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Arricl_e history: Background: Cancer is the second leading cause of death worldwide. Few studies have investigated if
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pregnancy loss is associated with later cancer development.
Methods: We identified all invasive cancers after age 40, among all Danish women born between January
1957 and December 1972, ensuring a full reproductive history. Cases were matched by birth year 1:10
to cancer-free controls. Women were followed until the end of 2017. The number of pregnancy losses
(miscarriages or still births) was correlated to long-term cancer risk using conditional logistic regression,
providing odds ratios for specific cancers with different numbers of pregnancy losses, all adjusted for age,
education, and other potential confounders.
Findings: The study included 28,785 women with cancer (mean age 48.7 [SD 5.0]) and 283,294 matched
controls (mean age 48.6 [SD 5.0]). We found no overall association between pregnancy loss and later
development of 11 site-specific types of cancer or cancer overall. Taking the sequence of pregnancy losses
into account, primary recurrent pregnancy loss (three consecutive pregnancy losses without prior live
birth) was associated with later overall cancer by an odds ratio of 1.27 (1.04-1.56). Secondary recurrent
pregnancy loss showed no association to cancer.
Interpretation: Pregnancy loss was not associated with later cancer development. Women with primary
recurrent pregnancy loss had a borderline significant association to later cancer overall, this may be a
chance finding.
Funding: Ole Kirk’s Foundation and Copenhagen University Hospital Rigshospitalet’s Research Grant.

© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

critically assessed for relevance by the first author. No lan-
guages were excluded from our search.

The association between pregnancy loss and breast can-
cer has been summarized in two meta-analyses including 59
studies; they found no positive correlation. Two contradict-
ing studies investigated the outcome of ovarian cancer, one
found an increased risk while the other did not. However,
out of these 61 studies none reported the effect of recurrent
pregnancy loss, 49 relied on self-reported data, and most did
not report the number of pregnancy losses hiding a potential
dose-response relationship. One study investigating the influ-
ence of recurrent pregnancy loss (RPL) on the risk of later
cancer development, found an increased risk of breast cancer

Research in Context
Evidence Before This Study

We searched PubMed for relevant studies published be-
fore Feb 1, 2019 for associations between pregnancy loss and
cancer. The following search phrases were used: “pregnancy
loss”, “abortion”, or “miscarriage”; and “cancer”. Articles were
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pointing to non-fetal causes. Furthermore, women with RPL
have been found to have an increased risk of myocardial in-
farction and stroke later in life.

Added Value of This Study

This study is the first to examine both the number of
pregnancy losses, and the influence of consecutive or non-
consecutive pregnancy loss patterns, on the risk of 11 site-
specific types of cancer and on cancer overall. Our study
finds no strong association between pregnancy loss and later
cancer development, thereby contradicting the study which
found RPL to be a risk factor for later cancer.

Implications of All the Available Evidence
Pregnancy loss is not associated with an increased risk of

cancer later in life, taking this potential burden from women
already struggling to achieve a live birth.

1. Introduction

Reproductive factors have repeatedly been associated with dif-
ferent cancers. Young age at first full-term pregnancy lowers the
long-term risk of breast cancer [1,2], however, postpartum the
short-term risk of breast cancer is increased [3]. Each childbirth
reduces the risk of ovarian and endometrial cancer. As cancer is a
major contributor to morbidity and mortality worldwide, identify-
ing groups at risk is essential for early detection of disease.

Pregnancy loss is the most common serious complication in
early pregnancy, and at least one in three pregnancies end in a loss
[4]. Pregnancy loss has been positively correlated to future risk of
myocardial infarction, cerebral infarction [5,6], hypertension, type 2
diabetes, and hypercholesterolemia [7], although the etiology and
significance are largely unknown.

Most studies have focused on pregnancy loss as a dichotomous
exposure (ever/never) and later risk of breast cancer, and ovarian
cancer. Results from most of these studies indicate no association
[8-10], although some find a positive correlation [11,12].

Recurrent pregnancy loss is most often defined as three consec-
utive pregnancy losses and affects 1-2% of women trying to con-
ceive [13], and of those referred to a tertiary center, two thirds
have at least one live birth within five years [14]. Few studies have
examined consecutive pregnancy losses as a possible risk indicator
for later cancer. A recent study found two consecutive pregnancy
losses to be positively associated with future breast and cervical
cancer [15].

The aim of this study was to investigate if pregnancy loss is
associated with cancer. Immunological mechanisms are known to
play a role in specific types and successions of pregnancy loss [16-
20], as well as in preventing different types of cancer [21]. There-
fore, we examined exposure to these subtypes of pregnancy loss
and their correlation to subsequent cancer development.

2. Methods
2.1. Sources of Data

Denmark has a free and universal public healthcare system.
Since the founding of the Danish Civil Registration System in
1968, all individuals living in Denmark have been registered in
this database with their permanent 10-digit personal identification
number, marital status, vital status, kinship information, and past
and present addresses. The personal identification number is used
for contacts with essentially any Danish government agency, in-

cluding hospital visits and purchase of prescription medicine. Sup-
plementary Table S1 describes the registries used in this study;
Supplementary Table S1 shows all the codes we searched for in
these registries to define baseline characteristics, exposures and
outcomes. Discharge diagnoses were coded using the International
Classification of Diseases 8th revision before 1994, thereafter the
10th revision. Prescription medicine was coded using the Anatom-
ical Therapeutic Chemical Classification System.

The Danish Health Registry, established in 1976, and the Danish
Medical Birth Registry, established in 1973, provided registry-based
follow-up of exposures and covariates for all Danish women. Can-
cer events (cases) were primarily identified in the Danish Cancer
Registry, with virtually complete data on cancer diagnoses from
1987 throughout 2016, verified with pathology testing [22]. For
2017, data on cancer outcomes was provided by the Danish Health
Registry, as data from 2017 was not yet available in the Danish
Cancer Registry at the time of data extraction. All diagnoses and
surgical codes were made by clinicians; pre-pregnancy weight and
smoking status were self-reported. The gestational week of miscar-
riages has been registered since 1995.

2.2. Design

A nationwide cohort study with a case-control analysis.

2.3. Study Population

To ensure a full reproductive history, we included women born
between January 1st, 1957 and December 31st, 1972 as they were
between 5 and 20years old when a full registry-based follow-up
was possible from 1977. Supplementary Fig. S1 provides a Lexis di-
agram illustrating the selection of the study population.

