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Abstract

Purpose: To evaluate the association between pregnhancy 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 X2 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 (Cls) 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.

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 pregnhancy 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 £<.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 (Cl), 0.98-1.30]) and having experienced a loss within 6 months of
the beginning of first parity (aRR = 0.92 [95% ClI, 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% ClI,
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% Cl, 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% ClI, 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%
Cl, 0.97-1.12]), and recency of loss (aRR = 1.04 [95% ClI, 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
pregnhancy 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
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Log risk ratio, adjusted

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).

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

1.5



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ahrens et al.

Page 12
No loss n
At least 1 loss ———®—0.14 (-0.03, 0.31)
J—
Lloss ——®——— (15(.0.03,033)
Number of —
-0.25(-0.80, 0.30
losses 2 losses L ( )
3 or more losses =
— 0.68 (0.07, 1.28)
J—
All < 6 weeks ] -0.03 (-0.50, 0.44)
Gestational
X —_—l.-—
age of loss(es) ™ Longest 6-9 weeks 0.10 (-0.14, 0.34)
Longest 210 weeks ————&— 0.22(-0.04, 0.48)
—
—
Within last 6 months ———®— 0.08(-0.20, 0.36)
6 to 12 months ago Ll 0.07 (-0.31, 0.45)
Recency of ’
last
pregnancy 12 to 23 months ago L 0.16 (-0.16, 0.47)
24 months or more ago " 0.23 (-0.07, 0.52)
—
-1 -0.5 0 0.5 1 15
Log risk ratio, adjusted
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).

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



Page 13

Ahrens et al.

sanatebio payows Jang

Yo LT t
1) eee (e e8e Te)vit  (@neee  (90) 68T €e5e alow 10 %6001
(tn o9t (0 ey (ce)oer  (eme9r  (FO)L¥T  90L2 %66€-%00€
(91) 607 (89) ez (Sv)ooy  @Toor (90 G2y 976 %662-%00T
(01 zet (z'9) zse (0e)ozt  (TT)eer  (90)6'€e .85 %00T Uey} ssa7
15 T0O™> MBIAIBIUL JO awi) e [aA3] Alanod Jo abeiuadiad
(0m 6L (62 79 (81) 99 (T1)es (€0) LLS 966 JayBiy 1o 9a16ap s, Ja1selN
(zT) 82LT (e'1) 00z (0e)svt  (wnest (GO v9¥T  vile aa.bap s, J03yoeg
(s1)z6C (6'5) 5'6¢ (9v)9ze (9118  (90)9Lc 68l aa16ap s, J0j3y2eq ou ‘9ba]|09 awoS
(eT) 8'TE (6'9) €2 (Le)zee  (wmoee (90 95¥e  ¥SvL @39 Jo ewojdip jooyds ybiH
(6'0) v'ET (T'9) 0z 92deyt  (0meet  (GOWLT vy @39 Jo ewojdip jooys ybiy oN
90" TOO™> MBIAJIBIUL JO SWI) Je Jusiulene [euoirednpl
(5T1) 962 (8v) 18T (sv)68c  (@T)zoe (L0 vy 5986 paLLeW JansN
(90) e (8€) 01T (0219 (90) '€ (to)ee €S paye.edas/padJoAIp/PBMOPIA
(97) 2'99 (T9)goL wvevy (L1199 (L0)S9S G807 paLlen
10> T00™> awo9ino Aoueubaid Ared 111y Je sniels [eleN
(L0)6'g (Ldes (CRIRW) (8°0) 'S (90) v's 188 Jaypo d1uedsiH-uoN
(onver Laee (evevt (meer  (90)LST 180§ %0e1q d1uedsiH-UON
(ST) 169 (0'9) 692 wv)zor  (91)989  (0T)§09  ¥v'OT a)ym o1uedsIH-uoN
(670) 22T (7€) 501 (z2dvs (Tver  (60) 58T Gegy euneT 1o oluedsiH
200 T00> aoelJ pue ulbio dluedsiH
6’ A ET0F LYY TS0F9G9 CE0FV¥9 VvIOFLY9 VvOOF9V9 S8S0C 3S ¥ uesw :sayoul WBIsH
vN 100> 20F¥'Se S0FZlZ VOF¥Sz TO0FESZ T0¥67C LLT'Te 3S F Ueaw :s1eak ‘uondaouod Ared isuly je eby
112'T2 Awed 15114 Je saroueubaud |1
(39) % (39) % (35) % (35) % (33) %
(%Z1T) (%5°0) (%€T) (%¥'6) (%68'88)
LITc=U g6=u Z9%¢=U ~/T6T=U (0006T=U
.1 «d 5SSOI T1Ses| ]V  Sass0] adow A0 € $95S0] ¢ Sso| T SS0| ON u sa11s1I819e Ry $S0] Aoueubaud pue Juedidiued

