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ABSTRACT

Objectives To systematically review studies evaluating
one or more components of physical fitness (PF) in
pregnant women, to answer two research questions: (1)
What tests have been employed to assess PF in pregnant
women? and (2) What is the validity and reliability of these
tests and their relationship with maternal and neonatal
health?

Design A systematic review.

Data sources PubMed and Web of Science.

Eligibility criteria Original English or Spanish full-text
articles in a group of healthy pregnant women which at
least one component of PF was assessed (field based or
laboratory tests).

Results A total of 149 articles containing a sum of 191
fitness tests were included. Among the 191 fitness tests,
99 (ie, 52%) assessed cardiorespiratory fitness through 75
different protocols, 28 (15%) assessed muscular fitness
through 16 different protocols, 14 (7%) assessed flexibility
through 13 different protocols, 45 (24%) assessed balance
through 40 different protocols, 2 assessed speed with

the same protocol and 3 were multidimensional tests
using one protocol. A total of 19 articles with 23 tests
(13%) assessed either validity (n=4), reliability (n=6) or
the relationship of PF with maternal and neonatal health
(n=16).

Conclusion Physical fitness has been assessed through
a wide variety of protocols, mostly lacking validity and
reliability data, and no consensus exists on the most
suitable fitness tests to be performed during pregnancy.
PROSPERO registration number CRD42018117554.

BACKGROUND

Physical fitness (PF) has been defined as the
ability to carry out daily tasks with vigour and
alertness, without undue fatigue and with
ample energy to enjoy leisure-time pursuits
and meet unforeseen emergencies.' > PF is
considered a powerful marker of health that
is associated with a lower risk of cardiovascular
events, cancer and all-cause mortality in all
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WHAT IS ALREADY KNOWNWHAT IS ALREADY
KNOWN ON THIS TOPIC

= The assessment of physical fitness during pregnan-
cy requires special considerations to preserve fetal
and maternal health.

= Although physical fitness during pregnancy has
been assessed inconsistently across studies, these
tests have not been systematically compiled to date.

= The validity and reliability of the variety of tests used
to assess physical fitness during pregnancy has not
been comprehensively reviewed.

WHAT THIS STUDY ADDS

= During pregnancy, physical fitness including cardio-
respiratory fitness, muscular strength, flexibility and
balance have been assessed inconsistently, using a
wide variety of protocols.

= Most of the tests used to assess physical fitness
during pregnancy lack validity and reliability data.

= Higher physical fitness might be associated with
better maternal and neonatal health, although fur-
ther research is needed.

HOW THIS STUDY MAY AFFECT RESEARCH,
PRACTICE AND POLICY

= The extent to which the data derived from current
physical fitness tests during pregnancy is valid and
reliable is still unclear and, therefore, should be in-
terpreted with caution.

= Developing a battery of fitness tests to assess the
different fitness components during pregnancy must
be set as a priority for relevant institutions.

= An expert consensus to develop a battery of physical

fitness tests is recommended.

ages.”” In pregnant individuals, some studies
have recently highlighted the potential impact
of PF on maternal and fetal health.*'® Low
PF levels are associated with low infant birth
weight,” increased risk of gestational diabetes
mellitus,” ' poor postpartum recovery'' and

BM)

Romero-Gallardo L, et al. BMJ Open Sp Ex Med 2022;8:€001318. doi:10.1136/bmjsem-2022-001318

= 1

=
BAsem

WBuAdoD Aq pa1dalold ‘05 X0F Od PNles Do eudipaiN/epeuris
1e 2202 ‘T 4900100 o /wod"fwg wasuadolwa//:dny woly papeojumog ZzZ0z Jequasidss £ Uo 8TET00-2Z02-waslgq/9eTT 0T Se paysiignd 1s.y :pa 248x3 Mods uado NG


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-6341-855X
http://orcid.org/0000-0003-2625-4060
http://orcid.org/0000-0002-7353-0382
http://orcid.org/0000-0002-8231-2280
http://orcid.org/0000-0002-8113-3651
http://orcid.org/0000-0002-8707-4656
http://orcid.org/0000-0002-2867-378X
http://orcid.org/0000-0002-4626-420X
http://dx.doi.org/10.1136/bmjsem-2022-001318
http://dx.doi.org/10.1136/bmjsem-2022-001318
http://dx.doi.org/10.1136/bmjsem-2022-001318
http://crossmark.crossref.org
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/
http://bmjopensem.bmj.com/

worse delivery outcomes.'? ¥ Moreover, the anatomical,
biomechanical, physiological and psychological changes
during the pregnancy might compromise PF levels.'*"®
Consequently, it is of clinical and public health interest to
assess PF during the pregnancy, and to understand which
available tests are best to assess PF during this critical
period of life.

Two categories of PF components have been defined
as follows: (1) health-related components (cardiore-
spiratory fitness (CRF), muscular fitness, muscular
endurance and flexibility) and (2) skill-related compo-
nents (ability, coordination, balance, power, reaction
time and speed).' > These PF components can be assessed
subjectively through questionnaires,'” objectively and
accurately through laboratory tests and efficiently,
economically and easily through field-based tests. During
the pregnancy, a wide variety of fitness tests have been
used to assess PF, although a compilation of these tests
has not been published to date. Compiling all fitness tests
performed in pregnant women would help practitioners
to select the most useful test according to their purpose.
Itis also important to note that, although laboratory tests
are generally the gold standard for assessing PF, these
tests are not 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 tests
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 indi-
viduals, and the validity and reliability of many of the tests
used to assess PF during the pregnancy are unknown."

Since the assessment of PF in pregnancy requires special
consideration to preserve fetal and maternal health,'®*’*!
understanding which fitness tests are valid, reliable, and
associated with maternal and neonatal health outcomes,
would provide a framework for improving PF assess-
ment during pregnancy and also for improving exercise
prescription in this population.

The aims of this systematic review were to: (1) describe
which fitness tests have been used to evaluate PF in preg-
nant individuals; and (2) to evaluate the validity and
reliability of the fitness tests, and their relationship with
maternal and neonatal health.

METHODS

Registration and review guidelines and checklist

This systematic review was prospectively registered at
PROSPERO (CRD42018117554; available at http://
www.tly/fS6a). In addition, the review followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines® and the PRISMA
checklist”® is included as online supplemental material
1, table S1. (1) .

Search strategy
Articles were searched by two independent reviewers
from two major databases, MEDLINE (PubMed) and the

Web of Science (WOS) from inception to January 2021.
For the search strategy undertaken in PubMed Medical
Subject Heading, (MeSH) terms were used. All terms were
combined using the connector OR for similar criteria the
connector ‘AND’ was used to combine population group
(ie, 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 term combination was
undertaken in the WoS (online supplemental material
2, table S2), although MeSH terms and its appropriate
terms connection were not used as they are exclusive
for PubMed. The complete search strategy and further
details are presented in online supplemental material 2,
tables S1 and S2.

Inclusion criteria

The inclusion criteria were as follows: (1) healthy preg-
nant individuals (no restriction regarding gestational
week); (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) textin
English or Spanish.

Quality assessment of the articles

To assess quality of the articles included in aim 2,
three quality scores were applied. To assess validity and
reliability, authors adapted two quality scores ad hoc previ-
ously used in two different systematic reviews following
the same goal as the present review, however, undertaken
in different populations.** ® To assess the association
of PF with health-related outcomes the Effective Public
Health Practice Project was used.”® All procedures are
comprehensively described in online supplemental mate-
rial 3, tables S3-S5.

