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Abstract
Objectives This study aims to estimate the association
between pregnancy-associated maternal cancers,
diagnosed both prenatally and postnatally, and birth
outcomes.
Design Population-based register study.
Setting National registers of Denmark and Sweden.
Participants A total of 5 523 365 children born in
Denmark (1977–2008) and Sweden (1973–2006). Primary
and secondary outcome measures: gestational age, birth
weight, size for gestational age, Apgar score, caesarean
section and sex were the outcomes of interest. ORs and
relative risk ratios (RRR) with 95% CIs were estimated
using logistic regression and multinomial logistic
regression, respectively.
Results In this study, 2% of children were born to
mothers with a diagnosis of cancer. Children whose
mothers received a prenatal cancer diagnosis had higher
risk of being born preterm (RRR: 1.77, 95% CI 1.64 to
1.90); low birth weight (RRR 1.84, 95% CI 1.69 to 2.01);
low Apgar score (OR 1.36, 95% CI 1.20 to 1.56); and
by caesarean section (OR: 1.69, 95% CI 1.59 to 1.80).
Associations moved towards the null for analyses using
postnatal diagnoses, but preterm birth (RRR: 1.13, 95% CI
1.09 to 1.17) and low birth weight (RRR: 1.14, 95% CI
1.09 to 1.18) remained statistically significant, while risk
of caesarean section became so (OR: 0.95, 95% CI 0.91 to
0.98). Additionally, statistical significance was reached for
large for gestational age (RRR: 1.06, 95% CI 1.01 to 1.11),
high birth weight (RRR: 1.04, 95% CI 1.01 to 1.06) and
caesarean section (OR: 0.95, 95% CI 0.91 to 0.98).
Conclusions Results suggest an association between
pregnancy-associated cancers and adverse birth outcomes
in the offspring. While this is strongest for prenatally
diagnosed cancers, some smaller associations exist for
postnatally diagnosed cancers, indicating that cancer
itself could affect fetal development, or that cancer and
adverse birth outcomes share risk factors. Future studies
on maternal cancer during pregnancy should consider
including some postnatal years in their exposure window.

Introduction
The fetal environment is believed to have
a programming effect on child and adult
health. Studies have linked adverse birth

Strengths and limitations of this study
►► The study makes use of Danish and Swedish nation-

al registers to provide a large population in which to
study a relatively rare exposure, pregnancy-associated cancers.
►► Previous studies include maternal cancer diagnoses
made up to 2 years after pregnancy, however long
latency times for some cancers mean they may not
capture all cancers initiated before or during pregnancy; our study is the first to extend the exposure
window and investigate associations with maternal
cancers diagnosed later in postnatal life.
►► The potential for reverse causation and immortal
observation time bias needs to be considered, although we expect their impact to be minimal.
►► The study uses the entire populations of two countries, but only considers live births; if maternal
cancer increases stillbirths, it would lead to an underestimation of the effects of maternal cancer in
the study.

outcomes, such as low birth weight (LBW),
preterm birth, small for gestational age (SGA)
and low Apgar score, to neonatal morbidity
and mortality,1–3 as well as later life diseases.4–9
Therefore, improving knowledge of the
causes of adverse birth outcomes can aid
understanding of the aetiology and possible
prevention of some health conditions.
Pregnancy-associated cancers (PAC) are
estimated to occur in 1 in 1000–1500 pregnancies10–12 and have been suggested to
be linked to birth outcomes.13–20 Generally, PACs are defined as cancers diagnosed
during pregnancy or within 1 or 2 years after
childbirth.15–17 21 22 However, long periods can
pass between initial mutation of a cell until
the cancer can be diagnosed and treatment
initiated.23 Therefore, cancers diagnosed
during the postpartum years may have been
present during pregnancy but undetected,
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presenting challenges to the fetus long before a diagnosis is made.
The associations between PAC and various birth
outcomes have been the subject of some research. Conclusions have been mixed, however, a number of these studies
have observed increased risks of preterm birth,13 15 17 18 22
LBW,14 18–20 SGA13 17 and caesarean section (CS).17 24 Associations between PAC and birth outcomes may be due to
cancer treatments or the stress a pregnant woman experiences when diagnosed with cancer.25–27 However, the
cancer itself could play a role, through pathways such as
poor nutritional status, compromised delivery of oxygen
and nutrients, and chronic inflammation.13 28–34
This large population-based register study aims to investigate the association between PAC and birth outcomes.
We hypothesised that adverse birth outcomes would be
more frequent among children of mothers diagnosed
with cancer in the ‘prenatal period’ (2 years before
pregnancy, up until childbirth) compared with children
whose mothers did not receive a cancer diagnosis; due
to effects of both the cancer itself and its treatment.
Additionally, we expected that there would also be an
increase among those born to mothers diagnosed in the
‘postnatal period’ (although a smaller one than for the
‘prenatal period’), as a consequence of the presence of
the cancer itself. However, if cancer treatment, maternal
stress or lifestyle changes following diagnosis influence
birth outcomes, rather than the cancer itself having an
effect, any observed risk should be limited to children of
mothers diagnosed in the period before the child’s birth.
We also included delivery by CS as an outcome, expecting
that these exposed children would often be delivered
early, especially to prenatally diagnosed mothers. Additionally, because research has suggested that boys are
more vulnerable to in utero insults,35 we expected the
male to female sex ratio to be lower among the exposed.

