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Background

 

At any given gestational age, infants
with low birth weight have relatively high morbidity
and mortality. It is not known, however, whether
there is a threshold weight below which morbidity
and mortality are significantly greater, or whether
that threshold varies with gestational age. 

 

Methods

 

We analyzed the neonatal outcomes of
death, five-minute Apgar score, umbilical-artery blood
pH, and morbidity due to prematurity for all single-
ton infants delivered at Parkland Hospital, Dallas,
between January 1, 1988, and August 31, 1996. A
distribution of birth weights according to week of
gestation at birth was created. Infants in the 26th
through 75th percentiles for weight served as the
reference group. Data on preterm infants (those born
at 24 to 36 weeks of gestation) were analyzed sepa-
rately from data on infants delivered at term (37 or
more weeks of gestation).

 

Results

 

A total of 122,754 women and adoles-
cents delivered singleton live infants without malfor-
mations between 24 and 43 weeks of gestation.
Among the 12,317 preterm infants who were ana-
lyzed, there was no specific birth-weight percentile
at which morbidity and mortality increased. Among
82,361 infants who were born at term and whose
birth weights were at or below the 75th percentile,
however, the rate of neonatal death increased from
0.03 percent in the reference group (26th through
75th percentile for weight) to 0.3 percent for those
with birth weights at or below the 3rd percentile
(P<0.001). The incidence of five-minute Apgar scores
of 3 or less and umbilical-artery blood pH values of
7.0 or less was approximately doubled for infants at
or below the 3rd birth-weight percentile (P=0.003
and P<0.001, respectively). The incidence of intuba-
tion at birth, seizures during the first day of life, and
sepsis was also significantly increased among term
infants with birth weights at or below the 3rd per-
centile. These differences persisted after adjustment
for the mother’s race and parity and the infant’s sex.

 

Conclusions

 

Mortality and morbidity are increased
among infants born at term whose birth weights are
at or below the 3rd percentile for their gestational
age. (N Engl J Med 1999;340:1234-8.)
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ACH year in the United States, approxi-
mately 250,000 infants are born weighing
less than 2500 g. These infants are classi-
fied as having low birth weight.
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 Although
the majority of these infants are born before term,
approximately 40,000 are born at term according to
National Institutes of Health estimates, having suf-
fered intrauterine growth retardation.

 

2

 

 
In 1963 Lubchenco and coworkers
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 published de-
tailed birth-weight nomograms according to gesta-
tional week. Small-for-gestational-age infants were
subsequently defined as those whose weights were
below the 10th percentile for their gestational ages.
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These infants were found to be at increased risk for
neonatal death. For example, the neonatal mortality
rate for small-for-gestational-age infants born at 38
weeks of gestation was 1 percent, as compared with
0.2 percent for those with appropriate birth weights.
Not all infants with birth weights below the 10th
percentile have pathologic growth retardation, how-
ever; some are small simply because of maternal con-
stitutional factors.
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Although the concept of abnormal fetal growth is

basic to modern ideas of perinatal medicine, there
is limited information concerning the birth-weight
threshold for a given gestational age at which mor-
bidity and mortality increase significantly. For exam-
ple some advocate the use of the 10th percentile as
such a threshold value,
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 whereas others recommend
the 5th,
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 3rd,

 

8

 

 or 15th
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 percentile. We undertook
this study to determine the birth-weight thresholds,
for both preterm and term infants, associated with a
significant increase in adverse neonatal outcomes. The
birth-weight distribution used was specific to the
study population. Between 1988 and 1996, approx-
imately 127,000 infants were delivered at our hospi-
tal. The availability of data from this cohort permit-
ted us to derive a population-based birth-weight
nomogram and then to assess the birth-weight thresh-
olds at which the well-being of newborn infants
might be compromised.

 

METHODS

 

Study Population

 

Selected obstetrical and neonatal outcomes for all women de-
livering infants at Parkland Hospital in Dallas are routinely en-
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tered into a computerized data base. Nurses attending each de-
livery complete an obstetrical data sheet, and research nurses
assess the data for consistency and completeness before electron-
ic storage. Data on infants’ outcomes are abstracted from dis-
charge records. Parkland Hospital is a tax-supported institution
serving Dallas County. The obstetrics service is staffed by house
officers and faculty members of the Department of Obstetrics
and Gynecology at the University of Texas Southwestern Medical
School.

