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ASSOCIATION OF YOUNG MATERNAL AGE WITH ADVERSE REPRODUCTIVE OUTCOMES
ALISON M. FRASER, M.S.P.H., JouN E. BROCKERT, M.P.H., AND R.H. WARD, PH.D.

Abstract Background. Pregnancy in adolescence is
associated with an excess risk of poor outcomes, includ-
ing low birth weight and prematurity. Whether this associ-
ation simply reflects the deleterious sociodemographic
environment of most pregnhant teenagers or whether bio-
logic immaturity is also causally implicated is not known.

Methods. To determine whether a young age confers
an intrinsic risk of adverse outcomes of pregnancy, we
performed stratified analyses of 134,088 white girls and
women, 13 to 24 years old, in Utah who delivered single-
ton, first-born children between 1970 and 1990. Relative
risk for subgroups of this study population was examined
to eliminate the confounding influence of marital status,
educational level, and the adequacy of prenatal care. The
adjusted relative risk for the entire study group was cal-
culated as the weighted average of the stratum-specific
risks.

Results. Among white married mothers with educa-
tional levels appropriate for their ages who received ade-
quate prenatal care, younger teenage mothers (13 to 17

URING the past decade in the United States, ap-

proximately 10 percent of teenage girls from 13 to
19 years old became pregnant.' Births to mothers in
this age group now account for approximately 13 per-
cent of all live births in the United States.? This pattern
is a source of societal concern, since teenage mothers
have an increased risk of having low-birth-weight ba-
bies, premature babies, and babies who die during the
first year of life*?; they thus have a disproportionate
share of all adverse outcomes of pregnancy. Despite the
magnitude of the problem, it is unknown whether the
poor outcomes of teenage pregnancy are partly attrib-
utable to the biologic fact of a young maternal age or
are solely the consequence of sociodemographic factors
generally associated with pregnancy among teenagers.
Teenage mothers are more likely than older mothers to
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years of age) had a significantly higher risk (P<0.001)
than mothers who were 20 to 24 years of age of delivering
an infant who had low birth weight (relative risk, 1.7; 95
percent confidence interval, 1.5 to 2.0), who was deliv-
ered prematurely (relative risk, 1.9; 95 percent confidence
interval, 1.7 to 2.1), or who was small for gestational age
(relative risk, 1.3; 95 percent confidence interval, 1.2 to
1.4). Older teenage mothers (18 or 19 years of age) also
had a significant increase in these risks. Even though so-
ciodemographic variables associated with teenage preg-
nancy increase the risk of adverse outcomes, the relative
risk remained significantly elevated for both younger and
older teenage mothers after adjustment for marital status,
level of education, and adequacy of prenatal care.

Conclusions. In a study of mothers 13 to 24 years old
who had the characteristics of most white, middle-class
Americans, a younger age conferred an increased risk of
adverse pregnancy outcomes that was independent of
important confounding sociodemographic factors. (N Engl
J Med 1995;332:1113-7.)

be nonwhite, poor, less well educated, and unmarried,
and they are less likely to have received early prenatal
care'” — all known risk factors for low birth weight in
their babies.®” Hence, the biologic risk associated with
a young maternal age may have been exaggerated in
previous studies because of inadequate control for soci-
odemographic risk factors.*!! Studies in animals and a
small number of epidemiologic studies suggest, howev-
er, that a young age alone may be an independent risk
factor for adverse outcomes of pregnancy.*5!2
Vital-statistics data from Utah offer an excellent op-
portunity to evaluate the biologic risk associated with
pregnancy in adolescents, since the mothers in this
state are largely white and married, have generally re-
ceived adequate prenatal care, and usually have a
healthy lifestyle. The rate of smoking among women 18
years of age or older in Utah' is half the national
average of 24 percent,' and the use of alcohol and
drugs is also lower than in the country as a whole.!>!®
Among the states, Utah ranks 47th in the percentage
of children living below the poverty level and 10th in
the proportion of high-school graduates.!” We under-
took this study to assess whether, in a population that
is largely white and middle-class, a young maternal age
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is associated with a high intrinsic risk of adverse out-
comes of pregnancy.

