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Prenatal screening with maternal serum analytes is utilized
to identify pregnancies at risk of aneuploidy and open neural
tube defects. Elevated maternal serum analytes in the ab-
sence of aneuploidy and open neural tube defects have been
associated with placental disorders, preterm birth (PTB) and
obstetric complication such as preeclampsia, placental
abruption, and small for gestational age (SGA).1–14

The body of existing literature on pregnancy outcomes
with elevated maternal serum analytes tends to report
outcome data for multiples of the median (MoM)� 2.0
or� 2.5 MoM (vs. those< 2.0 MoM or< 2.5 MoM, respec-
tively)1,9,15 or by centile (MoM� 95th centile vs.< 95th
centile).5,8 Outcomes have also been examined by subgroup
of elevated analyte, up to� 2.5 MoM.3,16 We searched the
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Abstract Objective The aim of this study was to evaluate rates of preterm birth (PTB) and
obstetric complication with maternal serum analytes> 2.5 multiples of the median
(MoM) by degree of elevation.
Study Design Retrospective cohort study of singleton live-births participating in the
California Prenatal Screening Program (2005–2011) examining PTB and obstetric
complication for α-fetoprotein (AFP), human chorionic gonadotropin (hCG), unconju-
gated estriol (uE3), and inhibin A (INH) by analyte subgroup (2.5 to< 6.0, 6.0 to< 10.0,
and� 10.0 MoM vs.< 2.5 MoM).
Results The risk of obstetric complication increasedwith increasing hCG, AFP, and INH
MoM, and were greatest for AFP and INH of 6.0 to <10.0 MoM. The greatest risk of any
adverse outcome was seen for hCG MoM� 10.0, with relative risk (RR) of PTB< 34
weeks of 40.8 (95% confidence interval [CI]: 21.7–77.0) and 13.8 (95% CI: 8.2–23.1) for
obstetric complication.
Conclusions In euploid, structurally normal fetuses, all analyte elevations> 2.5 MoM
confer an increased risk of PTB and, except for uE3, obstetric complication, and risks for
each are not uniformly linear. These data can help guide patient counseling and
antenatal management.
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English language literature from 1950 to 2018 using PubMed
and the search terms “elevated,” “maternal,” “analyte,” “α-
fetoprotein,” “α-fetoprotein,” “AFP,” “human chorionic go-
nadotropin,” “human chorionic gonadotrophin,” “hCG,” “es-
triol,” “uE3,” “inhibin,” and “INH” and found that the highest
maternal serum analyte elevations reported in conjunction
with adverse pregnancy outcome for each second-trimester
analyte were AFP> 5.0 MoM,12 hCG> 6.00 MoM,17

uE3> 3.00,7 and INH> 2.5 MoM.16

The aim of our study was to describe rates of PTB and
obstetric complication (composite variable, comprised of:
preeclampsia, placental abruption, and SGA) among euploid,
structurally normal fetuses with elevated maternal serum
analytes by degree of analyte elevation. We hypothesized
that the risk of PTB and obstetric complicationwould vary by
the degree of maternal serum analyte elevation for women
with analytes> 2.5 MoM.

Materials and Methods

Our study sample (n¼ 1,464,139) was drawn from a live
birth cohort database (n¼ 3,767,337) maintained by the
California Office of Statewide Health Planning and Develop-
ment for live births delivered between 2005 and 2011
(►Appendix 1). The birth cohort file contains detailed
information on maternal and newborn characteristics
derived from linked hospital discharge, birth certificate,
and death records wherein all records for the mother and
baby present from 1 year prior to the birth to 1 year after the
birth are included. Thefile provides diagnoses and procedure
codes based on the International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9).