Process and data extraction

After checking title and abstract, only the studies meeting
all inclusion criteria were introduced in a reference
manager software (Mendeley). In the event of disagree-
ment between the two independent reviewers concerning
the inclusion/exclusion of an article, a consensus was
reached (there was no need of a third person). The
snowball strategy was also used. Information including
reference, age, sample size and fitness test description
are summarised in online supplemental material 5, table

S6.

RESULTS
A comprehensive PRISMA flow diagram is presented in
figure 1.

Overall results, quality assessment and gestational week

The search identified 2617 studies, of which 149 were
included (figure 1). These articles contained 191 fitness
tests, using 149 different protocols that were included
for Aim 1. A summary of the number of articles that
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Records identified through PubMed Records identified through WoS
< database searching database searching
S (n=930) (n= 1687)
=]
]
S
=
c
o
T
Papers identified in the search Excluded duplicated articles
(n=2617) (n=565)
Records excluded after checking
= Records screened title and abstract
= = =
£ (n=2052) (n=1862)
o
o
3 l
w
Full-text articles excluded, with
. reasons
Full-text articles assessed (n =40)
fo(r El'gll;;'tv 1.- Physical fitness.- not assessed
n= ) or insufficiently described (n=20)
> 2.- Not original article (n=11)
% 3.- Fitness not assessed during
) pregnancy (n=4)
w 4.- Identical data derived from the
same research project (n=5)
Articles included to address aim 1: PF tests R Articles included to address aim 2: validity,
have been used to evaluate fitness reliability and maternal and neonatal health
T (n=149) outcomes.
°
=
: } }
=
| Physical fitness tests included in 149 articles: (n = 191) | | Physical fitness tests included in 19 articles: (n = 23)
Figure 1 Flow chart of the literature search and paper

selection process.

assessed PF during the pregnancy and the protocols used
for its assessment is presented in figure 2. This has been
organised based on each of the different PF components
assessed in those articles. Moreover, a comprehensive
diagram of the fitness tests and the different proto-
cols performed to date, organised by PF component, is
presented in figure 3.

Regarding aim 1, 99 tests (including 75 different
protocols) were used to assess CRE® 121318 277108 9g
(including 16 different protocols) to assess muscular
fitness,® '* 19 01 80199122 14 (including 13 different proto-
cols) to assess flexibility,'? ? 110 415127 45 tests (including
40 different protocols) to assess balance,"? ¢ 1251679 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.

Regarding aim 2, a total of 19 articles (13% of the total
number of articles included) assessed at least validity
(n=3) and reliability (n=4) of fitness tests. These articles
are summarised in table 1. Of the three articles’* ™ '
that assessed validity, two articles were classified as low
quality” ' and one as high quality.” Of the four articles
that assessed reliability criteria, three were considered
high quality” "7 1% and one low quality.'*' The relation-
ship of PF with maternal and neonatal health outcomes
(n=16 tests) are summarised in table 2. Of these 16 tests,
11 were classified as very low quality'®?7 %8 9% 108 111126 157158
and 5 were classified as low quality.® % 117128170

The gestational week at PF assessment ranged from 8
to 41 across articles. Some articles assessed PF at different
time points throughout pregnancy; therefore, we divided
pregnancy into two stages. Early pregnancy (ie, from
week 0 to week 20 of gestation) and late pregnancy (ie,
from week 21 to week 40). Using this approach, 11 arti-
cles (7%) were performed in early pregnancy; 57 articles
(38%) were performed in late pregnancy; 55 articles
(37%) were performed several times (ie, range 2-5 times)
throughout pregnancy; 7 (5%) articles specified a range
of weeks that included early to late pregnancy; 14 arti-
cles (9%) reported only the trimester without specifying
gestational week; 4 articles (3%) provided no informa-
tion and 1 article (1%) assessed PF on the day of labour.

Aim 1: fitness tests used to evaluate PF in pregnant women
Cardiorespiratory fitness

We identified 99 tests assessing CRF, of which 61 (62%)
were performed on a cycle ergometer, 25 (25%) on a
treadmill, 10 (10%) on a track and 3 (3%) used step

Number of tests and protocols that assessed the different components of physical fitness during pregnancy

TOTAL

191

. 99
g Cordiorespiratory Fitness _
5

28
Muscular Fitness
16
Flexibility L
> 13

s

Balance 4
40

1d components of physical fitness te

Speed

-

Multidimensional

o

20 40 60 80

Numbers of tests and protocols

®Fitness tests ® Protocols

Figure 2 Number of tests and protocols that assessed the different components of physical fitness during pregnancy.
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ESTS (n=191)]

[
T T
FLEXIBILITY BALANCE SPEED MULTIDIMENSIONAL
(n=14) (n=45) (n=2) (n=3)

(FITNESS T
T
CARDIO-RESPIRATORY MUSCULAR FITNESS
FITNESS (n=99) (n=28)
[ [ : I 1
CYCLO-ERGOMETER  TREADMILL ON TRACK STEP (n=3) +Hand-Grip (n=13)
(n=61) (N=25) (n=10)
Canadian | Maximal Hand-Gri
F Arstila (n=1) L Mg?gw)ed Balkee 6-mWt (n=6) ::J:nww)e Fitness (n=10)
Ad hoc (n=4) | Endurance Hand-Grip
F Bruce (n=1) L E\Aodzl)f\ed Bruce Ad hoc (n=2) (n=3)
n=
| Modified Balkes (n=2) +-Peak isometric (n=2)
e (n= I Balkee (n=
Bruce (n=1) +Hip extension (n=1)
Modified - Bruce (n=1) =
I Balkee (n=2) [P L Back-flexors (n=1)
= L Dynamic endurance
[ YMCA (n=1) L SWET (n=1) (n=13)
= Ad hoc (n=55) I Ebelling (n=1) | 30-sec chair stand
Suiady—state L Ad hoc test (n=7) n=1)
(n=1) | 5 times sit to stand
Incremental (n=1)
(n=44) +Trendelemburg (n=1)
Artal et al. (n=2)

Kempt et al (n=3)
Heenan & Wolf (n=2)
Ad hoc=37

CYCL (]rFHGO‘VV\FTFR(‘V:M&) TREADMILL (n=14) ON THA(EK (n=5) STFP‘(n:Ii]
1

LAd hoc test (n=9)

+Side bending (n=1) {STATIC BALANCE (n=19) LOmTWT (n=2) LTUG (n=3)

p tSit-and-reach (n=1) On force platform (n=12)

tBack-Scratch (n=2) Open eyes (n=4)

Expert Vision Analysis

[ Open & Close eyes (n=6)
System (n=3)

Non reported (n=2)
Seated and standing

forward flexion (n=1) [-On pressure platform (n=1)

Seated and standing +On Equitest platform (n=1)
(Srwwdie{)to»swde flexion -Non reported platform (n=4)
-Without platform (n=1)

“DYNAMIC BALANCE (n=26)

Seated axial rotation
(n=1)

rGoniometer (n=2) +On platforms (n=9)

Wrist (n=1)) LCakmak etal (n=2)

Isquiosural (n=1) I-3-D Camera motion capture system (n=15)

rOptoelectronical LCau—:‘na etal. (n=3)

system(n=4)

L Others without platforms neither cameras (n=2)

L Ad hoc machine (n=1)

