Accepted: 14 January 2023

DOI: 10.1111/1471-0528.17414

RESEARCH ARTICLE

B 0 An International Journal of
Obstetrics and Gynaecology

Pre-pregnancy participation and performance in world's largest
cross-country ski race as a proxy for physical exercise and fitness,
and perinatal outcomes: Prospective registry-based cohort study

Cathrine Axfors"> | Anna-Karin Wikstrom' | Inger Sundstrém Poromaa' |
Ulf Hillmarker™* | Karl Michaélsson> | John Wallert"®”® | Richard A. White® |

AlKkistis Skalkidou'

'Department for Women's and Children's
Health, Uppsala University, Uppsala, Sweden

*Meta-Research Innovation Center at Stanford
(METRICS), Stanford University, Stanford,
California, USA

*Department of Medical Sciences, Uppsala
University, Uppsala, Sweden

4Department of Internal Medicine, Mora
Hospital, Mora, Sweden

*Department of Surgical Sciences, Uppsala
University, Uppsala, Sweden

6Department of Neurobiology, Care Sciences
and Society, Karolinska Institutet, Stockholm,
Sweden

7Department of Clinical Neuroscience, Centre
for Psychiatry Research, Karolinska Institutet,
Huddinge, Sweden

8Stockholm Health Care Services, Stockholm,
Sweden

“Section Sykdomspulsen: Real-Time
Surveillance, Norwegian Institute of Public
Health, Oslo, Norway

Correspondence

Cathrine Axfors, Meta-Research Innovation
Center at Stanford (METRICS), SPRC,
Stanford University, MSOB, 1265 Welch Rd,
Stanford, CA 94025, USA.

Email: caxfors@stanford.edu

Funding information
Akademiska Sjukhuset; Uppsala University
Hospital

Abstract

Objective: Investigate associations between pre-pregnancy participation and perfor-
mance in a demanding cross-country ski race (proxy for exercise volume and fitness)
and perinatal outcomes. Pre-registered protocol: osf.io/aywg2.

Design: Prospective cohort study.

Setting: Based on entire overlap between the Vasaloppet registry and the population-
based Swedish Pregnancy Register.

Sample: All female Vasaloppet participants 1991-2017 with subsequent singleton de-
livery (skiers), and age- and county-matched non-skiers.

Methods: We calculated odds ratios (ORs) for non-skiers versus skiers (model 1) and,
among skiers, by performance (model 2), in Bayesian logistic regressions adjusted for
socio-demographics, lifestyle factors, and comorbidities. We repeated calculations
adjusting for early pregnancy body mass index (potential mediator) and explored
robustness (selection/exposure settings; multiple comparisons correction).

Main outcome measures: Twenty-nine important perinatal outcomes, predefined
based on existing expert consensus.

Results: Non-skiers (n = 194 384) versus skiers (n = 15377) (and slower versus faster
performance, not shown) consistently had higher odds of gestational diabetes mellitus
(GDM) (OR 1.70, 95% highest density interval: 1.40-2.09), excessive gestational weight
gain (GWG) (1.28, 1.22-1.38), psychiatric morbidity (1.60, 1.49-1.72), any caesarean
section (CS) (1.34, 1.28-1.40), elective CS (1.39, 1.29-1.49), and large-for-gestational-
age babies (>90th percentile, 1.11, 1.04-1.18); lower odds of inadequate GWG (0.83,
0.79-0.88); and no associations with fetal/neonatal complications (e.g. preterm birth
[1.09, 0.98-1.20], small for gestational age [SGA] [1.23, 1.05-1.45]). Adjustment for
body mass index attenuated associations with excessive (1.20, 1.14-1.30) and inad-
equate GWG (0.87, 0.83-0.92) and large for gestational age (1.07, 1.00-1.13).
Conclusion: Non-skiers compared with skiers, and slower versus faster performance,
consistently displayed higher odds of GDM, excessive GWG, psychiatric morbidity,
CS and large-for-gestational-age babies; and lower odds of inadequate GWG, after
adjustment for socio-demographic and lifestyle factors and comorbidities. There
were no associations with fetal/neonatal complications.
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1 | INTRODUCTION

Declining general exercise and cardiovascular fitness lev-
els are of global concern given their strong association with
health and longevity."® However, the phenomenon's full
importance for public health remains to be elucidated, es-
pecially associations between exercise and perinatal out-
comes. During pregnancy, moderate-intensity exercise in
randomised controlled trials (RCTs) impacts positively on a
range of maternal and fetal outcomes.”? Still, exercise in-
terventions initiated during pregnancy are necessarily short
and their intensity typically does not exceed light jogging."
There are important perinatal outcomes where interventions
have shown no benefit,'* but may not capture the range of
exercise habits in the population. The time before pregnancy
is a neglected period for potential interventions and policies
aiming to improve perinatal and next-generation health.'>'¢
Benefits are plausible, given that exercise habits before preg-
nancy strongly predict those during pregnancy,"”'® and for
physiological effects after longer exposure to exercise.'”

Current literature on pre-pregnancy exercise and peri-
natal outcomes is sparse, methodologically limited and has
mixed results for both benefits and potential harms.'>*%?!
Most studies are cross-sectional, use retrospectively re-
called self-reported exercise, and do not pre-register anal-
yses, which are sources of bias. Complementary evidence is
needed to guide exercise recommendations and policy de-
cisions to target the wide-ranging societal determinants of
exercise.**?

This prospective cohort study is based on the elec-
tronic registry of the world's largest cross-country ski race
(Vasaloppet), held annually in Sweden, with recreational and
elite participants.”® Cross-country skiing is a demanding en-
durance sport. Vasaloppet participants engage in many types
of exercise and high-performers report the largest exercise
volumes.** The Vasaloppet registry has been leveraged to
study other health outcomes, using Swedish national regis-
tries to adjust for socio-demographic factors and comorbid-
ity.24’32 Our aim was to investigate whether pre-pregnancy
participation and performance in a Vasaloppet cross-country
ski race, as proxies for higher exercise volumes and better fit-
ness, are associated with important perinatal outcomes.

2 | METHODS

This cohort study constitutes the full overlap between the
Vasaloppet registry and the population-based Pregnancy
Register of births in Sweden, and is reported accord-
ing to RECORD (Reporting of Studies Conducted Using
Observational Routine Health Data).”> Data were prospec-
tively collected in registries and the study protocol was
prospectively registered before data access (Open Science
Framework, www.osf.io/aywg2; amendments to protocol in
Table S1). This study had no patient and public involvement,
but outcomes were selected based on a prior study with pa-
tient involvement (see below).

