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Many adverse pregnancy outcomes differ by race. We examined the association between self-reported race

and miscarriage (pregnancy loss at <20 weeks) in a community-based pregnancy cohort. Women from the south-

eastern United States (North Carolina, Texas, and Tennessee) were enrolled in “Right from the Start” from 2000 to

2009. They were recruited while trying to conceive or during early pregnancy. Participants completed study ultra-

sound examinations, interviews, and consent forms for review of medical records. We used proportional hazard

models to examine miscarriage risk among black women compared with white women, adjusted for confounders.

There were 537 observed miscarriages among 4,070 women, 23% of whom self-identified as black (n = 932). The

life table–adjusted cumulative risk of loss after gestational week 5 was 21.3%. With adjustment for age and

alcohol use, blacks had increased risk of miscarriage compared with whites (adjusted hazard ratio = 1.57, 95%

confidence interval: 1.27, 1.93). When risk of loss before gestational week 10 was dichotomized at the median

gestational age, there was little difference, but black women had a greater risk thereafter compared with white

women (adjusted hazard ratio = 1.93, 95% confidence interval: 1.48, 2.51). Early pregnancy ultrasound examina-

tions did not differ by race. In summary, self-reported race is independently associated with risk of miscarriage,

and the higher risk for black women is concentrated in gestational weeks 10–20.

disparity; miscarriage; pregnancy; prospective cohort; race; reproductive epidemiology

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio; RFTS, “Right from the Start.”

Approximately 10%–15% of clinically identified preg-
nancies end in recognized miscarriage, a pregnancy loss
before completion of 20 weeks’ gestation (1–4). More than a
third of all conceptions that can be identified hormonally
may end in loss when taking into account unrecognized
pregnancies (1). Miscarriage is challenging to study because
risk varies markedly by gestational age; thus, the gestational
age at study entry must be considered when estimating risk
of loss. Few biological, behavioral, or socioeconomic factors
have been definitively associated with risk of miscarriage
(1–3, 5, 6). Increasing maternal age and history of miscar-
riage are the strongest predictors of miscarriage (1–3).

Studies incorporating race into multivariable models of
miscarriage risk have not specifically focused on evaluating
the presence or magnitude of disparity. One study reported

race as a confounder, suggesting that blacks have twice the
risk of miscarriage compared with other racial groups (7),
and others report no association between race and miscar-
riage risk (8–10). Understanding whether race has an inde-
pendent influence on miscarriage risk has not been the goal
of prior analyses.

Although there is limited research on disparities in risk of
miscarriage, other adverse pregnancy outcomes, including
spontaneous preterm birth and fetal growth restriction, have
been shown to differ significantly by race (11–15). For
example, in the United States, the risk of spontaneous
preterm birth for non-Hispanic black women is approxi-
mately 1.5 times greater than the risk observed among non-
Hispanic white women (16, 17). Studies have shown that the
overrepresentation of preterm births in non-Hispanic black
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women is observed independently of conventional maternal
medical and socioeconomic factors captured in epidemio-
logic research and that complex causal pathways may link
the social construct of race to the biological outcome of
preterm birth (13, 17, 18).
Given significant racial and ethnic disparities observed in

other adverse pregnancy outcomes that may have origins in
early pregnancy, such as placentation (19–22), we examined
the association between self-reported race and miscarriage
risk in a community-recruited prospective pregnancy cohort
to determine if racial disparities in reproductive outcomes
include increased miscarriage risk.

MATERIALS ANDMETHODS

Study population and data collection

“Right from the Start” (RFTS) is an ongoing prospective
community-based pregnancy cohort study that began enroll-
ment in 2000. Over time, the study has included 3 phases
designated “RFTS 1,” “RFTS 2,” and “RFTS 3.” Women,
either pregnant or planning a pregnancy, enrolled from 9
areas in 3 states (North Carolina, Texas, and Tennessee).
Participants were between 18 and 45 years of age, spoke
English or Spanish, intended to carry the pregnancy to term,
and had not used assisted reproductive technologies to con-
ceive (5, 23, 24). The study was designed to recruit women
from a variety of clinic- and community-based settings and
has been described in detail (24).
Briefly, women who were not yet pregnant but trying to

