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ABSTRACT

Physical fithess (PF) is an important marker of health and a significant predictor of morbidity
and mortality across the lifespan. During pregnancy, higher PF seems to be associated with
better maternal and neonatal health-related outcomes. Consequently, assessing PF in
pregnant women is of clinical relevance. However, a battery of fitness tests specific for
pregnant women is not available. In fact, PF during pregnancy has been assessed with a wide
variety of tests that have not been compilled to date. It must also be noted that PF can be
assessed objectively through either laboratory or field-based fitness tests, and also
subjectively through with self-reports, such as the International Fltness Scale (IFIS). However,
the validity and reliability both of objective measures of PF and the IFIS for subjective
evaluation in pregnant women is unknown. The main aims of this International Doctoral Thesis
were to provide a compilation of the fitness tests that have been used to assess PF in pregnant
women and to assess the potential usefulness of the IFIS in this population. The association
of objectively measured and self-reported PF with maternal and/or fetal health was also

assessed. To address these aims, 2 studies were conducted.

Study | is a systematic review performed through PubMed and Web of Science that included
all studies (n=189) evaluating one or more components of PF in pregnant women, to answer
two research questions: 1) What fitness tests have been previously employed in pregnant
women? and 2) What is the validity and reliability of these tests and their relationship with
health-related outcomes? Two independent reviewers systematically examined the articles in
each database. The information from the included articles was summarized by a single

researcher.

Study Il is a cross-sectional study assessing the construct validity of the IFIS to discriminate
between different objectively measured PF and health-related quality of life (HRQoL) levels in
pregnant women. A sample of 159 pregnant women completed the IFIS, performed the Bruce
test to assess cardiorespiratory fithess (CRF), the handgrip to assess muscular strength, back
scratch test to assess flexibility, and the 36-item short form health survey (SF-36) to assess
HQRoL.

The main findings of this Doctoral Thesis were: ) PF has been assessed through a wide variety
of protocols, mostly lacking validity and reliability data, and that no consensus exists on the
most suitable fithess tests for pregant women; Il) Information regarding the association of PF
with maternal-fetal outcomes is scarce although it suggest that higher PF might be associated

with favourable health outcomes; Ill) The IFIS is a useful, simple and quick tool to identify three



physical fitness levels (low, medium and high) in pregnant women; IV) IFIS is able to
discriminate between pregnant women with different levels of HRQoL even better than
objectively measured PF.

The results of this Doctoral Thesis enhance our understanding about physical fithess
assessment during pregnancy as well as about the validity and reliability of the most frequently

used protocols in this population.



RESUMEN

La condicion fisica (CF) es un importante marcador de salud y un predictor de morbilidad y
mortalidad a lo largo de toda la vida. Durante el embarazo, los niveles mas altos de CF
parecen estar asociados con una mejor salud materno-fetal. Por lo tanto, evaluar la CF en
mujeres embarazadas tiene una gran relevancia clinica. Sin embargo, no existe una bateria
validada especifica de evaluacion de la CF en mujeres embarazadas. De hecho, la CF durante
el embarazo ha sido evaluada a través de una gran variedad de tests muy diferentes que no
han sido compilados y resumidos hasta la fecha. Existen diferentes formas de evaluar la CF,
bien a través de pruebas objetivas a través de tests de laboratorio o de campo o de forma
subjetiva a través de cuestionarios como el IFIS, de las siglas en ingés International Fltness
Scale. Sin embargo, la validez y fiabilidad tanto de las herramientas objetivas como subjetivas
para evaluar la CF en las mujeres embarazadas aun es desconocida. Los principales objetivos
de esta Tesis Doctoral Internacional pretenden proporcionar una recopilacion de las pruebas
mas usadas y evaluar la utilidad y validez de IFIS en esta poblacion. La asociaciéon de la CF
objetiva y subjetiva con parametros de salud materno-fetal también se evalué. Para ello, se

realizaron 2 estudios:

El estudio 1 es una revision sistematica realizada en dos importantes bases de datos PubMed
y Web of Science, que incluye estudios que evalian uno o mas componentes de la CF en
mujeres embarazadas, y que responde dos preguntas de investigacion: 1) ¢Qué pruebas de
CF han sdio previamente realizadas en mujeres embarazadas) y 2) ¢, Qué validez, fiabilidady
asociacion con la salud materno-fetal tienen esas pruebas? La busqueda se realiz6 por 2
revisores independientes - en cada base de datos. La informacién de los articulos incluidos
fue resumida y analizada por un Unico investigador.

El estudio 2 es un estudio longitudinal que evalla la validez de constructo de IFIS y la relacion
de la calidad de vida en mujeres embarazadas. Una muestra de 159 mujeres embarazadas
rellené el cuestionario IFIS, realizaron el test de Bruce para la evaluacion de la capacidad
cardiorrespiratoria, un test de fuerza maxima de agarre manual con dinamémetro, “Back-
Scratch test” para evaluar la flexibilidad y el cuestionario SF-36 para evaluar la calidad de

vida.

Los principales hallazgos y conclusiones fueron: 1) La CF ha sido evaluada a través de una
gran variedad de protocolos, la mayoria sin datos de validez y fiabilidad. Ademas, no consiste
ningln consenso entre los tests mas adecuados a utilizar para mujeres embarazadas; 1) La

informacion respecto a la asociacion de la CF con la salud materno-fetal es escasa, aunque



lo publicado sugiere que niveles altos de CF podrian ser asociados con mejores resultados
de salud; 1ll) IFIS es una herramienta Util, simple y rapida para identificar tres niveles de
condicion fisisca (baja, mediay alta) en mujeres embarazadas: IV) IFIS es capz de discriminar
entre diferentes mujeres embarazadas con diferentes niveles de calidad de vida incluso mejor

gue la CF medida objetivamente.

Los resultados de esta tesis doctoral incrementan y mejoran la comprension acerca de la
evaluacion de la condicion fisica durante el embarazo, asi como la validez y fiabilidad de los

protocolos mas usados en esta poblacion.
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INTRODUCTION

1. The concept of physical fitness

Physical Fitness (PF) has been defined as the ability to carry out daily tasks with vigor
and alertness, without undue fatigue and with ample energy to enjoy leisure-time pursuits and
meet unforeseen emergencies®?. Physical fithess can be divided into health-related
components and skill-related components. (Figure 1) The health-related components include
cardiorespiratory fitness (CRF; the ability to perform large muscle, dynamic, moderate-to-
vigorous intensity exercise for prolonged periods of time), muscular fithess (strength, defined
as the muscle’s ability to exert a maximal force on one occasion; and endurance, defined as
the ability of the muscle to continue to perform without fatigue) and flexibility (the ability to
move a joint through its complete range of motion)*2. The skill-related components includes
agility (the ability to change the position of the body in space with speed and accuracy),
coordination (the ability to use the senses, such as sight and hearing, together with body parts
in performing tasks smoothly and accurately), balance (the maintenance of equilibrium while
stationary or moving), power (the rate at which one can perform work), reaction time (the time
elapsed between stimulation and the beginning of the reaction to it) and speed (the ability to
perform a movement within a short period of time).12

PHYSICAL FITNESS

HEALTH-RELATED COMPONENTS SKILL-RELATED COMPONENTS
[}

[
Cardio-respiratory Fitness ' Agility I ﬂﬁ\
t J — L.
Muscular Fitness o Coordination I “weche—
s Strength Balance I 4
" Endurance I é
Power
u Flexibilit
Y i Reaction Time I @
. Speed I Z"

Figure 1. The components of physical fitness. Elaboration by the autor



2. Therelation of physical fitness with health-related outcomes in different populations.

Physical fitness is considered a powerful marker of health that is associated with a lower risk
of cardiovascular events, cancer and all-cause mortality in all ages®~’. In particular, CRF, also
known as aerobic capacity or aerobic fitness, is the most widely studied health-related
component of PF. Compeling evidence demonstrate that moderate to high levels of CRF are
associated with a lower risk of all-cause and disease-specific mortality independently of sex
and other cardiovascular diseases risk factors such as age, blood cholesterol, blood pressure,
obesity, smoking status, family history of diseases, blood glucose and type 2 diabetes*#10, In
healthy individuals, low levels of CRF (e.g. <5 metabolic equivalent, (METs; a multiple of the
resting metabolic rate approximating 3.5 mL-kg—1-min—1)) are associated with high risk of
mortality®, hypertension, metabolic syndrome, and hypercholesterolemia®!. High levels of CRF
(e.g, >8 to 10 METs) was associated with increased survival*> and improved cognitive
functioning®® between the adult population. Among children and youth, higher CRF levels are
positively associated with more favourable cardiovascular and metabolic profiles4. Moreover,
small increases in CRF (eg, 1-2 METS) are associated with lower adverse cardiovascular
events including stroke, heart failure and cardiac surgery®. Higher CRF is also associated with
a lower risk of mortality individuals with hypertension, dyslipidemia®® and diabetes'®, and with

better results during the pharmacological treatment of cardiovascular diseases®?.

Muscular fitness (MF) is the second most frequently studied health-related component of PF.
Recent metanalyses have shown that higher muscular strength was associated with lower
cardiovascular disease all-cause mortality risks in healthy adults'”*8. Individuals with low levels
of MF present more difficulties to perform activities of daily living and greater loss of muscle
mass (sarcopenia)’. Higher levels of upper- and lower-body muscular fitness are associated
with a lower risk of mortality in adults, in particular, adults with higher knee extension strength
presenting a 14% lower risk of death'’. In outpatient populations with chronic diseases, low
levels of muscular strength was associated with a increased risk of mortality in patients with
cancer, critical illness, renal disease, metabolic and vascular diseases and chronic obstructive

pulmonary disease®.

The relathinchip of flexibility with health-related outcomes has not been studied in detail.
However, a recent systematic review has concluded that skeletal muscle stretching causes a
significant microcirculatory response, which alters conduit arterial blood flow, shear rate, and
the relationship between O: availability and O: utilization, thus flexibility might serve as a novel,
alternative, low intensity intervention to combat the age- and sedentary-associated decline in

cardiovascular function?.

For all of the above, assessing PF of wide relevance because it allows: (a) to inform individuals
about their PF levels in comparison with people of the same characteristics, (b) enable tailoring

13



of exercise programs, (c) provide baseline and follow-up data to evaluate the effects of
exercise interventions, (d) motivate individuals towards more specific physical

activities/exercise, and (e) help with people’s disease risk stratification?.

3. Physical fitness and the pregnant women.

3.1. PFduring pregnancy and health related outcomes

Pregnancy is characterized by different anatomical, biomechanical, physiological and
psychological changes??'22 which might compromise PF levels?*-?°, Several studies have
underlined the association of PF with maternal and neonatal health?¢-3, For instance, low CRF
levels are associated with higher newborn pH3* and arterial umbilical PO23*3*, higher maternal
heart rate®, higher risk of caesarea®, higher pre-pregnancy weight®’, poor postpartum
recovery?® and increased risk of gestational diabetes mellitus?:26, Pomerance et al.>” and
Wong et al.*® revealed that high CRF levels were associated with shorter labor duration, and
optimal duration of gestation (e.g, neither preterm nor posterm birth)3. Similarly, muscular
fitness has been positively associated with an optimal weight birth?6:3539, | astly, balance
deserves special attention since the center of gravity is ahead during pregnancy. Some studies
have indicated that pregnant women have poorer balance with back pain and a higher risk of

falling*.

Quiality of life is another important health-related outcome that is to be considered during
pregnancy, and is defined as “how well a person functions in their life and his or her perceived
wellbeing in physical, mental, and social domains of health’. Functioning refers to an
individual's ability to carry out some pre-defined activities, while well-being refers to an
individual's subjective feelings*4?. Health-related quality of life (HRQoL) might be
compromised during pregnancy*-% and although exercise interventions seem to improve
HRQoL*#7, the association of physical fitness with HRQoL in pregnant women has received

only limited attention?® .

Given the link between fitness and health during pregnancy, and the factthat PF is a modifiable
factor that can be enhanced through physical activity and/or exercise interventions in pregnant
women?8, assessing PF in this period of the women'’s life is of major clinical importance. The
assessment of PF is dependent on the aforementioned changes, setting, equipment available,
temporary and personnel availability. The PF components, previously cited, can be assessed
quickly and subjectively through questionnaires, objectively and accurately through laboratory

tests, and efficiently, economically and easily through field-based tests.

14



3.1. Objectively measured physical fithess

Despite the clinical and public health relevance of assessing PF during pregnancy, a specific
fitness battery for this purpose does not exist. In fact, a wide variety of fitness tests have been
used to assess PF During pregnancy, and a compilation of these tests has not been published
to date. Collecting all fithess tests performed in pregnant women would help practitioners to
select the most useful test according to their purpose. It is also important to note that, although
laboratory tests are generally the gold standard for assessing PF, these tests are not generally
accessible to everyone because they need sophisticated and expensive equipment, and it is
not possible to evaluate a relatively large sample in a short period of time. As an alternative, a
number of field test exist that provide an opportunity to assess PF in a more accessible way?.
However, there is no consensus on which fitness tests should be used to assess PF in
pregnant women, and the validity and reliability of many of the tests used to assess PF during

pregnancy is unknown*.

Since the assessment of PF in pregnant women requires special considerations to preserve
fetal and maternal health?>5%5! understanding which fitness tests are valid, reliable, and
associated with health-related outcomes, would provide a framework for improving PF
assessment during pregnancy and also for improving exercise prescription in this population
(Study 1).

3.2. Self-reported physical fitness

Objective assessment of physical fitness (e.g. either through laboratory or field tests) is not
always feasible due to time constraints in routine clinical practice, and the need of complex
evaluated tools or qualified personnel. Therefore, other forms of PF assessment, such as self-
reports might also be of interest. The International Fltness Scale (IFIS) is a self-reported
questionnaire that assesses the person’s perceived physical fitness levels and has been
suggested as a useful, quick, and inexpensive alternative to objectively measured physical
fitness assessment®2. In fact, several researchers have recommended the use of both
subjective and objective measures of physical fithess because it can provide information about
overestimation or unreal physical fithess levels®-%°. The IFIS has shown acceptable construct
and discriminant validity and reliability in different populations including children®s,
adolescents®’, young®? and older adults®®, and women with fibromyalgia®®. However, its validity
to discriminate different objectively measured physical fithess levels during pregnancy is
unknown (Study Il) Moreover, as the IFIS is a rather simple and quick-to-use tool that could be
implemented in clinical practice, it is of clinical interest to investigate whether IFIS can
discriminate between both objectively measured physical fitness and HRQoL levels in
pregnant women (Study II)

15
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AIMS

The main aims of this International Doctoral Thesis were to provide a compilation of the fitness
tests that have been used to assess PF in pregnant women and to assess the potential
usefulness of the IFIS in this population. The association of objectively measured and self-
reported PF with maternal and/or fetal health was also assessed.