METHODS

Study Subjects
Of a total of 762,893 babies born in Utah between 1970 and 1990,

150,508 were white, singleton, first-born infants whose mothers were
13 to 24 years of age. Of these infants, 134,088 were selected for the
study because their records contained complete data on the following
variables: birth weight, duration of gestation, mother’s age, mother’s
marital status, mother’s educational level, and prenatal care re-
ceived. The study protocol was approved by the local institutional re-
view board.

Definition of Variables

Qutcome Variables

Low birth weight was defined as a weight below 2500 g at birth,
and prematurity as delivery at a gestational age of less than 37
weeks.!® Small-for-gestational-age infants were defined as those with
birth weights below the 10th percentile for gestational age and sex;
an iterative method was used to compensate for the misclassification
of gestational age among babies born prematurely.'”

Teenage mothers were divided into two age groups: those 13 to 17
years old and those 18 to 19 years old. Since mothers from 20 to 24
years old had the lowest risk of all three adverse outcomes, they
served as the reference group in all comparisons.

Covariates

The mothers were categorized as unmarried or married. Prenatal
care was categorized as adequate, intermediate, or inadequate ac-
cording to the criteria of the National Institute of Medicine,?” which
are based on the trimester during which prenatal care is initiated and
the total number of prenatal visits. A mother’s educational level was
defined as appropriate or inappropriate for her age, so that a consis-
tent classification could be used for both younger and older mothers.
Mothers older than 19 were considered to have an age-appropriate
educational level if they had completed high school, whereas younger
mothers had to have completed the minimal number of grades for
their age.

Statistical Analysis

To eliminate the potentially confounding effects of sociodemo-
graphic covariates, deliveries were cross-classified according to the
mother’s marital status, the adequacy of prenatal care, and the moth-
er’s educational level, yielding direct estimates of relative risk in sub-
groups defined by these variables (stratum-specific relative risks) and
95 percent confidence intervals.?! The effects of sociodemographic
covariates were successively eliminated by restricting the compari-
sons to mothers who were characterized as having received adequate
prenatal care; as married; as married and having received adequate
prenatal care; and as married with an age-appropriate level of edu-
cation and having received adequate prenatal care. Since in this final
category the potential influence of a deleterious sociodemographic
environment is minimized, the risk for the mothers in this category
was assumed to reflect the underlying biologic risk. Adjusted relative
risks for the entire study group (population-wide relative risks) and
95 percent confidence intervals were calculated by pooling the appro-
priately weighted logarithms of the individual stratum-specific
risks.?! Two-tailed tests were used to evaluate the significance of the
difference between the logarithms of the individual risks,? and inter-
actions in the multiway tables were tested with program 4f of the
BMDP statistical package.??

RESULTS

In the entire cohort of infants born in Utah from
1970 to 1990, 170,699 were white, singleton, first-born
infants with complete data. Of these, 53 percent were
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born to mothers who were 20 to 24 years old, 9 percent
were born to younger teenage mothers (those <17
years of age), and 17 percent were born to older teen-
age mothers (those 18 or 19 years of age). The younger
teenage mothers were the most likely of these three
groups to be unmarried and the least likely to have
received adequate prenatal care, whereas the older
teenage mothers were the most likely to have an age-
inappropriate educational level (Table 1). Since these
summary statistics reflect data on the mothers of ba-
bies born over a 20-year period, we evaluated these dis-
tributions for each year (data not shown). There was no
temporal trend in the distribution of categories of pre-
natal care for any age group. However, there was a
small decline (<2 percent) in the proportion of moth-
ers with age-appropriate education, and, in concert
with national trends, the proportion of births to unmar-
ried mothers increased approximately three-to-fourfold
for all three age groups during this period.

The overall incidence of low birth weight was high-
est among the babies born to the younger teenage
mothers (7 percent) and lowest among those whose
mothers were 20 to 24 years old (4 percent) (Table 2).
Similarly, the younger teenage mothers had the high-
est percentage of premature infants (10 percent) and
small-for-gestational-age infants (14 percent). In all age
groups, the babies born to mothers who were unmar-
ried, who had not received adequate prenatal care, or
who had an age-inappropriate educational level had an
increased risk of all three adverse outcomes (Table 2).
Inadequate prenatal care was most strongly associated
with adverse outcomes: within an age group, mothers
who did not receive adequate care were approximately
twice as likely to have low-birth-weight babies as those
who received adequate care and more than twice as
likely to have premature babies.