conceive were followed until a positive pregnancy test and
enrolled at that time. To avoid overenrollment of subfertile
women, nonpregnant participants in the study must have
been attempting to get pregnant for fewer than 6 months
(RFTS 1 and RFTS 2) or fewer than 3 months (RFTS 3).
Women planning pregnancies were eligible to be followed
for up to 12 months. Pregnant women formally enrolled in
the study before 12 completed weeks of gestation (RFTS 1),
before 9 completed weeks of gestation (RFTS 2), or at the
time of a positive pregnancy test after preenrollment prior to
pregnancy (RFTS 3) (23). Informed, written consent was
obtained from each study participant in compliance with
institutional review board procedures and approvals.
Women who had their last menstrual period before

November 12, 2009, were included in this data set
(n = 4,887). Participants had an early pregnancy ultrasound
examination for assessment of embryological viability, doc-
umentation of stage of development, and confirmation of
gestational dating. The accuracy of self-reported last men-
strual period dating in this cohort is excellent and has been
described (25). Research ultrasound examinations were con-
ducted at a time in gestation (>54/7 weeks from the last men-
strual period) in which normal pregnancies would be
expected to have a fetal pole and heart rate. Participants
completed a baseline interview at the time of enrollment
and a comprehensive computer-assisted telephone inter-
view in the first trimester. In the interview, information
collected included reproductive and medical history, socio-
demographic characteristics, and health behaviors around
the time of conception or during pregnancy. Participants

who experienced pregnancy loss before the scheduled inter-
view were interviewed as soon as possible after the loss.
Pregnancy outcomes were self-reported by study partici-

pants and verified by medical records. Exclusions from the
analysis include women who enrolled during more than one
pregnancy (n = 240, only the first pregnancy was included),
women who had induced abortions (n = 17), women who
had a missing pregnancy status at the time of analysis
(n = 10), and women who had ectopic/molar pregnancies
(n = 7).

Variable definitions

The primary exposure of interest in this analysis is mater-
nal race. Race is a self-reported measure acquired during the
baseline interview. For this analysis, race was grouped into
the following categories: non-Hispanic white (referred
to throughout as “white”) and non-Hispanic black (referred
to throughout as “black”). Women with missing information
for race (n = 7) or who decline to self-identify their race
(n = 2) were excluded from this analysis. Women who self-
identified as Hispanic regardless of white or black racial
self-identification or as other races, which include Native
Americans and Asians, were also excluded from this analy-
sis (n = 327 and n = 207, respectively). A total of 4,070
women contributed to this analysis.
Miscarriage was defined as loss of a recognized preg-

nancy prior to 20 completed weeks of gestation from the last
menstrual period. We documented miscarriage in 537
women (13.2%) during the study period. Pregnancy was ver-
ified by ultrasound examination or repeat pregnancy tests.
Participants who had birth outcomes at a gestational age
later than 20 weeks served as a comparison group. The com-
parison group (n = 3,533) consisted of women who had live-
births (n = 3,510) or stillbirths (n = 23).

Statistical analysis

Potential confounders examined from baseline and the
first-trimester interviews included factors known to be asso-
ciated with both miscarriage and race. Candidate confound-
ers related to sociodemographic factors included age (years);
body mass index calculated as weight (kg)/height (m)2

(<18.5, 18.5–24.9 (referent), 25.0–29.9, ≥30); household
income (≤$40,000, $40,001–$80,000, >$80,000 (referent));
maternal education (high school or less, some college, 4 or
more years of college (referent)); marital status (married/
living as married (referent), other); and insurance coverage
(none, private (referent), public, other). In addition, we
assessed potential confounders related to maternal reproduc-
tive history and health behaviors during pregnancy, namely,
parity (yes/no), previous induced abortion (yes/no), diabetes
status (yes/no), prenatal vitamin use (yes/no), alcohol use
(never, current, former, within 4 months prior to the inter-
view (meaning exposures in the pregnancy and/or pericon-
ception window) or ≥4 months from interview), smoking
status (never, current, former), and study site (Galveston,
Texas; Raleigh and Research Triangle Park, North Carolina
(referent); Nashville, Tennessee; Memphis, Tennessee). We
did not consider prior history of miscarriage as a confounder
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in our data because we would be potentially overadjusting
when a factor that caused a previous miscarriage may also
be a causal factor in the current pregnancy (26).