The sample was restricted to singletons linked to the
California Prenatal Screening Program administered by the
Genetic Disease Screening Program within the California
Department of Public Health and included mothers who
participated in second-trimester prenatal screening. New-
bornswith gestations at birth of< 20weeks or> 42weeks or
birth weight three standard deviations above or below the
mean for gestation and sex18 were excluded to correct for
implausible estimates of gestational age or birth weight.
Newborns with major structural anomalies (obtained from
ICD-9 codes) or aneuploidy were also excluded. Anomalies
were considered major if they were determined by clinical
review to cause major morbidity and mortality identified
during the birth hospitalization or resulting in hospitaliza-
tion during the first year of life.19 Information about aneu-
ploidy was gathered by the Genetic Disease Screening
Program California Chromosomal Defect Registry personnel,
who collect this information on all California births.20–23

Registry ascertainment sources included physicians, cyto-
genetic laboratories, hospitals, and prenatal diagnostic cen-
ters. All of these sources are mandated by California law to
report diagnoses of aneuploidy to the Genetic Disease
Screening Program.

Analytes in the second-trimester prenatal screen included
serum AFP, hCG, uE3 (Perkin-Elmer Life Sciences, Waltham,
MA), and, starting in July 2007, INH (Applied Biosystems,

Brea, CA). Serum was drawn between 15 and 20 weeks of
gestation. Results were reported as MoM adjusted for gesta-
tional age, maternal weight, race or ethnicity, smoking
status, and preexisting diabetes.24

Adverse pregnancy outcomes examined included PTB and
obstetric complication. Obstetric complication was a com-
posite variable including preeclampsia, placental abruption,
and SGA. Gestational age at birth was obtained from birth
certificate records (for births before 2007, last menstrual
period was used; for births 2007 or later, best obstetric
estimate was used). Subtypes of PTB were grouped as
follows: premature rupture of membranes (PROM), sponta-
neous labor with intact membranes, and provider-initiated
PTB. As previously described, all pregnancies with an indi-
cation of PROM in the newborn’s birth certificate or mother’s
hospital discharge records were included in the PROM
group.5 Women without an indication of PROM, but with
indication of premature labor or tocolytic medication use in
birth certificate or hospital discharge records, were included
in the spontaneous labor with intact membranes group.
Pregnancies were classified as having a provider-initiated
PTB if they werewithout PROM, premature labor or tocolytic
administration, if therewas a code for “medical induction” or
“artificial rupture of membranes,” or if there was a cesarean
delivery without any of the aforementioned codes. PTBs
were also sub grouped by gestation< 34 weeks.

Outcomes included in the obstetric complication compos-
ite (preeclampsia, placental abruption, and SGA) were deter-
mined from hospital discharge ICD-9 diagnostic codes as
follows: preeclampsia/eclampsia (codes 642.4, 642.5, 642.6,
or 642.7); placental abruption (codes 641.2, newborn code
762.1). SGA was defined as< 10th percentile for gestational
age at delivery and sex.18

To determine analyte cut points, we generated receiver
operator curves for each maternal serum analyte, comparing
the rate of adverse pregnancy outcome (PTB< 37 weeks and
obstetric complication) for each analyte with MoM> 2.5. No
clear inflection point was observed for any of the four
analytes (AFP, hCG, uE3, INH). Given the lack of a clear cut
point, we elected to examine the data categorically. We
defined three clinically accessible categories a priori, using
a MoM of� 2.5 as the beginning of “elevated.” Our three
categories of elevated analyte were MoM 2.5 to< 6.0, 6.0
to< 10.0, and� 10.0. These three subgroups were compared
withwomenwith an analyteMoM< 2.5. For each analyte,we
calculated both the risk of PTB and obstetric complication
using logistic regression to calculate relative risks (RR) and
95% confidence intervals (CI). All analyses were conducted
using Statistical Analysis Software (SAS) version 9.4 (Cary,
NC). The study was approved by the Committee for the
Protection of Human Subjects within the Health and Human
Services Agency of the State of California. Data from the
California Prenatal Screening Program were obtained
through the California Biobank Program (Screening Informa-
tion System request no. 476). Data were obtained with an
agreement that the California Department of Public Health is
not responsible for the results or conclusions drawn by the
authors of this publication.
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Results

A total of 1,464,139 women met inclusion criteria (Fig. 1). The
majority of the sample was white non-Hispanic (24.1%) or
Hispanic (50.2%), between 18 and 34 years at delivery (81.9%),
had at least 12 years of education (69.4%), and had private
(50.2%) or public insurance (46.0%) for theirdelivery (►Table 1).