Cases were women with a first-time invasive cancer, subdivided
by site-specific cancer type: (i) breast, (ii) ovarian, (iii) endome-
trial, (iv) cervical, (v) bladder, (vi) renal, (vii) lung, (viii) gastro-
intestinal, (ix) brain, (x) hematological, (xi) melanoma, and (xii)
all-type cancer, except non-melanoma skin cancer. To evaluate the
effect of events occurring throughout the reproductive age on later
risk of cancer, we excluded women with first-time cancer before
40years of age. The earliest calendar year an outcome of interest
could occur was therefore 1997, while the latest was 2017. Controls
were sampled at random from all Danish female residents, using
the Danish Civil Registration System, matching each case by birth
year to 10 controls alive at the event date, using exact matching.
The index date for cases was the date of cancer diagnosis, while
for controls the index date was the date of cancer for the case
they were specifically matched to. Both cases and controls were
excluded if they resided outside of Denmark for over six months
between their 20th birthday and the index date, as they potentially
could have had unregistered pregnancies or cancers abroad.

2.4. Exposures

The primary exposure of interest was one or more pregnancy
losses, defined as either a miscarriage or a still birth. Miscar-
riages were identified in the Danish Health Registry and stillbirths
were identified in the Danish Medical Birth Registry. Women ever-
pregnant (i.e. one or more registered miscarriage, termination of
pregnancy, still birth or live birth) were at the index date strati-
fied to one of the following exposure groups: 0 pregnancy losses,
one pregnancy loss, two pregnancy losses or, three or more preg-
nancy losses. In addition to the number of pregnancy losses, we
also examined specific a priori defined subtypes of pregnancy loss,
known or hypothesized to be associated with immunological dis-
turbances: (i) Three pregnancy losses before 30years of age, (ii)
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Three consecutive pregnancy losses, (iii) Primary recurrent preg-
nancy loss (three consecutive pregnancy losses not preceded by a
live birth), (iv) Secondary recurrent pregnancy loss (three consec-
utive pregnancy losses preceded by a live birth), (v) Three consec-
utive pregnancy losses preceded by a pregnancy complicated by
either preterm birth, intrauterine growth restriction, preeclampsia
or placental abruption, (vi) Two second trimester pregnancy losses,
and (vii) A still birth. Besides three consecutive registered preg-
nancy losses, a diagnosis of recurrent pregnancy loss was also con-
sidered as three consecutive pregnancy losses. Finally, we investi-
gated the impact of never-pregnant (i.e. no registered miscarriage,
termination of pregnancy, still birth or live birth) on cancer risk,
with ever-pregnant as reference group.

2.5. Confounders

We considered baseline characteristics seen in Table 1. Data was
provided using the aforementioned registries, in addition to the
Danish Registry of Medicinal Product Statistics (the Prescription
Registry). We adjusted for the following potential confounders in
all adjusted analyses: attained age at index date (continuous vari-
able) and educational level of a bachelor’s degree or higher (binary
variable). Breast cancer was further adjusted for parity (indicator
variable), age under 30 at first live birth (binary variable), and
ever/never use of systemic hormonal contraception (binary vari-
able). Ovarian cancer was adjusted for parity and ever/never use of
systemic hormonal contraception. Endometrial cancer was adjusted
for parity, ever/never use of systemic hormonal contraception, and
diabetes (binary variable). Diabetes and use of systemic hormonal
contraception were identified by drug purchases in the Prescription
Registry, available from 1995 to 2014 at the time of data extrac-
tion. Pre-pregnancy smoking habits and pre-pregnancy body mass
index were registered in the Danish Medical Birth Registry from
year 1991 to 2004, respectively, thus resulting in missing values
for women with only live births before these dates or women with
no live births. A sensitivity analysis further adjusting for ever/never
smoking (binary variable) was calculated for the lung cancer out-
come for those with this data available. Likewise, a sensitivity anal-
ysis further adjusting for ever/never body mass index > 30 (binary
variable) was calculated for the outcome of gastro-intestinal can-
cer.

2.6. Statistical Analyses

Numerical baseline characteristics were described by a mean
and standard deviation, and differences between case and con-
trol groups were tested using the Mann-Whitney U test. Binary
variables were described by proportions, and differences between
cases and controls were calculated using Pearson’s y 2-test. A p-
value <0.05 was considered statistically significant. The measure of
association between exposure and outcome variables was an odds
ratio, calculated using conditional logistic regression. Results were
presented with 95% confidence intervals. Programming and statis-
tical analyses were performed in SAS software version 9.4 (SAS In-
stitute), Stata software version 15 (StataCorp LLC) and R version 3.5
(The R Foundation for Statistical Computing).

The Danish Health Data Authority approved access to registry
data. No ethical approval was required.

3. Results

The study included 28,785 women with incident invasive can-
cer and 283,294 matched cancer-free controls (Fig. 1 ). The over-
all mean age was 48.6years at the index date (standard devia-
tion 5.0 years). The most common site-specific cancers were breast

cancer (42.3%), melanoma (11.6%), and gastro-intestinal cancer
(11.0%).

Although most differences between cases and controls were mi-
nor, some were notable (Table 1): Educational level was lower
among all cancer groups, except for the melanoma group. Com-
paring cases to controls: fewer women with breast cancer had
given birth before age 30, fewer women with gynecological can-
cers had ever used systemic hormonal contraception, more women
with endometrial cancer and renal cancer had diabetes, and previ-
ous induced abortion was more prevalent in the cervical cancer
group.

Among ever-pregnant women with 0 pregnancy losses as ref-
erence group, we generally found no correlation between the
number of pregnancy losses and later cancer risk (Table 2). Ad-
justing for potential confounders only changed our estimates
marginally. Endometrial cancer showed a non-significant inverse
association with three or more pregnancy losses, correlated by
an adjusted odds ratio of 0.75 (0.34-1.66). Likewise, melanoma
displayed an inverse association, however, only two pregnancy
losses and not three or more was significantly associated with
a decreased melanoma risk, adjusted odds ratio 0.72 (0.57-0.90)
and 0.69 (0.47-1.01), respectively. Renal cancer and hematological
cancer displayed a positive non-significant association with preg-
nancy loss, with exposure to three or more pregnancy losses cor-
related to renal cancer by an adjusted odds ratio of 1.97 (0.90-
4.28) and to hematological cancer by an adjusted odds ratio of 1.43
(0.90-2.25).

For the different subtypes of pregnancy loss among ever-
pregnant women (Table 3) we found few significant associations:
the exposure to three pregnancy losses before age 30 was pos-
itively correlated to later lung cancer; adjusted odds ratio 2.22
(1.28-3.86). In a sensitivity analysis further adjusting for tobacco
smoking, the association was weakened and no longer significant
(Supplementary Table S3). Two second trimester pregnancy losses
conferred an adjusted odds ratio of 4.00 (1.38-11.60) for hema-
tological cancers. Women with recurrent pregnancy loss had an
adjusted odds ratio for gastro-intestinal cancer of 1.37 (0.91-2.07)
and of 1.15 (0.99-1.32) for all cancers (Fig. 2 ). Stratifying this expo-
sure into primary or secondary recurrent pregnancy loss, only pri-
mary recurrent pregnancy loss was associated with the two cancer
groups; odds ratios 2.00 (1.16-3.45) and 1.27 (1.04-1.56), respec-
tively. Similarly, exposure to three pregnancy losses before age 30
was associated with gastro-intestinal cancer; adjusted odds ratio
1.86 (1.11-3.11).