Materials and methods
Study participants and follow-up
All residents of Denmark and Sweden are assigned a civil
registration number at birth or immigration, which can
be used to accurately link data from the different nationwide registers. In this study, we identified 5 523 365 children born from 1 January 1977 to 31 December 2008
in Denmark and from 1 January 1973 to 31 December
2006 in Sweden, and obtained information on their birth
outcomes and whether their mothers received cancer
diagnoses.

diagnosed from 2 years prior to the index child’s birth,
up to 15 years post partum. These data were linked to
data in the Danish Civil Registration System and the
Swedish Population Register on the birth dates of the
child, to identify diagnoses in the exposure window. We
also considered timing of the diagnosis in relation to
the in utero period; prenatally (from 2 years prior to
pregnancy, until the child’s birth), postnatally (further
divided into <6 years post partum; and 6–15 years post
partum) or both prenatally and postnatally (ie, those who
received a cancer diagnosis both prenatally and postnatally). The exposure windows selected were arbitrary, as
latency times of cancers vary and we cannot know when
a cancer was initiated. Follow-up times that we believed
to be reasonable were selected. Division of the exposure
window was used to see if any observed increase in risk
would return to normal when it became less likely that
the cancer had been present during pregnancy/advanced
enough during pregnancy to affect the fetus.
Furthermore, type of cancer, according to the ICD classification groups, was considered (online supplementary
table 1).
Ascertainment of adverse birth outcomes
The birth outcomes included in the study were: gestational age (preterm <37 weeks, term 37–40 weeks, postterm >40 weeks), birth weight (LBW <2500 g, normal birth
weight ≥2500–3999 g, high birth weight (HBW) ≥4000 g),
size for gestational age (SGA, appropriate for gestational
age (AGA), large for gestational age (LGA)), 5 min Apgar
score (low 0–6, normal 7–10), CS (yes, no) and sex (male,
female). Data were obtained from the Danish Medical
Birth Registry38 and the Swedish Medical Birth Register.39
From 1994, information on CS in Denmark was obtained
from the National Patient Register (ICD-10 codes O82.0–
O82.9 and O84.2).
Size for gestational age was calculated by ascertaining
expected birth weight using sex-specific fetal growth
curves for gestational age.40 A child with a birth weight ≤2
SDs of expected birth weight was SGA. Those with a birth
weight >2 SD above expected birth weight were LGA; if
birth weight was between −2 SD and 2 SD of expected
birth weight the child was classified as AGA.

Ascertainment of maternal cancer diagnoses
Maternal cancer diagnoses were extracted from the
Danish Cancer Register and the Swedish Cancer Register.
The registration and coding of cancers in Denmark and
Sweden have been described previously.36 37
The main exposure of interest was any maternal cancers
(International Classification of Diseases Seventh Revision
(ICD-7) codes: 140–207 and ICD-10 codes: C00–C97)

Covariates
Each outcome of interest was considered in a crude analysis, and with adjustment for selected covariates. We identified the following available covariates using directed
acyclic graphs and included them in relevant models:
maternal age at time of birth (15–26 years, 27–30 years,
≥31 years), child’s birth year (<1980, 1980–1989, 1990–
1999, ≥2000), maternal highest education at time of childbirth (low, <9 years, 9–14 years, ≥15 years, missing), parity
(1, 2, ≥3, missing) and child’s country of birth (Denmark,
Sweden). Sex, maternal age group at time of childbirth
(<40 years, ≥40 years) and multiplicity (singleton, twin or
more) were considered to be potential effect modifiers.
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Statistical analysis
ORs with 95% CIs were estimated for 5 min Apgar score,
CS and sex using logistic regression. Relative risk ratios
(RRR) with 95% CIs were estimated for birth weight,
gestational age and size for gestational age using multinomial logistic regression. Statistical significance was
considered to have been met when the null hypothesis
value of 1 was not included in the 95% CI. Sensitivity analyses were run limiting the postpartum exposure window
to 10 years, rather than 15 years, to see whether assuming
shorter latency periods attenuated results. Reported analyses used complete case analysis, excluding individuals
with missing data for relevant variables; however, subanalyses were run treating missing data as separate categories.
Analyses on gestational age, birth weight, size for gestational age, 5 min Apgar score and CS as outcomes were
adjusted for maternal age, birth year and country. Further,
in a subanalysis, adjustment was made for maternal education (as there was a higher proportion of missing values
for this variable). These analyses were stratified by sex,
maternal age group and multiplicity. In analyses with sex
as an outcome we adjusted for maternal age and country,
with further adjustment for maternal education. Stratification by maternal age group and multiplicity was also
conducted. All analyses were carried out in Stata V.11,
with robust estimation, allowing for some mothers having
more than one child.
Patient involvement
No patients were involved in the development of the
research question, the outcome measures, the design or
the implementation of the study. There are no plans to
disseminate the results of the research directly to study
participants.

