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ABSTRACT

Given the detrimental influence of
maternal overweight and obesity on
reproductive and pregnancy out-
comes for the mother and child, it is
the position of the American Dietetic
Association and the American Society
for Nutrition that all overweight and
obese women of reproductive age
should receive counseling on the roles
of diet and physical activity in repro-
ductive health prior to pregnancy,
during pregnancy, and in the inter-
conceptional period, in order to ame-
liorate these adverse outcomes. The
effect of maternal nutritional status
prior to pregnancy on reproduction
and pregnancy outcomes is of great
public health importance. Obesity in
the United States and worldwide has
grown to epidemic proportions, with
an estimated 33% of US women clas-
sified as obese. This position paper
has two objectives: (a) to help nutri-
tion professionals become aware of
the risks and possible complications
of overweight and obesity for fertil-
ity, the course of pregnancy, birth
outcomes, and short- and long-term
maternal and child health out-
comes; and (b) related to the com-
mitment to research by the American
Dietetic Association and the Ameri-
can Society for Nutrition, to identify
the gaps in research to improve our
knowledge of the risks and complica-
tions associated with being overweight
and obese before and during preg-
nancy. Only with an increased knowl-
edge of these risks and complications
can health care professionals develop
effective strategies that can be imple-
mented before and during pregnancy
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as well as during the interconceptional
period to ameliorate adverse outcomes.
J Am Diet Assoc. 2009;109:918-927.

POSITION STATEMENT

Given the detrimental influence of ma-
ternal overweight and obesity on repro-
ductive and pregnancy outcomes for the
mother and child, it is the position of
the American Dietetic Association and
the American Society for Nutrition that
all overweight and obese women of re-
productive age should receive counsel-
ing prior to pregnancy, during preg-
nancy, and in the interconceptional
period on the roles of diet and physical
activity in reproductive health, in or-
der to ameliorate these adverse out-
comes.

besity in pregnancy carries with
it not just increased risks for the
pregnant woman during gesta-
tion, but also risks for the future
health of the child, or, in public health
terms, the health of the next genera-
tion. The long-term goal of health
care professionals must be to reduce
the proportion of women who are
obese during the reproductive period
and increase public awareness about
the importance of a healthful lifestyle
(healthful diet, moderate to vigorous
levels of physical activity, and emo-
tional well-being) before and during
pregnancy. In accordance with a re-
cent recommendation by the Ameri-
can College of Obstetrics and Gyne-
cology (ACOG) (1), the American
Dietetic Association (ADA) and the
American Society for Nutrition rec-
ommend that preconceptional and in-
terconceptional counseling about pos-
sible complications associated with
obesity and how to prevent those
problems be available to all women of
reproductive age.
Members of ADA work in various
settings that provide care to women of

reproductive age. Thus, the first ob-
jective of this position paper is for
registered dietitians; dietetic techni-
cians, registered; and other health
care professionals to become aware of
the risks and possible complications
of overweight and/or obesity for fertil-
ity, the course of pregnancy, birth
outcomes, and short- and long-term
maternal and child health outcomes.
The second objective, related to the
commitment to research by the ADA
and the American Society for Nutri-
tion, is to identify the research gaps
that need to be filled to improve our
understanding of the risks and com-
plications associated with being over-
weight or obese before and during
pregnancy. Only with an increased
understanding of these risks and
complications can health care profes-
sionals develop effective strategies
that can be implemented prior to and
during pregnancy, as well as during
the interconceptional period, to ame-
liorate adverse outcomes.

CONTEXT FOR THIS POSITION
STATEMENT

The effect of maternal nutritional sta-
tus prior to pregnancy on reproduc-
tion and pregnancy outcomes is of
great public health importance and
has been extensively studied over
time. A woman’s prepregnancy wei-
ght has been used as a marker of
nutritional status. Being underwei-
ght, defined as a body mass index
(BMI; calculated as weight kg/m?)
less than 18.5, may reflect chronic nu-
tritional deficiency, whereas a high
BMI (>25) reflects an imbalance be-
tween energy intake and expenditure,
and thus varying degrees of adiposity.
The National Institutes of Health and
the International Obesity Task Force
have defined overweight (or preobese)
as a BMI of 25 to 29.9, and obese as a
BMI of 30 or more (2). In most clinical
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settings and epidemiological studies,
BMI is used to estimate adiposity be-
cause of its strong correlation with fat
mass as measured by hydrodensitom-
etry and dual-energy x-ray absorpti-
ometry. It has limitations, however,
in that it does not account for differ-
ences that may exist in fat mass by
sex, age, and race/ethnicity (3).
Obesity in the United States and
worldwide has grown to epidemic pro-
portions. The latest data from the Na-
tional Health and Nutrition Exami-
nation Survey (1999-2004) indicate
that among nonpregnant women age
20 to 39 years, approximately 25%
are overweight and 28% are obese, of
whom 6% are considered extremely
obese (BMI =40) (4). Among adoles-
cent girls, 12 to 19 years old, approx-
imately 30% are at or above the 85th
percentile of BMI—for-age and 16.4%
are considered obese (4). On average,
obesity among women of all ages
seems to have peaked at 33%, with no
appreciable increase between 1999-
2000 and 2003-2004 (4). Overweight
and obesity are associated with many
comorbidities that affect a woman’s
health, including reduced fertility (5).
In any given year, approximately 4
million women in the United States
become pregnant. Among women who
become pregnant, the shift toward
higher prepregnancy weight in recent
years is evident (6). Obesity during
pregnancy has been associated with
gestational diabetes, gestational hy-
pertension, pre-eclampsia, birth de-
fects, Cesarean delivery, fetal macro-
somia, perinatal deaths, postpartum
anemia, and childhood obesity (7,8).
Not only are more women beginning
pregnancy with high BMIs, but more
are also gaining in excess of the 1990
Institute of Medicine (IOM) recom-
mendations for gestational weight
gain (8,9).* This excessive weight
gain compounds the pregnancy com-
plications mentioned previously. It
is particularly problematic for over-
weight and obese women for whom
the optimal range of weight gain is

