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Abstract

OBJECTIVE—To delineate adverse obstetric and neonatal outcomes as well as indications for

cesarean delivery by maternal age in a contemporaneous large national cohort.

METHODS—This was a retrospective analysis of electronic medical records from 12 centers and

203,517 (30,673 women aged 35 years or older) women with singleton gestations stratified by

maternal age. Logistic regression was performed to investigate maternal and neonatal outcomes

for each maternal age strata (referent group, age 25.0–29.9 years), adjusting for race, parity, body

mass index, insurance, pre-existing medical conditions, substance and tobacco use, and site.

Documented indications for cesarean delivery were analyzed.

RESULTS—Neonates born to women aged 25.0–29.9 years had the lowest risk of birth weight

less than 2,500 g (7.2%; P<.001), admission to neonatal intensive care unit (11.5%; P<.001), and

perinatal mortality (0.7%; P<.001). Hypertensive disorders of pregnancy were higher in women

aged 35 years or older (cumulative rate 8.5% compared with 7.8%; 25.0–29.9 years; P<.001).

Previous uterine scar was the leading indication for cesarean delivery in women aged 25.0 years or

older (36.9%; P<.001). For younger women, failure to progress or cephalopelvic disproportion

(37.0% for those younger than age 20.0 years and 31.1% for those aged 20.0– 24.9-years; P<.001)

and nonreassuring fetal heart tracing (28.7% for those younger than 20.0 years and 21.2% for

those aged 20.0–24.9-years; P<.001) predominated as indications. Truly elective cesarean delivery

rate was 20.2% for women aged 45.0 years or older (adjusted odds ratio 1.85 [99% confidence

interval 1.03–3.32] compared with the referent age group of 25.0–29.9 years).
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CONCLUSIONS—Maternal and obstetric complications differed by maternal age, as did rates of

elective cesarean delivery. Women aged 25.0–29.9 years had the lowest rate of serious neonatal

morbidity.

Adverse pregnancy outcomes have been linked to maternal age.1–5 Women younger than

age 20 years are at increased risk for low birth weight, pre-term delivery, and neonatal

death, even after adjusting for socioeconomic factors. Women aged 35 and older have an

increased risk of miscarriage, chromosomal abnormalities, congenital anomalies, gestational

diabetes, placenta previa, cesarean delivery, and hypertensive disorders of pregnancy.5–7

These risks are important at a population level because 9.2% of births occurred in women

younger than 20 years in 2010, and an increasing number of U.S. women are delaying

childbearing, with 14.9% of all births occurring for women of advanced maternal age the

same year.8

For women aged 40–54 years, the cesarean delivery rate increased from 30.2% in 1996 to

49.5% in 2010, and it was twice as high compared with women younger than age 20 years.8

In addition, advanced maternal age has been associated with increased duration of labor, and

both prelabor and intrapartum cesarean delivery rates may be higher with advancing

maternal age.4,9–13 Possible explanations may include intrinsic alteration in the labor

process compared with a lower threshold for provider intervention in an older parturient.

There are limited data regarding the timing and indications for cesarean delivery related to

maternal age and few studies pertaining to women aged 40 years or older.4,12

We sought to delineate adverse obstetric and neonatal outcomes as well as to explore the

timing and indications for cesarean delivery by maternal age by using a large

contemporaneous obstetric cohort of U.S. women.

MATERIALS AND METHODS

The Consortium on Safe Labor was a retrospective cohort study of all deliveries at 23 weeks

of gestation or later (as recorded in the medical record, n=228,562) to 208,695 women from

2002 to 2008, from 19 hospitals across 9 states and the District of Columbia.13 All clinical

sites obtained Institutional Review Board approval, and the MedStar Health Research

Institute Institutional Review Board approved current analysis of the data presented here.