CARDIO-RESPIRATORY MUSCULAR FITNESS
FITNESS (n=75) (n=16)

SPEED

FLEXIBILITY BALANCE MULTIDIMENSIONAL
(n=13) (n=40) (n=1)

I

PROTOCOLS (n=149)

Figure 3 Diagram of the fitness tests and the different protocols organised by PF component. PF, physical fitness.

protocols (figure 3). Of the 99 tests, a total of 75 corre-
sponded to different protocols. For instance, there
were 56 different protocols using a cycle ergometer,
distributed as follows: only one article used the Arstila
test®; one used the Bruce Protocol at 75% HRmaxw; one
applied the Modified Bruce ramp protocol at anaerobic
threshold'”; two employed the Modified Balke protocol
at 70% HRmax34 . one used a YMCA protocol;106 The
remaining of articles (n=55) used ad hoc tests (ie, specif-
ically designed for the purpose of the investigation);
11 of which? 7 38 41455764 107 56 steady-state tests
and 4428-31 33 35 36 39-41 43 44 46-56 59-63 65-69 90 100106 108 171-173
used incremental tests. When analysing the type of
test based on intensity, we found that 13 tests were
maximal tests,? 43 #4749 59 60 67103105171 g7 (b o imal
tests2? 30 35-10 42 45 46 50-52 54-57 62-66 68 69 79 90 100-102 106 108 172
and 3 used mixed tests®® **' 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® * 7' 7 78829, the Modi-
fied Bruce protocol in 2 articles”® ” and the traditional
Balke protocol used twice in the same article”’; the tradi-
tional Bruce protocol,” the Cornell protocol,” the SWET
protocol and the Ebbelling single-stage protocol'® were
each used in one article. There were seven ad hoc tests
of which two were steady-state,” ®' and five were incre-
mental tests.”? ™% 8% According to intensity, three were
maximal tests” *® and four submaximal tests.”® 2%

Of the 10 tests performed on a track, 6 articles used
the 6min walk test protocol,* % #7992 and 4 were ad hoc
tests (ie, maximal and 4 were submaximal). With regard

to the three step tests, one Canadian Home Fitness test”
was used and two ad hoc incremental submaximal tests
were used.”* %

Muscular fitness

A total of 28 tests (ie, 14% of all included articles) that
included 16 different protocols assessed muscular fitness,
of which 10 performed maximal hand-grip strength
tests,? 12 19801097115 e formed endurance hand-grip tests,
2 for 3min'"® "’ and 1 for a 2min period'"? (figure 3).
In two of the articles conducting an endurance hand-
grip test,""®'"? a hand-grip sphygmomanometer was used
instead of dynamometry. On the other hand, one used a
hand-held dynamometer fixed to a chair to assess quadri-
ceps strength''® and one used a toe-grip dynamometer.''®
Moreover, two ad hoc isometric tests were used to assess
maximal voluntary hip extension and back flexors endur-
ance in the same article.'” Finally, 13 dynamic endurance
tests were found, 9 were listed as ad hoc tests'2 112122 and
another 3 (30s Chair Stand Test, 5 Times Sit to Stand test,

Trendelenburg’s test) were classified as ‘other’ dynamic
13112117
tests.

Flexibility

Our search identified 14 (7%) tests that assessed flexi-
bility using 13 different protocols, including the side
bending test,125 the sit-and-reach test,12 the back-scratch
test (twice),'®'? the motion analysis (ie, including three
different tests such as the seated and standing forward
flexion, seated and standing side to side flexion and
seated axial rotation)'® and an optoelectrical system
(ie, performing four different tests)."”’” Goniometry
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Table 1 Overview of studies that assessed the validity and/or reliability of fitness tests during pregnancy

Reference Capacity evaluated, short test description and maternal and neonatal health outcomes or Quality
(authors, year) Validity Reliability statistical results score
Cardio-respiratory fitness
Yeo et al (2005)"*  Yes Yes Cornell Protocol on treadmill platform. 4-8
Validity: Bland-Altman plots. The mean difference was 4.4+3.6 mL/kg/min. Data indicated
that VO2000 overestimates VO, by an average of 4.4 mL/kg/min compared with
CPX/D. Pearson correlation coefficient between the average and difference of paired
measurements was close but not significant (r=0.48; p>0.01). Reliability: Paired t test
(t (45)=3.9, p<0.001). Linear regression: y=0.96 X-1.6; 95% ClI for the slope: 0.94 to 1.1;
R?=0.91, p<0.001
Mottola et al Yes No Modified Balke protocol on treadmill platform. 5
(2006)™ Validity: Pearson Correlation: R?=0.72, R? adjusted=0.71 and SEE=2.7 (The prediction
equation was compared with cross validation (n=39; p=0.78).
Muscular fitness
Gutke et al No Yes Maximal voluntary isometric hip extension 3
(2008)'?! Reliability: Spearman’s r and Intercorrelation coefficient (ICC). Right leg: r=0.82;
ICC=0.87. Left leg: r=0.88; ICC=0.85 (both p value no reported).
Yenisehir et al No Yes Five Times Sit to Stand Test (5TSS) 5-7
(2020)""" Reliability: Inter-rater reliability of 5TSS was excellent for subjects with and without
pregnancy-related pelvic girdle pain (ICC ¥4 0.999, 95% Cl % 0.999 to 1.000; ICC %
0.999, 95% Cl V4 0.999 to 0.999, respectively). Test-retest reliability of 5TSS was also
very high for subjects with and without PGP (ICC % 0.986, 95% CI % 0.959 to 0.995: ICC
Y4 0.828, 95% CI % 0.632 to 0.920, respectively).
Flexibility
Lindgren and No Yes Ad hoc passive abduction of the left fourth finger. 2
Kristiansson Reliability: Intraindividual coefficient of variance. (1) Between the first and second
(2014)12 measurement=0.077; (2) Between the second and third=0.070and between the third and
fourth=0.071.
Speed
Evensen et al No Yes Ten metres Timed walk Test 8
(2015)'68 Reliability: ICC from a one-way random effects model and reporting the 95% CI.
Coefficients for test-retest reliability for 10mTWT: (ICC=0.74; 95% Cl=0.42 to 0.90;
SEM=0.17m/s; MDC,=0.47 m/s) Coefficients for intertester reliability 10mTWT:
(ICC=0.94; 95% CI=0.82 to 0.98; SEM=0.09m/s; MDC,.=0.25m/s).
Evensen et al Yes No Ten metres Timed walk Test 3
(2016)'®° Validity: Spearman correlation coefficient. Between the 10mTWT and ASLR (r=—0.65,
p=0.003). Between the 10mTWT and PGQ (r=-0.25to —0.56).
Multidimensional
Evensen et al No Yes Timed Up and Go Test (TUG) 8
(2015)18 Reliability: ICC from a one-way random effects model and reporting the 95% CI.
Coefficients for test-retest reliability TUG: (ICC=0.88; 95% CI 0.70 to 0.95; SEM=0.42s;
MDC,.=1.165.) Coefficients for intertester reliability TUG: (ICC=0.95; 95% CI 0.84 to
0.98; SEM=0.36 m/s; MDC,,=1.00m/s).
Evensen et al Yes No TUG 3
(2016)'®° Validity: Spearman correlation coefficient. Between the TUG and ASLR (r =0.73,

p=0.001). Between the TUG and ASLR (r =0.73, p=0.001). Between the TUG and PGQ

(r=0.41t0 0.52).