In Supplementary Table S4 we focused on the exposure to re-
current pregnancy loss and subdivided our population according
to the age at cancer diagnosis, over or under 50years of age. We
found that exposure to recurrent pregnancy loss confers a statis-
tically significant increased odds ratio of gastro-intestinal cancer
(adjusted odds ratio 1.92 [1.11-3.26]), hematological cancer (odds
ratio 1.97 [1.02-3.80]) and cancer overall (adjusted odds ratio 1.20
[1.01-1.44]), between ages 40 and 49, but not in the age group 50—
61. In contrast, exposure to recurrent pregnancy loss had a ten-
dency towards an increased odds ratio of gynecological cancers in
the age group 50-61 compared to the younger age group, however,
this was not statistically significant.

Never being pregnant was positively associated with later ovar-
ian cancer; adjusted odds ratio 1.72 (1.43-2.06), endometrial can-
cer; 2.92 (2.49-3.43) and inversely associated with melanoma and
breast cancer; adjusted odds ratio 0.88 (0.78-0.99) and 0.94 (0.88-
1.00), respectively (Supplementary Table S5).

In the analysis for gastro-intestinal cancer and cancer overall,
we further adjusted for body mass index >30 in the subgroup of
patients with weight data available (6.0%). This had very little ef-
fect on the results (Supplementary Table S6).
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Table 1

Characteristics of cancer cases and controls at the index date according to cancer type.

Cases

Controls Cases

Controls Cases Controls

Breast cancer

n 12,181
Mean age (SD) - yr 48.4 (4.7)
Parity (SD) 1.8 (1.0)
Age under 30 at first live birth - % 64.4
Previous induced abortion - % 28.3
Diabetes Mellitus - % 2.5
Asthma - % 2.6
Inflammatory bowel disease - % 1.4
Systemic hormonal contraception, ever use - % 54.9
Educational level of bachelor’s degree or higher - % 29.0
Body-Mass Index >30 - %° 8.2
Smoking - % © 31.8

Cervical cancer

n 1282
Mean age (SD) - yr 45.6 (4.6)
Parity (SD) 1.8 (1.2)
Age under 30 at first live birth - % 66.0
Previous induced abortion - % 32.6
Diabetes Mellitus - % 24
Asthma - % 1.5
Inflammatory bowel disease - % 2.1
Systemic hormonal contraception, ever use - % 55.9
Educational level of bachelor’s degree or higher - % 21.5
Body-Mass Index >30 - %° 16.1
Smoking - %" 415

Lung cancer

n 2095
Mean age (SD) - yr 50.7 (4.8)
Parity (SD) 1.8 (1.1)
Age under 30 at first live birth - % 72.0
Previous induced abortion - % 343
Diabetes Mellitus - % 4.7
Asthma - % 4.8
Inflammatory bowel disease - % 1.6
Systemic hormonal contraception, ever use - % 50.1
Educational level of bachelor’s degree or higher - % 5.8
Body-Mass Index >30 - %° 143
Smoking - %" 79.2

Hematological cancer

n 1341
Mean age (SD) - yr 493 (5.2)
Parity (SD) 1.8 (1.1)
Age under 30 at first live birth - % 65.8
Previous induced abortion - % 30.8
Diabetes Mellitus - % 4.3
Asthma - % 34
Inflammatory bowel disease - % 1.9
Systemic hormonal contraception, ever use - % 50.5
Educational level of bachelor’s degree or higher - % 23.6
Body-Mass Index >30 - %° 111
Smoking - %" 35.4

Ovarian cancer Endometrial cancer

120,136 901 8857 982 9598
485 (4.7) 485 (47) 484 (47)  485(5.0) 485 (5.0)
19(1.1)  1.6(1.1) 1.9 (1.1) 14 (1.1) 1.9 (L.1)x
67.7+ 62.2 68.1x 56.0 68.6:
28.6 27.0 28.5 19.8 28.1+
3.2+ 43 3.2 10.0 3.2+
2.9 3.2 2.7 2.6 2.8
14 2.0 13 14 1.7
52.5x 40.2 50.0+ 35.6 48.7+
29.4 20.5 29.4« 27.1 29.0
13.6% 13.9 143 17.7 135
31.1 35.1 31.1 24.4 30.6

Bladder cancer Renal cancer

12,670 183 1780 393 3860
455 (4.6) 502 (4.9) 49.9 (4.8) 49.9 (5.0) 49.8 (5.0)
1.9 (1.1)+ 1.7 (1.2) 1.9 (1.1)* 2.0 (1.1) 1.9 (1.1)

67.1 67.8 68.5 74.3 68.1
28.8x 328 27.8 30.3 28.9
31 44 3.5 9.4 3.0+
2.5x 33 29 3.6 2.9
1.4x <5 1.4 2.8 1.3x%
56.5 52.5 50.3 51.2 51.8
30.5x% 13.7 28.0% 171 30.3%
13.2 <5 9.8 375 15.4«
30.5% 54.2 30.5% 49.2 29.8x

Gastro-intestinal cancer Brain cancer

20,533 3154 30,834 398 3890
50.6 (4.8) 50.0 (5.0) 50.0 (5.0) 482 (5.3)  48.1(54)
1.8 (1.1)= 1.8 (1.1) 1.9 (1.1)« 1.9 (1.1) 1.8 (1.1)

68.7x 66.4 68.1 68.6 67.6

28.3x 29.4 28.5 28.4 28.6

3.4« 6.0 3.3x 2.0 3.1
2.9x 2.9 2.9 5.0 2.7%
13 2.2 1.4 23 15
47.0% 49.0 49.9 56.5 51.8
28.1x 16.5 29.2x 121 28.4x
12.5 194 12.9x 83 10.7
31.4x 39.1 31.0x« 373 31.1
Melanoma All cancers®

13,250 3339 32,974 28,785 283,294
49.2 (5.2) 474 (4.8) 47.3 (4.8) 48.7 (5.0)  48.6 (5.0)«
1.9 (1.1)= 1.8 (1.0) 1.9 (1.1) 1.8 (1.1) 1.9 (1.1)«

67.4 65.5 67.2x 65.5 67.8x
28.3 26.7 28.8 28.4
3.2 2.8 3.8 3.2x
3.1 2.5 2.9 2.9
1.3 1.7 1.7 1.4«
51.8 59.7 24.1 29.4x
29.7x 32.6 241 29.1x
12.3 7.6 111 13.4x
30.9x 25.6 358 31.1x

(Notice the number of cases and controls in "All cancers’ is greater than the subgroups combined as other types of cancer were included.)

