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Abstract

Purpose: To evaluate the association between pregnancy loss history and adverse pregnancy 

outcomes.

Methods: Pregnancy history was captured during a computer-assisted personal interview for 

21,277 women surveyed in the National Survey of Family Growth (1995–2013). History of 

pregnancy loss (<20 weeks) at first parity was categorized in three ways: number of losses, 

maximum gestational age of loss(es), and recency of last pregnancy loss. We estimated risk ratios 

for a composite measure of selected adverse pregnancy outcomes (preterm, stillbirth, or low 

birthweight) at first parity and in any future pregnancy, separately, using predicted margins from 

adjusted logistic regression models.

Results: At first parity, compared with having no loss, having 3+ previous pregnancy losses 

(adjusted risk ratio (aRR) = 1.66 [95% CI = 1.13, 2.43]), a maximum gestational age of loss(es) at 

≥10 weeks (aRR = 1.28 [1.04, 1.56]) or having experienced a loss 24+ months ago (aRR = 1.36 

[1.10, 1.68]) were associated with increased risks of adverse pregnancy outcomes. For future 

pregnancies, only having a history of 3+ previous pregnancy losses at first parity was associated 

with increased risks (aRR = 1.97 [1.08, 3.60]).

Conclusion: Number, gestational age, and recency of pregnancy loss at first parity were 

associated with adverse pregnancy outcomes in U.S. women.
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Introduction

Although pregnancy loss is a common occurrence [1,2], questions regarding its etiology and 

association with other reproductive outcomes remain unanswered. While associations 

between recurrent pregnancy loss and preterm birth in the subsequent pregnancy have been 

recognized for decades [3–5], the associations between nonrecurrent loss, gestational age of 

loss, and recency of loss and the risks of other adverse pregnancy outcomes are less clear. In 

part, this may be due to choice of comparison group; for example, comparing women with 

only pregnancy loss to women with a history of live birth may lead to inflated risk estimates 

associated with pregnancy loss [5–8].

Only a handful of studies have examined history of nonrecurrent pregnancy loss on risk of 

adverse pregnancy outcomes at subsequent pregnancy among primiparous women [7–15]. 

These studies have been limited by a small number of study participants [11], restriction to 

pregnancy losses requiring a hospital visit [8,12], or by sparse reproductive history 

information, including lack of data on gestational age of loss, how long ago the loss 

occurred, and history of induced abortions [7,9,10,13–15]. In addition, prior studies have 

only considered the outcome of the pregnancy subsequent to the loss and not other future 

pregnancies the primiparous women will experience.

The objective of our study was to estimate the risks of preterm birth, stillbirth, low 

birthweight, and a composite outcome of any of the above conditions by pregnancy loss 

history at first parity among reproductive aged women in the United States.

Material and methods

Study population

The National Survey of Family Growth (NSFG) is a cross-sectional survey conducted by the 

Centers for Disease Control and Prevention’s National Center for Health Statistics [16]. We 

included data from female respondents from four survey periods: 1995, 2002, 2006–2010, 

and 2011–2013. Each survey period includes a multistage, probability-based, nationally 

representative sample of the household population aged 15–44 years. The National Center 

for Health Statistics Research Ethics Review Board approved each of these NSFG data 

collection efforts, and no specific additional review was required for this data analysis.

Pregnancy loss history

Female respondents provided a complete pregnancy history during a computer-assisted in-

person interview. Pregnancy history included, for each pregnancy, the calendar month and 

year at end of pregnancy, the gestational length and the pregnancy outcome (e.g., 

miscarriage, stillbirth, abortion, ectopic pregnancy, live birth) [17]. We defined pregnancy 

loss as a self-reported “miscarriage” with a gestational length <20 weeks [18].

Three aspects of pregnancy loss were assessed in separate analyses: number of losses (no 

loss, 1, 2, 3, or more), gestational age of pregnancy loss(es) (all <6 weeks, longest 6–9 

weeks, longest ≥10 weeks), and recency of the last pregnancy loss (interpregnancy interval 

<6 months, 6 to 11 months, 12 to 23 months, 24 months or more [9]). In addition, we 
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defined pregnancy loss dichotomously (no loss, at least 1). Cutpoints for gestational age of 

pregnancy loss(es) were based on the assumed development stage of the conceptus given the 

time of pregnancy loss recognition, with losses before 6 weeks representing pre-embryologic 

losses, 6 to 9 weeks representing embryo losses, and ≥10 weeks representing fetal losses 

[18,19]. Losses before 6 weeks are alternatively defined as “early pregnancy loss” and can 

represent pre-clinical pregnancy losses [2,20].

Adverse pregnancy outcomes

For each completed pregnancy, the following adverse pregnancy outcomes were identified: 

preterm birth (live birth at <37 weeks’ gestation), stillbirth (self-reported “stillbirth” or 

pregnancy loss at 20 weeks’ gestation or greater), and low birthweight (live birth <2500 g). 

In addition, a composite measure, indicating if any of the above adverse pregnancy outcome 

occurred, was created.

Study participant characteristics

We examined the following participant characteristics using information collected during the 

NSFG interview: age at conception, height, marital status at the end of each pregnancy, 

Hispanic origin and race, intendedness of each pregnancy at conception, number of live 

births from each pregnancy, any use of medical help to become pregnant ever, ever smoked, 

highest educational attainment and family income as percentage of poverty level at the time 

of the interview. We defined a yes/no variable for any history of induced abortion at the 

beginning of each pregnancy.

Statistical analysis

Our analysis used the first pregnancy resulting in a live birth or stillbirth, hereafter referred 

to as “first parity”, as the time point for defining pregnancy loss history. We focused on first 

parity to minimize selection bias introduced by only including women who, through choice 

or fecundity, achieved at least two pregnancies proceeding past 20 weeks. First parity has 

also been increasingly preferred as the analytical cohort to study the association between 

pregnancy loss and subsequent pregnancy outcomes to control for confounding by prior live 

birth [7–15]. We examined (1) the pregnancy outcome of the first parity and (2) the 

collapsed pregnancy outcomes of all pregnancies after first parity (hereafter referred to as 

“future pregnancies”) reported at the time of interview.