ASLR, Active Straight Leg Raised; MDC, minimal detectable change; 10mTWT, Ten-metre Timed Walk Test; PGP, Pelvic girdle pain; SEM, SE of

measurement.

was used in two different articles to measure hamstring
flexibility,''* wrist flexion-extension and medial lateral
deviation."* Only one article used an ad hoc machine to
test passive abduction of the left fourth finger.'*’

Balance

We identified 45 (24%) articles assessing balance of
which 19 analysed static balance and 26 used dynamic
balance with 40 different protocols. With regard
to static balance, 18 were laboratory tests of which

12 assessed balance through stabilometry tests on a
129 131 132 138 149 158-160 162-164 167
force platform,' 2 ?

one on a
3
pressure platform'®

and another on an Equitest plat-
form.'"” Four articles did not mention the type of
platform used."'” 1*2 1** 17 Regarding protocols, all arti-
cles conducted the tests with participants standing with
bipedal support. However, standing position varied
between articles. Ten articles maintained a standing

. 116 131 182 147 158 159 162 165-167
posture with feet separated, :
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Table 2 Summary of studies assessing PF and its relationship with maternal and neonatal health outcomes

Unrelated
Related to PF to PF
Biblio no Quality Quality
Assoc score score
Health-related outcome CRF MF Flexibility Balance Multidimensional (-/+) Statistics (0-5) Biblio no (0-5)
Maternal Health
Prepregnancy weight 57 - r=-—0.63, P=0.001 2
Maternal HR at submaximal 108 - NR, P<0.05 1
exercise
Duration of gestation 63 + r=0.12, P=0.01 3
108 1
Physical activity practice 95 + P=0.01 2
Back pain 126 + OR=1.09, 95% Cl 2
1.01 to 1.17, P=0.022
Anxiety 158 - r=0.559, P=0.02 2
Fall risk 128 - P<0.0001 3
157 - P<0.001 2
Pelvic girdle pain 170 + P<0.001 4
Birth
Length of labour in 57 - r=-0.65, P=0.05 2
nulliparas
Second stage of labour 108 - NR 1
Caesarean 13 - NR, P<0.001 2
Pain during contractions 111 + r=0.67, P<0.001 2
Fetal and neonatal health
Fetal umbilical artery pH 68 + NR, P<0.001 2
13 + r=0.220, P<0.05 2
Asphyxiated babies 108 - NR, P<0.05 2
Arterial umbilical cord PO2 13 + r=0.267, P<0.05 2
13 + r=0.237, P<0.05 2
Arterial umbilical cord 13 - R=0.331, P<0.01 2
PCO2
Neonatal birth weight 8 + r=0.27, P=0.048 3
115 + F (2182)=8.15, 4
P=0.004
13 + r=0.191, P<0.05 2
93, 26 2,1
New-born length 93
New-born head 93
circumference
Apgar Score 93, 26 2,1

Related to PF refers to those variables where authors found either a positive or negative association of the variable with PF levels. Unrelated to PF refers to those variables where

authors could not find any association between the variable and PF.

+, direct association of the variable with PF; -, inverse association of the variable with PF; CRF, cardiorespiratory fitness; HR, heart rate; MF, muscular fitness; NR, not reported;

PCO2, pressure of CO2; PF, physical fitness; PO2, pressure of O2.

one with feet together,129 two used mixed protocols,128 160

one with medial malleoli separated™ and four did not
mention the standing posture.'” ' 199 1% Noreover,
three articles used protocols with eyes open'* 9 102
exclusively, eight articles used mixed protocols with eyes
open and closed, one used visual target and visual tasks!%*
and six did not specify whether participants kept their
eyes closed or opened. Only one article used a field test,
the one-legged standing protocol.110 On the other hand,
one test was a field-test without a platform.

In relation to the 26 articles measuring dynamic
balance, 9 assessed balance using platforms. Each
of these articles used a different testing tool such as a
balance master platform.'* pressure platform,'” force
platform,"® Equitest platform'** and a movable platform,
which was used in two articles.'* 7 Two of these arti-
cles were walking protocols,'™ '® one with translational
pertulrbations,157 one was standing with one knee flexed
and arms across the chest."™ '*” Another 15 articles used
three-dimensional (3-D) camera motion capture systems
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using 13 different protocols. Twelve of the 15 articles
were walking protocols!®® 140 142-144 148 150 152-156 161 ;) 4 o
used a stand to sit motion protocol.'*' °! Moreover, one
article used a triaxial accelerometerMﬁ; another article
assessed balance through recording (without specifica-
tion of camera type)'* and another using instrumented
insoles.'” All three of these articles used walking proto-
cols.

Speed

The only protocol that was used to assess speed during
pregnancy was the 10 m timed walk test (10mTWT).
However, the same test was identified in two different arti-
cles.'® 1% In the 10mTWT, the participants commenced
standing at a chair. When told to start, subjects walked as
fast as possible along 14 m marked with white tape placed
at O0m, 2m, 12m and 14m. The time (100th of a second)
required to walk between the 2m and 12m markers was
recorded and converted into speed in metres per second
(m/sec).

Agility and coordination
No articles of agility and coordination were identified.

Multidimensional

Our search identified a walking multidimensional test
that was used in three studies.'®'" In the Timed Up and
Go Test (TUG), the participant began seated in a chair
with their arms on armrests and their toes against a start
line. The purpose was to cross the front white line at 3
m 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).

Aim 2: evaluation of the validity and reliability of the fitness
tests, and their relationship with maternal and neonatal
health

Articles assessing validity and reliability are summarised
in table 1. Articles assessing PF and its relationship with
maternal and neonatal health outcomes are presented in
table 2 and follows a similar format as Sallis et al.'”’
Cardiorespiratory fitness

We identified two articles examining validity.” ™ Yeo et
al’ aimed to validate a portable metabolic testing system
(VO2000) on healthy sedentary pregnant individuals.
The VO2000 consistently overestimated VO, measure-
ments, compared with the same manufacturer’s reference
system, by 4.4+3.6 SD mL/kg/min although the Pearson
correlation was significant (r=0.48; p=0.01). When
the VO2000 was used twice, the mean difference was
statistically 51gn1ﬁcant (1 0+1.8mL/kg/min; t(45)=3.9,
p<0.001). Mottola et al”® provided a prediction equation
for VO, . in pregnant individuals between 16 and 22
weeks ofP gestation, using a modified Balke protocol. The
results of this equation revealed an adjusted R* of 0.71
and differences between actual and predicted VO2 of
2.7 mL/kg/min. When the authors used this equation to

predict VOQPeak in a cross-validation group (n=39), they

found a predicted value of 23.38+4.03 mL/kg/min, while
the actual value was 23.54+5.9 mL/kg/min (p=0.78).

A total of six articles analysed the association of CRF
with maternal and neonatal health outcomes. Pomerance
et al” observed that VO,  was inversely associated with
the length of labour 1n multlparas (r=-0.65; p=0.001)
and prepregnancy weight (r=-0.63; p=0.001). However,

omae Was 10t correlated with newborn weight, length
or head circumference, or with the 1 min Apgar scores
(all p>0.05). In the same line, Wong and McKenzie'”
observed that fit mothers showed lower HR at submax-
imal exercise intensity (p<0.05) and the second stage of
labour was shorter (no statistics reported) compared with
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 effects of
maternal fitness on newborn weight or Apgar scores.