The outcomes of this Doctoral Thesis are organized in two studies, based on the following

specific aims:

1. To compile the fitness tests that have been used to evaluate PF (ie, cardio-respiratory
fitness, muscular fitness, flexibility, balance and speed) in pregnant women (study 1).

2. To evaluate the validity and reliability of the fitness tests used to assess PF in
pregnant women and their relationship with health-related outcomes (study I).

3. To examine the construct validity of the IFIS to discriminate between different
objectively measured physical fitness levels in pregnant women (study II).

4. To assess the extent to which IFIS is able to discriminate between pregnant women

with different levels of HRQoL during the early second trimester of pregnancy (study II).

18



OBJETIVOS

Los principales objeitvos de esta Tesis Doctoral Internacional se centraron en realizar una
compilacion de los tests de CF méas usados en mujeres embarazadas, asi como su validez y
fiabilidad y evaluar la validez del cuestionario IFIS, en esta poblacion. La asociacion de la
condicion fisica objetiva y auto-reportada, también fue evaluada.

Los resultados de esta Tesis Doctoral, se organizaron en dos estudios que comprenden los

siguientes objetivos:

1. Describir qué tests han sido usados para evaluar la condicién cardio-respiratoria, la
condicion muscular, la flexibilidad, el equilibrio y la velocidad en mujeres embarazadas
(estudio ).

2. Evaluar la validez y fiabilidad de las pruebas para evaluar la condicion fisica en
mujeres embarazadas y su posible relacion con los efectosrelacionados conla salud materno-
fetal.

3. Determinar la validez de constructo de un cuestionario de fitness auto-reportado,
IFIS, para discriminar entre diferentes niveles de condicién fisica medida de de forma objetiva
en mujeres embarazadas (estudio I1).

4, Evaluar si el cuestionario IFIS es capaz de discriminar entre mujeres embarazadas

con diferentes niveles de calidad de vida durante el comienzo del primer trimestre.

19



20



%
69
/

o PRO ECT




METHODS

This doctoral thesis includes two studies with two different methodologies described bellow:

The first study (Study I) was a systematic review following the PRISMA protocol and using

validity, reliability and health-related outcomes quality scores.
The second study (Study Il) was a cross-sectional and construct validity analysis.

Study I: Assessing physical fitness during pregnancy: validity and reliability of fitness

tests, and relationship with health-related outcomes. A systematic review.

This systematic review was prospectively registered at PROSPERO (CRD42018117554;
available at http://www.i.ly/fS6a). In addition, the review followed the PRISMA explanation and

elaboration® and the PRISMA Checkilist ®* is included in anexes (anexe ).

Search Strategy

Articles were searched from two major databases, MEDLINE (PubMed) and the Web of
Science (WOS) from inception until January 2021. Two independent reviewers examined the
articles in each database following the same search strategy. The reviewers screened studies
conducted in healthy pregnant women (no restriction regarding gestational week) that included
at least one field-based or laboratory fitness test.

The complete search strategy is shown in detalil in table 1 for PubMed and table 2 for WoS.
For PubMed, we used Medical Subject Heading (MeSH) terms. This is a powerful method to
enhance the quality of the search. In addition, all MeSH terms were included without the
command MeSH attached, to consolidate our results and avoid losing those papers not
included in MeSH database. This is because some MeSH terms were introduced in a specific
date (e.g., ‘physical fitness’ was included in 1996). Hence papers published in a previous date
would be lost. The same process was developed with terms not available in the MeSH
database such as agility, aerobic capacity, etc. (see table 2) for search criteria and related
terms.

All terms were combined using the connector OR for similar criteria. The connector ‘AND’ was
used to combine population group (i.e., pregnant women), to delimit date of publication
("0001/01/01"[PDat]:"2021/01/15"[PDat], to include full text papers, and to include studies
performed in humans. A similar search strategy and terms combination was undertaken in
WoS although MeSH terms and its appropriate terms connection were not used as they are

exclusive for PubMed.
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Table 1. Search strategy used and number of articles found in Pubmed.
Search Strategy
("Pregnant Women"[Mesh] OR “Pregnant Women” OR "Pregnancy"[Mesh] OR “Pregnancy”) AND ("Physical Fi
“Physical Conditioning” OR "Exercise Test"[Mesh] OR "Exercise Test" OR "Fitness Trackers"[Mesh] OR “Fitness
or “Muscle Strength” OR “Muscular fithess” OR “Range of motion, articular’[Mesh] OR “Range of motion, articL
“Postural Balance” OR “Walk Test’[Mesh] OR “Walk Test” OR “Cardiorespiratory Fithess” [Mesh] OR “Cardioresp
speed” OR “aerobic fithess” OR “aerobic capacity” OR “maximal oxygen consumption” OR “V02max” OR “Phy
"0001/01/01"[PDat] : "2021/01/15"[PDat] ) AND Humans[Mesh]

Search criteria 1 MeSH
Entry Terms for Search criteria 2
Criterial
Pregnant Women Women, Pregnant Physical fithess (MeSH)
(MeSH) Pregnant Woman

Woman, Pregnant

Exercise Test (MeSH)
Pregnancy (MeSH)

23
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Fitness Trackers (MeSH)
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Muscle Strength (MeSH)

Muscle strength dynamometer
(MeSH)

Range of motion, articular (MeSH)

Postural Balance (MeSH)

Walk Test
(MeSH)



Cardiorespiratory fitness (MeSH)

Without filters: 1657
Total items With Humans filter: 1135
found With Full Text filter: 1388
With Humans & Full Text Filter: 930

The search recruited articles published until 15.01.21: no starting date limit was set for the search. MeSH (Medical Subject He
controlled vocabulary thesaurus used forindexing articles for PubMed

26



Table 2. Search strategy used and number of articles found in Web of Science
Search Strategy

TS=("Pregnant women" OR "pregnancy” OR "pregnan*') AND (("Physical
Conditioning" OR "Physical fitness" OR "Exercise Test*" OR "Arm Ergometry Test*"
OR "Bicycle Ergometry Test*" OR "Step Test*" OR "Treadmill Test** OR "Physical
Fitness Test*" OR "Cardiopulmonary Exercise Test*" OR "Fitness Tracker*" OR
"Physical Fitness Tracker*" OR "Activity Tracker*" OR "Personal Fitness Tracker*)
OR ("Muscle Strength" OR "Muscular Fitness" OR "Muscle strength dynamometer*”)
OR ("Joint Range of motion" OR "Joint flexibility" OR "Flexibility" OR "Range of
motion" OR "Passive Range of Motion™) OR ("Postural Balance" OR "Musculoskeletal
Equilibrium™ OR "Equilibrium™ OR "Postural Equilibrium”) OR ("Walk Test*" OR "6-
Minute Walk Test*" OR "Incremental Shuttle Walk Test*" OR "Endurance Shuttle Walk
Test") OR ("Cardiorrespiratory Fitness" OR "Cardiovascular Fithess OR “Aerobic
Fitness” OR “Aerobic Capacity” OR “Maximal Oxygen Consumption” OR “V02max")
OR (“Agility” OR “running speed” OR “aerobic fitness” ))

Total items found 1687

The search recruited articles published until 15.01.21 no starting date limit was set for the search.

The first step of the search was to look for systematic reviews and meta-analysis within the field
of this systematic review. Since there was no such article published regarding our topic, the
research team agreed on starting the search with no limit on the publication date. Then, an initial
search was undertaken in both databases following the strategy explained. The results from both,
were merged.

Inclusion Criteria for selected articles

The inclusion criteria were: 1) Healthy pregnant women, 2) At least one component of PF
assessed either through field-based or laboratory tests, 3) Access to full text, 4) Only one original
article from the same study/project using the same test were included, and 5) Text in English or
Spanish.

Quiality assessment of the articles

To assess the quality of the articles included for aim 2 of this doctoral thesis, we used three quality
scores.

The first quality score®?, was used to evaluate the quality of the articles that assessed validity.
This list included three items based on sample size, description of the article population and
statistical analysis to assess validity of each article. The validity quality score ranged from O to 6
(table 3). A score of 0-2 defined a very low-quality article; a score of 3-4 defined a low-quality

article; and a score of 5-6 defined a high-quality article.
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Table 3. Quality assessment criteria to evaluate validity and reliability studies.

Grading system

Grade Criterion

parameter
Number of study subjects 0 n<10

1 n=11-50

2 n>51
Description of the study
population regarding to 0 Less items than required for grade 1
age, sex, health status,
fitness levels, etc

1 At least age and week of gestation.

5 Age, week of gestation, health status and

fitness levels and more.

iﬁﬂzt;a:nat?iy;ﬁ dy 0 Those not included in grade 1

1 Error indexes or regression analysis

5 23 items of Bland-Altamn plot and or ANOVA

for repeated measurements

The second quality score % was employed to rate the studies that measured reliability (table 4). This
ranking was formed by four items based on description of the participants, the time interval, the
results and appropriateness of statistical analyses. Each item in both, was rated from O (the lowest
quality) to 2 (the highest quality). The reliability quality score ranged from O to 8. A score of 0-1
defined a very low-quality article; a score of 2-5 defined a low-quality article; and a score of 6-8

defined a high-quality article.

Table 4. Quality assessment criteria to evaluate reliability studies.

| Grading system parameter | Grade | Criterion
Description of the participants 0 Less items than required for grade 1.
1 At least age and week of gestation.
5 Age, week of gestation, health status and
fitness levels and more.
Description of the time interval 0 Interval unknown.
1 Vague and imprecise information about
interval.
5 Precise and complete description about
interval.
Description of the results 0 Less results presented than required for
grade.
1 Description of test-retest results or
description of the differences.
5 Description of test-retest results and

description of the differences.
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Appropriateness of

. 0 Only coefficient of variation
statistic

Everything between grades 0 and 2
1 (normally — but not always — correlation plus
an additional statistic).

At least paired statistics, ANOVA for
repeated measures (or non-parametrical
corresponding tests) or Bland- Altman
method.

The third quality score (table 5) was created to evaluate those studies that assessed association of
PF with health-related outcomes. We adapted a score previously used in the Effective Public Health
Practice Project (EPHPP) % which has been used in similar reviews %. The health-related outcomes
quality score ranged from O to 5. A score of 0-2 defined a very low-quality article, a score of 3-4
defined a low-quality article, and a score of 5 defined a high-quality score. Three quality scoreswere

calculated by counting the number of positive items.

Table 5. Quality assessment criteria to evaluate health-related outcomes studies.

Grading system parameter | Grade | Criterion

Description of the study sample

regarding to number of n < 25 and including less item than
participants, age, sex, health required for grade 1.

status, fitness levels, etc

N =26 and at least age and

1 gestational week.
Adequate assessment and 0 Items for grade 1 are not included
report of physical fitness test. within the article.
Validity and/or reliability reported of
1 test and detailed description of
testing protocol.
Adequate assessment of 0 Items for grade 1 are not included

health-related outcomes within the article.

Validity or reliability of the outcome
measure reported and/or

! measurement procedure
adequately described.
Adequate adjustment of 0 No adjustment was done.
confounders
1 Adjustment of confounders such as
age and sex were done.
Description of both number and
reasons to withdrawal and 0 No description included.
dropout.
1 Description included.
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Process and data extraction

After checking manually for inclusion/exclusion criteria in title and abstract of each
selected article, only the studies meeting all inclusion criteria were placed in a reference
manager software (Mendeley 2.2.1 2021, Mendeley Ltd). One folder was created for each PF
component, articles analyzing one single PF component were saved in each respective folder.
For articles analyzing more than one PF component a folder named “mixed” was created.

This process was done independently by both reviewers. Once this process was
completed, the reviewers discussed articles inclusion for final analysis. In the event of
disagreement between reviewers concerning the selection of any article, further discussion to
meet consensus was undertaken until resolved (there was no need of a third person).
Afterwards, a snowball search was performed. Finally, the extracted information reference, age,
sample size and fitness test description (in case of the three last parameters were shown) have

been summarized and collected in a table 6.



Table 6. Overview of studies included in the systematic review and description of physical fitness tests.

REFERENCE

(AUTHORS,
YEAR)

SAMPLE
SIZE (N)

GESTATION
WEEKS (SD) OR
RANGE IN WEEKS

MEAN AGE

(SD), OR

RANGE, IN

YEARS

FITNES

CARDIORESPIRATORY FITNESS

CYCLE-ERGOMETERPROTOCOL

31

Pomerance et
al., (1974)%

Erkkola,
(1976)°8

Morton et al,
(1985)¢7

Veille et al.,
(1985)¢8

Jovanovic et
al., (1985)%°

Wong &
mckenzie,
(1987)%¢

54

120

23

17

20

17.5-27

(2 weeks before
term)

40.15 (1.5)

35 (2)

37.1 (0.9)

3 time-points, (10-14;
22-24; 34-36)

35-37

20-26

28.5 (2.1)

31 (1)

28.5 (1.7)

29.13

Ad hoc, steady-
kpm.

1) Ad hoc, incre
450 kpm/min. 2,

Ad hoc, steady-
. mint for 6 min

Ad hoc, increme
50W for 10-15 n

Ad hoc, increme
50% VO2 max o

Ad hoc, increme
75 and 100 W f



Kulpa et al., 141 First trimester 18-34 Bruce protocol t
(1987)"°

Carpenter et 45 29 (3.7) 25.2 (3) Ad hoc, increme
al., (1988)"* 30 and 60W fol
fatigue.
Moore et al.,, 11 21.3 26.6 Ad hoc, increme
(1988)7 min to 60 to 759
Sady & 40 29.2 (3.9) 25.9 (3.3) 2 incremental te
carpenter, 60 W at 30%, 5(
(1988)7 increasing 10 W
Artal et al., 37 29.8 (0.5) 28.3 (1.8) Ad hoc, increm
(1989) increments of 2!
Humeet al., 30 NR 28 Ad hoc, steady-
(1990)" 20min.
Sady et al., 9 25.6 (3.0); 29 (4.9) Ad hoc, increme
(1990)7 30 and 60 W fc
incremental con
Field et al., 13 33+2 30 (4) Modified Balke
(1991)”
Rafla & 21 28-37 NR Ad hoc, increme
beazely, HR max (220-ac
(1991)™
Bung et al., 1 3 time-points, (24, 25 Ad hoc, increm

(1991)"° 28, 37) bpm.
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Young &
treadway,
(1992)%

Clapp et al.,
(1993)8

Lotgering et al.,
(1995)82

Artal et al.,
(1995)83

O’neill, (1996)%

Soultanakis et
al., (1996)%°

Manders et al.,
(1997)88

Kempet al.,
(1997)%

Mcgrath et al.,
(1999)%

120

33

11

20

12

23

41

33 (1)

16-39
3 time-points, 16.1
(1); 25 (0.7); 35 (0.6)

33.86011.46

35.8 (1.1)

27.1 (1.3)

29-32

33 (1)

3 time-points: 17.45
(0.45); 26.5 (0.2) and
37.15 (0.15)

29 (1)

NR

30.9 (0.7)

24.9 (2.18)

30.3 (3.3)

31.4 (1.5)

20-36

NR

29.4 (0.85)

Ad hoc, steady-
30 min.

