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Maternal Weight Gain and
the Outcome of Pregnancy

by Selma M. Taffel, Division of Vital Statistics

Introduction

For several decades prior to the early 1970’s, common
medical practice in the United States was to minimize a mother’s
weight gain during pregnancy in the belief that excessive gain
might predispose her to the development of toxemia as well as
to other obstetrical problems. A total weight gain of 20 pounds
or less was frequently recommended. During this time, how-
ever, it became apparent that severe dietary restriction during
pregnancy resulted in an elevated risk of low birth weight and
neurologic impairment of the infant.!~5 In 1970, the National
Academy of Sciences concluded that “an average weight gain
of 24 pounds (range of 20-25 pounds) is commensurate with a
better than average course and outcome of pregnancy” and
that there was no scientific justification for routinely limiting
weight gain to less than this amount.5

According to current obstetric guidelines issued in 1983,
usual weight gain should be 22-27 pounds. Weight reduction
during pregnancy is no longer advised, even for women with a
high prepregnancy weight, because of potential adverse effects
on fetal growth and development.”

Although the relationship between a mother’s weight gain
during pregnancy and the outcome of pregnancy has been ex-
plored in numerous studies, none has been national in scope.
The present study investigates this association using informa-
tion obtained from the 1980 National Natality Survey (NNS)
and the 1980 National Fetal Mortality Survey (NFMS) con-
ducted by the National Center for Health Statistics. The NNS
is based on a probability sample of all live births occurring in
the United States in 1980. The NFMS is based on a probability
sample of fetal deaths with a physician’s estimate of gestation
of 28 weeks or more or delivery weight of 1,000 grams or more
if the physician’s estimate was not reported.

This study includes only women for whom information on

prenatal care was available. Information about the mother and
live birth or fetal death is derived from the live birth certificate
or fetal death report and from questionnaires mailed to the
mother (if married), to her attendant at delivery, and to the
hospital where the delivery occurred. Weight of the mother at
the start of pregnancy and at delivery were requested from ail
sources, but preference has been given in this report to the
information reported by hospitals or attendants. Values for
missing information have been imputed, and each birth and
fetal death has been weighted to derive national estimates. A
more detailed description of these surveys is included in the
Technical notes.

The first part of this study describes differences in maternal
weight gain during pregnancy for live births according to the
period of gestation (the time between the first day of the mother’s
last normal menstrual period and the day of birth) and certain
sociodemographic and health characteristics known to be as-
sociated with variation in pregnancy outcome. These are race,
prepregnancy weight, smoking habit, family income, educa-
tional attainment, age, marital status, and live-birth order of
the infant. An analysis of weight gain for Hispanic-origin
women was not possible because of the small numbers of these

“women in the NNS and NFMS.

The second part of the study investigates the relationship
between weight gain and pregnancy outcome, while controlling
for period of gestation and mother’s race, prepregnancy weight,
age, education, and smoking habit. Pregnancy outcome is as-
sessed in terms of birth-weight distribution; mean birth weight;
incidence of low birth weight (less than 2,500 grams or 5
pounds 8 ounces); and the risk of fetal death, as measured by
the fetal death ratio (number of fetal deaths of 28 weeks’ or
more gestation per 1,000 live births).



Summary of findings

Current obstetrical guidelines state that usual weight gain
in a normal pregnancy should be 22-27 pounds. But in 1980,
one out of five white mothers and one out of four black mothers
whose pregnancy extended to at least 40 weeks gained less
than 21 pounds.

Overall, 23 percent of women giving birth in 1980 gained
less than 21 pounds during their pregnancy, and 12 percent
gained less than 16 pounds. Black mothers were 50 percent
more likely than white mothers to gain less than 21 pounds (33
percent compared with 22 percent), and they were twice as
likely to gain less than 16 pounds (20 percent compared with
11 percent). The average weight gain of white mothers was
29.1 pounds, 2.3 pounds higher than that of black mothers.
Large racial differences in weight gain persist even after taking
into consideration the shorter gestational period of black births
and variation in prepregnancy weight.

Substantial disparities in weight gain are evident for many
groups of mothers: Women who have a high prepregnancy
weight, who smoke during pregnancy, who have a low family
income, who are 35 years of age or older or in their teens, who
have less than 9 years of schooling, who are having a fourth or
higher order birth, or who are unmarried are all more likely to

. gain less than 16 pounds and less likely to gain 26 pounds or
more during their pregnancy.

A low weight gain during pregnancy is associated with a
lower average birth weight and a higher risk of a low birth
weight (less than 2,500 grams) or fetal death outcome. Mean
birth weight rises with increased weight gain for all gestational
periods. For gestations of 40 weeks or longer, mean birth weight
was 290 grams (10 ounces) higher when the mother gained 36
pounds or more than when she gained less than 16 pounds; for
gestations of less than 37 weeks, the average birth weight was
380 grams (13 ounces) higher for a comparable increase in
weight gain. Mean birth weight also increases with added
weight gain for babies of mothers who smoked during pregnancy
as well as for nonsmoking mothers. The increase in birth weight
is especially marked for babies born prematurely (less than 37
weeks® gestation) to mothers who smoked; for these babies,
birth weight was 671 grams (1 pound 8 ounces) higher for
weight gains of at least 36 pounds than for weight gains of less
than 16 pounds. Birth weight also increases markedly with

added weight gain for babies of small women who smoked"

during their pregnancy.
For comparable maternal weight gain, the average birth
weight of black babies is lower than that of white babies, and

black babies are more likely to weigh less than 2,500 grams
(5% pounds), and less likely to weigh at least 3,500 grams (7
pounds 12 ounces). .

A low prepregnancy weight combined with a small weight
gain is associated with a very high incidence of low birth weight:
29 percent of the babies born to mothers weighing less than
110 pounds at the start of pregnancy who gained less than 16
pounds weighed less than 5% pounds. The incidence of low
birth weight declines sharply as weight gain rises, regardless of
prepregnancy weight, and the disadvantage in birth weight for
babies of small women is reduced substantially.

Nearly one out of five teenage mothers who gained less
than 16 pounds bore a low-birth-weight baby in 1980, but the
incidence of low birth weight dropped by three-fourths, to 4.9
percent, when weight gain increased to at least 36 pounds.

Higher educational attainment is associated with a reduced
risk of low birth weight. When women gain less than 16 pounds
during their pregnancy, however, there is no significant differ-
ence in the risk of low birth weight between those with less than
a high school education and those who completed college (15.0
percent compared with 12.2 percent). For all levels of educa-
tional attainment, the incidence of low birth weight is signifi-
cantly lower for weight gains of at least 21 pounds than for
weight gains of less than 16 pounds.

The risk of a fetal death outcome is also lowered with added
weight gain, up to 35 pounds. For the gestational periods 32-40
weeks, the risk of fetal death dropped by about half as weight
gain increased from less than 16 to 26—35 pounds.

Although fetal death ratios are higher for mothers with a
high prepregnancy weight, the risk of a fetal death outcome
declines as weight gain increases for these women as well as for
women with lower prepregnancy weight. Large declines in the
risk of fetal death with added weight gain are also evident for
women of all ages, for all levels of educational attainment, and
for women who smoke during pregnancy as well as those who
do not, regardless of gestational period or maternal size.

Numerous studies have identified groups of women who
are at highest risk of bearing a low-birth-weight infant or of
having their pregnancy end in a fetal death. It is apparent from
this study that these high-risk groups are also generally the
most likely to have a smaller weight gain during their preg-
nancy. It is also evident that higher weight gain during preg-
nancy is associated with a significantly lower incidence of an
adverse outcome for these high-risk groups.



Weight gain during pregnancy

The analysis of differences in maternal weight gain in this
section is limited to live births because of the dissimilarity in
weight gain between live births and fetal deaths. The period of
gestation for fetal deaths is shorter on the average than that for
live births, resulting in a lower average weight gain. However,
because of the far smaller number of fetal deaths than of live
births, final conclusions are not altered because of their omission.

Race of mother

In 1980, about 12 percent of mothers who had a live birth
gained less than 16 pounds during their pregnancy, and an ad-
ditional 11 percent gained 16—-20 pounds. Thus, nearly one-
quarter of all mothers gained 20 pounds or less, Slightly more

f

than one-half of all mothers (52 percent) gained 21-35 pounds,
and the remaining 25 percent gained 36 pounds or more. This
weight gain distribution reflects mainly the experience of white
mothers. Black mothers were nearly twice as likely.as white
mothers to gain less than 16 pounds (20 percent-compared with
11 percent) and were also less likely to gain at least 36 pounds
(21 percent of black mothers compared with 26 percent of white
mothers). One-third of all black mothers- galned no more than
20 pounds (table A).

As would be expected, total weight gain dunng pregnancy
-is highly related to the length of the gestational period. Weight
gain averaged 21 pounds for gestational periods of less than 32
weeks, compared with 31 pounds for gestatlonal periods of 42
weeks or longer (table A).

Table A. Number of live births and percent distribution by weight gain during pregnancy and mean welght gam according to race of mother
and period of gestation: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less ) " Standard
than 16 16-20 271-25 26-35 36pounds . . ... - -eror
Race of mother and period of gestation Live births Total  pounds pounds pounds pounds or.more Mean  of mean
Number in )
thousands Percent distribution Pounds
Allraces' .. ...ttt it 3,581 100.0 12.0 11.4 171 34.7 - 24.8 . 287 0.2
Under32 weeks .. .....cooueniunenennnnas 64 100.0 375 19.4 16.2 165 ] 1{).3 s 209 . 1.1
32-35weeks . ... .. 164 100.0 220 - 153 15.8 32.4 14.6 © 248 04
B6weeks. . ... e 126 100.0 16.6 14.1 19.6 315 18.1 26.5 - 0.8
37-39%9weeks ... 1,238 100.0 12.6 118 18.1. 36.0 21.4 27.9 0.3
A0 WeeKS. ..t i e 869 100.0 9.4 10.5 17.2 37.2 25.7 29.6 0.3
41 WeBKS. . oottt i 528 100.0 8.6 10.5 18.3 34.2 285 '30.1 ¢ 0.3
42 weeksandover...........c.ieiiien.. 591 100.0 11.0 9.9 13.9 32.0 33.2 30.5 0.4
White. .. ..i it i e 2,917 100.0 10.5 11.1 17.3 35.4 25.7 29.1 _'0.2
Under32 weeks . ....coouvvvuneannennnnn 42 100.0 379 19.1 16.9 17.7 *84 . .19.9 1.1
32-35weeks ... i 113 100.0 . 20.0 14.4 15.6 345 15.5 25.4 0.6
36 weekS. ... e 98 100.0 15.6 13.7 19.1 34.0 17.6 27.0 11
37-39weeks . ...l 988 100.0 10.3 11.7 18.5 36.9 22.6 28.4 0.3
AOWEEKS. . iv vt 720 100.0 8.5 10.3 174 375 26.3 29.9 ., 03
41 WeeKS. .ttt e i e 455 100.0 8.0 10.8 175 35.1 28.5 30.0 0.4
42 weeks and over...........iiininnan. 501 100.0 10.6 9.3 14.6 31.9 33.7 30.5 0.3
Black .. .ovii i e e 554 100.0 20.0 12.6 16.0 30.0 21.3 26.8 0.5
Under32weeks ............ccoeiviinn.. 21 100.0 37.3 *19.0 *15.1 *14.2 *14.4 22,9 1.6
32-35weeks ...t e 47 100.0 27.0 14.6 15.9 294 13.1 23.7 0.4
36weekS. ... it 24 100.0 *18.3 *17.0 *23.2 *20.8 *20.6 245 -2.0
37-39weeks ... .. iiiiiiciiii e 208 100.0 23.6 125 16.0 294 18.4 258 0.8
A0 WeEBKS. . .. i it 122 100.0 16.0 11.0 16.4 35.0 21.6 274 0.7
4l weekS. ...t 58 100.0 *11.4 *9.9 *21.7 28.8 28.1 30.5 1.2
42 weeksandover.........oieiieninnn. 74 100.0 *14.1 *13.4 *9.1 32.2 31.2 30.0 1.3 -

Yncludes races other than white and black.