In addition, Erkkola and Rauramo® found that
newborns from fit pregnant individuals 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' observed that maternal CRF at the 16th
gestational week was related to higher arterial umbilical
cord PO2 (r=0.267, p<0.05), and those who had caesarean
sections had significantly lower CRF compared with those
who had vaginal births (p<0.001).

Moreover, 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, o peak
in early pregnancy was positively associated with physical
activity spent at sports and exercise before and during
early pregnancy (p<0.001).

Muscular fitness

Only two muscular fitness tests assessed reliability.
Yenisehir et al''” analysed reliability and validity of Five
Times Sit-to-Stand. Inter-rater reliability was excellent for
subjects with and without pelvic girdle pain (PGP) (intra-
class correlation coefficient, ICC=0.999, 95% CI 0.999 to
1.000: ICC=0.999, 95% CI 0.999 to 0.999, respectively).
Test—retest reliability was also very high for subjects with
and without PGP (ICC=0.986, 95% CI 0.959 to 0.995:
ICC=0.828, 95% CI 0.632 to 0.920, respectively).

Gutke et al'*' analysed the reliability for an ad hoc test.
This test consisted of a maximal voluntary isometric hip
extension with a fixed sensor holding a sling around
the thigh and pulling for 5s during 3 reps with 5-10s 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 not reported).

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). Zelazniewicz and Pawlowski et al''® observed
that hand-grip strength was associated with offspring

117 121
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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'® found greater hand-grip strength
weakly associated with greater neonatal birth weight
(r=0.191, p<0.05). Wickboldt et al''' found that hand-
grip strength was moderately correlated with pain scores,
where the mean hand-grip strength during contractions
had the highest correlation coefficient (r=0.67; p<0.001)
compared with peak hand-grip strength (r=0.56; p<0.001)
and the area under the curve of hand-grip force (r=0.55;
p<0.001).

Flexibility
Lindgren and Kristiansson'*® 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 analysed by the intraindividual coefficient of
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.
Only two flexibility tests evaluated associations with
maternal and neonatal health outcomes. Lindgren and
Kristiansson'®® found that women with greater passive
abduction angle of the left fourth finger was associated
with the highest back pain incidence (OR 1.09; 95% CI
1.01 to 1.17; p=0.022) and the highest number of previous
pregnancies (OR 3.24; 95% CI 1.57 to 6.68; p=0.002).
Baena-Garcia et al'® found increased flexibility associ-
ated with a more alkaline arterial pH (r=0.220, p<0.05),
higher arterial PO, (r=0.237, p<0.05) and lower arterial
PCO2 (r=-0.331, p<0.01) in the umbilical cord blood.

Balance
No validity or reliability assessments were performed
regarding balance tests.

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

Speed

Validity and reliability for 10mTWT was studied by Evensen
et alin two different articles.'®® % In 2015, Evensen et al'®®
analysed the test-retest reliability of 10mTWT showing an
ICC of (0.74). Intertester reliability was determined in the

first 13 participants with strong correlation (ICC=0.94).
In 2016,'" the same authors analysed 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).

This systematic review did not find any articles that
analysed the association of speed with maternal and
neonatal health outcomes.

Agility and coordination
No articles were identified.

Multidimensional

Validity and reliability for TUG was analysed by Evensen
et al in two different studies.'™ ' 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 ASLR
(r=0.73, p=0.001).

The time on TUG among pregnant individuals with
PGP was significantly higher (mean (95% CI) 6.9 (6.5 to
7.3) seconds) than for asymptomatic pregnant (5.8 (5.5
to 6.0), p<0.001) and non-pregnant (5.5 (5.4 to 5.6),
p<0.001) individuals.

DISCUSSION

Summary of the evidence

This systematic review revealed that PF has been assessed
through a wide variety of tests during pregnancy.
However, little is known on the validity and reliability of
the tests performed, and the large variety of tests makes
it challenging to compare results from different studies.
Until a battery of specific fitness tests for pregnant
women is developed and validated, the confidence of PF
data obtained during pregnancy is limited and should
be interpreted with caution. Consequently, the appro-
priateness of using this PF data to prescribe exercise
during pregnancy could be questioned and is a matter
that requires special attention. In this context, it is also
difficult to evaluate the association of PF with maternal
and neonatal health which, in fact, is of wide clinical and
public health interest. However, some studies observed
associations of PF with maternal and neonatal health
outcomes, which needs to be replicated once a PF test
battery is released. We strongly suggest that extensive
research must be performed to validate such battery of
PF tests.

Cardiorespiratory fitness

This systematic review identified that a cycle ergometer
has been the equipment most frequently used to assess
CRF 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
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frequently used test. There have been more incremental
tests used for CRF tests during the pregnancy compared
with steady-state tests and more submaximal compared
with maximal tests. There is no consensus regarding test
termination criteria for submaximal tests, which undoubt-
edly needs further research. Some articles used relative
intensity using physiological variables such as %HR
or %VOQmaX, and others used absolute intensity, such as
specific HR (beats per minute). Among the studies that
used %HRmax as a test termination Crit_erion, there was a
variety of percentages such as 70%,** % 9100 75,27 206997
or 85%. 13547 Among the studies that used %VO, ,
there were different percentages such as 40%, 50%,%%(1
60%"** or 70%.” Among the studies that used absolute
HR as a test termination criterion, the HR for finalising
the tests were set either at 125,% 150,30 45 62 108 155 91
160% or 170°*%° % heats per minute. Some studies even
used the rate of perceived exertion as complementary
criteria®® 1% or peak aerobic power.™ These comple-
mentary criteria have been recommended and studied in
pregnant women by authors like Hesse et af”® since the
physical and emotional changes during pregnancy limit
performance. It must be noted that the same equation
was not used to estimate HR . Some articles used the
traditional 220-age formula > % 7 \hile others used
the Karvonen™ or Tanaka'® formulas. Some articles did
not specify how HR was estimated.” ** * This hetero-
geneity could be due to the physiological complexity of
pregnancy, in terms of cardiac changes and response
to exercise and the lack of scientific information in this
regard. Moreover, the gestational week could be a determi-
nant for physiological responses since Bijl et al'”’ observed
a slower haemodynamic recovery and an increased venti-
latory response to exercise in early pregnancy compared
with non-pregnant women. With regard to maximal tests,
different terms have been used for maximal criteria such
as volitional fatigue,30 33 43 44 47 48 98 103 105 exhaustion,?’1
anaerobic threshold™ ® ' 1" and point of symptom
limitation.”® * 1%

This lack of consensus has many drawbacks that
should be resolved in view of the need to accurately
assess CRF during the 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 the pregnancy. In particular, it seems
essential to develop a treadmill and a cycle ergometer
submaximal test that reveals sufficient validity to confi-
dently estimate VO, throughout gestation.

Muscular fitness

Muscular fitness tests included muscular strength,
endurance and power.” The studies included in this
systematic review show that muscular strength was the
most frequently assessed component of muscular fitness,
since only six studies'?'? 112171217817 3550556 d endurance
and none of them assessed power in pregnancy. In most
studies, muscular strength was evaluated through hand-
grip maximal strength using a dynamometer. However,

two studies used a hand-grip sphygmomanometer
test.'"® 'Y Some of the hand-grip tests were performed in
a standing position,” '” while others used a sitting posi-
tion'"” or supine position,'” and others did not reveal
the position used for the assessment.*® ' * 1% Some
tests were completed three times,''” others twice® * ''°
and others only once."”""? ' 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 hand-grip strength. While hand-
grip strength is a good marker of health," it is unclear
whether hand-grip responds to changes following exer-
cise interventions. Therefore, validating other muscular
strength tests, including lower limb strength tests, is
needed for researchers and practitioners to confidently
assess muscular strength during the pregnancy.