*The 1990 Institute of Medicine
report uses the following body mass
index cut points to define weight sta-
tus groups which are different from
the National Heart, Lung, and Blood
Institute; <19.8 underweight, >19.8
to 26 normal weight, >26 to 29 over-
weight, and >29 obese.

uncertain because there were limited
data in 1990 when the guidelines
were created and, as such, the recom-
mended range of weight gain (15 to 25
1b for overweight and at least 15 1b for
obese) is exceeded by most overweight
and obese women. It is also uncertain
if overweight and obese adolescents
should gain in the upper range of the
recommendation (10). Furthermore,
overweight and obese women are
more likely to maintain excess weight
after delivery (8). In affluent countries,
many women retain some weight with
each successive pregnancy, gaining
more weight than their nonpregnant
counterparts (8). Those who gain more
weight during pregnancy are more
likely to retain more weight and con-
tinue on a higher weight trajectory
throughout their lifetime compared
with women who gain less weight (8).
Weight gain during pregnancy has
also been shown to have implications
for the child’s future risk of being
overweight (8).

THE EFFECT OF OVERWEIGHT AND
OBESITY ON FERTILITY AND CONCEPTION

Obesity is a state of excess adipose
tissue, which is critical in controlling
the regulation of sex hormone avail-
ability due to its ability to store lipid
steroids such as androgens. Estrogen
production and the concentration of
sex hormone-binding globulin in the
blood are correlated with various
measures of body fat. There also
seems to be a strong association be-
tween obesity and insulin resistance,
which is thought to reduce fertil-
ity (5).

Body weight and composition are
believed to play an important role in
pubertal maturation, with leptin also
being important in this biological pro-
cess (11). Excessive weight gain at
younger ages is associated with ear-
lier menarche (12,13) and both high
absolute weight and change in weight
are associated with menstrual prob-
lems. Obesity in adolescence and
young adulthood, as opposed to dur-
ing infancy, is more strongly associ-
ated with amenorrhea, oligomenor-
rhea, and long menstrual cycles
(14,15).

There is some evidence of increased
time to conception for obese compa-
red with normal-weight women (16,
17), particularly among women who
smoke cigarettes (18). Obesity is also
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a strong risk factor for polycystic
ovarian syndrome, which results in
menstrual irregularities and chronic
anovulation. The central distribution
of fat, as measured by waist-to-hip
ratio, is also related to reproductive
functioning, with higher rates of in-
fertility associated with higher waist-
to-hip ratios (19,20).

It is estimated that 25% of ovula-
tory infertility in the United States
may be attributable to overweight
and obesity among women of repro-
ductive age (16). The adverse effect of
obesity on conception is manifested
even among women who seek assisted
reproductive technology, with obese
women manifesting lower implanta-
tion and pregnancy rates, as well
as higher miscarriage rates and in-
creased pregnancy complications (14).

THE EFFECT OF OVERWEIGHT AND
OBESITY ON PREGNANCY OUTCOMES

Maternal Complications during Pregnancy

During pregnancy, numerous meta-
bolic adjustments occur to increase
the availability of energy, nutrients,
and oxygen to the developing fetus. In
nonobese women, these metabolic
adjustments pose no increased risk
for complications. However, in obese
women, who already have aberra-
tions in glucose and lipid metabolism,
the further adjustments induced by
hormonal changes in pregnancy cre-
ate a metabolic milieu that enhan-
ces the risk for metabolic disorders,
such as gestational diabetes mellitus
(GDM) and pre-eclampsia. The greater
the degree of maternal obesity, the
higher the risk of developing these
metabolic disorders (21). For exam-
ple, the risk of GDM is increased two-
fold in overweight compared with
normal-weight women, and it is in-
creased eightfold in the severely
obese (BMI>40) (22). Pre-eclampsia
is approximately twice as prevalent
in overweight women (BMI 25 to 30)
and approximately three times as
high in obese women (BMI =30)
(21,23). Pre-eclampsia is more com-
mon in obese women with GDM than
in women without GDM. The coexist-
ence of these two metabolic disorders
suggests a similarity in the underly-
ing biological mechanisms. Tight glu-
cose control in women with GDM
seems to reduce the risk for pre-
eclampsia (23). Surveys show that
GDM tends to occur more frequently
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in Asian, Hispanic, and Native Amer-
ican women than in African-Ameri-
can and white women (24-26).