Gestational age at the time of loss was calculated from the
first day of the last menstrual period for the index pregnancy
to the end of that gestation. Four women did not have com-
plete last menstrual period information and were not
included. Of the 537 women with miscarriage, 18 did not
complete the first-trimester interview (3.4%), and 325 com-
pleted the interview after their loss (60.5%). Among women
who experienced a loss prior to their interview, the mean
interval between loss and first-trimester interview was less
than 3.5 weeks (24.4 (standard deviation, 18.3) days). To
investigate timing of loss, we dichotomized loss at 10
weeks, the median gestational age at time of loss for our
cohort. We grouped losses into early loss (prior to 10
weeks’ gestation) and late loss (≥10 weeks’ gestation). In
addition, we used ultrasound examination findings by group-
ing losses into developmental stage documented on ultra-
sound examination prior to pregnancy loss.

Cox regression was used to estimate hazard ratios for the
association between race and risk of miscarriage. Partici-
pants were followed from the time of enrollment in the study
and contributed to analysis until an outcome or loss to
follow-up occurred. Cox models accounted for variable ges-
tational age at study entry and were used to screen candidate
confounders. Confounding was defined as a greater than
10% change from the crude hazard ratio for miscarriage risk
for black women compared with white women (referent). If
a 10% change was observed from the crude hazard ratio, the
variable was retained in the final models. Cox models were
used to compare overall risk for miscarriage as well as early
versus late miscarriage. We restricted the analysis to those
with complete covariate information, excluding 118 preg-
nancies. Final hazard models included adjustment for mater-
nal age and alcohol use. Analyses were conducted by using
Stata IC/11.1 software (StataCorp LP, College Station,
Texas).

RESULTS

Nearly 23% of participants self-identified as black
(n = 932) (Table 1). Compared with white women, black
women were more likely to be younger, to have a higher
body mass index (≥30 kg/m2), to have income <$80,000,
not to have a college degree, to be unmarried, to be parous
(>1), and to abstain from alcohol and tobacco products.
Additionally, blacks were more likely than whites to have
Medicaid coverage rather than private insurance and to have
had a prior induced abortion. Mean gestational age at the
time of enrollment was later for blacks (7.9 weeks) than for
whites (6.8 weeks) (Table 1). There were 537 miscarriages.
Among those women who experienced a loss prior to their
interview, the mean number of days between loss and inter-
view was similar for whites and blacks (25.5 (standard devi-
ation, 18.0) vs. 20.2 (standard deviation, 17.0) days,
respectively). Twenty-three percent of the women in our
cohort were recruited prior to pregnancy (n = 943).

The life table–adjusted cumulative incidence of miscar-
riage after gestational week 5 was 21.3%. Risk of loss was

greater for women who were older, had a higher body mass
index, were nulliparous, did not use prenatal vitamins, and
had a previous history of miscarriage. Maternal age per year
(hazard ratio (HR) = 1.06, 95% confidence interval (CI):
1.04, 1.08), alcohol intake during pregnancy (HR = 4.84,
95% CI: 3.53, 6.63) comparing current drinkers with never
drinkers, and unmarried status (HR = 1.46, 95% CI: 1.15,
1.84) compared with married/living as married were associ-
ated with increased miscarriage risk in crude analyses. With
each recruitment phase, there were increasing proportions of
women recruited prior to pregnancy.

Week-specific risk of miscarriage started at about 5%
during gestational week 6 and declined over gestation for
both blacks and whites (Figure 1). The risk was higher for
blacks than whites for all weeks after gestational week 12.
We calculated life table–adjusted cumulative risk of loss for
3 time periods during gestation that may have different
pathologies. The cumulative risk of embryonic loss (gesta-
tional weeks 6–9) was 15% for whites and 14% for blacks.
The cumulative risk for early fetal loss (weeks 10–15) was
6% and 8% and, for late fetal loss (weeks 16–19), was <1%
and 2% for whites and blacks, respectively. Black women
had a greater hazard for miscarriage compared with white
women in unadjusted comparisons (unadjusted HR = 1.32,
95% CI: 1.09, 1.62) (Table 2). With adjustment for age and
alcohol consumption, black women had a 57% greater
hazard for miscarriage compared with white women (blacks:
adjusted hazard ratio (aHR) = 1.57, 95% CI: 1.27, 1.93)
(Table 2). When we dichotomized losses at the median ges-
tational age of loss, black women had a 93% greater hazard
for later miscarriage (≥10 weeks) compared with white
women (aHR = 1.93, 95% CI: 1.48, 2.51) (Table 2). There
was no significant association between race and risk of early
miscarriage for blacks compared with whites (aHR = 1.15,
95% CI: 0.82, 1.62) (Table 2).