Number of pregnancy losses at first parity was tabulated across participant characteristics 

(see supplemental tables 1 and 2 for tabulations of the two other aspects of pregnancy loss). 

Using χ2 tests, comparisons were made between women with no loss versus at least one loss 

and, for comparing aspects of pregnancy loss against each other, among only women with 

losses.

Risks of preterm birth, stillbirth, low birthweight, the composite measure, and mean 

gestational length of pregnancy were tabulated by pregnancy loss history at first parity. For 

the future pregnancies analysis, we restricted the data set to women who reported at least 

one additional pregnancy. We present the proportions of women with any future pregnancy, 
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live birth, miscarriage, induced termination, and ectopic pregnancy in a supplemental table 

3.

Risk ratios (RRs) and 95% confidence intervals (CIs) for the composite outcome measure at 

first parity and among any future pregnancy(ies) were estimated, separately, using predicted 

margins from logistic regression. Models were adjusted for factors associated with either 

preterm birth, stillbirth, or low birthweight [21–23] and included all the participant 

characteristics previously described except intendedness of pregnancy at conception and 

multiple live births at first parity, time-varying factors which could fall along the causal 

pathway from pregnancy loss to future pregnancy outcome. We assessed the significance of 

adding an interaction term for year of conception to evaluate if the relationship between 

pregnancy loss history and adverse pregnancy outcomes might be heterogeneous over time. 

A previous study using NSFG pregnancy data found the incidence of pregnancy loss 

appeared to be increasing by about 1.0% per year from 1970 to 2000 [24], which could 

indicate changes in the relationship between pregnancy loss and adverse pregnancy 

outcomes over time.

Analyses were conducted with SAS, 9.3 (SAS Institute, Cary, North Carolina), SUDAAN, 

11.0 (RTI International, Research Triangle Park, North Carolina) or STATA, SE 13 

(StataCorp LP, College Station, TX) and took into account the complex survey design.

Results

Study population

There were 36,370 women aged 15 to 44 years who participated in NSFG cycles 1995, 

2002, 2006–2010, and 2011–2013; 23,835 (64%, standard error [SE] 0.5) women reported a 

total of 64,970 pregnancies, 21,277 of which were at first parity age 12 years and older. 

Reproductive history at the time of interview and at first parity was largely similar among 

survey periods (see supplemental table 4); however, the percent with at least one pregnancy 

loss at the time of first parity was higher in 2011–2013 compared with 1995 (13% vs. 10%, 

P < .01).

Pregnancy loss history

Among our study population, 88.8% (SE = 0.3) reported having no history of pregnancy loss 

at the time of first parity, 9.4% (SE = 0.3) reported one pregnancy loss, 1.3% (SE = 0.1) 

reported two pregnancy losses and 0.5% (SE = 0.1) reported three or more losses (Table 1). 

Women with at least one pregnancy loss were older than women with no loss (P < .001). 

After adjustment for maternal age at conception, having at least one loss was more common 

in white versus Hispanic women, married versus previously married women, intended versus 

mistimed and/or unwanted pregnancies, and among women who ever had any medical help 

to get pregnant (all P <.05). Pregnancy loss number was associated with gestational age of 

loss: a maximum gestational length of ≥10 weeks was more common among women with 

two losses and three or more losses than among those with one loss (P < .001). Number of 

pregnancy losses was not associated with recency of loss (P = .33).
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Adverse pregnancy outcomes

Number, gestational age, and recency of loss by selected birth outcomes at first parity are 

shown in Table 2. Approximately 11.9% (SE = 0.3) of pregnancies at first parity resulted in 

preterm birth, 2.1% (SE = 0.1) in stillbirth, 8.5% (SE = 0.3) in low birthweight, and 17.0% 

(SE = 0.4) in any of the above (Table 2).

Approximately three-quarters of women reported at least one pregnancy subsequent to first 

parity (supplemental table 3) and were included in our analysis of adverse outcomes among 

future pregnancies. For future pregnancies, any preterm birth, stillbirth, low birthweight, or 

any of the above outcomes was reported by 14.0% (SE = 0.4), 2.6% (SE = 0.2), 9.7% (SE = 

0.4) and 19.1% (SE = 0.5) of women (Table 3).

Multivariable logistic regression results

Pregnancy loss history and risk of adverse pregnancy outcomes at first parity
—In adjusted models, having three or more losses was associated with increased risk of any 

selected adverse outcomes at first parity (adjusted risk ratio [aRR] = 1.66 [1.13, 2.43]; Fig. 

1). Maximum gestational age of loss ≥10 weeks and having experienced a loss 24 months or 

more before the beginning of first parity were also associated with increased risk of adverse 

outcomes (aRR = 1.28 [1.04, 1.56] and 1.36 [1.10, 1.68], respectively). No other 

associations were statistically significant, including having at least one loss (aRR = 1.12 

[95% confidence interval (CI), 0.98–1.30]) and having experienced a loss within 6 months of 

the beginning of first parity (aRR = 0.92 [95% CI, 0.73–1.17]). Tests for linear trend per 

category increase found a statistically significant increase in risk of selected adverse 

outcomes for number of losses (aRR = 1.13 [95% CI, 1.02–1.25]), maximum gestational age 

of loss(es) (aRR = 1.07 [95% CI, 1.00–1.13]), and recency of loss (aRR = 1.07 [95% CI, 

1.02–1.12]).

Pregnancy loss history and adverse pregnancy outcomes at any future 
pregnancy—In adjusted models, having three or more losses at first parity was associated 

with increased risk of any selected adverse outcomes in future pregnancies (aRR = 1.97 

[95% CI, 1.08–3.60]; Fig. 2).

No other associations were statistically significant, including having at least one loss (aRR = 

1.15 [95% CI, 0.97–1.36]), a maximum gestational age of loss ≥ 10 weeks (aRR = 1.24 

[95% CI, 0.96–1.61]) and having experienced a loss within 6 months before the beginning of 

first parity (aRR = 1.08 [95% CI, 0.82–1.43]). Tests for linear trend did not find a 

statistically significant increase in risk of selected adverse outcomes for number of losses 

(aRR = 1.12 [95% CI, 0.98–1.28]), maximum gestational age of loss(es) (aRR = 1.04 [95% 

CI, 0.97–1.12]), and recency of loss (aRR = 1.04 [95% CI, 0.98–1.11]), although estimates 

were only slightly attenuated compared to those for outcomes at first parity.