White mothers gained, on the average, 2.3 pounds more
than black mothers (29.1 pounds compared with 26.8 pounds).
This higher weight gain is only partly explained by the one-half
week longer median gestational period of white than of black
babies (40.3 weeks compared with 39.7 weeks in 1980). For
almost all gestational periods there is a consistent pattern of a
greater likelihood of a weight gain of less than 16 pounds for
black women, although differences are not always statistically
significant.

For gestational periods of 37—-39 weeks, the period when
more than one-third of all births occurred, white mothers gained
about 2% pounds more than black mothers. This greater weight
gain reflects the fact that black mothers were more than twice
as likely as white mothers to gain less than 16 pounds (24
percent compared with 10 percent), and the greater likelihood
that white mothers would gain at least 26 pounds (60 percent
compared with 48 percent). Weight gain was also 2% pounds
greater for white than black mothers when gestational age was
40 weeks—again reflecting a much higher proportion of black
mothers gaining less than 16 pounds. For gestational periods of
40 weeks or longer, one out of five white mothers and one out
of four black mothers gained less than 21 pounds.

Prepregnancy weight

A mother’s weight at the start of pregnancy is known to
have a strong bearing on how much a mother gains during
pregnancy and on pregnancy outcome.? A more meaningful
measure of maternal size than prepregnancy weight is the rela-
tionship between her weight and height. Maternal height was

requested only on the mother’s questionnaire, and, hence, a
weight-for-height index could be derived only for married
mothers. When analyzing data for all mothers, prepregnancy
weight is used as a surrogate for this index.

It is clear from the data in table B and figure 1 that women
who weigh at least 150 pounds at the start of pregnancy are far
more likely than smaller women to gain less than 16 pounds;
18 percent of women weighing 150-169 pounds and 29 percent
of women weighing 170 pounds or more gained this little, com-
pared with only 8 to 10 percent of women weighing less than
150 pounds. In addition, a weight gain of 26 pounds or more is
more common among women weighing less than 150 pounds at
the start of pregnancy than among those weighing 170 pounds
or more. Women with the highest prepregnancy weights,
those weighing at least 170 pounds, gained on the average 24.0
pounds, 4 to 6 pounds less than women with lower prepregnancy
weights.

Also of note is that black mothers who start pregnancy
weighing 110149 pounds are more likely than white mothers
of comparable prepregnancy weight to gain less than 16 pounds
and they are also less apt to gain at least 26 pounds. Weight
gain averaged 3 pounds less for black than for white mothers
weighing 110-149 pounds at the start of pregnancy.

If maternal size is gauged by a woman’s weight for her
height rather than by her weight alone, it is again apparent that
there is a pattern of lower weight gain for larger women; 21
percent of married women who had a high prepregnancy weight
for their height gained less than 16 pounds, compared with only
6 percent of the women whose weight for height was low and 8
percent of the women whose weight for height was average.

Table B. Number of live births and percent distribution by weight gain during pregnancy and mean weight gain, according to race and
prepregnancy weight of mother: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less Standard
than 16 16-20 21~25 26—-35 36 pounds error
Race and prepregnancy weight of mother Live births Total pounds  pounds  pounds  pounds or more Mean of mean
Number in
thousands Percent distribution Pounds

Allraces’ ... .. ... . 3,581 100.0 12.0 11.4 17.1 34.7 24.8 28.7 0.2
Lessthan 110 pounds . .................. 478 100.0 8.0 11.6 20.0 38.7 21.6 28.8 0.3
110-129 pounds ... ..o 1,315 100.0 7.8 11.4 17.9 39.5 23.4 29.2 0.2
130-149 pounds .. ...... ... ol 968 100.0 10.0 10.6 16.0 34.3 29.0 30.2 0.2
150-169 pounds . ......... ...t 441 100.0 18.4 11.3 15.3 27.3 27.6 27.9 0.5
170 pounds Ormore. .. .....cooovvennnnn. 379 100.0 28.7 13.1 15.7 22,6 19.8 24.0 0.7
White. ... ... i 2,917 100.0 10.5 11.1 17.3 35.4 25.7 29.1 0.2
Lessthan 110 pounds . .................. 372 100.0 7.7 12.1 19.86 37.7 22.8 29.1 0.4
110-128 pounds .. ..o i i i, 1,094 100.0 6.5 10.8 18.0 40.1 24.4 29.7 0.3
1830-149 pounds . ........coviiiinan., 791 100.0 7.8 10.1 16.9 35.3 29.8 30.7 0.3
150-169 pounds . ......... ...l 370 100.0 16.9 10.7 15.6 29.1 27.6 28.1 0.6
170 pounds or more. .......c.oovenann.. 290 100.0 27.9 13.7 14,7 23.2 20.5 24.0 0.9
Black ... 554 1000 20.0 12.6 16.0 30.0 21.3 26.8 0.5
Lessthan 110 pounds . .................. 73 100.0 8.5 10.1 25.2 37.8 18.4 27.9 1.0
110-129 pounds . ... ..o 178 100.0 16.4 13.8 15.2 36.0 18.6 26.9 0.7
130-149 pounds . ....... .o, 154 100.0 21.1 13.0 12.2 29.2 245 27.4 0.8
150-169 pounds ....................... 63 100.0 24.9 *13.6 *13.4 18.5 29.5 27.8 1.6
170 poundsormore. ........c.cooveuvnn... 85 100.0 31.8 *10.9 18.7 20.7 17.8 24.0 0.9

includes races other than white and black.
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Figure 1. Percent of mothers gaining less than 16 pounds and percent gaining 26 pounds or more during pregnancy by prepregnancy weight:

United States, 1980 National Natality Survey

Women whose weight/height index was higher than average
gained about 4 pounds less than smaller women (table C).

Smoking habit

Information on cigarette smoking during pregnancy was
available only for married mothers. Mc*hers who smoked during
pregnancy were more likely than nonsmoking mothers to gain
less than 16 pounds (14 percent compared with 10 percent).
‘About one in four mothers who smoked during their pregnancy
gained less than 21 pounds compared with one in five non-
smoking mothers. This differential cannot be explained by a
dissimilarity in gestational period, because the median gesta-
tional period for women who smoked was only 0.1 week shorter
than that of nonsmoking mothers.

These data are consistent with previous research that found
that weight gain during pregnancy is lower for women who
smoke than for those who do not.? That study also concluded
that the difference in mean weight gain between smokers and
nonsmokers could not be accounted for by differences in length

of gestation or mother’s prepregnancy weight, age, marital
status, or educational attainment.

Socioeconomic status

Family income was requested only on questionnaires sent
to mothers, and hence data on income reflect only the economic
status of married mothers. The average weight gain of married
mothers with a family income of at least $30,000 was 29.7
pounds, 1.4 pounds higher than when family income was less
than $9,000 (28.3 pounds) (table C).

The proportion of women gaining less than 16 pounds de-
clined by nearly half (from 16 to 9 percent) as family income
increased from less than $9,000 to $30,000. Also evident is a
small increment in the proportion of mothers gaining at least 26
pounds as family income rises, although differences between
adjacent income groups are not always significant (table C).

Family income was available only for married mothers
from the survey, but information on educational attainment of
the mother, a commonly used measure of socioeconomic status,
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Table C. Number of live births to married mothers and percent distribution by weight gain during pregnancy and mean weight gain, according
to selected maternal characteristics: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less Standard
. than 16 716-20 21-25 26-35 36 pounds error
Selected maternal characteristic Live births Total pounds  pounds pounds pounds or more Mean of mean
Number in
thousands Percent distribution Pounds
Allbirths .. ... i . 2,930 100.0 10.6 111 171 35.8 254 29.1 0.2
Weight-for-height index’
LOW ot e 726 100.0 6.3 10.4 191 40.1 24.1 29.8 0.2
AVEIAgE . .o vttt e e 1,478 100.0 7.6 10.4 16.4 38.0 27.5 30.2 0.2
High. oo e 726 100.0 21.0 13.3 16.4 26.9 22.4 26.1 0.4
Smoking habit during pregnancy
SMoKer. . oot e e e 767 100.0 "13.6 11.8 15.8 33.1 25.8 28.6 0.4
Nonsmoker ......coiiiineiiniiininenen 2,162 100.0 9.6 10.9 17.6 36.7 25.3 29.2 0.1
Family income
Under$9,000 ........ .., 440 100.0 15.9 11.0 15.6 31.6 25.9 28.3 0.4
$9,000-$14,999 .. ........ ... ... 625 100.0 11.2 11.9 18.1 33.56 25.1 28.9 0.4
$15,000-%$20,999 ........... .. ..ol 708 100.0 10.0 11.8 17.6 35.4 25.2 29.0 0.3
$21,000-829,999 ...... ... .. ..l 718 100.0 8.4 10.8 17.6 38.0 25.1 29.4 0.4
$30,000andover. .......coviiininiinnn 440 100.0 9.0 9.5 15.3 40.1 26.0 29.7 0.2

TLow is less than 25th percentile for study group, average is 25th to 74th percentile, and high is 75th percentile or higher.

was available for both married and unmarried women from the
live birth certificate.

The more years of schooling a mother has completed, the
higher her weight gain is likely to be (table D). Women who
had completed college gained on the average 5 pounds more
than women with no more than a grade school education (29.7
pounds compared with 24.9 pounds). The proportion of mothers
gaining at least 26 pounds during pregnancy generally increased
with added years of education (figure 2), concomitant with a
decline in the proportion of mothers gaining less than 16 pounds
or 16-20 pounds. A gain of less than 16 pounds was three
times as common among mothers with less than 9 years of
schooling (20 percent) as among mothers who had completed
at least 16 years of schooling (6 percent). Likewise, the propor-
tion of mothers gaining only 16-20 pounds was 75 percent
higher for women with only a grade school education (17 per-
cent) than for women who had completed college (10 percent).
College graduates were far more likely than mothers who had
only a grade school education to gain 26 pounds or more (66
percent compared with 46 percent) (figure 2).

Age of mother

Mothers 35 years of age or older are more likely than
younger women to gain less than 16 pounds during their preg-
nancy; 24 percent of these older women had this low a weight
gain compared with 10-11 percent of mothers aged 20-34
years and 14 percent of teenage mothers. The likelihood of a
more adequate weight gain of at least 26 pounds tends to decline
for women in the oldest years of childbearing. Only 48 percent
of women 35 years or older gained this much compared with
56 percent of teenage mothers and 61 percent of mothers in
their twenties. The average weight gain of women 35 years

or older was 3-5 pounds less than that of younger mothers
(table D).