2.1 | Study population

The annual competitive race Vasaloppet (90km) is pre-
ceded by the ‘Winter Week’ that hosts several ski races of
30-90km. We included all women registered for participa-
tion in at least one ski race during Vasaloppet Winter Week
in 1991-2017 (Vasaloppet, Open Trail, Half Vasa, Short Vasa,
Women's Vasa, or Skate Vasa), who subsequently had a deliv-
ery recorded in the Pregnancy Register from inception to 31
December 2017 (skiers). Registration in the ski race was done
using unique Swedish personal identification numbers (PINs).
Twin and other multiple pregnancies were excluded, as were
women without a Swedish PIN (e.g. non-Swedish citizens).

Deliveries were categorised by 5-year age bands, county of
residence and calendar year. For each year between 2013 and
2017, a ten times larger group of deliveries (by women never
registered for a ski race, non-skiers) was frequency-matched on
the combined age-county categories. The Pregnancy Register
holders were requested to perform data linkage (using unique
Swedish PINs), matching and pseudonymisation.

No delivery was drawn as a match twice. Among several
deliveries of the same mother, only one was included: for ski-
ers, the first delivery following their first ski race, and for
non-skiers a randomly selected delivery. Additional exclu-
sion criteria applied for data (Tables S2 and S3).

2.2 | Variables

The Pregnancy Register was used for outcome and covaria-
ble extraction. The inception year 2013 covers the Stockholm
and Gotland regions and years 2014-2017 contain 17/21
Swedish regions (90% of national deliveries; 98-100% within
included regions).*

We used two main exposure variables: ski race partici-
pation (non-skiers versus skiers with the latter as baseline,
model 1) and ski race performance (continuous variable of
relative finish times, skiers only, model 2). As weather and
snow properties cause wide variation in absolute finishing
times, performance was standardised as the percentage of
the fastest female result for the same day and ski race (fast-
est time = 100%, e.g. if the fastest skier finished at 5hours,
7.5hours would be 150%). If skiers competed several times,
we chose the fastest relative finish time <5 years before deliv-
ery, or most recent race, in that order.”

No core outcome set exists for the study question; how-
ever, we investigated ‘critically important’ and ‘important’
outcomes selected by a panel of obstetric, exercise, public
health and methodological experts in collaboration with pa-
tients,"” which were also available in the Pregnancy Register
(diagnostic codes in Table S2). We added perinatal venous
thromboembolism (VTE) and psychiatric morbidity, two
major causes of maternal mortality and morbidity.***’
Gestational diabetes mellitus (GDM) screening was selective,
risk-based, in most maternal health care centres during the
study period, using the oral glucose tolerance test or fasting
glucose.”® Recommended gestational weight gain (GWG) per
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BMI category were coded as 12.5-18kg (<18.5 kg/m?), 11.5-
16kg (18.5-24.9 kg/m?), 7-11.5 kg (15-25kg/m?), 5-9 kg
(>30kg/m?), assuming 0.5-2 kg weight gain in the first tri-
mester.” Pre-eclampsia was defined as high blood pressure
(>140/90 mmHg) with onset after 20 weeks of gestation to-
gether with proteinuria. Any pregnancy-induced hyperten-
sion included women with blood pressure >140/90 mmHg
regardless of proteinuria. Participants with certain condi-
tions were excluded for some outcomes (Table S2, e.g. ex-
cluding pre-pregnancy diabetes mellitus for GDM analyses).
Covariable selection was based on literature review and
availability in the Pregnancy Register (Table S3).

2.3 | Statistical analyses

Bayesian logistic regressions as implemented in R package
rstanarm®®* were used to calculate odds ratios (ORs) and
95% highest density intervals (HDIs), a range that contains
the 95% most probable OR values.** Statistical inference cri-
teria were based on how the 95% HDI placed itself relative
to a prespecified ‘region of practical equivalence’ (Methods
in Appendix S1). Our conclusions for each outcome consid-
ered statistical inference in both models 1 and 2 (i.e. only
outcomes that met statistical inference criteria across both
models were assumed to show an association). For choice of
priors, see Methods in Appendix S1. Missing data originated
predominantly from the Pregnancy Register's lower coverage
during 2013 (approximately 20% missing outcome informa-
tion except labour duration, 48%) and were imputed using
multiple imputations (chained random forests, five datasets).

For labour duration, the only continuous outcome, we
used Bayesian linear regression with log-transformed out-
come after assessment of normality of residuals and ho-
moscedasticity. Exponentiated regression coefficients are
presented and can be interpreted as relative duration.

Ski race performance (model 2) has a continuous expo-
sure variable. For interpretation, we present ORs per stan-
dard deviation increase in relative finish time (instead of per
percentage unit). ORs are not directly comparable between
models 1 and 2 (ORs for a binary exposure correspond ap-
proximately to a 2 standard deviation change in a continu-
ous exposure). For all model 2 analyses, we tested the fit of
nonlinear (spline) effects (Methods in Appendix S1), and for
all outcomes, the linear model was either superior or non-
inferior to the spline model.

We prespecified covariables for adjustment: parity, age,
maternal country of birth, educational level, cohabitation
status, smoking, alcohol consumption, delivery location, year
and pre-pregnancy comorbidities (Table S3). Early pregnancy
body mass index (BMI), a potential mediator, was introduced
in an exploratory second step of adjustments. We also ex-
plored whether potential associations with ski race participa-
tion (model 1) were different in primi- or multiparous women.

Prespecified sensitivity analyses were (1) only skiers <5years
before delivery; (2) only skiers in the longest (90-km) races; (3)
only race finishers; (4) complete case analysis; and (5) other
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Bayesian model specification: less informative prior for coeffi-
cients, ‘normal (location = 0, scale = 5)°. Non-prespecified anal-
yses were further added: (6) only women born in Scandinavia;
(7) only primiparous women; (8) frequentist models (logistic
regressions, except linear regression for labour duration) with
Bonferroni correction for the number of main analyses (1 = 58:
29 outcomes, two exposure variables); (9) selecting first avail-
able delivery among non-skiers with several deliveries per
woman; and (10) only skiers <2years before delivery. Finally,
we performed exploratory analyses among skiers racing during
pregnancy according to dates of ski race and delivery.

3 | RESULTS

The final cohort comprised 194 384 non-skiers and 15 377 ski-
ers (14937 with a finish time; flowchart in Figure S1). On aver-
age, 5years elapsed between ski race and subsequent delivery
(median 4vyears, interquartile range 2-7years). Compared
with skiers, non-skiers were less often primiparous, born in
Scandinavia, university-educated, and living with a partner;
they more often smoked; and fewer had normal-range BMI
(Table 1). Average BMI and height was 23.6 kg/m? and 168 cm
for skiers, and 24.9 kg/m* and 166 cm for non-skiers, respec-
tively. Overall event rates are featured in Table S4.

