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Abstract

It is well-documented that infants born to smoking moth-NANCY SOWAN is on the faculty in the School of Nursing
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although results of this accelerated growth are inconsis-
tent across the body of research literature. In this descrip-
tive study of 630 infants, catch-up growth rate continued
and smoke-affected infants were more likely to be obese
than their nonsmoke-affected counterparts from age 6
to 14 months. The findings of this study provide insight
about the potential effects of maternal prenatal smoking
on the risk of early obesity. This paper also discusses the
importance of assisting mothers to cease smoking while
pregnant.
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Introduction

The negative consequences of maternal prenatal smoking
on infant prenatal growth and infant birth weight are
well-documented. While there is a well-known, real
health threat to infants born prematurely or with very
low birth weights, conversely there is also awaiting
smoke-affected infants the likelihood of a later chronic
problem of excess weight and obesity. Obesity during
infancy is not well-known as potentially associated with
maternal prenatal smoking, and infant obesity is not
recognized as serious, like the more life threatening ef-
fects associated with prematurity and low birth weight.
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Yet, the consequences of obesity include long-term prob- With extensive data from studies on twins and on
families, as well as the more recent studies identifying alems that develop later in life and are generally seen in

adults. gene for obesity, researchers have established that obesity
is influenced by genetic factors (Bouchard, 1997). How-
ever, genetic makeup alone cannot explain the increasing
prevalence of obesity in developed countries. While ge-

. . . awaiting these smoke-affected infants [is] the
netic influences largely determine whether or not a per-

likelihood of a later chronic problem of excess weight son can become obese, psychosocial and sociocultural
influences in the environment may determine whetherand obesity.
such a person does or does not become obese and, if
so, the extent of that obesity (Antonella et al., 1994;
Hayman, Meininger, Coates, & Gallagher, 1995).

The significance of this study emerges from the link Obesity is commonly considered a multifactorial
between infant, childhood, and adult obesity. Obese in- problem and the phenotypic expression of complex inter-
fants can become obese children, and obese children can actions between a variety of genetic and environmental
become obese adults (Wells, Stanley, Laidlaw, Day, & influences. Genetics may account for the differences in
Davies, 1996). Persistence of obesity during infancy and predisposition to the effects of environmental factors.
childhood increases the risk of obesity during adoles- Environmental factors such as family characteristics and
cence. Although adolescent obesity accounts for only child rearing patterns can minimize or maximize genetic
30% to 40% of adult obesity, adults who were obese as potential.
adolescents constitute a majority of the heaviest adults.
Furthermore, the relationship between obesity and risk

Smoking and Infant Weight Gainof hypertension, cancer, diabetes, cardiovascular disease,
arthritis, atherosclerosis, and diminished physical abili- Studies of the effects of maternal smoking on infant
ties later in life impact on the significance of this study growth are consistent in that there is widespread
on the development of infant obesity agreement that infants born to smoking mothers weigh

less at birth compared to infants born to nonsmoking
mothers (Cliver et al., 1995; Hellerstedt, Himes, Story,Origins and Prevalence of Obesity
Alton, & Edwards, 1997; Horta, Victora, Menezes,
Halpern, & Barros, 1997; Kramer, Platt, Yang, McNa-Infant obesity was identified as a public health problem

more than 2 decades ago. The prevalence of obesity mara, & Usher, 1999; Muscati, Koski, & Gray-Donald,
1996; Wang, Tager, VanVunakis, Speizer, & Hanrahan,among children increased 54% in the years between the

first National Health and Nutrition Examination Survey 1997; Zaren, Cnattingius, & Lindmark, 1997). This fetal
growth retardation is followed by an accelerated ‘‘catch-(1963-1970) and the second survey (1976-1980) (Gort-

maker, Dietz, Sobol, & Wehler, 1987). In the same pe- up’’ growth rate in the early months following birth.
‘‘Catch-up’’ growth is the period of recovery that occursriod, the prevalence of ‘‘superobesity’’ among children

increased 98% (Gortmaker et al., 1987). Data from the when a stage of growth retardation ends and favorable
conditions are restored (Strauss & Dietz, 1998). Thethird National Health and Nutrition Examination Sur-

vey (1988-1991) showed another increase in prevalence literature on the results of this postnatal catch-up growth
is less consistent. Some investigators found that smoke-of overweight in all groups of children: More than 1 in