€702-TT02 ybnoiy G66T

Yoo Ajiwe Jo A3AINS [euoiieN ‘sonsiiaoeteyd ssoj Aoueubaid pue juedionued Aq ‘Aised 1s11) 1e uswom Buowe sasso| Aoueubaid snoinsid Jo JaquinN

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 14

Ahrens et al.

'$9850| Aoueufaid Jo Jaquinu patedwod 1sa) Nx ‘sa110691e9 50 58| J0 AoUBdal pue ($8)sso| 40 abe [euoIelISal 104 'SSO| OU SNSIBA SSO| T 1S83] 1 JO UosLedWOod 10} 153} Nx 3} WoJy anjen-
*

‘(e6¥ =v) syuiq

anl| aidnnw pue (2 /¢ =) ueubaid awodaq 03 djay [eaipaw Aue ‘(G2 =w) sanasebia payows Jans ‘(8 = ) uondaduod Je Aoueubiaid Ajred 1sa1y Jo ssaupapuaiul ‘(z69 =) ybiay 4o} uonew.lojul BUISSIA

'S10449 paepue)s pue sabejusdlad pajybiam uoneindod yum azis sjdwes payybramun

“Juawdojanap Jeuoleanpa Jesaush = q39

(eT)z°9C (1) sve (9e)ocz (ST v9z  WN G8s ofe aJow 10 oW g
(1) z6T (Te)eer (8e)etz  (eT)26T  WN L2y offe ow €z 0} 2T
(1) T'6T (se)etT (te)6cc (w1681  WN 06€ ofie ow TT 039
(s1) 9°Ge (e oey (ge)6ee  (LT)GSe  WN 6. oW g 1S UIYIM
VN €¢ Rmmo_ 15e| JO AdUBdaYy
(97) 0S¥ (02) 809 (6€)0c9 (9T 6TY  WN 200T MM QT = 3sabuoT]
(r'1)6'88 (95) zoT (8e)Tee  (9T)LOr  WN 968 M 6-9 1596U0]
(TTT9T (59) 06T (91)6'S (en vt WN 6.€ M9 > IV
VN T00> (s9)ss0] Jo abe euoielseD)
(T1swt (ev) Let (L) gst  (emsvt  (ro)zotr 92z EIN
€ 100> \\co_tonm paonpui Jo AIoiSIH
(08T (00) 00 (80)TC (90671 (To) 60 0z SaA
VT 10" \E:ﬁ 15114 18 SyUIg aAl] adnNAl
(eT) T8t (T9) 5ve (ze)ost  (ensvt (€0 9L LIvT SOA
100> 100> %:Sm jueufaid swodaq 01 djay edlpaw Auy
(L0o)ezs (7'v) v'0T (sv) L8 (50) vy (e0)ze GeTe pajuemun
(cm) €Lt (zd)es (Tave (1) 06T  (90)G¥E Llel pawnsiA
(€1 92L (cv) vv8 (ov) 618  (GT)99L  (90)¥'9S  L98'TT papuajul
100> TOO™> uondaouod Je Aoueufiaid Aied 1s11y JO SSaupapualu|
(8'7) 88 (€6) 98, (8v)vse  (6T) 0S8  (80)6'98 €98¢ ON
(81 TST (ee) v1e (8¥) vt (6T)0ST  (B0)TET 129 S8A
(39) % (39) % (39) % (39) % (39) %
(%zTT) (%50) (%€T) (%1'6) (%888)
LITc=Uu 86=U Z9¢=U " /I6T=U 0006L=U
_,n_ «d  SSOIT1Ses 1V  S8SSO| a10W 10 € $8550| ¢ SSO| T SS0| ON u sa1Is14819B1BY9 S0 Aoueubaud pue juedionued

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 July 14.