3.1 | Skirace participation (model 1)

In the models comparing non-skiers with skiers (Figure 1,
Tables 2 and S5), non-skiers had higher odds of pregnancy
complications (GDM, excessive GWG, pelvic girdle pain and
psychiatric morbidity) and delivery interventions or compli-
cations (any caesarean section [CS], emergency CS, elective
CS, induction of labour, epidural pain relief and severe per-
ineal lacerations). Babies of non-skiers had higher odds of
small-for-gestational-age (SGA)<3™ percentile, SGA <10™
percentile, large-for-gestational-age (LGA) >90th percentile,
5-minute Apgar score <7, and the composite outcome severe
neonatal complications. Non-skiers had lower odds of inad-
equate GWG and perinatal VTE. Models were unstable for
perinatal VTE, as the outcome is very rare (0.3%), shown by
a large discrepancy between Bayesian and frequentist mod-
els that harmonised closely for other outcomes (Table S5).
Our statistical approach allowed us to gather evidence for a
null hypothesis if the 95% HDI was within 0.975-1.025, rul-
ing out a meaningful effect size (Methods in Appendix S1).
For labour duration, these conditions were met, meaning
that we found evidence against an association with ski race
participation. There was evidence of effect modification by
parity on the associations between ski race participation and
excessive and inadequate GWG (Table S6).

Observed OR point estimates were 1.1-1.7 for increased
and 0.8 for decreased risk associations. Results were similar
when adjusting for the potential mediator early pregnancy
BMI (for excessive GWG and inadequate GWG, and LGA,
associations were attenuated; Table S5).
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Gestational diabetes mellitus - I ——o—— | Pregnancy outcomes

Preeclampsia or eclampsia — L —

Any gestational hypertension e
Excessive gestational weight gain
Inadequate gestational weight gain o -
Pelvic girdle pain -

Perinatal VTE <

Psychiatric morbidity -

Any CS A

Emergency CS -

Elective CS ~

Induction of labor 4

- Delivery outcomes

Instrumental vaginal delivery -
Epidural pain relief -

Labor duration -

Dystocia A

Severe perineal lacerations o

Postpartum hemorrhage -

Preterm birth - Fetal/neonatal outcomes
Spontaneous preterm birth -
SGA <3 |
SGA <10 | —*—
LGA >97 JI—C—
LGA >90 | =€
- 4

Major congenital malformations -

Shoulder dystocia or brachial plexus injury -
5-min Apgar score <7 -

- i '
Stillbirth or neonatal death - ® Main analysis

Severe neonatal complications - — — Adjusted also for BMI

08 10 12 14 16 1.82022
Odds ratio

FIGURE 1 Risk of predefined important perinatal outcomes for model 1, non-skiers compared with skiers (exposure baseline): odds ratios and
95% highest density intervals, from Bayesian logistic regressions unless otherwise specified. Bayesian 95% highest density interval is a range with the
95% most probable values of the odds ratio. For labour duration, figure shows proportion increase/decrease (calculated from Bayesian linear regression
with a log-transformed outcome). All models are adjusted for parity, age, maternal country of birth, educational level, cohabitation status, smoking,
alcohol consumption, location of delivery, calendar year of delivery and pre-pregnancy comorbidities. Exclusions of participants with certain conditions
were made for some outcomes: gestational diabetes mellitus (excluding those with pre-pregnancy diabetes mellitus), pre-eclampsia or eclampsia; any
pregnancy-induced hypertension (excluding those with pre-pregnancy hypertension), excessive gestational weight gain (GWG); inadequate GWG,
5-minute Apgar score <7; severe neonatal complications (excluding those with current preterm deliveries), induction of labour (excluding those with
elective caesarean section [CS]), instrumental vaginal delivery; labour duration; severe perineal lacerations; shoulder dystocia or brachial plexus injury
(excluding those with any CS). Reference for all the outcomes is the inverse (absence of the outcome). LGA, large-for-gestational-age; SGA, small-for-
gestational-age; VTE, venous thromboembolism (VTE).

3.2 | Skirace performance (model 2) the same pattern (Figure 2, Tables 2 and S7). Lower per-

formance was associated with higher odds of pregnancy
Models that examined associations with performance, as  complications (GDM, pre-eclampsia/eclampsia, any
measured by a slower relative finish time, largely followed = pregnancy-induced hypertension, excessive GWG and
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TABLE 2 Risk of predefined important perinatal outcomes from models for ski race participation and performance: ORs and 95% highest density

intervals from Bayesian logistic regressions (unless otherwise specified).

Non-skiers versus skiers

By ski race performance (per one standard

Outcome

Gestational diabetes mellitus

Pre-eclampsia or eclampsia

Any pregnancy-induced hypertension

Excessive GWG
Inadequate GWG

Pelvic girdle pain

Perinatal VTE

Psychiatric morbidity

Any CS

Emergency CS

Elective CS

Induction of labour
Instrumental vaginal delivery
Epidural pain relief
Labour duration

Dystocia

Severe perineal lacerations
Postpartum haemorrhage
Preterm birth
Spontaneous preterm birth

SGA<3

(exposure baseline)*

1.70 (1.40, 2.09)
1.04 (0.91, 1.20)
1.06 (0.95, 1.19)
1.28 (1.22,1.38)
0.83 (0.79, 0.88)
1.54 (1.36, 1.75)
0.83 (0.82, 0.84)
1.60 (1.49, 1.72)
1.34 (1.28, 1.40)
1.24 (116, 1.31)
1.39 (1.29, 1.49)
1.13 (1.07, 1.19)
1.04 (0.98, 1.12)
1.13 (1.08, 1.18)
0.99 (0.98, 1.01)
1.08 (1.02, 1.14)
1.16 (1.06, 1.28)
1.08 (1.01, 1.16)
1.09 (0.98, 1.20)
1.09 (0.98, 1.19)
1.23 (1.05, 1.45)

deviation slower relative finish time)l’

1.44 (1.19,1.72)
1.15 (1.04, 1.26)
1.13 (1.05, 1.21)
1.32 (1.27, 1.38)
0.81 (0.78, 0.84)
1.15 (1.02, 1.30)
0.51 (0.27, 0.88)
1.10 (1.03, 1.18)
1.11 (1.06, 1.16)
1.08 (1.02, 1.14)
1.13 (1.05, 1.21)
1.05 (1.01, 1.10)
1.11 (1.05, 1.18)
1.05 (1.01, 1.09)
1.01 (1.00, 1.02)
1.07 (1.01, 1.12)
1.11 (1.02, 1.21)
1.08 (1.01, 1.16)
1.01 (0.94, 1.10)
1.02 (0.94, 1.10)
0.95 (0.81, 1.11)
0.95 (0.88, 1.03)
1.20 (1.09, 1.33)
1.12 (1.06, 1.18)