One explanation for the lower average weight gain of older
women is that they are more likely than younger women are to
start pregnancy weighing at least 150 pounds. As noted pre-
viously, women with this prepregnancy weight are far more
likely than women weighing less to have a low weight gain.

Teenage girls are also more likely than women 2034 years
of age to gain less than 16 pounds. Reports on the nutritive
status of pregnant adolescents indicate that suboptimal food
intake during pregnancy is common in this age group.!?

Live-birth order

Weight gain during pregnancy is likely to decline with each
successive birth (table D). Women having their first child gained
on the average 5.6 pounds more than women having a fourth or
higher order birth (30.5 pounds compared with 24.9 pounds).
A woman having a fourth or higher order birth was 2% times as
likely to gain less than 16 pounds (23 percent of these mothers)
as a woman having a first child (9 percent); conversely, weight
gains of over 25 pounds were about 1% times as frequent for
women having a first birth (65 percent) as for women having a
fourth or higher order birth (46 percent). The lower weight gain
for women having higher order births is probably related to the
fact that these mothers start pregnancy weighing more on the
average than other women. As previously noted, weight gain
declines with increased prepregnancy weight.

Marital status

Proportionately fewer married (11 percent) than unmarried
women (18 percent) gained less than 16 pounds, and a weight



Table D. Number of live births and percent distribution by weight gain during pregnancy and mean weight gain, according to selected maternal
characteristics: United States, 1980 National Natality Survey )

Weight gain during pregnancy

Less Standard
than 16 16-20 271-25 26-35 36 pounds error
Selected maternal characteristic Live births Total pounds  pounds pounds pounds or more Mean . of mean
Number in
thousands Percent distribution Pounds
AILBIFNS Lottt iee e eaeaannanas 3,581 100.0 12.0 1.4 17.1 34.7 24.8 28.7 0.2
Years of school completed
Lo Y S 158 100.0 20.4 17.0 16.4 27.7 18.6 24.9 0.5
=TT YEaIS oo evtiiaranarenenenianenns 659 100.0 17.3 12.4 16.4 31.0 22.9 27.4 0.4
12 YEAIS. . vt v et et e 1,579 100.0 11.8 11.0 16.8 33.7 26.7 29.2 03
13~15 YEAIS v\ vt eer et erieiaeatanans 676 100.0 9.4 1.4 18.1 36.2 24.9 29.2 0.4
16 years OrmMoOre. . ... vvviirinnenennnnens 509 100.0 6.4 9.7 18.0 42.6 23.3 29.7 0.3
Age
. UNder20 years . ..o vvieie e 553 100.0 14.4 1.7 18.0 31.3 24.7 28.5 0.4
20~24 YBAFS 1 et iei et 1,215 100.0 11.5 10.7 16.3 34.3 27.3 29.6 0.3
2528 YRATS .1 vv ittt 1,101 100.0 10.4 11.1 17.4 37.0 24.2 28.7 0.3
B0-34 YEarS . uv et i, 557 100.0 10.6 12.5 18.2 35.9 22.8 28.2 0.3
35yearsand OVer.......ccoviiiieniennnn. 154 100.0 23.6 13.9 15.2 29.5 17.9 24.9 0.7
Live-birth order
First child, . o ovee e iecieii e 1,550 100.0 9.3 9.7 15.7 35.8 29.6 30.5 0.3
Second child ..o .vveeenrerennrinnnnns. 1.149 100.0 1.5 12.1 18.4 35.5 22.5 28.3 0.2
Third Child . . v e ve e eeine e enenns 541 100.0 13.9 13.6 18.0 34.2 20.3 27.0 0.5
Fourth child ormore......covvvneievnnn.. 341 100.0 22.7 13.4 17.9 27.8 18.2 24.9 0.5
Marital status
MaBIEd <.\ vt aeereeeeneeenerananannnns 2,930 100.0 10.6 11.1 17.1 35.8 25.4 29.1 0.2
Unmarmied . .oeee it e 651 100.0 18.0 12.6 17.3 29.8 22.3 271 0.4
gain of at least 26 pounds was more common among married of husband-wife households,!! because low family income is
women (table D). On the average, married mothers gained 2 associated with lower weight gain. Unmarried mothers are also
pounds more than unmarried mothers (29.1 pounds compared more likely to be teenagers, another factor related to lower

with 27.1 pounds). These differences probably reflect in part weight gain,
the far lower family income of female-headed households than
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Figure 2. Percent of mothers gaining less than 16 pounds and percent gaining 26 pounds or more during pregnancy by educational attainment
of mother: United States, 1980 National Natality Survey



Outcome of pregnancy

The birth weight of live-born infants and the risk of fetal
loss, as measured by the fetal death ratio (number of fetal deaths
of 28 weeks of gestation or more per 1,000 live births), are

. both commonly used yardsticks of pregnancy outcome.

The risk of a low-birth-weight outcome (less than 2,500
grams or 5 pounds 8 ounces) for live births has been shown to
be related to 2 number of maternal and infant characteristics,
including early or late childbearing, first and high birth orders,
low educational attainment, out-of-wedlock childbearing, smok-
ing during pregnancy, and black race.!>!? Likewise, a higher
risk of fetal death is known to be associated with low educational
attainment, out-of-wedlock childbearing, and black race.l%!5
As indicated earlier, a low weight gain during pregnancy is also
more prevalent for all of these characteristics except first birth
order. In this section, the relationship between maternal weight
gain and the risk of an unfavorable pregnancy outcome is ex-
plored while controlling for period of gestation and mother’s
race, age, prepregnancy weight, education, and smoking habit.

The percent low birth weight by weight gain for gestational
periods of less than 40 weeks and for women who smoked during
pregnancy did not meet standards of reliability because of the
small number of such births in the sample. Analysis of these
variables, therefore, is in terms of mean birth weight. For other
characteristics, analysis is in terms of the risk of a low-birth-
weight outcome.

Birth weight

It is widely recognized that an infant’s birth weight is a
major determinant of its potential for survival and future devel-
opment. As indicated in table E, there is a dramatic shift in the
birth weight distribution of live births as weight gain during
pregnancy rises. The proportion of low birth weight babies de-
clined from 13.9 percent, when weight gain was less than 16
‘pounds, to 6.1 percent for gains of 21-25 pounds, and to 4.0
percent when mothers gained 36 pounds or more. The propor-
tion of babies weighing 2,500-2,999 grams (5 pounds 9 ounces
to 6 pounds 9 ounces) also dropped steeply with increases in
weight gain, from 24.5 percent for weight gains of less than 16
pounds to 10.2 percent for women gaining at least 36 pounds.
Concomitantly, the likelihood of a baby weighing at least 3,500
grams (7 pounds 12 ounces) more than doubled (from 24.8 to
51.7 percent) as weight gain increased from less than 16 to 36
pounds or more. This major shift in the birth weight distribution
as weight gain increases is reflected in the mean birth weight,
which was 435 grams higher (about 1 pound) for weight gains

of 36 pounds or more than for weight gains of less than 16
pounds (3,515 grams compared with 3,080 grams). Similar
changes in birth weight distributions with increased weight gain
are evident for both white and black babies. However, for a
comparable weight gain, the mean birth weight of black babies
is lower than that of white babies, and black babies are more
likely to weigh less than 2,500 grams and are less likely to
weigh 3,500 grams or more.

i

Period of gestation

Because weight gain and fetal size both increase as preg-
nancy progresses, it is essential to examine the relationship
between weight gain and birth weight while controlling for length
of the gestational period. The data in table F indicate that for
all gestational periods, mean birth weight generally rises with
increases in maternal weight gain.

For gestations of less than 37 weeks, mean birth weight
was 380 grams (13 ounces) higher for weight gains of 36 pounds
or more than for weight gains of less than 16 pounds. The
comparable difference in mean birth weight for gestations of
37-39 weeks was 300 grams (11 ounces). For pregnancies
extending to 40 weeks and beyond, there is still a noticeable
difference in mean birth weight, approximately 290 grams (10
ounces), for the highest compared with the lowest weight gain
categories. This same pattern is evident for white births and for
black births of at least 37 weeks of gestation.

Prepregnancy weight

A woman’s prepregnancy weight and her weight gain during
pregnancy are strongly related to the incidence of low birth
weight, and prepregnancy weight interacts with weight gain to
increase or lessen this risk. A low prepregnancy weight com-
bined with a small weightgain is associated with the hlghest
incidence of low birth weight (table G).

Regardless of a mother’s prepregnancy weight, there is a
consistent pattern of declining risk of a low-birth-weight out-
come as weight gain increases. This is especially noticeable for
women weighing less than 110 pounds at the start of pregnancy,
for whom a weight gain of less than 16 pounds was associated
with an incidence of low birth weight of 28.8 percent, more
than three times the incidence when weight gain was 21-25
pounds (8.7 percent) and five to six times the incidence when
weight gain was 26 pounds or more (4.9-5.4 percent). For
women weighing 110-129 pounds initially, the difference in
incidence of low birth weight with increased weight gain is
nearly as dramatic, dropping from 20.1 percent for a gain of



Table E.
race of mother: United States, 1980 National Natality Survey

Number of live births, percent distribution by birth weight, and mean birth weight, according to weight gain during pregnancy and

Weight gain during pregnancy

Less .
than 16 16-20 21-25 26-35 36 pounds
Race of mother and birth weight Total pounds pounds pounds pounds or more
All races’ Number in thousands
Live Dirths . ... i i i e 3,581 428 408 613 1,242 889
Percent distribution
0= O 100.0 100.0 100.0 100.0 100.0 100.0
" Lessthan 2,600 grams. ... ..ot 6.7 13.9 11.4 6.1 5.0 4.0
2500-2,999 Grams .. ...ttt e i 16.1 245 19.6 18.1 15.2 10.2
3000-3.499 grams .. ....ccocnririen i 37.3 36.8 42.2 38.6 375 341
3500 grams OrmMOre .....cvvviievnentneraenronennens 39.9 24.8 26.8 37.2 42.3 51,7
Mean in grams
Birthweight. . ... ... it i i i e 3,343 3,080 3,175 3,315 3,381 3,516
Standard error. . .o vt i e e 6 20 19 13 10 12
White Number in thousands
Live births . ... o i i i e e e 2,917 306 323 505 1,034 750
Percent distribution
1< | 100.0 100.0 100.0 100.0 100.0 10C.0
Less than 2,500 grams. .. .. ..ooveereirnenoninenoneanns 5.6 12.5 2.8 5.3 . 4.2 3.2
2,500-2,999 grams . . ..ot iii e i 14.4 21.6 17.9 16.7 13.9 9.0
3,000-3,499 grams . ... cvvutiii it it e 36.8 37.0 43.0 38.1 37.0 33.0
3,500 grams OF MOTE . ..t ve e eentnrenetonaneaaraasns 43.2 28.9 29.3 39.8 44.9 54.8
Mean in grams
Birthweight. ... ... ... i it iiiienanann 3,391 3,149 3,226 3,348 3.418 3,554
Standard @Imor. . .. .o vttt i e e 8 25 22 15 11 . 13
Black Number in thousands
Livebirths ... ..ot e i e e 554 111 70 89 166 118
Percent distribution
10+ 1 1 P 100.0 100.0 100.0 100.0 100.0 100.0
Less than 2,800 grams. .. ... cvivn i earnenenronnnns 12.5 18.3 19.1 10.0 101 8.3
2,500=2,8999 grams . ... ..ottt e 24.6 32.4 27.6 26.0 22.1 17.8
3,000-3,499 grams . .. ...t trii i e . 38.0 36.2 35.7 40.4 41.4 38.9
3,500 grams OF MOTE ... ovivr v et ennnroneanns 240 13,1 17.6 23.6 26.3 35.1
Mean in grams
Bithweight. . ... ... it 3,099 2,879 2,950 3.137 3,156 3,284
StaNdard errOr. ... .ottt i e e e e 28 36 36 25 31

1includes races other than white and black.

less than 16 pounds to 7.5 percent for a gain of 21-25 pounds
and to 3.6 percent when weight gain exceeded 35 pounds.