Ad hoc, steady-
max for 30 min.

Ad hoc, increme
toincrease 10V

Ad hoc, increm
stage at 25, 50
volitional fatigue

1) Ad hoc, stea
hoc, steady-stal
steady-state tes

1) Incremental
increasing 25 W
hoc, steady-stat
60% VO2max at

Ad hoc, increm¢
at 50W, to incre

Ad hoc, increme
increasing 20 W

Ad hoc, steady
exercise brief (.
bpm, 2) 45 W to
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Brenner et al.,
(1999)8°

Macphail et al.,
(2000)%°

Heenan et al.,
(2001)°1

Kennelly et al.,
(2002)°2

Heenan &
wolfe, (2003)*2

Wolfe et al.,
(2003)°4

Lindgvist et al.,
(2003)%

Lynchet al.,
(2003)%¢

20

23

28

22

22

18

14

23

27.0 (1.0) and 37.0
(1.0)

32 (4)

34.7 (0.4)

32.1 (1.4)

37.0 (0.2)

3 time-points: 19.2
(0.8) 27.8 (0.3) 37.0
(0.3)

5 time-points: 8, 15,
22,29 and 36.

16, 20, 24, 28, 32, 36

29 (3.35)

20-40

30.8 (1.5

25.9 (4.9)

29 (1.1)

28.3 (0.25)

29 (5)

28.7(4)

Ad hoc increme
resistance, then
of 18.

Idem Kempetze

Idem Kempet:

Ad hoc increme
increasing 10 W

1) Ad hoc, increl
Then, to increa
incremental rar
30-sec periods t

Ad hoc increm
resistance. The
RPE of 18.

Ad hoc increm
resistances. Th
max or pulse ox

Ad hoc incren
resistance. Ther
stages to 130 :
beats/min.
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Heenan et al.,
(2003)°7

Pirhonen et al.,
(2003)°8

Kardel, (2005)%°

Mcauley et al.,
(2005)100

Weissgerber et
al., (2006)1

Jensen et al.,
(2007)12

Jensen et al.,
(2008)103

Kardel et al.,
(2009)104

39

14

41

14

11

22

15

40

37.0 (0.2)

5 time-points: (8, 15,
22, 29, 36)

17, 30, 36

17.05 (2.05)

3 time-points: 19.7
(1.2), 28.2 (0.3), 36.3
(0.3)

34-38

35-37

28.5 (1.4)

29.2 (4.6)

27.7 (1.95)

29.9 (0.85)

25-40

30.9 (0.9)

30.6 (1.0)

20-40

1) Ad hoc increr
Then, to increa:
incremental ran
30-sec period. (

Ad hoc increme
2 min. Then, to |
to 85% HR max

Ad hoc, increm¢
W, 100 W and 1
work maximally
min stages.

Ad hoc increme
min at 20 W at ¢
170 bpm or volit

Ad hoc increme
Then, increasin
bpm.

Idem test 1 of H

Ad hoc increm
period. After 25
the point of volit

Ad hoc increme
to increase (8-1
maximal load.



36

Ong et al.,
(2009)05

Thorell et al.,
(2010)0e

Rojas-vega et

al., (2011)17

Thorell et al.,
(2015)%8

Kim et al.,
(2015)18

Nakagaki et al.,
(2016)©°

Jedrzejko,et al.,
(2016)110

Sussman et al.,
(2019)111
Purdy et al.,

(2019112

Bilodeau et al.,
(2019)113

12

520

20

520

32

20

22

23

63

58

2 time-points: 18 and
28.

4 time-points: 10.9,
24.0, 29.7, 36.5.

34+1.6

10.9

13-35

25.1(6.3)

37-41

2 time-points: 14-15
and 33-34 gw

4 groups: 10-12, 20-
27, 30-37

3 time-points: 16.5
(2.0), 35.6 (0.9); 39.8
(1.1) gw

30 (4)

29.0 (4.4)

35.2 (3.6)

29.6

24.8 (2.5)

33.7(4.2)

24.4 (3.92)

30 (3)

30.5 (4.5)

30 (3.7)

Ad hoc, increme
to 75 % HR Ma

Ad hoc incremel
on previous leve

Ad hoc increme
speed for 2 min.
to 150 bpm.

Idem Thorell et |

Ad hoc, steady
standing 2) ped:

Ad hoc, increm
bpm or impossit

Ad hoc, increm
divided into thre
25Wto 75 W.

YMCA protocol.
60-80% HRwmax C

Ad hoc, increme
25 W at 50 rpm
same speed to \

Modified Bruce |



Matenchuk et 47 4 groups: NR Ad hoc, increme
al., (2019)14 nonpregnant; 15t min. Then, to in
trimester, 2"
trimester, 3
trimester
Correaetal., 48 2 time-points: 18; 36 NR Ad hoc, increms
(2020)**° gw. min. Then, to in
or HRwax (220-a
Bijl et al., 40 11 (1) NR Ad hoc, incren
(2020)116 ergometer for 3-
rpm at 25 W foll
70% HRmax (Tan
TREADMILL PROTOCOL
Sibley et al., 13 2 time-points: 21.9 24.3 (1.4) Balke protocol t
(1981)* (2.3); 33.9 (2.3)
Veille, (1985)¢8 17 35 (2) 31(1) Ad hoc, increme
HRwmax (no equat
Lewis et al., 28 2 time-points: 22 wg 27.8 (3.3) Modified Balke |
(1988)18 and 30 wg
Artal et al., 37 30.3 (1.9) 25.9 (2.5) Modified Balke |
(1989) ™
Clapp, little & 120 16-39 NR 1) Ad hoc, steac
capeless, min. 2) ldem at
(1993)8!

37
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Winn et al.,
(1994)1°

Marquez-
sterling et al.,
(2000)120

Santos et al.,
(2005)2

Yeo et al.,
(2005)*22

Mottola et al.,
(2006)'

Davenport, et
al., (2008)*24

Oliveria et al.,
(2012)'»

Ruchat et al.,
(2012)%6

Szymanski,
(2012)*%7

12

15

72

156

106

187

44

45

26-36

19.1 (2.15)

17.9 (3.6)

19 (5)

16-22

16-20
3 time-points: 13, 20,
28.

2 time-points: 16-20
and 34-36

30.4 (1)

32 (4)

29.5 (3.1)

27.3 (4.65)

30 (3)

30.8 (3.7)

20-39

24.7 (5.5)

30.8 (4.2)

33.36

Modified Bruce |

Ad hoc increme
min. Then, incre
150 bpm.

Ad hoc, increm
grade to AT.

2 Cornell Proto
systems (VO20

Modified Balke
(predicted) = (0.
speed (mph)) +
test at 3 mph f
every 2 min. Mée
increasing spe
fatigue.

Modified Balke

Modified Balke |

Modified Balke |

Modified Balke |



Salvesen et al.,
(2012)28

Mottola et al.,
(2013)'*

Bisson et al.,
(2013)%

Lemoyne et al.,
(2014)»

Bisson et al.,
(2014)10

Marshall et al.,
(2015)3

Santos et al.,
(2016)*%

Hesse et al.,
(2018)*3

Baena-garcia et
al., (2020)%

Dobson et al.,
(2020)34

40

65

67

61

51

28

25

127

22

25.5

35.7 (0.4)

16

1st trimester, 2nd
trimester, 3rd
trimester

16 (0.6)

3 time-points: 20, 32

30.51 (3.3)

22.1 (1.4)

16

3 time-points: Early-
(13-18 gw), mid-
(24-28 gw) and late-

32

33.5 (0.7)

29.9 (4.5)

29.6 (5.5)
30.1 (3.1)
32.3 (3.7)
30.0 (4.5)

29.2(5.3)

26 (6.9)

30 (3.6)

32.9 (4.6)

31.4 (3.7)

Ad hoc, increme
speed in periods

Ad hoc, steady-
warm-up increa:

Modified Balke

Ebbeling single-

Modified Balke

Ad hoc, increm
3.21 km/hfor 5
and grades sel
and vigorous (jo

Modified Balke

Bruce protocol

Modified Bruce

Submaximal inc
during 21-min o
2% grade, to inc

39



pregnancy (34-37
gw).

ON TRACK

Bung et al., 1 3 time-points (24, 28, 25 Ad hoc, maximz
(1991)"° 37) m on track
Dassilva et al., 74 37 21.5 6-minute walk te
(2010)%
Ramirez-vélez 64 2 time-points: 18.6 19.5 (2.3) 6-minute walk te
etal., (2011)%3¢ (3.4) and 16 weeks

later.
Hjorth et al., 304 25.0 (7.3) 23.0 Ad hoc, steady:-
(2012)%%7 level at their nor
Price et al., 62 5 time-points: 12-14, 29.05 Ad hoc test walk
(2012)% 18-20, 24-26 and comfort zone

30-32 distance) / time.
Radzikowska et 45 3-7 24-36 6-minute walk te
al., (2017)3
Oviedo-caro et 134 20 325 (4.2 6-minute walk te
al., (2018)*
Dennis et al., 300 37 (1.3) 31 (4.2 6-minute walk te
(2019)140
Amola et al., 34 3rd trimestre 25.1 (7.5) 6-minute walk te
(2019)41

40




Birnbaumer et 39 26 (7) 26 (3.4) Ad hoc, increme

al., (2020)42 was paced by ¢
Then, to increa
were unable to \

STEP PROTOCOL

Dibblee & 16 3 time-points: (the 23-31 Canadian Ho

graham last month of each

(1983)142 trimester)

Williams, reilly 16 (10 First, second and 25.6 (3.6) Ad hoc, increme

et al. (1988)144 pregnant third trimester. min.

and 6 non-
pregnant)

Melzer et al., 44 38.27 31 (5.6) Ad hoc, increme

(2010)4 (rate of change
was calculated
frequency (nur
expressed in J/r

MUSCULAR FITNESS

Baker & 200 NR 28-32 Hand Grip Sy

johnson inflated cuff of ft

(1994)146

41




42

Rogers &
tomilson
(1998)147

Feiner et al.
(2000)48

Gutke et al.,
(2008)4°

Thorell et al.,
(2010)208

O’connor et al.,
(2011)%0

Hjorth et al.,
(2012)*%7

Price et al.

(2012)®

Bisson et al.
(2013)?¢

20

34

301

520

32

304

62

65

NR

22-36

12-18

1 time-points: 10.9

21-25

25.0 (7.3)

5 time-points: 12-14,
18-20, 24-26 and
30-32

16

5times: 12,
18, 24, 30,
36

22-35

29

29.0 (4.4)

18-38

23.0

29.1

29.9 (4.5)

Hand Grip Sphy
2-min.

Isometric Hand-
one-third of MV(

1) Maximal volt
fixed sensor hol
for 5 sec during
back flexors enc
fora maximum

Sit-up test. Supi
and the feet fle
without arest or
of 15 repetitions

Ad hoc 5 tests:
extension; (4) L:

Hand-Grip max
non-dominant si

Ad hoc test. Lift
waist height as |

Hand-Grip max
non-dominant si
dynamometer.
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Atay et al.,
(2015)%2

Petrov et al.,
(2015)*%?

Wickboldt
(2015)153

Kalliokoski et
al. (2016)%4

Ngakaet al.
(2016)*%°

Rodriguez-diaz
etal., (2017)%%¢

Zelazniewicz,
(2018)*°

Takeda et al.,
(2019)*%7

37

92

43

51

50

105

95

21

2 time-points: 20 and
32

2 time-points: 13 and
35
32 (4)

NR

>37

24-30

3 time-points (once
in each trimester)

22 and 23.25 gw.

29.6 (5.9)

30.7 (3.5)

37-42

28.3(6.4)

28.8 (5.7)

32.2 (4.7)

29.6 (3.4)

32 (3.3)

Hand-Grip maxi

Hand-Grip isom

Hand-Grip ma
contraction.

1) Hand-Grip r
each hand.

2) Ad hoc ur
movements: a)
one leg for 30
evaluated able ¢

Hand-Grip maxi

Hand-Grip maxi

Hand-Grip max
non-dominant si

1) Toe grip dy
fixed to the legs
assess quadrice
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Baena-garcia et 156 16 32.9 (4.6) 1) Hand-grip m
al., (2020)%* non-dominant si
them.
2) 30-sec Chair
Yenisehir et al., 167 Second and third 28.4 (4.6) 5 Times Sit to
(2020)18 trimester. maneuver as fa
chest.
FLEXIBILITY
Gilleard et al. 21 4 time-points: 18 or 21-40 3 tests measur:
(2002)*%° less, 24, 32, 38 System: 1) Seat
and standing sic
Marnach et al. 46 3 time-points: 8-12, 28.8 (0.8) Wrist flexion-ex
(2003)160 16-22, 34-36. goniometer
Garshasbi et al. 212 17-22 26.4 (4.7) Side bending te:
(2005)161
Riceet al., 62 5 time-points: 12-14, 29.1 Sit-and-reach te
(2012)% 18-20, 24-26 and
30-32.
Lindgren et al. 200 3 time-points: 11, 24 28.4 (5.9) Ad hoc machine
(2014)e2 and 36. finger.
Atay et al., 37 2 time-points: 20 and 29.6 (5.9) Back scratch te:
(2015)*** 32,




Rodriguez-diaz
et al., (2017)%%¢

Cherni et al.,
(2019)2

Baena-garcia et
al., (2020)*

105

17

156

24-30

3 occassions: first,
second and third
trimester

16

32.2 (4.7)

36 (2)

32.9 (4.6)

Isquiosural flexi

4 tests measl
Extensometer c
index. 2) Figert
reach the floor v
adapted on deliy

Back Scratch

STATIC BALANCE

STABILOMETRY —ON FORCE PLATFORM OR PRESSURES PLATFORM

45

Butler et al.,
(2006)164

Ribas et al.,
(2007)15

Nagai et al.,
(2009)1c6

12

60

43

3 time-points: 11-14,
19-22, 36-39

3 time-points: 1) Up
to 12 week 2) 13-24
3) Upwards of 25
week.

30.3 (0.8)

32.9 (5.5)

23.3 (4.8)

33 (0.65)

Standing with ey
3 trials. 1 piece. |

Standing with biy
pieces at 40 Hz.