SGA <10 1.12 (1.03, 1.23)
LGA>97 1.14 (0.98, 1.27)
LGA >90 1.11 (1.04, 1.18)
Major congenital malformations 1.00 (0.84, 1.17)
Shoulder dystocia or brachial plexus injury 1.40 (0.92, 2.14)
5-minute Apgar score <7 1.27 (1.05, 1.56)
Stillbirth or neonatal death 0.90 (0.71, 1.31)
Severe neonatal complications 1.30 (1.09, 1.59)

0.99 (0.89, 1.10)
1.01 (0.69, 1.50)
0.95 (0.77, 1.16)
0.86 (0.60, 1.32)
0.95 (0.79, 1.12)

Abbreviations: CS, caesarean section; GWG, gestational weight gain; LGA, large-for-gestational-age; ORs, odds ratios; SGA, small-for- gestational-age; VTE, venous

thromboembolism.

* Model 1: non-skiers compared with skiers (exposure baseline): odds ratios and 95% highest density intervals, from Bayesian logistic regressions unless otherwise specified.

® Model 2: by ski race performance: ORs and 95% highest density intervals per one standard deviation slower relative finish time, from Bayesian logistic regressions unless

otherwise specified.

psychiatric morbidity), delivery interventions (any CS,
elective CS and instrumental vaginal delivery), and LGA
(>90th and >97th percentiles). Slower skiers had lower odds
of inadequate GWG and perinatal VTE. Like model 1,
model 2 results were unstable for perinatal VTE and there
was evidence against an association with labour duration.
All associations were modelled as linear, as we found no
evidence of non-linearity.

Observed OR point estimates were 1.1-1.4 for increased
and 0.5-0.8 for decreased risk associations. Like model 1, re-
sults were similar when adjusting for early pregnancy BMI
(attenuated for excessive GWG and inadequate GWG, and
LGA; Table S7).

3.3 | Sensitivity analyses and
exploratory analyses

Frequentist regressions corresponded closely to Bayesian
main analyses except regarding perinatal VTE, a rare
outcome. With Bonferroni correction for multiple tests,
associations passed the threshold except for (model 1) peri-
natal VTE, severe perineal lacerations, SGA <3, SGA <10,
LGA>90, 5-minute Apgar score<7, and severe neonatal
complications; and for (model 2) pre-eclampsia/eclampsia,
any pregnancy-induced hypertension, perinatal VTE and
psychiatric morbidity. Other sensitivity analyses resulted
in effect sizes similar to or larger than in the main analysis,
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FIGURE 2 Risk of predefined important perinatal outcomes by ski race performance (model 2): odds ratios and 95% highest density intervals per
one standard deviation slower relative to finish time, from Bayesian logistic regressions unless otherwise specified. Analysis among skiers of 30-90km
races between 1991 and 2017. Standardised (because of varying weather conditions) as percentage of fastest female result in the same ski race, with
fastest result = 100 and slower results >100; shown per 1 standard deviation increase. Bayesian 95% highest density interval is a range with the 95%
most probable values of the odds ratio. For labour duration, figure shows proportion increase/decrease (calculated from Bayesian linear regression

with a log-transformed outcome). All models are adjusted for parity, age, maternal country of birth, educational level, cohabitation status, smoking,
alcohol consumption, location of delivery, calendar year of delivery and pre-pregnancy comorbidities. Exclusions of participants with certain conditions
were made for some outcomes: gestational diabetes mellitus (excluding those with pre-pregnancy diabetes mellitus), pre-eclampsia or eclampsia; any
pregnancy-induced hypertension (excluding those with pre-pregnancy hypertension), excessive gestational weight gain; inadequate gestational weight
gain, 5-minute Apgar score <7; severe neonatal complications (excluding those with current preterm deliveries), induction of labour (excluding those
with elective caesarean section [CS]), instrumental vaginal delivery; labour duration; severe perineal lacerations; shoulder dystocia or brachial plexus
injury (excluding those with any CS). Reference for all the outcomes is the inverse (absence of the outcome). LGA, large-for-gestational-age; SGA, small-
for-gestational-age; VTE, venous thromboembolism (VTE).
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with few exceptions (Tables S5 and S7). Very few competed
during pregnancy (n = 454) to inform exploratory analyses;
there were no associations with increased risks for any out-
comes investigated, including a composite of any adverse
fetal/neonatal outcomes (Table S8).

4 | DISCUSSION

4.1 | Main findings

Non-skiers compared with skiers, and slower skiers com-
pared with faster skiers, consistently had higher odds of
GDM, excessive GWG, psychiatric morbidity, any CS, elec-
tive CS, and LGA >90th percentile; and lower odds of inad-
equate GWG, after adjustment for socio-demographic and
lifestyle factors and comorbidities, in Bayesian main models.
Among these, psychiatric morbidity and LGA >90 did not
meet statistical inference criteria after Bonferroni correction
in frequentist sensitivity analyses. There were no associa-
tions with fetal/neonatal complications.

4.2 | Strengths and limitations

This large study combined a sports event registry with a
comprehensive population-based birth registry to identify
non-skier controls and extract detailed outcome and covari-
able information (with exact linkage methods and virtually
no loss to follow-up). Prospectively registered data, with an
objective measure of exercise (finish time), were used; in
contrast, previous literature has relied on self-reports. We
apply a kind of evidence triangulation®® with two analyses
with different strengths/biases: skiers versus non-skiers
(possibly lower type II error rate by large numbers, but with
ski race self-selection), and ski race performance (expectedly
less ‘confounding by indication’, run among skiers only).
We prespecified our analysis plan in a detailed protocol and
report full results on predefined outcomes, with sensitivity
analyses adjusting for multiple comparisons. Outcomes con-
stituted the full overlap between published expert consen-
sus' and Pregnancy Registry variables.

Important limitations exist. First, we use detailed regis-
try data to adjust for important potential confounders, but
the presence of remaining and unmeasured confounding
cannot be excluded. Adoption of cross-country skiing is
likely dependent on sociocultural and financial factors, and
exercise habits may align with, for example, diet. Secondly,
exercise lacks a standard measurement.** OQurs are uncon-
ventional and we cannot differentiate between implied high
volumes of exercise preceding the ski race and immutable
factors contributing to better performance (e.g. genetic pre-
disposition for fitness). As non-skiers frequently may per-
form other types of exercise, and fit persons with little skiing
experience can have slow finish times, associations could be
underestimated or missed. Thirdly, some diagnoses can be
under-reported, e.g. psychiatric disorders,” which is why

we combined several measures (Table S2) that include also
pre-pregnancy psychiatric morbidity. Because registry in-
formation was gathered during visits to maternal healthcare,
we believe that currently symptomatic disorders are better
represented than lifetime disorders. Pelvic girdle pain, mea-
sured according to a doctor's diagnosis, should be interpreted
as a selected group of severe cases. Postpartum conditions
(such as postpartum VTE) may not be fully captured, as
the Pregnancy Register is mainly composed of data from
prenatal healthcare. However, we expect no discrepancy in
sensitivity contingent on the exposure. Finally, multiplicity
correction (Bonferroni) and stringent inference criteria may
have led to type II errors.