This same pattern of a sharply lower incidence of low birth
weight as weight gain increases, independent of prepregnancy
weight, is evident for both white and black births. However,
because of the small numbers of black women in the sample,
estimates were generally not reliable or differences statistically
significant for many categories.

As shown in figure 3, there is a convergence in the risk of a
low-birth-weight outcome from the lowest to the highest pre-
pregnancy weight as weight gain increases. When weight gain
was less than 16 pounds, the incidence of low birth weight for
babies born to mothers weighing less than 110 pounds was
28.8 percent, four times the incidence for mothers who weighed

10

150 pounds or more initially (7.2 percent). But when weight
gain was at least 26 pounds, there was no significant difference
in the incidence of low birth weight between the lowest and
highest prepregnancy weights. Apparently, the substantial dis-
advantage in birth weight for babies of women with a low pre-
pregnancy weight is reduced considerably as weight gain in-
creases.

Age of mother

It is well documented that teenage girls are more likely
than other age groups to bear a low-birth-weight baby.!2 But
increased weight gain during pregnancy lowers this risk sub-
stantially. As shown in table H, nearly one out of five teenagers
gaining less than 16 pounds (19.2 percent) gave birth to a baby



Table F.
National Natality Survey

Mean birth weight of live births by waeight gain during pregnancy, race of mother, and period of gestatlon Umted States, 1980

Weight gain during pregnancy

Less
than 16 16-20 27-25 26-35 36 pounds
Race of mother and period of gestation Total pounds pounds pounds pounds: - or more
Grams
NI = 1o O 3,343 3,080 3,175 3,315 3,381 3,615 .
Under 37 Weeks ... vviiiteeiiiiieriitiietatieaeaas 2,624 2,387 2,448 2,704 2,782 2,767
373 WeeKS .. it i i e et e 3,281 3.120 3,187 3,251 3,301 3,420
A0 weeks 8N OVer. . oo vveiierunrenenentararasansoensn 3,510 3.340 3,363 3.472 3,621 3,628
I, « ottt ittt ittt ieniarneninssasnanreonioneanns 3,391 3,149 3,226 3,348 3418 .0 3 554 .
Under37 weeks . ...coiiiiieiinnienneenarertannenannns 2,676 2,445 2,494 2,675 2,833 . ‘2 854 B
B7-39WeeKS ... ittt it it e e 3,321 3,178 3,215 3.286 3,330 3,454 -
A0 weeks BN OVer. ..ot ieniereerionransranenssenns 3,541 3,381 3,396 3,494 3,551 3,655
= T S P 3,099 2,879 2,950 3,137 3,156 3,284
Under37 weeks . ...ovvin e iinrrncransensiacnensenss 2,472 2,223 2,293 2,760 2,613 -2,550
B7=8G WEEKS ..ttt vei ittt ettt 3,095 2,991 3.028 3,085 3,129 3,228
A0 weeksand over. ...... .ottt e 3,330 3,176 3,218 3,336 3,319 3,475

includes races other than white and black.

Table G. Percent of live births weighing less than 2,500 grams by weight gain during pregnancy, race of mother, and prepregnancy weight .

of mother: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less ' s *
than 16 16-20 21-25 26-35 36 pounds

Race and prepregnancy weight of mother Total pounds pournds pounds pounds or more

AT TACES" . v s ettt e e ettt et e e et ae e aeeen 6.7 13.9 11.4 6.1 5.0 40
Lessthan 110 pounds ....vvvieivnransiencannresenrnnn 9.5 28.8 20.5 8.7 . 4.9 5.4
110120 POUNAS . .. v v ittt cieieiarrnsnaercnraassas 75 20.1 13.8 7.5 5.5 3.6

130-149 pounds ..o ivviretienenreereonrassennannans 5.7 14.5 7.7 - 4.7 4.8 3.6 -
150 pOUNTS OFMOME. . vveiiiirinencnsrnnnensoarsnnoas 5.0 7.2 6.4 ' 3.4 3.9 4.3
W, . ittt iit it ee i eenaenaaranssasasanconrannan 5.6 12,5 9.8 5.3 4.2 3.2
Less than 110 pouUnds . ... cvvivinninrneanenensoronnnns 8.9 24.9 18.0 8.2 5.2 4.6
110129 pouUndS - .. v ittt ittt e 6.3 19.3 11.4 6.2 4.8 N A

130=149 pounds ... c v ivn v it ianeaeieenennrerennnna 4.4 13.9 6.5 3.8 34 2.7 -
150 pOUNdsS OF MOFB. . o v it et i iareennsnsannnesansnns 4.0 6.0 5.6 3.6 2.8 3.2
=1 1= 12.5 18.3 19.1 10.0 10.1 8.3
Lessthan 110 pounds ..o vevvneeerrerecarecneencannns 13.3 56.6 *30.7 *9.0 *4.9 *6.7
110-120 POUNAS . et vt ierier et cenncananraonsa 15.0 22.8 27.7 16.4 10.1 *6.9
130-140 pouUndS ..ot erieinnr et ten it 13.0 15.9 *12.9 *11.8 14.0 9.9
150 POUNAS OF MM . « o vttt esianneseacnanraacaanss 8.5 11.5 *3.3 *2.2 *8.9 *8.4

"Includes races other than white and black.

weighing less than 2,500 grams, but the incidence of low birth
weight dropped to 7.4 percent when teenagers gained 21-25
pounds, to 6.3 percent for gains of 26—35 pounds, and to a low
of 4.9 percent for weight gains in excess of 35 pounds.

As weight gain increases, the risk of a low-birth-weight
outcome declines for other age groups as well. For women past
the teenage years, the incidence of low birth weight was 11-13
percent for weight gains of less than 16 pounds and fell to 4-5
percent when weight gain exceeded 25 pounds (table H).

Educational attainment

A mother’s educational attainment and her faniily income
are both reliable indicators of her sociceconomic status. Family

income was requested only of married mothers:in the NN'S, but
years of schooling was available for married and unmarried
mothers from live birth certificates.

Previous studies of national and State data have found that
higher levels of educational attainment are associated with a
sharply reduced incidence of low birth weight.'2!6 The propor-
tion of low-birth-weight babies born to mothers in:the NNS
with 16 years or more of schooling (5.0 percent) was about half
that of mothers with less than 12 years of schooling (9.3 per-
cent) (table J). But for women who had completed college, the
incidence of low birth weight averaged 12.2' percent when
weight gain was less than 16 pounds-and 8.5 percent when
weight gain was 16—20 pounds. For women gaining less than

1



16 pounds during pregnancy, the risk of a low-birth-weight

Prepregnancy weight: outcome is not significantly different for those who had not
v e LSS than 110 pounds completed high school than for those who had completed college
®» mm= = 110-129 pounds (15.0 percent compared with 12.2 percent).
e 130-149 pounds For all levels of educational attainment, the incidence of
30 . RN . .
N amensa150 pounds or more low birth weight is significantly lower for weight gains of at
N least 21 pounds compared with gains of less than 16 pounds.

For women who had not completed high school (who were at
highest risk of a low-birth-weight outcome), the incidence of
low birth weight dropped from 15.0 percent for a gain of less
than 16 pounds to 8.5 percent when weight gain was 21-25
pounds and to 5.7 percent for gains of 36 pounds or more.

Because teenage mothers have not had the opportunity to
complete their education, the proportion of low-birth-weight
babies by educational attainment is also shown for women 20
years of age and over. The same pattern of a sharply reduced
risk of low birth weight with added weight gain is also evident
for these women (table J).

Part of the reason for the higher incidence of low birth
weight for women with less than a high school education is that
they are far more likely to gain less than 16 pounds than those
mothers with at least 12 years of schooling (table D).

Percent

Smoking habit

3 I~ About one-quarter of the women giving birth in 1980
smoked during their pregnancy. As noted previously, mothers
who smoked gained less than nonsmoking mothers. The mean
birth weight of babies of mothers who smoked was also lower,
by 204 grams (7 ounces), than the mean birth weight of babies
of mothers who were nonsmokers (3,236 grams compared with

3,440 grams). But for smoking and nonsmoking mothers alike,

mean birth weight rises significantly as weight gain increases

from less than 16 to 21 pounds or higher (table K).

l | ] J The effect of increased weight gain for smoking and non-
Less 16-20 21~25 26—35 36 smoking mothers was examined according to gestational period
than pounds pounds pounds pounds because this is so strongly related to birth weight and because a

0 olg ds m‘c’)'re mother who smokes is more likely to have a preterm birth (less

than 37 weeks’ gestation). For gestational periods of 37-39

Weight gain weeks and 40 weeks or longer, the babies of mothers who smoked

weighed less than those of nonsmoking mothers by approxi-

NOTE: Low birth weight is defined as birth weight of less than 2,500 mately 200 grams (7 OUIICCS). For all gestaﬁonal periods, mean
grams or 5 pounds 8 ounces. . . . . . R

birth weight increases with added weight gain, regardless of

Figure 3. Percent of live-born infants of low birth weight by smPklng habit. ,For mOtl,lers who smoked, the_lncrease n b{rth

maternal weight gain during pregnancy, according to mother's weight is especially noticeable for preterm births; mean birth

prepregnancy weight: United States, 1980 National Natality Survey weight rose 671 grams (1 pound 8 ounces), from 2,212 grams

1

/
4

Table H. Percent of live births weighing less than 2,500 grams by weight gain during pregnancy and age of mother: United States, 1980
National Natality Survey

Weight gain during pregnancy

Less
than 16 16-20 271-25 26-35 36 pounds
Age of mother Total pounds pounds pounds pounds or more
Al gES .o e e e 6.7 13.9 11.4 6.1 5.0 4.0
UNder 20 years . ..o vttt e e e 9.1 19.2 15.2 7.4 6.3 4.9
2024 YEBIS . .t 6.8 134 11.6 7.4 4.9 3.9
25—29 YRAIS . . o e 5.8 11.2 9.4 5.2 4.8 3.8
B0years and OVer. .. ...t e e e 6.2 13.2 10.9 4.6 4.3 3.6
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Table J.
United States, 1980 National Natality Survey

Percent of live births weighing less than 2,500 grams by weight gain during pregnancy, age, and educational attainment of mother:

Weight gain during pregnancy

Less
than 16 16-20 21-25 26-35 36 pounds
Age of mother and years of school completed Total pounds pounds pounds pounds or more
1Y 11T 1= 2 6.7 13.9 11.4 6.1 5.0 4.0
[0 T =7 T P 9.3 15.0 12.8 8.5 7.4 5.7
T2 YBAMS. vttt ir it it et ansinnnsetan et issransenaans 6.7 13.7 12.9 6.0 5.0 3.7
B R TR T 4.9 12.8 7.6 5.3 3.4 25
1B Years OFMOrE. . ..ttt ittt i eiitie et essnnennsnas 5.0 12.2 85 4.0 3.7 4.6
20 years Of Q@ OF OVEr. .ttt iirin i iniiea e reaninnanas 6.3 12.6 10.6 5.9 4.7 3.8
[0 I YT 8.8 12.4 12.0 8.1 7.5 5.7
7 =T N 6.6 12.8 12.2 6.1 5.1 3.6
R T oY1 4.9 12.7 7.5 5.5 3.4 2.5
1B YEAIS OF MOME. . v ot ittt ie it iet e ranntanenneans 5.0 12.2 8.6 4.0 3.7 4.6

Table K. Mean birth weight of live births to married mothers by weight gain during pregnancy, period of gestation, and smoking habit of

mother: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less
than 16 16—20 21-25 26-35 36 pounds
Period of gestation and smoking habit of mother Total pounds pounds pounds pounds or more
Grams

All gestational periods .. ....coviiiii v iaiiienanien. 3,387 3,138 3.221 3,354 3,418 3,541
ES 11 =3 P 3,236 3,037 3,106 3,173 3,266 3,402
NONSMOKES .« oottt e i iniisinsaess s enerarnnnen 3,440 3,189 3,266 3,411 3,467 3,592
Under37 weeks ....oveririniiiiniieiiiiinnrnarnenss 2,664 2,407 2,458 2,695 2,825 2,828
LT} - 2,553 2,212 2,343 2,321 2,781 2,883
NONSMOKEr ...t e i i i isaereennans P 2,715 2,505 2,504 2,826 2,846 2,798
B7—3F WEEKS + vttt viiit ettt ia e 3,314 3,160 3,212 3,289 3,324 3,444
L33 Lo - P 3,153 3,046 3,059 3,163 3,157 3,269
NONSMOKEr & .t ittt ittt iniesneeninrsaesneanenss 3,370 3,216 3,277 3,331 3,375 3,501
40 weeks and OVer. . ...ovvieriuneen i cnrsresaanannss 3,541 3,370 3,383 3,499 3,559 3.649
F ] e 2= 3414 3,308 3,320 3,329 - 3,428 3,618
NONSMOKET .« v vttt ittt ittt iaeraenannennns 3,685 3,401 3,420 3,551 3,600 3.697

to 2,883 grams, as weight gain increased from less than 16 to
36 pounds or more.

" Because maternal size is also strongly related to birth
weight, the effect of increased weight gain for married mothers
who smoked and for those who did not smoke was examined
according to their prepregnancy weight for height (table L and
figure 4). Regardless of maternal size or smoking habit, in-
creased weight gain is associated with higher birth weight.

The increase in birth weight with added weight gain is
especially evident for smoking women whose weight for their
height was low or average at the start of pregnancy. The average
birth weight of babies born to women with a low weight-for-
height index who smoked was 683 grams (1 pound 8 ounces)
higher for weight gains of 36 pounds or more than for weight
gains of less than 16 pounds (3,314 grams compared with 2,631
grams). For women of average size who smoked, the difference
in mean birth weight for weight gains of less than 16 pounds
compared with weight gains of 36 pounds or more was 480
grams (1 pound 1 ounce).

‘While the difference in mean birth weight with increased

weight gain was not as pronounced for the largest women who
smoked, mean birth weight was still significantly higher, by
261 grams (9 ounces), for a weight gain of 36 pounds or more
compared to weight gains of less than 16 pounds. This same
pattern is also apparent for nonsmoking mothers.

In a previous analysis of birth outcome for white mothers
in the 1980 National Natality Survey,!” it was determined that
of all factors considered, only period of gestation had a stronger
effect than weight gain on the risk of low birth weight. When
differences in mother’s age and education, and live birth order,
sex, and period of gestation of the child were accounted for,
women gaining less than 21 pounds were found to be 2.3 times
as likely to bear a low-birth-weight infant as women with a
higher weight gain. A further analysis limited to married
mothers, which included smoking habit as well, did not change
this conclusion. It has been postulated that the lower level
of birth weight associated with maternal smoking during preg-
nancy is partly due to the decreased weight gain of mothers
who smoke.” The data presented in this study support this
theory.
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Table L. Mean birth weight of live births to married mothers by weight gain during pregnancy, weight-for-height index, and smoking habit

of mother: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less
than 16 16-20 21-285 26—-35 36 pounds
Weight-for-height index' and smoking habit of mother Total pounds pounds pounds pounds or more
Grams
A MOTREIS « .ottt et 3,387 3,138 3,221 3,354 3,418 3,541
SIMOKEE o v v v et ettt et e 3,236 3,037 3,106 3,173 3,266 3,402
NORSMOKEE « ot vt i et e i 3,440 3,189 3,266 3.411 3,467 3,692
(1o Z S O 3,263 2,825 3,035 3,217 3,312 3,431
SMOKEE oottt e s 3,122 2,631 2,811 3,069 3,174 3,314
NONSMOKET v vt it ettt et nens 3,323 2,927 3,100 3,276 3,374 3,483
AVEIBEE . o\ vt v e et 3,399 3,035 3,181 3,365 3,432 3,555
OINIOKET © v vttt e e e 3,228 2,918 3,065 3,135 3,292 3,398
NONSMOKET « v e e e ettt 3.453 3,087 3,231 3,428 3,471 3,606
High. o e 3.487 3,307 3,432 3,490 3,637. 3,626
SIIOKET & v ettt e e 3,379 3,258 3,365 3,379 3,384 3,619
NONSMOKEE - o v vt e ittt e ie e it n s eans 3,526

3,330 3,458 3,626 3,581 3,665

1Low is less than 25th percentile for study group, average is 25th—74th percentile, and high is 76th percentile or higher.

Risk of fetal death

The weight gain of mothers whose pregnancy ended in a
fetal death with a physician’s estimate of gestation of 28 weeks
or more or delivery weight of at least 1,000 grams when the
physician’s estimate was not reported (late fetal death) is avail-
able from the National Fetal Mortality Survey. By combining
this information with the weight gain data for live births from
the National Natality Survey it is possible to determine the risk
of a fetal death outcome for specific weight gains. In this study,
. the risk of fetal death is measured by the fetal death ratio—the
number of late fetal deaths per 1,000 live births.

Period of gestation

As noted earlier, a woman’s weight gain during pregnancy
is strongly influenced by the length of the gestational period.
More than one-fourth of all late fetal deaths occurred at less
than 37 weeks of gestation. Therefore, in this discussion the
relationship between weight gain during pregnancy and the risk
of a fetal death outcome is examined by gestational period.

As weight gain increases from less than 16 pounds to 26—
35 pounds, there is a general pattern of declining risk of fetal
death for all gestational periods of 32 weeks or longer (table M
and figure 5). For example, for the gestational period 37-39
weeks, the fetal death ratio declined from 5.0 per 1,000 live
births for weight gains of less than 16 pounds to 2.8 for weight
gains of 2635 pounds, a drop of 44 percent; for similar weight
gains, the drop was 59 percent when period of gestation was 40
weeks. However, weight gains of 36 pounds or more are gen-
erally associated with a slight rise in the risk of fetal death
compared with weight gains of 26335 pounds.

Prepregnancy weight

The risk of a fetal death outcome generally escalates with
increases in the mother’s prepregnancy weight (table N), in
‘contrast to the decline in incidence in low birth weight with
greater prepregnancy weight. The fetal death ratio was nearly
twice as high for a woman weighing 170 pounds or more at the
start of pregnancy as for a woman weighing less than 110
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pounds initially (8.2 compared with 4.3). But regardless of the
mother’s prepregnancy weight, the fetal death ratio declines
sharply with increased maternal weight gain, up to 26-35
pounds. This is especially evident for women with the Jowest
prepregnancy weights; among women weighing less than 110
pounds at the start of pregnancy, the fetal death ratio dropped
from 11.6 for weight gains of less than 16 pounds to 2.8 for
weight gains of 26—35 pounds. The comparable decline in the
fetal death ratio was nearly as steep for women with a prepreg-
nancy weight of 110-129 pounds, dropping from 11.2 to 3.3.

Because black women start pregnancy weighing more on
the average than white women, fetal death ratios are shown by
race. For both white and black mothers, the elevated risk of a
fetal death outcome for women with a high prepregnancy weight
is evident. For both racial groups, there is a consistent pattern
of reduced risk as weight gain increases, although differences
for several prepregnancy weight categories for black women .
are not significant and estimates are not reliable because of the
small number of such sample cases.

Age of mother

For women of all ages, there is a pronounced and con-
sistent decline in the fetal death ratio as weight gain increases
from less than 16 pounds to 26-35 pounds. The decline was
slightly more than 50 percent for teenagers (from 8.1t03.9)
and between 64 and 67 percent for other ages (table O).

Regardless of age, when weight gain is more than 35
pounds, there is a slight, but not statistically significant, rise in
the fetal death ratio relative to the ratio for gains of 26-35
pounds. However, the fetal death ratios for this highest weight
gain category were still at least 40 percent lower than the ratios
for weight gains of less than 16 pounds.

Educational attainment

The risk of a fetal death outcome is 30 percent lower for
women who had completed at least 13 years of schooling (4.3)
than for women with less than a high school education (6.1)
(table P). However, when weight gain is less than 21 pounds,
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Figure 4. Moean birth weight of live births to married mothers by weight gain during pregnancy, weight-for-height index, and smoking habit:
United States, 1980 National Natality Survey
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Table M.
Mortality Surveys

[Ratios are late fetal deaths per 1,000 live births]

Fetal death ratios by weight gain during pregnancy and period of gestation: United States, 1980 National Natality and Fetal

Weight gain during pregnancy

Less
than 16 16~20 21-25 26—-35 36 pounds

Period of gestation Total pounds pounds pounds pounds or more
All gestational periods .. ............ ..., 5.2 10.5 6.7 4.8 3.8 4.1
Under32weeks ..ottt 46.8 52.8 48.1 40.9 47.1 *31.7
32-35wWeeks ... ... e e 22.4 30.7 25.3 25.3 15.6 18.8
BB WeEEKS. . o e e e e 12.7 18.3 15.4 10.8 9.7 12.5
B7-30wWeeKkS ... ... e 3.3 5.0 3.5 3.4 2.8 3.1
BOWeEKS. ... e e e 3.8 6.9 4.4 3.0 2.8 4.2
A1 WeeKS. ..o e e 1.7 2.3 2.0 1.7 1.4 2.0
42 weeks and OVer. . ... ottt 3.2 4.4 3.3 3.0 3.1 3.1

fetal death ratios are not signficantly lower for better educated
women.

For all levels of educational attainment, added weight gain
is associated with a sharp decline in the risk of fetal death. For
women who had not completed high school, the fetal death
ratio for women gaining 36 pounds or more (5.1) was about
half that of women gaining less than 16 pounds (9.6); for women
who had completed at least one year of college, the fetal death
ratio was two-thirds lower for women gaining 36 pounds (3.5)
than for women gaining less than 16 pounds (10.9).

The pattern of lower risk of fetal death with added weight
gain is evident for preterm as well as full-term deliveries
(table P).