Standing with fe
fixedat a 1.5 m ¢
for 1 min each. 1
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Oliveira et al.,
(2009)*67

Karadag-sayqgi
et al., (2010)268

Yu et al.,
(2013)°

Ersal et al.,
(2014)7°

7opala-berdzik
etal., (2014)*"*

Opala-berdzik
etal., (2015)!72

Ozturk,
(2016)1"®

Shibayama et
al., (2016)1"

20

35

21

69

31

45

68

161

3 time-points: 15.1

(1.8); 24.0 (2.4); 34.5

(2.5)

33 (3)

NR

2 time-points: 20.9

(1.2) and 35.8 (1.5)

36.2 (1.2)

2 time-points: 13.1

(2.5) and 36.2 (1.2)

31.5 (4.73)

28-33

28.7 (6.2)

29.8 (4.5)

30.2 (3.05)

28.3 (5.0)

28.2 (3.6)

28.2 (3.6)

30.3 (3.6)

33.3 (4.7)

Standing with 4
between them: 1
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Ad hoc: test designed specifically for that study; NR: Not reported; PFS: Physical Fithess Score; kpm: kilopoundimetel
Heart Rate; VO2 max: oxygen consumption maximum; RPE: rate of perceived exertion; AT: anaerobic threshold; MHR:
coefficient; MVCF: maximal voluntary contraction force; HGS: hand-grip strength; m: meters; mm: millimeters; FP:
revolutions per minute: GW: gestational week; Hz: herzios; CM: centimeters; KG: kilograms; REPS: repetitions; MPH : |
kilometers/hour; VT: ventilatory threshold
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Study II: International Fltness Scale -IFIS: Validity and association with health-related
quality of life in pregnant women.

Study design and sample

Pregnant women included in this study are part of the baseline evaluation of the GESTAtion
and FITness (GESTAFIT) Project carried out in Granada (Spain). Briefly, the GESTAFIT
Project is a quasi-experimental study with a supervised concurrent physical exercise
intervention in groups with moderate-to-vigorous intensity, 3 days/week, 60 min/session, from
the 17" gestational week until the delivery day. The full methodology has already been
published elsewhere?®. A total of 222 women were invited to participate at their 12th gestational
week through the Gynaecology and Obstetrics Unit of the “San Cecilio” and “Virgen de las
Nieves” University Hospitals (Granada, Spain). Of them, 159 women met the inclusion criteria
and were assessed at the 16" (+2) gestational week. For this specific cross-sectional study,
only pregnant women with complete data in all the variables analysed here were included. This

study was performed between 2015 and 2018, and the analyses were performed in 2018.
Ethical issues

The Ethics Committee on Clinical Research of Granada, Regional Government of Andalusia
(Spain) reviewed and approved this study (code: GESFIT-0448-N-15), which followed the
ethical guidelines of the Declaration of Helsinki, lastly modified in 2013.

Variables assessed
a) Weight and height

Body weight was measured using a body weight scale (model 803, Seca, Ltd). Height was
measured using a stadiometer (Seca 22, Hamburg). Body Mass Index (BMI) was calculated
[BMI = Weight (kg) / Height (m2)].

b) Sociodemographic and lifestyle characteristics

All women completed an initial and general anamnesis with questions regarding age, marital
status, living with partner or not, educational level, number of children and some life-style habits

like tobacco or alcohol consumption.
c) Self-reported physical fithness

Self-reported physical fithess was measured through the Spanish version of the IFIS®?
guestionnaire. The IFIS comprises five questions asking participants to rate their physical
fitness in comparison with the average person of the same age in a Likert scale with the

L] LI T} ”

categories “very poor”, “poor”, “average”, “good” or “very good”. There is 1 question about
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overall physical fitness, and 4 questions about its specific components (i.e. CRF, muscular
strength, speed/agility, and flexibility) and it can be completed in just one minute. This
guestionnaire has been validated in European adolescents®?, Spanish children®®, young
adults®®, older adults®®, women with fibromialgia®®, and Colombian adolescents®’. The
guestionnaire is available in differentlanguages at the website of the PROFITH research group:
https://profith.ugr.es/ifis (anexe 2)

d) Objectively measured physical fitness

All the tests that we employed to assess PF in pregnant women are secure and feasible and
have been previously validated in adults. Muscular strength, flexibility and CRF were assessed
in this respective order with the objective of preventing induced fatigue, which might potentially
influence the results. Speed-agility was not assessed because of its potential risk for pregnant

women.

Cardiorespiratory Fitness

The Bruce test is an incremental, multistage, continuous treadmill test for measuring,
predicting, and evaluating maximal oxygen intake. In this upright test, there are progressive
increments in the workload every 3 minutes to individually determine limits of maximal possible

exertion. This test has been shown to be safe and easy to administer to pregnant women?2°7208,

Upper-body muscular strength

The upper-body muscular strength was measured through handgrip strength with a digital
dynamometer (TKK 5101 Grip-D; Takey, Tokyo, Japan), following the protocol described by
Ruiz et al.?®. The test was performed twice for each hand, with a rest of 30 seconds when
alternating hands. The best value for each hand was selected, and the average value between
right and left hand was calculated. Nowadays, this test is widely used and is a gold standard of

muscle strength measure?®.

Flexibility

The upper-body flexibility was measured with the back-scratch test, in which the participants
place one arm over their head towards their back and the other arm towards their back from
their waist and attempt to touch their hands. Then, the distance between the two middle fingers
is measured with a tape measure (cm) to determine the range of motion of the shoulder. The
total score is obtained by calculating the average of the best attempt for each hand?°.
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e) Health-related quality of life

The Spanish version of the Short-Form Health Survey-36 (SF-36)?!! was used to assess
HRQoL. This scale has been developed by RAND Corporation (Santa Monica, CA)?*?, and it
has been validated and translated into Spanish?l. This questionnaire has been used in
previous studies to evaluate the HRQoL during pregnancy??213-215, The 36 items of the SF-36
measure eight health domains: 1) physical functioning (10 items); 2) physical role (4 items); 3)
bodily pain (2 items); 4) social functioning (2 items); 5) mental health (5 items); 6) emotional
role (3 items); 7) vitality (4 items), and 8) General Health perception?'1?12, These 8 domains are
grouped in two overall scores: physical component summary (physical function, role-physical,
bodily pain, and general health) and mental component summary (vitality, social function, role-
emotional, and mental health). The scales range from O to 100, where higher scores mean
better HRQoOL 23216,

Statistical Analysis

The validity of the IFIS to discriminate between objectively measured physical fithess levels in
pregnant women (objective 3) was assessed by a one-way analysis of variance (ANOVA) with
the corresponding objectively measured physical fithess component as outcome variable, and
its IFIS self-reported counterpart as fixed factor. Post—hoc group comparisons with Tukey’s
correction were applied to assess the differences in objectively measured physical fitness
across IFIS categories. To account for the “overall fitness” question of IFIS, a clustered score
of measured physical fithess was computed as the average of the standardized scores ([value-

mean]/SD) from the 3 objective fitness tests (Bruce test, hand grip, and back-scratch test).

To assess the extent to which IFIS and the different fitness tests are able to discriminate
between pregnant women with different levels of HRQoL (objective 4), a lineal tendency
ANOVA test and a linear regression was used with the SF-36 components as dependent
variables and the different self-reported fithess variables as independent. The same statistical
treatment was conducted/performed with the objectively measured physical fitness. The
statistical analyses were performed with Stata v.13.1 (Stata Corp LP., Texas, USA), and the

statistical significance was set at p<0.05.
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RESULTS

The results of 2 studies comprising the present Doctoral Thesis are presented below.

Study I: Assessing physical fitness during pregnancy: validity and reliability of fitness

tests, and relationship with health-related outcomes. A systematic review.

A comprehensive PRISMA flow diagram is presented in figure 2. This diagram shows articles
excluded, articles by outcomes, and articles that analyzed validity, reliability, and association

with health-related outcomes.
Overall results, quality assessment and gestational week.

Our review identified 2617 studies, of which 149 fulfilled inclusion criteria (Figure 2). These
articles contained a sum of 191 fitness tests, using 149 different protocols that were included
to answer objective 1. A comprehensive scheme of the fitness tests and the different protocols
performed to date, divided by PF component, is presented in figure 3. A summary of the
number and percentage of articles that assessed PF during pregnancy and protocols used for

its assessment, divided by PF components, is presented in table 7.

With regards to aim 1, a total of 99 tests (that included 75 different protocols) were used to
assess cardiorespiratory fitness, 28 tests (that included 16 different protocols) were used to
assess muscular fitness, 14 tests (that included 13 different protocols) were used to assess
flexibility, 45 tests (that included 40 different protocols) were used to assess balance, 2 tests
using the same protocol to assess speed, and 3 tests using the same protocol were
multidimensional. No results were found for other PF components such as agility or

coordination.

We identified a limited number of articles related to aim 2. A total of 19 articles (13% of the
total number of included articles) either assessed validity (n=4 tests) or reliability assessment
(n=5 tests) of fitness tests, or the relationship of PF with health-related outcomes (n=16). Of
these 16 articles, 11 were classified as very low quality 31.34:36:39.153,162,166,182.217.218 gnd 5 were
classified as low quality 26:38:39.173.204 - Of the 3 articles 122123203 that assessed validity, 2 articles
were classified as low quality *?22%% and 1 as high quality 2%, Of the 4 articles that assessed
reliability criteria, 3 were considered high quality 122158202 gnd 1 low quality '#° (table 8).

The gestational week at PF assessment ranged from 8 to 41 across articles. Some articles
assessed PF several times throughout pregnancy; therefore, we divided pregnancy into two
stages. Early pregnancy (i.e., from week 0 to week 20 of gestation) and late pregnancy (i.e.,
from week 21 to week 40). Using this approach, 11 articles (7%) were performed in early
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pregnancy; 57 articles (38%) were performed in late preghancy; 55 articles (37%) were
performed several times (i.e., range 2 to 5 times) throughout pregnancy; 7 (5%) articles
specified a range of weeks that included early to late pregnancy; 14 articles (9%) reported only
the trimester without specifying gestational week; 4 articles (3%) provided no information, and
1 article (1%) was performed on the day of labor. (table 6).
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Records identified through PubMed
database searching
(n = 930)

Records identified through WoS database

\

Papers identified in the search
(n= 2617)

searching
Excluded duplicated articles

(n = 1687)
> (n =565)

!

Records screened

Records excluded after checking
title and abstract

(n = 2052)

A 4

Full-text articles assessed

(n = 189)
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v

(n = 1862)

Full-text articles excluded, with
reasons

1.- Physical fitness not assessed
or insufficiently described (n=20)
2.- Not original article (n=11)

3.- Fitness not assessed during
pregnancy (n=4)

4.- Identical data derived from the
same research project (n=5)

Articles included to address objective 1: Articles included to address objective 2:
Fitness tests have been used to evaluate » | Validity, reliability and health-related outcomes
fitness (n = 19)
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!

Physical fitness tests included in 149 articles: (n =191)

Physical fitness tests included in 19 articles: (n = 23)

Figure 2. Flow chart of the literature search and paper selection process.
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Table 7. Number (%) of articles that assessed the differentcomponents of physical fithess during pregnancy and protocols
used for its assessment.

TOTAL CRF MF Flexibility Balance Speed Multidimensional
F'tte';‘fss 191 99 (52) 28 (15) 14 (7) 45 (24) 2 (1) 3(0)
Protocols 149 75 (50) 16 (11) 13 (9) 40 (29) 1(0.5) 1(0.5)

CRF: Cardio-respiratory fitness; MF: Muscular Fitness

The gestational week at PF assessment ranged from 8 to 41 across articles. Some articles
assessed PF several times throughout pregnancy; therefore, we divided pregnancy into two
stages. Early pregnancy (i.e., from week O to week 20 of gestation) and late pregnancy (i.e.,
from week 21 to week 40). Using this approach, 11 articles (7%) were performed in early
pregnancy; 57 articles (38%) were performed in late pregnancy; 55 articles (37%) were
performed several times (i.e., range 2 to 5 times) throughout pregnancy; 7 (5%) articles
specified a range of weeks that included early to late pregnancy; 14 articles (9%) reported only
the trimester without specifying gestational week; 4 articles (3%) provided no information, and
1 article (1%) was performed on the day of labor.

Cardiorespiratory fitness
a) Tests used

We identified 99 tests assessing CRF, of which 61 (62%) were performed on a cycle-
ergometer, 25 (25%) on treadmill, 10 (10%) on track and there were 3 (3%) step protocols. Of
the 99 tests, a total of 75 corresponded to different protocols. For instance, there were 56
different protocols using cycle-ergometer, distributed as follows: only one article used the
Arstila test **; one used the Bruce Protocol at 75% HRmax '%; one applied the Modified Bruce
ramp protocol at anaerobic threshold !3; two employed the Modified Balke protocol at 70%
HRmax "85 one used YMCA protocol '!'; and the remaining articles (n=55) used ad-hoc tests
(i.e. specifically designed for the purpose of the investigation); 11 of which
67,75,80,81,85,108,217,219,220 used Steady-state tests and 44 34,36,38,68,69,71-74,78,79,82,83,85-87,89-101,103-106,109—
116.221-224 ysed incremental tests. When analyzing the type of test based on intensity, we found
that 13 articles used maximal tests 74:86.87.90-92,99,103.104.112-114.222 * 37 sybmaximal tests 34:36-38.67-
69,72,78-83,89,94-98,100,101,105,108-111,115,116,220,223,225,226 and 3 Used mixed tests 71,85,221 Containing

submaximal and maximal stages within the same protocol.