5 adolescents (20% for males, 22% for females) were affected infants, experiencing an initial accelerated
growth rate, caught up with their nonsmoke-affectedfound to be overweight (United States Department of

Agriculture, 1995). This statistic lead the Department peers by 4 to 6 months of age but remained lighter even
into the toddler years (Conter, Cortinovis, Rogari, &of Agriculture to estimate that 10 million U.S. children

are overweight—a number that has doubled in the past Riva, 1995; Fox, Sexton, & Hebel, 1990; Olsen, 1992;
Schulte-Hobein, Schwartz-Bickenbach, Abt, Plum, &20 years, placing more Americans at risk for an array

of health and emotional problems (Webb, 1998). Nau, 1992). Others found smoke-affected infants to be
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significantly heavier than their nonsmoke-affected peers of infant growth (Marilyn Stember, PI). With an interest
in understanding infant growth failure, these infants—by 1 year of age and even into the toddler years (Little,

Lambert, Worthington-Roberts, & Ervin, 1994; Vik, Ja- recruited at age 2 weeks—and their families were fol-
lowed on a monthly basis through 14 months of age.cobsen, Vatten, & Bakketeig, 1996).

In summary: Although infant obesity was identified The focus of this obesity study was on infants who were
obese at birth or became obese during infancy.as a public health problem more than 2 decades ago,

little is known about the factors that influence the devel- A longitudinal, prospective design was used to identify
the influence of maternal prenatal smoking along withopment of obesity during infancy, including exposure to

prenatal smoking. The purpose of this paper is to facili- additional variables on infant growth, as listed below
under ‘‘Follow-up Data Collection.’’ This design had thetate an understanding of the influence of maternal prena-

tal smoking on infant growth and the development of advantage of obtaining data on the same individuals
over time, as well as observing variables as they wereobesity.
changing.

Theoretical Framework Method
Based on the epidemiologic concepts of risk, susceptibil- Sample
ity, and causality, the Web of Causation Model was the
theoretical framework for this study (Clark, 1999). Risk This study of infant obesity included 630 infants (54%

boys, 46% girls) and their families. The racial composi-is the probability that an individual will develop a spe-
cific condition and is affected by a variety of influences tion of the sample was 71% Caucasian, 16% Hispanic,

11% African-American, and 2% Asian. The number ofincluding physical, emotional, environmental, and life-
style factors. The basis for risk lies in susceptibility, the subjects declined over time from 630 infants at birth to

622 at 1 month, 543 at 4 months, 496 at 7 months, 470ability to be affected by factors contributing to a particu-
lar health condition. In this model, factors are explored at 10 months, and 433 at 14 months of age. The rate

of attrition ranged from a low of 1.3% between birthin terms of their interplay, and both direct and indirect
causes of a problem like obesity are identified (Clark, and 1 month of age to a high of 12.7% between months

1 and 4.1999; Freidman, 1994). The web encompasses the inter-
relationships between a multitude of factors, some Criteria for inclusion in the study were an essentially

normal infant at birth (i.e., no organic etiology) and aknown and some unknown, but all bearing ultimately
on risk (Valanis, 1992). Exposure to multiple causal mother able to communicate in English. Preterm infants

(gestational age less than 37 weeks) and infants withfactors may have an additive or multiplicative effect.
The Web of Causation Model allows the mapping of intrauterine growth retardation (birth weight less than

2,500 grams) were excluded from this study because ofinterrelationships among contributing factors and assists
in determining areas where control efforts will be most their different associated growth patterns in the postna-

tal period.feasible and effective. Infant obesity was viewed as the
result of multiple interacting factors. Understanding At the time of initial data collection, most parents

