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Objective We examined rates of spontaneous and indicated preterm births (S-PTB
and |-PTB, respectively) and clinical risk factors for PTB in adolescents.

Study Design This is a population-based, retrospective cohort using 2012 U.S.
natality data of nulliparous women who delivered a nonanomalous singleton birth
between 20 and 42 weeks’ gestation. Maternal age included <16, 16 to 19.9, and >20
years. Rates of total, S-PTB, and I-PTB were compared across age groups. Multinomial
logistic regression tested clinical risk factors for S-PTB.

Results In 1,342,776 pregnancies, adolescents were at higherrisk for PTB than adults.
The rate of total PTB was highest in young adolescents at 10.6%, decreased to 8.3% in
older adolescents, and 7.8% in adults. The proportion of S-PTB was highest in the
youngest adolescents and decreased toward adulthood; the proportion of I-PTB
remained stable across age groups. Risk factors for S-PTB in adolescents included
Asian race, underweight body mass index (BMI), and poor gestational weight gain
(GWG). In all age groups, carrying a male fetus showed a significant increased S-PTB,
and Women, Infants, and Children’s (WIC) participation was associated with a
significantly decreased risk.

Conclusion The higher risk for PTB in adolescents is driven by an increased risk for S-
PTB. Low BMI and poor GWG may be potentially modifiable risk factors.
Condensation Adolescents have a higher risk for spontaneous PTB than adult
women, and risk factors for spontaneous PTB may differ in adolescents.

Adolescents, ages 15 to 19 years, in the United States repre-
sented 2% of all births in 2015' and multiple studies document
an increased risk for unfavorable obstetric and neonatal out-
comes' in this patient population including preterm delivery,
low birth weight, eclampsia, and neonatal death.>~'°

Many studies have demonstrated an increased risk for
preterm delivery in adolescent patients though the precise
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reason for why adolescents may be at increased risk for
preterm birth (PTB) is unknown. Some studies have sug-
gested biologic immaturity of the gynecologic hormonal
milieu may mediate the risk for preterm delivery.?~7%-1°
Multiple obstetrical events lead to PTB including spontane-
ous labor, premature rupture of membranes, and medical or
obstetric complications leading to indicated (or provider
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initiated) PTB. Adolescents are at increased risk for obstetric
complications that may lead to either spontaneous or indi-
cated PTB.2"81%1" Understanding the primary reasons for
PTB and, whether the etiology of PTB changes over the
adolescent period, will allow for targeted, clinically relevant
risk stratification and prevention strategies in this high-risk
patient group. Thus, our aim was to examine the rates of PTB,
and spontaneous and indicated PTB subtypes, across the
adolescent period using United States natality data.

Materials and Methods

We conducted a population-based, retrospective cohort study
using 2012 U.S. natality data including U.S. resident women
who delivered a nonanomalous singleton first birth between
20 and 42 weeks of gestation. The natality file includes data on
parental demographics, medical and obstetric characteristics,
complications, and neonatal status at birth. Maternal age was
categorized into young adolescent (< 16 years), older adoles-
cent (16-19.9 years), and adult (>20 years) was used as the
referent group. PTB was defined as delivery <37 weeks of
gestation. PTB subtype was classified as spontaneous (S-PTB)
or indicated (I-PTB) using available birth certificate data
according to a previously documented and validated algorithm
by Klebanoff et al.'?'3 Briefly, S-PTB was defined as PTB after
spontaneous labor or preterm rupture of membranes. I-PTB
was defined as a preterm delivery for a maternal or fetal
indication that required provider initiation of delivery.

Demographic characteristics available in natality data of
young adolescent, older adolescent, and adults were com-
pared with descriptive statistics. Race was self-reported.
Body mass index (BMI), calculated as weight per height
(kg/m?) and weight gain adequacy during pregnancy was
categorized according to the 2009 Institute of Medicine
guidelines.'* The Kotelchuck Index was used to assess ade-
quacy of prenatal care defined as inadequate (< 50% of
expected visits), adequate (80-109% of expected visits), or
adequate-plus (> 110% of expected visits)."”

Total PTB rates, as well as proportions of S-PTB and I-PTB
subtypes, were compared in young adolescents, older ado-
lescents, and adults using Chi-square tests. Multinomial
logistic regression models were used to estimate the relative
risk ratio (RR) and its corresponding 95% confidence intervals
(95% Cls) for the association of the risk factors and type of
PTB in each age group. All tests were two-tailed and p < 0.05
considered significant.

All analyses were completed using STATA version 13.0
(StataCorp, College Station, TX). United States natality data
are a publicly available dataset and qualified for exemption
from Washington University Human Research Protection Office
approval.