Results
Characteristics of the study population
In this study of 5 523 365 children, 2% (n=95 672) were
born to a mother diagnosed with cancer from 2 years
prior to the index pregnancy, to 15 years post partum
(‘exposed’). Of these, 9598 (10%) were in the prenatal
diagnosis group, 85 674 (90%) in the postnatal diagnosis
group and 400 (<1%) in both the prenatal and postnatal
diagnosis group. Table 1 shows there were higher proportions of children born by CS, and who were LBW, preterm
or SGA in the exposed group than the unexposed group.
Table 1 also displays information on additional characteristics of each group. All characteristics were statistically significantly different between the exposed and
unexposed groups, except sex (p<0.01); but in summary,
exposed children were more likely to be born in Denmark,
to older, multiparous mothers.
The maternal cancer type the greatest number of children were exposed to was breast cancer (n=87 077, 1.6%).
This was followed by female genital cancer (n=32 985,
0.6%), skin cancer (n=21 385, 0.4%), digestive cancer
Momen NC, et al. BMJ Open 2018;8:e022946. doi:10.1136/bmjopen-2018-022946

(n=21 045, 0.4%) and respiratory cancer (n=11 529,
0.2%).
Associations between any type of maternal cancer and
adverse birth outcomes
Figure 1 displays the associations between adverse birth
outcomes and maternal cancer diagnoses for children
whose mothers (1) received only prenatal diagnoses, (2)
only postnatal diagnoses, and (3) diagnoses at any time
point in the exposure window (all cancer diagnoses),
compared with children of mothers who did not receive
a cancer diagnosis.
Among children whose mothers received a prenatal
diagnosis there was an increased risk of being born
preterm (RRR: 1.76, 95% CI 1.63 to 1.90) and a decreased
risk of being born post-term (RRR: 0.94, 95% CI 0.89 to
0.99). The RRR for LBW among ‘prenatally exposed’
was 1.83 (95% CI 1.68 to 2.00), compared with the unexposed. Increases in the odds of being born by CS (OR:
1.68, 95% CI 1.58 to 1.78) or with a low Apgar score
(OR: 1.35, 95% CI 1.18 to 1.53) were observed. SGA was
elevated among the exposed (RRR: 1.12, 95% CI 0.99 to
1.26), however the RRR for being LGA was 0.99 (95% CI
0.88 to 1.11). There was no difference in sex ratio between
children exposed following a prenatal maternal diagnosis
and unexposed children (OR: 0.99, 95% CI 0.95 to 1.03).
Associations between maternal cancer diagnosed postnatally and preterm birth (RRR: 1.13, 95% CI 1.10 to 1.17)
and LBW (RRR: 1.14, 95% CI 1.10 to 1.18) were positive
but less strong than for cancer diagnosed prenatally.
There was a small increase in LGA among the exposed
(RRR: 1.05, 95% CI 1.01 to 1.10) and for HBW (RRR:
1.03, 95% CI 1.01 to 1.05). Other results did not reach
statistical significance. We observed that point estimates
went towards the null in the children whose mothers
were diagnosed 6–15 years post partum compared with
the group whose mothers were diagnosed <6 postpartum
years (online supplementary figure 1).
Associations for the whole exposure window showed
there was an increased risk of being preterm (RRR:
1.20, 95% CI 1.17 to 1.24) or LBW among the exposed
(RRR: 1.21, 95% CI 1.17 to 1.25). Smaller increases were
observed for HBW (RRR: 1.03, 95% CI 1.01 to 1.05), SGA
(RRR: 1.04, 95% CI 1.00 to 1.08), LGA (RRR: 1.05, 95% CI
1.01 to 1.09), low Apgar score (OR: 1.05, 95% CI 1.00 to
1.10) and CS (OR: 1.08, 95% CI 1.05 to 1.10).
Associations for the children of mothers who received
cancer diagnoses in both the prenatal and postnatal
periods (from 2 years prior to pregnancy up to 15 years
after the child’s birth) are shown in online supplementary figure 2. For these children, point estimates were
most extreme, with large CIs, due to very small numbers
in this exposure category.
Sensitivity analyses
The addition of socioeconomic status, in the form of
maternal education level at the time of birth, to each
of the models did not alter the findings; and stratified
3
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Table 1 Descriptive characteristics of the study population according to maternal cancer diagnosis status