Since adolescent mothers are more likely than old-
er mothers to have sociodemographic characteristics
associated with adverse outcomes of pregnancy, we
eliminated the confounding effects of marital status,
educational level, and adequacy of prenatal care by
cross-classifying births according to these covariates.
The distribution of births among mothers with age-

Table 1. Characteristics of the Mothers in the Study Population,
According to Age.

CHARACTERISTIC MOTHER’S AGE (YR)

<17 18-19 20-24
No. of live births 15,106 28,667 90,315
Marital status — no. (%)
Unmarried 5,793 (38) 5911 (21) 5,611 (6)
Married 9,313 (62) 22,756 (79) 84,704 (94)
Prenatal care — no. (%)
Inadequate 1,209 (8) 1,528 (5) 2,026 (2)
Intermediate 6,097 (40) 9,478 (33) 19,844 (22)
Adequate 7,800 (52) 17,661 (62) 68,445 (76)
Education — no. (%)
Age-inappropriate 811 (5) 4,266 (15) 3,556 (4)
Age-appropriate 14,295 (95) 24,401 (85) 86,759 (96)
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Table 2. Frequency of Adverse Outcomes of Pregnancy, According to the Mother’s

Age and Selected Characteristics.
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no significant temporal trend. Older
teenage mothers in each age cohort

MATERNAL

CHARACTERISTIC Low BIRTH WEIGHT PREMATURITY

=17 YR 18-19 YR 20-24 YR =17 YR 18-19 YR  20-24 YR
percentage of live births*

All subjects 7 5 4 10 8 5
Marital status

Unmarried 7 7 6 11 9 8

Married 6 5 4 10 8 5
Prenatal care

Inadequate 10 9 7 17 14 11

Intermediate 8 6 6 13 10 10

Adequate 5 4 3 8 6 4
Education

Age-inappropriate 8 7 7 11 8 7

Age-appropriate 7 5 4 11 8 5

GESTATIONAL AGE

also had significantly higher risks,
though the decline in the risk of

SMALL SIZE FOR

<17 YR 1819 YR 20-24 YR prematurity OVer time was more
marked. We also evaluated the out-
come among very young teenage
o2 mothers (those 13 to 15 years of
5 s 16 age) to determine whether the in-
13 11 10 trinsic risk of adverse outcomes of
pregnancy was inversely proportion-
ii ig 5 al to maternal age. Among the in-
13 12 10 fants born to young girls who were
married, had age-appropriate edu-
}g }Zlg }g cational levels, and had received ad-

equate prenatal care, the risks of all

*The percentages are based on the numbers in Table 1.

appropriate educational levels indicates that, for all
three age groups, most births occur among mothers in
the more favorable sociodemographic categories (mar-
ried and having received adequate prenatal care), and
the fewest to mothers who did not receive adequate
prenatal care (Table 3). The inverse relation between
maternal age and the proportion of births in the least
favorable categories emphasizes the importance of in-
cluding sociodemographic covariates in the analysis.

The estimated relative risks for different subgroups
defined according to sociodemographic covariates, plus
the adjusted population-wide relative risks for both
groups of teenage mothers as compared with mothers
20 to 24 years of age, are shown in Table 4. The relative
risks in the subgroup with the most favorable socio-
demographic characteristics (i.e., mothers who were
married and had adequate prenatal care and age-
appropriate educational level) represent estimates of
the intrinsic biologic risk of adverse outcomes associat-
ed with a young age. Teenage mothers in this soci-
odemographic category had a significant elevation in
the risk of all three adverse outcomes; the greatest el-
evation was in the risk of prematurity among the in-
fants born to the younger teenage mothers (relative
risk, 1.9; P<<0.001). The babies of younger teenage
mothers also had an increased risk of low birth weight
(relative risk, 1.7; P<<0.001). Older teenage mothers
had lower, but still significant, risks of having prema-
ture infants or infants with low birth weights.