SD: Standard Deviation.

<5: Data not available for presentation due to less than five observations.

* Indicates a p-value of <0.05 between the case and control group.

2 Information only available for 6.0% of all patients.
b Information only available for 53.5% of all patients.
¢ All types of cancer, except non-melanoma skin cancer.

4. Discussion

In this nationwide observational study of 28,785 women with
incident invasive cancer and a full registry-based reproductive his-
tory, we found no evidence of an overall association between num-
ber of pregnancy losses and later cancer development. Among
those exposed to subtypes of pregnancy loss correlated to im-
munological mechanisms, we found sporadic associations to later

cancer, however, we found no clear trend indicating a robust posi-
tive association to site-specific cancers or cancer in general.

4.1. Pregnancy Loss and Cancer Risk

Two meta-analyses on the association between pregnancy loss
and breast cancer have been published. The first by the Collab-
orative Group on Hormonal Factors in Breast Cancer published in
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44 090 Women with incident
cancer, except non-
melanoma skin cancer
born between 1957 —
1972.

12 181 Cases of incident breast

cancer, 42:3%.

901 Cases of incident ovarian

15 305 Were excluded
10 548 Experienced
an outcome
of interest
before age
40.

4 757 Lived outside of
Denmark for
over 6 months
after age 20.

A

cancer, 3:1%.

982 Cases of incident
endometrial cancer, 3:4%.

1282 Cases of incident
cervical cancer, 4:5%.

\ 4

183 Cases of incident bladder
cancer, 0:6%.

28 785 Women were included
as cases in our study
population.

393 Cases of incident renal
cancer, 1:4%.

Y

2 095 Cases of incident lung
> cancer, 7-3%.

3 1564 Cases of incident gastro-
intestinal cancer, 11:0%.

398 Cases of incident brain
cancer, 1:4%.

1341 Cases of incident

hematological cancer, 4:7%.

3 339 Cases of incident
melanoma, 11:6%.

Fig. 1. Flow chart showing the selection of cases for the study. The sum of the subtypes of cancers does not add up to the total case population as 8.7% develop other types

of cancer.

2004 [8], included 52 studies. Of these, 12 studies recorded preg-
nancy loss in a prospective manner (i.e. before the cancer diagno-
sis). Among the prospective studies, eight studies relied on self-
reported data. Only two prospective studies relying on hospital
records, reported the number of pregnancy losses more specifi-
cally than ever/never, these evaluated 482 cancer cases [23,24].
The second meta-analysis by Guo et al. included no new studies
with non-self-reported data on pregnancy loss [9]. None of the
included studies evaluated the effect of consecutive losses. Both
meta-analyses found no association between pregnancy loss and
breast cancer, which is in accordance with our findings.

To our knowledge, the only other study investigating recur-
rent pregnancy loss and subsequent risk of cancer is the study by
Charach et al. [15]. They found a significantly increased risk of cer-
vical cancer (odds ratio 1.6, p-value 0.038), breast cancer (odds ra-
tio 1.7, p-value 0.001), and female malignancy overall with an ad-
justed hazard ratio of 1.35 (95% confidence interval 1.1-1.6). The
study included cases at their first pregnancy after a recurrent preg-
nancy loss defined as two or more consecutive pregnancy losses,

while controls were included at a random pregnancy. Cases were
therefore on average 2.52 years older, p-value <0.001 and this age
difference was apparently not adjusted for in the analyses.

4.2. Special Pregnancy Loss Groups

Among pregnancy losses in the first trimester, 50-70% have
been found to have fetal chromosomal abnormalities [25,26]. With
multiple first trimester pregnancy losses the proportion of euploid
losses increases [27]. The underlying pathophysiology behind the
euploid pregnancy losses is largely unknown. Some may be due to
genetic errors of the fetus such as microdeletions, point mutations,
epigenetic changes, and structural abnormalities, while others may
be caused by maternal factors, including uterine, coagulative, en-
docrine, and immunological disturbances [16-20].

Known risk factors for pregnancy loss and recurrent pregnancy
loss include: increasing maternal age, previous pregnancy loss,
parental genetic abnormalities, polycystic ovarian syndrome, coag-
ulative disorders, endocrine diseases such as thyroid disease and
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Table 2

Association between number of pregnancy losses and cancer in ever-pregnant women.

Cases Controls OR

OR (95%CI)

Cases Controls OR OR24i (95%CI)

Breast cancer

n 10,918 107,009
0PL 8411 (77.0) 82,045 (76.7) 1 1
1PL 1926 (17.6) 19,362 (18.1)  0.97
2 PL 424 (3.4) 4046 (3.4) 1.01
(

>3PL 157 (1.4) 1556 (1.5)  0.97

Endometrial cancer
n 734 8608
0PL 580 (79.0) 6588 (76.5) 1 1
1PL 125 (17.0) 1570 (18.2) 0.92
2 PL 22 (3.0) 333 (3.9) 0.70
>3 PL 7 (1.0) 117 (1.4) 0.78

Bladder cancer

n ~155 1585

0PL 124 (79.5) 1200 (75.7) 1 1

1PL 24 (15.4) 299 (18.9) 0.80  0.83 (0.52-1.32)
2PL 7 (4.5) 70 (4.4) 1.08  1.24 (0.54-2.81)
>3 PL <5 16 (1.0) n/a n/a

Lung cancer

n 1857 18,244

0 PL 1424 (76.7) 13,951 (76.5) 1 1

1PL 341 (18.4) 3303 (18.1) 1.03 1.08 (0.95-1.23)
2 PL 64 (3.5) 717 (3.9) 0.86  0.91 (0.69-1.19)
>3 PL 28 (1.5) 273 (1.5) 1.04 1.03 (0.69-1.54)

Brain cancer

n 359 3452

0 PL 280 (78.0) 2685 (77.8) 1 1

1PL 58 (16.2) 583 (16.9) 094  0.93 (0.69-1.26)
2 PL 12 (3.3) 141 (4.1) 0.83  0.81 (0.44-1.50)
>3 PL 9 (2.5) 43 (1.3) 209 1.96 (0.93-4.12)

Melanoma

n 2360 22,477

0 PL 2360 (78.3) 22,477 (76.6) 1 1

1PL 538 (17.8) 5308 (18.1) 096  0.96 (0.87-1.06)
2 PL 87 (2.9) 1149 (3.9) 0.72  0.72 (0.57-0.90)
>3 PL 30 (1.0) 411 (1.4) 0.70  0.69 (0.47-1.01)

0.98 (0.93-1.04)
0.99 (0.89-1.10)
0.97 (0.81-1.16)