Characteristic

Total

Maternal cancer diagnosis

No maternal cancer diagnosis

(n=5 523 365)

(n=95 672)

(n=5 427 693)

n (%)

n (%)

n (%)

Birth weight
 LBW <2500 g

240 908

(4)

5098

(5)

235 810

(4)

4 134 906

(75)

70 773

(74)

4 064 133

(75)

 HBW ≥4000 g

864 065

(16)

15 641

(16)

848 424

(16)

 Missing

283 456

(5)

4160

(4)

279 326

(5)

348 933

(6)

7217

(8)

341 716

(6)

 Normal term 37–40 weeks

3 725 984

(67)

63 770

(67)

3 662 214

(67)

 Post-term >40 weeks

1 384 607

(25)

23 541

(25)

1 361 066

(25)

63 841

(1)

1144

(1)

62 697

(1)

 SGA

185 054

(3)

3389

(4)

181 665

(3)

 AGA

4 835 364

(88)

83 949

(88)

4 751 415

(88)

 LGA

175 319

(3)

3402

(4)

171 917

(3)

 Missing

327 628

(6)

4932

(5)

322 696

(6)

99 233

(2)

1821

(2)

97 412

(2)

4 967 517

(90)

86 560

(90)

4 880 957

(90)

456 615

(8)

7291

(8)

449 324

(8)

 Yes

597 607

(11)

11 707

(12)

585 900

(11)

 No

4 395 081

(80)

75 966

(79)

4 319 155

(80)

530 677

(10)

7999

(8)

522 678

(10)

 Male

2 836 613

(51)

49 246

(51)

2 787 367

(51)

 Female

2 686 733

(49)

46 425

(49)

2 640 308

(49)

 Missing

19

(<1)

1

(<1)

18

(<1)

 <27

2 037 737

(37)

21 094

(22)

2 016 635

(37)

 27–30

1 627 373

(29)

26 094

(27)

1 601 279

(30)

 ≥31

1 857 805

(34)

48 473

(51)

1 809 332

(33)

450

(<1)

3

(<1)

447

(<1)

 Low, ≤9 years

1 107 453

(20)

17 652

(18)

1 089 801

(20)

 Middle, 10–14 years

2 886 401

(52)

48 547

(51)

2 837 854

(52)

 High, ≥15 years

883 611

(16)

18 193

(19)

865 418

(16)

 Missing

645 900

(12)

11 280

(12)

634 620

(12)

 1

2 422 259

(44)

35 867

(37)

2 386 392

(44)

 2

2 022 094

(37)

36 482

(38)

1 985 612

(37)

 ≥3

1 072 865

(19)

23 209

(24)

1 049 656

(19)

6147

(<1)

114

(<1)

6033

(<1)

5 242 759

(95)

91 432

(96)

5 151 327

(95)

145 923

(3)

2755

(3)

143 168

(3)

 NBW 2500–3999 g

Gestational age
 Preterm <37 weeks

 Missing
Size for gestational age

Apgar score at 5 min
 0–7
 8–10
 Missing
Delivery by caesarean section

 Missing
Sex

Maternal age

 Missing
Maternal years of education

Parity

 Missing
Multiplicity
 Singleton
 Twin/triplet/quadruplet

Continued
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Table 1 Continued

Characteristic
 Missing

Total

Maternal cancer diagnosis

No maternal cancer diagnosis

(n=5 523 365)

(n=95 672)

(n=5 427 693)

n (%)

n (%)

n (%)

134 683

(2)

1485

(2)

133 198

(2)

897 032

(16)

15 843

(17)

881 189

(16)

 1980–1989

1 595 922

(29)

32 704

(34)

1 563 218

(29)

 1990–1999

1 760 215

(32)

35 188

(37)

1 725 027

(32)

 ≥2000

1 270 196

(23)

11 937

(12)

1 258 259

(23)

 Denmark

2 123 229

(38)

37 360

(39)

2 085 869

(38)

 Sweden

3 400 136

(62)

58 312

(61)

3 341 824

(62)