Assessment of heterogeneous associations over time—In the adjusted model for 

no loss versus at least one loss on the composite outcome at first parity, an added interaction 

term with year of conception was not significant (P = .44), indicating that associations were 

not heterogeneous over the years included in our analysis.
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Discussion

Among a set of nationally representative samples of reproductive aged women in the United 

States, certain aspects of pregnancy loss history at the time of first parity were associated 

with an increased risk of subsequent adverse pregnancy outcomes. Having three or more 

losses, a maximum gestational age of loss ≥10 weeks or having experienced a loss 24 

months or more before the beginning of pregnancy were associated with an increased risk of 

a composite measure of preterm birth, stillbirth, and/or low birth–weight at first parity; in 

addition, linear trends were observed for increasing categories of pregnancy loss number, 

gestational age, and time since loss occurred. We also found that a history of three or more 

losses at first parity was associated with an increased risk of a composite measure of adverse 

pregnancy outcomes in pregnancies occurring after the first parity. Having at least one loss 

did not show an increased risk of adverse pregnancy outcomes at first parity or in future 

pregnancies. Our findings suggest that the number of pregnancy losses, maximum 

gestational age of loss(es), and recency of last pregnancy loss may be important factors to 

consider when assessing subsequent risk of adverse pregnancy outcomes.

Our results are generally consistent with previous studies which have found increasing risk 

of subsequent preterm birth, stillbirth, and other related adverse pregnancy outcomes with 

increasing number of pregnancy losses [3,9,10,13–15,25]; as others have observed, recurrent 

loss (3 or more consecutive losses), while rare, was associated with the highest risk of 

adverse pregnancy outcomes at first parity. The distribution of number of pregnancy losses 

at first parity in our population also matched those reported by at least two other 

retrospective cohort studies of women at first parity [10,15]. In addition, we found having at 

least one loss at the time of first parity was not associated with adverse outcomes, which is 

agreement with some, but not all, prior studies of primiparous women [7,8,11–13].

In terms of recency of loss, our finding of an increased risk of adverse pregnancy outcomes 

associated with a loss 24 months or more ago has not been commonly reported. Several 

studies have found mostly null associations between recency of loss and pregnancy 

outcomes [9,26], whereas others have found an interpregnancy interval <6 months 

associated with increased [27] or decreased risk of low birthweight and preterm birth 

[28,29]; one study found increasing interpregnancy interval associated with higher risks of 

adverse outcomes following pregnancy loss [25]. We found that an interpregnancy interval 

<6 months was not associated with the risk of a composite outcome of preterm birth, 

stillbirth, and/or low birthweight in either the index pregnancy or in any future pregnancy, 

however, having a pregnancy loss 24 months or more before first parity was. This finding 

did not change on adjustment for maternal characteristics, which included a proxy measure 

of underlying infertility, a potential confounder of the relationship between recency of loss 

and adverse pregnancy outcomes. The inconsistency of our results with previous studies may 

be due to different interpregnancy interval cutpoints, our choice of using first parity as the 

basis for defining pregnancy loss history, and differences in risk factors for adverse 

pregnancy outcomes across international study settings.

Our findings are in agreement with previous studies that have found higher risk of adverse 

pregnancy outcomes after second trimester miscarriages [30,31]. However, our gestational 
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age categorization, which was based on assumed developmental stage at time of pregnancy 

loss recognition, potentially can offer more insight into the mechanisms behind pregnancy 

loss, for example, suggesting history of fetal deaths rather than implantation failure, 

aneuploidy, or abnormal placentation, may be associated with future adverse pregnancy 

outcomes [18]. However, we were limited to gestational age as a proxy for developmental 

stage, which may have presumed greater precision than was appropriate given the self-

reported nature of the data.

Our sample of women is the largest population-based study in the United States to look at 

the association between pregnancy loss and subsequent pregnancy outcomes. In addition, 

because many miscarriages do not require medical intervention, self-reported information 

collected in NSFG may provide a more comprehensive history of pregnancy loss compared 

with medical records. The NSFG also collects information on induced abortions, allowing 

for adjustment of this potentially important confounder, which has been either unavailable in 

other studies [15] or indistinguishable from spontaneous abortion [27,32]. However, 

underreporting of induced abortions in NSFG has been documented [33], which could 

potentially have led to residual confounding. Finally, we chose to examine pregnancy loss 

history at first parity; comparisons with no pregnancy loss history in parous women, of 

proven fertility, may artificially inflate risks associated with pregnancy loss [6–8].

We were unable to differentiate between spontaneous and medically indicated preterm birth 

or ascertain other pregnancy outcomes, such as preeclampsia, placental abruption, or 

intrauterine growth restriction because of limited clinical information collected. Similarly, 

pregnancy loss <20 weeks comprised a heterogenous group with varied pregnancy loss 

etiologies; more detailed clinical information regarding the losses would have enhanced the 

interpretation of our findings. Furthermore, self-reported information on pregnancy loss 

number and timing is subject to exposure misclassification (particularly since self-reported 

pregnancy loss comprises only approximately half of all human chorionic gonadotropin–

detected pregnancy loss [2]) and coupled with the self-reported information on pregnancy 

outcomes could lead to dependent misclassification [34]. Although internal validation 

studies were not performed for either our exposure or outcomes, maternal self-report of 

gestational age and birthweight are considered fairly accurate [35–40], particularly for 

firstborn children [35], even when these data are collected many years after the index 

pregnancy [35,36,39–41]. In addition, we pooled data across four NSFG surveys, which 

might have obscured differences over time in the relationship between pregnancy loss and 

subsequent adverse pregnancy outcomes. Yet, we found no significant multiplicative 

interaction with year of conception (P = .44). While we chose to examine pregnancy loss 

history at first parity rather than all pregnancy loss patterns, further research could evaluate 

the complex relationship between pregnancy loss and adverse pregnancy outcomes over time 

among all pregnancies experienced by reproductive aged women. Finally, findings for 

pregnancy loss history at first parity and adverse future pregnancy outcomes may not be 

generalizable to other pregnancy loss history patterns (e.g., pregnancy loss after a live birth).