Maternal and neonatal information, as recorded in the electronic medical records, included

maternal demographics, reproductive and medical history, prenatal history of current

pregnancy, labor and delivery information, and newborn outcomes. Discharge diagnoses for

every delivery were coded using International Classification of Diseases, 9th Revision,

Clinical Modification. Validation studies evaluating four key diagnoses (cesarean delivery

for nonreassuring fetal heart tracing, shoulder dystocia, neonatal intensive care unit

admission for respiratory conditions, and asphyxia) indicated a high concordance between

the electronic medical records and medical charts for these variables.13

The final analyzed study cohort was limited to singleton gestations (n=223,310), and only

the first recorded pregnancy per woman was included to avoid intraperson correlation (final

analyzed cohort, n=203,517) (Fig. 1). Maternal age was stratified into the following age
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categories for evaluation of possible nonlinear associations: younger than 20.0 years; 20.0–

24.9 years; 25.0–29.9 years; 30.0–34.9 years; 35.0–39.9 years; 40.0–44.9 years; and 45.0

years or older. Coexisting medical conditions analyzed included pregestational diabetes,

chronic hypertension, asthma, and cardiac, renal, or neurologic disease. Pregnancy

complications evaluated included gestational diabetes and hypertensive disorders of

pregnancy (gestational hypertension, preeclampsia, eclampsia, and superimposed

preeclampsia). Analyses of onset of labor, mode of delivery, and indications as well as the

timing of cesarean deliveries were limited to 11 sites reporting these outcomes. Gestational

age categories at delivery were defined as less than 28 weeks, 28–33 weeks, 34–36 weeks,

37–40 weeks, and 41 weeks or more of gestation. Neonatal outcomes included gestational

age at birth, birth weight, Apgar score less than 7 at 5 minutes, neonatal intensive care unit

admission and length of stay, and perinatal mortality.

Indications for cesarean delivery, as recorded in the operative report, were mapped to the

following prespecified categories: malpresentation; chorioamnionitis; emergency; failed

induction; failed trial of forceps or vacuum; failed vaginal birth after cesarean delivery;

failure to progress (arrest of dilation or descent) or cephalopelvic disproportion (combined

as a single variable); nonreassuring fetal heart tracing; fetal indication or anomaly;

macrosomia; human immunodeficiency virus and herpes simplex virus; placental abruption;

placenta previa or vasa previa; maternal hypertensive disease (chronic hypertension,

gestational hypertension, or preeclampsia); previous uterine scar; shoulder dystocia; history

of shoulder dystocia; elective; or other. Because deliveries may have had more than one

indication, the same delivery could have been included in more than one indication category.

The “elective” category included cesarean deliveries with the following indications:

maternal request; advanced maternal age; multiparity; sterilization request; diabetes

mellitus; human papilloma virus; fetal demise; polyhydramnios; group B streptococcus;

pregnancy remote from term; postterm or postdates gestation; and social or religious

preferences. Any other reasons listed as cesarean indication not in any of these categories

were classified as “other.” Three hierarchical mutually exclusive categories were then used

to describe the indication for cesarean as “clinically indicated,” “mixed,” and “truly

elective,” as described by Zhang et al.13 The clinically indicated category included cesarean

deliveries performed for nonreassuring fetal heart tracing or fetal distress, failure to progress

or cephalopelvic dispro-portion (if the last dilation was 6 cm or larger but less than 10 cm;

or, in nulliparous women, if the last dilation was 10 cm and duration of full dilation was 180

minutes or longer; or, in multiparous women, the last dilation was 10 cm and duration of full

dilation was 120 minutes or longer; or failure to progress or cephalopelvic disproportion and

failed trial of forceps or vacuum were documented for the same delivery), failed operative

vaginal delivery, uterine rupture, cord prolapse, placental abnormalities (placenta previa or

vasa previa, placental abruption), shoulder dystocia or history of shoulder dystocia, or other

obstetric emergency. Cesarean deliveries in the mixed indications category included those

for failure to progress or cephalopelvic disproportion categories not meeting inclusion

criteria for the clinically indicated category, failed induction, suspected fetal macrosomia,

fetal anomaly, previous uterine scar, human immunodeficiency virus or herpes simplex virus

(viral load or active outbreak status unknown), or fetal malpresentation. Truly elective

cesarean deliveries included births in the “elective” category as defined. Hierarchy was
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maintained if more than one indication for cesarean delivery was listed for a particular

gravid woman, with the highest-order indication prioritized to assign the classification of

delivery as clinically indicated, mixed, or truly elective.