Data from ultrasound examinations were available for the
majority of women who experienced a miscarriage (n = 384,
71.5%) (Table 3). Ultrasound examinations were conducted
at a time in which normal pregnancies are clinically expected
to have a fetal pole and heart rate. Among those women who
experienced a loss and had ultrasound imaging data avail-
able, key categories of early embryonic arrest (anembryonic
gestations and fetal pole without heart rate or with abnormal
heart rate) did not differ significantly by race (Table 3).

DISCUSSION

Black women in our cohort were more likely than white
women to experience a pregnancy loss. The increased risk
was greater in the period from 10 to 20 weeks’ gestation.
Previous studies have built multivariable models consider-
ing race as a confounder in assessing miscarriage risk (7,
27–29), but they have not examined race as a main effect.
As a multistate prospective community-based cohort, with
23% black participants, “Right from the Start” (24) is well-
suited to examine race as an independent factor in assessing
miscarriage risk.

The study of miscarriage requires careful assessment of
gestational time at study entry because women who enter a
study later will have less opportunity for a miscarriage to be
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Table 1. Characteristics by Race of “Right From the Start” Participants, 2000–2009

Baseline Characteristics

RFTS Study Participantsa

Whites Blacks

Mean (SD) No. % Mean (SD) No. %

Maternal age, years 29.8 (4.7) 26.5 (5.7)

Maternal age, years

<20 51 1.6 86 9.2

20–24 322 10.3 317 34.0

25–29 1,121 35.7 250 26.8

30–34 1,123 35.8 187 20.1

≥35 520 16.6 92 9.9

Missing 1 0

Body mass indexb 24.9 (5.5) 29.3 (7.9)

Body mass index

Underweight (<18.5) 86 2.8 18 2.0

Normal weight (18.5–24.9) 1,874 60.3 283 30.8

Overweight (25.0–29.9) 678 21.8 257 28.0

Obese (≥30.0) 472 15.2 360 39.2

Missing 28 14

Household income

≤$40,000 581 19.4 528 62.9

$40,001–$80,000 1,250 41.7 208 24.8

>$80,000 1,169 39.0 103 12.3

Missing 138 93

Maternal education

High school or less 320 10.2 373 40.0

Some college 455 14.5 263 28.2

College (≥4 years) 2,362 75.3 296 31.8

Missing 1 0

Marital status

Married, living as married,
single

2,994 95.4 599 64.3

Other 144 4.6 333 35.7

Missing 0 0

Insurance coverage

None 64 3.6 26 10.2

Private 1,583 89.8 142 55.5

Public 104 5.9 85 33.2

Other 11 0.6 3 1.2

Missing 1,376 676

Current birth outcome
miscarriage

No 2,732 87.1 801 85.9

Yes 406 12.9 131 14.1

Gestational age at enrollment,
weeks

Overall 6.8 (1.8) 6.6c 7.9 (2.0) 7.9c

If miscarriage occurred 6.4 (1.7) 6.0c 7.4 (1.8) 7.4c

Table continues
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Table 1. Continued