In conclusion, our findings from a set of large, nationally representative samples of 

reproductive aged women in the United States found that specific aspects of pregnancy loss 

history, including the number, gestational age, and recency of losses, may be associated with 
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adverse pregnancy outcomes in subsequent pregnancies. Findings may help to inform 

research related to increased antenatal surveillance and targeted treatment for women with 

history of pregnancy loss at first continuing pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Risk ratio for any selected adverse pregnancy outcomes at first parity by three aspects of 

pregnancy loss history, National Survey of Family Growth 1995–2013. Adjusted for age at 

conception, age at conception squared, height, race/ethnicity, marital status at pregnancy 

outcome, ever smoked, history of induced abortion, education, poverty level, ever received 

medical help getting pregnant, and year of conception. Models included the following 

number of observations: 20,047 (number of losses), 20,047 (gestational age of loss(es)), and 

19,966 (recency of last pregnancy loss).
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Fig. 2. 
Risk ratio for any selected adverse pregnancy outcomes at any future pregnancy by three 

aspects of pregnancy loss history at first parity, National Survey of Family Growth 1995–

2013. Adjusted for age at conception, age at conception squared, height, race/ethnicity, 

marital status at pregnancy outcome, ever smoked, history of induced abortion, education, 

poverty level, ever received medical help getting pregnant, and year of conception. Models 

included the following number of observations: 15,008 (number of losses), 15,008 

(gestational age of loss(es)), and 14,950 (recency of last pregnancy loss).

Ahrens et al. Page 12

Ann Epidemiol. Author manuscript; available in PMC 2019 July 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahrens et al. Page 13

Ta
b

le
 1

N
um

be
r 

of
 p

re
vi

ou
s 

pr
eg

na
nc

y 
lo

ss
es

 a
m

on
g 

w
om

en
 a

t f
ir

st
 p

ar
ity

, b
y 

pa
rt

ic
ip

an
t a

nd
 p

re
gn

an
cy

 lo
ss

 c
ha

ra
ct

er
is

tic
s,

 N
at

io
na

l S
ur

ve
y 

of
 F

am
ily

 G
ro

w
th

 

19
95

 th
ro

ug
h 

20
11

–2
01

3

P
ar

ti
ci

pa
nt

 a
nd

 p
re

gn
an

cy
 lo

ss
 c

ha
ra

ct
er

is
ti

cs
n

N
o 

lo
ss

1 
lo

ss
2 

lo
ss

es
3 

or
 m

or
e 

lo
ss

es
A

t 
le

as
t 

1 
lo

ss
P

*
P

†

n 
= 

19
,0

00
n 

= 
1,

91
7

n 
= 

26
2

n 
= 

98
n 

= 
2,

27
7

(8
8.

8%
)

(9
.4

%
)

(1
.3

%
)

(0
.5

%
)

(1
1.

2%
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

A
ll 

pr
eg

na
nc

ie
s 

at
 f

ir
st

 p
ar

ity
21

,2
77

A
ge

 a
t f

ir
st

 p
ar

ity
 c

on
ce

pt
io

n,
 y

ea
rs

: m
ea

n 
±

 S
E

21
,2

77
22

.9
 ±

 0
.1

25
.3

 ±
 0

.2
25

.4
 ±

 0
.4

27
.2

 ±
 0

.5
25

.4
 ±

 0
.2

<
.0

01
N

A

H
ei

gh
t, 

in
ch

es
: m

ea
n 

±
 S

E
20

,5
85

64
.6

 ±
 0

.0
4

64
.7

 ±
 0

.1
4

64
.4

 ±
 0

.3
2

65
.6

 ±
 0

.5
1

64
.7

 ±
 0

.1
3

.4
2

.9
4

H
is

pa
ni

c 
or

ig
in

 a
nd

 r
ac

e
<

.0
01

.0
2

 
H

is
pa

ni
c 

or
 L

at
in

a
 4

83
5

18
.5

 (
0.

9)
13

.4
 (

1.
1)

8.
4 

(2
.2

)
10

.5
 (

3.
4)

12
.7

 (
0.

9)

 
N

on
-H

is
pa

ni
c 

w
hi

te
10

,4
74

60
.5

 (
1.

0)
68

.6
 (

1.
6)

70
.2

 (
4.

4)
76

.9
 (

5.
0)

69
.1

 (
1.

5)

 
N

on
-H

is
pa

ni
c 

bl
ac

k
 5

08
1

15
.7

 (
0.

6)
12

.3
 (

1.
1)

14
.3

 (
4.

3)
7.

3 
(2

.7
)

12
.4

 (
1.

0)

 
N

on
-H

is
pa

ni
c 

ot
he

r
 

88
7

5.
4 

(0
.6

)
5.

7 
(0

.8
)

7.
1 

(2
.6

)
5.

3 
(2

.7
)

5.
9 

(0
.7

)

M
ar

ita
l s

ta
tu

s 
at

 f
ir

st
 p

ar
ity

 p
re

gn
an

cy
 o

ut
co

m
e

<
.0

01
<

.0
1

 
M

ar
ri

ed
10

,8
75

56
.5

 (
0.

7)
66

.1
 (

1.
7)

64
.9

 (
4.

4)
70

.8
 (

6.
1)

66
.2

 (
1.

6)

 
W

id
ow

ed
/d

iv
or

ce
d/

se
pa

ra
te

d
 

53
7

2.
2 

(0
.1

)
3.

7 
(0

.6
)

6.
1 

(2
.0

)
11

.0
 (

3.
8)

4.
3 

(0
.6

)

 
N

ev
er

 m
ar

ri
ed

 9
86

5
41

.4
 (

0.
7)

30
.2

 (
1.

6)
28

.9
 (

4.
5)

18
.1

 (
4.

8)
29

.6
 (

1.
5)

E
du

ca
tio

na
l a

tta
in

m
en

t a
t t

im
e 

of
 in

te
rv

ie
w

<
.0

01
.0

6

 
N

o 
hi

gh
 s

ch
oo

l d
ip

lo
m

a 
or

 G
E

D
 4

37
4

17
.4

4 
(0

.5
)

12
.9

 (
1.