There were no validity studies and the reliability was
assessed only in one maximal isometric hip exten-
sion test.'”' This test has limitations since the pregnant
abdomen must be on a bed and, as acknowledged by
the authors, it cannot be performed during the third
trimester. It must be noted that higher hand-grip
strength was associated with higher birth weight.” '
Moreover, increased hand-grip strength was produced
during uterine contraction."" The advantage of using
hand-grip is that it represents an inexpensive, rapid and
easy-to-use assessment with minimal training needed to
appropriately administer. However, assessing the perfor-
mance of pregnant athletes with this test seems clearly
insufficient. More quality in tests employed is necessary
since the association of muscular strength with maternal
and neonatal health outcomes is of clinical importance.
Moreover, other studies are needed to understand the
extent to which preserving strength throughout preg-
nancy and post partum relates to clinical outcomes.

Flexibility

Although there were seven studies assessing flexibility, none
of them used the same protocol. Once again, this reflects
a lack of agreement when assessing the same component
of PE. Moreover, Lindgren and Kristiansson'®® found that
higher flexibility showed higher low back pain. Despite the
limitation of a finger laxity test, we considered these findings
an interesting association that warrants further investigation
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”® are very relevant to fetal health since
flexibility was associated with a better pH, PO, and PCO, in
umbilical cord blood. Hence, more research about flexibility
tests, their outcomes and their prescription are needed.

Balance

We identified that balance was the second PF component
most frequently evaluated during pregnancy, following
CRF. This makes sense since the centre of gravity
changes during pregnancy as a result of expansion of the
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uterus and the risk of falls increases. However, there is
high heterogeneity between the protocols employed in
different studies. For static balance, the protocol most
frequently used was stabilometry on a force platform
with bipedal support and eyes open and eyes closed
within the same test. For dynamic balance, there was a
greater heterogeneity across protocols both in the plat-
form used and in the movements over the platforms.
Regarding the assessment tool, the 3-D camera was
the device most frequently used.'™™** " 19 [ jkewise,
we observed differences between the number of plat-
form pieces, trials and Hz used. Some protocols were
performed on two piece platforms,** "> * others on one
piece platforms'> 172 138 158 160 166 167 and others did not
specify the type of platform.'®™'% Although the number
of trials and the frequency of recording (ie, Hz) are
important protocol parameters that should be carefully
documented, only 5 (out of 13) articles described the
number of trials'™ #8190 16717 41 1 described frequency
of recording." The usefulness of these tests is restricted
to the research area and all of them use expensive tech-
nological tools; therefore, it is difficult to extrapolate
these tests to fitness centres or clinical settings. Falls
during pregnancy could be prevented if balance was
easily assessed. For this reason, it is necessary to develop
an inexpensive and easy-to-use balance field test.

Validity and reliability of PF tests, and association with
maternal and neonatal health

Unfortunately, studies that examine validity and reliability
of PF tests are scarce. The PF component most frequently
studied was CRF. However, we only found two studies
that analysed the validity of the CRF tests, and no studies
examined the reliability of these tests. On a treadmill
platform, Mottola et al,” validated a special equation for
modified Balke protocol that has been used by numerous
other authors. In contrast, Yeo ef al™ aimed to validate a
portable metabolic testing system (mod. VO2000) but it
overestimated VO, measurements for pregnant individ-
uals compared with non-pregnant females and males.

Regarding muscular fitness, the hand-grip test was
most commonly used; this test was used as the gold stan-
dard for muscular fitness during pregnancy. Only Gutke
et al'®' 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 preg-
nant participants. Finally, the studies evaluating validity
and reliability of speed and multidimensional tests of PF
have been researched by Evensen et al.'®®'® They demon-
strated that TUG and 10mTWT are reliable and valid
tests for use during the pregnancy.

The validity and reliability of balance (without tests),
agility and/or coordination tests has not been investi-
gated to date.

We suggest that specific tests to be performed in preg-
nancy 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 the association of PF with maternal and
neonatal health outcomes, we 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 labour™ ' and a lower risk of caesarean
section."” However, no association was found regarding
other fetal outcomes such as Apgar scores or the newborn
anthropometrics.”” '® By contrast, muscular strength
was associated with optimum infant birth weight.” '* '!?
Other neonatal outcomes like fetal umbilical cord pH
were positively associated with maternal CRE.*® On the
other hand, better balance scores were associated with
lower risk of falls,"”® '® ' which is of particular interest
for exercise professionals, who might include balance as
a component of exercise programs for pregnant women.
Finally, Evensen et al'® found that PGP could be a limiting
factor to assess PF in pregnant individuals since the time
of TUG was significantly higher in those with pain than
in asymptomatic pregnant and non-pregnant individuals.

None of the studies reviewed in this article have
described adverse events during PF assessment. More-
over, official bodies such as the American College of
Obstetricians and Gynecologists, the Canadian Society
of Exercise Physiology and the Society of Obstetricians
and Gynaecologists of Canada have highlighted the
benefits of an adequate PF assessment, and assert the
need of consensus in PF assessment during the preg-
nancy."® Consequently, the findings from this study have
important research and clinical implications.

Limitations and strengths

A limitation of this article is 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. Never-
theless, these two databases are the biggest databases
in sports medicine and sports sciences and, therefore,
include the vast majority of studies.

A strength of this systematic review is the fact that,
to the best of our knowledge, this is the first article to
comprehensively analyse PF assessments, the validity
and reliability of fitness tests, and their relationship with
maternal and neonatal health outcomes during the preg-
nancy. The results from this systematic review provide an
overall picture of how PF is being assessed in this popula-
tion, 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 maternal and neonatal health outcomes. All this
information is of wide and undoubted clinical interest.

CONCLUSIONS

The main finding of this systematic review is that PF
has been assessed through a wide variety of protocols,
mostly lacking validity and reliability data, and that no

10 Romero-Gallardo L, et al. BMJ Open Sp Ex Med 2022;8:€001318. doi:10.1136/bmjsem-2022-001318
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consensus exists on the most suitable fitness tests to be
performed during pregnancy. In addition, the available
evidence regarding the association of PF with maternal
and neonatal health outcomes is scarce and is a matter
of further investigation. Provided the need to assess PF
during the pregnancy and the importance not only to
understand the physical state of the pregnant individual
but also to precisely prescribe exercise in this population,
extensive research is needed to design and validate a
battery of fitness tests to be used for the safe and effective
assessment of PF during pregnancy. We advocate for an
expert consensus panel to develop a battery of PF tests
to assess the different PF components during pregnancy.
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Online Supplemental Material 1, table S1. PRISMA Checklist 2020

i Location
_?:cti::on e Checklist item where item
p is reported

TITLE
Title 1 | Identify the report as a systematic review. 1
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. 2
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge.
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. 3-4
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 4
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the | 4
sources date when each source was last searched or consulted.
Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used. 4
Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record | 4

and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 5
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the

process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 5

study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 5

assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each | 5
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. -
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and -
methods comparing against the planned groups for each synthesis (item #5)).
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Section and Checklist item where item
is reported
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data -
conversions.

Topic

13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. -

13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 4
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.

