
very small (Fig 1). Thus, the total association of prepregnant BMI via
both direct and indirect pathways is ~—45 ng/mL. There is an indirect
pathway of primiparity to the prolactin response to suckling, also via birth
weight, which is considerably larger and in the opposite direction of the
direct effect. As a result, the total association of primiparity with the
prolactin response to suckling via both direct and indirect pathways is
~—25ng/mL, or approximately half that of the prepregnant BMI

category.

At 7 days postpartum, birth weight and primiparity no longer entered the
multivariate regression model; neither did any of the hormone
concentrations or changes in the hormone concentrations from 48 hours
to 7 days postpartum. Only overweight/obesity remained a significant
negative predictor of prolactin response to suckling at 7 days (Fig 2); it
was associated with dramatic reduction in the prolactin response to
suckling, almost 100 ng/mL (P < .002). The results of the path analysis
provide an explanation for why the effect of prepregnant BMI category
was not evident in the unadjusted analyses. The overweight/obese women
had longer breastfeeding episodes, which—as expected—increased their
otherwise low prolactin response to suckling. By chance, these women
returned for the 7-day visit longer after delivery, which—also as expected
—increased their prolactin response to suckling. The indirect pathway
from prepregnant BMI to the prolactin response to suckling via duration
of the nursing episode was 31 ng/mL and that via time since delivery was
36.5 ng/mL. After accounting for these effects, the total association of

prepregnant BMI with the prolactin response to suckling was =31 ng/mL.

Time since
delivery (h)

+29 h* +1 ng/mL***

Prepregnant 98ng/mL* _ Prolactin
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Prepregnant -98ngml™ _  Prolactin
BMI category response to
(BMI<26 vs. >26) suckling atd 7

(ng/mL)
e Duration of /+4 ng/mL*

nursing bout
(min)
*p<0.05, *p <0.01, **p <0.001

Fig 2. Download figure Open in new tab Download powerpoint

Association of prepregnant BMI category with prolactin response to suckling at 7
days postpartum. Regression coefficients from path analysis are shown. Statistical
significance is indicated. Model for direct effects: adjusted 72 = 0.47, P < .001.
Total of direct and indirect (via time since delivery and duration of nursing)
effects of prepregnant BMI, —30.9 ng/mL; direct effect of time since delivery, 1.3
ng/mL; direct of effect of duration of nursing episode, 3.9 ng/mL.

DISCUSSION

In this study, we investigated several novel hypotheses. We proposed that
the prolactin response to sucking would be reduced in overweight/obese
compared with normal-weight women early in the postpartum period. Our
hypothesis was confirmed in the unadjusted analyses only at 48 hours
postpartum. Through path analysis, we confirmed the importance of
being overweight/obese before pregnancy as a predictor of reduced
prolactin response to suckling at 48 hours postpartum and, in addition,
showed that this effect was of similar magnitude at 7 days postpartum
after accounting for confounding factors. These findings are important
because, during our observation period (just before and after lactogenesis
I1, the time of onset of copious milk secretion), the prolactin response to
suckling is more important for milk production than it is later in
lactation.? We have previously shown that a high proportion of the
overweight and obese women in this population who give up on
breastfeeding do so at this time.# Thus, although we did not record the
duration of breastfeeding in this investigation, there is reason to expect
that reduced prolactin response to suckling in the early postpartum period
would be associated with shortened duration of breastfeeding and thus
would represent 1 means by which excess maternal weight could

contribute to poor lactational performance.

We chose to measure prolactin response to suckling at 30 minutes after

the beginning of the suckling episode on the basis of reports in the

http://pediatrics.aappublications.org/content/113/5/e465.long
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literature that this was the time of maximum response.ls’16 The values
that we observed for baseline prolactin as well as the prolactin response
to suckling among normal-weight women at 7 days postpartum were very

similar to those at 10 days postpartum reported by Battin et al.'®

We postulated that there would be consistently higher progesterone
concentrations in the early postpartum period among obese compared
with normal-weight women because adipose tissue is an extraplacental
source of this hormone. This hypothesis was not supported in this study
because there were no significant differences between normal-weight and
overweight/obese women in progesterone concentrations at either 48
hours or 7 days postpartum. The values that we observed at these times
were similar to those reported by others in the early postpartum

period.'” 1Y

In addition, we examined the association between maternal
overweight/obesity and the decrease in estrogen concentration that occurs
postpartum. We were interested in this possible association because
estradiol regulates the transcription of the prolactin gene?’ and is another
hormone with an extraplacental source in obese individuals. As expected,
estradiol concentrations decreased significantly during the observation
period in both groups of women. Our values were similar to those
reported previously by others for normal-weight women in the early
postpartum period.!”'%2! Neither the concentration of estradiol nor the
change in estradiol during the observation period was related to the
prolactin response to suckling. The high estradiol concentrations that are
characteristic of pregnancy stimulate the development of the mammary
gland during lactogenesis I, but estradiol is not among the hormones
required for lactogenesis II, the onset of copious milk secretion, or

lactogenesis 111, the maintenance of established lactation.?