0)
14

.2
 (

2.
6)

20
.4

 (
5.

1)
13

.4
 (

0.
9)

 
H

ig
h 

sc
ho

ol
 d

ip
lo

m
a 

or
 G

E
D

 7
45

4
34

.5
6 

(0
.6

)
32

.0
 (

1.
4)

33
.2

 (
3.

7)
23

.7
 (

5.
9)

31
.8

 (
1.

3)

 
So

m
e 

co
lle

ge
, n

o 
ba

ch
el

or
’s

 d
eg

re
e

 5
73

9
27

.6
 (

0.
6)

28
.7

 (
1.

6)
32

.6
 (

4.
6)

29
.5

 (
5.

9)
29

.2
 (

1.
5)

 
B

ac
he

lo
r’

s 
de

gr
ee

 2
71

4
14

.6
4 

(0
.5

)
18

.2
 (

1.
4)

14
.5

 (
3.

0)
20

.0
 (

7.
3)

17
.8

 (
1.

2)

 
M

as
te

r’
s 

de
gr

ee
 o

r 
hi

gh
er

 
99

6
5.

77
 (

0.
3)

8.
3 

(1
.1

)
5.

6 
(1

.8
)

6.
4 

(2
.9

)
7.

9 
(1

.0
)

Pe
rc

en
ta

ge
 o

f 
po

ve
rt

y 
le

ve
l a

t t
im

e 
of

 in
te

rv
ie

w
<

.0
01

.5
1

 
L

es
s 

th
an

 1
00

%
 5

87
4

23
.9

 (
0.

6)
19

.2
 (

1.
1)

17
.0

 (
3.

0)
25

.2
 (

6.
2)

19
.2

 (
1.

0)

 
10

0%
–2

99
%

 9
16

4
42

.5
 (

0.
6)

40
.6

 (
1.

7)
46

.6
 (

4.
5)

32
.3

 (
5.

8)
40

.9
 (

1.
6)

 
30

0%
–3

99
%

 2
70

6
14

.7
 (

0.
4)

16
.9

 (
1.

2)
19

.0
 (

3.
3)

4.
3 

(2
.0

)
16

.6
 (

1.
1)

 
40

0%
 o

r 
m

or
e

 3
53

3
18

.9
 (

0.
6)

23
.3

 (
1.

5)
17

.4
 (

3.
1)

38
.3

 (
7.

3)
23

.3
 (

1.
4)

E
ve

r 
sm

ok
ed

 c
ig

ar
et

te
s‡

.2
7

.0
4

Ann Epidemiol. Author manuscript; available in PMC 2019 July 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahrens et al. Page 14

P
ar

ti
ci

pa
nt

 a
nd

 p
re

gn
an

cy
 lo

ss
 c

ha
ra

ct
er

is
ti

cs
n

N
o 

lo
ss

1 
lo

ss
2 

lo
ss

es
3 

or
 m

or
e 

lo
ss

es
A

t 
le

as
t 

1 
lo

ss
P

*
P

†

n 
= 

19
,0

00
n 

= 
1,

91
7

n 
= 

26
2

n 
= 

98
n 

= 
2,

27
7

(8
8.

8%
)

(9
.4

%
)

(1
.3

%
)

(0
.5

%
)

(1
1.

2%
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

 
Y

es
 

62
1

13
.1

 (
0.

8)
15

.0
 (

1.
9)

14
.7

 (
4.

8)
21

.4
 (

9.
3)

15
.2

 (
1.

8)

 
N

o
 3

86
3

86
.9

 (
0.

8)
85

.0
 (

1.
9)

85
.4

 (
4.

8)
78

.6
 (

9.
3)

84
.8

 (
1.

8)

In
te

nd
ed

ne
ss

 o
f 

fi
rs

t p
ar

ity
 p

re
gn

an
cy

 a
t c

on
ce

pt
io

n
<

.0
01

<
.0

01

 
In

te
nd

ed
11

,8
67

56
.4

 (
0.

6)
76

.6
 (

1.
5)

81
.9

 (
4.

6)
84

.4
 (

4.
2)

77
.6

 (
1.

3)

 
M

is
tim

ed
 7

27
7

34
.5

 (
0.

6)
19

.0
 (

1.
3)

9.
4 

(2
.1

)
5.

2 
(2

.2
)

17
.3

 (
1.

2)

 
U

nw
an

te
d

 2
12

5
9.

2 
(0

.3
)

4.
4 

(0
.5

)
8.

7 
(4

.5
)

10
.4

 (
4.

4)
5.

2 
(0

.7
)

A
ny

 m
ed

ic
al

 h
el

p 
to

 b
ec

om
e 

pr
eg

na
nt

 e
ve

r§
<

.0
01

<
.0

01

 
Y

es
 1

47
7

7.
6 

(0
.3

)
14

.8
 (

1.
3)

15
.0

 (
3.

2)
24

.5
 (

6.
1)

15
.2

 (
1.

3)

M
ul

tip
le

 li
ve

 b
ir

th
s 

at
 f

ir
st

 p
ar

ity
‡

.0
7

.1
4

 
Y

es
 

22
0

0.
9 

(0
.1

)
1.

9 
(0

.6
)

2.
1 

(0
.8

)
0.

0 
(0

.0
)

1.
8 

(0
.5

)

H
is

to
ry

 o
f 

in
du

ce
d 

ab
or

tio
n‖

<
.0

01
.0

3

 
Y

es
 2

27
6

10
.2

 (
0.

4)
14

.5
 (

1.
2)

15
.5

 (
2.

7)
12

.7
 (

4.
3)

14
.5

 (
1.

1)

G
es

ta
tio

na
l a

ge
 o

f 
lo

ss
(e

s)
<

.0
01

N
A

 
A

ll 
<

 6
 w

k
 

37
9

N
A

17
.4

 (
1.

2)
5.

9 
(1

.6
)

19
.0

 (
6.

5)
16

.1
 (

1.
1)

 
L

on
ge

st
 6

–9
 w

k
 

89
6

N
A

40
.7

 (
1.