13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). -

13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. -

Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). ESM2-3
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. ESM2-3
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in | 5
the review, ideally using a flow diagram.

16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. 5
Study 17 | Cite each included study and present its characteristics. 5-12
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 5-12
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 5-12
individual studies (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 5-12
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 5-12

confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.

20c | Present results of all investigations of possible causes of heterogeneity among study results. 5-12

20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. 5-12
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. -
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. -
evidence

2
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is reported
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 12-16
23b | Discuss any limitations of the evidence included in the review. 17
23c | Discuss any limitations of the review processes used. 17
23d | Discuss implications of the results for practice, policy, and future research. 17
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. 2
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
24c | Describe and explain any amendments to information provided at registration or in the protocol. 4
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 17
Competing 26 | Declare any competing interests of review authors. 36
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included ESM5
data, code and studies; data used for all analyses; analytic code; any other materials used in the review.
other materials

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi:
10.1136/bmj.n71
ESM=Electronic Material Suplement

For more information, visit: http://www.prisma-statement.org/
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Online Supplemental Material 2. Search strategy in PubMed and Web of Science.

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 ESM 2-Table-S1) 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 (ESM 2-Table-S2),

although MeSH terms and its appropriate terms connection were not used as they are exclusive for PubMed.

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 in ESM 2-Table-S1 and ESM 2-Table-S2 for
PubMed and WoS database respectively. The results from both, were merged.
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Online Supplemental Material 2, Table S2. 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 Fitness"[Mesh] OR "Physical
Fitness" OR “Physical Conditioning” OR "Exercise Test"[Mesh] OR "Exercise Test" OR "Fitness Trackers"[Mesh] OR “Fitness Trackers"
OR “Muscle Strength”[MeSH] or “Muscle Strength” OR “Muscular fitness” OR “Range of motion, articular’[Mesh] OR “Range of motion,
articular” OR “Postural Balance”[MeSH] OR “Postural Balance” OR “Walk Test”’[Mesh] OR “Walk Test” OR “Cardiorespiratory Fitness”
[Mesh] OR “Cardiorespiratory Fitness” OR “Agility” OR “running speed” OR “aerobic fitness” OR “aerobic capacity” OR “maximal oxygen
consumption” OR “V02max” OR “Physical function”) AND full text[sb] AND ( "0001/01/01"[PDat] : "2021/01/15"[PDat] ) AND

Humans[Mesh]
Search criteria 1 MeSH MeSH
tert Entry Terms for Search criteria 2 Entry Terms for
Criteria 1 Criteria 2
Pregnant Women (MeSH) Women, Pregnant Physical fitness (MeSH) Fitness, Physical

Pregnant Woman
Woman, Pregnant

Exercise Test (MeSH) Exercise Tests

Pregnancy (MeSH) Test, Exercise

Tests, Exercise

Arm Ergometry Test

Arm Ergometry Tests

Ergometry Test, Arm

Ergometry Tests, Arm

Test, Arm Ergometry

Tests, Arm Ergometry

Bicycle Ergometry Test

Bicycle Ergometry Tests
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Ergometry Test, Bicycle
Ergometry Tests, Bicycle

Test, Bicycle Ergometry

Tests, Bicycle Ergometry
Fitness Testing

Fitness Testings

Testing, Fitness

Testings, Fitness

Step Test

Step Tests

Test, Step

Tests, Step

Stress Test

Stress Tests

Test, Stress

Tests, Stress

Treadmill Test

Test, Treadmill

Tests, Treadmill

Treadmill Tests

Physical Fitness Testing

Fitness Testing, Physical
Fitness Testings, Physical
Physical Fitness Testings
Testing, Physical Fitness
Testings, Physical Fitness
Cardiopulmonary Exercise Test
Cardiopulmonary Exercise Tests
Exercise Test, Cardiopulmonary
Exercise Tests, Cardiopulmonary
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Test, Cardiopulmonary Exercise

Fitness Trackers (MeSH)

Fitness Tracker

Tracker, Fitness

Trackers, Fitness

Physical Fitness Trackers
Fitness Tracker, Physical
Fitness Trackers, Physical
Physical Fitness Tracker
Tracker, Physical Fitness
Trackers, Physical Fitness
Activity Trackers
Activity Tracker

Tracker, Activity
Trackers, Activity
Personal Fitness Trackers
Fitness Tracker, Personal
Fitness Trackers, Personal
Personal Fitness Tracker
Tracker, Personal Fitness
Trackers, Personal Fitness

Muscle Strength (MeSH) Strength, Muscle
Muscle strength dynamometer Dynamometer, Muscle Strength
(MeSH) Dynamometers, Muscle Strength

Muscle Strength Dynamometers

Range of motion, articular (MeSH)

Joint Range of Motion
Joint Flexibility
Flexibility, Joint

Range of Motion
Passive Range of Motion

Postural Balance (MeSH)

Musculoskeletal Equilibrium
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Equilibrium, Musculoskeletal
Postural Equilibrium
Equilibrium, Postural
Balance, Postural

Walk Test
(MeSH)

Test, Walk

Tests, Walk

Walk Tests

6-Minute Walk Test

6 Minute Walk Test
6-Minute Walk Tests

Test, 6-Minute Walk

Tests, 6-Minute Walk

Walk Test, 6-Minute

Walk Tests, 6-Minute
Incremental Shuttle Walk Test
Endurance Shuttle Walk Test

Cardiorespiratory fitness (MeSH)

Fitness, Cardiorespiratory

Without filters: 1657

With Humans filter: 1135

Total items found  —r "o 1 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 Headings) is the National Library of Medicine controlled vocabulary thesaurus used for indexing articles for PubMed
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Online Supplemental Material 2, Table S3. 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 Fitness OR “Aerobic Fitness” OR “Aerobic
Capacity” OR “Maximal Oxygen Consumption” OR “V(02max") 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.
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Online Supplemental Material 3. Comprehensive description of the three quality

assessment scores used in the present systematic review.

The first quality score [24], 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 0 to
6 (Table-S3). 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.

The second quality score [25] was employed to rate the studies that measured reliability (ESM
4 — Table-S4). 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 (ESM 4— Table-S4). 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.

The third quality score (ESM 4— Table-S5) 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) [26] which has been used in similar reviews
[27]. The health-related outcomes quality score ranged from O to 5 (ESM 4— Table S5). 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 scores were calculated by counting the number

of positive items.
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Online Supplemental Material 3 Table S4. Quality assessment criteria to evaluate validity studies.

Grading system parameter | Grade Criterion
Number of study subjects 0 n<10
1 n=11-50
2 n>51
Description of the study O Less items than required for
population regarding to age, grade 1

sex, health status, fitness
levels, etc

1 At least age and week of
gestation.

2 Age, week of gestation, health
status and fitness levels and
more.

Statistical analysis includedin 0 Those not included in grade 1
the study

1 Error indexes or regression
analysis

2 >3 items of Bland-Altamn plot
and or ANOVA for repeated
measurements
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Electronic Supplementary Material 4 Table S5. 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.

2 Age, week of gestation, health
status and fitness levels and
more.

Description of the time 0 Interval unknown.
interval

1 Vague and imprecise
information about interval.

2 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.

2 Description of test-retest results
and  description of the
differences.

Appropriateness of statistic 0 Only coefficient of variation

1 Everything between grades 0

and 2 (normally — but not

always — correlation plus an
additional statistic).