Birth year group
 <1980

Country

AGA, appropriate for gestational age; HBW, high birth weight; LBW, low birth weight; LGA, large for gestational age; NBW, normal birth
weight; SGA, small for gestational age.

analyses by sex did not highlight any major differences
between men and women.
Limiting the postnatal exposure window to 10 years
post partum resulted in 74 791 exposed children (1%).
The results of the sensitivity analyses did not differ significantly from those of the main analysis.
Associations between types of cancer and adverse birth
outcomes
Table 2 shows associations for birth outcomes with exposure to specific maternal cancer types. Associations reached
statistical significance for almost all birth outcomes when
considering maternal diagnoses of respiratory cancers
(except sex) and lip, oral and pharyngeal cancers (except
sex and Apgar score). Some RRRs following exposure to
maternal breast cancer reached statistical significance:
1.05 (95% CI 1.02 to 1.08) for preterm birth and 0.97
(95% CI 0.95 to 0.98) for post-term birth; 0.93 (95% CI
0.89 to 0.96) for SGA; and 1.05 (95% CI 1.02 to 1.07) for
caesarean delivery. Among those born to mothers diagnosed with female genital cancers the risk for preterm
birth was 1.28 (95% CI 1.23 to 1.34); for LBW 1.32 (95%
CI 1.26 to 1.39); for SGA 1.15 (95% CI 1.09 to 1.12) and
for LGA 1.14 (95% CI 1.07 to 1.21); for low Apgar score
1.12 (95% CI 1.03 to 1.21); and for caesarean delivery 1.06
(95% CI 1.02 to 1.10). Exposure to maternal endocrine
cancer gave an RRR for preterm birth of 1.12 (95% CI
1.04 to 1.22) and for post-term birth 1.09 (95% CI 1.04 to
1.14); for HBW 1.16 (95% CI 1.10 to 1.22); for LGA 1.17
(95% CI 1.05 to 1.30); and for caesarean delivery 1.12
(95% CI 1.05 to 1.19). An increased risk was also seen
for preterm birth following exposure to maternal respiratory cancers (1.50, 95% CI 1.40 to 1.60), and there was a
reduction in RRR for post-term birth (0.75, 95% CI 0.71
to 0.79). With lymphomas, risks were raised for preterm
birth (1.23, 95% CI 1.12 to 1.34), LBW (1.20, 95% CI
1.08 to 1.34) and HBW (1.08, 95% CI 1.02 to 1.15). Low
Apgar score was observed more often among those born
to mothers diagnosed with respiratory cancer (OR: 1.16,
Momen NC, et al. BMJ Open 2018;8:e022946. doi:10.1136/bmjopen-2018-022946

95% CI 1.02 to 1.33) or lymphoma (1.19, 95% CI 1.01 to
1.41). Sex ratio was not different between the exposed
and unexposed for any specific type of cancer, whereas CS
was more frequent following exposure to any cancer type.
When considering type of cancer by timing of diagnosis (online supplementary table 2), numbers became
small, particularly for prenatal diagnoses. However, statistical significance was reached for digestive cancers and
caesarean delivery; mesothelial and soft tissue cancer
and low Apgar score; breast cancers with preterm birth,
LBW and caesarean delivery; female genital cancers with
preterm birth, LBW, HBW and caesarean delivery; and
CNS cancers and caesarean delivery. Results for postnatal
diagnoses of specific groups of cancer were very similar to
those seen for cancers diagnosed across the whole exposure window.
Discussion
Main findings
Prenatal diagnosis of a maternal cancer from the 2 years
before pregnancy up to childbirth was associated with
preterm birth, post-term birth, LBW, SGA, low Apgar score
and CS. Associations were smaller for postnatal diagnosis
remained elevated for preterm birth and LBW. LGA was
also higher among those postnatally exposed; whereas CS
was negatively associated with postnatal maternal cancer
diagnoses.
Interpretation
Adverse birth outcomes indicate a suboptimal fetal environment and have been observed to be associated with
certain factors which could reasonably be expected to
exist when a pregnant woman has cancer: poor nutritional intake, compromised placental function resulting
in poor delivery of oxygen and nutrients to the fetus,
and chronic inflammation.13 28–34 Yet, the associations
seen between maternal cancers diagnosed prenatally
and adverse birth outcomes could also be due to cancer
5
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Figure 1 Associations for birth outcomes according to
maternal cancer diagnosis status among children born
in Denmark (1977–2008) and Sweden (1973–2006). AGA,
appropriate for gestational age; HBW, high birth weight;
LBW, low birth weight; LGA, large for gestational age; NBW,
normal birth weight; RRR, relative risk ratio; SGA, small for
gestational age.