0.93 (0.76-1.15)
0.69 (0.44-1.09)
0.75 (0.34-1.66)

Ovarian cancer

736 7847
581 (78.9) 6098 (77.7) 1 1

113 (15.4) 1360 (17.3)  0.86  0.86 (0.69-1.07)

2 (4.4) 292 (3.7) 111 1.18 (0.80-1.72)

10 (1.4) 97 (1.2) 1.06  1.11(0.56-2.17)

Cervical cancer

1123 11,270

878 (78.2) 8616 (76.5)) 1 1

195 (17.4) 2045 (18.2) 094  0.95 (0.80-1.11)
5(3.1) 435 (3.0) 077  0.78 (0.55-1.12)
5(1.3) 174 (1.5) 0.88  0.90 (0.53-1.54)

Renal cancer

360 3453

257 (71.4) 2662 (77.1) 1 1

76 (21.1) 614 (17.8) 127  1.31(0.99-1.73)
19 (5.3) 138 (4.0) 137  1.39 (0.83-2.34)
8 (2.2) 39 (1.1) 1.94  1.97 (0.90-4.28)

Gastro-intestinal cancer

2774 27,421
2149 (77.5) 21,009 (76.6) 1 1
482 (17.4) 4981 (182) 093  0.95 (0.85-1.05)

105 (3.8) 1075 (3.9) 0.95  0.98 (0.79-1.20)
38 (1.4) 356 (1.3) 1.06  1.08 (0.76-1.53)
Haematological cancer
1182 11,787
898 (76.0) 9020 (76.5) 1 1
213 (18.0) 2145 (18.2) 1.01 1.01 (0.86-1.19)
9 (4.2) 465 (4.0) 1.07  1.06 (0.78-1.44)
2(1.9) 157 (1.3) 143  1.43 (0.90-2.25)
All cancers?
25,420 252,218
19,591 (77.1) 193,340 (76.7) 1 1
4506 (17.7) 45,660 (18.1) 0.98  0.98 (0.95-1.02)
963 (3.8) 9671 (3.8) 0.98  0.98 (0.92-1.05)
359 (1.4) 3547 (1.4) 1.01 1.02 (0.91-1.14)

Bold font signifies a statistically significant result with regard to the 95% confidence interval (CI).

OR: Crude odds Ratio, confidence interval not shown due to size of table. OR*: Odds Ratio, adjusted for age and attainment of bachelor’s
degree. Breast cancer additionally adjusted for parity, age at first live birth and hormonal contraception ever/never use. Ovarian cancer ad-
ditionally adjusted for parity and hormonal contraception ever/never use. Endometrial cancer adjusted for parity, hormonal contraception

ever/never use, and diabetes.

<5: Data not available for presentation due to less than five observations, estimate therefore not available (n/a), and total n rounded to

nearest 5.

2 All invasive cancers, except non-melanoma skin cancer. PL: Pregnancy loss (miscarriage or still birth).

diabetes. More euploid losses are seen with high body mass index
[28]. Life style factors such as alcohol consumption and smoking,
appear to increase the risk of pregnancy loss in a dose-response
manner [29]. However, the prognostic significance of the majority
of hitherto identified risk factors remains largely unknown, and the
chance of subsequent live birth is still based on maternal age and
number of prior pregnancy losses [30].

We investigated specific a priori defined exposure subgroups
previously shown to be correlated to immunological mechanisms
and have a high risk of euploid loses (Table 3). Exposure to primary
recurrent pregnancy loss showed the strongest association to can-
cer, driven primarily by an increased risk of gastro-intestinal can-
cer and hematological cancer. In the main analysis this was only
significantly associated with the overall cancer, however, in a sen-
sitivity analysis further stratifying according to age at cancer (Sup-
plementary Table S4), the odds of these cancers was almost dou-
bled at ages 40-49years. The specific reasons for the modest in-
crease in cancer risk among the primary recurrent pregnancy loss
group, cannot be explained by the current study, however, our hy-

potheses include: A common precursor (e.g. a gene or environ-
mental factor) increasing a woman'’s risk of both recurrent preg-
nancy loss and cancer. Another possibility is that exposure to re-
current pregnancy loss increases the risk of later cancer, by a me-
diating factor such as changes in life style or possibly by disturbing
the maternal immune system, and crucially the ability to recognize
precursors to cancer. However, we cannot rule out that the result
arose from a chance finding, due to the nature of a 95% confidence
interval, therefore reproducing our results in other populations is
warranted.

Other statistically significant results were seen, e.g. three or
more pregnancy losses before age 30 was associated with gastro-
intestinal cancer and two pregnancy losses in the second trimester
was positively associated with hematological cancer.

4.3. Never-pregnant

The group of women with no registered pregnancies likely com-
prises a heterogenic group, with two very different subgroups; the
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Table 3

Association between subtypes of pregnancy loss and cancer in ever-pregnant women.