Baseline Characteristics

RFTS Study Participantsa

Whites Blacks

Mean (SD) No. % Mean (SD) No. %

Parity

Nulliparous 1,467 48.3 390 44.8

1 1,099 36.2 264 30.3

≥2 473 15.6 217 24.9

Missing 99 61

Previous miscarriage

No 2,388 78.6 651 74.7

Yes 651 21.4 220 25.3

Missing 99 61

Previous induced abortion

No 2,657 87.4 621 71.3

Yes 382 12.6 250 28.7

Missing 99 61

Pregnant at time of
recruitment

No 845 26.9 98 10.5

Yes 2,293 73.1 834 89.5

Missing 0 0

Diabetes

No 2,973 97.5 869 96.4

Type 1 9 0.3 5 0.6

Type 2 2 0.1 9 1.0

Gestational diabetes

Nulliparous 1 0.0 2 0.2

1 22 0.7 1 0.1

≥2 43 1.4 15 1.7

Missing 88 31

Prenatal vitamin use

No 297 10.7 177 20.7

Yes 2,471 89.3 680 79.3

Missing 370 75

Alcohol use

Never 273 8.9 195 21.6

Current 197 6.5 10 1.1

Former 2,581 84.6 697 77.3

Missing 87 30

Smoking

Never 2,172 69.2 714 76.6

Current 113 3.6 41 4.4

Former 767 24.4 148 15.9

Missing 86 2.7 29 3.1

Abbreviations: RFTS, “Right from the Start”; SD, standard deviation.
a RFTS participants included 3,138 (77.1%) whites and 932 (22.9%) blacks.
b Body mass index: weight (kg)/height (m)2.
c Median for gestational age at enrollment.
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observed than women who enter very early in pregnancy. A
recent review found only 4 prior studies that collected ade-
quate data to estimate miscarriage risk by week of gestation
from early in pregnancy (30). Three of the 4 prior studies
showed the highest risk of loss early in gestation. All 4 prior
studies showed declining risk from gestational weeks 12–20,
as in our study. None of those prior studies examined differ-
ences in miscarriage risk by race. Our study supports the
earlier studies that show higher risk of loss very early in
pregnancy that declines with increasing gestational age but
does not support the prior study (10) that found the highest
risk during gestational weeks 8–10. Estimates of miscarriage
risk very early in pregnancy are in the time period most

vulnerable to bias, so further studies with early ascertain-
ment of pregnancy and careful longitudinal follow-up are
needed. The finding of increased risk for blacks during
weeks 10–20 is less vulnerable to such biases because most
women have recognized their pregnancy by week 10. Only
the first phase of RFTS enrollment allowed women to enter
the study later than week 9.
Our primary finding was that black women have a nearly

2-fold higher risk of miscarriage compared with white
women during gestational weeks 10–20, while there was no
apparent difference in the risk of earlier miscarriage. We
conducted several analyses to evaluate possible bias in our
findings. Because previous history of miscarriage is an
established predictor for future miscarriage (1, 2, 9), we did
a simple sensitivity analysis, removing women who had
ever reported having a prior miscarriage (n = 871) from the
analysis. Estimates for risk of miscarriage did not change
appreciably when these women were removed, and risk
among black women remained elevated (adjusted HR =
1.51, 95% CI: 1.18, 1.95). We were also concerned about
possible bias due to differences among the 3 separate phases
of our study, but we found that study site, a good surrogate
for study phase, was not a confounder for the association
between race and miscarriage risk. Another concern with
all prospective studies of miscarriage is that women who
exhibit symptoms suggestive of pregnancy problems will
enroll in order to seek help. This is rare in our study, because
all women had to identify a prenatal care plan to enroll.
However, 36 women had losses within 3 days of enrollment
(6.7%). When we remove these women, our results are
robust; the risk of miscarriage remains elevated for blacks
compared with whites (aHR = 1.61, 95% CI: 1.31, 1.99).
Finally, for 60% of women with miscarriages, ascertainment
of behavioral factors during pregnancy, including alcohol
consumption and smoking, was collected after the loss,
raising the potential for recall bias. However, we interviewed
women as soon as possible following their loss, on average
less than 3.5 weeks, and the questions were clearly asking
about behaviors during the pregnancy. When we simply
adjusted for age, our findings remained.
The primary strength of our study is our ability to follow a

large sample of women recruited from the community pro-
spectively through their pregnancies, many of whom were
enrolled prior to pregnancy (24). In addition, we were able
to evaluate numerous potential confounders (9, 28, 31) and
analyze the data with hazard models that account for varia-
tion in gestational age at study entry. “Right from the Start”
avoids overselection of women who may be subtly sympto-
matic or at high risk by advertising as a study about preg-
nancy health. Women do not alter prenatal care choices to
enroll, and therefore it is unlikely that enrollment procedures
and study activities influenced behaviors or outcomes within
this population.
Generalizability of our findings may be limited by enroll-

ment of volunteers. Volunteers tend to be better educated,
to be more health conscious with lifestyle factors related
to pregnancy planning, and to have access to care before
pregnancy (5). However, even in our cohort, not all preg-
nancies were intended; 39% of women reported getting
pregnant despite using a method to prevent pregnancy.