Missing data for specific variables are presented in Tables 1–4. For logistic regression

analysis, only sites reporting on the variable of interest were included in the model.

Characteristics and outcomes of the groups were compared using Student t test or ×2 as

appropriate, with significance determined as P<.01. Adjusted odds ratios (ORs) with 99%

confidence intervals (CIs) and P values for labor, delivery, and neonatal outcomes for

maternal age categories were estimated using logistic regression adjusting for maternal race,

parity, body mass index (BMI, calculated as weight (kg)/[height (m)]2), insurance type, pre-

existing medical conditions (pregestational diabetes, chronic hypertension, cardiac disease,

asthma, renal disease, and neurologic disease), substance abuse, tobacco use, and clinical

site. The maternal age category with the lowest rates of neonatal morbidity was chosen as

the reference group (age 25.0–29.9 years). Analyses were conducted using SAS 9.1.3.

RESULTS

Maternal and obstetric characteristics by maternal age group are presented in Table 1. Of the

cohort, 9.6% (n=19,638) of women were younger than 20.0 years and 15.1% (n=30,673)

were aged 35.0 years or older (Fig. 1). The proportion of non-Hispanic white women

increased with increasing maternal age and constituted the largest proportion of parturient

women aged 35.0 years and older (54.8%). In contrast, non-Hispanic black women and

Hispanic women tended to be younger than 25.0 years. Mean maternal BMI increased across

maternal age (P<.001) (Table 1).

Chronic medical conditions increased with advancing maternal age, with pre-existing

diabetes or chronic hypertension present in 5.4% and 9.5% of women aged 45.0 years and

older, respectively (compared with 2.0% and 2.5% in women aged 25.0–29.9 years; P<.001)

(Table 1). The risk of gestational diabetes increased with maternal age, with 1.6% of women

younger than 20.0 years being affected compared with 14.3% of women aged 45.0 years and

older (P<.001; adjusted OR 0.33 [99% CI 0.27– 0.40] and adjusted OR 3.33 [99% CI 2.09–

5.30], respectively, compared with women 25.0–29.9 years of age; Table 2). Hypertensive

disorders of pregnancy were increased for women older than those in the referent group as

follows: 1.22-fold (99% CI 1.12– 1.33) for women aged 35.0–39.9 years; 1.63-fold for

women aged 40.0–44.9 years (99% CI 1.42–1.88); and 1.89-fold (99% CI 1.21–2.96) for

women aged 45.0 years or older (Table 2).

Maternal complications in women aged 45.0 years or older increased with increasing

maternal age when compared with women aged 25.0–29.9 years, including intensive care

unit admission (1.4% compared with 0.5%; P<.001) and maternal thrombosis (2.1%

compared with 0.4%; P<.001) (Table 2). Risk of intensive care unit admission was increased

at older maternal age, with women aged 40.0–44.9 years having a 2.64-fold increased risk

(99% CI 1.34–5.18), although the association was not significant for women aged 45.0 years

or older (adjusted OR 3.70; 99% CI 0.56–24.20). Risk of thrombosis also increased, starting

with the maternal age group of 30.0–34.9 years having 1.74-fold increased OR (99% CI
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1.37–2.22) and women aged 45.0 years or older having up to 4.85-fold increased OR (99%