(65%) were married and more than 77% of fathers livedthese factors will lead to earlier identification of infants
at risk for obesity. This model can assist with exploring in the home. Seventeen percent of families had a grand-

mother living in the home. Household sizes ranged fromwhether or not, through professional nursing practice,
some factors affecting infant growth can be modified to as few as 2 to as many as 12 members. Mothers reported

educational attainment ranging from 7 years to as muchfacilitate positive infant growth outcomes.
as 24 years. Mothers’ ages varied from 14 to 43 years.
Almost one-third (30.3%) of mothers were smoking dur-Research Design
ing pregnancy. The usual weight of mothers ranged from
80 pounds to 277 pounds, with an average of 136The material for this paper is from a study that explored

obesity in infants in collaboration with a National Insti- pounds. The average weight gain during pregnancy was
34 pounds.tutes of Health funded prospective study (1988–1996)
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Several trends over time are apparent. The number Data Analysis
of married parents participating in the study increased

Data analysis included comparing obese with not-obese
from 65% at 1 month to 73% at 14 months. This trend

infants and also comparing smoke affected with non-
was repeated for the percentage of fathers living in the

smoke affected infants regardless of their obesity status.
same home with the infant: 77% at 1 month to 83% at

Logistic regression analysis was used to assess the effects
14 months. The number of grandmothers living in the

of smoking on infant obesity, while holding selected vari-
home of infants was consistent every time at 17%.

ables constant. The resulting odds ratio (OR) in this
study approximates how likely or unlikely it is for obesity
to be present given certain conditions.Operational Definitions

A forced-entry procedure, using three separate blocks
Body mass index (BMI) is increasingly being used as

of variables, was used to evaluate the effect of individu-
an indicator of excess weight and obesity. BMI is the

ally significant predictor variables on infant obesity.
relationship between weight and stature and is most

Model 1 included maternal prenatal smoking and other
commonly used as an indicator of fatness in the form

psychosocial and sociocultural variables, as listed under
of weight in kilograms divided by height in meters

‘‘Follow-up Data Collection.’’ Infant gender and race/
squared (kg/m2). For this study, obesity in infants was

ethnicity were entered in Model 2. Finally, Model 3,
defined as BMI greater than the gender- and age-specific

birth BMI, and BMI from the previous study month were
84th percentile (1 SD above the mean) based on within

entered into the logistic regression analyses.
study reference norms.

Maternal smoking was defined as the cigarette smok-
ing habits of the infant’s mother during pregnancy. Results
Mothers were classified smoker for smoking any number Comparison of Obese and Not-Obese Infants
of cigarettes during the first, second, and/or third trimes-
ters. Of the mothers who smoked during pregnancy (n The percentage of obese infants whose mothers smoked

prenatally increased from 18% at birth to a high of 33%� 119), 81% smoked 5 or more cigarettes a day. The
number of smoking mothers decreased in the second at 7 months, decreasing to 29% by 14 months (see Figure

1). When obese and not-obese infant groups were com-trimester (n � 134, 70%) and again in the third trimester
(n � 131, 69%). Information about maternal smoking pared, significant differences in the percentages of the

obese and not-obese infant groups were evident relativewas obtained upon entry into the study from a re-
searcher-developed Demographic and Perinatal Data to maternal prenatal smoking. At 1 month of age, fewer

prenatal smoke-exposed infants were obese (t�2.02,Questionnaire, along with family demographics.

Follow-up Data Collection

Data collection used multiple methods and sources of
data. Anthropometric measures (weight, length, head
circumference, upper arm circumference, triceps skinfold
thickness) were obtained monthly for 14 months to cor-
respond with the infant’s birthday using a precise mea-
surement protocol described by Lohman, Roche, and
Martorell (1988). Measures deviating from the infant’s
monthly target date were adjusted. At the home visits,
which were conducted at 1, 4, 7, 10, and 14 months,
additional measures were made, including maternal
characteristics, family demographic information, family Figure 1. Percentage of infants of prenatally smoking
socioeconomic status, family life stress, infant sleep pat- and nonsmoking mothers who were obese at birth, 1,

4, 7, 10, and 14 months of age.tern, infant nutrition, infant temperament and activity.
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p�.03). Conversely, at 14 months of age, more prenatal
smoke-exposed infants were obese (t��2.29, p�.02).
The obese and not-obese groups differed, but not signifi-
cantly at 4, 7, or 10 months of age as the two groups
each reversed their pattern of weight gain.