Results

A total of 1,342,776 deliveries met inclusion criteria of first
nonanomalous singleton birth between 20 and 42 weeks of
gestation. Demographic characteristics between young ado-
lescents, older adolescents, and adults are shown in = Table 1.
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Racial distribution varied across the age groups with a higher
proportion of Black, American Indian, and Latin women in the
adolescent age groups, whereas a higher proportion of Asian
and White women were in the adult age group. The rate of
underweight BMI was significantly higher in young adoles-
cence and decreased in older adolescents and adults. Signifi-
cantly fewer adolescents were overweight and obese. Genital
infections of gonorrhea and chlamydia were more prevalent in
adolescent groups compared with adult women. Reported
tobacco use was highest in older adolescents compared with
both younger adolescents and adult women.

Overall, adolescents have a higher risk for PTB than adult
women (8.3 vs. 7.8%; p < 0.01) and the rate of total PTB was
highest (10.6%) in young adolescents and decreased to 8.3% in
older adolescents and was lowest at 7.8% in adults (~Table 1).
When examining the distribution of spontaneous and indicat-
ed PTB subtypes across age groups, the proportion of sponta-
neous PTBs was highest in the youngest adolescents and
decreased toward adulthood (~Table 2). The RR for spontane-
ous PTB was significantly higher in young adolescents
(RR=1.8, 95% CI: 1.7-1.9) compared with adults. The risk
for older adolescents was still elevated compared with adults
(RR=1.3, 95% CI: 1.2-1.3) though the magnitude of risk was
less than that of the younger adolescent group. The proportion
of indicated PTBs remained relatively stable at approximately
3% in all age groups.

Next, we explored whether common risk factors for spon-
taneous PTB change over maternal age groups (=Table 3).
Black race was significantly associated with S-PTB in the older
adolescents and adults but not in the younger adolescent
group. Asian race was a significant risk factor for S-PTB in
adolescents of both <16 years and 16 to 19.9 years old.
Underweight BMI was significantly associated with a risk for
S-PTB in young adolescents and older adolescents but not in
adults. Conversely overweight and obese BMI were not associ-
ated with S-PTB in younger women but were a significant risk
factors in adults. Weight gain below the recommended guide-
lines was a significant risk factor for S-PTB in all age groups but
was most strongly associated with S-PTB in adolescent moth-
ers. Both inadequate and above adequate prenatal care were
associated with S-PTB. Women, Infants, and Children’s (WIC)
assistance was associated with a significant decrease in S-PTB
in all age groups, but most strongly in the youngest age group.
Carrying a male fetus was associated with a significant in-
creased risk for S-PTB across all age groups. Gonorrhea and
chlamydial genital infections were not associated with S-PTB
for any age group.

Comment

These data support the primary findings described further.
First, adolescent mothers have an increased risk for PTB
compared with nonadolescent adult mothers. Second, the
risk for PTB is highest in the youngest group of adolescent
mothers and decreases toward adulthood. The increased risk
for PTB in adolescent mothers is predominantly due to an
increased risk for the spontaneous PTB subtype. Lastly, the
risk factors for spontaneous PTB in adolescent mothers do
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Table 1 Demographic characteristics of the sample from U.S. natality data
< 16-year old 16-19.9-year old > 20-year old p?
(n=12,112) (n=206,701) (n=1,123,963)
Maternal age (y) 14.7 +£0.57 18.0+1.0 27.3+5.2 <0.001
Race < 0.001
Black 3,424 (28.5) 45,250 (22.0) 138,311 (12.4)
American Indian 198 (1.7) 3,063 (1.5) 6,838 (0.6)
Asian 119 (1.0) 2,699 (1.3) 97,815 (8.6)
Latina 5,069 (42.2) 69,406 (33.8) 200,272 (17.9)
White 3,217 (26.7) 85,019 (41.4) 672,988 (60.4)
Body mass index <0.001
Underweight 988 (8.6) 15,734 (7.9) 46,999 (4.4)
Overweight 2,228 (19.3) 43,014 (21.6) 255,900 (23.7)
Obese
Class | 761 (6.6) 18,823 (9.5) 122,964 (11.4)
Class Il 228 (2.0) 7,078 (3.6) 58,058 (5.4)
Class IIl 87 (0.75) 3,729 (1.9) 40,417 (3.8)
Normal weight 7,232 (62.8) 110,598 (55.6) 554,732 (51.4)
Gestational weight gain <0.001
Under 3,191 (28.1) 44,699 (22.8) 187,220 (17.6)
Over 4,854 (42.7) 96,186 (49.0) 549,821 (51.8)
Recommended 3,311 (29.2) 55,306 (28.2) 325,481 (30.6)
Tobacco use 455 (3.9) 21,641 (11.1) 74,560 (7.0) < 0.001
Gonorrhea 120 (1.0) 1,562(0.8) 2,216 (0.2) <0.001
Chlamydia 803 (6.6) 12,109 (5.9) 17,379 (1.6) <0.001
Preterm birth (< 37 weeks) 1,288 (10.6) 17,151 (8.2) 87,205 (7.8) <0.01
Note: data represented as mean + standard deviation or n (%).
?Chi-square test.
Table 2 Total preterm birth rates and spontaneous and indicated subtypes across maternal age categories
Age (y) PTB rate (%) Spontaneous Indicated Proportion Relative risk for p?
PTB (%) PTB (%) spontaneous spontaneous PTB
(of all PTB) (%)
<16 (n=12,112) 10.6 7.4 3.2 70 1.8 (1.7-1.9) <0.01
16.0-19 (n=206,701) 8.3 5.3 3.0 64 1.3 (1.2-1.3) <0.01
>20 (n=1,123,963) 7.8 4.2 3.5 55 REF <0.01