Figure 1. Week-specific probability of pregnancy loss by race
among “Right From the Start” participants, 2000–2009. The x-axis is
gestational age at loss from last menstrual period (LMP); the y-axis is
probability of pregnancies ending in miscarriage.

Table 2. Risk of Miscarriage by Race Among “Right From the Start”

Participants, 2000–2009

No. of
Losses

Unadjusted Adjusted

HR 95% CI aHRa 95% CI

Total

Whites 406 1.00 Referent 1.0 Referent

Blacks 131 1.32 1.09, 1.62 1.57 1.27, 1.93

Early loss (<10
weeks)

Whites 214 1.00 Referent 1.0 Referent

Blacks 44 1.00 0.72, 1.40 1.15 0.82, 1.62

Late loss (≥10
weeks)

Whites 192 1.00 Referent 1.00 Referent

Blacks 87 1.59 1.24, 2.05 1.93 1.48, 2.51

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval;

HR, hazard ratio.
a Adjusted for age and alcohol use.
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Furthermore, the risk of miscarriage remained elevated for
blacks compared with whites regardless of stated pregnancy
intention. Given the volunteer nature of our sample with
nearly a third of black women having 4 years of college, our
sample of black women might be expected to be at lower
risk of miscarriage than blacks in the general population.
Despite this possibility which would attenuate effects, we
observed a clear elevation in risk of late miscarriage for
blacks.

Biological mechanisms to explain miscarriage are not
well-understood (1, 31, 32). Chromosomal abnormalities
have been recognized in at least half of all pregnancy losses
occurring in the first trimester, but they are less common in
later losses (4, 31). Postimplantation events of pregnancy
prior to week 10 that put a conceptus at risk include failure
of trophoblast tissue to block the spiral arteries resulting in
failure to maintain the low oxygen environment needed for
organogenesis and failure of a timely luteal-placental shift
resulting in failure to maintain adequate progesterone sup-
port (30). Remodeling of the spiral arteries to allow adequate
maternal blood flow for fetal development occurs toward the
end of the first trimester, and this would be one candidate for
further study to explain the elevated risk we observed in
blacks. Alternatively, intrauterine hematomas at 13–14
weeks’ gestation increase the risk for preeclampsia, which
may be associated with chronic inflammatory reactions
resulting in preterm rupture and delivery that may explain
the disparities seen in adverse pregnancy outcomes (20, 33).

Silver et al. (34) argue that one approach to coping with
etiologic heterogeneity in miscarriage is to consider miscar-
riages of different gestational ages as different outcomes.
They note that losses occurring after the 16th week may
share a pathophysiology similar to that of early preterm birth
or stillbirth (34), and combining those outcomes might be
useful. We do not have adequate data on such factors as
infection that are associated with early preterm birth to
investigate late fetal loss in detail, but our findings of ele-
vated fetal loss in blacks are consistent with such shared eti-
ologies and suggest that they may also be shared by early

fetal losses (loss during weeks 10–15). We used ultrasound
examination data to evaluate fetal viability among study par-
ticipants and to assess developmental stage prior to preg-
nancy loss. Ultrasound information was available for the
majority of women who experienced a loss in our cohort,
and we observed similar patterns of early embryological
arrest in blacks and whites. This also suggests that the
increased risk of later loss among black women may reflect
events during fetal development after initial organogenesis
is complete (rather than early embryologic insults).

The elevated risk of fetal loss in blacks could involve
several plausible causal pathways including differences in
the following: 1) environmental or product exposures that
accrue over weeks across pregnancy; 2) risk of insult from
existing health vulnerabilities such as anemia or insulin
resistance that vary by race and exert greater influence on
fetal than embryological viability; or 3) genetic mechanisms
such as those in inflammatory or immunological pathways
that may vary by race and influence fetal well-being. Further
investigation is warranted to examine biologically plausible
explanations of the disparity in risk and pattern of loss
between black women and white women. Such research has
potential to advance overall knowledge about causes of
pregnancy loss and to identify risks that may be preventable.
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