Because maternal obesity is a risk
factor for GDM, obese women are
usually screened for glucose intoler-
ance early in prenatal care. Initially,
a 50-g oral glucose challenge (ie, the
glucose challenge test) is given and
plasma glucose values are measured
1 hour later. If the values exceed a
cutoff, usually between 130 and 140
mg/dL (7.2 and 7.8 mmol/L), an oral
glucose tolerance test is done. A diag-
nosis of GDM is made if two or more
plasma glucose values exceed estab-
lished cutoffs (27). If one postload
plasma glucose level exceeds the
standard, glucose tolerance may be
considered to be impaired, but usually
no counseling or treatment is given. Ev-
idence is accumulating, however, that
one abnormal glucose value is associ-
ated with complications similar to
those seen with GDM (28).

Normally, the insulin sensitivity of
peripheral tissue decreases approxi-
mately 50% to 60% in late pregnancy
in lean women; the decrease is greater
in obese women (23). Thus, hyperin-
sulinemia is common in all pregnant
women, with higher levels seen in
overweight and obese women. If pan-
creatic insulin secretion is adequate,
women will remain glucose tolerant
throughout gestation and GDM does
not develop. It is thought that the
shift toward reduced insulin sensitiv-
ity (or increased insulin resistance)
during late pregnancy occurs to limit
maternal glucose utilization and con-
serve it for diffusion across the pla-
centa to the fetus. Maternal hyper-
insulinemia also enhances the rate
of maternal adipocyte fat oxidation,
which releases more fatty acids
into circulation for use as a fuel
source by the mother (29). The free
fatty acids are converted to trigly-
cerides in the liver and returned to
circulation as very-low-density li-
poproteins, resulting in high very-
low-density lipoprotein concentra-
tions in late pregnancy (30). This
dyslipidemia usually disappears after
delivery.

It is not unusual for a mild inflam-
matory state to occur in obese preg-
nant women with glucose intolerance
(31) because proinflammatory cyto-
kines (ie, interleukin-6 and tumor ne-
crosis factor-a) are produced by the
placenta as well as adipose tissue
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(32). Research suggests that these
proinflammatory cytokines may con-
tribute to the decrease in insulin sen-
sitivity seen in obese women with
GDM (31).

The risk of GDM in obese women
may be reduced by increasing non—
insulin-mediated glucose use by pe-
ripheral tissues, primarily skeletal
muscle (23) by increasing physical ac-
tivity. An increased use of large skel-
etal muscles during physical activity
may be beneficial. Also, a high-fiber
and high—complex carbohydrate diet
or a low—glycemic index diet may re-
duce the insulin need after a meal,
and theoretically decrease beta cell
failure, but efficacy data are limited.

Gestational hypertension and pre-
eclampsia are also more common in
overweight and obese pregnant wo-
men. Gestational hypertension, de-
fined as a systolic blood pressure of at
least 140 mm Hg or a diastolic blood
pressure of at least 90 mm Hg, affects
approximately 6% to 17% of nullipa-
rous women and 2% to 4% of multip-
arous women (33). Approximately
50% of women with gestational hy-
pertension diagnosed before 30
weeks’ gestation develop pre-eclamp-
sia, a syndrome involving gestational
hypertension plus proteinuria (34).
The cause of pre-eclampsia is un-
known, but it is currently thought to
be related to an inadequate placental
blood supply, possibly due to mater-
nal hypertension, which causes pla-
cental oxidative stress and the re-
lease into maternal circulation of
placental factors that trigger an
inflammatory response. Because sub-
clinical inflammation is more com-
mon in obese individuals, obese
women may enter pregnancy with
pre-existing inflammation that en-
hances their risk for pre-eclampsia.

Maternal Complications in the Peripartum
Period

Cesarean deliveries and associated
morbidities are more common among
obese women. For example, in one
large multicenter trial of overweight
and obese women, the Cesarean de-
livery rate was 30% for nulliparous
women with a BMI less than 30, 34%
for those with a BMI of 30 to 34.9, and
48% for women with a BMI of 35 to
39.9 (35). The effect of weight loss
between two deliveries on the risk
of a subsequent Cesarean delivery

has not been carefully assessed (23).
After Cesarean delivery, overweight
or obese women have more postoper-
ative complications, such as wound
infection/breakdown, excessive blood
loss, deep venous thrombophlebitis,
and postpartum endometritis than do
normal-weight women. The length of
labor also is longer in overweight and
obese women (36).

Although high BMIs are generally
associated with higher hemoglobin
levels during pregnancy, they are as-
sociated with an increased risk of
postpartum anemia (37). It is thought
that these inconsistent findings are
due to the higher prevalence of post-
partum hemorrhage and abdominal
deliveries among obese women. Mac-
rosomia may also cause significant
postpartum blood loss by causing per-
ineal rupture and hemorrhage and
lengthening the period of vaginal dis-
charge of blood after delivery.

