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Abstract
OBJECTIVE—To estimate changes over time in birth weight for gestational age and in
gestational length among term singleton neonates born from 1990 to 2005.

METHODS—We used data from the U.S. National Center for Health Statistics for 36,827,828
singleton neonates born at 37–41 weeks of gestation, 1990–2005. We examined trends in birth
weight, birth weight for gestational age, large and small for gestational age, and gestational length
in the overall population and in a low-risk subgroup defined by maternal age, race or ethnicity,
education, marital status, smoking, gestational weight gain, delivery route, and obstetric care
characteristics.

RESULTS—In 2005, compared with 1990, we observed decreases in birth weight (−52 g in the
overall population, −79 g in a homogenous low-risk subgroup) and large for gestational age birth
(−1.4% overall, −2.2% in the homogenous subgroup) that were steeper after 1999 and persisted in
regression analyses adjusted for maternal and neonate characteristics, gestational length, cesarean
delivery, and induction of labor. Decreases in mean gestational length (−0.34 weeks overall) were
similar regardless of route of delivery or induction of labor.

CONCLUSION—Recent decreases in fetal growth among U.S., term, singleton neonates were
not explained by trends in maternal and neonatal characteristics, changes in obstetric practices, or
concurrent decreases in gestational length.

LEVEL OF EVIDENCE—III

In the United States, mean birth weight increased during the second half of the 20th century,
continuing through the 1990s.1–4 Similar trends occurred in Canada,5–7 the United
Kingdom,8–10 Scandinavia,11–13 and Japan.14 More recently, U.S. national surveillance data
suggest that this upward trend in mean birth weight is reversing.15 However, those
surveillance data include preterm births and multiple gestations and do not account for
trends in maternal or neonatal characteristics or obstetric practices.

© 2010 by The American College of Obstetricians and Gynecologists. Published by Lippincott Williams & Wilkins.
Corresponding author: Emily Oken, MD, MPH, Department of Population Medicine, Harvard Medical School and Harvard Pilgrim
Health Care, 133 Brookline Avenue, 3rd Floor, Boston, MA 02215; emily_oken@hphc.org.
Financial Disclosure
The authors did not report any potential conflicts of interest.

NIH Public Access
Author Manuscript
Obstet Gynecol. Author manuscript; available in PMC 2011 November 17.

Published in final edited form as:
Obstet Gynecol. 2010 February ; 115(2 Pt 1): 357–364. doi:10.1097/AOG.0b013e3181cbd5f5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Birth weight is a composite of fetal growth and length of gestation, each of which has
different contributors. Fetal growth (birth weight for gestational age) also increased from the
1980s to the 1990s among singleton births in the United States,2 and within a hospital-based
cohort in Canada,7 but more recent data are scarce. The percentage of births that were
preterm, ie, that occurred before 37 completed weeks of gestation, has also increased since
1990, including an increase in late preterm deliveries.15,16 The extent to which gestation
duration has changed among term births has not been well studied.

The purpose of the present analysis was to estimate trends in birth weight for gestational age
in the United States among singleton term births from 1990 through 2005. We hypothesized
that, after accounting for declines in gestational length, birth weight would have continued
to increase during this period, with resulting increases in the percentage of large for
gestational age births, and that trends in maternal characteristics, especially gestational
weight gain, would explain these increases.

MATERIALS AND METHODS
We used data from the National Center for Health Statistics Natality Data Sets for the years
1990–2005.15 This study was reviewed by the Human Subjects Committee of Harvard
Pilgrim Health Care and found to be exempt under paragraph #4 of the Department of
Health and Human Services Code of Regulations.

We limited our analyses to singletons born at 37 to 41 completed weeks of gestational age to
U.S. resident mothers aged 18 years and older. We excluded births in California, which does
not report maternal weight gain during pregnancy. We excluded births in which gestational
age was imputed or plurality, birth weight, or neonatal sex was missing. We next trimmed
the data to exclude birth weights inconsistent with gestational age, based on the method of
Alexander et al.17 For births at 37 completed weeks of gestation, we excluded birth weights
less than 1,000 g or greater than 5,500 g, and for births at 38 completed weeks or greater, we
excluded birth weights 1,000 g or greater than 6,000 g. We thus retained information on
36,827,828 babies and their mothers, ranging from a low of 2,160,396 births in 1991 to a
high of 2,579,198 births in 2003.