4.3 | Interpretation (in light of other
evidence)

Few observational studies have examined whether exercise
volumes or fitness before a pregnancy has a bearing on peri-
natal outcomes,”*™* and these have provided mixed evi-
dence, e.g. for GDM (lower risk?®; no association®®). RCTs
exist only for the related but different question of whether
exercise interventions during pregnancy decrease the risk
of adverse perinatal outcomes.”*'*3*¢ Qur findings on
GDM, excessive GWG, inadequate GWG and psychiatric
morbidity have scarce or no precedence in pre-pregnancy

. . 354647 . - .
exercise studies ; contradict two studies with self-

reported exercise’®”’; and align with moderate to strong
RCT evidence on pregnancy exercise.”*° Swedish GDM
rates are generally low (1-3%), mainly because of differences
in screening methods and diagnostic criteria.*® Still, this
study found even lower risk in skiers. We found no studies
on pre-pregnancy exercise and perinatal psychiatric mor-
bidity. Exercise during pregnancy reduces the risk of an-
tepartum depression, while effects on anxiety disorders and
postpartum depression are less clear."

We also report small but consistent associations between
pre-pregnancy exercise and lower risk of CS (consistent for
elective CS; partly for emergency CS) and LGA >90th percen-
tile. Pre-pregnancy data exist only from a very small cohort (97
US Marines with high fitness levels overall) with null findings
on mode of delivery and birthweight.** Pregnancy exercise
RCTs have not demonstrated effects on CS rates or LGA, but
have shown effects on macrosomia (birthweight >4000g).">"*

Perinatal VTE, an extremely rare but severe outcome,
was more common among all skiers and faster skiers, but the
models were not robust. We found no previous work on ex-
ercise and perinatal VTE. General population studies show
associations between exercise and lower VTE risk, but there
are reports of higher risk after vigorous exercise.”® Short-term
physiological effects such as dehydration and vessel wall in-
jury could theoretically increase the VTE risk.”> Although
these results need further investigation, recommendations of
pregnancy exercise should include compensating water loss.

Two outcomes reflected prolonged delivery (labour du-
ration and dystocia). For the former we found evidence
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against an association and, for the latter, insufficient evi-
dence, aligned with null findings from pregnancy exercise
RCTs." The fetal outcomes besides LGA (e.g. preterm birth,
SGA, malformations, mortality) showed no associations,
in agreement with pregnancy exercise studies.'>**%% See
Discussion in Appendix S1 regarding other outcomes.

The literature implies broad beneficial metabolic and
cardiovascular effects of exercise’ beyond maintenance of
normal-range BMI. Our perinatal results were in accordance
and were only partly attenuated by early pregnancy BMI.
Associations are unlikely to be explained by a single en-
durance race, but rather by being physically fit. In previous
surveys, 21% of Vasaloppet skiers versus 4% in the general
population reported engaging in regular strenuous exercise
and 58% versus 25% in strenuous exercise.” Whereas 56% of
female Vasaloppet skiers exercised >4 hours/week, only 18%
in the general population reported >1.5 hours/week.*' Pre-
pregnancy and pregnancy exercise habits are closely related,
but whether the latter mediate any associations cannot be
derived from this material."”'®

Regarding the knowledge gap for elite athlete exercise
before and during pregnancy and perinatal outcomes,* our
mixed cohort (with few elite-level performers) provides some
indirect evidence. We found no evidence for any non-linear
associations (i.e. no evidence for ‘U-shaped’ associations with
higher risks at the highest exercise levels). In exploratory
analyses restricting the sample to skiers during pregnancy,
findings were in accordance with main models, although
precision is very limited because of the sparse numbers. A
previous systematic review found no associations between
preconception elite-level training and, for example, caesarean
sections and birthweight, but the number of studies was small
(for caesarean section, n = 3 studies, 324 persons).62

5 | CONCLUSIONS

Ski race participation and performance before pregnancy,
as proxies for higher volumes of exercise and better fit-
ness, were associated with benefits for important perinatal
metabolic and mental health outcomes and vaginal delivery,
without adverse fetal/neonatal outcomes.

Pregnancy is perhaps a window of opportunity for in-
terventions, but a challenging time for ambitious lifestyle
changes. This paper focuses on habits before pregnancy,
being relevant for obstetricians meeting patients between
pregnancies, any clinicians meeting women of fertile age,
and policy makers in public health. Our results add reasons
to further promote existing physical activity recommenda-
tions in the general population,” adding new knowledge
about perinatal disease burden that could potentially be alle-
viated with increased population-level exercise. Besides clin-
ical interventions focused on risk groups, community-wide
actions could target access to and affordability of exercise
and everyday physical activity.*>%*

Questions that arise are whether, when and at which in-
tensity individual exercise interventions or community-level

2 0 An International Journal of
J Obstetrics and Gynaecology

policies could diminish the risk of future pregnancy com-
plications. Any previous large exercise RCTs with women
participants could potentially be followed up using national
birth registries or other comprehensive sources of routinely
collected data. Also, prospective trials cluster-randomising
communities to exercise-facilitating actions could be en-
couraged, as could quasi-experimental designs to evaluate
community-wide policies regarding population-level peri-
natal statistics.

AUTHOR CONTRIBUTIONS

CA: conceptualisation; data curation; formal analysis; inves-
tigation; methodology; project administration; visualisation;
writing - original draft. AKW, ISP, UH, KM, JW: method-
ology; writing — review & editing. RAW: formal analysis;
investigation; methodology; writing — review & editing. AS:
conceptualisation; funding acquisition; investigation; meth-
odology; resources; supervision; writing — review & editing.
All authors approved the final article.

ACKNOWLEDGEMENTS
The authors thank Uppsala University for open access
funding.

FUNDING INFORMATION

This work was supported by the Uppsala University Hospital
and Uppsala Region ALF grants (Alkistis Skalkidou). The
funders had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the
data; preparation, review, or approval of the article; or deci-
sion to submit the paper for publication.