Smoking habit

The risk of a fetal death outcome is higher for women who
smoked during pregnancy than for nonsmokers. But for both
groups, as weight gain increases (up to 26—35 pounds), the risk
declines (table Q). The fetal death ratio for nonsmokers was
three times as high when weight gain was less than 16 pounds
(10.8) as when weight gain was 26-35 pounds (3.4). For
women who smoked during pregnancy, the fetal death ratio
was 2% times as high for gains of less than 16 pounds (10.0) as
for gains of 26-35 pounds (4.1).

Because women who smoke are more likely than non-
smokers to deliver prematurely (before 37 weeks of gestation),
fetal death ratios according to smoking habit and weight gain
are shown by gestational period (less than 37 weeks, 37-39
weeks, and 40 weeks or longer). For all gestational periods,
there is a general pattern of lowered risk of fetal death for both
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smokers and nonsmokers as weight gain increases to 2635
pounds. For women who smoked delivering prematurely, the
risk was reduced by 62 percent for weight gains of 26-35
pounds compared with weight gains of less than 16 pounds
(14.3 compared with 37.3); for gestational periods of 37-39
weeks, the reduction in fetal death risk for a comparable in-
crease in weight gain was 25 percent; and for gestational periods
of 40 weeks or longer, the reduction was 43 percent.

As noted earlier, matérnal size is strongly related to weight
gain. Women in the sample who smoked during pregnancy were
more likely to have a low weight-for-height index than non-
smoking mothers. Therefore, fetal death ratios are also shown
for mothers who have a low, average, or high prepregnancy
weight for their height (table R). For all three groups, there is a
general pattern of higher risk of a fetal death outcome for
smokers than for nonsmokers, and a substantial reduction in
this risk as weight gain increases, up to 26—35 pounds. Among
smokers, the sharpest decline in risk with added weight gain
was found for women who had a low weight for their height.
For these women, the fetal death ratio was 3% times as high for
gains of less than 16 pounds (9.8) than for gains of 26-35
pounds (2.8).

A previous study of white mothers in the NFMS and
NNS!7 found that after controlling for differences in the mother’s
prepregnancy weight and age, in the trimester prenatal care
began, in the period of gestation, and in total-birth order, white
women who gained less than 21 pounds were 1% times as likely
to have a fetal death outcome as white women who gained
more, When the analysis was limited to white married women,
this 50-percent higher risk did not change when differences in
smoking habit were also taken into account.
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Table N. Fetal death ratios by weight gain during pregnancy, prepregnancy weight, and race of mother: United States, 1980 National Natality
and Fetal Mortality Surveys

[Ratios are late fetal deaths per 1,000 live births]

Weight gain during pregnancy

Less
than 16 16-20 2725 26-35 36 pounds
Race and prepregnancy weight of mother Total pounds pounds pounds pounds or more
Allraces! .. 5.2 10.5 6.7 4.8 3.8 4.1
Lessthan 110 pounds . ... ...ttt 4.3 11.6 6.5 3.8 2.8 3.6
T10-129 pouUnds . . ..ot e 4.5 11.2 6.4 4.6 3.3 3.4
130-149 pounds . ...ttt e e 5.1 10.2 7.2 5.2 3.9 4.1
T50—169 PoUNAS . .ot i ittt e 5.5 7.4 6.0 5.2 5.6 4.2
170 pounds Ormore. . ... ot e e 8.2 12.2 7.2 6.0 6.1 7.0
W . e e e e e e e 4.8 10.1 6.4 4.5 3.6 3.8
Lessthan 110 pounds . ...ttt i, 4.2 9.6 6.3 3.6 3.2 3.4
T10=129 pounds . ..ot e i e e 4.3 11.0 6.4 4.4 3.3 3.3
130-149 POUNdS . . oot e e 4.9 11.4 7.3 4.7 3.7 3.8
160169 pounds . ... ... . i e 4.8 6.4 5.7 4.3 4.6 3.9
170 pounds OF MOTE. ..o oottt i e ee e 7.4 11.3 5.5 6.4 5.2 6.6
Black ..o e e 7.2 11.8 8.3 6.8 4.9 5.8
Lessthan 110 pounds ..., iine i, 5.5 *24.8 *8.4 *4.4 *1.7 *4.4
110-129 pounds ... ... o e 5.9 10.9 7.3 6.7 3.3 5.1
130-149 PouUnds ..ottt i e 6.6 8.3 *6.9 8.9 4.8 6.1
180-169 pounds .. ..o i 9.5 10.2 *7.8 *11.4 *14.9 5.7
170 POUNGS OF MOTE. .\ttt iiee e it 10.7 15.0 *14.7 *4.8 *9.5 8.1

Includes races other than white and black.

Table O. Fetal death ratios by weight gain during pregnancy and age of mother: United States, 1980 National Natality and Fetal
Mortality Surveys

[Ratios are late fetal deaths per 1,000 live births)

Weight gain during pregnancy

Less : '
than 16 16-20 21-25 26-35 36 pounds
Age of mother Total pounds pounds pounds pounds or more

7 VLT T 5.2 10.5 6.7 4.8 3.8 4.1
Under20 years ... ...ve v e e 5.1 8.1 7.4 4.0 3.9 4.7
2024 YBAIS ... e e, 4.8 10.4 5.7 4.8 35 3.7
2B =20 YBAIS .ttt e s 4.6 9.4 6.1 4.7 3.4 3.7
B0years and OVer. . ..ot e 6.8 13.8 8.2 5.9 5.0 ] 5.1




Table P. Fetal death ratios by weight gain during pregnancy, period of gestation, and educational attainment of mother: United States, 1980
National Natality and Fetal Mortality Surveys

[Ratios are late fetal deaths per 1,000 live births}

Weight gain during pregnancy

Less
than 16 16-20 21-25 26-35 36 pounds
Period of gestation and years of school completed by mother Total pounds pounds pounds pounds or more
All gestational periods . .......c.viiiiiiiieiinninrinn, 5.2 10.5 6.7 4.8 3.8 4.1
L0 I - 1 - A 6.1 9.6 7.0 5.7 4.5 5.1
DT T £ 54 10.9 6.9 5.3 4.0 4.0
13 years and OVer. .. .vte it inr e iintiarererannnenss 4.3 10.9 6.1 3.8 3.2 35
Under37 weeks .. .o.oiii ottt iiirinieaanans 23.3 34.0 27.2 22.0 16.5 17.7
(0T I B - G 21.5 26.3 28.9 18.0 15.7 20.0
QAT A 239 36.0 26.7 25.1 16.9 16.6
13 years and OVer . ... oiiin et ie i iianiareenen 24.5 46.4 26.5 22.1 16.8 17.6
37 weeks and OVer. . ..ottt i i e e 3.2 5.0 3.4 2.9 2.6 3.2
[0 I = £ 3.8 5.0 3.8 3.7 3.0 4.0
A T - T 33 5.2 3.4 3.2 2.8 3.2
13 years and OVer. ..t vttt ittt it iie e iinnennan 2.7 4.6 3.2 22 2.3 2.8

Table Q. Fetal death ratios by weight gain during pregnancy, period of gestation, and smoking habit of married mothers: United States, 1980
National Natality and Fetal Mortality Surveys

{Ratios are late fetal deaths per 1,000 live births)

Weight gain during pregnancy

Less
than 16 16-20 21-25 26-35 36 pounds

Period of gestation and smoking habit of mother Total pounds pounds pounds pounds or more
All gestational periods ... ..vviiniienienineernnnennns 4.9 10.5 6.7 4.7 3.6 3.9
£ 04T, 3 T N P 5.6 10.0 7.2 5.2 4.1 4.7
NOnRSMOKer ..ottt it i i it i e 4.7 10.8 6.4 45 34 3.6
Under 37 weeks .. ..ooiiiiin ittt ittt e i 24.7 38.3 31.6 24.2 16.0 18.5

SMOKEI &ttt it i i e e ettt e e e, 24.8 37.3 33.0 26.9 14.3 21.4
NONSMOKET ..ottt ittt e it i i enanerenns 24.6 38.9 31.0 23.3 16.8 17.0
3730 WeEKS .ottt e ittt e e, 3.2 5.4 35 3.4 2.7 2.7
B 11T A 3.3 4.4 3.3 3.1 3.3 2.7
NONSMOKEr & o vttt it et it ee i iaenenrennns 3.2 5.9 3.5 3.5 2.6 2.7
40 weeks and OVer. .. .cviun i ii ittt 3.0 4.8 3.5 2.5 2.5 3.2
£ 12T A 3.5 4.7 4.3 3.0 2.7 3.8
NONSMOKEr ..ttt it ettt it it ie s ene e 29 4.9 3.2 2.3 2.4 3.0

Table R. Fetal death ratios by weight gain during pregnancy, weight-for-height index, and smoking habit of married mothers: United States,
1980 National Natality and Fetal Mortality Surveys

[Ratios are late fetal deaths per 1,000 live births]

Weight gain during pregnancy

Less
than 16 16-20 21-25 26-35 36 pounds
Weight-for-height index' and smoking habit Total pounds pounds pounds pounds or more
AlLBIrths ..o et e e 4.9 10.5 6.7 4.7 3.6 3.9
E5 T 1T = O 5.6 10.0 7.2 5.2 4.1 4.7
NONSMOKET .« .ttt ittt e ettt it teereennenns 4.7 10.8 6.4 45 34 3.6
Low weightforheight. . ......... ... i, 4.1 1.3 6.8 3.8 2.8 3.5
B 1T T 4.5 8.8 9.8 4.2 2.8 *4.4
Nonsmoker . ..ottt i i, 3.9 12,0 5.9 3.6 2.8 3.2
Average weightforheight .............. ... ... .. ... 4.5 9.6 6.8 4.8 3.5 3.5
S0 =T 5.5 9.2 6.9 6.0 4.5 4.4
NOMSMOKEr o\ttt e it it ittt e 4.2 9.8 6.8 4.5 3.2 3.2
High weightforheight............ ... ... ..o i, 6.6 11.0 6.3 5.5 5.1 5.2
SMOKEE &+t i e i e e e e e 7.0 10.6 6.1 5.2 5.5 5.9
NONSMOKEr . ... i i e e et i 6.4 111 6.4 5.6 4.9 5.0

TLow is less than 25th percentile in study group, average is 25th~74th percentile, and high is 75th percentile or higher.



References

IN. 1. Eastman: Williams Obstetrics, 10th ed., p. 314. New York.
Appleton-Century-Crofts, 1950.

2N. J. Eastman: Williams Obstetrics, 12th ed., p. 341. New York.
Appleton-Century-Crofts, 1961.

3J. E. Singer, M. Westphal, and K. Niswander: Relationship of weight
gain during pregnancy to birth weight and infant growth and develop-
ment in the first year of life. Obstet. Gynecol. 31(3), Mar. 1968.

4K. R. Niswander: Should pregnant patients gain more weight? Postgrad.
Med. 48(6), Dec. 1970.

5G. D. Anderson: Nutrition in pregnancy—1978. South. Med. J.
72(10), Oct. 1979.

6Committee on Maternal Nutrition/Food and Nutrition Board, National
Research Council. Maternal Nutrition and the Course of Pregnancy.
Washington, National Academy of Sciences, 1970,

TAmerican Academy of Pediatrics and The American College of
Obstetricians and Gynecologists: Guidelines for Perinatal Care. 1983.