Abbreviation: PTB, preterm birth; REF, referent.
aChi-square test.

not reflect the same risk factors that are historically attrib-
uted to PTB, such as race and infection.

The findings in women of Black and Latin race, frequently
considered to be at higher risk for PTB is noteworthy. The
increased risk for spontaneous PTB in Black and Latin women
in this data are seen only for older adolescents and more
strongly for adult women but was not seen in the youngest
group of women aged < 16 years. However, in Asian mothers,
the youngest age group had the highest risk for S-PTB with
decreasing risk toward adulthood. These findings suggest that
the risk relationship between race and spontaneous PTB may

be more nuanced and may differ across age groups. Another
main risk factor for S-PTB in adolescents appears to be
underweight BMI and weight gain below the recommended
guidelines. Although epidemiologic associations such as those
detected in this analysis cannot comment on causality or
interventions, these findings are hypothesis generating and
suggest that adolescents may benefit from nutritional counsel-
ing and healthy weight gain goals during pregnancy.
Previous studies have attempted to determine the biolog-
ical reasons for the observation of increased rates of PTB in
adolescents. Gynecologic age (age at the time of conception
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Table 3 Association between clinical and demographic characteristics and risk for spontaneous preterm birth across maternal age

groups

Risk factor < 16-year old 16-19.9-year old > 20-year old

Race
Black 1.10 (0.88-1.37) 1.23 (1.16-1.31) 1.42 (1.38-1.47)
American Indian 0.68 (0.31-1.51) 1.11 (0.92-1.34) 1.30 (1.15-1.47)
Asian 2.10 (1.15-3.85) 1.45 (1.23-1.72) 1.04 (1.00-1.08)
Latina 0.98 (0.80-1.20) 1.07 (1.01-1.13) 1.13(1.10-1.17)
White REF REF REF

BMI
Underweight BMI 1.49 (1.73-1.90) 1.30 (1.21-1.39) 1.06 (1.00-1.11)
Overweight 0.96 (0.76-1.20) 1.08 (1.02-1.15) 1.24 (1.20-1.27)
Obese 0.80 (0.58-1.11) 0.94 (0.87-1.00) 1.14 (1.11-1.18)
Normal weight REF REF REF

Recommended weight gain based on BMI

Under recommended

2.51 (2.01-3.02)

1.98 (1.88-2.09) 1.80 (1.76-1.85)

Over recommended 0.55 (0.43-0.69) 0.26 (0.53-0.59) 0.59 (0.57-0.60)
At recommended REF REF REF
Kotelchuck’s prenatal index
Inadequate 2.06 (1.62-2.63) 2.11 (1.97-2.26) 2.14 (2.07-2.22)
Adequate+ 3.74 (2.90-4.81) 4.92 (4.61-5.24) 5.59 (5.43-5.75)
Adequate REF REF REF
Infant sex
Male 1.27 (1.08-1.48) 1.20 (1.15-1.26) 1.25 (1.22-1.28)
Female REF REF REF
Tobacco use 1.06 (0.70-1.61) 1.25 (1.17-1.34) 1.39 (1.34-1.45)
WIC assistance 0.55 (0.46-0.66) 0.71 (0.67-0.75) 0.86 (0.84-0.89)
Gonorrhea 1.71 (0.84-3.46) 1.23 (0.98-1.55) 1.13 (0.92-1.38)
Chlamydia 0.77 (0.54-1.09) 0.98 (0.89-1.08) 1.08 (1.00-1.17)

Abbreviations: BMI, body mass index; REF, referent; WIC, Women, Infants, and Children.