6)
32

.1
 (

3.
8)

20
.2

 (
5.

6)
38

.9
 (

1.
4)

 
L

on
ge

st
 ≥

 1
0 

w
k

 1
00

2
N

A
41

.9
 (

1.
6)

62
.0

 (
3.

9)
60

.8
 (

7.
0)

45
.0

 (
1.

6)

R
ec

en
cy

 o
f 

la
st

 lo
ss

¶
.3

3
N

A

 
W

ith
in

 la
st

 6
 m

o
 

79
1

N
A

35
.5

 (
1.

7)
33

.9
 (

3.
8)

42
.0

 (
7.

3)
35

.6
 (

1.
5)

 
6 

to
 1

1 
m

o 
ag

o
 

39
0

N
A

18
.9

 (
1.

4)
22

.9
 (

5.
1)

11
.3

 (
3.

5)
19

.1
 (

1.
4)

 
12

 to
 2

3 
m

o 
ag

o
 

42
7

N
A

19
.2

 (
1.

3)
21

.2
 (

3.
8)

12
.2

 (
3.

1)
19

.2
 (

1.
2)

 
24

 m
o 

or
 m

or
e 

ag
o

 
58

5
N

A
26

.4
 (

1.
5)

22
.0

 (
3.

6)
34

.5
 (

7.
7)

26
.2

 (
1.

3)

G
E

D
 =

 g
en

er
al

 e
du

ca
tio

na
l d

ev
el

op
m

en
t.

U
nw

ei
gh

te
d 

sa
m

pl
e 

si
ze

 w
ith

 p
op

ul
at

io
n 

w
ei

gh
te

d 
pe

rc
en

ta
ge

s 
an

d 
st

an
da

rd
 e

rr
or

s.

M
is

si
ng

 in
fo

rm
at

io
n 

fo
r 

he
ig

ht
 (

n 
=

 6
92

),
 in

te
nd

ed
ne

ss
 o

f 
fi

rs
t p

ar
ity

 p
re

gn
an

cy
 a

t c
on

ce
pt

io
n 

(n
 =

 8
),

 e
ve

r 
sm

ok
ed

 c
ig

ar
et

te
s 

(n
 =

 7
5)

, a
ny

 m
ed

ic
al

 h
el

p 
to

 b
ec

om
e 

pr
eg

na
nt

 (
n 

=
 4

77
) 

an
d 

m
ul

tip
le

 li
ve

 
bi

rt
hs

 (
n 

=
 4

93
).

* P-
va

lu
e 

fr
om

 th
e 
χ

2  
te

st
 f

or
 c

om
pa

ri
so

n 
of

 a
t l

ea
st

 1
 lo

ss
 v

er
su

s 
no

 lo
ss

. F
or

 g
es

ta
tio

na
l a

ge
 o

f 
lo

ss
(e

s)
 a

nd
 r

ec
en

cy
 o

f 
la

st
 lo

ss
 c

at
eg

or
ie

s,
 χ

2  
te

st
 c

om
pa

re
d 

nu
m

be
r 

of
 p

re
gn

an
cy

 lo
ss

es
.

Ann Epidemiol. Author manuscript; available in PMC 2019 July 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahrens et al. Page 15
† P-

va
lu

e 
fr

om
 T

yp
e 

II
I 

te
st

 u
si

ng
 lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

s 
ad

ju
st

ed
 f

or
 m

at
er

na
l a

ge
 a

t c
on

ce
pt

io
n.

‡ E
ve

r 
sm

ok
ed

 a
t l

ea
st

 1
00

 c
ig

ar
et

te
s 

in
 li

fe
tim

e.

§ E
ve

r 
re

ce
iv

ed
 m

ed
ic

al
 h

el
p 

to
 b

ec
om

e 
pr

eg
na

nt
 in

 li
fe

tim
e,

 n
ot

 s
pe

ci
fi

c 
to

 f
ir

st
 p

ar
ity

.

‖ H
is

to
ry

 o
f 

in
du

ce
d 

ab
or

tio
n 

on
ly

 in
cl

ud
ed

 w
om

en
 w

ho
se

 f
ir

st
 in

du
ce

d 
ab

or
tio

n 
oc

cu
rr

ed
 b

ef
or

e 
he

r 
fi

rs
t p

re
gn

an
cy

 lo
ss

.

¶ R
ec

en
cy

 o
f 

la
st

 p
re

gn
an

cy
 lo

ss
 c

al
cu

la
te

d 
as

 th
e 

di
ff

er
en

ce
, i

n 
m

on
th

s,
 b

et
w

ee
n 

th
e 

m
on

th
 o

f 
th

e 
m

os
t r

ec
en

t p
re

gn
an

cy
 lo

ss
 a

nd
 th

e 
m

on
th

 o
f 

co
nc

ep
tio

n 
at

 f
ir

st
 p

ar
ity

. R
ec

en
cy

 o
f 

lo
ss

 w
as

 r
es

tr
ic

te
d 

to
 

w
om

en
 w

ho
se

 m
os

t r
ec

en
t p

re
gn

an
cy

 r
es

ul
te

d 
in

 lo
ss

, w
hi

ch
 e

xc
lu

de
d 

84
 w

om
en

 w
ho

se
 m

os
t r

ec
en

t p
re

gn
an

cy
 w

as
 e

ith
er

 a
n 

ec
to

pi
c 

pr
eg

na
nc

y 
(n

 =
 2

2)
 o

r 
in

du
ce

d 
ab

or
tio

n 
(n

 =
 6

2)
.