There were 25 treadmill tests that used 14 different protocols, distributed as follows: the
Modified Balke protocol was used in 10 articles 26:74118123-126,130,227.228. the Modified Bruce

protocol in 2 articles 3:11°; and the traditional Balke protocol -twice in the same article- 22%; the

61
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traditional Bruce protocol 33, the Cornell protocol %2, the SWET protocol and the Ebbelling
single-stage protocol 2° were each used in 1 article. There were other 7 ad hoc tests of which
2 were steady-state 812 and 5 were incremental tests 68.120.128.131.207 = According to intensity,
3 were maximal tests 128129207 gnd 4 submaximal tests 6881120131,

Of the 10 tests on track, 6 articles performed the 6-minute walk test protocol 135:136.138,140,141,230
and 4 were ad hoc tests (i.e. 1 maximaland 4 were submaximal). In regards to the 3 step tests,
1 Canadian Home Fitness test 4 was used and 2 ad hoc incremental submaximal tests were
Used 144,218_

b) Reliability and validity

We identified 2 articles examining validity 12212, Yeo et al. 1?2 aimed to validate a portable
metabolic testing system (VO2000) on healthy sedentary pregnant women. The VO2000
consistently overestimated VO: measurements, compared to the same manufacturers
reference system, by 4.4+3.6 standard deviation (SD) ml/kg/min although the Pearson
correlation was significant (r=0.48; p=0.01). When VO2000 was used twice, the mean
difference was statistically significant (1.0+1.8 ml/kg/min; t(45)=3.9, p<0.001). Mottola et al. 123
provided a prediction equation for VOzpeak in pregnant women between 16 and 22 weeks of
gestation, using a modified Balke protocol. The results of this equation revealed an adjusted
R2? of 0.71 (p value not reported). When the authors used this equation to predict VOzpeak in a
cross-validation group (n=39), they found a predicted value of 23.38+4.03 mLxkg *xmin?,

while the actual value was 23.54 + 5.9 mLxkg “*xmin? (p value not reported).
c¢) Relationship with health-related outcomes

Atotal of 6 articles analyzed the association of CRF with health-related outcomes. Pomerance
et al. 27 observed that VO2zmax was inversely associated with the length of labor in multiparas
(r=-0.65; p=0.001) and pre-pregnancy weight (r=-0.63; p=0.001). However, VO2zmax was neither
correlated with newborn weight, length, or head circumference, nor with the one-minute Apgar
score (all p>0.05). In the same line, Wong & McKenzie 3¢, observed that fit mothers showed
lower HR at submaximal exercise intensity (p<0.05) and the second stage of labor was shorter
(no statistics reported) compared to unfit pregnant mothers. However, there was no difference
between fit and unfit in the length of gestation or weight gained (no statistics reported). In the
same article, the authors showed neither positive nor negative effect of maternal fithess on

newborn weight or Apgar scores.

In addition, Erkkola et al. 3* found that newborn from fit pregnant women had higher pH than
fetuses of less physically fit women (p<0.01). In this article, participants with low physical
performance were more likely to have asphyxiated neonates than neonates of physically fit
women (p<0.05). In the same line, Baena-Garcia et al. 3! observed that maternal CRF at the
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16th gestational week was related to higher arterial umbilical cord POz (r=0.267, p<0.05), and
women who had caesarean sections had significantly lower CRF compared with the women
who had vaginal births (p<0.001).

On the other hand, Bisson et al. ?® studied the association of CRF in early pregnancy with
physical activity before and during early pregnancy. The authors found that a higher VO 2 peak
in early pregnancy was positively associated with physical activity spent at sports and exercise

before and during early pregnancy (p<0.001).
Muscular fithess
a) Tests used

Atotal of 28 tests (i.e., 14% of all included articles) that included 16 different procols assessed
muscular fitness, of which 10 performed maximal hand-grip strength tests 26:30.31.39,137,151-156 = 3
performed endurance hand-grip test, 2 for 3-min 146148 gnd 1 for 2-min period *’. In 2 of the
articles conducting an endurance hand-grip test 146147 the equipment used was a hand grip
sphygmomanometer instead of dynamometry. On the other hand, 1 used hand-held
dynamometer fixeda chair to assess quadriceps strength **” and 1 used toe-grip dynamometer
157 Moreover, 2 ad hoc isometric tests were used to assess maximal voluntary hip extension
and back flexors endurance in the same article 23. Finally, 13 dynamic endurance tests were
found, 9 were listed as ad hoc tests 3010154 and other 3 (30-sec Chair Stand Test, 5 Times Sit

to Stand test, Trendelenburg’s test) were classified as others dynamic tests 31154158,
b) Reliability and validity

Only 2 muscular fitness tests assessed reliability 149158, Yenisehir et al. 1% analyzed reliability
and validity of Five Times Sit-to-Stand. Inter-rater reliability was excellent for subjects with and
without pelvic girdle pain (ICC = 0.999, 95% CI =0.999-1.000; ICC = 0.999, 95% CI = 0.999—
0.999, respectively). Test-retest reliability was also very high for subjects with and without
pelvic girdle pain (PGP) (ICC =0.986, 95% CIl = 0.959-0.995; ICC =0.828, 95% CI = 0.632—
0.920, respectively).

On the one hand, Gutke et al.'*® analyzed the reliability for an ad hoc test. This test consisted
in a maximal voluntary isometric hip extension with a fixed sensor holding a sling around the
thigh and pulling for 5 seconds during 3 reps with 5-10 seconds of rest (r=0.82 for the right leg
and r=0.88 for the left leg; ICC=0.87 for the right leg and 0.85 for the left leg; with p value no
reported).
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¢) Relationship with health-related outcomes.

The hand-grip strength has been associated with neonatal outcomes. Bisson et al.? observed
that hand-grip strength was positively associated with infant birth weight (r=0.34, p=0.0068)
even after adjustment for confounders (r=0.27, p=0.0480). Accordingly, Zelazniewicz et al. *°
observed that hand-grip strength was associated with offspring birth weight when controlled
for the newborn sex and gestational age at delivery (F(2.182)=3.15; p=0.04). Baena-Garcia et
al. 3 found greater hand-grip strength weakly associated with greater neonatal birth weight (r
= 0.191, p<0.05). On the other hand, Wickboldt *** found that hand-grip strength was
moderately correlated with pain scores. Mean hand-grip strength during contractions had the
highest correlation coefficient (r=0.67; p<0.001) compared with peak handgrip strength
(r=0.56; p<0.001) and the area under the curve of handgrip force (r=0.55; p<0.001).

Flexibility
a) Tests used

Our search identified 14 (7%) tests that assessed flexibility using 13 different protocols,
including the side bending test ¢%, the sit-and-reach test *°, the back-scratch test (twice) 31151,
the Motion Analysis (i.e. including 3 different tests such as the seated and standing forward
flexion, seated and standing side to side flexion and seated axial rotation *°) and optoelectrical
system (i.e. performing 4 different tests) ¢3. Goniometry was used in two different articles to
measure isquiosural flexibility, 222 wrist flexion-extension and medial lateral deviation %°. Only

one article used an ad hoc machine to test passive abduction of the left fourth finger 162.
b) Reliability and validity

Lindgren et al.*%? designed an ad hoc machine to test passive abduction of the left fourth finger
and its relationship with low-back pain during pregnancy and early postpartum. Abduction
angle was measured at three different times throughout the pregnancy and once in the
postnatal period. Reliability of the abduction angle was analyzed by the intra-individual
coefficientof variance. The coefficients of variance between the first and second measurement
was 0.077, between the second and third 0.070 and between the third and fourth 0.071.

c¢) Relationship with health-related outcomes.

Only 2 flexibility tests evaluated associations with health-related outcomes. Lindgren et al. 162
found that women with greater passive abduction angle of the left fourth finger was associated
with highest back pain incidence (OR=1.09; CI=1.01-1.17; p=0.022) and the highest number
of previous pregnancies (OR=3.24; CI=1.57-6.68; p=0.002). Baena-Garcia et al. 3! found
increased flexibility associated with a more alkaline arterial pH (r = 0.220, p<0.05), higher
arterial PO:z (r = 0.237, p<0.05) and lower arterial PCO:2 (r =-0.331, p<0.01) in the umbilical
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cord blood. No other articles assessed the association of flexibility with health-related

outcomes in pregnant women.
Balance
a) Tests used

We identified 45 (24%) articles assessing balance of which 19 analyzed static balance and 26
dynamic balance trough 40 different protocols. With regard to static balance, 18 were
laboratory tests of which 12 assessed balance through stabilometry tests on force platform 15+
169,172,174,176-179 - one on pressures platform % and another on Equitest® platform 17°. Four
articles did not mention the type of platform used (40,150,176,177). Regarding protocols, all
articles conducted the tests with participants standing with bipedal support. However, standing
position varied between articles. Ten articles maintained a standing posture with feet
separated 157:166.170-172,176-180 = 1 \yjth feet together 174, 2 used mixed protocols 67173, 1 with
medial malleoli separated "> and 4 did not mention the standing posture 164165168165 NMoreover,
3 articles used protocols with eyes open 1%5177:17° exclusively, 8 articles used mixed protocols
with eyes open and closed, 1 used visual target and visual tasks ' and 6 did not specify
whether participants kept their eyes closed or opened. Only 1 article used a field test, the one-

legged standing protocol 1. Onthe other hand, 1 test was field-test without platform.

In relation to the 26 articles measuring dynamic balance, 9 of them assessed balance using
platforms. Each of these articles used different testing tool such as balance master platform
181 "pressure platform 18, force platform 83, Equitest® platform 182 and movable platform, which
was used in two articles 84185 Two of these articles were walking protocols 18183 1 with
translational perturbations!’?, one was standing with one knee flexed and arms across the
chest 18185 Another 15 articles used 3-D camera motion capture systems using 13 different
protocols. Twelve of the 15 articles were walking protocols 187:189-191,193-200.233 gnd 2 used a
stand to sit motion protocol 8192, Moreover, 1 article used a triaxial accelerometer?°l; another
article assessed balance through recording (without specification of camera type) 24, and

another using instrumented insoles 2. All three articles used walking protocols.
b) Reliability and validity

No validity or reliability assessments were performed regarding balance tests.
¢) Relationship with health-related outcomes.

3 articles associated balance with health-related outcomes. Ozturk '® observed that static
balance decreased and fall risk increased in pregnant women with lower back pain
(49.90+24.47 vs 28.47+19.60; p<0.0001). In relation to exercise, McCrory et al. 2*¢ showed
that exercise may play a role in fall prevention in pregnant women (p=0.005); they also found
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that dynamic balance is altered in pregnant women who have fallen compared with non-fallers
and non-pregnant women (p<0.001). Nagai et al. 1% studied the relationship between anxiety
and balance. They concluded that when anxiety increases during pregnancy, the standing
posture is destabilized (r=0.559, p=0.020), which may increase the chance of falling.

Speed.
a) Test used.

The only protocol that was used to assess speed during pregnancy was the ten-meters timed
walk test (10mTWT). However, the same test was identified in two different articles. 202293, |n
the 10mTWT, the participants commenced standing at a chair. When told to start, subjects
walk as fast as possible along 14 meters marked with white blank tapes placed at 0 m, 2 m,
12 m and 14 m. The time (100th of a second) required to walk between the 2 m and 12 m
markers was recorded and converted into speed in meters per second (m/sec).

b) Reliability and validity.

Validity and reliability for LOmTWT was studied by Evensen et al. in two differentarticles 202293,
In 2015, Evensen al. 2°2 analyzed the test-retest reliability of 10mTWT showing an intraclass
correlation coefficient (ICC) of (0.74). Intertester reliability was determined in the first 13
participants with strong correlation (ICC =0.94). In 2016 2% the same authors analyzed the
convergent validity of 10mTWT by comparing performances with scores achieved on the
Active Straight Leg Raise (ASLR) test and observed moderate positive correlations between
10mTWT and ASLR (r=0.65, p=0.003).

c¢) Relationship with health-related outcomes.

This systematic review did not find any articles that analyzed the association of speedwith

health-related outcomes.

Agility and coordination

No articles of agility and coordination were identified.
Multidimensional

a) Test used.

Our search identified a walking multidimensional test that was used in three studies 202294, |n
Timed Up and Go Test (TUG) the participant begins seated in a chair with their arms on

armrests and their toes against a start line. The purpose is to cross the front white line at three
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meters away, turn around, and walk back to the chair and sit down as fast as possible. The

performance is measured in time (100th of a second).
b) Reliability and validity.

Validity and reliability for TUG was analyzed by Evensen et al. in two different studies 20229,
The TUG showed good test-retest reliability (ICC=0.88) and intertester reliability (ICC=0.95).
Regarding reliability, strong correlations were found between the TUG and Active Straight Leg
Raise (r=0.73, p= 0.001).

c¢) Relationship with health-related outcomes.

The time on TUG among pregnant womenwith pelvic girdle pain was significantly higher (mean
(95% CI) 6.9 (6.5, 7.3) seconds) than for asymptomatic pregnant (5.8 (5.5, 6.0), p<0.001) and
non-pregnant (5.5 (5.4, 5.6), p <0.001) women.



Table 8. Overview of studies that assessed the validity and/or reliability of fithess tests during pregnancy or the as
related outcomes in pregnant women.

REFERENCENCE

(AUTHORS,
YEAR)

VALID RELIAB HRO CAPACITY EVALUATED, SHORT TEST
ITY ILITY RELATED OUTCOMES OR STATISTICA

CARDIO-RESPIRATORY FITNESS

Pomerance et
al., (1974) ¥

Ad hoc, continuous test on CE.

1: PFS was inversely associated with
p=0.001).

No No Yes 2: PFS was significantly associated with
(r=-0.65; p=0.05).

3: PFS was not correlated with pre-pregn
new-born length, new-born head circumfe
(all p>0.05).

Erkkola et al.,
(1976) 3

Ad hoc, incremental submaximal test on C

1: Fetal pH in fit pregnant women is highel
No No Yes pregnant women (p<0.01).

2: Pregnant women with low physical perf
asphyxiated babies than the physically fit|
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Ad hoc, incremental teston CE.

1: HR at submaximal exercise was lower
pregnant women (p<0.05).

\I\l/lvolzg &_ N N v 2: Second stage of labor was shorter in f
cKenzie, 0 0 es reported).

(1987) ¢
3: There were no differences between fit g
of gestation, weight gained vs pre-pregnan
positive nor negative effects of maternal
test, birth weight); (no statistics reported).
Ad hoc, incremental maximal test on CE.

Thorell et al.,

(2015) 8 :

No No Yes Absolute VOzpeak, was inversely correlated
women with miscarriage (r=-0.52; p=0.02
gestation among women with spontaneou:
Ad hoc, incremental step protocol test.

Melzer et al., N N v

(2010) 8 ° ° s 1: Active women have better aerobic fi
inactive women (34.9 vs 30.3 mL/kg/min; |
Cornell Protocol on treadmill platform.
Validity: Bland-Altman plots. The mean dif

Veo et al Data indicated that VO2000 over- estim

o Yes Yes No ml/kg/min compared to CPX/D. Pearson c
(2005) 122 I P

average and difference of paired mee
significant (r=0.48; p>0.01). Reliability: Pz
Linear regression: y = 0.96X-1.6; 95% C
0.91, p<0.001
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Modified Balke protocol on treadmill platfo

Mottola et al., v N N
(2006) 123 €s 0 0 Validity: Pearson Correlation: R2=0.72, Rz
statistics reported).
Modified Bruce protocol until 85% HRmax
1) Maternal CRF at the 16th gestational w
Baena-Garcia et umbilical cord PO2 (r=0.267, p<0.05).
N N Y
al., (2020) & ° ° ©s
2) The women who had caesarean sectic
the 16th gestational week compared wi
births.
MUSCULAR FITNESS
Maximal voluntary isometric hip extension
Gutke et al., N v N
(2008) 149 ° s 0 Reliability: Spearman’s rho (r) and Intercor
r=0.82; ICC=0.87. Leftleg: r=0.88; ICC=0
Bissonet al., Hand Grip Strength was positively associe
(2013) 2 No No Yes p=0.048).
Hand Grip Strength was moderately cc
Wickboldt et al.. N_umerlcal Ratc_a Scale._l\/_lean _handgrlp |
(2015) No No Yes highest correlation coefficient (r=0.67; p<0

force (r=0.56; p<0.001) and area under tt
p<0.001).
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Zelazniewicz et

Hand Grip Strength in pregnancy was posi
weight when controlled for a child's sex an

N N Y . .

al., (2018) *° © © es p=0.04). Women with greater hand grip st
likely to give birth to a boy (p<0.05).