Cases Controls ORI (95% CI) Cases Controls ORI (95% CI)
Breast cancer Ovarian cancer
n 10,918 107,009 736 7847
RPL 105 (1.0) 889 (0.8) 1.10 (0.88-1.37) 8 (1.1) 55 (0.7) 1.62 (0.75-3.48)
Primary RPL 54 (0.5) 379 (0.4) 1.01 (0.96-1.07) <5 19 (0.2) n/a
Secondary RPL 51 (0.5) 510 (0.5) 0.98 (0.73-1.32)) <5 36 (0.5) n/a
RPL after a complicated delivery® 10 (0.1) 61 (0.1) 1.86 (0.94-3.70) <5 10 (0.1) n/a
>3 PL before age 30 42 (0.4) 427 (0.4) 1.04 (0.75-1.45) <5 31 (0.4) n/a
>2 PL in 2nd. trimester 14 (0.1) 134 (0.1) 0.99 (0.54-1.80) <5 9 (0.1) n/a
>1 still birth 79 (0.7) 1010 (0.9) 0.84 (0.66-1.07) 9(1.2) 82 (1.0) 1.27 (0.60-2.69)
Endometrial cancer Cervical cancer
n 734 8608 1123 11,270
RPL 6 (0.8) 67 (0.8) 1.25 (0.52-3.01) 9 (0.8) 100 (0.9) 1.01 (0.51-2.02)
Primary RPL <5 26 (0.3) n/a <5 54 (0.5) <5
Secondary RPL <5 41 (0.5) n/a 7 (0.6) 46 (0.4) 1.67 (0.74-3.75)
RPL after a complicated delivery® <5 5(0.1) n/a <5 6 (0.1) <5
>3 PL before age 30 <5 26 (0.3) n/a 6 (0.5) 64 (0.6) 0.92 (0.39-2.15)
>2 PL in 2nd. trimester <5 9(0.1) n/a <5 19 (0.2) <5
>1 still birth 7 (1.0) 89 (1.0) 1.03 (0.43-2.45) 16 (1.4) 121 (1.1) 1.26 (0.74-2.14)
Bladder cancer Renal cancer
n 156 1585 360 3453
RPL <5 11 (0.7) n/a <5 14 (0.4) n/a
Primary RPL <5 6 (0.4) n/a <5 9 (0.3) n/a
Secondary RPL <5 5(0.3) n/a <5 5(0.1) n/a
RPL after a complicated delivery® <5 <5 n/a <5 <5 n/a
>3 PL before age 30 <5 <5 n/a <5 10 (0.3) n/a
>2 PL in 2nd trimester <5 <5 n/a <5 <5 n/a
>1 still birth <5 14 (0.9) n/a 5(1.4) 37 (1.1) 1.32 (0.51-3.41)
Lung cancer Gastro-intestinal cancer
n 1857 18,244 2774 27,421
RPL 12 (0.7) 145 (0.8) 0.88 (0.48-1.62) 28 (1.0) 207 (0.8) 1.37 (0.91-2.07)
Primary RPL 6 (0.3) 61 (0.3) 1.26 (0.53-3.01) 16 (0.6) 88 (0.3) 2.00 (1.16-3.45)
Secondary RPL 6 (0.3) 84 (0.5) 0.68 (0.30-1.58) 12 (0.4) 119 (0.4) 0.94 (0.50-1.76)
RPL after a complicated delivery® <5 8 (0.04) n/a <5 14 (0.1) n/a
>3 PL before age 30 17 (0.9) 77 (0.4) 2.22 (1.28-3.86) 19 (0.7) 99 (0.4) 1.86 (1.11-3.11)
>2 PL in 2nd trimester <5 15 (0.1) n/a <5 22 (0.1) n/a
>1 still birth 25 (1.4) 176 (1.0) 1.32 (0.86-2.04) 28 (1.0) 256 (1.0) 1.13 (0.76-1.68)
Brain cancer Haematological cancer
n 359 3452 1182 11,787
RPL <5 26 (0.8) n/a 14 (1.2) 91 (0.8) 1.58 (0.89-2.80)
Primary RPL <5 14 (0.4) n/a 7 (0.6) 46 (0.4) 1.62 (0.73-3.65)
Secondary RPL <5 12 (0.4) n/a 7 (0.6) 45 (0.4) 1.51 (0.68-3.39)
RPL after a complicated delivery® <5 <5 n/a <5 5(0.04) n/a
>3 PL before age 30 <5 8(0.2) n/a 7 (0.6) 52 (0.4) 1.38 (0.62-3.08)
>2 PL in 2nd trimester <5 <5 n/a 5(0.4) 13 (0.1) 4.00 (1.38-11.60)
>1 still birth <5 27 (0.8) n/a 7 (0.6) 109 (0.9) 0.63 (0.29-1.36)
Melanoma All cancers®
n 2360 22,477 25,420 252,218
RPL 18 (0.6) 235 (0.8) 0.75 (0.46-1.21) 229 (0.9) 2028 (0.8) 1.15 (0.99-1.32)
Primary RPL 11 (0.4) 108 (0.4) 0.98 (0.52-1.83) 111 (0.4) 898 (0.4) 1.27 (1.04-1.56)
Secondary RPL 7 (0.2) 127 (0.4) 0.55 (0.26-1.18) 118 (0.5) 1130 (0.5) 1.05 (0.86-1.27)
RPL after a complicated delivery® <5 15 (0.1) n/a 20 (0.1) 138 (0.1) 1.46 (0.89-2.37)
>3 PL before age 30 7 (0.2) 107 (0.4) 0.64 (0.29-1.38) 113 (0.4) 997 (0.4) 1.12 (0.92-1.37)
>2 PL in 2nd trimester <5 36 (0.1) n/a 33 (0.1) 280 (0.1) 1.18 (0.82-1.70)
>1 still birth 26 (0.9) 275 (0.9) 0.92 (0.61-1.38) 230 (0.9) 2397 (1.0) 0.94 (0.83-1.09)

Bold font signifies a statistically significant result with regard to the 95% confidence interval (CI).

PL: Pregnancy loss (miscarriage or still birth) RPL: recurrent PL (3 consecutive losses not preceded by a live birth [primary] or preceded
by a live birth [secondary]) OR%i: Odds Ratio, adjusted for age and attainment of bachelor’s degree. Breast cancer additionally adjusted
for parity, age at first live birth, and hormonal contraception ever/never use. Ovarian cancer additionally adjusted for parity and hormonal
contraception ever/never use. Endometrial cancer adjusted for parity, hormonal contraception ever/never use, and diabetes.
<5: Data not available for presentation due to less than five observations, estimate therefore not available (n/a).

2 All invasive cancers, except non-melanoma skin cancer.

b Preterm birth, intrauterine growth restriction, preeclampsia or placental abruption.
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Outcome Cases Controls adj. OR (95% Cl)
Breast Cancer 105/10,918 889/107,009 H—« 1.10(0.88-1.37)
Ovarian Cancer 8/736 55/7,847 . 1.62(0.75-3.48)
Endometrial Cancer 6/734 67/8,608 -——-—« 1.25(0.52-3.01)
Cervical Cancer 9/1,123 100/11,270 »—-—- 1.01(0.51-2.02)
Lung Cancer 12/1,857 145/18,244 ._.—. 0.88(0.48-1.62)
Gastro—intestinal Cancer 28/2,774 207/27,421 »—-—. 1.37(0.91-2.07)
Haematological Cancer 14/1,182 91/11,787 F_-—| 1.58(0.89-2.80)
Melanoma 18/2,360 235/22,477 »—-éa 0.75(0.46-1.21)
All Cancers 229/25,420 2,028/252,218 »-—c 1.15(0.99-1.32)

I T | | |

0.25 1 2 4

Odds Ratio

Fig. 2. Odds ratios of different cancers after recurrent pregnancy loss.

Recurrent pregnancy loss defined as three or more consecutive pregnancy losses. The odds ratios were adjusted for age, calendar year, and attainment of a bachelor’s
degree. Breast cancer additionally adjusted for parity, age at first live birth, and ever/never use of hormonal contraception. Ovarian cancer additionally adjusted for parity
and ever/never use of hormonal contraception. Endometrial cancer adjusted for parity, ever/never use of hormonal contraception and diabetes. The scale of the x-axis is
logarithmic, and the dashed line signifies an Odds Ratio of 1 (no association). CI: Confidence Interval. Adj. OR: Adjusted Odds Ratio.

voluntary and the involuntarily childless. The latter is likely to
include chronically ill and/or infertile women. We found a posi-
tive association between the group never-pregnant and later ovar-
ian cancer and endometrial cancer, which is in accordance with
previous findings [31]. The inverse association between the never-
pregnant group and breast cancer was, although weak, surprising,
as previous studies have demonstrated nulliparity to increase the
risk. However, as our study population was relatively young with a
mean age of 48.6 years (standard deviation 5.0) the marginally de-
creased risk of breast cancer among never-pregnant group, could be
an indicator of the increased risk of breast cancer up to 20years
following a child birth [32]. Contrary to previous studies, our in-
vestigation showed women never-pregnant to be slightly protected
against melanoma [33].