CI 1.85–12.69). Complications such as placental abruption (P=.090), postpartum

hemorrhage (P=.348), and wound separation or infection (P=.466) were not significantly

different across maternal age groups. The rate of endometritis varied, with the highest rates

observed in women younger than 20.0 years (1.6% compared with 0.6% in women aged

25.0–29.9; P<.001). This increased risk, however, was not statistically significant after

adjusting for maternal demographics and medical complications (adjusted OR 1.26; 99% CI

0.97–1.64). Malpresentation increased with maternal age, occurring in 15.3% of women

aged 45.0 years or older (compared with 8.0% in the referent group; P<.001; adjusted OR

2.20; 99% CI 1.43–3.37). The preterm birth rate was also increased at age extremes, with

women aged 25.0–29.9 years having the lowest rates of delivery at less than 28 weeks, 28–

33 weeks, and 34–36 weeks of gestation (P<.001 compared with all other ages).

Overall, 8.5% of all neonates weighed less than 2,500 g and 2.0% weighed less than 1,500 g.

Women aged 25.0–29.9 years had the lowest rates (1.7%) of very low birth weight less than

1,500 g (P<.001 for most comparisons, except not significantly different compared with

women aged 30.0–34.9 and 45 and older) and low birth weight less than 2,500 g (7.2%; P<.

001 for all comparisons, except not significantly different compared with women aged 30.0–

34.9 years). Birth weight more than 4,000 g paralleled the increase in gestational and pre-

existing diabetes and maternal BMI observed with increasing maternal age. Neonatal

intensive care unit admission occurred in 12.4% of all births, and 1.8% of neonates had

Apgar scores less than 7 at 5 minutes, with the lowest rates in women aged 25.0–29.9 years

(11.5% and 1.5%, respectively; P<.001 across age groups). The rate of perinatal mortality

varied across age groups (P<.001 for most comparisons with women aged 25.0–29.9 years,

except for those aged 30.0–34.9 years) and, although slightly increased for women younger

than 20.0 years (1.0%; adjusted OR 1.10; 99% CI 0.82– 1.48) and women aged 45.0 years or

older (1.8%; adjusted OR 2.16; 99% CI 0.66–7.04), was not statistically different from that

of the referent group after adjustment.

The cesarean delivery rate was 28.5%, and primary cesarean delivery occurred in 17.6% of

parturient women when indications for cesarean delivery were reported with complete data

(n=53,947). Spontaneous labor onset decreased with increasing maternal age (P<.001)

(Table 2). A concomitant increase in prelabor primary cesarean delivery rate was observed

with increasing maternal age, with rates ranging from 16.5% for women younger than 20.0

years to 49.2% for women aged 45.0 years or older (P<.001) (Table 4). The rates of

spontaneous vaginal delivery decreased as maternal age increased, from 73.4% in women

aged younger than 20.0 years to 55.5% for women aged 35 years or older, whereas the

cesarean delivery rate increased significantly from 20.8% in women younger than 20.0 years

to 40.7% in women 35.0 years and older (P<.001) (Table 2).

Indications for cesarean delivery differed by maternal age (Table 4). Previous uterine scar

comprised the most significant proportion of indications for women aged 25.0 and older

(36.9%), whereas cesarean delivery for failure to progress or cephalopelvic disproportion

and nonreassuring fetal heart tracing predominated as indications in the group younger than

20.0 years (37.0% and 28.7%, respectively) and in the group aged 20.0–24.9-years (31.1%

and 21.2%, respectively). Using hierarchical classification, the proportion of truly elective
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cesarean deliveries increased from 12.6% of women aged younger than 20.0 years (adjusted

OR 0.97; 99% CI 0.81–1.17) to 20.2% in women aged 45.0 years or older (adjusted OR

1.85; 99% CI 1.03–3.32) compared with those aged 25.0– 29.9 years.

DISCUSSION

The optimal maternal age with the least risks of maternal, pregnancy, and neonatal

complications was 25.0–29.9 years. Higher rates of pre-existing medical conditions and

obstetric complications were found with increasing maternal age, but the absolute risks were

low. Notably, the overall risk of cesarean delivery was significantly higher in an older

parturient woman (driven primarily by the indication of previous uterine scar). However, a

higher proportion of truly elective cesarean deliveries also occurred in women aged 35.0

years and older.