Birth weight was recorded in grams. Gestational age, calculated from the date of the last
menstrual period, was reported in completed weeks. We defined small for gestational age
(SGA) as fetal growth less than 10th percentile and large for gestational age (LGA) as
greater than 90th percentile at each completed week of gestation, according to published
reference data based on births that occurred 1999–2000.18 We compared all measures to
baseline values in 1990. We also obtained information from the U.S. Natality dataset on
maternal and obstetric factors. For all analyses we categorized maternal characteristics as
follows: maternal age (18–19, 20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54 years),
race/ethnicity (Mexican, Puerto Rican, Cuban, Central or South American, other Hispanic,
non-Hispanic white, non-Hispanic black, non-Hispanic other race), education (0 – 8, 9 – 11,
12, 13 – 15, 16 years and more), tobacco use (nonsmoker, used tobacco during pregnancy),
marital status (married, not married), timing of prenatal care initiation (first, second, or third
trimester; no prenatal care; unknown), and maternal gestational weight gain (less than 16, 16
to less than 21, 21 to less than 26, 26 to less than 31, 31 to less than 35, 36 to less than 41,
41 to less than 46, 46 pounds or greater). We obtained information on nine obstetric
procedures and medical risk factors: delivery route (primary or repeat cesarean delivery,
vaginal delivery), induction of labor, prenatal ultrasonography, chronic hypertension,
gestational hypertension, eclampsia, previous preterm birth, and previous newborn 4,000 g
or greater. One category indicated both pregestational and gestational diabetes. We also
obtained information on neonatal sex and birth order.
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A standard U.S. certificate of birth has been in use since 1989, but in 2003 a revised birth
certificate entered use, with gradual adoption on a state-by-state basis. The percentage of
births in the analytic dataset that were recorded on the 2003 birth certificate increased from
6% in 2003 to 35% in 2005. We set to “missing” maternal smoking during pregnancy and
previous preterm birth recorded on the 2003 version of the birth certificate, as these
variables were not comparable with the 1989 version. We recoded timing of initiation of
prenatal care and maternal education so that they were comparable with the 1989 birth
certificate categories. Other variables, including birth weight and gestational age at birth, did
not differ between birth certificate versions.

To minimize the influence of measured maternal and obstetric factors, we also repeated our
analyses among 502,716 (1.4%) low-risk women, whom we defined as age 25–29 years,
non-Hispanic white race/ethnicity, greater than 12 years of education, married, received
prenatal care in first trimester, nonsmoker, no medical complications during current or
previous pregnancy, delivered vaginally, labor not induced, had an ultrasound examination,
and gained 26–35 pounds during the current pregnancy.

We also performed multivariable analyses using linear and logistic regression models to
account for maternal and neonatal characteristics and obstetric practices. In separate models
for each birth outcome, we examined associations of year of birth with birth weight and
gestational age at birth. We first performed unadjusted analyses and then we sequentially
adjusted for maternal and neonatal characteristics. Maternal prepregnancy body mass index
(BMI) was not included on the 1989 version of the birth certificate. To account for secular
trends in maternal BMI and height, we assigned each woman the mean BMI and height
among nonpregnant women aged 18–54 years recorded in corresponding years in the
National Health and Examination Survey,19 and included these variables in regression
models. Given the large sample size, all comparisons were associated with very small P
values (<.001) and narrow confidence intervals; therefore, we present only effect estimates.
We performed all analyses using SAS version 9.1 (SAS Institute, Cary, NC).

RESULTS
In Table 1 we present information on selected maternal and obstetric characteristics for the
years 1990, 1995, 2000, and 2005. During this period no marked temporal trends were
apparent in neonatal sex (51.1% boys in 1990 and 51.0% in 2005), the percentage of births
to nulliparous women (30.1% and 31.6%), or the percentage of women who received
prenatal care in the first trimester (79.9% and 80.3%). However, an increasing percentage of
neonates were born to mothers with characteristics associated with higher fetal growth,
namely age greater than 35 years, education 16 years or greater, diabetes before or during
pregnancy, gestational weight gain 46 pounds or greater, or nonsmoker during pregnancy
(Table 1). More neonates were also born to mothers with other characteristics associated
with lower fetal growth, namely hypertension with onset before or during pregnancy,
gestational weight gain less than 16 pounds, Hispanic or non-Hispanic black race/ethnicity,
or unmarried (Table 1). Trends in these maternal characteristics were fairly constant across
time, and none changed direction during the 16-year observational period. In contrast, the
percentage of births delivered by cesarean delivery decreased from 22.0% in 1990 to 19.8%
in 1995 and thereafter increased to 28.3% in 2005. Induction of labor and the use of prenatal
ultra-sonography each increased over time.