and preterm birth in our study are driven by the increased
frequency of CS also observed in this group. However,
higher SGA was also observed, which would be a stronger
indicator of intrauterine growth restriction. Alternatively,
there may be common causes for birth outcomes and
cancer, with something the mother was exposed to earlier
in life influencing her risk of cancer and her offspring’s
risk of adverse birth outcomes.
Findings from previous studies on the association
between PAC and birth outcomes have focused on
prenatal diagnoses and up to 2 years after childbirth,
and have been equivocal. The results from analyses on
prenatal cancer diagnosis exposure are in line with some
of these findings; for example, increased risk of preterm
birth17 18 42 with any type of cancer, or with breast cancer
or Hodgkin’s disease during pregnancy.15 22 LBW has
also been seen to be higher among children of mothers
with cancer in a number of studies.14 18–20 However, other
studies have reported no increase in risk of preterm
birth16 19 44 or LBW.15 16 22 44 Our study supports findings of
increases in risk of SGA have been seen among children
exposed to any cancer17 42 or ovarian cancers17; however,
we did not find increases in risk following exposure to
haemopoetic cancers as seen in a study.17 Apgar score
has been studied in offspring of mothers who received
cancer treatment and was not found to be lower among
exposed children.13 45 While we found an increase in low
Apgar score among those exposed to any cancer and
some specific types of cancer, we were not able to also
look at cancer treatments. Sex ratio has been looked at
in two studies, both of which found a higher ratio of male
to female liveborns15 16; however, we did not see a difference between the unexposed and exposed. CS has been
found to be higher among children of mothers diagnosed
prenatally with any cancer17 and postnatally with breast
cancer.24 In summary, our study supports some of these
previous findings, in a large, multinational study population, and suggests that the postnatal period considered in
some papers could potentially be extended.
Associations seen for children of women diagnosed in
the 6–15 years postpartum period suggested more normal
perinatal health indicators than for those of women diagnosed <6 years post partum. However, while this could
indicate that the cancer process had not started yet, it
could also mean that if the disease process was ongoing, it
had not reached a stage that interfered with fetal growth
and development.

treatments, stress or lifestyle changes following a diagnosis, rather than the effects of the cancer itself.25 27 41
CS could be the preferred mode of delivery42 43 and early
delivery by CS or induction may be preferable to allow
treatments to commence. These medical interventions to
deliver a child early due to a maternal cancer would cause
iatrogenic LBW or preterm birth. It is probable that the
larger risks seen among the prenatally exposed for LBW

Strengths and limitations
The main strength of this study is the use of nationwide
data from Swedish and Danish register systems. These
cover the two countries’ entire populations, with obligatory data collection and minimal selection bias. Data from
the cancer registries and birth registers are considered to
be of high quality and completeness.36–39 However, even
with these large data sets, it is difficult to look at associations with specific types of cancer because they are not
common in these age groups.
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Exposed

1.10 (0.94 to 1.29)

Exposed

1.23 (1.12 to 1.34)

1 (ref)

Unexposed

Exposed

1.12 (1.04 to 1.22)

1 (ref)

Unexposed

Exposed

1.07 (0.99 to 1.17)

1 (ref)

Unexposed

Exposed

1.17 (1.04 to 1.32)

1 (ref)

Exposed

Unexposed

0.99 (0.93 to 1.06)

1.04 (0.95 to 1.14)

1 (ref)

0.98 (0.93 to 1.03)

1 (ref)

1.09 (1.04 to 1.14)

1 (ref)

1.04 (1.00 to 1.09)

1 (ref)

1.07 (0.89 to 1.29)

1 (ref)

1.20 (1.08 to 1.34)

1 (ref)

1.04 (0.95 to 1.15)

1 (ref)

1.10 (1.00 to 1.20)

1 (ref)

1.19 (1.04 to 1.37)

1 (ref)

1.32 (1.26 to 1.39)

1 (ref)

1.02 (0.99 to 1.06)

1 (ref)

1.09 (0.90 to 1.33)

1 (ref)

0.85 (0.79 to 0.91)

1 (ref)

1.69 (1.25 to 2.29)

1 (ref)

2.13 (1.99 to 2.27)

1 (ref)

1.13 (1.06 to 1.21)

1 (ref)

1.61 (1.40 to 1.86)

1 (ref)

LBW

Birth weight group

0.92 (0.81 to 1.04)

1 (ref)

1.08 (1.02 to 1.15)

1 (ref)

1.16 (1.10 to 1.22)

1 (ref)

1.04 (0.99 to 1.10)

1 (ref)

0.82 (0.75 to 0.90)

1 (ref)

1.02 (0.99 to 1.06)

1 (ref)