Elevated AFP
Womenwith elevated AFP were at increased risk of spontane-
ous and provider initiated PTB, with risk increasing for
each degree of AFP elevation up to MoM 10.0 (►Table 2).
While 1.1% of women with AFP< 2.5 MoM delivered< 34
weeks, 18.2% of women with AFP MoM between 6.0
and< 10.0 had a birth< 34 weeks (RR: 23.6, 95% CI: 15.8–
35.3).Womenwith elevated AFP were also at increased risk of
obstetric complication, with AFPMoM6.0 to< 10.0 associated
with the highest risk. Twenty-eight percent of women with
AFP MoM 6.0 to< 10.0 had both PTB and obstetric complica-
tion compared with 1.2% of women with AFP MoM< 2.5 (RR:
27.4, 95% CI: 17.6–41.4) (►Table 2). The risk of both PTB (<
37 weeks and< 34 weeks) and obstetric complication among
women with AFP MoM� 10.0 was increased above that of
women without an elevated AFP, but less so relative to the
other subgroups of elevated AFP (►Table 2).

Elevated hCG
Women with elevated hCG were at increased risk of both
spontaneous and provider-initiated PTB< 37 weeks
and< 34 weeks, with risks increasing with degree of hCG
elevation (►Table 3). Of womenwith hCGMoM� 10.0, 50.8%
had a PTB< 37 weeks compared with 6.0% for hCG
MoM< 2.5 (RR: 16.2, 95% CI: 9.8–26.8) and a 23.0% rate of
PTB< 34weeks comparedwith 1.1% for hCGMoM< 2.5 (RR:
40.8, 95% CI: 21.7–77.0). Increasing hCGMoM also conferred
an increased risk of obstetric complication (►Table 3). For
women with an hCG MoM� 10.0, 78.7% experienced either
PTB or an obstetric complication compared with 15.5% with
hCG MoM <2.5 (RR: 20.1, 95% CI: 10.9–37.0) and 34.4%
experienced both a PTB and an obstetric complication com-
pared with 1.2% with hCG MoM <2.5 (RR: 116.4, 95% CI:
58.3–232.4).

Elevated uE3
Women with elevated uE3 were at increased risk of both
spontaneous and provider-initiated PTB< 37 and< 34 weeks
in the subgroupofwomenwith uE3MoM2.5 to< 6.0. Of these
women, 14.8%had a PTB< 37weeks comparedwith 6.1%with
uE3 MoM< 2.5 (RR: 2.7, 95% CI: 2.4–3.0) and 2.7% had a
PTB< 34 weeks compared with 1.1% with uE3 MoM< 2.5
(RR: 2.7, 95% CI: 2.1–3.4). Of the 1.4-million women in our
sample, only 29 women had a uE3 MoM between 6.0
and< 10.0 and nine women had a uE3 MoM of 10.0 or
more. Because of these small numbers, risk calculations
were not performed for many of the outcomes (►Table 4).

Elevated INH
Women with elevated INH were at increased risk of sponta-
neous and provider-initiated PTB< 37 weeks and< 34
weeks, with risk increasing with the degree of INH elevation
up to MoM 10.0 (►Table 5). Women with elevated INH were
also at increased risk of obstetric complication, which fol-
lowed the same pattern as PTB.Womenwith an INHMoM6.0
to< 10.0 MoM and INHMoM� 10.0 had rates of any adverse
outcome of 58.3% and 50.0%, respectively, compared with
14.8% for INH MoM< 2.5 (RR: 8.1, 95% CI: 6.2–10.4 and RR:
5.8, 95% CI: 3.8–8.8, respectively) (►Table 5).