Mean birth weight among all term singleton neonates decreased by 52 g during the 16-year
study period (Table 1 and Fig. 1). Mean birth weight differed by maternal characteristics and
obstetric practices, but mean birth weight decreased from 2000 to 2005 within every
maternal characteristic (Table 1). Declines over time were greater in the homogenous low-
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risk subgroup (−79 g from 1990 to 2005), in which mean birth weight declined within each
completed week of gestational age (Fig. 1). Decreases were least steep among neonates born
at 37 weeks (−9 g) and greatest among those born at 41 weeks (−71 g).

In the overall population, rates of LGA remained fairly stable at about 10.3% until 2000 and
thereafter steadily dropped to 8.9% in 2005. Decline in LGA prevalence was even greater in
the homogenous low-risk subgroup (−2.2%, from 9.4% to 7.2%, Fig. 2) and was apparent at
every gestational age (1.7% lower in 2005 compared with 1990 among neonates born at 37
weeks of gestation, 3.3% lower among those born at 41 weeks of gestation). In the overall
population, the percentage of neonates born SGA remained steady from 1990 to 1996 at
about 10.3%, declined slightly until 1999, and thereafter increased back to 10.2% in 2005. In
the low-risk subgroup, however, the prevalence of SGA steadily increased from 1992 to
1996 and again from 2001 to 2005 and was 0.9% higher in 2005 (8.1%) than in 1990 (7.2%,
Fig. 2). The proportion of births that were SGA was about 1% higher in 2005 compared with
1990 for all weeks of gestation except for births at 37 weeks of gestation (−0.1% change),
although in this group numbers were small and therefore estimates were somewhat unstable.

From 1990 to 2005 the gestational length distribution in this population of term births
shifted toward shorter gestation duration, with a mean decrease of 0.34 weeks (2.4 days) in
the overall population and 0.33 weeks in the low-risk subgroup (Fig. 3). Although mean
gestational length differed by obstetric management characteristics, declines from 1990 to
2005 were similar for neonates born after induction of labor (−0.42 weeks), by cesarean
delivery (−0.41 weeks), or both (−0.36 weeks, Fig. 3). The proportion of births at 40–41
weeks of gestation declined in all subgroups in parallel with decreases in mean gestational
length (data not shown).

Restricting analyses to a low-risk subgroup is one way to account for trends in maternal and
neonatal characteristics and obstetric practices. We also used multivariable regression
analyses. Results of fully adjusted regression analyses were similar to results within the
homogenous low-risk subgroup. For example, in an unadjusted model using year of birth as
a linear predictor, birth weight declined by 3.0 g/year, with a steeper decline after serial
adjustment for maternal and neonatal characteristics (−3.7 g/year) and obstetric practices
(−4.2 g/year). This decline over time was attenuated but not eliminated by additional
adjustment for gestational age at birth (−1.9 g/year) but then strengthened after adjustment
for secular trends in maternal prepregnancy BMI and height (−3.6 g/year). The odds of birth
at 40 – 41 compared with 37–39 weeks declined over time and was not substantially
different after adjustment for maternal and neonatal characteristics and obstetric
management practices (unadjusted odds ratio 0.58, fully adjusted odds ratio 0.57 for 2005
compared with 1990).

DISCUSSION
From 1990 to 2005, birth weight decreased among term births in the United States,
especially after 1999. These declines were not explained by statistical adjustment for
maternal and neonatal characteristics or obstetric practices, such as cesarean delivery,
induction of labor, and use of prenatal ultrasonography, and were similar in analyses
restricted to a homogenous subset of low-risk mothers. Large for gestational age birth
decreased, whereas small for gestational age birth increased.