Published literature regarding the effect of maternal age on neonatal outcomes is

controversial; some investigators2,5 report no increase in adverse neonatal outcomes,

whereas others show higher risks of preterm delivery, low birth weight, and perinatal

mortality for women older than age 45.10–12,14 There was variation in poor neonatal

outcomes across maternal age strata, with the lowest neonatal morbidity observed in women

aged 25.0–29.9 years. Some proposed mechanisms for increased neonatal morbidity in

women younger than 20.0 years include maternal physiologic immaturity, sociodemographic

factors with poor access or initiation of prenatal care, as well as the effect of concomitant

pregnancy on nutritional demands of a still growing mother.6,7 In older women, the risk of

adverse neonatal outcome may be related to the presence of chronic comorbidities, but other

proposed mechanisms for increase in neonatal morbidity may include an unfavorable

intrauterine environment because of poor placental function in light of progressive vascular

changes occurring with increasing age and altered adaptation to the increased demands of

pregnancy.2,5,15

The rates of cesarean delivery have increased in the United States, reaching 32.8% in

2011.16 In our study, women aged 35.0 years and older had progressively higher cesarean

delivery rates compared with younger women. We also found an increase in mal-

presentation with increasing maternal age. Potential explanations for this observation

include nulliparity and a higher incidence of leiomyomas and uterine malformations, which

may have been the reason for the original delay in childbearing.1,9,17

Several factors have been proposed as explanations for the increasing cesarean delivery

trends, including advancing maternal age as women delay childbearing, higher rates of

obesity and other medical comorbidities, medicolegal environment, and patient preferences.

A concept of a more “valuable” pregnancy in the older parturient woman may also lead to

elective delivery because of the perception of vaginal delivery as more dangerous.18

Adashek et al19 evaluated factors potentially contributing to the increased cesarean delivery

birth rate and could not identify any controllable provider actions affecting the increased rate

of cesarean in women older than age 35 years. Interestingly, patients who were able to

achieve vaginal delivery required oxytocin for longer time periods and at higher doses,

leading the authors to postulate that altered pelvic compliance and decreased uterine
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contractility may be a contributing factor.4,19 Similarly, Ecker et al1 noted higher rates of

failure to progress and fetal distress as indications for cesarean delivery in women older than

age 40 years. Our analysis also found that failure to progress and nonreassuring fetal heart

tracing accounted for a high proportion of diagnoses at delivery, again raising the question

of intrinsically altered biologic state in older parturients, altering labor progression, and,

hence, contributing to a higher cesarean delivery rate.

Strengths of this study include using data from patient electronic medical records from

multiple institutions across the United States. The large sample size of the cohort and

detailed information from available medical records, as opposed to vital statistic data,

allowed our analyses to account for important covariates. There are limitations of the study,

including retrospective nature of the analysis, variability of definitions for various

indications across clinical sites, and limited validation of variables. Presence of more than

one indication for cesarean delivery, although potentially a limitation, is reflective of real-

life practice because multiple factors may play into the provider's decision to proceed with

cesarean delivery. This was the rationale for hierarchical classification of indications.

In summary, short-term neonatal outcomes were most favorable for women aged 25.0–29.9

years. There was an increased rate of adverse maternal outcomes at either extremes of

maternal age, younger than 20 years and 35 years or older. Although the cesarean delivery

indication of previous uterine scar increased with maternal age, so did the proportion of

women undergoing elective cesarean delivery. This information is useful when providing

preconception and pregnancy counseling to optimize both maternal and neonatal outcomes.
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Fig 1.
Patient selection diagram.