Between January 1, 1988, and August 31, 1996, a total of
126,680 women and adolescents delivered infants at the hospital,
of whom 122,754 were live-born singleton infants without mal-
formations and with gestational ages of 24 weeks or more. Infants
delivered at less than 24 weeks of gestational age were excluded
from our study because their intrapartum management was influ-
enced by concern about viability. Stillbirths were excluded be-
cause the gestational age at which fetal growth ceased could not
be precisely determined, since delivery, and thus measurement of
birth weight, often occurred days to weeks after fetal death. Ninety-
seven percent of the mothers received prenatal care, averaging
eight visits, in our hospital system. Approximately 60 percent
were enrolled for prenatal care in the first trimester, and 90 per-
cent enrolled before the end of the second trimester.

 

Gestational Age

 

For the purpose of this study, the obstetrical estimate of gesta-
tional age that was used to manage the care of the women and
adolescents during the intrapartum period was also used to create
a distribution of birth weights for each gestational week. This es-
timate was based on the date of the last menstrual period and the
results of obstetrical ultrasonography, if any, performed during
the pregnancy. The reported time of the last menstrual period
was accepted as correct if the fundal height measured between 18
and 30 weeks of gestation was correlated with the week of gesta-
tion within 2 cm.
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 Subjects with discrepancies between the two
values underwent obstetrical ultrasonography.

The validity of the obstetrical estimate of gestational age based
on the menstrual history was assessed by two separate methods.
First, a cohort of 34,475 women and adolescents who underwent
antepartum ultrasonography was identified. These subjects did
not differ significantly from the total study population with re-
gard to age, race, or parity. The correlation coefficient for the es-
timate of gestational age based on ultrasonography and the ob-
stetrical estimate of gestational age based on the last menstrual
period was 0.9. The mean (±SD) gestational age at the time of
ultrasonography was 25±7 weeks. Similarly, the correlation coef-
ficient for the obstetrical estimate of gestational age and the pe-
diatrician’s assessment of the gestational age of the newborn in-
fant was 0.7. In 108,493 women (88 percent), the obstetrical
estimate and the pediatrician’s estimate were within two weeks of
each other. (The obstetrical estimates of gestational age were
available to the pediatricians.)

 

Birth Weight

 

The distributions of birth weights for each completed week of
gestation were examined for statistical normality, and smoothed
birth-weight curves were derived for each percentile.

 

11

 

 For exam-
ple, 38 completed weeks of gestation included 38 weeks, 0 days,
through 38 weeks, 6 days. Six categories of birth-weight percen-
tile were selected for study: the 3rd or below, 4th through 5th,
6th through 10th, 11th through 15th, 16th through 25th, and
26th through 75th percentiles. Infants whose birth weights fell
in the 26th through 75th percentiles were used as the reference
group.

 

Outcome Measures

 

The outcomes we studied included death up to 28 days of age,
an Apgar score of 3 or less at five minutes, and an umbilical-artery
blood pH of 7.0 or less. The latter two measurements assessed

characteristics attributable to the condition of the infant at birth.
Umbilical-cord blood was obtained from all infants for measure-
ment of pH. In infants born at term, morbidity was defined as
the onset of seizures in the first 24 hours after birth or the need
for intubation in the delivery room. In preterm infants, morbidity
was defined as respiratory distress (the need for ventilator therapy
in the first 24 hours after birth); intraventricular hemorrhage,
grade 3 or 4; necrotizing enterocolitis requiring surgery; or sep-
sis. The diagnosis of sepsis required a positive blood culture.

 

Statistical Analysis

 

Smoothed curves for birth-weight percentiles according to ges-
tational age were derived for the entire cohort. Similar curves
were also constructed according to the mother’s race and parity
and the infant’s sex. Univariate analysis of infants’ outcomes ac-
cording to birth-weight percentile was performed with use of chi-
square statistics. The estimates and significance levels were adjust-
ed for the mother’s race and parity and the infant’s sex by the
Cochran–Mantel–Haenszel method. Bonferroni corrections were
used in cases of multiple testing. All P values are two-sided.

 

RESULTS

 

Of the women and adolescents whose pregnancy
outcomes are described in this report, 54 percent
(65,712) were Hispanic, 28 percent (34,872) were
black, 15 percent (18,616) were white, and 3 percent
(3554) were of other racial or ethnic backgrounds.
The mean maternal age was 24±6 years; 3 percent
were under the age of 16 years and 4 percent were
35 years old or older. A total of 45,937 (37 percent)
were nulliparous. 