To determine whether temporal
trends influenced these results, we
repeated the analysis after dividing

three adverse outcomes were signif-

icantly higher than the risks among
the infants born to mothers 16 to 17 years old. The rel-
ative risk of low birth weight was 2.8 (95 percent con-
fidence interval, 1.9 to 4.0) and that of prematurity was
2.6 (95 percent confidence interval, 1.9 to 3.6), whereas
the relative risk of small size for gestational age was 1.4
(95 percent confidence interval, 1.1 to 1.8).

Although statistically significant, the adjusted rela-
tive risks for the entire study group shown in Table 4
were consistently lower than the relative risks for the
most favorable stratum. However, the estimated adjust-
ed relative risk for the entire group is potentially mis-
leading because the existence of significant three-way
interactions within the complete data set suggests that
individual stratum-specific risks are likely to differ sig-
nificantly. For example, analysis of all the subgroups in
which the mothers had age-appropriate educational lev-
els identified considerable variation in the risk of all
three outcomes (Table 5). For both older and younger
teenage mothers in this group, the relative risk of low
birth weight and prematurity in their infants was signif-
icantly higher among those who were married but had
not received adequate prenatal care than among those
who were unmarried and had intermediate levels of
care. Similarly, among teenage mothers who received
intermediate prenatal care, the relative risk of having a
small-for-gestational-age infant was significantly higher
for those who were married than for those who were un-
married. The observation that teenage mothers with
less-than-optimal sociodemographic characteristics tend

Table 3. Number of Infants Born to Mothers with Age-Appropriate Educational Levels
in Each Age Group, According to Marital Status and the Adequacy of Prenatal Care.

the mothers in the most favorable
sociodemographic category into five-
year age cohorts (data not shown).
For younger teenage mothers, the
risk of all three adverse outcomes
remained significantly elevated in

MOTHER’S No. oF

. <17 14,295
each cohort, and apart from a slight
decline in the risk of low birth 18-19 24401
ecline in the risk of low birt 20-24 86759

weight and prematurity, there was

AGE (YR) LIVE BIRTHS

MARRIED UNMARRIED

ADEQUATE
PRENATAL
CARE

INTERMEDIATE  INADEQUATE
PRENATAL PRENATAL
CARE CARE

ADEQUATE
PRENATAL
CARE

INTERMEDIATE  INADEQUATE
PRENATAL PRENATAL
CARE CARE

number of infants (percentage of total deliveries)

4970 (33) 3398(22) 431 (3) 2412 (16) 2383 (16) 701 (5)
12,968 45) 6,106 21) 717 (3) 2200 (8) 1870 (7) 540 (2)
63,657 (70) 17,038 (19) 1364 (2) 2534 (3) 1699 (2) 467 (1)
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to have the same risk as mothers
from 20 to 24 years of age (i.e., rela-
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Table 5. Relative Risk of Adverse Outcomes of Pregnancy among Mothers with Age-
Appropriate Educational Levels.*

tive risk close to 1.0) suggests that
the intrinsic risk due to young mater-
nal age has its greatest effect when
the sociodemographic environment
is favorable.

Because information about smok-

OUTCOME AND
MOTHER’S AGE

Low birth weight

ing by mothers during pregnancy lssljlgr )
was available for births in Utah in premmurityy
1989 and 1990, we stratified the lssﬂlgr

“19yr

analyses according to smoking his-
tory. The magnitude of the relative
risks of all three adverse outcomes
among the infants of teenage moth-

Small size for ges-
tational age
<17 yr
18-19 yr

MARRIED UNMARRIED
INTERMEDIATE INADEQUATE ADEQUATE INTERMEDIATE INADEQUATE
PRENATAL CARE ~ PRENATAL CARE PRENATAL CARE ~ PRENATAL CARE  PRENATAL CARE
relative risk (95% confidence interval)