Baena-Garcia NoO NoO Yes Hand Grip Strength was associated with

et al., (2020) ! 0.191, p<0.05)
Five Times Sit to Stand Test

YVenisehi | Reliability: Inter-rater reliability of 5TSS v

2er;se1;£ etal, No Yes No without PGP (ICC ¥ 0.999, 95% CI ¥4 0.9

(2020) 0.999-0.999, respectively). Test-retest re
for subjects with and without PGP (ICC Y4
%, 0.828, 95% CI ¥4 0.632—-0.920, respecti

FLEXIBILITY
Lindgren et al., No Yes Yes Ad hoc passive abduction of the left fourth

(2014) 162

The highest back pain incidence was sh
passive abduction angle of the left fourt
p=0.022) and the highest number of |
Cl=1.57-6.68; p=0.002). Reliability: Intra-i
Between the first and second measureme
and third = 0.070 and between the third ar
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Baena-Garcia No No Yes Back-Scratch
etal., (2020)
Maternal flexibility was associated with a more
p<0.05), higher arterial PO2 (r = 0.237, p<0.0-
0.331, p<0.01) in umbilical cord blood.
BALANCE
Nagai et al., No No Yes Static balance on force platform.
(2009) 66
Increases in anxiety during pregnancy is
standing posture (r=0.559, p=0.020)
Ozturk et al., No No Yes Static balance on non-specific platform in diffe
(2016) 172
Postural equilibrium decreases and fall risk in
lower back pain (49.90+24.47 vs 28.47+19.60
McCrory etal., No No Yes Dynamic balance on Equitest posture platforn
(2010) 2%
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Dynamic balance is altered in pregnant wome
non-fallers and controls. (p<0.001). Exercise
in pregnant women.



SPEED

Evensen et al.,
(2015) 202

No

Yes

No

Ten-meters Timed walk Test

Reliability: ICC from a one-way random
95% confidence interval (ClI). Coefficier
10mTWT: (ICC=0.74; 95% CI=0.42—-0.90
m s?) Coefficients for intertester reliabil
Cl1=0.82-0.98; SEM=0.09 m s*; MDCos=(

Evensen et al.,
(2016) 203

Yes

No

No

Ten-meters Timed walk Test

Validity: Spearman correlation coefficiet
ASLR (r=-0.65, p=0.003). Between the 1C
0.56).

MULTIDIMENSIONAL

Evensen et al.,
(2015) 202

No

Yes

No

Timed Up and Go Test (TUG)

Reliability: ICC from a one-way random ¢
95% confidence interval (Cl). Coefficient
(ICC=0.88; 95% CI=0.70-0.95; SEM
seconds.) Coefficients for intertester rel
C1=0.84-0.98; SEM=0.36 m s!; MDCos=

Evensen et al.,
(2016) 203

Yes

No

No

Timed Up and Go Test (TUG)

Validity: Spearman correlation coefficien
(rs=0.73, p=0.001). Between the TUG a
Between the TUG and PGQ (rs=0.41to O
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Christensen et No No Yes Timed Up and Go Test (TUG)
al., (2019) 204
The time on TUG among pregnant worr
higher (mean (95% CI) 6.9 (6.5, 7.3) se
pregnant (5.8 (5.5, 6.0), p <0.001) and n
0.001) women.
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HrO: Health related outcome; CRF: Cardio-respiratory fitness; MS: Muscular Strength; PFS: Physical Fitness Score; (
volum maximum oxygen; VOzpeak: volum peak oxygen; HRmax: maximal heart rate; PGP:Pelvic girdle pain; ICC: intrac
95% CI: 95% confidence interval; SE: Standard Error; SEM: standard error of measurement (absolute reliability); MDC!
odds ratio; TUG: Timed Up and Go test; 10mTWT: Ten-meter Timed Walk Test; ASLR: Active straight leg raise.



Study II: International Fltness Scale -IFIS: Validity and association with health-related quality
of life in pregnant women

Of the 222 women interested, 63 refused to participate due to the care of other children or the
lack of time. A total of 159 women participated in this study, although only those with valid data
regarding both self-reported and objectively measured physical fithess with IFIS (n=106; mean age
32.7, SD 4.4 years) were finally included in the analyses of the present study. The descriptive
characteristics of the study participants are presented in table 9.

The distribution of IFIS responses revealed that only a small number of pregnant women rated
their physical fitness as either “very poor” or “very good” (figure 4). Consequently, we re-categorized
“very poor” and “poor” into a single category, and “good” and “very good” into another single category
to avoid a lack of statistical power caused by the low number of participants in extreme categories.

60- Bl VeryPoor
—~  50- # Poor
X Bl Fair
> 407 Good
§ 30~ Bl Verygood
é’ 20~
L
10~
0=
X o <] 3 N
& S ' &
(&) (oq'v. QV 040

IFIS Self Reported Components

Figure 4. Distributions of the answers for the 5 questions of the International Fltness Scale (IFIS) in pregnant
women. CRF, cardiorespiratory fitness; MS, muscular strength; SP-AG, speed-agility; FLEX, flexibility;
Overall, overall physical fitness.



Table 9. Characteristics of the pregnant women at early second trimester of pregnancy
(gestational week 16).

Variable Mean SD n
Age (y) 32.7 4.4 106
Body mass index (kg/m2) 24.7 4.1 106
Marital Status (n, %) 106
Married 63 (59.4)
Single 43 (40.6)
Living with a partner (n, %) 106
Yes 104 (98.1)
No 2 (2.9
Educational Status (n, %) 106
Primary school 12 (11.3) 12
Professional training 19 (17.9) 19
Secondary school 14 (13.2) 14
University medium 23 (21.7) 23
degree
University higher 38 (35.9) 38
degree
Number of Children 0.6 0.08 106
Number of abortions 0.51 0.07 106
Smoking Status (n, %)
Yes 97 (91.6) 106
No 9 (09.4) 106
Alcohol Consumption (n,
%)
Yes 0 (100.0) 106
No 106 (0.0 106

Objectively measured
physical fithess

Bruce VO 2max

(milkg/min) 23.1 55 87
Handgrip strength (kg) 27.6 4.0 106
Back-scratch (cm) 8.4 12.3 106

Values are shown as mean and standard deviation (SD), or n (%).
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Construct validity of IFIS in pregnant women (aim 3)

The comparison between objective physical fithess levels across IFIS categories are displayed
in Table 10. There were between-group differences in objectively measured physical fithess
across IFIS categories (p<0.05), regardless of the physical fithess component evaluated.
Regarding CRF, the post-hoc analyses revealed that women who self-rated their CRF (i.e.
through IFIS) as “very poor/poor” had lower estimated VO2max than those in any other
categories of IFIS (p<0.05). In relation to muscle strength, women who self-rated their strength
as “good/very good” presented higher handgrip strength than those who rated it either as
“average” or “poor-very poor” (p<0.05). Regarding flexibility, women who self-rated their
flexibility as “poor-very poor” presented lower range of motion in the back-scratch test than

those who rated it as “good-very good” (p<0.05).



Table 10. Objectively measured physical fithess across categories of the International Fltness Scale (IFIS)

Very Poor/Poor Average Good/Very C g
1) ) Good (3) ANOVA Pair-Wise Com p:
n Mean (SE) Mean (SE) Mean (SE) P Comparison:1vs. 2 Comp
CRE Diff 95% ClI P Diff
Bruce test
(ml/kg/min) 87 21.36(0.75) 25.43(0.98) 25.03(1.57) <0.001 4.07 (1.11-7.02) <0.001 3.67 (-(.
Muscular fitness
Handgrip (kg) 106 26.53(0.86)  26.92(0.53)  29.40(0.67) 001 039 (-2.0-2.78) 002 287 (C
Flexibility
(Bcfnc')"scramh 106 4.64 (2.20) 6.35(2.06)  12.51(1.79) 001 171 (5.47-890) 084 788 (1

CRF=Cardiorespiratory fitness; SE=Standard Error; Diff=Difference between groups; CI: Confidence Interval.
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Ability of the IFIS to discriminate Health-Related Quality of Life (HRQoL) in pregnant women
(aim 4)

Figure 5 shows the linear association of self-reported physical fithess with the different
dimensions of HRQoL in pregnant women. Higher self-reported overall physical fitness showed
a positive linear trend with HRQoL in all domains of the SF-36 (p<0.05), except in the Physical
Role and Social Functioning dimensions (p>0.05). With some exceptions, this tendency was

consistent across the different physical fithess components as self-reported through IFIS.

Regarding the physical and mental component summary (PCS and MCS, respectively), there
was a generally consistent linear trend so that higher self-reported physical fithess was
associated with higher PCS and MCS scores, except for self-reported muscle strength
(p>0.05) (figure 6 and table 11).

The post-hoc analyses revealed significant differences in HRQoL between the extreme groups
(“very poor/poor” and “good/very good”) in the overall physical fithess, CRF and flexibility

categories.

Overall, objectively measured CRF and flexibility showed a positive linear relationship with
several dimensions of HRQoL, although the overall physical fitness score did not show such
relationship (figure 7)
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Figure 6.- Associations between Summary Physical Component (a) and Mental Component Summary (b) of health-related
Survey-36 (SF-36) and self-reported physical fitness (IFIS) categories in pregnant women. Data represent means. All sig!
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Table 11. Physical component summary and mental component summary across International Fltness Scal

Very Poor/Poor

1)
Mean
IFIS Overall 43.48 (9.34)
Physical component IFIS CRF 45.98 (6.83)
IFIS MS 45.43 (8.52)
IFIS Flex 44.78 (7.85)
IFIS Overall 46.36 (8.21)
Mental IFIS CRF 49.77 (7.33)
Component IFIS MS 44.92 (8.41)
IFIS Flex 49.44 (6.84)

Overall=overall physical fithess; CRF=cardiorespiratory fitness; MS=muscular strength. FLEX=flexibility.

82



83

PHYSICAL FUNCTIONING PHYSICAL ROLE BODILY PAIN GENERAL HEALTH VITALITY SOCIAL FUNCTIONING El
p trend=0.818 p trend=0.120 p trend=0.73 p trend=-0.288 p trend=0.858 p trend=0.76
p=-0.03 p=-0.17 p=-0.03 p=-0.12 p=-0.02 p=0.033
100
90-
© 80
®?
[’
% 70
60
- Ij
25 50 75 25 50 75 25 50 75 25 5 75 25 5 75 25 5 75
p trend=0.407 p trend=0.848 p trend=0.151 p trend=0.523 p trend=0.988 p trend=0.165
p=-0.10 B=-0.02 $=0.003 $=0.08 $=0.01 p=0.14
108
9
g: 8
.
& 7
: | | Ifl i
25 50 75 25 50 75 25 50 75 25 50 75 25 50 75 25 50 75
p trend=0.039 p trend=0.013 p trend=0.0178 p trend=0.583 p trend=0.228 ptrend= 0513
p=-0.20 p=-0.25 p=-0.23 B=-0.05 p=-0.12 B=-0.07
1
©
<@ T
§ i
2% 50 75 25 50 75 25 50 75 25 50 75 25 50 75 25 50 75
p trend=0.292 p trend=0.667 p trend=0.968 p trend=0.568 p trend=0.959 p trend=0.803
B=0.11 B=-0.4 $=-0.004 B=0.06 B=0.005 $=0.02
1
©
°?
25 50 75 25 50 75 25 50 75 25 50 75 25 50 75 25 50 75

Figure 7. Analysis of variance assessing the linear association of objectively measured physical fithess with the dif
life in pregnant women. Data represented means, confidence intervals and standardized . Abbreviations: Overall,

cardiorespiratory fitness; MS, muscular strength. FLEX, flexibility.



84






86

DISCUSSION

Study I: Assessing physical fitness during pregnancy: validity and reliability of

fitness tests, and relationship with health-related outcomes. A systematic review.
1) Summary of tests used to assess physical fitness during pregnancy.