Data on 122,754 singleton infants without malfor-
mations (12,317 preterm infants and 110,437 term in-
fants) were available for analysis. Of these, 91,580 in-
fants (9219 preterm infants and 82,361 term infants)
had birth weights at or below the 75th percentile.
The infants’ outcomes, according to birth-weight per-
centile, were analyzed separately for those delivered
at 36 weeks or less of gestation (preterm birth) and
those delivered at 37 weeks or more (birth at term).

 

Preterm Infants

 

Selected outcomes for the 9219 preterm infants
with birth weights at or below the 75th percentile
are shown according to birth-weight category in Ta-
ble 1. The presence or absence of severe fetal aci-
demia (umbilical-artery blood pH, 7.0 or less), nec-
rotizing enterocolitis, and sepsis was not related to
birth-weight category. The incidence of grade 3 or
4 intraventricular hemorrhage, however, was signifi-
cantly increased among preterm infants in the small-
est birth-weight category. Grade 3 or 4 intraventric-
ular hemorrhage was diagnosed in 3.2 percent of
infants at or below the 3rd percentile for birth weight,
as compared with 1.5 percent in the reference group
of infants in the 26th through 75th percentiles (P=
0.01). The incidence of respiratory distress requiring
ventilator therapy was significantly increased among
infants in each of the birth-weight percentiles below
the 26th percentile, as compared with the reference
group (Table 1).
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Because the incidence of respiratory distress was
significantly higher in all the birth-weight percentiles
below the 26th percentile than in the reference
group, we expanded the analysis to include all possi-
ble birth-weight percentiles (Fig. 1). The incidence
of respiratory distress increased as the birth-weight
percentile decreased. Analysis of the data after strat-
ification according to gestational-age groups revealed
an increasing incidence of respiratory distress associ-
ated with both lower gestational age and lower birth-
weight percentile (Fig. 2). As we did with respiratory

distress, we expanded the analysis of neonatal death
to encompass all birth-weight percentiles (Fig. 1).
Neonatal death rates among preterm infants were
proportional to fetal weight across the entire spec-
trum of birth-weight percentiles. The birth-weight–
percentile thresholds for a significantly increased risk
of respiratory distress and neonatal death among
preterm infants were also analyzed with adjustment
for the mother’s race and parity and the infant’s sex.
No specific birth-weight threshold was significantly
associated with either of these outcomes.

 

*P<0.05 for the comparison with the infants with birth weights in the 26th through 75th percentiles for gestational age.
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Umbilical-artery blood 
pH «7.0
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Grade 3 or 4 intraventricular 
hemorrhage

12 (3.2)* 6 (2.4) 12 (1.9) 15 (2.4) 28 (2.3) 93 (1.5)

Respiratory distress requiring
ventilation in first 24 hr

85 (22.5)* 47 (19.0)* 134 (21.1)* 117 (19.1)* 226 (18.2)* 768 (12.6)

Necrotizing enterocolitis re-
quiring surgery

4 (1.1) 1 (0.4) 3 (0.5) 5 (0.8) 9 (0.7) 34 (0.6)

Sepsis (positive blood culture) 8 (2.1) 4 (1.6) 9 (1.4) 4 (0.7) 19 (1.5) 72 (1.2)

Death in first 28 days 26 (6.9)* 8 (3.2) 26 (4.1)* 15 (2.4) 37 (3.0)* 124 (2.0)

 

Figure 1.

 

 Incidence of Respiratory Distress and Neonatal Death
among 12,317 Preterm Infants (Born at 24 to 36 Weeks of Ges-
tation), According to Birth-Weight Percentile.
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Figure 2.

 

 Incidence of Respiratory Distress among 12,317 Pre-
term Infants, According to Birth-Weight Percentile after Strati-
fication According to Gestational Age (28 through 30 Weeks, 31
or 32 Weeks, 33 or 34 Weeks, and 35 or 36 Weeks).
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Term Infants

 

Selected outcomes for 82,361 term infants in rela-
tion to their birth-weight percentiles are shown in Ta-
ble 2. The analysis excluded 28,076 infants whose
birth weights were above the 75th percentile. The per-
centage of infants with low five-minute Apgar scores
was significantly higher among those at or below the
3rd birth-weight percentile (0.2 percent) than in the
reference group (0.1 percent; P=0.003). Similarly,
the incidence of severe fetal acidemia and the need for
intubation in the delivery room was significantly
higher among the infants in this group (P<0.001 for
both outcomes). The incidence of seizures during the
first 24 hours of life, a potential reflection of intrapar-
tum stress, was significantly increased in two of the
lowest birth-weight groups (those at or below the 3rd
percentile, and those in the 6th through the 10th per-
centiles). The rates of incidence of sepsis and neonatal
death were also significantly increased among infants
at or below the 3rd percentile. In fact, the incidence
of neonatal death was almost 10 times as high among
infants with birth weights at or below the 3rd percen-
tile as in the reference group (0.3 percent vs. 0.03
percent, P<0.001).