14 (1.2-1.6) 1.8 (1.2-2.6) 1.1 (0.9-14) 1.2 (0.9-1.5) 1.2(0.8-1.7)
1.1 (09-1.2) 1.5(1.0-2.0) 1.1 (0.8-1.4) 0.9(0.7-1.2) 1.2 (0.8-1.7)
14 (1.2-1.5) 1.8(1.4-24) 1.4 (1.3-1.8) 1.3 (1.1-1.6) 1.2 (0.9-1.5)
1.1 (1.0-1.2) 1.5(1.2-2.0) 1.1 (0.9-1.4) 1.1 (0.9-1.4) 1.0 (0.7-1.3)
1.3(1.2-14) 1.0(0.7-1.3) 1.1 (09-1.2) 0.9 (0.8-1.1) 1.0 (0.8-1.3)
1.1 (1.0-1.2) 1.0 (0.8-1.3) 1.0 (0.8-1.1) 0.9 (0.8-1.0) 0.9 (0.7-1.2)

ers who did not smoke during preg-
nancy (Table 6) was similar to that
in the full analysis (Table 4), even
though the small sample precluded statistical signifi-
cance. Notably, nonsmoking younger teenage mothers
had a significantly higher risk of delivering a low-birth-
weight infant than nonsmoking mothers from 20 to 24
years of age (relative risk, 2.0; 95 percent confidence
interval, 1.2 to 3.1) and also a higher risk of deliver-
ing premature and small-for-gestational-age infants.
Among the nonsmoking older teenage mothers, the rel-
ative risk of delivering a small-for-gestational-age in-
fant was higher than in the previous analysis, but the
relative risks of low birth weight and prematurity de-
clined.

DISCUSSION

Our analysis confirms the influence of sociodemo-
graphic factors on reproductive outcome; inadequate
prenatal care, in particular, was associated with a
marked increase in prematurity. This finding is consis-
tent with the results of many previous studies, indicat-
ing that sociodemographic factors and the adequacy of
prenatal care have important effects on the outcomes
of pregnancy among teenagers.>7-2%22* Qur results also

Table 4. Relative Risk of Low Birth Weight, Prematurity, and Small Size for Gesta-
tional Age among Infants Born to Younger and Older Teenage Mothers, as Compared

with Mothers 20 to 24 Years of Age.*

*Relative risk is expressed as the risk in the subgroup in question as compared with that among mothers 20 to 24 years
of age with the same characteristics.

indicate, however, that although teenage mothers have
a significantly elevated risk of delivering low-birth-
weight, premature, and small-for-gestational-age in-
fants, these risks remain significant even when the
analysis is limited to married mothers with age-appro-
priate educational levels who receive adequate prenatal
care. This elevation in risk, consistent over the 20-year
period we studied, suggests that a young age in the
mother intrinsically increases the risk of adverse out-
comes of pregnancy. That the relative risks were high-
est among the youngest mothers in the more favorable
sociodemographic strata strengthens the case that
young age is an inherent risk factor and challenges the
contention that teenage mothers who receive adequate
prenatal care will have reproductive outcomes as good
as, or better than, those of older mothers.!*?*?> Qur
data suggest that adequate prenatal care does not com-
pletely eliminate the risks inherent in teenage pregnan-
cy, presumably because biologic immaturity increases
the risk of a poor outcome.

Our estimates could have been influenced by the fact
that we had no data on psychosocial attributes that
are believed to increase the risk of
adverse outcomes of pregnancy, such
as emotional stress and lack of fami-
ly support.? However, any bias is
likely to have been minimal, since

MARRIED,

our main analysis was restricted

MARRIED,  ADBQUATE CARE, to married teenage mothers, who

OUTCOME AND ADEQUATE ADEQUATE AGE-APPROPRIATE ENTIRE . . .
MOTHER’S AGE PRENATAL CARE MARRIED PRENATAL CARE EDUCATION GROUPT are hkely to receive bOth emotlonal
relative risk (95% confidence interval) and economic Support- Slmllarl}’, we
Low bisth weieht could not control for the use of illicit