Birth Outcomes

Infants born to obese mothers have
a higher prevalence of congenital
anomalies than do offspring of nor-
mal-weight women, suggesting that
maternal adiposity alters develop-
ment in the sensitive embryonic pe-
riod (30). In a study of 10,240 US
women enrolled in the National Birth
Defects Prevention Study, 1997-2002,
the odds ratio of structural birth de-
fects ranged from 1.3 to 2.1 among
obese compared with nonobese moth-
ers (7) Neural tube defects (NTDs) are
approximately twice as high among
children of obese women, with spina
bifida being more common than anen-
cephaly (7). Other birth defects more
frequent in offspring of obese women
include oral clefts, heart anomalies,
hydrocephaly, and abdominal wall
abnormalities. The underlying meta-
bolic basis for increased anomalies
in obese women is not known. It is
thought that poor glycemic control
may play a role. Consuming a diet
high in sucrose and other high-glyce-
mic foods increased the risk of NTDs
by twofold in women among all
weight groups, but the risk was four-
fold among obese women (BMI >29)
(38). Although low folic acid status
has been associated with NTDs, the
relationship between maternal obe-
sity and NTDs persists after control-
ling for self-reported folic acid in-
takes, suggesting that other factors



such as poor glycemic control contrib-
ute to congenital anomalies in obese
women (30).

Recently, maternal obesity has
emerged as a risk factor for intrauter-
ine fetal death and stillbirth (death of
fetus before onset of labor) (13). In a
Canadian study of more than 84,000
women, a maternal pregravid body
weight more than 68 kg increased the
risk of fetal death by 2.9-fold after
adjusting for age, diabetes, and hy-
pertensive disorders (39). Also, a sys-
tematic review of articles on risk
factors for antepartum stillbirth
reported a threefold increased risk for
stillbirth among obese women after
adjusting for age, parity, maternal di-
abetes, and hypertension as well as a
number of social factors (40). It is
thought that the relatively recent in-
crease in antepartum stillbirth in de-
veloped countries may be linked to
maternal age or obesity because both
of those factors influence metabolic
adjustments to pregnancy.

The incidence of preterm birth
tends to decrease, rather than in-
crease, with increasing pregravid
BMI once medical inductions are ac-
counted for in the analysis (23). An
independent effect of maternal obe-
sity on preterm labor or premature
rupture of membranes has not been
identified after controlling for under-
lying medical or obstetric issues.
Some have even suggested that ma-
ternal obesity protects against spon-
taneous preterm labor (41). The risk
of having a small-for-gestational age
full-term baby (ie, newborn with
weight <10th percentile for gesta-
tional age) tends to decrease with in-
creasing maternal BMI, whereas the
risk of having a large-for-gestational
age (LGA) baby (>90th percentile
weight-for-gestational age) increases
by approximately 60% compared with
normal-weight women (42) Although
pregestational diabetes has a greater
effect on the frequency of LGA than
maternal obesity does (42), more of
the LGA babies are born to obese
women than women with diabetes be-
cause maternal obesity is more prev-
alent than diabetes (43). Several
countries have reported an increase
in mean birth weight over the past
decade and an increase in the propor-
tion of large babies (44). One explana-
tion for this increase could be the in-
crease in maternal BMI over the
same time period. No consistent effect

of maternal BMI on infant birth
length has been reported.

EFFECTS OF MATERNAL OVERWEIGHT/
OBESITY ON SHORT- AND LONG-TERM
CHILD HEALTH STATUS

Using a lifecourse approach, it has
been shown that maternal pregravid
weight has an early and persistent
effect on childhood overweight status
as well as a dynamic effect on the
process of overweight development
(33,45). Most studies that have exam-
ined maternal pregravid BMI and
childhood weight status have found a
positive association with adjusted
odds ratios ranging from two to four
(46-49).

There is some evidence of an asso-
ciation between maternal overwei-
ght or obesity and decreased rates
of breastfeeding. Breastfeeding has
been well-demonstrated to have
many protective effects against child-
hood morbidities, including the devel-
opment of obesity later in life (45,50-
53). Specifically, a high BMI before
conception has been shown to be in-
versely related to the successful initi-
ation of breastfeeding, the duration of
lactation, and the amount of milk pro-
duced (54). This is especially problem-
atic given the finding from the 1996
National Longitudinal Survey of
Youth (47), which showed that chil-
dren whose mothers were obese prior
to pregnancy and who were never
breastfed had a six times greater risk
of being overweight compared with
children whose mothers were normal
weight and who breastfed for at least
4 months. The mechanisms by which
overweight and obesity adversely af-
fect lactation performance include
mechanical difficulties associated
with latching on and proper position-
ing of the infant; the high Cesarean
section rates among this subpopula-
tion, which delays the onset of first
suckling; and a lower prolactin re-
sponse to suckling at 48 hours and
more after delivery, which may com-
promise milk production and, over
time, lead to early cessation of lacta-
tion (55).