88. Winikoff and C. H. Debrovner: Anthropometric determinants of
birth weight. Obstet. Gynecol. 58(6), Dec. 1981.

9D. Rush: An examination of the relationship between birth weight,
cigarette smoking during pregnancy and maternal weight gain. J. Obstet.
Gynaecol. Brit. Commonw. 81:746-752, Oct. 1974.

10E. S. Weigley: The pregnant adolescent. J. Am. Diet. A. 66(6):
588-592, June 1975.

UBureau of the Census: Money, income, and poverty status of families
and persons in the United States: 1980. Current Population Reports.
Series P—60, No. 127, Washington. U.S. Government Printing Office,
Aug. 1981.

20

12N ational Center for Health Statistics, S. M. Taffel: Factors associ-
ated with low birth weight, United States, 1976. Vital and Health
Statistics. Series 21, No. 37. DHEW Pub. No. (PHS) 80-1915.
Public Health Service. Washington. U.S. Government Printing Office,
Apr. 1980.

Bpopulation Information Program, Johns Hopkins University: To-
bacco—Hazards to health and human reproduction. Population Re-
ports. Series L (1). Baltimore, Md. Mar, 1979.

14National Center for Health Statistics: Unpublished tabulations.

15National Center for Health Statistics: Vital Statistics of the United
States, 1980, Vol. 11, Mortality. Part A. DHHS Pub. No. (PHS) 85-
1101, Public Health Service. Hyattsville, Md. 1985.

161nstitute of Medicine, National Academy of Sciences: Preventing
Low Birthweight. Washington. National Academy Press, 1985.

173, M. Taffel and K. G. Keppel: Implications of Mother's Weight
Gain on the Outcome of Pregnancy. Paper presented at the Annual
Meeting of the American Statistical Association. Philadelphia. Aug.
13-16, 1984,

18N ational Center for Health Statistics, K. G. Keppel, R. L. Heuser,
P. J. Placek, et al.: Methods and response characteristics: 1980 Na-
tional Natality and Fetal Mortality Surveys. Vital and Health Sta-
tistics. Series 2, No. 100. DHHS Pub. No. (PHS) 86-1374. Public
Health Service, DHHS, Hyattsville, Md. In preparation.

19M. H. Hansen, W. N, Hurwitz, and W. G. Madow: Sample Survey
Methods and Theory, Vol. 1. New York. John Wiley and Sons, 1953.

20w G. Cochran: Sampling Techniques. New York. John Wiley and
Sons, 1953.



Appendix
Technical notes

Sources of data

The data presented in this report are based on the 1980
National Natality Survey (NNS) and the 1980 National Fetal
Mortality Survey (NFMS) conducted by the National Center
for Health Statistics. A detailed description of the methods and
procedures employed in these surveys can be found in “Methods
and response characteristics: 1980 National Natality and Fetal
Mortality Surveys.”’!# These notes briefly describe survey pro-
cedures relevant to this report.

The NNS is based on a probability sample of registered
live births in the United States for the year 1980. Approxi-
mately 1 in 95 infants weighing less than 2,500 grams and 1 in
400 infants of higher birth weights were selected for the sample.
The oversampling of low-birth-weight infants was to aid in the
analysis of this high-risk group. Overall, the NNS sample con-
sists of 9,941 live births, or approximately 1 in every 363 live
births. The NFMS is based on a probability sample of registered
fetal deaths occurring in 1980 with a physician’s estimate of
gestation of 28 weeks or more or, when this information on
gestation was lacking, with delivery weight of 1,000 grams or
more. The sample consists of 6,386 fetal deaths, representing
approximately 1 in 3 late fetal deaths in 1980.

Information beyond that available from the certificates of
live birth and reports of fetal death was sought from sources
named on these vital records. Questionnaires were mailed to
married mothers requesting information on their prenatal health
practices, prenatal care, previous pregnancies, and on social
and demographic characteristics. To ensure their privacy,
mothers who were not married were not contacted.

Regardiess of the mother’s marital status, questionnaires
were mailed to the hospital and to the attendant at delivery
named on the vital record. A questionnaire was sent to the
hospital for all deliveries that occurred in a hospital or en route
to a hospital. A questionnaire was also mailed to the attendant
at delivery (physician, nurse-midwife, etc.) for those deliveries
where the attendant’s address was not the same as the address
of the hospital. If the hospital or the attendant had little or no
information concerning prenatal care, the name and address of
another facility or individual that could provide this information
were requested and questionnaires were sent accordingly.

Because the provider of prenatal care is considered the
most reliable source of information on weight gain during preg-
nancy, this report is based only on mothers for whom informa-

NOTE: A list of references follows the text.

tion on prenatal care was available (9,811 for the NNS sample
and 6,150 for the NFMS sample). Information on the mother’s
smoking habit, income, and height is available only from the
mother’s questionnaire, so some of the analyses are limited to
married mothers who received prenatal care (7,774 for the
NNS and 4,699 for the NFMS). Hospitals and/or attendants
at delivery supplied information on the mother’s prepregnancy
weight and her weight at delivery, which were used to derive
the weight gain during pregnancy. Married women were also
asked to provide their weight before pregnancy and before de-
livery. If the medical sources failed to provide the mother’s
weights, values were derived from the mother’s data, when
available, Otherwise, the data were imputed on the basis of the
mother’s age and race and the period of gestation.

The NNS and NFMS data have been weighted to provide
estimates for the appropriate populations of live births and fetal
deaths in the United States in 1980. The estimates in this report
represent all mothers for whom prenatal care information
was available (3,580,596 for the NNS and 18,508 for the
NFEMS) or married mothers for whom information was avail-
able (2,929,713 for the NNS and 14,439 for the NFMS).
About 1 percent of the live births and 4 percent of the late fetal
deaths were excluded from this study because information on
prenatal care was lacking.

Definition of terms

Low birth weight—Low birth weight is defined as less
than 2,500 grams or 5 pounds § ounces.

Fetal death ratio—The fetal death ratio is defined as the
number of fetal deaths with a physician’s estimate of gestation
of 28 weeks or more or delivery weight of 1,000 grams or more
when physician’s estimate is not reported (late fetal deaths) per
1,000 live births. These ratios differ from those published an-
nually in Vital Statistics of the United States, Volume II,
Mortality, which are fetal deaths of 20 weeks or more gestation
per 1,000 live births.

Weight-for-height index—This is a measure of maternal
size computed from the formula '

w

H?

where W = mother’s prepregnant weight in pounds
H = mother’s height in inches
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Low represents the first quartile of the study population; aver-
age, the second and third quartiles; and high, the fourth quartile.
" Race—In all tables, race refers to the race of the mother.
The category “white” comprises mothers whose race was re-
ported as white, Mexican, Puerto Rican, Cuban, or other
Hispanic origin.

Sampling error

Because NNS and NFMS estimates are based on a sample,
they may differ from the figures that would have been obtained
had all live births and fetal deaths been surveyed. The use of
probability sampling techniques makes it possible to approxi-
mate sampling errors for these estimates.

The standard error is a measure of the variability that occurs
by chance because a sample rather than the entire population is
surveyed. While the standard errors calculated for this report
reflect some of the random variation inherent in the measure-
ment process, they do not measure any systematic error, or
bias, that may be present in the data.

The chances are about 68 out of 100 that an estimate from
the sample differs by less than one standard error from the
figure that would be obtained from a complete census of all
births or fetal deaths; the chances are about 95 out of 100 that
the estimate differs by less than two standard errors. The relative
standard error of an estimate is obtained by dividing the stand-
ard error of an estimate by the estimate itself, and can be ex-
pressed as a percent. In this report an estimate is considered
unreliable if it is based on less than 30 sample cases, or if its
relative standard error is 25 percent or greater. For purposes of
this report, standard errors were estimated using a balanced
repeated replication technique. This technique produces highly
reliable, unbiased estimates of sampling errors. Its application
to the NNS and NFMS is described elsewhere.!8

Standard errors for estimated mean weight gains and mean
birth weights are included in tables A—E. The standard errors

NOTE: A list of references follows the text.

for mean birth weights in table F are shown in table I, and for
mean birth weights in tables K and L, in table II. Sampling
errors for other aggregates, percents, and fetal death ratios in
this report can be calculated according to the procedures de-
scribed in the sections that follow. Weighted numbers of women
needed to compute standard errors for the percent low birth
weight in tables G—J and for the fetal death ratios in tables M—P
are shown in table III, and for fetal death.ratios in tables Q and
R, in table IV,

Aggregates

To approximate the relative standard error (RSE_ ) and the
standard error (SE,) of an estimated number of live births or
fetal deaths, the appropriate values of 4 and B from table V are
to be used in the following equations:

B
RSE, =4/ A+%
and

SE, =x - RSE,

. where x = the estimated number of live births or fetal deaths.

This formula should not be used to compute sampling errors for
estimates of less than 10,890 live births or 90 fetal deaths, ap-
proximately 30 sample cases.

Percents

To approximate the relative standard error (RSE,) and the
standard error (SE,) of a percent p, the appropriate values of B
from table V are to be used in the following equations:

__ /B100—p
RSE,=\/ 5 —5

SE,=p-RSE,

Table |. Standard errors for estimated mean birth weigkt of live births by weight gain during pregnancy, period of gestation, and race of

mother: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less than 16-20 21-25 26-35 36 pounds
Race of mother and period of gestation Total 16 pounds pounds pounds pounds or more
Grams
Al races! ... .. i e e, 6 20 19 13 10 12
Under37weeks. ... ....oviiiiininiiuieneneinnennn, 24 63 56 24 40 82
B7-30WEEKS ...ttt e e e e 9 26 24 23 16 23
40 weeks and OVer. . .. ... i e e 9 17 21 19 18 13
WhHitE ottt i e e e e e e 8 25 22 i5 1 13
Under37weeks.......cociiiiivniiiiiinnnnnnnnens 29 69 79 45 44 81
3739 WeeKS . . ...ttt e e e e 12 41 31 26 16 26
40 weeksand Over. . .......iiiii it e 10 21 23 22 20 16
Black . . .o e 12 28 36 36 25 31
Under37 weeks. .. ...ttt i, 38 119 100 62 79 158
B7-30WeeKS .. ...ttt e e e 21 49 94 47 46 39
d0weeksandover........... .. i i 20 37 58 77 47 56

Tincludes races other than white and black.
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where p = 100x/y = the estimated percent. The approximation
of the relative standard error or the standard error of a percent
is valid only when one of the following conditions is satisfied:
(a) the relative standard error of the denominator is 5 percent
or less,!? or (b) the relative standard errors of the numerator
and the denominator are both 10 percent or less.20

Fetal death ratios

The relative standard errors of the numerator (V) and the
denominator (D) of the fetal death ratio are calculated as pre-
viously described for aggregate estimates. The relative standard
error (RSE,) and the standard error (SE,) of the fetal death
ratio r can then be approximated using the following equations:

RSE,=+/(RSE,)? + (RSE)?
and
SE,=rRSE,

fetal deaths
Tive births ~ 1000

RSE, = RSE of numerator (fetal deaths)
RSE,, = RSE of denominator (live births)

where r =

The approximation of the absolute or relative standard error of
a ratio estimate is valid only when either of the two conditions
noted for percent estimates is satisfied.