Timofeev. Pregnancy Outcomes and Maternal Age. Obstet Gynecol 2013.
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Table 1

Maternal and Obstetric Characteristics by Maternal Age Category

Characteristic Younger
Than 20.0 y
(n = 19,638)

20.0–24.9 y
(n = 51,011)

25.0–29.9 y
(n = 56,480)

30.0–34.9 y
(n = 45,715)

35.0–39.9 y
(n = 24,351)

40.0–44.9 y
(n = 5,931)

45.0 y or
Older (n
= 391)

Age (y) 17.8±1.3 22.1±1.4 27.0±1.4 31.9±1.4 36.6±1.4 41.2±1.2 46.1±1.8

Race
*

    Non-Hispanic white 5,266 (26.8) 22,515 (44.1) 29,801 (52.8) 25,483 (55.7) 13,516 (55.5) 3,085 (52.0) 214 (54.7)

    Non-Hispanic black 8,090 (41.2) 14,264 (28.0) 10,791 (19.1) 7,310 (16.0) 4,058 (16.7) 1,166 (19.7) 83 (21.2)

    Hispanic 4,721 (24.0) 9,593 (18.8) 9,550 (16.9) 7,101 (15.5) 3,708 (15.2) 958 (16.2) 50 (12.8)

    Asian or Pacific Islander 166 (0.85) 1,183 (2.3) 2,573 (4.6) 2,760 (6.0) 1,405 (5.8) 322 (5.4) 17 (4.4)

    Other or unknown 1,395 (7.1) 3,456 (6.8) 3,765 (6.7) 3,061 (6.7) 1,664 (6.8) 400 (6.7) 27 (6.9)

Gravidity
* 1 (1, 2) 2 (1, 3) 2 (1, 3) 3 (2, 4) 3 (2, 4) 4 (2, 5) 4 (2, 6)

Parity and previous uterine

scar
*

    Nulliparous, no scar 16,702 (85.1) 28,829 (56.5) 21,080 (37.3) 14,184 (31.0) 6,434 (26.4) 1,478 (24.9) 117 (29.9)

    Multiparous, no scar 2,467 (12.6) 17,955 (35.2) 28,215 (50.0) 23,717 (51.9) 12,793 (52.5) 3,106 (52.4) 173 (44.3)

    Multiparous, previous scar 469 (2.4) 4,227 (8.3) 7,185 (12.7) 7,814 (17.1) 5,124 (21.0) 1,347 (22.7) 101 (25.8)

BMI at admission,
*
 (kg/m2)

(missing data = 42,017)

29.9±5.9 (n
= 15,540)

30.8±6.3 (n
= 40,316)

31.1±6.3 (n
= 45,355)

31.0±6.2 (n
= 36,178)

31.0±6.3 (n
= 19,138)

31.0±6.0 (n
= 4,675)

31.3±6.0
(n = 298)

Insurance
*

    Private 5,648 (28.8) 22,349 (43.8) 34,480 (61.1) 30,753 (67.3) 15,966 (65.6) 3,634 (61.3) 227 (58.1)

    Public or self-pay 12,044 (61.3) 24,297 (47.6) 16,828 (29.8) 9,420 (20.6) 4,557 (18.7) 1,178 (19.9) 84 (21.5)

    Other or unknown 1,946 (9.9) 4,365 (8.6) 5,172 (9.2) 5,542 (12.1) 3,828 (15.7) 1,119 (18.9) 80 (20.5)

Tobacco use
* 1,615 (8.2) 4,483 (8.8) 3,771 (6.7) 2,238 (4.9) 1,232 (5.1) 360 (6.1) 18 (4.6)

Alcohol use
* 349 (1.8) 1,022 (2.0) 995 (1.8) 774 (1.7) 502 (2.1) 131 (2.2) 7 (1.8)

Drug use
*
 (missing data =

21,205)

500 (2.9) (n
= 17,175)

1,126 (2.5)
(n = 45,640)

979 (1.9) (n
= 50,743)

689 (1.7) (n
= 40,914)

414 (1.9) (n
= 21,993)

139 (2.5) (n
= 5,484)

5 (1.4) (n
= 363)