Ann Epidemiol. Author manuscript; available in PMC 2019 July 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahrens et al. Page 16

Ta
b

le
 2

Se
le

ct
ed

 a
dv

er
se

 p
re

gn
an

cy
 o

ut
co

m
es

 a
nd

 g
es

ta
tio

na
l l

en
gt

h 
by

 th
re

e 
as

pe
ct

s 
of

 p
re

gn
an

cy
 lo

ss
 h

is
to

ry
 a

m
on

g 
w

om
en

 a
t f

ir
st

 p
ar

ity
, N

at
io

na
l S

ur
ve

y 
of

 

Fa
m

ily
 G

ro
w

th
 1

99
5 

th
ro

ug
h 

20
11

–2
01

3

P
re

gn
an

cy
 lo

ss
 h

is
to

ry
 a

t 
fi

rs
t 

pa
ri

ty
n 

(%
)

P
re

te
rm

 b
ir

th
St

ill
bi

rt
h

L
ow

 b
ir

th
w

ei
gh

t
A

ny
 a

dv
er

se
 o

ut
co

m
e*

G
es

ta
ti

on
al

 le
ng

th
, w

ee
ks

(n
 =

 2
54

7)
(n

 =
 4

87
)

(n
 =

 1
95

2)
(n

 =
 3

76
7)

(n
 =

 2
1,

27
7)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

M
ea

n 
(S

E
)

A
ll 

pr
eg

na
nc

ie
s 

at
 f

ir
st

 p
ar

ity
21

,2
77

 (
10

0.
0)

11
.9

 (
0.

3)
2.

1 
(0

.1
)

8.
5 

(0
.3

)
17

.0
 (

0.
4)

38
.5

 (
0.

03
)

N
um

be
r 

of
 p

re
gn

an
cy

 lo
ss

es

 
N

o 
lo

ss
19

,0
00

 (
88

.8
)

11
.7

 (
0.

4)
2.

0 
(0

.2
)

8.
5 

(0
.3

)
16

.8
 (

0.
4)

38
.5

 (
0.

0)

 
1 

lo
ss

1,
91

7 
(9

.4
)

12
.9

 (
1.

1)
2.

2 
(0

.4
)

8.
3 

(0
.8

)
17

.7
 (

1.
2)

38
.4

 (
0.

1)

 
2 

lo
ss

es
26

2 
(1

.3
)

17
.4

 (
3.

5)
4.

6 
(1

.5
)

6.
2 

(1
.7

)
23

.7
 (

3.
8)

38
.1

 (
0.

3)

 
3 

or
 m

or
e 

lo
ss

es
98

 (
0.

5)
8.

2 
(2

.6
)

15
.4

 (
4.

6)
10

.7
 (

3.
0)

27
.1

 (
5.

2)
36

.6
 (

0.
7)

 
A

t l
ea

st
 1

 lo
ss

2,
27

7 
(1

1.
2)

13
.2

 (
1.

0)
3.

1 
(0

.5
)

8.
2 

(0
.7

)
18

.8
 (

1.
1)

38
.3

 (
0.

1)

G
es

ta
tio

na
l a

ge
 o

f 
lo

ss
(e

s)

 
A

ll 
<

 6
 w

k
37

9 
(1

.8
)

12
.1

 (
2.

2)
1.

4 
(0

.8
)

8.
8 

(2
.0

)
16

.1
 (

2.
5)

38
.4

 (
0.

2)

 
L

on
ge

st
 6

–9
 w

k
89

6 
(4

.4
)

11
.1

 (
1.

4)
2.

5 
(0

.6
)

8.
4 

(1
.3

)
16

.8
 (

1.
6)

38
.5

 (
0.

1)

 
L

on
ge

st
 ≥

 1
0 

w
k

1,
00

2 
(5

.1
)

15
.4

 (
1.

8)
4.

1 
(0

.8
)

7.
8 

(1
.1

)
21

.4
 (

1.
9)

38
.0

 (
0.

2)

R
ec

en
cy

 o
f 

la
st

 p
re

gn
an

cy
 lo

ss
†

 
W

ith
in

 la
st

 6
 m

on
th

s
79

1 
(3

.9
)

8.
9 

(1
.4

)
2.

6 
(0

.7
)

7.
4 

(1
.3

)
14

.5
 (

1.
6)

38
.8

 (
0.

1)

 
6 

to
 1

1 
m

on
th

s 
ag

o
39

0 
(2

.1
)

15
.7

 (
3.

2)
3.

4 
(1

.3
)

7.
0 

(1
.6

)
20

.4
 (

3.
4)

38
.1

 (
0.

3)

 
12

 to
 2

3 
m

on
th

s 
ag

o
42

7 
(2

.1
)

14
.0

 (
2.

2)
1.

6 
(0

.6
)

8.
6 

(1
.6

)
17

.9
 (

2.
3)

38
.3

 (
0.

2)

 
24

 m
on

th
s 

or
 m

or
e 

ag
o

58
5 

(2
.8

)
16

.1
 (

2.
2)

4.
6 

(1
.1

)
10

.1
 (

1.
7)

23
.8

 (
2.

5)
37

.8
 (

0.
3)

U
nw

ei
gh

te
d 

sa
m

pl
e 

si
ze

 w
ith

 p
op

ul
at

io
n 

w
ei

gh
te

d 
pe

rc
en

ta
ge

s 
an

d 
st

an
da

rd
 e

rr
or

s.

* A
ny

 p
re

te
rm

 b
ir

th
, s

til
lb

ir
th

, o
r 

lo
w

 b
ir

th
w

ei
gh

t i
nf

an
t.

† E
xc

lu
de

s 
84

 p
re

gn
an

ci
es

 a
t f

ir
st

 p
ar

ity
 w

ith
 m

os
t r

ec
en

t p
re

gn
an

cy
 n

ot
 a

 p
re

gn
an

cy
 lo

ss
.

Ann Epidemiol. Author manuscript; available in PMC 2019 July 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahrens et al. Page 17

Ta
b

le
 3

Se
le

ct
ed

 a
dv

er
se

 p
re

gn
an

cy
 o

ut
co

m
es

 a
nd

 g
es

ta
tio

na
l l

en
gt

h 
at

 a
ny

 f
ut

ur
e 

pr
eg

na
nc

y 
by

 th
re

e 
as

pe
ct

s 
of

 p
re

gn
an

cy
 lo

ss
 h

is
to

ry
 a

t f
ir

st
 p

ar
ity

, N
at

io
na

l 

Su
rv

ey
 o

f 
Fa

m
ily

 G
ro

w
th

 1
99

5 
th

ro
ug

h 
20

11
–2

01
3

P
re

gn
an

cy
 lo

ss
 h

is
to

ry
 a

t 
fi

rs
t 

pa
ri

ty
n 

(%
)

A
ny

 f
ut

ur
e 

pr
et

er
m

 
bi

rt
h

A
ny

 f
ut

ur
e 

st
ill

bi
rt

h
A

ny
 f

ut
ur

e 
lo

w
 

bi
rt

hw
ei

gh
t

A
ny

 f
ut

ur
e 

ad
ve

rs
e 

ou
tc

om
e*

G
es

ta
ti

on
al

 le
ng

th
, w

ee
ks

†

(n
 =

 2
27

0)
(n

 =
 4

98
)

(n
 =

 1
65

8)
(n

 =
 3

18
6)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

%
 (

SE
)

n
M

ea
n 

(S
E

)

A
ll 

fu
tu

re
 p

re
gn

an
ci

es
15

,9
79

 (
10

0.
0)

14
.0

 (
0.