There is some evidence linking ma-
ternal overweight and obesity, inde-
pendent of GDM, to the development
of the metabolic syndrome (obesity,
hypertension, dyslipidemia, and glu-
cose intolerance) in the offspring. In a
cohort of 84 children who were LGA

and 95 who were appropriate-for-ges-
tational age at birth, Boney and col-
leagues (56) showed that the risk of
having two or more components of the
metabolic syndrome at age 11 was
1.81 (95% confidence interval=1.03,
3.19), if the mother was obese prior to
pregnancy.

Overall, these findings on the effect
of maternal overweight and obesity
on long-term child health status have
grave implications for perpetuating
the cycle of obesity and its correlates
in subsequent generations.

INTERVENTIONS TO REDUCE
OBESITY-RELATED PROBLEMS PRIOR
TO AND DURING PREGNANCY

Weight loss seems to improve men-
strual functioning, ovulation, and in-
fertility in obese women (5,17). Even
among women with polycystic ovar-
ian syndrome, as little as a 5% reduc-
tion in weight has been associated
with improved fertility (5). However,
maintaining this weight loss can pose
problems for women of childbearing
age. Women who have reported re-
strained eating, dieting, and or weight
cycling prior to pregnancy have been
shown to gain more weight during
pregnancy than those who do not re-
port these behaviors (57).

Among morbidly obese women,
bariatric surgery is becoming more
common and its effect on reproductive
outcomes is emerging. After surgery,
women are instructed to consume
1,000 to 1,200 kcal/day and to take a
daily multivitamin and some addi-
tional form of a vitamin B-12 supple-
ment. Those who are interested in be-
coming pregnant are told to wait until
their weight loss stabilizes, after ap-
proximately 12 to 18 months, and to
seek care from an obstetrician spe-
cializing in high-risk pregnancy. Case
series studies report improved preg-
nancy and fertility rates with weight
losses in the range of 10.6 to 44 kg
(58). Complications of bariatric sur-
gery that are particularly worrisome
during pregnancy include vomiting,
malabsorption of several nutrients,
and inadequate pregnancy weight
gain, which may have adverse effects
on the fetus. Two studies using lapa-
roscopic adjustable gastric banding
found mean weight gains of approxi-
mately 10 kg, mean birth weights of 3
to 3.5 kg, and prevalence of pregnancy-
induced hypertension in the range of
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7% to 10%, and prevalence of ges-
tational diabetes from 6% to 16%
(59,60). In the one study that had a
comparison group (59), women after
the banding had lower gestational
weight gains, lower incidence of ges-
tational diabetes and hypertension,
but no difference in mean birth
weight compared with a matched
obese cohort. In another study that
used biliopancreatic diversion with
duodenal switch, among 109 women
who became pregnant postopera-
tively, 90 reported weight gains of
9.1+5.9 kg, eight reported weight loss
during pregnancy, and 11 reported no
weight gain (61). The study repor-
ted lower incidence of macrosomia
but higher small-for-gestational age
when comparing birth outcomes for
all women before and after surgery.
Lastly, one study used laparascopic
Roux-en-Y gastric bypass and exam-
ined birth outcomes of 21 women who
became pregnant within 1 year of sur-
gery compared with 13 women who
delayed pregnancy until after 1 year.
They found no differences in mode of
delivery, pregnancy complications, or
birth weights; however, mean gesta-
tional weight gain was significantly
lower in the group that became preg-
nant within 1 year (4 vs 34 1b) (62).
Clearly, more studies are warranted
to determine if perinatal outcomes
are affected among women who be-
come pregnant after using this ap-
proach for long-term weight loss. Fur-
thermore, long-range outcomes of
these infants also warrant careful
study.

Other weight-loss practices for
women of reproductive age have been
covered in previous ADA positions—
“Weight Management” and “Nutrition
and Women’s Health” (63,64). The
ACOG recommends that obese wo-
men undertake a weight-loss pro-
gram before pregnancy (65). That
would be ideal, but it is unlikely that
many women who have been over-
weight or obese will reach normal
weight prior to conception. Thus,
some intervention during pregnancy
merits consideration.

The ACOG (1) recommends deter-
mining pre- or early pregnancy BMI
at the first prenatal visit and then
recommending a pregnancy weight
gain within the IOM guidelines for
each BMI category (9). There is some
epidemiological evidence suggesting
that women are more likely to gain

922  May 2009 Volume 109 Number 5

within the IOM guidelines if their
health care provider makes this rec-
ommendation (66). Four groups have
studied behavioral interventions to
prevent excessive weight gain in
pregnancy (67-69). The studies were
not done exclusively in overweight or
obese women. One of the four studies,
a community-based intervention (69),
failed to find an effect of the interven-
tion on gestational weight gain. Two
of the three interventions were based
in the United States (67,70). In Polley
and colleagues’ study (67), normal-
weight women in the intervention
group had lower percentages that ex-
ceed the IOM recommendation; how-
ever, the intervention did not work
for overweight/obese women. In the
Olson and colleagues study (70), a sig-
nificant effect was seen only among
the low-income women; adjusted odds
ratio=0.41 (95% confidence inter-
val=0.20, 0.81) for excessive gesta-
tional weight gain associated with the
intervention. The fourth study, done
in Finland, found that women in-
creased their intakes of fruit, vegeta-
bles, and high-fiber bread, but the
prevalence of excessive weight gain
was not reduced (68). Clearly, more
work is warranted in this area.