This systematic review revealed that PF has been assessed through a wide variety of tests
during pregnancy. However, very little is known on the validity and reliability of the tests
performed. These findings have important research and clinical implications. First, until a
specific battery of fitness assessments for pregnant women is developed and validated, the
confidence in PF data during pregnancy is limited and potentially unreliable and may prove
harmful if unreliable values are used for exercise recommendation during pregnancy. Second,
the large variety of tests used makes is challenging to compare results from different studies.
Third, provided the lack of rigorous information on validity and reliability of PF tests, it is also
difficult to evaluate the association of PF with health-related outcomes, which is of wide clinical
and public health interest. However, some studies have attempted to present associations of
PF with health-related outcomes, which undoubtedly needs to be replicated once a PF test
battery is released. Before that, exhaustive research must be performed in validating such

battery of tests.
a)Cardiorespiratory Fitness

This systematic review identified that cycle-ergometer has been the equipment most frequently
used to assess PF followed by treadmill and field tests; although step tests have also been
conducted. There is a large disparity of protocols and wide variety of ad hoc tests used, which
makes comparing results between studies difficult. However, the Modified Balke treadmill
Protocol validated by Mottola et al. % for pregnant women has been the most frequently used
test. There have been more incremental tests used for CRF tests during pregnancy compared
to steady-state tests and more submaximal compared to maximal tests. There is no consensus
regarding test termination criteria for submaximal tests, which undoubtedly needs further
research. Some articles used relative intensity using physiological variables such as %HR max or
%VO2max, and other used absolute intensity, such as specific HR (beats per minute). Among the
studies that used %HRmax as a test termination criterion, there was a variety of percentages
such as 70% 687778116 ' 7504 70.72.105119 gr 8504 3198122 Among the studies that used %VO2max,
there were different percentages such as 40% 8!, 50% 5°8° 60% "8, or 70% 3. Among the
studies that used absolute HR as a test termination criterion, the HR for finalizing the tests were
set either at 125 106 150 36.79.220.223 ' 155 1441 160 109 or 170 9394100101 heats per minute. Some
studies even used the rate perceived exertion as complementary criteria 84111 or peak aerobic

power &, These complementary criteria have been recommended and studied in pregnant
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women by authors like Hesse et al. * since the physical and emotional changes during
pregnancy limit performance. It must be noted that the same equation was not used to estimate
HRmax . Some articles used the traditional 220-age formula 727898105119 whijle others used the
Karvonen 122 or Tanaka ¢ formulas. There were articles that did not mention how HRmax was
estimated 7077, This heterogeneity could be due to the physiological complexity of the
pregnant woman, in termsof cardiac changes and response to exercise and the lack of scientific
information in this regard. Moreover, the gestational week could be a determinant for
physiological response since Bijl et al. *® observed a slower hemodynamic recovery and an
increased ventilatory response to exercise in early pregnancy compared to non-pregnant
women. With regards to maximal tests, different terms have been used with the same sense
such as volitional fatigue 73:8.87.90.91.112,114,133,221 - ex hqustion 4, anaerobic threshold 113128.207.222

and point of symptom limitation 103104115,

This lack of consensus has many drawbacks that need to be resolved in view of the need to
accurately assess CRF during pregnancy. We advocate for an expert consensus to be
developed in the following years to achieve the goal of appropriate and effective CRF
assessment during pregnancy. In particular, it seems essential to develop a treadmill and a
cycle ergometer submaximal test that reveals sufficient validity to confidently estimate VO 2max
throughout gestation.

b) Muscular fitness

Muscular fitness tests included muscular strength, endurance and power 2. The studies
included in this systematic review show that muscular strength was the most frequently
assessed component of muscular fithess, since only 6 studies 30:31.150.154,158.237 gggessed
endurance and none of them assessed power in pregnant women. In most studies, muscular
strength was evaluated through handgrip maximal strength using a dynamometer. However, 2
studies used a handgrip sphygmomanometer test 146147, Some of the handgrip tests were
performed in standing position 26152 while others used sitting position %! or supine position %,
and others did not reveal the position used for the assessment 3137154232 Some tests were
completed 3 times %4, others twice 2639137 and others only once 1°1:1%%:2%2, This clearly reveals
a large methodological variability that might influence the results and make comparing results
between studies difficult. Another limitation is the fact that the main strength outcome was
handgrip strength. While handgrip strength is a good marker of health 7, it is unclear whether
handgrip responds to changes following exercise interventions. Therefore, validating other
muscular strength tests, including lower limb strength tests, is needed in order for researchers
and practitioners to confidently assess muscular strength during pregnancy.

There were no validity studies and the reliability was assessed only in one maximal isometric

hip extension test 4°. This test has limitations since the pregnant abdomen must be on a bed
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and, as acknowledged by the authors, it cannot be performed during the third trimester. It must
be noted that higher handgrip strength was associated with higher birth weight 26°, Moreover,
increased hand-grip strength was produced during uterine contraction '*3. The advantage of
using handgrip is that it represents an inexpensive, rapid, and easy-to-use assessment with
minimal training needed to appropriately administer. However, assessing the performance of
pregnant athletes with this test seems clearly insufficient. More quality in tests employed is
necessary since the association of muscular strength with health-related outcomes is of clinical
importance. Moreover, other studies are needed to understand the extent to which preserving
strength throughout pregnancy and postpartum relates to clinical outcomes.

¢) Flexibility

Although there were 7 studies assessing flexibility, none of them used the same protocol. Once
again, this reflects a lack of agreement when assessing the same component of PF. Moreover,
Lindgren et al. %2 found that a higher flexibility showed a higher low back pain. Despite the
limitation of a finger laxity test, we considered these findings an interesting association that
warrants further article since passive stretching is one of the most common practical
prescriptions for exercise professionals instead of mobility and breathing exercises. On the other
hand, the results of Baena-Garcia et al. 3 are very relevant to foetal health since the flexibility
was associated with a better pH, POz and PCO:zin umbilical cord blood. Hence, more research
about flexibility tests, their outcomes and their prescription are needed.

d) Balance

We identified that balance was the second PF component most frequently evaluated during
pregnancy, following CRF. This makes sense since the center of gravity changes during
pregnancy as a result of expansion of the uterus and the risk of falls increases. However, there
is a great heterogeneity between the protocols employed in different studies. For static balance,
the protocol most frequently used was stabilometry on force platform with bipedal support and
eyes open and eyes closed within the same test 164-170.173-177 " Eor dynamic balance, there was
a greater heterogeneity across protocols both in the platform used and in the movements over
the platforms. Regarding the assessment tool, the 3-D camera was the device most frequently
used 170.187-189.191.233 | jkewise, we observed differences between the number of platform pieces,
trials and Hz utilized. Some protocols were performed on 2 piece-platforms 165175176 - gthers on
1 piece-platforms 164.166.167.171.172.174.177 gnd others did not specify the type of platform 168-170,
Although the number of trials and the frequency of recording (i.e. Hz) are important parameters
that should be carefully described about the protocols, only 5 (out of 13) articles described the
number of trials 164171.172.176.238 gnd 1 described frequency of recording °. The usefulness of
these tests are restricted to the research area and all of them use expensive technological tools;

therefore, it is difficult to extrapolate these tests to fitness centers or clinical settings. We could
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prevent falls during pregnancy if we could assess balance easily. For this reason, it is necessary

to develop an inexpensive and easy-to-use balance field-test.

2) Validity, reliability and health-related outcomes

Unfortunately, studies that examine validity and reliability of PF tests are scarce. The physical
fitness component most frequently studied was CRF, however we have only found two studies
that analyzed the validity of the CRF tests and no studies examined the reliability of these tests.
On treadmill platform, Mottola et al. 1>, validated a special equation for modified Balke protocol
that has been used by numerous other authors. In contrast, Yeo tried to validate a portable
metabolic testing system (mod. VO2000) but it overestimated VO2 measurements for pregnant

women compared to non-pregnant women and males'?2.

Regarding muscular fithess, hand grip test was most commonly used; this test was used as the
gold standard for muscular fitness during pregnancy. Only Gutke et al. 14°, studied the reliability
of a test for hip extension. However, the p value was not reported, and the position adopted in
the test could be uncomfortable for pregnant participants. Finally, the studies evaluating validity
and reliability of speed tests and multidimensional components of PF have been researched by
Evensen et al. 292203, They demonstrated that TUG and 10mTWT are reliable and valid tests for
pregnant women.

The validity and reliability of balance (without tests), agility and/or coordination tests has not

been investigated to date.

We suggest that specific tests to be performed in pregnant women are needed and their validity
and reliability must be assessed to understand the extent to which one might rely on such

measures when prescribing exercise, or making clinical recommendations.

Regarding health-related outcomes, we can conclude that more research is also necessary.
Nevertheless, from this review we can highlight some interesting associations with different
fitness components. A better CRF was associated with a shorter labor 43 and a lower risk of
cesarean section 3. However, no association was found regarding other fetal outcomes such
as Apgar scores or the newborn anthropometrics %37, By contrast, muscular strength was
associated with optimum infant birth weight 26:31:3°, Other neonatal outcomes like fetal umbilical
cord pH were positively associated with maternal CRF 34. On the other hand, better balance
scores are associated with decreased fall risk 4°:166.239, These results are very useful for exercise
professionals, as it implies that protocols during pregnancy must be implemented with balance

exercises. Finally, Evensen et al.?** found that pelvic girdle pain could be a limiting factor to



90

assess physical fitness in pregnant women since the time of TUG was significantly higher in

women with pain than in asymptomatic pregnant and non-pregnant women.

To note that none of the studies reviewed in this article have described adverse events during
PF assessment. Moreover, official institutions such as the American College of Obstetrician and
Gynaecology or the Canadian Society of Exercise Physiology have highlighted the benefits of
an adequate PF assessment, and assert the need of consensus in the PF assessment during

pregnancy 2%.

Study II: International Fltness Scale -IFIS: Validity and association with health-

related quality of life in pregnant women

The main findings of this study indicate that the IFIS might be a useful questionnaire to
discriminate pregnant women with “low/very low” physical fithess and low HRQoL. This simple
and easy-to-implement questionnaire might be a useful tool for clinical practitioners and
exercise professionals to obtain complementary information about the health status of pregnant
women.

1) Construct validity

The distribution of IFIS mainly showed three fitness categories. Among pregnant women, there
were only a few participants who responded that their physical fitness was “very good” or “very
poor”. Therefore, as we explained previously, we re-classified in the three categories (“very poor
and poor”, “average”, and “good and very good”) where the vast majority of answers fell. All of
this is consistent with the results and central tendency showed by Merellano-Navarro et al.>® in
older adults and Ortega et al.?** in young adults avoiding low levels of ceiling effect (i.e. most of
the scores showing “very good” levels) and floor effect (i.e. most of the scores showing “very
poor” levels). However, these findings differ when the population is younger, like in children®® or
adolescents®?, remaining at least 4 differentiated categories, showing more cases in “very
good”. This may be because children tend to over-report upper categories as they do not identify
health problems as theirs. Furthermore, the gender of the participants could be another reason
for this difference, as women tend to report central values instead of overestimate their physical
fitness, as shown in previous studies®®242, Our sample was composed of women, who usually
over-report less than men, except for flexibility (our participants showed higher levels of self-
reported flexibility along with CRF than other physical fithess components) in agreement with
Sanchez-Lépez et al*®.

We observed differences in objectively measured physical fithess across categories of self-
reported physical fitness (IFIS), in concordance with previous studies in young adults?** and
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women with fibromyalgia®.

Regarding CRF, the post-hoc analyses showed that IFIS-CRF discriminated between “unfit” 3
women (i.e. those with the lowest levels of objectively measured CRF) and those with average
or higher CRF. From a public-health perspective, this outcome is particularly relevant because
low CRF fitness is a risk factor for cardiovascular diseases, psychiatric disorders, and all-cause
mortality/morbidity 19243244 |n this line, IFIS-CRF could be a useful complementary tool to be
used in clinical practice to detect pregnant womenwith very low CRF. This might have important
clinical implications in the follow up of pregnancy; further research to understand the potential
of IFIS to identify women at risk of pregnancy complications is warranted. We propose that IFIS
could be a useful complementary tool to be implemented in clinical practice, although further
research is needed to understand its potential to identify women at risk of pregnancy

complications.

In regard to muscular strength, the post-hoc analyses revealed that those participants that self-
reported “good/very good” muscular strength had higher objectively measured muscular (i.e.
handgrip) strength than those who self-reported “average” or “poor/very poor” levels. These
results for muscular strength differ from those of CRF, in concordance with previous studies in
young adults?*1242, Although this is a matter of further research, these results suggest that IFIS-
muscular strength could be used to detect pregnant women with higher levels of muscular
strength, which has been associated with healthier perinatal outcomes?®. Finally, self-reported
flexibility differed more between the extreme groups (“very poor/poor” and “good/very good”), in
line with previous studies reported in adults®®>°. The extent to which flexibility is associated to
health-related outcomes during pregnancy is still to be investigated.

2) Ability of IFIS to discriminate between levels of HRQoL

Onthe other hand, with respect to the relation of physical fithess and HRQoL during pregnancy,
Engberg et al.?® showed that better CRF was positively associated with better HRQoL. Besides
that, practicing physical activity improves the physical fithess.—-Other researchers, such as
Mourady el al.?*®, found positive associations between total and light intensity PA with the
psychological domain of quality of life and social-relationships assessed with the WHOQOL-
brief questionnaire. Kolu et al.>*¢ observed that meeting PA recommendations before pregnancy
(150 minutes per week) was associated with a better HRQoL and Montoya et al.*” showed that
the pregnant women which followed an aerobic exercise program (PA structured and scheduled
along time) improved HRQoL.

To the best of our knowledge, there are not validated questionnaires to estimate physical fithess
in pregnant women. Our study has shown that IFIS is able to discriminate levels of HRQoL
better than objectively measured physical fitness. Indeed, the dimension SF36-General Health
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was associated with all IFIS components. Similarly, all IFIS components were positively
associated with SF36-General Health. The CRF-IFIS and overall-IFIS were the components
which were more related to HRQoL. Contrarily, the association between objectively measured
physical fitness and HRQoL was weaker. This makes sense since the IFIS and SF-36 are both
self-reported tools in contrast to the objective assessment of physical fitness. In this context,
IFIS might be reliable to detect very low levels of HRQoL and could represent a more useful
tool than objective physical fithess assessment, especially in those circumstances with time
constrains and limited equipment.
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LIMITATIONS AND STRENGTHS

Limitations

The studies comprising this Doctoral Thesis have several limitations that must be highlighted.
In regard to study I, we need to assume that, although PubMed and WOS are among the most
relevant databases in the medical literature, the possibility that a small number of studies have
been overlooked cannot be discarded. Nevertheless, these two databases are the biggest
databases in sports medicine and sports sciences and, therefore, include the vast majority of
studies. On the other hand, regarding study II, the sample size was relatively small and
composed only of Spanish pregnant women, while IFIS was designed to be used in large
populations®2. Future studies with larger sample sizes and with women from different
regions/countries are needed to confirm or contrast these findings. This reason justifies the
merge in 3 big categories (“very poor/poor”, “average” and “good/very good”), which may
explain some non-significant results in the post-hoc comparisons and some borderline results.
The test-retest reliability of IFIS could not be assessed and is currently to be investigated.
Finally, objectively measured speed-agility (one of the questions of the IFIS) was not assessed
because these tests could involve an obstetric risk during pregnancy. Consequently, we

considered leaving this component of physical fitness out of the scope of this thesis.

Strengths

One strength of study | is the fact that, to the best of our knowledge, this is the first review to
comprehensively analyze PF assessments, the validity and reliability of fithess tests, and their

relationship with health-related outcomes during pregnancy.

The results from this systematic review provide an overall picture of how PF is being assessed
in this population, what type of tests are being performed, their specific characteristics, whether
these tests have been tested for validity and/or reliability; and whether PF is associated with
health-related outcomes. All this information is of wide and undoubted clinical interest.

As strength of study Il that this was, to the best of out knowledge, the first to analyze the
construct validity of the IFIS in pregnant women, a population that has been traditionally
understudied. Finally, the IFIS can be useful to determine physical fitness levels beyond field-
based physical fitness tests, which demand more time, trained personnel and greater space.
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CONCLUSIONS

The results of the present International Doctoral Thesis suggest that:

1. During pregnancy, physical fitness has been assessed through a wide variety of
protocols without risk for maternal or neonatal health. Cardiorespiratory fitness and balance
have been the fithess components most frequently assessed. To date, there is no consensus
on the most suitable tests to assess physical fithess in pregnant women. Extensive research
is needed to design and validate a battery of fitness tests to be used for the safe and effective
assessment of physical fithess during pregnancy.