0.99 (0.97 to 1.01)

1 (ref)

1.04 (0.92 to 1.16)

1 (ref)

1.11 (1.07 to 1.16)

1 (ref)

1.06 (0.85 to 1.32)

1 (ref)

0.53 (0.49 to 0.57)

1 (ref)

1.00 (0.96 to 1.04)

1 (ref)

0.78 (0.70 to 0.87)

1 (ref)

HBW
1 (ref)

0.91 (0.73 to 1.14)

1 (ref)

0.95 (0.84 to 1.08)

1 (ref)

1.01 (0.91 to 1.12)

1 (ref)

1.02 (0.92 to 1.13)

1 (ref)

1.11 (0.96 to 1.29)

1 (ref)

1.15 (1.09 to 1.21)

1 (ref)

0.93 (0.89 to 0.96)

1 (ref)

1.15 (0.93 to 1.42)

1 (ref)

0.82 (0.76 to 0.89)

1 (ref)

1.06 (0.70 to 1.60)

1 (ref)

2.31 (2.15 to 2.48)

1 (ref)

1.05 (0.97 to 1.13)

1 (ref)

1.79 (1.54 to 2.07)

1.00 (0.79 to 1.27)

1 (ref)

1.03 (0.90 to 1.10)

1 (ref)

1.17 (1.05 to 1.30)

1 (ref)

1.11 (0.99 to 1.24)

1 (ref)

0.96 (0.80 to 1.15)

1 (ref)

1.14 (1.07 to 1.21)

1 (ref)

1.01 (0.97 to 1.05)

1 (ref)

0.94 (0.74 to 1.21)

1 (ref)

1.06 (0.98 to 1.15)

1 (ref)

1.26 (0.84 to 1.88)

1 (ref)

0.60 (0.49 to 0.66)

1 (ref)

1.08 (1.00 to 1.17)

1 (ref)

0.77 (0.60 to 0.98)

1 (ref)

LGA

Size for gestational age
SGA

1.20 (0.90 to 1.59)

1 (ref)

1.13 (0.97 to 1.33)

1 (ref)

1.01 (0.88 to 1.17)

1 (ref)

1.11 (0.97 to 1.27)

1 (ref)

1.10 (0.88 to 1.36)

1 (ref)

1.12 (1.03 to 1.21)

1 (ref)

1.02 (0.97 to 1.07)

1 (ref)

0.89 (0.64 to 1.24)

1 (ref)

0.95 (0.87 to 1.05)

1 (ref)

1.24 (0.75 to 2.08)

1 (ref)

1.16 (1.02 to 1.33)

1 (ref)

1.13 (1.02 to 1.25)

1 (ref)

1.09 (0.84 to 1.42)

1 (ref)

Low Apgar score

1.24 (1.08 to 1.41)

1 (ref)

1.06 (0.99 to 1.14)

1 (ref)

1.12 (1.05 to 1.19)

1 (ref)

1.17 (1.10 to 1.24)

1 (ref)

1.27 (1.15 to 1.39)

1 (ref)

1.06 (1.02 to 1.10)

1 (ref)

1.05 (1.02 to 1.07)

1 (ref)

1.03 (0.89 to 1.18)

1 (ref)

1.02 (0.98 to 1.07)

1 (ref)

1.44 (1.14 to 1.82)

1 (ref)

1.30 (1.14 to 1.48)

1 (ref)

1.08 (1.03 to 1.13)

1 (ref)

1.29 (1.15 to 1.44)

1 (ref)

0.97 (0.90 to 1.05)

1 (ref)

0.98 (0.94 to 1.03)

1 (ref)

1.03 (0.99 to 1.07)

1 (ref)

1.03 (0.99 to 1.07)

1 (ref)

1.00 (0.95 to 1.06)

1 (ref)

1.01 (0.99 to 1.03)

1 (ref)

1.00 (0.99 to 1.02)

1 (ref)

1.06 (0.98 to 1.15)

1 (ref)

0.99 (0.97 to 1.02)

1 (ref)

1.07 (0.92 to 1.25)

1 (ref)

1.01 (0.97 to 1.04)

1 (ref)

0.99 (0.96 to 1.01)

1 (ref)

1.01 (0.94 to 1.08)

1 (ref)

Caesarean delivery Female

AGA, appropriate for gestational age; CNS, central nervous system; HBW, high birth weight; LBW, low birth weight; LGA, large for gestational age; NBW, normal birth weight; RRR, relative risk ratio; SGA, small for
gestational age.