1

Ann Epidemiol. Author manuscript



Page 15

Ahrens et al.

*(29 =) uonuoge paanpul Jo (gz =) Aoueubaid 21do3as ue Jaylle sem Aoueubaid JUsd31 1SOW SOUYM USLLIOM 18 PPN|IXa YJIYM ‘Sso| Ul paynsal Aoueuba.d Juadal 1SOW aSOYM USWIOM

01 Pa1OLIISaI SeM Ss0| J0 Aousaay “Anied 1s1y Te uondaouod Jo yuow sy} pue ssoj Aoueubald U323l ISOW BY} JO LIUOW B} USBMIB] ‘SUILOW Ul ‘30UBI3HIP 8y} Se pare|nojes ssoj AoueuBaid ise] Jo Aousoay !

'sso| Aoueufaid 1511} Jay 810J8Q PaIINII0 UOILIOGR PaINPUI ISI1) BSOYM USWIOM papnjoul AJUo UorIoge pasnpul Jo me_I\\
*Ared 15413 01 91319ads 10U ‘awinayl] ul weubaid awodaq 01 djay [eaIpaw PaAIsdal _m>m_%

“aWNa| Ul senaseBio 0QT 1Ses| 18 payows 5>m_n

‘uondaouod je abe jeulsrew Joj paisnipe sjapow uoissaibal o1siBo| Buisn 1sa) |1 adAL woly m:_m?nnN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



Page 16

Ahrens et al.

'sso] AoueuBald e jou Aoueubiaid Juadas 1sow yum Alred 1saif Je saoueubaid 8 sapnjox3

i

“JUBUI WYBIBMULIG MO] JO ‘YHIG)I1S ‘YHIg wisiald Auy
x

's10.1J9 prepuels pue sabejuadiad paybiam uoneindod yim azis ajdwes pawybiamun

(0 8Le (s2)8¢ee nrot DY (o Tor (82) g85 ofGe 210W JO SLUOW g
(z'0) g8 (€2)6'LT (91)98 (9091 (z2)ovr (T2) Lev obe syjuow gz 03 21
(e0) T'8e (e) oz (9oL (EDve (ze) st (T'2) 06 offe syjuow TT 0} 9
(To)gse (91T 591 enve (ooe r1 68 (6¢) T6L SUIUOW 9 18] UILHAA
y sso| AoueuBalid 1se| Jo Aouaday
(z0)08e (6'1) ¥'1C trneL, @OTY (8T)v'sT  (T'9) 200t MM QT Z 3s3buo
(To)sse (91) 891 (enve (90)se T TTT (r'v) 968 AM 6-9 1s96u0"]
(z'0) v'8e (s 19T (02)gs (BOVT (zater (8'1) 6.€ M9 > IV
(s8)sso] Jo abe [euonelse)
(To)ege (1) 881 (Lo)zg  (Go)tTe (omezer  (et1) L2 $S0| T 15€8] IV
(£'0) 998 (o) 1L2 (0€) 201 (9¥) ST (92 e¢8 (50) 86 $9S50] aJow Jo ¢
(e0) T'8e (8€) L€T (71z9 (DY (e viT (e'1) 292 $9s50] ¢
(To) v8e (ecm) Lt (8o)eg  (ro)ee (treer  (¥6) LT6'T $s0| T
(00) 58 (7'0) 8'9T (c0)gs (zo)oe (#'0) LTT  (8'88) 000'6T $SO| ON
sass0| Aoueubaid Jo JaquinN
(€00) 588 (ro)oLt (co)s8 (To)te (o) 61T (000T) LL2'TC Ared 15114 1e sapoueubaid v
(3s) uean (39) % @)% (39 % (35) %
(L2 =u) (L9/€=1) (cseT=1) (8v=U) (L¥Sz =)
SI7oM IBUS| [EUONEISID W00 3SIsAPB AUY  IUBBmuiiq Mol GUIGNRS  UHIg Wasild (%) u  Anaed 15413 e A101S1Y ssof Aoueubaid