OW D1 welgl . .
<17yr 17(15-19) 1.8(1.6-1.9) 1.7(1.5-1.9) 17(1.5-2.0) 14 (1.3-15) drugs SUQh as cocane, Whl_Ch are
18-19 yr 14(13-15) 13(12-14) 1312-14) 121.1-14) 1.1(1.1-12) known to influence reproductive out-
Prematurity 27 _
<17 yr 19 (1.8=2.1)  19(1.8-2.1) 19(1L7-2.1) 19 (17-2.1) 15 (L4-1.6) comes.” However, data from a ran
18—19 yr 1.5(1.4-16) 1.5(1.4-1.5) 1504-1.6) 15(1.4-16) 13(1.2-1.3) dom sample of pregnant women 1n
Small size for ges- Utah indicate a rate of cocaine use
tational age

<17yr 14(13-15) 13(12-14) 13(12-14) 13(12-14) 12(1.1-12) of only 1 percent, and a rate of 8 per-
18-19 yr 12(1.1-12)  11(L1-12) 1.1(.1-12) 1.1(1.0-12) 1.01.0-11) cent for all illicit drugs and alcohol

*Relative risk is expressed as the risk in the subgroup in question as compared with that among mothers 20 to 24 years

of age with the same characteristics. All relative risks were significant.

FThe adjusted relative risk for the entire study group, calculated as the weighted sum of all stratum-specific relative risks.

combined.” Moreover, a population-
based survey indicates that teenag-
ers in Utah have lower rates of illicit-
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Table 6. Relative Risk of Low Birth Weight, Prema-

turity, and Small Size for Gestational Age among

Infants Born in 1989 or 1990 to Nonsmoking Teen-

age Mothers Who Were Married, Had Age-Appro-

priate Educational Levels, and Received Adequate
Prenatal Care.*

OUTCOME MOTHER’S AGE (YR)
=17 18-19
No. of infants 277 934

relative risk (95% CI)t

Low birth weight 2.0(1.2-3.1) 1.1(0.8-1.6)
Prematurity 1.5 (1.0-2.2) 1.2(0.9-1.6)
Small size for gestational age 1.4 (1.0-2.0) 1.2 (1.0-1.5)

*Relative risk is expressed as the risk in the subgroup in question as
compared with the risk among the 5634 infants born to nonsmoking moth-
ers 20 to 24 years of age with identical sociodemographic characteristics.

FCI denotes confidence interval.

drug use than teenagers in the nation as a whole.'®
Therefore, it is unlikely that illicit-drug use by pregnant
teenagers influenced our results.

Two general features of biologic immaturity could
have a role in increasing the risk of adverse outcomes:
a young gynecologic age (defined as conception within
two years after menarche)? and the effect of a girl’s be-
coming pregnant before her own growth has ceased.’*??
Immaturity of the uterine or cervical blood supply may
predispose teenage mothers to subclinical infection, an
increase in prostaglandin production, and a consequent
increase in the incidence of preterm delivery. Teenage
mothers who themselves continue to grow during preg-
nancy could compete with the developing fetus for nu-
trients, to the detriment of the fetus. This supposition is
supported by evidence that weight gain during preg-
nancy may be more critical for teenage mothers than
for older mothers.?"32 Hence, the intrinsic increase in
the risk of adverse outcomes of pregnancy among teen-
agers in Utah is likely to be partly attributable to young
gynecologic age or inadequate weight gain.

Since white mothers have 67 percent of the infants
born to teenagers in the United States,*® we believe our
results have important implications. Becoming preg-
nant as a young teenager can result in an intrinsic in-
crease in the risk of adverse outcomes of pregnancy,
quite apart from the increased risk due to the adverse
social and behavioral factors that are frequently asso-
ciated with teenage pregnancy. Consequently, efforts to
improve the sociodemographic environment of preg-
nant teenagers may reduce their risk of poor reproduc-
tive outcomes but will not eliminate it. Our data sup-
port the notion that every effort should be made to
persuade pregnant teenagers to obtain adequate prena-
tal care and to adopt a healthy lifestyle. However, our
results also suggest that the burden of teenage preg-
nancy will remain unacceptably high unless efforts are
made to identify the intrinsic biologic factors that con-
tribute to the increased risk of adverse outcomes of
pregnancy among younger mothers and then to find
ways to minimize the effects of these intrinsic factors.

We thank Pat Corneli for statistical advice.
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