Strengths of this study include the large nationally representative sample. We had
information on a large number of maternal and obstetric characteristics associated with fetal
growth and gestational age. Limitations are inherent to birth record data. Birth weight tends
to be well recorded, but other factors including gestational length may not be as accurate.
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The Natality datasets do not include an estimate of gestational length based on ultrasound
dating. However, gestational age calculated by the date of the last menstrual period tends to
be most accurate among term births.20 The percentage of missing data varied over time for
some variables, most notably gestational weight gain (12% missing in 1990 compared with
4% in 2005). However, declines in birth weight were even stronger among the subset of
low-risk mothers with no missing data. It is possible that maternal characteristics were not
well recorded. It is unlikely that the introduction of the 2003 version of the birth certificate
would explain our results, as most factors, including birth weight and gestational age at
birth, were recorded identically on the two forms, and downward trends in fetal growth
preceded adoption of the revised certificate. Information on augmentation of labor was not
available on the 1989 birth certificate, and in some cases induction of labor might be
miscoded as augmentation, or vice versa. Maternal prepregnancy BMI, height, and use of
assisted reproductive technologies were also not available. As these variables are included
on the 2003 birth certificate revision,21 future studies might be better able to track their
associations with birth outcomes.

Previous studies, most including only births that occurred before 2000, have evaluated
trends in fetal growth and its contributors. In a hospital-based study in Canada using data
from 1978 to 1996, trends in maternal characteristics such as increasing prepregnancy BMI
and gestational weight gain and decreasing prevalence of smoking during pregnancy
explained the observed increases in birth weight and fetal growth.7 Similarly, among
neonates born in Sweden from 1992 to 2001, a 23% increase in LGA among term singleton
births was explained by concurrent increases in maternal BMI and decreases in smoking.12

Increases in births greater than 4,000 g in Denmark from 1990 to 1999 were explained by
changes in maternal prepregnancy weight, height, smoking habits, educational level, and
caffeine intake.22 In an analysis of term neonates from 1985 to 1998 using U.S. and
Canadian birth data, increases in birth weight and LGA, and decreases in SGA, were
attributed to preterm obstetric induction and preterm cesarean delivery.2 A recent study from
Sweden reported that, after adjustment for gestational length, age, smoking, parity, and
employment, birth weight increased within all maternal BMI categories from 1978 to 1992,
but thereafter decreased among neonates born to normal-weight women.23

In the present study, the maternal characteristics routinely recorded on the birth certificate
did not appear to be responsible for observed decreases in fetal growth. This observation is
concordant with the fact that the directions of trends in all maternal characteristics have
continued since the early 1990s without any reversals. Since these trends explained past
increases in birth weight and fetal growth, they could not explain recent decreases. Induction
of labor also steadily increased each year after 1990. Although rates of cesarean deliveries
declined in the early 1990s and subsequently increased after 1997, declines in fetal growth
preceded 1997 among some subgroups and were similar in neonates delivered by cesarean
and vaginal routes. Thus, it is unlikely that shifts in cesarean delivery practices account for
observed trends in fetal growth.

Gestational age is a strong contributor to birth weight. From 1990 to 2005, mean gestational
length among U.S. term births decreased by more than 2 days, and the odds of birth on or
after the “due date” decreased by more than 40%. Decreases in gestation duration occurred
among neonates born by vaginal delivery or by cesarean delivery and among those whose
labor was or was not induced. Neither statistical adjustment for maternal and neonatal
characteristics and obstetric practices nor restriction of the sample to a homogenous low-risk
subgroup–none of whom were induced or delivered by cesarean section–attenuated observed
declines in gestational duration among these term births. Similarly, among all subgroups, the
proportion of births at 40–41 weeks declined in parallel with mean gestational length (data
not shown).
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However, the observed decreases in gestational length did not entirely explain the declines
in birth weight, fetal growth, and LGA birth, which were somewhat less strong but still
persisted after statistical adjustment for gestational age at birth and within specified weeks
of gestation. Gestational age at birth is reported on birth certificates in completed weeks and
not more finely. It is possible that a decrease of gestational length of a few days within each
gestational week might account for the observed declines in fetal growth. If, for example,
babies were less likely over time to be born at 39 6/7 weeks and more likely to be born at 39
1/7 weeks, there would be an apparent decline in birth weight at 39 weeks that in fact
resulted from a decrease in gestational length rather than a true decrease in fetal growth.
However, if such differences in gestational length occurred universally (eg, other neonates
who would have been born at 40 1/7 weeks were now born at 39 6/7 weeks), we would
observe no such decline in birth weight.

Change over time in the assessment of gestational age may affect observations of trends in
gestational length and birth weight for gestational age, although less strongly among term
than preterm neonates.24 If smaller neonates were over time increasingly likely to be
classified as term rather than preterm, then we would see a downward trend in birth weight
for gestational age, especially in gestational weeks 37–38. However, the decline in birth
weight was in fact most pronounced in neonates born at 40–41 weeks of gestation.
Alternatively, if gestational age at delivery was increasingly over time reclassified lower,
that might explain the trends that we observed, as neonates born at 42 weeks or greater tend
to be smaller than those born at 40–41 weeks, who are in turn larger than those born at 37–
38 weeks.18 However, we also saw decreasing size at birth among the low-risk subgroup, all
of whom had first-trimester prenatal care and a prenatal ultrasonography, and presumably
equally accurate determination of gestational age over time.