4.4. Strengths and Limitations

The main strength of this study was the population size, includ-
ing over 28,000 incident cancer events with a full registry-based
reproductive history. As our study was nationwide and registry-
based, our study was unaffected by recall-bias. Furthermore, the
national Danish registries have previously been shown to have a
high degree of validity, both for disease and pregnancy. The diag-
nosis codes for miscarriage, have been validated to have a positive
predictive value of 97.4% [34].

Limitations include the underreporting of pregnancy losses, as
some women do not seek hospital aid when experiencing early
pregnancy loss. However, the underreporting is expected to be
equal among cases and controls. Variables of potential interest
such as smoking and body mass index were incomplete. To ac-
count for this limitation, we provided a sensitivity analysis for
lung cancer outcome, restricted to those with smoking data and
adjusted for this possible confounder (Supplementary Table S3).
Likewise, the outcome of gastro-intestinal cancer was adjusted for
body mass index >30 (Supplementary Table S6). Although our
study was large, some exposures and outcomes were rare, and the
odds ratios consequently with wide confidence limits. We chose to
focus our analyses on cancers after the age of 40 to ensure a near
complete pregnancy history before a possible outcome of interest
occurred, however this choice could limit the finding of a possible

association between pregnancy loss and specific cancers at younger
age.

In conclusion, our findings did not indicate an association be-
tween pregnancy loss and later cancer. For women already suffer-
ing from the burden of experiencing multiple pregnancy losses, our
findings based on a large and unselected data material is impor-
tant. Future research may focus on other long-term health risks for
women experiencing recurrent pregnancy loss.

Acknowledgments/Funding

We thank the Danish Health Data Authority for granting access
to data under license FSEID-00003200 and Statistics Denmark for
hosting data and providing support for project 704766. We thank
Steen Rasmussen in aid with data management.

The study was funded by Ole Kirk's Foundation and
Copenhagen University Hospital Rigshospitalet’s Research Grant.
The sponsors had no role in the collection, analysis, or interpreta-
tion of data; in the writing of the manuscript; or in the decision
to submit the paper for publication. The corresponding author was
not paid by a pharmaceutical company or other agency, and had
full access to all the data in the study and had final responsibility
for the decision to submit for publication.

Author Contributions

APM contributed literature search, figures, statistical analyses
and wrote the first draft. @L, HSN and APM conceptualized the
study. APM and PE performed data management. All authors made
contributions to study design, data interpretation, and revised the
manuscript.

Declaration of Competing Interests

Dr. Mikkelsen reports grants from Ole Kirk's Foundation, grants
from Copenhagen University Hospital Rigshospitalet’'s Research
Grant, during the conduct of the study. Dr. Egerup has nothing to
disclose. Dr. Fynboe Manniche Ebert has nothing to disclose. Dr.
Kolte has nothing to disclose. Dr. Nielsen has nothing to disclose.
Dr. Lidegaard has nothing to disclose.


https://doi.org/10.13039/501100002918
https://doi.org/10.13039/501100002918

88 A.P. Mikkelsen, P. Egerup and J.EM. Ebert et al./EClinicalMedicine 15 (2019) 80-88

Appendix A. Supplementary Data

Supplementary data to this article can be found online at https:
//doi.org/10.1016/j.eclinm.2019.08.017.

References

[1] Wohlfahrt ], Melbye M. Age at any birth is associated with breast cancer risk.
Epidimiology 2001;12(1):68-73.

[2] Albrektsen G, Heuch I, Hansen S, Kvdle G. Breast cancer risk by age at birth,
time since birth and time intervals between births: exploring interaction ef-
fects. Br ] Cancer 2005;92(1):167-75.

[3] Lambe M, Hsieh C-C, Trichopoulos D, Ekbom A, Pavia M, Adami H-O. Tran-
sient increase in the risk of breast cancer after giving birth. N Engl ] Med
1994;331(1):5-9.

[4] Wilcox AJ, Weinberg CR, O’Connor JF, et al. Incidence of early loss of preg-
nancy. N Engl ] Med 1988;319(4):189-94.

[5] Ranthe MF, Andersen EA, Wohlfahrt J, Bundgaard H, Melbye M, Boyd HA.
Pregnancy loss and later risk of atherosclerotic disease. Circulation
2013;127(17):1775-82.

[6] Kharazmi E, Dossus L, Rohrmann S, Kaaks R. Pregnancy loss and risk of car-
diovascular disease: a prospective population-based cohort study (EPIC-Heidel-
berg). Heart (British Cardiac Society) 2011;97(1):49-54.

[7] Horn ], Tanz LJ, Stuart JJ, et al. Early or late pregnancy loss and development
of clinical cardiovascular disease risk factors: a prospective cohort study. BJOG
2019;126(1):33-42.

[8] Breast cancer and abortion: collaborative reanalysis of data from 53 epidemio-
logical studies, including 83000 women with breast cancer from 16 countries.
Lancet 2004;363(9414):1007-16.

[9] Guo ], Huang Y, Yang L, et al. Association between abortion and breast cancer:
an updated systematic review and meta-analysis based on prospective studies.
Cancer Causes Control 2015;26(6):811-19.

[10] Dick ML, Siskind V, Purdie DM, Green AC. Incomplete pregnancy and risk of
ovarian cancer: results from two Australian case-control studies and system-
atic review. Cancer Causes Control 2009;20(9):1571-85.

[11] Braem MG, Onland-Moret NC, Schouten LJ, et al. Multiple miscarriages are as-
sociated with the risk of ovarian cancer: results from the European Prospective
Investigation into Cancer and Nutrition. PloS One 2012;7(5):e37141.

[12] Reeves GK, Kan SW, Key T, et al. Breast cancer risk in relation to abortion:
results from the EPIC study. Int ] Cancer 2006;119(7):1741-5.

[13] Rasmark Roepke E, Matthiesen L, Rylance R, Christiansen OB. Is the incidence
of recurrent pregnancy loss increasing? A retrospective register-based study in
Sweden. Acta Obstet Gynecol Scand 2017;96(11):1365-72.

[14] Lund M, Kamper-Jorgensen M, Nielsen HS, Lidegaard O, Andersen AM, Chris-
tiansen OB. Prognosis for live birth in women with recurrent miscarriage: what
is the best measure of success? Obstet Gynecol 2012;119(1):37-43.