CONFLICT OF INTEREST STATEMENT

CA declares funding outside this work from the Knut and
Alice Wallenberg Foundation (KAW 2019.0561), Uppsala
University (E o R Borjesons stiftelse; Medicinska fakultetens
i Uppsala stiftelse for psykiatrisk och neurologisk forskning),
The Sweden-America Foundation, Foundation Blanceflor,
Swedish Society of Medicine, and Mirta och Nicke Nasvells
fond. ISP declares to have acted outside this work as in-
vited speaker at scientific meetings for Gedeon Richter and
Novartis during the past 36 months. AS declares support for
this work from Uppsala Region and declares to have received
lecture honoraria outside this work from Svensk Férening for
Obstetrik och Gynekologi, being a member of the advisory
board of the patient organisation Mamma till Mamma, and
a member of university-related boards at Uppsala University
as well as the Nordic Marcé Board, Swedish Medical Society
Research Delegation board, and Svensk Telepsykiatri board.
AKW, UH, KM, JW and RAW declare no competing inter-
ests. Completed disclosure of interest forms are available to
view online as supporting information.

ETHICS APPROVAL

The study was approved by the Uppsala Regional Ethics
Committee (2017/347). Following Swedish regulations, the
study did not require individual informed consent.

85U8017 SUOWWIOD SAIER.D 3(dedl|dde auyy Aq peusenoh a2 sopiie VO ‘8sN JO Sa|NnJ 10j ARiq1T 8UlUO 8|1 UO (SUOTHPUOD-PUR-SLUIBIALIOD™AB| 1M Afed 1 jBu [UO//:SANL) SUORIPUOD pue SWLB L 8L 88S *[£202/20/c2] U0 AliqiTauljuo AB|IM 'SSe00Y feuolieN BUe T LS AQ 1T/ T'8250- Ty T/TTTT 0T/I0p/uioo A 1M AriqijpuljuoukBaoy/sdny wolj pepeojumod ‘0 ‘82S0TLYT



10 B OG An International Journal of
Obstetrics and Gynaecology

AXFORSET AL.

DATA AVAILABILITY STATEMENT
Restrictions apply to the availability of the data in this study
according to Swedish legislation. Access to the data is de-
pendent on permission from the Regional Ethics Committee
of Uppsala and the holders of the Vasaloppet Register and
Pregnancy Register.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund
U. Global physical activity levels: surveillance progress, pitfalls, and
prospects. Lancet. 2012;380(9838):247-57.

Di Cesare M, Bentham J, Stevens GA, Zhou B, Danaei G, Lu Y, et al.
Trends in adult body-mass index in 200 countries from 1975 to 2014:
a pooled analysis of 1698 population-based measurement studies with
19.2 million participants. Lancet. 2016;387(10026):1377-96.
Ekblom-Bak E, Ekblom O, Andersson G, Wallin P, Soderling J,
Hemmingsson E, et al. Decline in cardiorespiratory fitness in the
Swedish working force between 1995 and 2017. Scand ] Med Sci
Sports. 2019;29(2):232-9.

Kohl HW 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR,
Leetongin G, et al. The pandemic of physical inactivity: global action
for public health. Lancet. 2012;380(9838):294-305.

Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical
activity: the evidence. CMAJ. 2006;174(6):801-9.

Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al.
Cardiorespiratory fitness as a quantitative predictor of all-cause mor-
tality and cardiovascular events in healthy men and women: a meta-
analysis. JAMA. 2009;301(19):2024-35.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT.
Effect of physical inactivity on major non-communicable diseases
worldwide: an analysis of burden of disease and life expectancy.
Lancet. 2012;380(9838):219-29.

Harber MP, Kaminsky LA, Arena R, Blair SN, Franklin BA, Myers
J, et al. Impact of cardiorespiratory fitness on all-cause and disease-
specific mortality: advances since 2009. Prog Cardiovasc Dis.
2017;60(1):11-20.

Davenport MH, Ruchat SM, Poitras V], Jaramillo Garcia A, Gray CE,
Barrowman N, et al. Prenatal exercise for the prevention of gestational
diabetes mellitus and hypertensive disorders of pregnancy: a system-
atic review and meta-analysis. Br ] Sports Med. 2018;52(21):1367-75.
Ruchat SM, Mottola MF, Skow RJ, Nagpal TS, Meah VL, James M, etal.
Effectiveness of exercise interventions in the prevention of excessive
gestational weight gain and postpartum weight retention: a system-
atic review and meta-analysis. Br ] Sports Med. 2018;52(21):1347-56.
Davenport MH, McCurdy AP, Mottola MF, Skow R], Meah VL,
Poitras VJ, et al. Impact of prenatal exercise on both prenatal and
postnatal anxiety and depressive symptoms: a systematic review and
meta-analysis. Br ] Sports Med. 2018;52(21):1376-85.

Davenport MH, Meah VL, Ruchat SM, Davies GA, Skow R],
Barrowman N, et al. Impact of prenatal exercise on neonatal and
childhood outcomes: a systematic review and meta-analysis. Br J
Sports Med. 2018;52(21):1386-96.

Mottola MF, Davenport MH, Ruchat SM, Davies GA, Poitras V], Gray
CE, et al. 2019 Canadian guideline for physical activity throughout
pregnancy. Br J Sports Med. 2018;52(21):1339-46.

Davenport MH, Ruchat SM, Sobierajski F, Poitras V], Gray CE, Yoo
C, et al. Impact of prenatal exercise on maternal harms, labour and
delivery outcomes: a systematic review and meta-analysis. Br ] Sports
Med. 2019;53(2):99-107.

Fleming TP, Watkins AJ, Velazquez MA, Mathers JC, Prentice AM,
Stephenson J, et al. Origins of lifetime health around the time of con-
ception: causes and consequences. Lancet. 2018;391(10132):1842-52.
Stephenson J, Heslehurst N, Hall J, Schoenaker D, Hutchinson J,
Cade JE, et al. Before the beginning: nutrition and lifestyle in the
preconception period and its importance for future health. Lancet.
2018;391(10132):1830-41.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Bacchi E, Bonin C, Zanolin ME, Zambotti F, Livornese D, Dona S,
et al. Physical Activity patterns in Normal-weight and overweight/
obese pregnant women. PLoS One. 2016;11(11):e0166254.

Ning Y, Williams MA, Dempsey JC, Sorensen TK, Frederick IO,
Luthy DA. Correlates of recreational physical activity in early preg-
nancy. ] Matern Fetal Neonatal Med. 2003;13(6):385-93.

Fiuza-Luces C, Santos-Lozano A, Joyner M, Carrera-Bastos P,
Picazo O, Zugaza JL, et al. Exercise benefits in cardiovascular dis-
ease: beyond attenuation of traditional risk factors. Nat Rev Cardiol.
2018;15(12):731-43.