4)
2.

6 
(0

.2
)

9.
7 

(0
.4

)
19

.1
 (

0.
5)

14
,2

81
38

.6
 (

0.
03

)

N
um

be
r 

of
 p

re
gn

an
cy

 lo
ss

es

 
N

o 
lo

ss
14

,3
41

 (
88

.9
)

13
.8

 (
0.

5)
2.

6 
(0

.2
)

9.
9 

(0
.4

)
19

.1
 (

0.
5)

12
,8

78
38

.6
 (

0.
0)

 
1 

lo
ss

1,
38

5 
(9

.3
)

15
.5

 (
1.

7)
2.

4 
(0

.5
)

9.
0 

(1
.3

)
19

.7
 (

1.
7)

 1
19

4
38

.5
 (

0.
1)

 
2 

lo
ss

es
18

9 
(1

.3
)

12
.4

 (
3.

5)
1.

0 
(0

.5
)

7.
0 

(3
.2

)
13

.8
 (

3.
6)

 
15

9
38

.8
 (

0.
2)

 
3 

or
 m

or
e 

lo
ss

es
64

 (
0.

5)
20

.2
 (

8.
9)

10
.3

 (
5.

4)
7.

6 
(3

.2
)

29
.6

 (
9.

0)
 

 5
0

38
.0

 (
0.

6)

 
A

t l
ea

st
 1

 lo
ss

1,
63

8 
(1

1.
1)

15
.3

 (
1.

5)
2.

6 
(0

.5
)

8.
7 

(1
.2

)
19

.4
 (

1.
6)

 1
40

3
38

.5
 (

0.
1)

G
es

ta
tio

na
l a

ge
 o

f 
pr

eg
na

nc
y 

lo
ss

(e
s)

 
A

ll 
<

 6
 w

k
24

7 
(1

.6
)

13
.2

 (
3.

8)
1.

0 
(0

.6
)

8.
4 

(2
.9

)
16

.4
 (

3.
8)

 
22

1
38

.5
 (

0.
3)

 
L

on
ge

st
 6

–9
 w

k
66

9 
(4

.4
)

15
.7

 (
2.

1)
1.

6 
(0

.6
)

7.
6 

(1
.5

)
18

.3
 (

2.
2)

 
56

5
38

.5
 (

0.
1)

 
L

on
ge

st
 ≥

 1
0 

w
k

72
2 

(5
.1

)
15

.6
 (

2.
5)

3.
9 

(0
.9

)
9.

8 
(2

.0
)

21
.2

 (
2.

7)
 

61
7

38
.5

 (
0.

1)

R
ec

en
cy

 o
f 

la
st

 p
re

gn
an

cy
 lo

ss
‡

 
W

ith
in

 la
st

 6
 m

o
60

1 
(4

.0
)

13
.5

 (
2.

4)
2.

6 
(0

.7
)

9.
6 

(2
.3

)
17

.7
 (

2.
5)

 
52

4
38

.6
 (

0.
1)

 
6 

to
 1

1 
m

o 
ag

o
29

7 
(2

.1
)

13
.1

 (
2.

8)
2.

3 
(1

.0
)

6.
7 

(2
.3

)
17

.8
 (

3.
1)

 
25

2
38

.5
 (

0.
2)

 
12

 to
 2

3 
m

o 
ag

o
30

3 
(2

.1
)

15
.1

 (
3.

0)
3.

0 
(1

.1
)

12
.3

 (
2.

9)
20

.4
 (

3.
2)

 
25

9
38

.5
 (

0.
3)

 
24

 m
o 

or
 m

or
e 

ag
o

37
7 

(2
.5

)
18

.9
 (

3.
0)

2.
9 

(1
.1

)
5.

6 
(1

.3
)

21
.8

 (
3.

1)
 

32
4

38
.4

 (
0.

2)

U
nw

ei
gh

te
d 

sa
m

pl
e 

si
ze

 w
ith

 p
op

ul
at

io
n 

w
ei

gh
te

d 
pe

rc
en

ta
ge

s 
an

d 
st

an
da

rd
 e

rr
or

s.

* A
ny

 f
ut

ur
e 

pr
et

er
m

 b
ir

th
, s

til
lb

ir
th

, o
r 

lo
w

 b
ir

th
w

ei
gh

t i
nf

an
t r

ep
or

te
d.

† A
m

on
g 

on
ly

 f
ut

ur
e 

pr
eg

na
nc

ie
s 

th
at

 r
es

ul
te

d 
in

 li
ve

 b
ir

th
.

‡ E
xc

lu
de

s 
84

 f
ir

st
 p

ar
iti

es
 w

ith
 m

os
t r

ec
en

t p
re

gn
an

cy
 n

ot
 a

 p
re

gn
an

cy
 lo

ss
.

Ann Epidemiol. Author manuscript; available in PMC 2019 July 14.


	Abstract
	Introduction
	Material and methods
	Study population
	Pregnancy loss history
	Adverse pregnancy outcomes
	Study participant characteristics
	Statistical analysis

	Results
	Study population
	Pregnancy loss history
	Adverse pregnancy outcomes
	Multivariable logistic regression results
	Pregnancy loss history and risk of adverse pregnancy outcomes at first parity
	Pregnancy loss history and adverse pregnancy outcomes at any future pregnancy
	Assessment of heterogeneous associations over time


	Discussion
	References
	Fig. 1
	Fig. 2
	Table 1
	Table 2
	Table 3