Two Elevated Analytes
We identified 5,677womenwith two elevated analytes� 2.5
MoM (►Table 6). The risk of PTB was increased for all
combinations of elevated analytes (AFP and hCG, AFP and
uE3, AFP and INH, hCG and uE3, hCG and INH, uE3 and INH)
with the combinations of AFP and INH and hCG and INH
conferring the greatest risk (RR: 10.5, 95% CI: 8.8–12.6 and
RR: 10.8, 95% CI: 5.6–20.8, respectively). The risk of obstetric
complication was increased among women with the combi-
nations of elevated AFP and hCG (38.9% [RR: 5.3, 95% CI: 4.7–
6.0]), AFP and INH (45.9% [RR: 7.1, 95% CI: 6.0–8.5]), and hCG
and INH (25% (RR: 2.8, 95% CI: 2.6–3.0)). Of women with
elevated AFP and INH, 60.4% experienced either a PTB or an
obstetric complication (RR: 8.3, 95% CI: 7.0–10.0) and 25.5%
experienced both a PTB and an obstetric complication (RR:
47.7, 95% CI: 38.2–59.4).

Table 1 Maternal demographic characteristics

n (%)

Race or ethnicity

White non-Hispanic 352,603 (24.1)

Hispanic 771,540 (52.7)

Black 51,117 (3.5)

Asian 206,251 (14.1)

Othera 82,628 (5.6)

Maternal age at birth

< 18 y 34,005 (2.3)

18 to 34 y 1,198,654 (81.9)

More than 34 y 231,456 (15.8)

Maternal education

< 12 y 403,563 (27.6)

12 y 334,503 (22.9)

More than 12 y 680,410 (46.5)

Payment for delivery

Medi-Calb 673,017 (46.0)

Private insurance 734,262 (50.2)

Self-pay 13,580 (0.9)

Otherc 41,195 (2.8)

aIncludes: American Indian, Hawaiian or Pacific Islander, other race, Two
or more races and unknown race or ethnicity.

bCalifornia’s Medicaid, health insurance for low-income persons.
cIncludes: medically unattended birth, other government programs,
Civilian Health and Medical Program of the Uniformed
Services/TRICARE, other payment and unknown.
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Discussion

In this large, retrospective studyof pregnancyoutcomes based
on elevatedmaternal serumanalyteswithoutmajor structural
anomalies or aneuploidy, we examined rates of PTB and
obstetric complication by degree of second-trimester mater-
nal serum analyte elevation. Our analysis demonstrated that
most risks of adverse pregnancy outcome increase as the
maternal serum analyte MoM increases, and that elevations
in hCG and INH appear to be associated with underlying

pathology that confers pregnancy risks that are far greater
than elevations of AFP.

While previous studies have characterized outcomes for
pregnancies complicated by abnormal maternal serum ana-
lytes, these studies do not provide data stratified by degree of
analyte elevation (i.e., MoM subgroup> 2.5).1,4–6,10–13,15 By
using a large dataset, we were able to assess for uncommon
analyte elevations with sufficient sample size to analyze
based on analyte subgroups. Our analysis provides specific
information based on analyte and elevation subgroup to

Table 2 Risk of preterm birth or obstetric complication by AFP multiple of the median

AFP MoM

< 2.5 2.5 to< 6.0 6.0 to< 10.0 10.0 or more

n (%) n (%) n (%) n (%)

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Sample 1,411,294 6,024 165 76

Gestation at birth

Any< 37 wk 84,772 (6.0) 1,253 (20.8) 55 (33.3) 14 (18.4)

4.1 (3.8–4.3) 7.8 (5.7–10.8) 3.5 (2.0–6.3)