Dipietro L, Evenson KR, Bloodgood B, Sprow K, Troiano RP, Piercy
KL, et al. Benefits of physical activity during pregnancy and postpar-
tum: an umbrella review. Med Sci Sports Exerc. 2019;51(6):1292-302.
Egeland GM, Tell GS, Naess O, Igland ], Klungsoyr K. Association
between pregravid physical activity and family history of stroke
and risk of stillbirth: population-based cohort study. BMJ Open.
2017;7(8):€017034.

Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW.
Correlates of physical activity: why are some people physically active
and others not? Lancet. 2012;380(9838):258-71.

Holmberg HC. The elite cross-country skier provides unique in-
sights into human exercise physiology. Scand ] Med Sci Sports.
2015;25(Suppl 4):100-9.

Stattin K, Hallmarker U, Arnlov ], James S, Michaelsson K, Byberg
L. Decreased hip, lower leg, and humeral fractures but increased
forearm fractures in highly active individuals. ] Bone Miner Res.
2018;33(10):1842-50.

Hallmarker U, Lindback J, Michaelsson K, Arnlov J, Asberg S, Wester
P, et al. Survival and incidence of cardiovascular diseases in partici-
pants in a long-distance ski race (Vasaloppet, Sweden) compared with
the background population. Eur Heart ] Qual Care Clin Outcomes.
2018;4(2):91-7.

Hallmarker U, Michaelsson K, Arnlov J, Hellberg D, Lagerqvist B,
Lindback J, et al. Risk of recurrent ischaemic events after myocardial
infarction in long-distance ski race participants. Eur ] Prev Cardiol.
2016;23(3):282-90.

Hallmarker U, Asberg S, Michaelsson K, Arnlov J, Hellberg D,
Lindback J, et al. Risk of recurrent stroke and death after first
stroke in long-distance ski race participants. ] Am Heart Assoc.
2015;4(10):002469.

Hallmarker U, James S, Michaelsson K, Arnlov J, Sandin F, Holmberg
L. Cancer incidence in participants in a long-distance ski race
(Vasaloppet, Sweden) compared to the background population. Eur
J Cancer. 2015;51(4):558-68.

Farahmand BY, Ahlbom A, Ekblom O, Ekblom B, Hallmarker U,
Aronson D, et al. Mortality amongst participants in Vasaloppet:
a classical long-distance ski race in Sweden. ] Intern Med.
2003;253(3):276-83.

Svensson M, Brundin L, Erhardt S, Madaj Z, Hallmarker U, James
S, et al. Long distance ski racing is associated with lower long-term
incidence of depression in a population based, large-scale study.
Psychiatry Res. 2019;281:112546.

Michaelsson K, Byberg L, Ahlbom A, Melhus H, Farahmand BY. Risk
of severe knee and hip osteoarthritis in relation to level of physical
exercise: a prospective cohort study of long-distance skiers in Sweden.
PLoS One. 2011;6(3):e18339.

Andersen K, Farahmand B, Ahlbom A, Held C, Ljunghall S,
Michaelsson K, et al. Risk of arrhythmias in 52 755 long-distance
cross-country skiers: a cohort study. Eur Heart J. 2013;34(47):3624-31.
Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen
I, et al. The REporting of studies conducted using observational
routinely-collected health data (RECORD) statement. PLoS Med.
2015;12(10):e1001885.

Stephansson O, Petersson K, Bjork C, Conner P, Wikstrom AK. The
Swedish pregnancy register — for quality of care improvement and re-
search. Acta Obstet Gynecol Scand. 2018;97(4):466-76.

. Lane-Cordova AD, Carnethon MR, Catov JM, Montag S, Lewis CE,

Schreiner PJ, etal. Cardiorespiratory fitness, exercise haemodynamics

85U8017 SUOWWIOD SAIER.D 3(dedl|dde auyy Aq peusenoh a2 sopiie VO ‘8sN JO Sa|NnJ 10j ARiq1T 8UlUO 8|1 UO (SUOTHPUOD-PUR-SLUIBIALIOD™AB| 1M Afed 1 jBu [UO//:SANL) SUORIPUOD pue SWLB L 8L 88S *[£202/20/c2] U0 AliqiTauljuo AB|IM 'SSe00Y feuolieN BUe T LS AQ 1T/ T'8250- Ty T/TTTT 0T/I0p/uioo A 1M AriqijpuljuoukBaoy/sdny wolj pepeojumod ‘0 ‘82S0TLYT



PRE-PREGNANCY EXERCISE AND PERINATAL OUTCOMES

11

An International Journal of

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

and birth outcomes: the coronary artery risk development in young
adults study. BJOG. 2018;125(9):1127-34.

Mitchell C, Lawton E, Morton C, McCain C, Holtby S, Main E.
California pregnancy-associated mortality review: mixed methods
approach for improved case identification, cause of death analy-
ses and translation of findings. Matern Child Health J. 2014;18(3):
518-26.

Metz TD, Rovner P, Hoffman MC, Allshouse AA, Beckwith KM,
Binswanger IA. Maternal deaths from suicide and overdose in
Colorado, 2004-2012. Obstet Gynecol. 2016;128(6):1233-40.
Lindqvist M, Persson M, Lindkvist M, Mogren I. No consensus on
gestational diabetes mellitus screening regimes in Sweden: pregnancy
outcomes in relation to different screening regimes 2011 to 2012, a
cross-sectional study. BMC Pregnancy Childbirth. 2014;14:185.

IOM (Institute of Medicine), NRC (National Research Council).
Weight gain during pregnancy: reexamining the Guidelines.
Washington: The National Academies Press; 2009.

R Core Team. R: a language and environment for statistical comput-
ing. Vienna: Foundation for Statistical Computing. 2019 [cited 2022
Aug 30]. Available from: https://www.R-project.org/

Goodrich B, Gabry J, Ali I, Brilleman S. rstanarm: Bayesian applied
regression modeling via Stan. R package version 2.17.4. [cited 2022
Aug 30]. Available from: http://mc-stan.org/2018

Kruschke JK, Liddell TM. The Bayesian new statistics: hypothe-
sis testing, estimation, meta-analysis, and power analysis from a
Bayesian perspective. Psychon Bull Rev. 2018;25(1):178-206.

Lawlor DA, Tilling K, Davey Smith G. Triangulation in aetiological
epidemiology. Int ] Epidemiol. 2016;45(6):1866-86.

Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS,
Gary RA, et al. Guide to the assessment of physical activity: clinical
and research applications: a scientific statement from the American
Heart Association. Circulation. 2013;128(20):2259-79.

Andersson L, Sundstrom-Poromaa I, Bixo M, Wulff M, Bondestam K,
aStrom M. Point prevalence of psychiatric disorders during the sec-
ond trimester of pregnancy: a population-based study. Am J Obstet
Gynecol. 2003;189(1):148-54.