Pre-existing medical conditions

    Pregestational diabetes
* 182 (0.9) 617 (1.2) 1,142 (2.0) 1,317 (2.9) 972 (4.0) 280 (4.7) 21 (5.4)

    Chronic hypertension
* 431 (2.2) 1,049 (2.1) 1,406 (2.5) 1,532 (3.4) 1,171 (4.8) 456 (7.7) 37 (9.5)

    Cardiac disease
*
 (missing

data = 7,321)

127 (0.7) (n
= 18,346)

307 (0.6) (n
= 48,521)

352 (0.6) (n
= 54,583)

368 (0.8) (n
= 44,644)

212 (0.9) (n
= 23,871)

71 (1.2) (n
= 5,847)

9 (2.3) (n
= 384)

    Asthma
* 2,018 (10.3) 3,927 (7.7) 3,544 (6.3) 2,413 (5.3) 1,240 (5.1) 284 (4.8) 16 (4.1)

    Renal disease
*
 (missing data

= 7,321)

193 (1.1) (n
= 18,346)

452 (0.9) (n
= 48,521)

359 (0.7) (n
= 54,583)

295 (0.7) (n
= 44,644)

118 (0.5) (n
= 23,871)

21 (0.4) (n
= 5,847)

2 (0.5) (n
= 384)

    Neurologic disease
†

(missing data = 23,022)

33 (0.2) (n =
16,560)

52 (0.1) (n =
44,780)

43 (0.1) (n =
50,860)

39 (0.1) (n =
41,254)

18 (0.1) (n =
21,600)

9 (0.2) (n =
5,095)

0 (n =
346)

BMI, body mass index.

Data are mean±standard deviation, n (%), or median (interquartile range).

*
P<.001.
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†
P=.003.
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Table 3

Neonatal Outcomes by Maternal Age Category and Adjusted Odds Ratios

Outcome Younger
Than 20.0 y
(n = 19,638)

20.0–24.9 y
(n = 51,011)

25.0–29.9 y
(n = 56,480)

30.0–34.9 y
(n = 45,715)

35.0–39.9 y
(n = 24,351)

40.0–44.9 y
(n = 5,931)

45.0 y or
Older (n =

391)

Gestational age at

delivery
*
 (wk)

38.5±2.7 38.6±2.4 38.6±2.2 38.5±2.3 38.4±2.5 38.2±2.6 38.1±2.7

Birth weight
*
 (g),

(missing data =
2,340)

3,091 (610)
(n = 19,458)

3,196 (596)
(n = 50,373)

3,271 (585)
(n = 55,836)

3,294 (606)
(n = 45,202)

3,282 (646)
(n = 24,072)

3,240 (678)
(n = 5,851)

3,202 (708)
(n = 385)

Birth weight less

than 1,500 g
*

(missing data =
2,340)

521 (2.7) (n =
19,458)

1,045 (2.1) (n
= 50,373)

920 (1.7) (n =
55,836)

839 (1.9) (n =
45,202)

571 (2.4) (n =
24,072)

160 (2.7) (n =
5,851)

12 (3.1) (n =
385)

    OR 0.95 0.99 Referent 1.17 1.39 1.53 1.98

    99% CI 0.79–1.14 0.86–1.14 1.01–1.36 1.18–1.65 1.17–2.01 0.87–4.51

Birth weight less

than 2,500 g
*

(missing data =
2,340)

2,343 (12.0)
(n = 19,458)

4,505 (8.9) (n
= 50,373)

4,009 (7.2) (n
= 55,836)

3,373 (7.5) (n
= 45,202)

2,069 (8.6) (n
= 24,072)

633 (10.8) (n
= 5,851)

53 (13.8) (n =
385)

    OR 1.13 1.03 Referent 1.08 1.24 1.52 2.19

    99% CI 1.03–1.24 0.96–1.11 1.00–1.16 1.13–1.35 1.32–1.75 1.41–3.38

Birth weight more

than 4,000 g
*

(missing data =
2,340)