< 34 wk 15,315 (1.1) 454 (7.5) 30 (18.2) 5 (6.6)

8.0 (7.3–8.8) 23.6 (15.8 35.3) 7.0 (2.8–17.4)

Any< 37 wk, PROM 15,716 (1.1) 274 (4.6) 14 (8.5) 3 (4.0)

4.8 (4.2–5.4) 10.7 (6.2–18.7) 4.1 (1.3–13.0)

Any< 37 wk, spontaneous labor 36,814 (2.6) 626 (10.4) 27 (16.4) 9 (11.8)

4.7 (4.3–5.1) 8.8 (5.8–13.5) 5.2 (2.6–10.5)

Any< 37 wk, provider initiated 18,841 (1.3) 232 (3.9) 11 (6.7) 1 (1.3)

3.4 (3.0–3.9) 7.0 (3.8–13.1) a

37 wk or more 1,326,522 (94.0) 4,771 (79.2) 110 (66.7) 62 (81.6)

Reference

Obstetric complication

None 1,259,222 (89.2) 4,441 (73.7) 99 (60.0) 60 (79.0)

Reference

Any 152,072 (10.8) 1,583 (26.3) 66 (40.0) 16 (21.1)

2.9 (2.8–3.1) 5.5 (4.0–7.5) 2.2 (1.3–3.8)

Preeclampsia 38,268 (2.7) 437 (7.3) 19 (11.5) 4 (5.3)

3.2 (2.9–3.5) 6.3 (3.9–10.3) 2.1 (0.8–6.0)

Placental abruption 9,892 (0.7) 123 (2.0) 8 (4.9) 0 (0.0)

3.5 (2.9–4.2) 10.3 (5.0–21.1) a

Small for gestational age 112,941 (8.0) 1,235 (20.5) 53 (32.1) 13 (17.1)

3.1 (2.9–3.3) 6.0 (4.3–8.3) 2.4 (1.3–4.4)

Any adverse outcome 219,942 (15.6) 2,290 (38.0) 93 (56.4) 26 (34.2)

3.3 (3.1–3.5) 7.0 (5.1–9.5) 2.8 (1.8–4.5)

Preterm birth and obstetric complication 16,902 (1.2) 546 (9.1) 28 (17.0) 4 (5.3)

10.0 (9.2–10.9) 27.4 (17.7–42.3) 5.6 (2.0–15.6)

Neither preterm birth nor obstetric complication 1,191,352 (84.4) 3,734 (62.0) 72 (43.6) 50 (65.8)

Reference

Abbreviations: AFP, α-fetoprotein; CI, confidence interval; MoM, multiple of the median; PROM, premature rupture of the membranes; RR, relative risk.
aNot calculated when n< three.
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better allow for personalized patient counseling and guide
antepartum surveillance for a unique population at high risk
of adverse pregnancy outcome.

Our findings are consistent with prior studies demon-
strating adverse pregnancy outcomes with elevated hCG; we
identified an ongoing increase in risk based on degree of
MoM elevation.10,11,17,25 The cause of isolated elevation of
hCG is not entirely understood; however, it is known that

hypoxic cytotrophoblasts proliferate at a higher rate thus
producing higher degrees of serum hCG.25 It is possible that
cytotrophoblast hypoxia impairs implantation, which in turn
leads to poor placentation and related adverse pregnancy
outcomes. Studies of placental pathology demonstrate an
association between chorionic villitis and vascular lesions
of the placenta that allow for increased AFP diffusion from
fetal to maternal circulation (i.e., following a concentration

Table 3 Risk of preterm birth or obstetric complication by hCG multiple of the median

hCG MoM

< 2.5 2.5 to< 6.0 6.0 to< 10.0 10.0 or more

n (%) n (%) n (%) n (%)

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Sample 1,372,653 44,359 486 61

Gestation at birth

Any< 37 wk 82,182 (6.0) 3,782 (8.5) 99 (20.4) 31 (50.8)