When obese and not-obese infant groups were

compared, significant differences in the percentages

of the obese and not-obese infant groups were evident

relative to maternal prenatal smoking. Figure 2. Percentage of prenatally smoking and
nonsmoking mothers who breastfed their infants at 1,
4, 7, 10, and 14 months of age.

In the series of three preliminary logistic regression
analyses, maternal smoking was statistically significant continued through 14 months of age with 2 to 2.5 times
for the total group at 1, 10, and 14 months of age, as many nonsmoking mothers sustaining breastfeeding
and for boys at 7, 10, and 14 months of age. In the compared to smoking mothers; although, few mothers
final logistic regression models, maternal smoking was in either group continued breastfeeding as long as 14
associated with a 50% decrease in the risk of infant months.
obesity at age 1 month, before catch-up had begun When smoke-affected and nonsmoke-affected infant
(OR�0.5, p<.05). Once catch-up began, the associa- groups were compared, significant differences in the
tion of prenatal smoking became evident by prenatal means (smoke affected � 3.45 months, nonsmoke af-
maternal smoking being associated with an 80% in- fected � 3.89 months) in the groups were evident with
crease (OR�1.8, p<.05) and a 70% increase (OR�1.7, age of introduction of solid food (t�3.94, p<.001, df
p<.10) in the risk of infant obesity at age 7 and 14 409.9). Additionally, significant differences in the groups
months, respectively. were evident with weight-for-length percentile birth

(t�2.78, p<.01), 4 months (t��2.28, p<.05), 7 months
(t��2.42, p<.05), 10 months (t��2.36, p<.05), andAdditional Comparison of Smoke-Affected and

Nonsmoke-Affected Infants 14 months (t��2.90, p<.01). The anthropometric dif-
ference between groups is illustrated in Figure 3.

When infants of mothers who smoked were compared
with infants of mothers who did not smoke prenatally,
several trends were noted. Mothers who smoked prena-
tally were younger on average by 2 years (25.6 yrs. vs.
27.5 yrs.) than mothers who did not smoke prenatally.
In addition, the reported maternal prepreganant body
weight was an average of 2 pounds less (134.1 lbs. vs.
136.2 lbs.), but weight gain during pregnancy averaged
2 pounds more (35.5 lbs. vs. 33.4 lbs.) than for mothers
who did not smoke during pregnancy. Additional differ-
ences included a higher percentage of fathers not living in
the same home with the mothers who smoked prenatally
(35% vs. 18%). Also, a higher percentage of the smoking
mothers (76%) were Caucasian. Fewer smoking mothers Figure 3. Mean weight-for-length percentile of infants
breastfed their infants at 1 month (27%) compared to of smoking and nonsmoking mothers at birth, 1, 4, 7,

10, and 14 months of age.nonsmoking mothers (46%) (see Figure 2). This trend
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Limitations come the initial birth weight deficit. Further work in
this area is needed to understand the role of maternal

The analysis measured prenatal smoking and breastfeed-
prenatal smoking on the development of obesity. Such

ing as dichotomous (yes-or-no) variables and, thus, did
study should be designed to separate the influence of

not consider the amount of prenatal smoking or breast
breastfeeding on smoking and weight gain.

milk intakes. It did not take into consideration postnatal
The findings of this study suggested that the strongest

nicotine exposure through either the air or breast milk.
predictor of infant obesity was body mass index from

Breastfeeding and abstaining from smoking are both
the previous month studied. In addition, birth BMI was

choices related to the health consciousness of mothers.
a significant predictor through 7 months of age. These

The obesity group pattern of infants of nonsmoking
findings support the existing research, which indicates

mothers is similar to the weight gain pattern of breastfed
heavy infants are more likely to remain heavy (Kumany-

infants. Additionally, the group obesity pattern of the
ika, 1993; Zive et al., 1992). Other significant predictors

prenatally smoke-exposed infants is similar to the weight
of infant obesity during the first 14 months of life in-

gain of formula-fed infants.
cluded nutrition and feeding practices, infant race/eth-
nicity and gender, infant temperament and activity, and
additional maternal and family characteristics (Sowan &Discussion
Stember, 2000; Sowan & Stember, in press).