Only two groups have initiated in-
tervention programs to limit weight
gain, not just prevent excessive gain,
in obese pregnant women (71,72). Ar-
tal and colleagues (71) studied a di-
etary intervention, with or without
exercise, to restrict weight gain in
obese women with GDM. No control
group was included in the study.
Weight gain averaged 0.3 kg/week
during the last trimester in the diet
group and 0.1 kg/week in the diet
with exercise group. The 1990 IOM
recommended that overweight wo-
men (BMI 26 to 29) should gain
approximately 0.3 kg/week (9). Thus,
the investigators achieved that goal
with the diet intervention and re-
duced the rate of gain further when
exercise was added. When the women
were divided into two groups—those
who gained and those who lost weight
or had no weight change—no differ-
ences in the measured pregnancy and
fetal outcomes were observed. Claes-
son and colleagues (72) initiated an
intervention with weekly counseling
and aqua aerobic classes in 155 obese
women (BMI =30) and 193 control
subjects. The intervention women
gained less weight than the control

subjects during pregnancy (8.7 vs
11.3 kg) and weighed less at the post-
partum check-up. Birth weight did
not differ between the two groups in
this small study. These two studies
suggest that intervention programs
initiated during pregnancy can con-
trol weight gain in obese women, but
further studies are needed in larger
samples of women, particularly to
evaluate possible adverse outcomes.

Interventions to Prevent Metabolic
Disorders in Obese Women

As mentioned earlier, obese women
have an increased risk for gestational
diabetes, gestational hypertension,
and pre-eclampsia. Interventions in-
volving dietary components or nutri-
ent supplements have been used to
prevent these disorders in pregnancy,
although the studies have not been
done exclusively in obese women. Be-
cause these problems are common in
obese women, a brief review follows.

The role of dietary carbohydrate in-
takes in reducing the risk of GDM or
glucose intolerance has been inves-
tigated by several groups. In an ob-
servational study, Saldana and
colleagues (73) found that higher
carbohydrate intakes, presumably
from refined carbohydrate sources,
increased the risk of glucose intoler-
ance in nondiabetic women. Interven-
tion studies also show that reducing
refined carbohydrates decreases glu-
cose intolerance. Fraser and collea-
gues (74) reported that postprandial in-
sulin responses were attenuated in
nonobese pregnant women consum-
ing more than 50 g of fiber per day,
compared with control subjects’ con-
sumption of approximately 12 g of fi-
ber per day. The authors concluded
that the usual increase in plasma
insulin levels after meals among preg-
nant women in the Western hemi-
sphere are an unphysiological response
to dietary fiber depletion. In a small
study of 12 lean women, Clapp (75)
compared the effect on glycemic control
of either a low— or high—glycemic index
diet consumed from before conception
to term. The amount of carbohydrate
was similar in both groups, but at late
pregnancy the glycemic response to a
meal in the low-glycemic diet group
was similar to prepregnancy values,
whereas it was nearly doubled in the
high-glycemic diet group. Bronstein
and colleagues (76) compared the se-



rum glucose and insulin response to
low- and high-glycemic test meals and
found that the response of both was
lower with low glycemic meals in both
lean and obese women. Epidemiologic
data from the Nurses’ Health Study
also showed that a low-glycemic, high—
cereal fiber diet reduced the risk for
GDM by approximately one half (77).

In addition to modifications in the
type of carbohydrate, adjustments in
the type of fat may also reduce glu-
cose intolerance and GDM. In a study
of 171 pregnant Chinese women, in-
creased body weight, decreased poly-
unsaturated fat intake, and a low ra-
tio of dietary polyunsaturated to
saturated fat independently pre-
dicted glucose intolerance (78). Bo
and colleagues (79) also found that
glucose intolerance in pregnant women
without conventional risk factors (eg,
family history, age, and BMI) was in-
creased with high intakes of saturated
fat and reduced with high intakes of
polyunsaturated fat. Further studies
are needed in obese women, but these
data suggest that reducing the glyce-
mic load and increasing cereal fiber
and polyunsaturated fatty acid intakes
may reduce GDM or glucose intoler-
ance during pregnancy.

Nutritional interventions to reduce
the risk of gestational hypertension
or pre-eclampsia have primarily in-
volved nutrient supplements. Several
calcium supplementation trials have
been done, and the results were re-
viewed in a recent meta-analysis (80).
It was thought that supplemental cal-
cium might prevent pre-eclampsia be-
cause low levels of cellular calcium
cause vasoconstriction by stimulating
release of either parathyroid hormone
or renin. Data show that calcium
supplementation is effective among
women with low calcium intakes; cal-
cium reduced the risk of pre-eclamp-
sia by approximately 50% without
any adverse effects. No benefit has
been observed in women with ade-
quate calcium intakes.