In the first few days postpartum, insulin concentrations fall from the high
values that are characteristic of late pregnancy to concentrations similar
to those of nonpregnant women.?? On the basis of our previous research
in rats,'? we proposed that this decrease in insulin concentration from
pregnancy to lactation would be compromised in overweight/obese
women. Blood samples were not obtained in late pregnancy, but there was
a decrease in insulin concentration between 48 hours and 7 days
postpartum. This decrease was statistically significant among the normal-
weight women and approached significance (P < .06) among the
overweight/obese women. In addition, insulin concentrations were 28%

and 44% higher among the obese/overweight women than the normal-

http://pediatrics.aappublications.org/content/113/5/e465.long
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weight women at 48 hours and 7 days postpartum, respectively, but these
differences were not statistically significant. As we were unable to obtain
fasting blood samples in this investigation, our measures of insulin have
greater variability than in fasting samples, and this likely reduced our

ability to detect the differences that we postulated would be present.

Leptin concentrations rise linearly with BMI,?3 so the higher leptin values
that we observed among the overweight/obese compared with the normal-
weight women were expected. The difference between normal-weight and
overweight/obese women was greater at 48 hours than at 7 days. Leptin
values rise during pregnancy and return to nonpregnant values within a
few days after delivery.?’->3* Leptin concentrations decreased in both
groups during the observation period, but in neither group was this

125 observed an inverse

decrease statistically significant. Butte et a
association between leptin and prolactin concentrations at 3 and 6 months
postpartum. In the present investigation, leptin concentration was not
associated with baseline prolactin concentration at either 48 hours or 7
days postpartum. In contrast, leptin was negatively associated (P < .03)
with the prolactin response to suckling at 7 days postpartum only. Leptin
was not statistically significant when added to the path analysis model
shown in Fig 2. This indicates that leptin concentration does not provide

additional information about the regulation of the prolactin response to

suckling beyond that contained in the prepregnant BMI category.

Although the population served by Bassett Healthcare has participated
willingly in previous survey-based research, this was not the case in the
present study. This is perhaps not surprising because these participants
were asked for blood samples at a very sensitive time, before and after
nursing twice during the first week postpartum. In addition, they were
asked to make other measurements (eg, an infant milk intake, which
required weighing the infant before and after each feed during two
24-hour periods) that were perceived as burdensome. This compromised
our ability to collect all of the data that would have been desirable in this
investigation and also our ability to do so under optimal conditions for

sample analysis (eg, fasting conditions).

The unique and important finding from this study is that
overweight/obese women had a lower prolactin response to suckling. This
would be expected to compromise the ability of overweight/obese women
to produce milk and, over time, could lead to premature cessation of
lactation, a phenomenon that we and others have previously observed in

women with a high prepregnant BMI in this and other populations. This

http://pediatrics.aappublications.org/content/113/5/e465.long
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finding thus provides evidence of a biological basis for this association,
and additional study of it is likely to be informative. The data did not
support our hypothesis of higher progesterone or estradiol concentrations
in overweight/obese compared with normal-weight women that might
delay lactogenesis. The data also did not support our hypothesis of a
difference in the pattern of change in insulin values during the early
postpartum period. Inasmuch as the postulated trends were present, the
lack of statistical significance may have been attributable to the use of

nonfasting samples or inadequate statistical power.

The findings from this study add plausibility to our observation that
initiation, not just duration of breastfeeding, was negatively affected by
maternal overweight/obesity.® Although women should begin pregnancy
at a healthy weight and gain reasonably during gestation, not all will.
Pediatricians can help overweight/obese women to succeed at
breastfeeding by targeting them for contact with a lactation consultant
before discharge from the hospital to be sure that they have received
optimal advice on breastfeeding techniques. In addition, early contact
with the mother after discharge—by calling her at home to offer her
support and counseling for breastfeeding, by scheduling the first pediatric
visit earlier than for other patients, or by enlisting the assistance of public
health nurses for a home visit if this is possible—would help

overweight/obese women to continue to breastfeed.
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