Note: data shown as relative risk with 95% confidence intervals.

of incident pregnancy — age at menarche) has been used as a
measurement of physiologic maturity in adolescent preg-
nancies. In 1997, Hediger et al reported a prospective cohort
of pregnant patients enrolled from 1985 to 1995 and
reported a 75% increased risk for PTB in adolescent patients,
which is similar to the magnitude seen in our data.” Also
similar to our data, they found that low maternal weight was
a risk factor for PTB. However, they also report that low
gynecologic age was associated with a more than two-fold
increased risk for PTB, leading the authors to conclude that
biologic immaturity, as opposed to social conditions, medi-
ates the increased risk for preterm delivery seen in adoles-
cents. Kaplanoglu et al reported on a cohort of pregnant
women from Turkey and found that gynecologic age <3
years was associated with a significantly increased risk for
multiple adverse obstetric outcomes.® Although we cannot
calculate gynecologic age from birth certificate data, our
findings in a modern U.S. cohort suggest that the pathophys-
iology of PTB may be different in adolescent mothers than
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adults. It is unknown whether the racial risk factors and low
maternal weight/poor weight gain risk factors found in our
study, as well as described by Hediger et al,” are related to or
separate from the risk factor of gynecologic immaturity.

Carrying a male fetus compared with a female fetus was
associated with increased risk for spontaneous PTB. This
finding did not seem to be uniquely associated with young
maternal age as the same magnitude of risk was seen across
all age groups (20-27%). The increased risk associated with
carrying a male fetus has been previously reported'®~'® and
may be a risk factor for nonresponsiveness to PTB prevention
with 17-hydroxyprogesterone caproate.'®

Strengths and Limitations

The strengths of this study include a large sample size and
diverse population of births taken from U.S. natality data
reflective of a modern U.S. cohort. Additionally, our study
examines not only the risk for preterm delivery but also



whether the birth occurred to due spontaneous preterm
delivery or indicated preterm delivery. Identification of
risk factors in a modern U.S. cohort of adolescents can
form the basis for evidence-based clinical interventions to
test in this high-risk population to help decrease adverse
obstetric outcomes and improve both maternal and neonatal
health. We used a previously described algorithm that has
undergone validation by comparison of birth certificate
categorization to medical chart data.'?'3

Limitations of our findings should be considered. First,
this study is a retrospective one, based on data reported in
natality records, and is subject to errors inherent to vital
statistics such as errors in self-reporting and misclassifica-
tion. There are limitations to the use of natality data includ-
ing the inability to assess all demographic and behavior risks
for PTB if they aren’t captured in natality data such as
substance use, education, or occupation. There was minimal
missing data for most variables used in this analysis (< 1%)
with the exception of 4.9% missing data for prenatal care
which is most likely missing at random and should not have
significant impact on the generalizability of our study find-
ings. Nonetheless, using natality data allowed analysis of a
modern U.S. population is large enough to detect trends in
smaller subgroups of the population. Second, there is the
possibility for misclassification of type of PTB. Based on the
algorithms by Klebanoff et al and Stout et al for classification
of PTBs as spontaneous or indicated by birth certificate
data,'®"3 there is a risk for over-classification of births as
spontaneous and under-classification as indicated. Based on
the algorithm by Klebanoff et al assessment of S-PTB was
correct 85% of the time. This error, inherent to how data are
reported on birth certificates, could have inflated our risks
for the spontaneous PTB subtype. However, in a sensitivity
analysis performed in our data, if 15% of S-PTBs were
reclassified as I-PTB, the rates of S-PTB in adolescents are
still higher (6.3% S-PTB vs. 4.3% I-PTB in adolescents <16
years; and 4.5% S-PTB vs. 3.7% I-PTB in those aged 16-19
years). Lastly, there is no way to calculate gynecologic age
from birth certificate data preventing us from stratifying
adolescents into younger and older based on gynecologic age
instead of chronologic age.

Conclusion

Our data strengthen existing literature highlighting the
increased risk of PTB among adolescents in a modern,
diverse U.S. cohort. Adolescents aged <16 years are at
particular risk for PTB and often may be nulliparous without
obstetric history to guide prophylaxis strategies. Thus, it is
important to understand what clinical characteristics and
physiology drive this risk to guide evidence-based risk
assessment and possible prevention strategies. It cannot be
assumed that interventions for achieving adequate weight
before pregnancy, or appropriate weight gain during preg-
nancy will mitigate the risk for PTB. However, these findings
suggest that such interventions should be studied as they
may represent potentially modifiable risk factors for this at-
risk adolescent population.
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