NOTE: A list of references follows the text.

Testing differences

In this report, a difference between two statistics is con-
sidered statistically significant if it could occur by chance no
more than 5 percent of the time. The determination of statistical
significance is based on a two-tailed ztest with 20 degrees of
freedom. At the 0.05 (5-percent) level, the critical value for the
t-test is 2.09. Terms relating to differences such as “higher,” or
“less,” indicate that the differences are statistically significant.
Terms such as “similar” or “no difference’ mean that no sta-
tistically significant difference exists between the estimates being
compared. No inference about statistical significance should
be made about any differences not discussed in the text; they
may or may not be significant.

The standard error of a difference between two statistics is
approximately the square root of the sum of the squares of the
standard errors of the two statistics being compared. This for-
mulation quite accurately approximates the standard error for
the difference between uncorrelated statistics, although it only
roughly approximates the standard error in most other cases.
The number of replicates used in the balanced repeated replica-
tion technique (20) can be used to approximate the number of
degrees of freedom when testing hypotheses about differences
between estimated statistics. A two-tailed test with 20 degrees
of freedom is used throughout this report.

Example—In 1980, an estimated 10.5 percent of the
2,917,000 white mothers giving birth gained less than 16 pounds
during their pregnancy compared with 20.0 percent of the
554,000 black mothers gaining this amount. The standard
errors for the two estimates of percents are 0.38 and 1.34, re-
spectively. To determine whether there is a statistically signifi-

Table [l. Standard errors for estimated mean birth weight of live births to married mothers by weight gain during pregnancy, period of gestation,
weight-for-height index, and smoking habit: United States, 1980 National Natality Survey

Weight gain during pregnancy

Period of gestation, Less than 76-20 27125 26-35 36 pounds
weight-for-height index,’ and smoking habit Total 16 pounds pounds pounds pounds or more
Grams
Allmothers. ..ottt iii it ieaninrnanenns 9 23 19 15 12 15
SMIOKEr ittt i i et it i e e e 10 38 41 24 20 25
NONSMOKEr ...ttt it et iceiiannn, 10 36 21 17 13 14
Under37weeks. . ...ovueiiniiieiiiiinnennenns 27 78 82 43 46 92
SMOKEr .o i e i e e et e e 73 128 194 120 82 139
NonsmoKer. ..ottt ittt it e iiiaeennn 37 110 87 45 53 109
B7-30 WEEKS ... it ittt e e e 11 31 26 26 17 27
1S3 Ve T 18 43 39 49 24 46
NonSmMOKer. . ...ttt iii it et v cannaans 14 48 37 32 20 32
40 weeks and OVer. . ... cvuueniineinn i enniennenns 11 24 23 19 21 15
SMoKer . .o e e e 20 52 65 29 26 34
Nonsmoker. . .....oiiiioiiinn it 12 37 28 25 22 15
Low weightforheight ......... ... ... .. ... 11 59 40 34 22 24
B 343, 2= 16 106 101 44 32 39
NonsmoKer. ... ..ottt i i it 14 68 339 39 24 28
Average weightforheight........................... 10 37 22 20 15 21
IS 1T 18 50 53 38 31 39
NONSMOKEr . ot riee it it i e ieeieineaenens 11 54 25 23 16 19
High weightforheight............ ... ... .. ... ..... 17 33 49 36 35 25
103 Te 14T 29 65 110 41 56 55
NONSMOKEF . ..ottt et ittt v iei i inecnnn 22 44 44 48 43 28

TLow is less than 25th percentile for study group, average is 25th—74th percentile, and high is 75th percentile or higher.
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Table I1f. Number of live births by selected characteristics: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less than 16-20 271-25 26-35 36 pounds
Selected characteristic Total 16 pounds pounds pounds pounds or more
RACE Number in thousands
L . VT3 3,681 428 408 613 1,242 889
R ) £ 2917 306 323 505 1,034 750
BlACK . vttt e e et e e 554 111 70 89 166 118
PREPREGNANCY WEIGHT
All races!
Lessthan 110 pounds . .. ..ot i it et it i et ceennenansnanenss 478 38 56 96 185 103
110129 POUNGS . ..ottt it e ee et ie e araaes 1,315 103 150 235 519 308
130-149 pounds......... e ettt 968 97 103 155 332 281
150169 POUNDS . . ..ottt in it cerieiitinenanneennnieanns 441 81 50 67 120 122
170 PoOUNAS OF MOME .+ .o v it e s ie ettt i asntntnsntneroneanins Ve 379 109 50 60 86 75
White
Lessthan 110 pounds. . ... ... ittt inaninnenss 372 29 45 73 140 85
110-12%8pounds. ................ e ettt e 1,094 71 119 197 439 267
180148 pounds. . ...ttt it it i e et i 791 62 80 134 279 236
150-169 POUNTS. .. i ittt it iirieeieenn i et tiaraaras 370 63 40 58 108 102
170 pPoUNdS OTMOre ... oottt ittt iene e iorroeiennanans 2380 81 40 43 67 59
Black
Lessthan 110 pounds. . .. ... e it it ir ittt it inn e 73 6 7 18 28 13
110=129 POUNS . . ..ottt ct e i cie st esaerannns 178 29 25 27 64 33
130149 POUNGS. . ..o v et ie s ee e tiaeeeenearoarnanassnosas 154 32 20 19 45 38
150-169 poUndsS. . ... .ottt i i it e e i e, 63 16 9 9 12 19
170 POUNAS OF MOTE ..o vtietieraen s rentsreeenaenenannss 85 27 9 16 18 15
YEARS OF SCHOOLING OF MOTHER
Under 37 weeks of gestation .. .......... ... ..ot 354 81 55 61 104 53
[0 I TR T T - 107 32 14 19 29 13
T2 YBBIS v v e vnr et ie e e easearaaraasarsasseensanennenns 159 35 26 25 47 27
T3 YEArS OTMONE ..\ttt it ie it inns et iensansanrnaneneans 89 14 16 17 28 13
37 weeks of gestationandover............c.ciiiiiiii i, 3,226 347 353 552 1,138 836
[0 B T T 710 114 94 115 219 167
2 YOAIS &ttt ieeerieren s e ae et e e 1,421 151 148 240 486 385
13 YEaArS OF MO . .ottt e s ee s ietaenaaneanrosenseasannens 1,096 82 111 197 433 273
PERIOD OF GESTATION
Under 32 WeeksS. ... ..ivti ittt e 64 24 12 10 11 7
B2 WEEKS . . .ottty 164 36 25 26 53 24
BB WEEKS .. . e e e e e e e i 126 21 18 25 40 23
B3 WEBKS . . ottt i i e i e e e, 1,238 156 147 224 446 266
A WEEKS L.t i e e e e 869 82 92 149 323 223
Bl WEEKS ..ottt e e e e e, 528 45 55 97 181 151
d2weeks and OVer. ... .. .. it e i 591 65 59 82 189 196
AGE OF MOTHER
UNAEr 20 YBAIS. . ..ttt et ettt ettt e 553 79 65 99 173 136
2028 YIS . . . i s 1,215 139 130 198 416 331
282D YBAIS . . ottt e e e ; 1,101 114 122 192 407 266
B0years and OVer. . ..ottt i i e e 712 96 91 125 245 155
YEARS OF SCHOOLING OF MOTHER
All ages

Less than 12 years. . ... .cci vt e ettt ittt ianes e 817 146 108 134 248 180
T T O Y 1,579 186 173 265 533 422
181D YIS . oot ie i st ettt i e i e 676 63 77 123 244 168
PO YRArS OF MOTE . ... it ittt ittt iierae st anaaarannnn 509 33 49 91 217 119
Mothers 20 yearsof ageand over ...........covviniinenernnnn. 3,028 349 343 514 1,069 753
Less than 12 Years . . . ..o vt v et ien i iiae e ie it iinne e 480 92 68 76 143 102
B R - TN 1,380 163 154 229 469 367
181D PRAIS . it ittt e et e e e e 659 61 73 118 240 166
16 YOAIS OF IMIOTE .« ot vttt et ee e s ieen e antansnonansasnaesnens 508 33 49 91 217 118

Yincludes races other than white and black.
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Table IV. Number of live births to married mothers by selected characteristics: United States, 1980 National Natality Survey

Weight gain during pregnancy

Less than 16-20 21-25 26-35 36 pounds
Selected maternal characteristic Total 16 pounds pounds pounds pounds or more
SMOKING HABIT Number in thousands
Allbirths . ... i e e, 2,930 311 326 501 1,048 744
SMOKEIS & ittt ittt i et it et e 767 104 91 121 254 198
NonSMOKerS . ... ii it ittt i e i 2,162 207 235 380 794 546
PERIOD OF GESTATION
All births
Under37 weeks......oviiiiniianiniiiiiinnnnnnnns 249 51 37 43 78 41
373 WeeKS ..ttt it et i e it e 1,023 111 119 182 383 228
A0 weeks and over. ... .. ..ttt i 1.657 149 170 275 587 475
Smbker
Under37 weeks......coviiiiiiinniinininnrnnnenns 79 17 10 11 26 14
B7-89weekS .. ... e e 263 36 35 45 90 56
40 weeks and OVer. ... ittt i i it i 426 51 45 64 138 128
Nonsmoker
Under 37 weeks. . .ouutinneii i ieiie e 171 34 27 32 52 26
37-39WeeKS . ...t e 760 74 83 137 293 173
40 weeks and OVer. ... ittt i e 1.231 99 125 211 449 348
WEIGHT-FOR-HEIGHT INDEX!
All mothers
oW L e i e e i e i e, 726 46 76 138 291 175
T2 =T = 1,478 113 154 243 562 407
High .. e 726 153 96 119 195 162
Smoker
oW L i i i e e e e, 216 16 17 39 S0 54
=T - T 1 357 39 47 52 120 - 100
High .. e e 194 50 27 30 44 . 44
Nonsmoker )
L 510 30 59 99 201 121
L =T T - 1,121 74 107 191 442 307
High o i e et e 532 103 70 89 151 119

TLow is less than 25th percentile for study group, average is 25th—74th percentile, and hfgh is 75th percentile or higher.

cant difference in weight gain by race, compute

o 200-105 _
V(0.38)2 + (1.34)2

6.82

Because the two-tailed (.05 critical value for a #-statistic with
20 degrees of freedom is 2.09, the difference in weight gain by
race is statistically significant at the 0.05 level.

Nonsampling error

Estimates based on the NNS and NFMS are also subject
to nonsampling errors. The sources of nonsampling error in-
clude incomplete coverage; misinterpretation of questions; in-
complete or inaccurate responses; and errors in coding, editing,

11U S GOVERMMENT PRINTING OFFICE 1 9 86- 491-335, 50005

Table V. Parameters used to compute relative standard errors for
live births and fetal deaths by maternal characteristic

Parameter
Maternal characteristic A B

Live births to unmarried mothers and

to mothers of races other than .

white. ..ot —0.00054674 390.07705
Live births to married mothers, to

white mothers, and to all

mothers .........cccociieiiann. —0.00010438 377.81921
Fetaldeaths ..................... —~0.00019317 3.71310

keying, and imputing for nonresponse. Although the extent of
these nonsampling errors cannot be measured, the procedures
employed in the NNS and NFMS were designed to minimize
them.
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