[15] Charach R, Sheiner E, Beharier O, Sergienko R, Kessous R. Recurrent preg-
nancy loss and future risk of female malignancies. Arch Gynecol Obstet
2018;298(4):781-7.

[16] Christiansen OB, Pedersen B, Nielsen HS, Nybo Andersen AM. Impact of the sex
of first child on the prognosis in secondary recurrent miscarriage. Hum Reprod
2004;19(12):2946-51.

[17] Nielsen HS. Secondary recurrent miscarriage and H-Y immunity. Hum Reprod
Update 2011;17(4):558-74.

[18] Nielsen HS, Wu F, Aghai Z, et al. H-Y antibody titers are increased in un-
explained secondary recurrent miscarriage patients and associated with low
male:female ratio in subsequent live births. Hum Reprod 2010;25(11):2745-52.

[19] Kolte AM, Steffensen R, Christiansen OB, Nielsen HS. Maternal HY-restricting
HLA class II alleles are associated with poor long-term outcome in recur-
rent pregnancy loss after a boy. American journal of reproductive immunology
(New York, NY : 1989) 2016;76(5):400-5.

[20] Kolte AM, Steffensen R, Nielsen HS, Hviid TV, Christiansen OB. Study of the
structure and impact of human leukocyte antigen (HLA)-G-A, HLA-G-B, and
HLA-G-DRB1 haplotypes in families with recurrent miscarriage. Hum Immunol
2010;71(5):482-8.

[21] Candeias SM, Gaipl US. The immune system in cancer prevention, development
and therapy. Anticancer Agents Med Chem 2016;16(1):101-7.

[22] Jensen AR, Overgaard ], Storm HH. Validity of breast cancer in the Danish Can-
cer Registry. A study based on clinical records from one county in Denmark.
European journal of cancer prevention : the official journal of the European
Cancer Prevention Organisation (ECP) 2002;11(4):359-64.

[23] Erlandsson G, Montgomery SM, Cnattingius S, Ekbom A. Abortions and breast
cancer: record-based case-control study. Int ] Cancer 2003;103(5):676-9.

[24] Brewster DH, Stockton DL, Dobbie R, Bull D, Beral V. Risk of breast cancer after
miscarriage or induced abortion: a Scottish record linkage case-control study.
] Epidemiol Community Health 2005;59(4):283-7.

[25] Soler A, Morales C, Mademont-Soler I, et al. Overview of chromosome abnor-
malities in first trimester miscarriages: a series of 1,011 consecutive chorionic
villi sample karyotypes. Cytogenet Genome Res 2017;152(2):81-9.

[26] Hardy K, Hardy PJ, Jacobs PA, Lewallen K, Hassold TJ. Temporal changes
in chromosome abnormalities in human spontaneous abortions: results of
40years of analysis. Am ] Med Genet A 2016;170(10):2671-80.

[27] Ogasawara M, Aoki K, Okada S, Suzumori K. Embryonic karyotype of abor-
tuses in relation to the number of previous miscarriages. Fertil Steril
2000;73(2):300-4.

[28] Boots CE, Bernardi LA, Stephenson MD. Frequency of euploid miscarriage is
increased in obese women with recurrent early pregnancy loss. Fertil Steril
2014;102(2):455-9.

[29] Christiansen OB, Nybo Andersen AM, Bosch E, et al. Evidence-based
investigations and treatments of recurrent pregnancy loss. Fertil Steril
2005;83(4):821-39.

[30] Bender Atik R, Christiansen OB, Elson J, et al. ESHRE guideline: recurrent preg-
nancy loss. Human Reproduction Open 2018;2018(2).

[31] Britt K, Short R. The plight of nuns: hazards of nulliparity. Lancet (London,
England) 2012;379(9834):2322-3.

[32] Nichols HB, Schoemaker M], Cai J, Xu J, Wright LB, Brook MN, et al. Breast
cancer risk after recent childbirth: a pooled analysis of 15 prospective stud-
ies. Ann Intern Med 2018;170:22-30 [Epub ahead of print 11 December 2018].
doi:10.7326/M18-1323.

[33] Karagas MR, Zens MS, Stukel TA, et al. Pregnancy history and inci-
dence of melanoma in women: a pooled analysis. Cancer Causes Control
2006;17(1):11-19.

[34] Lohse SR, Farkas DK, Lohse N, et al. Validation of spontaneous abor-
tion diagnoses in the Danish National Registry of Patients. Clin Epidemiol
2010;2:247-50.


https://doi.org/10.1016/j.eclinm.2019.08.017
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0005
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0005
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0005
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0010
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0010
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0010
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0010
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0010
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0015
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0020
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0020
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0020
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0020
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0020
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0025
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0030
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0030
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0030
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0030
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0030
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0035
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0035
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0035
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0035
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0035
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0040
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0045
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0045
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0045
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0045
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0045
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0050
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0050
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0050
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0050
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0050
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0055
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0055
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0055
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0055
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0055
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0060
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0060
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0060
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0060
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0060
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0065
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0065
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0065
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0065
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0065
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0070
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0075
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0075
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0075
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0075
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0075
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0075
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0080
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0080
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0080
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0080
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0080
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0085
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0085
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0090
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0090
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0090
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0090
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0090
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0095
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0095
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0095
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0095
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0095
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0100
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0100
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0100
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0100
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0100
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0100
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0105
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0105
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0105
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0110
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0110
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0110
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0110
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0115
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0115
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0115
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0115
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0115
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0120
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0120
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0120
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0120
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0120
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0120
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0125
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0125
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0125
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0125
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0125
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0130
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0130
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0130
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0130
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0130
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0130
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0135
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0135
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0135
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0135
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0135
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0140
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0140
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0140
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0140
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0145
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0145
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0145
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0145
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0145
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0150
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0150
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0150
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0150
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0150
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0155
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0155
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0155
https://doi.org/10.7326/M18-1323
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0165
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0165
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0165
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0165
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0165
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0170
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0170
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0170
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0170
http://refhub.elsevier.com/S2589-5370(19)30161-0/rf0170

	Pregnancy Loss and Cancer Risk: A Nationwide Observational Study
	Research in Context
	Evidence Before This Study
	Added Value of This Study
	Implications of All the Available Evidence

	1 Introduction
	2 Methods
	2.1 Sources of Data
	2.2 Design
	2.3 Study Population
	2.4 Exposures
	2.5 Confounders
	2.6 Statistical Analyses

	3 Results
	4 Discussion
	4.1 Pregnancy Loss and Cancer Risk
	4.2 Special Pregnancy Loss Groups
	4.3 Never-pregnant
	4.4 Strengths and Limitations

	Acknowledgments/Funding
	Author Contributions
	Declaration of Competing Interests
	Appendix A Supplementary Data
	References