Antioxidant supplementation has
also been tested as a means to pre-
vent pre-eclampsia. However, two
randomized controlled trials provid-
ing 1,000 mg vitamin C and 400 IU of
vitamin E from the first or second tri-
mesters to term were not beneficial
(81,82). Initiating the intervention
prior to conception or very early in
pregnancy when the placenta is de-
veloping may be necessary. n-3 fatty

acids reduce blood pressure in non-
pregnant individuals, but attempts to
reduce blood pressure with n-3 fatty
acid supplements in pregnancy have
yielded contradictory results (83).
Salt restriction was recommended
for several years to prevent edema
and/or pre-eclampsia, but a recent re-
view of its efficacy found no benefit
(84). Thus, except for the beneficial
effects on the risk of pre-eclampsia, as
seen with supplemental calcium in
women with low calcium intakes,
none of the other nutritional inter-
ventions have proven to be efficacious.
Because the marked increase in
lipid and lipoprotein components in
late pregnancy may induce proathe-
rogenic changes in the fetal aorta, the
effect of a cholesterol-lowering diet on
maternal, cord, and neonatal lipids
and on pregnancy outcomes was stud-
ied in a group of nonobese (mean
BMI=24) Norwegian women (85).
The dietary intervention (which pro-
moted consumption of fish, low-fat
meats and dairy products, whole
grains, and fruits and vegetables
from mid-pregnancy to term), reduced
maternal total and low-density li-
poprotein cholesterol levels but did
not alter cord and neonatal levels.
The marked reduction in the inci-
dence of preterm deliveries in the in-
tervention group suggests that fur-
ther studies of the role of diet on
preterm deliveries are needed.
Although the data are sparse, there
is some evidence that moderate phys-
ical activity throughout gestation re-
duces the risk of GDM and pre-
eclampsia by nearly one half (86).
Physical activity activates the en-
zyme AMPK (adenosine monoph-
osphate-activated protein kinase),
which increases glucose transport
into muscle, enhances fat oxidation,
and reduces insulin resistance (87).
Also, physical activity may reduce the
risk of pre-eclampsia by reducing cir-
culating levels of inflammatory cyto-
kines (88). Women who exercised
throughout pregnancy (eg, perform-
ing endurance exercises four or more
times per week) gained significantly
less fat and had significantly lower
increases in tumor necrosis factor-a
and leptin during gestation (89). Mod-
erate, consistent physical activity
may be an effective way to reduce
both subclinical inflammation and in-
sulin resistance, two features of met-
abolic disorders in obese pregnant
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women. Once again, no intervention
studies using physical activity to pre-
vent metabolic disorders have been
done with obese pregnant women.

EMPIRICAL RESEARCH NEEDED TO FILL
GAPS

We identified the following research
gaps that are critical to advancing our
understanding of the influence of be-
ing overweight or obese on reproduc-
tion and pregnancy outcomes. In-
creased understanding would help
guide appropriate nutrition counsel-
ing prior to and during pregnancy, as
well as in the postpartum and inter-
conceptional periods.

Mechanisms by which body weight
influences reproductive function and
performance are not well-understood
and need further clarification. Mater-
nal subclinical inflammation and vas-
cular dysfunction are associated with
many of the complications occurring
during pregnancy in overweight and
obese women. In addition, the effect
of maternal BMI status, insulin resis-
tance, and inflammation on placental
function and birth outcomes needs
to be examined in greater detail. Fi-
nally, the roles of maternal diet and
physical activity before and during
gestation on these metabolic disor-
ders need further elucidation before
standards of clinical and dietary care
can be established.

The Dietary Reference Intakes for
total energy indicate that for a
healthful birth outcome, pregnant
women should, on average, consume
an extra 340 kcal/day in the second
trimester and 452 kcal/day in the
third trimester (90). Whether this en-
ergy prescription is suitable for over-
weight and obese women is unknown.
Research is needed in this area to
support dietary recommendations
that result in appropriate weight gain
for overweight and obese pregnant
women. There also seems to be a lack
of research related to how informa-
tion is given to pregnant women re-
garding diet and maternal weight
gain in various systems of health
care, whether they follow it, and how
this information influences their be-
havior.

Limited evidence suggests that the
composition and pattern of gesta-
tional weight gain is altered by a high
prepregnancy BMI; only one study
has shown that obese women tend
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to gain less fat during the second
trimester than do normal-weight
women (8). Compared with under-
weight and normal-weight women, in
obese women, the relationship be-
tween maternal weight gain and
birth weight is attenuated (8). This
suggests that the maternal metabolic
adjustments required to support fetal
growth are less dependent on gesta-
tional weight gain in obese women
than in nonobese women. More re-
search is needed on the relationship of
the amount, composition, and pattern
of weight gain for overweight, obese,
and severely obese women to maternal
and child health outcomes in the short
and long term. Those data are needed
to revise the IOM gestational weight-
gain recommendations for pregnant
women and to suggest an upper limit
for obese women; in the 1990 report,
obese women were advised only to gain
at least 6 kg (15 1b) (9).

The relationship between maternal
obesity and decreased breastfeeding
needs further elucidation. Given the
protective effect of breastfeeding on
obesity development in the child and
mother, we need to know why obese
women are less likely to breastfeed
successfully in order to develop suc-
cessful intervention strategies.