Dempsey JC, Sorensen TK, Williams MA, Lee IM, Miller RS, Dashow
EE, et al. Prospective study of gestational diabetes mellitus risk in
relation to maternal recreational physical activity before and during
pregnancy. Am J Epidemiol. 2004;159(7):663-70.

Lof M, Hilakivi-Clarke L, Sandin S, Weiderpass E. Effects of prepreg-
nancy physical activity and maternal BMI on gestational weight gain
and birth weight. Acta Obstet Gynecol Scand. 2008;87(5):524-30.
Owe KM, Bjelland EK, Stuge B, Orsini N, Eberhard-Gran M, Vangen
S. Exercise level before pregnancy and engaging in high-impact sports
reduce the risk of pelvic girdle pain: a population-based cohort study
of 39 184 women. Br ] Sports Med. 2016;50(13):817-22.

Badon SE, Littman AJ, Chan KCG, Williams MA, Enquobahrie DA.
Maternal sedentary behavior during pre-pregnancy and early preg-
nancy and mean offspring birth size: a cohort study. BMC Pregnancy
Childbirth. 2018;18(1):267.

van der Ploeg HP, van Poppel MN, Chey T, Bauman AE, Brown WJ.
The role of pre-pregnancy physical activity and sedentary behaviour
in the development of gestational diabetes mellitus. J Sci Med Sport.
2011;14(2):149-52.

Tyldum EV, Romundstad PR, Slordahl SA. Pre-pregnancy physical
activity and preeclampsia risk: a prospective population-based cohort
study. Acta Obstet Gynecol Scand. 2010;89(3):315-20.

Stephens MB, Molchan R, Soley L, Grady J, Haas DM. Pre-pregnancy
fitness levels and delivery outcomes. Fam Med. 2008;40(6):387-8.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

BJ0
Whitaker KM, Ingram KH, Appiah D, Nicholson WK, Bennett WL,
Lewis CE, et al. Pre-pregnancy fitness and risk of gestational diabetes:
a longitudinal analysis. Med Sci Sports Exerc. 2018;50(8):1613-9.
Davenport MH, Marchand AA, Mottola MF, Poitras V], Gray CE,
Jaramillo Garcia A, et al. Exercise for the prevention and treatment of
low back, pelvic girdle and lumbopelvic pain during pregnancy: a sys-
tematic review and meta-analysis. Br ] Sports Med. 2019;53(2):90-8.
Davenport MH, Kathol AJ, Mottola MF, Skow RJ, Meah VL, Poitras
V], et al. Prenatal exercise is not associated with fetal mortality: a sys-
tematic review and meta-analysis. Br ] Sports Med. 2019;53(2):108-15.
Davenport MH, Yoo C, Mottola MF, Poitras V], Jaramillo Garcia A,
Gray CE, et al. Effects of prenatal exercise on incidence of congenital
anomalies and hyperthermia: a systematic review and meta-analysis.
Br J Sports Med. 2019;53(2):116-23.

Hegaard HK, Rode L, Katballe MK, Langberg H, Ottesen B, Damm
P. Influence of pre-pregnancy leisure time physical activity on gesta-
tional and postpartum weight gain and birth weight - a cohort study.
J Obstet Gynaecol. 2017;37(6):736-41.

Evensen LH, Braekkan SK, Hansen JB. Regular physical activity
and risk of venous thromboembolism. Semin Thromb Hemost.
2018;44(8):765-79.

Zadow EK, Adams M], Kitic CM, Wu SSX, Fell JW. Acquired and ge-
netic thrombotic risk factors in the athlete. Semin Thromb Hemost.
2018;44(8):723-33.

Beetham KS, Giles C, Noetel M, Clifton V, Jones JC, Naughton G.
The effects of vigorous intensity exercise in the third trimester of
pregnancy: a systematic review and meta-analysis. BMC Pregnancy
Childbirth. 2019;19(1):281.

Carlsson S, Olsson L, Farahmand B, Hallmarker U, Ahlbom A.
Vasaloppsakare investerar i sin hilsa [Swedish]. Swedish Med ]
[Likartidningen]. 2007;104(9):670-1.

Wowdzia JB, McHugh TL, Thornton ], Sivak A, Mottola MF,
Davenport MH. Elite athletes and pregnancy outcomes: a systematic
review and meta-analysis. Med Sci Sports Exerc. 2021;53(3):534-42.
World Health Organization. Global action plan on physical activity
2018-2030: more active people for a healthier world. Geneva: World
Health Organization; 2018.

Centers for Disease Control and Prevention - Division of Community
Health. A Practitioner's guide for advancing health equity: commu-
nity strategies for preventing chronic disease. Atlanta: US Department
of Health and Human Services; 2013.

Obstetrics and Gynaecology

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Axfors C, Wikstrom A-K,
Sundstrom Poromaa I, Hallmarker U, Michaélsson K,
Wallert J, et al. Pre-pregnancy participation and
performance in world's largest cross-country ski race
as a proxy for physical exercise and fitness, and
perinatal outcomes: Prospective registry-based cohort
study. BJOG. 2023;00:1-11. https://doi.
org/10.1111/1471-0528.17414

85U8017 SUOWWIOD SAIER.D 3(dedl|dde auyy Aq peusenoh a2 sopiie VO ‘8sN JO Sa|NnJ 10j ARiq1T 8UlUO 8|1 UO (SUOTHPUOD-PUR-SLUIBIALIOD™AB| 1M Afed 1 jBu [UO//:SANL) SUORIPUOD pue SWLB L 8L 88S *[£202/20/c2] U0 AliqiTauljuo AB|IM 'SSe00Y feuolieN BUe T LS AQ 1T/ T'8250- Ty T/TTTT 0T/I0p/uioo A 1M AriqijpuljuoukBaoy/sdny wolj pepeojumod ‘0 ‘82S0TLYT


https://www.r-project.org/
http://mc-stan.org/2018
https://doi.org/10.1111/1471-0528.17414
https://doi.org/10.1111/1471-0528.17414

	Pre-­pregnancy participation and performance in world's largest cross-­country ski race as a proxy for physical exercise and fitness, and perinatal outcomes: Prospective registry-­based cohort study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study population
	2.2|Variables
	2.3|Statistical analyses

	3|RESULTS
	3.1|Ski race participation (model 1)
	3.2|Ski race performance (model 2)
	3.3|Sensitivity analyses and exploratory analyses

	4|DISCUSSION
	4.1|Main findings
	4.2|Strengths and limitations
	4.3|Interpretation (in light of other evidence)

	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICS APPROVAL
	DATA AVAILABILITY STATEMENT

	REFERENCES