Leukaemia

Lymphoma

Endocrine

CNS

1 (ref)

0.99 (0.97 to 1.02)

1 (ref)

1.28 (1.23 to 1.34)

0.97 (0.95 to 0.98)
1 (ref)

1.05 (1.02 to 1.08)

1 (ref)

0.99 (0.90 to 1.09)

1 (ref)

1.09 (1.06 to 1.13)

1 (ref)

0.93 (0.77 to 1.11)

1 (ref)

0.75 (0.71 to 0.79)

1 (ref)

0.92 (0.89 to 0.95)

1 (ref)

0.85 (0.78 to 0.93)

1 (ref)

Post-term birth

1 (ref)

Exposed

Unexposed

1 (ref)

Unexposed

0.96 (0.81 to 1.15)

Exposed

0.96 (0.90 to 1.02)

1 (ref)

Unexposed

Exposed

1.50 (1.14 to 1.96)

1 (ref)

Unexposed

Exposed

1.50 (1.40 to 1.60)

1 (ref)

Exposed

Unexposed

1 (ref)

Unexposed

Urinary tract Unexposed

Female
genital

Breast

Mesothelial
and soft
tissue

Skin

Bone and
cartilage

Respiratory

1 (ref)

1.12 (1.06 to 1.18)

Unexposed

Exposed

1 (ref)

1.32 (1.16 to 1.51)

Unexposed

Exposed

Lip to
oral and
pharyngeal

Digestive

Preterm birth

Gestational age

RRR or OR (95% CI) for birth outcome

Associations for birth outcomes according to type of maternal cancer diagnosis status

Type of maternal cancer

Table 2
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The study considers PAC in a novel way. Previous studies
have limited their definition to a maximum of 2 years post
partum. However, the minimum latency periods to clinical diagnoses for cancers in adults were determined by
the World Trade Center Health Program to be 0.4 years
for lymphoproliferative and haematopoietic cancers and
4 years for solid tumours (excluding mesotheliomas (11
years) and thyroid cancers (2.5 years)), with the induction and latency times of some cancers being much
longer.23 This suggests that some cancers present during
pregnancy would not have been included in previous
research. Limiting the exposure window to 15 years post
partum was an arbitrary decision. Some cancers diagnosed towards the end of the window may not have been
present during pregnancy, or cancers diagnosed after this
point were present but undetected. However, reducing
the exposure window to 10 years post partum did not
alter results. Future research could consider the postpartum period further and investigate at what time point
after birth maternal cancers were no longer associated
with adverse birth outcomes.
Although selection bias is minimised by inclusion of the
entire populations of Denmark and Sweden, this study
only considers live births. While some studies have not
found an increase in infant and neonatal deaths among
those exposed to maternal cancer,18 20 44 others have seen
an increase in stillbirth.16 17 19 This would potentially lead
to an underestimation of the effects of maternal cancer
in this study.46
Children in the study were considered exposed if their
mother was diagnosed with cancer from 2 years before
conception, until 15 years post partum. However, as not
all mothers could be followed for 15 years post partum,
some children will have been misclassified as unexposed.
The potential impacts of immortal observation time
bias and reverse causation also need to be considered.
Although a cancer may have already been initiated in
the mother before a child’s birth, the exposure status of
the child is based on the actual diagnosis of a maternal
cancer; an event which, in some cases, occurred after
birth outcomes were observed. However, it is unlikely
cancer would be differentially diagnosed among mothers
with a preterm or LBW child. It should be considered
though, for a maternal cancer diagnosis to be made and a
child considered ‘exposed’, mothers need to survive until
they receive a cancer diagnosis, not dying of alternative
causes before this.
Residual confounding resulting from unmeasured
factors cannot be ruled out. There are many potential
confounders that we have not included in our study
because they were not available throughout the study
period in both countries. Some potential confounders
which we were not able to control for include maternal
smoking during pregnancy,47 or maternal nutrition
during pregnancy.28 Furthermore, we did not have access
to any information on treatment during pregnancy.
Based on the small numbers of women who received a
prenatal diagnosis, the numbers in any treatment groups
8

would be small and a study looking into the potential
effects of types of treatment would likely be underpowered. However, this is of interest and should be considered further in future research, either combining data
from multiple Nordic registers, or in a different setting
altogether. Additionally, we carried out a large number
of analyses and the role of chance cannot be excluded in
the observations that were considered to be statistically
significant.
Conclusion
Our findings suggest that in utero exposure to maternal
cancer is associated with adverse birth outcomes. While the
association was stronger among those exposed to prenatally diagnosed cancers, the associations seen for postnatally diagnosed cancers suggest that either birth outcomes
and cancer share common causes, or that the cancer itself
(rather than just consequences of a diagnosis) may influence risk of adverse birth outcomes. These associations
are not strong enough to justify screening for maternal
cancer in mothers of children with birth complications.
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