736 (3.8) (n =
19,458)

2,880 (5.7) (n
= 50,373)

4,223 (7.6) (n
= 55,836)

3,928 (8.7) (n
= 45,202)

2,264 (9.4) (n
= 24,072)

539 (9.2) (n =
5,851)

35 (9.1) (n =
385)

    OR 0.63 0.84 Referent 1.11 1.22 1.18 1.24

    99% CI 0.55–0.72 0.78–0.91 1.04–1.19 1.12–1.33 1.02–1.36 0.75–2.05

Apgar score less

than 7 at 5 min
*

(missing data = 996)

459 (2.4) (n =
19,511)

932 (1.8) (n =
50,765)

847 (1.5) (n =
56,247)

743 (1.6) (n =
45,505)

505 (2.1) (n =
24,214)

141 (2.4) (n =
5,890)

10 (2.6) (n =
389)

    OR 1.00 0.97 Referent 1.11 1.32 1.48 1.39

    99% CI 0.82–1.21 0.83–1.12 0.96–1.30 1.10–1.57 1.12–1.97 0.51–3.78

NICU admission
* 2,768 (14.1) 6,445 (12.6) 6,500 (11.5) 5,358 (11.7) 3,190 (13.1) 896 (15.1) 70 (17.9)

    OR 0.98 0.99 Referent 1.07 1.21 1.47 1.81

    99% CI 0.91–1.06 0.93–1.05 1.01–1.13 1.13–1.30 1.30–1.65 1.24–2.66

NICU length of

stay
*
 median (d)

7.1 (1.0, 52.0) 7.0 (1.0, 48.0) 6.4 (1.0, 44.0) 7.0 (1.0, 47.0) 7.0 (1.0, 48.0) 8.0 (2.0, 52.0) 7.0 (2.0, 49.0)

Stillbirth
* 118 (0.6) 232 (0.5) 214 (0.4) 182 (0.4) 138 (0.6) 41 (0.7) 5 (1.3)

    OR 1.31 1.01 Referent 1.07 1.47 1.66 2.35

    99% CI 0.89–1.92 0.74–1.36 0.78–1.45 1.04–2.07 0.97–2.85 0.51–10.80

Neonatal death
* 74 (0.4) 182 (0.4) 161 (0.3) 153 (0.3) 86 (0.4) 26 (0.4) 2 (0.5)

    OR 0.84 0.86 Referent 1.06 0.82 1.22 1.95

    99% CI 0.53–1.34 0.61–1.22 0.75–1.50 0.52–1.29 0.63–2.37 0.31–12.49

Perinatal mortality
*† 192 (1.0) 414 (0.8) 375 (0.7) 335 (0.7) 224 (0.9) 67 (1.1) 7 (1.8)

    OR 1.10 0.95 Referent 1.06 1.16 1.44 2.16
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Outcome Younger
Than 20.0 y
(n = 19,638)

20.0–24.9 y
(n = 51,011)

25.0–29.9 y
(n = 56,480)

30.0–34.9 y
(n = 45,715)

35.0–39.9 y
(n = 24,351)

40.0–44.9 y
(n = 5,931)

45.0 y or
Older (n =

391)

    99% CI 0.82–1.48 0.76–1.19 0.84–1.33 0.89–1.53 0.95–2.19 0.66–7.04

CI, confidence interval; OR, odds ratio; NICU, neonatal intensive care unit.

Data are mean±standard deviation, n (%), or median (10th, 90th percentiles) unless otherwise specified.

Adjusted odds ratios calculated from logistic regression and adjusted for maternal race, parity, body mass index, insurance type, pre-existing
medical conditions, substance abuse, tobacco use, and reporting clinical site. The group aged 25.0–29.9 years was used as the referent category.
Unless specified, missing data for logistic regression = 44,227.

*
P<.001.

†
Perinatal mortality defined as stillbirth and neonatal death.
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