It is also possible that neonates with faster intra-uterine growth were over time increasingly
more likely to be delivered earlier because of greater use of cesarean delivery or induction of
labor for these larger neonates. In this case, we would expect to see declines in birth weight
that were greatest in the later gestational ages, as we did observe. In the regression analysis,
however, we did not see evidence that adjustment for obstetric management practices,
namely prenatal ultrasonography, induction of labor, and cesarean delivery, attenuated the
estimates of decreasing fetal growth over time, but rather seemed to strengthen these
estimates. Similarly, birth weight declined even among the homogenous, low-risk subset of
mothers, and among all mothers who had neither cesarean delivery nor induction of labor.
Classification of cesarean delivery on birth certificates is quite accurate, with 99.8%
sensitivity.25 However, induction of labor may not be as accurately recorded, and thus some
births that were in fact induced may have been misclassified.

Maternal prepregnancy BMI, a strong contributor to fetal growth,7 was not included on the
1989 birth certificate version. However, since BMI among women of childbearing age has
increased over time,26 we would expect that accounting for increasing prepregnancy BMI
trends should adjust fetal growth estimates further downward, as we observed with our
relatively crude adjustment using mean BMI obtained from the National Health and
Examination Survey.

Other factors not recorded in birth records that might contribute to declines in gestational
length or fetal growth include trends in maternal diet, physical activity, stress,
socioeconomic factors, pollution or toxicant exposures, or prevalence of other, unrecorded
medical conditions such as asthma. More detailed studies of smaller populations would be
needed to explore the role of these factors.
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In this study of term singleton births in the United States from 1990 to 2005, we observed
decreases in birth weight that were not explained by maternal and neonatal characteristics or
by trends in induced labor or cesarean delivery. Parallel declines in gestational age at birth
did not entirely explain the decreasing birth weight. Size at birth predicts not only short-term
complications but also long-term health and chronic disease risk even among term births.27

Although the consequences of the modest differences over time in birth weight for
gestational age that we observed here are uncertain, any underlying reasons for such a
decline may themselves directly influence child health. Therefore, active investigation into
the determinants and longer-term sequelae of declining fetal growth among term births is
warranted.
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Fig. 1.
Trends in birth weight from 1990 to 2005 among all 36,827,828 singleton births born at 37
to 41 completed weeks of gestation and by gestational age at birth among a low-risk
subgroup of 502,716 singleton neonates born to mothers of non-Hispanic white race/
ethnicity with 13 or more years of education and of married status, who received prenatal
care in the first trimester, were non-smokers, had no pregnancy complications, delivered
vaginally, did not have labor induced, had a prenatal ultrasound examination, and gained 26
to 35 pounds during pregnancy.
Donahue. Trends in Birth Weight in the United States. Obstet Gynecol 2010.
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Fig. 2.
Trends in prevalence of small-for-gestational age (SGA) and large-for-gestational age
(LGA) births from 1990 to 2005 among 502,716 singletons born at 37 to 41 completed
weeks of gestation to low-risk mothers aged 25 to 29 years of non-Hispanic white race/
ethnicity, 13 or more years of education, and of married status, who received prenatal care in
the first trimester, were non-smokers, had no pregnancy complications, delivered vaginally,
did not have labor induced, had a prenatal ultrasound examination, and gained 26 to 35
pounds during pregnancy.
Donahue. Trends in Birth Weight in the United States. Obstet Gynecol 2010.
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Fig. 3.
Trends in length of gestation from 1990 to 2005, according to induction of labor status and
route of delivery, among 36,827,828 singletons born at 37 to 41 completed weeks of
gestation, and among a low-risk subgroup of 502,716 singleton neonates born to mothers
aged 25 to 29 years, of non-Hispanic white race/ethnicity, with 13 or more years of
education, of married status, who received prenatal care in the first trimester, were
nonsmokers, had no pregnancy complications, delivered vaginally, did not have labor
induced, had a prenatal ultrasound examination, and gained 26 to 35 pounds during
pregnancy.
Donahue. Trends in Birth Weight in the United States. Obstet Gynecol 2010.
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