It is unknown whether a high ma-
ternal prepregnancy BMI contributes
to an intrauterine developmental pro-
gramming process that increases the
risk of childhood overweight and long-
term disease, or whether the obeseg-
enic environment of the home and
family is the primary determinant of
childhood obesity and subsequent dis-
ease. It is also uncertain if infants
born to obese women are actually fat-
ter or if the higher birth weight is
because of greater lean body mass.
We need better epidemiological stud-
ies that can tease out these effects.

A more systematic approach and
longer-term follow-up studies are
needed of women who become preg-
nant after bariatric surgery to evalu-
ate the effects of surgery on perinatal
and long-term child health outcomes.

More intervention studies are
needed to determine if GDM, pre-
eclampsia, and pregnancy-induced
hypertension can be prevented with
interventions related to diet and/or
physical activity during pregnancy,
and if there is a critical time when
these interventions should be imple-
mented. This will help in establishing
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the importance of preconceptional vs
prenatal counseling for behaviors
that can ameliorate these conditions.

ROLES AND RESPONSIBILITIES OF FOOD
AND NUTRITION PROFESSIONALS
WORKING WITH OVERWEIGHT/OBESE
WOMEN PRIOR TO AND DURING
PREGNANCY AND IN POSTPARTUM AND
INTERCONCEPTIONAL PERIODS

As experts in food and nutrition
throughout the lifespan, registered di-
etitians and other food and nutrition
professionals are in a unique position
to provide counseling to overweight
and obese women to ameliorate the ad-
verse effect of a high prepregnancy
weight on reproductive, pregnancy,
and long-term maternal and child
health outcomes. We acknowledge that
a comprehensive guide for evidence-
based counseling of obese women needs
to written. Based on the present knowl-
edge it is important to provide counsel-
ing to obese women during the precon-
ceptional, prenatal, postpartum, and
interconceptional periods regarding
the following topic areas:

e During the preconceptional pe-
riod, overweight and obese women
should receive counseling on strate-
gies to obtain and remain at a health-
ful weight according to guidance pro-
vided in the ADA position “Nutrition
and Women’s Health” (64). This in-
cludes information about successful
weight-loss practices, healthful eat-
ing both in the types of food and
quantities, folic acid supplement use,
as well as information about being
physically active. In addition, they
should be counseled about potential
pregnancy and fetal complications if
they are to become pregnant. Docu-
menting a measured weight and
height in their medical records would
also be beneficial for later use related
to the gestational weight-gain goals.

¢ During pregnancy all overweight
and obese women should be in-
formed about current IOM gesta-
tional weight gain target goals®, be
advised to not lose weight during
pregnancy, and counseled about
eating healthful foods during preg-
nancy as described in the ADA po-

TAt the time of this report the re-
vised Institute of Medicine guidelines
were not published.

sition “Nutrition and Lifestyle
for a Healthy Pregnancy Out-
come” (91) and in MyPyramid for
Pregnancy (www.mypyramid.gov/
mypyramidmoms) (92). They should
be encouraged to be physically ac-
tive and be made aware of the
ACOG guidelines for exercising
during pregnancy (www.acog.org/
publications/patient_education/
bp045.cfm) (93). Per the ACOG
Committee Opinion report (1), food
and nutrition professionals should
encourage and support the screen-
ing of obese women for gestational
diabetes upon presentation at the
first clinic visit and repeated screen-
ing later in pregnancy if results
are initially negative. Early in preg-
nancy, overweight and obese women
should be encouraged to breastfeed
and be made aware of the benefits for
both her and her child’s health.
During postpartum and inter-
conceptional periods, special
emphasis should be placed on the
support of breastfeeding initiation
and duration. Frequent early con-
tact after hospital discharge would
be advantageous for this purpose.
During lactation, the overweight
and obese woman should be coun-
seled on a healthful diet that is nu-
trient-dense and also advised to not
increase energy intake to compen-
sate for milk production because
that will help minimize postpar-
tum weight retention (94). At the
6-week postpartum visit, women
should be encouraged to consider a
weight-loss program that includes a
physical activity component (95)
and be screened for postpartum de-
pression and type 2 diabetes if ges-
tational diabetes was confirmed
during the pregnancy (1). They may
need encouragement in taking time
out for themselves to relieve the
stress of motherhood, and guidance on
the developmentally appropriate intro-
duction of solid foods for the infant.
These guidelines should address five
key areas:
o developmental signs of when a
baby is ready for solids;
o what foods are appropriate to
feed and why;
o developing healthful eating hab-
its to last a lifetime;
o food safety concerns specific to in-
fants; and


http://www.mypyramid.gov/mypyramidmoms
http://www.mypyramid.gov/mypyramidmoms
http://www.acog.org/publications/patient_education/bp045.cfm
http://www.acog.org/publications/patient_education/bp045.cfm
http://www.acog.org/publications/patient_education/bp045.cfm

o developing a child’s motor skills

and physical activity patterns (96).

Other visits during the postpartum

and interconceptional period would
be advantageous because this would
allow monitoring and supporting
weight-loss practices and encourag-
ing adherence to the 2005 Dietary
Guidelines for Americans (97).

We thank the reviewers for their
many constructive comments and
suggestions. The reviewers were not
asked to endorse this position or the
supporting paper.
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