The data set was also analyzed with adjustment
for the infant’s sex and the mother’s race. The 3rd-
percentile birth-weight threshold for increased mor-
bidity and mortality (Table 2) remained significant
when the data were analyzed according to these
demographic factors. Similarly, parity did not signif-
icantly influence the birth-weight thresholds for ad-
verse neonatal outcomes.

 

DISCUSSION

 

The threshold birth-weight percentile for infant
mortality and for most indexes of morbidity that ap-
pears to define the boundary between normal and

abnormal fetal growth is more readily apparent among
term infants than among preterm infants. Morbidity
and mortality were significantly higher among term
infants who were at or below the 3rd percentile of
weight for their gestational age. In contrast, there
was no specific birth-weight threshold for neonatal
morbidity or mortality among preterm infants. In-
deed, the risk of adverse outcomes, such as respira-
tory distress and neonatal death, increased continu-
ously with decreasing birth-weight percentiles among
preterm infants.

There have been few reports describing birth-
weight thresholds for adverse infant outcomes. The
earliest such report

 

4

 

 linked neonatal death to birth
weight at the 10th percentile. For more than 30
years, this percentile has been defined as the thresh-
old for clinically important fetal growth restriction.
Manning

 

5

 

 also defined the 10th percentile as the
threshold for elevated neonatal morbidity and mor-
tality, manifested as birth asphyxia and abnormal
neurologic development. However, all infants with
birth weights above the 10th percentile were consid-
ered to be of appropriate size for their gestational
age. We chose to analyze our results with birth weights
at the 26th through 75th percentiles as the norm for
fetal growth. Larger infants were excluded because
they may have morbidity associated with excessive
size. Manning described a continuum of increasing
risk for adverse infant outcomes as birth weight de-
creased from the 10th to the 1st percentile for ges-
tational age. On the basis of an analysis of 8719
births, Kramer and colleagues
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 also concluded that
morbidity and mortality were continuously and in-
versely proportional to fetal growth. Neonatal out-
comes related to suboptimal fetal growth are associ-
ated with adverse neurologic outcomes at two years
of age.

 

13

 

 

 

*P<0.05 for the comparison with the infants with birth weights in the 26th through 75th percentiles for gestational age.
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after birth
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Sepsis (positive blood culture) 15 (0.5)* 6 (0.3) 12 (0.2) 15 (0.3) 28 (0.3) 125 (0.2)

Death in first 28 days 9 (0.3)* 2 (0.1) 2 (<0.1) 3 (0.1) 3 (<0.1) 18 (<0.1)
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There have been several reports of accelerated fe-
tal pulmonary maturation in association with intra-
uterine growth restriction, defined as a birth weight
for gestational age that is below the 10th percentile.
One explanation for this phenomenon is that the fe-
tus responds to a stressful environment by increasing
adrenal glucocorticoid production, which leads to
accelerated fetal lung maturation.14 Although this
concept pervades modern thinking about perinatal
medicine, there is considerable controversy as to
whether the growth-restricted infant truly has an ad-
vantage with respect to the risk of respiratory dis-
tress. The results of our analysis of preterm infants,
along with other recent reports,15 challenge this con-
cept of accelerated maturation. We could not identi-
fy a specific fetal-growth threshold for respiratory
disease; instead, we found that the incidence of res-
piratory distress was inversely proportional to the
birth-weight percentile. However, respiratory dis-
tress was also significantly associated with gestation-
al age among preterm infants. We therefore analyzed
the incidence of respiratory distress at all birth-
weight percentiles in relation to gestational age; the
incidence of respiratory disease was directly related
to both the birth-weight percentile and gestational
age. In other words, morbidity among preterm in-
fants is influenced by both fetal growth and fetal
age. The same relations were not found among term
infants, in whom the effects of suboptimal fetal
growth appear to be limited to the most severely un-
dergrown infants. The effects of suboptimal fetal
growth persisted after adjustment for the mother’s
race and parity and the infant’s sex.

When is fetal growth suboptimal, or how small is
too small? Our results suggest that for term infants,
the answer is the 3rd birth-weight percentile. For pre-
term infants, the effects of suboptimal fetal growth

are intensified by immaturity, making it difficult to
discern a fetal-growth threshold that clearly identi-
fies growth-restricted infants who are at increased
risk for illness and death.
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