1.4 (1.4–1.5) 4.0 (3.2–5.0) 16.2 (9.8–26.8)

< 34 wk 14,739 (1.1) 1,009 (2.3) 42 (8.6) 14 (23.0)

2.1 (2.0–2.2) 9.5 (6.9–13.0) 40.8 (21.7–77.0)

Any< 37 wk, PROM 15,340 (1.1) 649 (1.5) 14 (2.9) 4 (6.6)

1.3 (1.2–1.4) 3.0 (1.8–5.2) 11.2 (4.0–31.8)

Any< 37 wk, spontaneous labor 35,577 (2.6) 1,829 (4.1) 47 (9.7) 23 (37.7)

1.6 (1.5–1.7) 4.4 (3.3–6.0) 27.8 (16.1–47.8)

Any< 37 wk, provider initiated 18,176 (1.3) 879 (2.0) 27 (5.6) 3 (4.9)

1.5 (1.4–1.6) 4.9 (3.4–7.3) 7.1 (2.2–23.3)

37 wk or more 1,290,471 (94.0) 40,577 (91.5) 387 (79.6) 30 (49.2)

Reference

Obstetric complication

None 1,225,506 (89.3) 37,962 (85.6) 331 (68.1) 23 (37.7)

Reference

Any 147,147 (10.7) 6,397 (14.4) 155 (31.9) 38 (62.3)

1.4 (1.4–1.4) 3.9 (3.2–4.7) 13.8 (8.2–23.1)

Preeclampsia 36,235 (2.6) 2,397 (5.4) 73 (15.0) 23 (37.7)

2.1 (2.0–2.1) 7.4 (5.8–9.6) 33.8 (19.0–60.2)

Placental abruption 9,562 (0.7) 440 (1.0) 13 (2.7) 8 (13.1)

1.5 (1.3–1.6) 5.0 (2.9–8.7) 44.5 (19.9–99.6)

Small for gestational age 109,888 (8.0) 4,227 (9.5) 101 (20.8) 26 (42.6)

1.2 (1.2–1.3) 3.4 (2.7–4.2) 12.6 (7.2–22.1)

Any adverse outcome 213,262 (15.5) 8,849 (20.0) 192 (39.5) 48 (78.7)

1.3 (1.3–1.4) 3.5 (3.0–4.3) 20.1 (10.9–37.0)

Preterm birth and
obstetric complication

16,067 (1.2) 1,330 (3.0) 62 (12.8) 21 (34.4)

2.6 (2.4–2.7) 15.2 (11.5–19.9) 116.4 (58.3–232.4)

Neither preterm birth nor
obstetric complication

1,159,391 (84.5) 35,510 (80.1) 294 (60.5) 13 (21.3)

Reference

Abbreviations: CI, confidence interval; hCG, human chorionic gonadotropin; MoM, multiple of the median; PROM, premature rupture of the
membranes; RR, relative risk.
aNot calculated when n< three.
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gradient).14 In the setting of isolated elevation of AFP, there is
less risk increase for PTB or obstetric complication for
MoM� 10.0 compared with MoM 6.0 to< 10.0. One possible
explanation for this is that our data only capture live births
thus missing any pregnancies with elevated AFP that ended
in termination, miscarriage, or stillbirth. It is possible that
pregnancies with an AFP MoM� 10.0 have a lower rate of
PTB and obstetric complication because they had a lower live

birth rate. Our cohort excluded cases with major structural
birth defects, a category that included Finnish nephrosis,
eliminating this known source of elevated AFP.