The empirical results of this study support some findings
published in the research literature while contradicting

Clinical Implicationsothers. While infants of smoking mothers began at birth
with BMIs lower than infants of nonsmoking mothers, Of particular interest to professional nurses and other
this deficit was quickly overcome. The catch-up growth health care professionals is the possible relationship be-
rate continued and these smoke-affected infants were tween the risk variable of prenatal smoking and infant
more likely to be obese than their nonsmoke-affected obesity. The findings of this study indicated that maternal
counterparts from 6 months through 14 months of age. prenatal smoking—a variable amenable to change—as
While this finding supports the role of maternal prenatal well as factors that are intrinsic to the infant (gender,
smoking in infant obesity reported by Little et al. (1994) race/ethnicity) may play a significant role in the risk
as well as Vik et al. (1996), it contradicts the findings of obesity. Health promotion and prevention of infant
of Conter et al. (1995), Fox et al. (1990), Olsen (1992), obesity must come from efforts directed at community,
and Schulte-Hobein et al. (1992). family, and individuals. Perinatal educators can partici-

The following explanation for this study’s findings pate in the prevention of initial low birth weight and
related to infant obesity and maternal smoking is conjec- potentially later obesity through community efforts to
ture. Because nicotine acts as an appetite suppressant, improve prenatal care and prenatal nutrition and
when infants are no longer exposed to prenatal nicotine, through community smoking cessation programs. Fam-
appetite may increase significantly and these infants ily and individual supportive interventions can be di-
might demand more feeding than they normally would rected toward encouraging mothers who smoke to stop
without previous drug exposure. Alternately, smoking smoking during pregnancy in order to improve the birth
mothers may increase feeding to help their infants over- outcomes and to help reduce the risk of later infant

obesity. An example of such a preventive program was
published in a previous issue of this journal (Rice, Fo-
touhi, Burn, Hoyer, & Ayers, 1997).

The catch-up growth rate continued and these smoke-

affected infants were more likely to be obese than Conclusions
their nonsmoke-affected counterparts from 6 months

To summarize, the findings from this study of the impact
through 14 months of age. of maternal prenatal smoking on the development of

infant obesity supported some existing research litera-
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Effects of Weight Loss in Overweight, Lactating Women on Infant Growth

A study in [the Volume 342, Number 7 issue of the] New England Journal of Medicine finds that weight loss
of approximately 0.5 kg per week between 4–14 weeks postpartum in overweight women who are breastfeeding
does not affect the growth of their infants. Though the women in the diet-and-exercise group lost more weight
and fat mass, the gains in weight and length of the infants whose mothers were in the diet-and-exercise group
were not significantly different from infants whose mothers were in the control group. According to the [journal’s]
editorial: ‘‘For the health and well-being of both mothers and infants, the nutritional aim should be to achieve
balance in maternal weight and body composition over the entire reproductive cycle, not only in the early
postpartum period.’’

Lovelady, Cheryl A., et al. (2000). The effect of weight loss in overweight, lactating women on the growth of
their infants. The New England Journal of Medicine, 342(7), 449–453.

Butte, Nancy F. (2000). Dieting and exercise in overweight, lactating women. The New England Journal of
Medicine, 342(7), 502–503.

A longer version of the above news brief appeared in the February 18, 2000, issue of MCH Alert, which is produced by the
National Center for Education in Maternal and Child Health in Arlington, VA (http://www.ncemch.org/alert).
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