Author Manuscript

¢ dlqeL

Author Manuscript

€T02-TT0Z Ybnoly G66T Yol Ajiwres
J0 A3nung euonep ‘Alred 1sa1) 12 uswom Buowre Alolsiy ssoj AoueubBald Jo s10adse aaayl Aq yibus| [euoirelsab pue sawodino Aoueubaid asiaApe palos|as

Author Manuscript

Author Manuscript

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



Page 17

Ahrens et al.

'ss0] AoueuBaid e Jou AoueuBiaid Jusdas 1sow yym sanied ISiiy #8 SAapNjoxX3

1

"YHIg AI] U1 paynsas Jeyy saoueuBaid aining Ajuo Buowy

4

"paniodal Juryul WYBIBMUMIG MO] 10 ‘YuIgns ‘Yuig wisaid aining Auy
x

's10.1J9 prepuels pue sabejuadiad paybiam uoneindod yyim azis ajdwes pawybiamun

(c0) v'8e vee (Te)gte (€1) 96 (T16c (0e) 681 (s2) L8 ofe a1ow 10 ow g
(€0) g'8e 652 (ze) voe (62 ezt (T1)oe (o) T'sT (T'2) €og ofe ow € 03 2T
(z0)gse 2se (Te) gLt (€2 L9 (omeze (82)1eT (T2) L62 offie ow TT 03 9
(T0) 9'88 s (CRAPIA: (€2) 96 (L0)9e (re)get (o) T09 ow 9 3se| UIUHM
Nmmo_ AoueuBald 1se] Jo Aouadey
(T0) g8e 119 (L2 etz (02) 86 (6'0)6°€ (52) 95T (Tg) zeL MM QT Z 3s3buo
(T0) 588 G9§ (co)esr (ST 9L (9091 (To)Lat (r'v) 699 1M 6-9 1s9b6u0
(€0) o8¢ 14 (8°€) v'oT (62 v'8 (90)oT (8€)zer (91) LvZ M9 > I
(s8)sso| Aoueubald Jo abe [euoneisss
(T0) 588 €orT (97) 61 (cT) L8 (s0)9C (sT)est  (TT1)8€9'T $50] T 1589] IV
(90) 0'8¢ 0S (0'6) 9°62 (ze) oL ('g) €01 (6'8) 0T (50) v9 $9SS0] aJoW J0 €
(z0) 8'8e 6ST (9¢) 8T (ze)oz (so)ot (se)ver (e'T) 68T $9s50] ¢
(T0) 588 V6TT (L7) L6T (€1) 06 (S0 ve (LT)gsT  (g6)S8E'T ss0| T
(00) 98¢ 8.8'cT (s0) T'6T (7'0) 6'6 (zo)oz (0)8€T  (6'88) TVE'YT $S0| ON
sass0| Aoueubaid Jo JaquinN
(€00) 9'8¢ 18271 (50) T'6T (7o) L6 (co)9e (o) ovt  (000T) 626'GT sa1oueuBaid aamny |1
(39) ueay u (39) % (39) % (39) % (39) %
(981E = U) (8591 = u) (867 = u) (0Lze =)
+mv_8>> ‘ibua] [euoneISeD asdanpe QHMHEJW MHM Eo_uw_w Lwnwsm“_@ yuiqqns aaniny Auy wgaad aa EE;MU@ (90) u  Ayaed 1say 1 A101s1Y Sso| Aoueubaad

Author Manuscript

€ 9lqeL

Author Manuscript

£T02-TT0Z Ybnoaur 66T yimol Ajiwed Jo Asaing
[euoneN ‘Ated 1s41) 18 A10isiy ssoj Aourubaud Jo s1oadse aaiyy Aq Aourubaid auning Aue Je yibus] jeuoiielsab pue seswodno Aoueubald asianpe palds|as

Author Manuscript

Author Manuscript

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