In this large cohort of women undergoing prenatal
screening with maternal serum analytes, we found a marked
increase in risk of PTB and obstetric complication for women
with elevated second-trimester maternal serum analytes
that peaked at MoM 6.0 to< 10.0 MoM for AFP and inhibin

Table 4 Risk of preterm birth or obstetric complication by uE3 multiple of the median

uE3 MoM

< 2.5 2.5 to< 6.0 6.0 to< 10.0 10.0 or more

n (%) n (%) n (%) n (%)

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Sample 1,413,598 2,435 29 9

Gestation at birth

Any< 37 wk 85,639 (6.1) 361 (14.8) 2 (6.9) 1 (11.1)

2.7 (2.4–3.0) a a

< 34 wk 15,722 (1.1) 66 (2.7) 0 (0.0) 0 (0.0)

2.7 (2.1–3.4) a a

Any< 37 wk, PROM 15,961 (1.1) 33 (1.4) 0 (0.0) 0 (0.0)

1.3 (0.9–1.9) a a

Any< 37 wk, spontaneous labor 37,344 (2.6) 96 (3.9) 1 (3.5) 1 (11.1)

1.6 (1.3–2.0) a a

Any< 37 wk, provider initiated 18,948 (1.3) 111 (4.6) 1 (3.5) 0 (0.0)

3.7 (3.1–4.5) a a

37 wk or more 1,327,959 (93.9) 2,074 (85.2) 27 (93.1) 8 (88.9)

Reference

Obstetric complication

None 1,260,263 (89.2) 2,203 (90.5) 27 (93.1) 7 (77.8)

Reference

Any 153,335 (10.9) 232 (9.5) 2 (6.9) 2 (22.2)

0.9 (0.8–1.0)b a a

Preeclampsia 38,618 (2.7) 73 (3.0) 0 (0.0) 0 (0.0)

1.1 (0.9–1.4) a a

Placental abruption 9,994 (0.7) 16 (0.7) 0 (0.0) 0 (0.0)

0.9 (0.6–1.5) a a

Small for gestational age 113,952 (8.1) 157 (6.5) 2 (6.9) 2 (22.2)

0.8 (0.7–0.9) a a

Any adverse outcome 221,545 (15.7) 558 (22.9) 3 (10.3) 3 (33.3)

1.6 (1.5–1.8) 0.6 (0.2–2.1) 2.6 (0.7–10.8)

Preterm birth and obstetric complication 17,429 (1.2) 35 (1.4) 1 (3.5) 0 (0.0)

1.3 (0.9–1.8) a a

Neither preterm birth nor obstetric complication 1,192,053 (84.3) 1,877 (77.1) 26 (89.7) 6 (66.7)

Reference

Abbreviations: CI, confidence interval; MoM, multiple of the median; PROM, premature rupture of the membranes; RR, relative risk; uE3,
unconjugated estriol.
aNot calculated when n< three
bp-value< 0.05.
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and continued to rise for hCG MoM� 10.0. Our data confirm
the known association between elevated maternal serum
analytes and adverse obstetric outcome and add additional
information regarding the association between degree of
analyte elevation and risk of PTB and obstetric complication.

Our study is not without limitations. While we utilized
the Genetic Disease Screening Program California Chromo-
somal Defect Registry to exclude cases with known aneu-
ploidy, we cannot ensure that all patients included in our
cohort had euploid pregnancies (e.g., had prenatal or post-

natal diagnostic testing to confirm a euploid pregnancy).
Given this limitation, it is possible that some small portion of
pregnancies in our sample was in fact aneuploid. If this is the
case, we would anticipate that our data might slightly
overestimate risk given the association between aneuploidy
and adverse pregnancy outcomes. We acknowledge that
since this is a large dataset, there is risk of error due to
misclassification of outcomes. It is also possible that not all
adverse obstetric outcomeswere captured. However, if this is
the case, we would expect misclassification of adverse

Table 5 Risk of preterm birth or obstetric complication by INH multiple of the median

INH MoM

< 2.5 2.5 to< 6.0 6.0 to< 10.0 10.0 or more

n (%) n (%) n (%) n (%)

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Sample 728,944 10,221 240 86