2. The validity and reliability of most of the fitness protocols used to assess PF during
pregnancy has not been determined. In addition, there is little information on the association
of PF with maternal-fetal outcomes. Although it seems that higher PF levels is associated with
more favorable outcomes, and considering its clinical and public health importance, further
research using validated tests is needed to corroborate and expand current knowledge.

3. The IFIS is a useful, simple and quick tool to identify three (low, medium and high)
physical fitness levels in pregnant women, which might have practical implications for both
health and exercise professionals. In particular, the IFIS might be a useful questionnaire to
discriminate pregnant women with “low/very low” levels of cardiorespiratory fithess, which is
wide clinical interest.

4. The IFIS might also detect low (very poor/poor) levels of HRQoL, even to a greater
extent than objectively measured PF. Consequently, the IFIS could be an interesting tool for
clinical practitioners and exercise professionals to obtain complementary information about the
health status of pregnant women.
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CONCLUSIONES

Los resultados de la presente Tesis Doctoral Internacional sugieren que:

1. Durante el embarazo, la condicién fisica ha sido evaluada a través de una gran
variedad de protocolos que no han supuesto ningun riesgo maternal ni fetal. La capacidad
aerobica y el equilibrio han sido los componentes mas evaluados. Hasta la fecha, no existe
consenso acerca de los tests mas adecuados para evaluar la condicion fisica durante el
embarazo. Se necesita de una mayor investigacion para disefiar y validar una bateria de

pruebas fisicas para que sea segura y efectivala evaluacion de condicion fisica en esta etapa.

2. La mayoria de protocolos de condicion fisica evaluados carecen de datos de validez
y fiabilidad. La asociacion de los resultados de esas pruebas con los efectos de salud materno-
fetal es escasa y deberia ser evaluada en el futuro, ya que es de relevancia publica y clinica.
Por lo tanto, una vez detectada la nececesidad de evaluar la CF durante el embarazo y la
importancia que tiene tanto en el estado fisico como para la prescripcion adecuada de ejercicio
en esta poblacion, debe desarrollarse un consenso de expertos con el fin de disefiar y validar

una bateria especifica de fithess para mujeres embarazadas.

3. El cuestionario de fithess auto-percibido, IFIS, es una herramienta util, simple y rpida
para identificar 3 niveles diferentes de condicion fisica (bajo, medio y alto) en mujeres
embarazadas, lo cual tiene implicaciones practicas tanto para los profesionales de la salud
como para los profesionales del ejercicio fisico. Profundizando, IFIS detecta mejor, niveles
bajos de capacidad aerdbica que niveles altos y niveles altos de fuerza muscular que niveles
bajos. Por ello, usar IFIS podria tener importantes implicaciones clinicas en el seguimiento del

embarazo.

4. IFIS, siendo una herramienta de medicién subjetiva de la condicion fisica, es capaz
de discriminar niveles de calidad de vida, mejor que los tests objetivos. Por ello, IFIS podria
ser una interesante herramienta para identificar niveles bajos de calidad de vida, ademas de

evaluar la CF en mujeres embarazadas.
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Anexe |. PRISMA Checklist of the literature review

Section/topic

TITLE

Checklist item

Title

Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary

Provide a structured summary including, as applicable: backgrou
sources; study eligibility criteria, participants, and interventions; s
synthesis methods; results; limitations; conclusions and implicatic
systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is alrez

Objectives Provide an explicit statement of questions being addressed with r
participants, interventions, comparisons, outcomes, and study de:

METHODS

Protocol and Indicate if a review protocol exists, if and where it can be accesse

registration and, if available, provide registration information including registre

Eligibility criteria

Specify study characteristics (e.g., PICOS, length of follow-up) an
(e.g., years considered, language, publication status) used as crit
giving rationale.

Information sources

Describe all information sources (e.g., databases with dates of cc
study authors to identify additional studies) in the search and date

Search

Present full electronic search strategy for at least one database, i
used, such that it could be repeated.

Study selection

State the process for selecting studies (i.e., screening, eligibility, i
review, and, if applicable, included in the meta-analysis).
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Data collection process 10 Describe method of data extraction from reports (e.g., piloted forr
duplicate) and any processes for obtaining and confirming data fr

Data items 11 List and define all variables for which data were sought (e.g., PIC
and any assumptions and simplifications made.

Risk of bias in 12 Describe methods used for assessing risk of bias of individual stu

individual studies specification of whether this was done at the study or outcome le\
information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference

Synthesis of results 14 Describe the methods of handling data and combining results of
including measures of consistency (e.g., I?) for each meta-analysi

Risk of bias across 15 Specify any assessment of risk of bias that may affect the cur

studies publication bias, selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or sul
regression), if done, indicating which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and inc
reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were ext
PICOS, follow-up period) and provide the citations.

Risk of bias within 19 Present data on risk of bias of each study and, if available, any ou

studies (see item 12).

Results of individual 20 For all outcomes considered (benefits or harms), present, for
studies summary data for each intervention group (b) effect estimates al
ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence

of consistency.
Risk of bias across 22 Present results of any assessment of risk of bias across studies (
studies
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or su

regression [see ltem 16]).




DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence
consider their relevance to key groups (e.g., healthcare provi
makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), :
incomplete retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context
implications for future research.

FUNDING

Funding 27 Describe sources of funding for the systematic review and other

data); role of funders for the systematic review.
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items fo
The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097



Anexe Il. IFIS questionnaire

IFiS

Cuestionario de antoevaluacion de la condicion fisica

Imternational Fltness Scals

Es muy importante que contestes a estas preguntas ti sclo, sin tener en coenta las
respuestas de otraz personas. Tus respuestas solo son utiles para el progreso de la
ciencia. Por favor, contesta todas las preguntas v no las dejes en blanco. Y atn mas
importante, se sincerc. Gracias por td cooperacion con la clencia.

Por favor, piensa sobre tu nivel de condicion fisica (comparadoe con personas de tu edad) v
elige la opcidn mas adecuada.

1. M condicidn fisica general es:
Muy mala (1)
Mala (2)
Aceptable (3)
Buena (4)
Muy buena (3)
2. Mi condicion fisica cardio-respiratoria (capacidad para hacer ejercicio, por ejemple, correr durante
mucho tiempo) es:
' Muy mala (1)
Mala (2)
Aceptable (3)
Buena (4)
Muy buena (3)

3. M

l:'l

fuerza muscular es:
Muy mala (1)
Mala (2)
Aceptable (3)
Buena (4)
Muy buena (5)
velocidad / agilidad es:
Muy mala (1)
Mala (2)
Aceptable (3)
Buena (4)
Muy buena (5)
£, Mi flexibilidad es:
| Muy mala (1)
Mala (2)
Aceptable (3)
Buena (4)

' Muy buena (5)
Istbbeancmmpa:ltr\ the FROETTH resezech eroup, Gramada, Spain Version: of IFIS in different lansuages and for differsnt 222 syoups 2re available at
p/ prafity uzr s TFIS TFIS was arizinalhy desien and validated mder the umbrella of tha HELENA studv, orizinal reference Ortaza at 2l The Intermationa] Fimess
2l (FIE) Iai'ﬁ_hLaﬂf glfraported Stness in voush. Ies T Epidarniol 2011:40:701-1. IFIS has 2l beee validead in aduhe Ortega et 2l Soand TMed So Spoets,
7, in childran: Sancher-Lopez = al Scand T Mad Sd Sperts. 2015; 3-51;2md in woemen itk Shropmvalsia: Averez-Gallardo =t al Arch Pinys Med
gl 201 55" 305404

4. Mi

l:"
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2016/04: ¢ Las mujeres embarazadas deben de entrenar a lo largo de su embarazo hasta
el momento del parto? Department of Physical Education and Sport, Faculty of
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puesto todo mi ser para que no solo fuera un proyecto mas, sino el gran proyecto que te
mereces. Para mi, ha supuesto un antes y un después en mi desarrollo profesional.
Tienes las dotes e ideas de gran investigadora que las mujeres en el ambito del ejercicio
fisico relacionado con la salud, necesitamos. Sé que no lo ponen facil, pero no te rindas,
porque con tu trabajo estas dejando huella y atendiendo preguntas que, hasta ahora, no

se habian respondido. Muchisimas gracias, te tengo una admiracion infinita.

El propio proyecto GestaFit, me ha permitido conocer personas y profesionales
maravillosas como mi co-directora, Olga Ocon. Todo lo que te exponga por aqui es poco.
He aprendido tantisimo de ti tanto en lo profesional como en lo personal, que sin duda
eres un ejemplo que para mi. Gracias por tu generosidad tanto conmigo, como con el
mundo del entrenamiento y embarazo. Gracias por abrir puertas y querer responder
preguntas que son delicadas para la obstétricia como la respuesta materno-fetal a alta
intensidad. Gracias por tu afan de unir ciencia y praxis, con el que me siento muy

identificada. Te valoro muchisimo y te admiro mas. Gracias.

Gracias por supuesto a todo el resto del equipo GestaFit del que aprendi muchisimo.
Gracias Irene y Milkana, por ensefiarme todo de nuevo cuando llegué y no tenia ni idea.
Gracias Pedro, por tu ayuda en el &rea mas estadistica y cientffica y estar dispuesto a
ayudar. Gracias Laura por tu ayuda y compafiia en nuestra estancia en Swansea, te
recuerdo con mucho carifio. Gracias Marta, que llegaste para quedarte y volar con
GestaFit. Te deseo todo lo mejor en tu carrera como cientifica. Y gracias a todas y todos
los voluntarios que hicieron que GestaFit fuera posible cuando no teniamos medios
personales. Gracias Sandra, gracias Romi, gracias Carmen, gracias Nuria, gracias
Maria, gracias Antonio, gracias Esther, gracias Teresa, gracias Jesus, gracias Carlos,
gracias Sonia y gracias a tantos otros que nos dedicasteis vuestro tiempo de forma
voluntaria.

Gracias a todas mis mamis gestafitas. ¢ Qué seria de todo esto sin vosotras? Sin duda,
nada. En el tiempo que compartimos entrenamientos y evaluaciones, me disteis tanto
amor y tanto carifio que era imposible que nada saliese mal. Hicisteis pifia vosotras
mismas, con nosotras y especialmente yo me senti muy querida por todas vosotras. Es
una satisfaccion enorme, seguir recibiendo mensajes por vuestra parte, interesandoos
por mi. Gracias por poneros al servicio de la ciencia para hacer un mundo mejor,
desmontar mitos y encontrar hallazgos acerca del entrenamiento y el embarazo. Os
mando un abrazo virtual a todas vosotras. Os llevo siempre, siempre en mi corazon.

Habéis sido una parte muy importante para mi, tanto en lo profesional como en lo
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personal.

Y, por ultimo, pero no menos importante, gracias a personas que no forman parte de
GestaFit, pero si de IMUDSYy que sin duda alguna me han marcado. Gracias infinitas
Borja por todo lo que me has ensefiado de excel, de Google Forms, de PRISMA y mil
herramientas mas. Gracias por quererme ayudar siempre y por ser un profesional que
admiro por tu capacidad de excelenciatanto en lo cientifico como en lo social y humano.
Créeme que te admiro mucho por esto y me gustaria parecerme a ti, al menos un poco.
Gracias Guille por ensefiarme muchisimo también, aunque hayamos compartido menos
momentos en IMUDS, ya sabes que te tengo un carifio y admiracion infinita. Gracias a
Javi, mi “lusentino” por sus risas, carifio y notas en el escritorio que me subian la moral.
Eres genial. Gracias Alex de la O, Fran Amaro y Lucas por vuestra ayuda incondicional
con la isocinética y su implatancién, habéis sido claves para esas pruebas. Gracias Alex
“Biomecanica” por toda tu ayuda con la plataforma de equilibrio. Todos vosotros habéis

sido muy importantes para miy para la medicion de muchas variables de GestaFit.

Esta fase de gestacion no puedo cerrarla sin agradecer el papel de Olga Roldan en mi
estancia internacional. Eres tan buena, bondadosa y con un corazon tan grande, que te
mereces todo lo bueno. Eres una trabajadora incansable que me acogio con los brazos
abiertos y me dio todo lo que necesité para que la estancia en Gales, fuera lo mas
fructifera posible. Ojala el futuro nos permita hacer mas cosas juntas. Te quiero un
monton.

PARTO Y ALUMBRAMIENTO - FASE DE ESCRITURA Y PUBLICACIONES:

Una vez gestado el proyecto, el parto ha sido largo y tedioso, pero tengo que estar
agradecida enormemente a las personas que me han impedido tirar la toalla, cuando asi,

yo lo sentia.

Gracias a mis amigas. Gracias a Estefania, a Claudia y a Sara, por vuestros animos.
Gracias mis hermanitas Patri y Cristina por vuestra confianza siempre. Bien es cierto
gue estos ultimos meses he estado més distanciada por tener todo mifoco en finalizar
esta etapa, pero estoy deseando ponerle cierre para disfrutar mas de vosotras y con
vosotras.

Gracias a Eva y Carmela, por cuidar de misalud mental cuando tanto lo he necesitado.
Gracias por ensefiarme sobre mi mente y mi alma, mas de lo que imaginé. Habéis sido

muy importantes para miy para que pueda llegar hasta aqui.

Gracias a mis padres y hermanos por su animo y sus palabras de aliento en la recta
final y sobre todo por inculcarme unos valores de pequefia de los que me siento muy
orgullosa de adulta, y que me hacen ser quien soy hoy como persona. Gracias por
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enseflarme que el éxito solo esta delante del trabajo en el diccionario y por inculcarme
gue la humildad, la bondad y el buen hacer siempre ha de estar por delante de todo.
Aungue a veces no se valore, sé que es lo importante porque lo que si deja, es huella.

Finalmente, las GRACIAS en mayuUsculas te las tienes que llevar td, Radl. Mi compariero
de vida, miamor y miamante. Solo tu sabes lo que esta recta final me ha supuesto. Por
ello, no puedo escribir estas palabras sin lagrimas en los ojos. Te estoy eternamente
agradecida no sélo por cuidarme y amarme, sino por levantarme y no dejarme abandonar
cuando me han faltado las fuerzas. Gracias por confiar en mi, incluso mas que yo misma.
Te quiero infinito amor, te mereces y nos merecemos todo lo bueno que sin duda esta
por llegar. Si he llegado hasta aqui y estoy escribiendo estas palabras, es gracias a ti,
por eso el ultimo parrafode mitesis tenia que ser para ti. Te amo con locuray con cordura.
Hacemos el mejor equipo, #bettertogether.
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