Gestation at birth

Any< 37 wk 38,679 (5.3) 1,349 (13.2) 90 (37.5) 25 (29.1)

2.7 (2.5–2.8) 10.7 (8.2–13.9) 7.3 (4.6–11.6)

< 34 wk 7,535 (1.0) 504 (4.9) 39 (16.3) 15 (17.4)

4.9 (4.5–5.4) 23.7 (16.7–33.7) 22.5 (12.8–39.5)

Any< 37 wk, PROM 8,669 (1.2) 232 (2.3) 18 (7.5) 3 (3.5)

2.1 (1.8–2.3) 9.5 (5.9–15.5) 3.9 (1.2–12.5)

Any< 37 wk, spontaneous labor 19,813 (2.7) 768 (7.5) 46 (19.2) 15 (17.4)

2.9 (2.7–3.2) 10.7 (7.7–14.8) 8.6 (4.9–15.1)

Any< 37 wk, provider initiated 6,312 (0.9) 280 (2.7) 23 (9.6) 6 (7.0)

3.3 (3.0–3.8) 16.7 (10.8–25.9) 10.7 (4.6–24.9)

37 wk or more 690,265 (94.7) 8,872 (86.8) 150 (62.5) 61 (70.9)

Reference

Obstetric complication

None 651,542 (89.4) 7,939 (77.7) 126 (52.5) 50 (58.1)

Reference

ny 77,402 (10.6) 2,282 (22.3) 114 (47.5) 36 (41.9)

2.4 (2.3–2.5) 7.6 (5.9–9.8) 6.1 (3.9–9.3)

Preeclampsia 19,605 (2.7) 1,030 (10.1) 58 (24.2) 20 (23.3)

4.1 (3.9–4.4) 15.3 (11.2–20.8) 13.3 (7.9–22.3)

Placental abruption 5,159 (0.7) 163 (1.6) 11 (4.6) 3 (3.5)

2.5 (2.2–3.0) 11.0 (5.9–20.4) 7.6 (2.4–24.3)

Small for gestational age 56,944 (7.8) 1,468 (14.4) 76 (31.7) 25 (29.1)

2.1 (2.0–2.2) 6.9 (5.2–9.2) 5.7 (3.5–9.2)

Any adverse outcome 107,642 (14.8) 2,920 (28.6) 140 (58.3) 43 (50.0)

2.3 (2.2–2.4) 8.1 (6.2–10.4) 5.8 (3.8–8.8)

Preterm birth and obstetric complication 8,429 (1.2) 711 (7.0) 64 (26.7) 18 (20.9)

6.7 (6.2–7.2) 46.8 (34.2–64.0) 30.8 (17.7–53.3)

Neither preterm birth nor obstetric complication 621,302 (85.2) 7,301 (71.4) 100 (41.7) 43 (50.0)

Reference

Abbreviations: CI, confidence interval; INH, inhibin A; MoM, multiple of the median; PROM, premature rupture of the membranes; RR, relative risk.
aNot calculated when n< three.
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outcomes to be evenly distributed for women in the elevated
analyte subgroups. Pregnancies that ended in stillbirth were
not included in available data, sowe aremissing the outcome
of stillbirth in our assessment of obstetric complication.
Lastly, we were unable to identify women with more than
one live birth in the cohort and thuswere unable to adjust for
this. In spite of these limitations, our data provide new
information on RR of PTB and obstetric complication strati-
fied by degree of maternal serum analyte elevation and fill a
gap in the literature.

In euploid, structurally normal fetuses, all analyte eleva-
tions> 2.5MoMconfer an increased riskof PTB and, except for
uE3, obstetric complication. Maternal serum analyte eleva-
tionsmay serve as amarker of underlying placental pathology
andconfer riskofadversepregnancyoutcome.RisksofPTBand
obstetric complication are not uniformly linear, thus these
detailed data for individual analytes by subgroup can help
guide patient counseling and antenatal management.
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Appendix 1 Sample selection.
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