2 At least paired statistics,
ANOVA for repeated measures
(or non-parametrical
corresponding tests) or Bland-
Altman method.
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Electronic Supplementary Material 4 Table S6. Quality assessment criteria to evaluate health-related

outcomes studies.

Grading system parameter | Grade Criterion

Description of the study O n < 25 and including less item than
sample regarding to number required for grade 1.

of participants, age, sex,

health status, fitness levels,

etc

1 N >26 and at least age and
gestational week.

Adequate assessment and O Items for grade 1 are not included
report of physical fitness within the article.
test.

1 Validity and/or reliability reported
of test and detailed description of
testing protocol.

Adequate assessment of 0 Items for grade 1 are not included
health-related outcomes within the article.

1 Validity or reliability of the
outcome measure reported and/or
measurement procedure
adequately described.

Adequate  adjustment of O No adjustment was done.
confounders

1 Adjustment of confounders such
as age and sex were done.

Description of both number 0 No description included.
and reasons to withdrawal
and dropout.

1 Description included.

Romero-Gallardo L, et al. BMJ Open S Ex Med 2022; 8:€001318. doi: 10.1136/bmjsem-2022-001318



BMJ Publishing Gi |_imited (BMJ) disclaims all liability and ibility arising f eli
Supplemental material I ngllgceéogrﬁ) thli?éjppfemeﬁtallsn%a?lewgl Wh%chlr%%gneer{g?)%rll%dlt; tﬁ\gg& ol; Sr)n ay rellance BMJ Open S Ex Med

Assessing physical fitness during pregnancy: validity and reliability of fitness tests, and relationship with health-related outcomes. A systematic review.

Electronic Supplementary Material 5 Table S7. Overview of studies included in the systematic review and description of physical fitness tests.

Ref. Sample Mean age
eference . .
Size (n) Gestat.l on Weeks (SD)or  (SD), OF Fitness Test and Short Description
(authors, year) range in weeks range, in
years

Cardiorespiratory Fitness

Cycle-ergometer protocol

Pomerance et al., (1974)! 54 17.5-27 35-37 Ad hoc, steady-state test at 60 rpm at 450, 600 and 300 kpm.

Erkkola, (1976)* 120 (2 weeks before term) 20-26 1) Ad hoc, incremental submaximal test at 150, 300 and 450 kpm/min. 2) Arstila
ECG test.

Morton et al, (1985)3 23 40.15 (1.5) 28.5(2.1) Ad hoc, steady-state test at 40 to 50 rpm and at 300 kpm . min™! for 6 min.

Veille et al., (1985)* 17 35(2) 31 (1) Ad hoc, incremental submaximal test at 50 and 60 rpm at SOW for 10-15 min to
70% HR max (no formula).

Jovanovic et al., (1985)3 6 37.1(0.9) 28.5(1.7) Ad hoc, incremental submaximal self-administered test to 50% VO, max or
exertion equivalent to usual training.

Wong & McKenzie, (1987) 20 3 time-points, (10-14; 22- 29.13 Ad hoc, incremental submaximal test at 50 rpm at 25, 50, 75 and 100 W for 5-6

24; 34-36) min to 150 bpm.
Kulpa et al., (1987)’ 141 First trimester 18-34 Bruce protocol to 75% of HR max.
25
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Carpenter et al., (1988)8

Moore et al.,, (1988)°

Sady & Carpenter, (1988)!°

Artal et al., (1989)!

Hume et al., (1990)?
Sady et al., (1990)'3

Field et al., (1991)™
Rafla & Beazely, (1991)1
Bung et al., (1991)®

45

11

40

37

30

13
21

Young & Treadway, (1992)!7 5

Clapp et al., (1993)'8
Lotgering et al., (1995)"

25

29 (3.7)

21.3

29.2 (3.9)

29.8 (0.5)

25.6 (3.0);

33£2
28-37
3 time-points, (24, 28, 37)
33 (1)

16-39

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

252 (3)

26.6

25.9 (3.3)

28.3(1.8)

28
29 (4.9)

30 (4)

25
29 (1)

30.9 (0.7)

Ad hoc, incremental test. 2 phases: a) submaximal: at 0, 30 and 60W for 6 min. b)
maximal: at 60W to volitional fatigue.

Ad hoc, incremental submaximal test at free pace for 20 min to 60 to 75% HR

max. (220-age).

2 incremental tests: 1) Submaximal test at 0 W, 30 W and 60 W at 30%, 50% and
70% of VO, max. 2) Maximal test increasing 10 W every 2-min stage to volitional
fatigue.

Ad hoc, incremental maximal test at 25, 50, 75W and increments of 25W every 2-
min stage until exhaustion.

Ad hoc, steady-state submaximal test at 60% VO, max for 20min.

Ad hoc, incremental test. 2 phases: a) submaximal: at 0, 30 and 60 W for 18 min.
6-min each stage. b) maximal: incremental continuous to volitional fatigue.
Modified Balke protocol to 70% HR max (no formula)

Ad hoc, incremental submaximal test from 60 rpm to 70% HR max (220-age)
Ad hoc, incremental submaximal test from 15 W to 150 bpm.

Ad hoc, steady-state submaximal test at 50% VO, max for 30 min.

Ad hoc, steady-state submaximal test at 60% + 3% VO, max for 30 min.

Ad hoc, incremental submaximal test. After 3 min at 15W, to increase 10 W every
30 sec until peak aerobic power.
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Artal et al., (1995)%

O’Neill, (1996)*!

Soultanakis et al., (1996)?

Manders et al., (1997)%

Kemp et al., (1997)*

McGrath et al., (1999)%

Brenner et al., (1999)%

MacPhail et al., (2000)%’

Heenan et al., (2001)%
Kennelly et al., (2002)%

Heenan & Wolfe, (2003)*

25

11

20

12

23

41

20

23

28
22

22

33.86+1.46

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)

27.0 (1.0) and 37.0 (1.0)

32(4)

34.7 (0.4)
32.1 (1.4)

37.0 (0.2)

24.9
(2.18)
30.3 (3.3)

31.4(1.5)

20-36

29.4
(0.85)
29 (3.35)

20-40

30.8 (1.5
259 (4.9)

29 (1.1)

Ad hoc, incremental submaximal test. After 5 min per stage at 25, 50 and 75W, to
increase 25W every 2 min to volitional fatigue.

1) Ad hoc, steady-state test at 62.5 W for 15 min. 2) Ad hoc, steady-state test at
87.5 W for 15 min. 3) Ad hoc, steady-state test at 62.5 W for 30 min.

1) Incremental maximal with modified Balke protocol, increasing 25 W every 2-
min at 60 rpm to VO,max 2) Ad hoc, steady-state submaximal test during 1 hour
at 50%-60% VO.max at 60 rpm.

Ad hoc, incremental maximal test. After 5-min per stage at SOW, to increase 25
W/min to volitional fatigue.

Ad hoc, incremental maximal test at 20 W for 4 min. Then, increasing 20 W/min
until exhaustion.

Ad hoc, steady-state test with three 6-min stages and exercise brief (<5-min)
between them. 1) 20 W to 110 bpm, 2) 45 W to 130 bpm 3) 70 W to 150 bpm.

Ad hoc incremental submaximal test for 3 min without resistance, then, increased
30 W/min to 170 bpm or RPE of 18.

Idem Kemp et al., (1997)

Idem Kemp et al., (1997)

Ad hoc incremental maximal test. After 2-min at 30 W, increasing 10 W/min at
50-60 rpm to achieve AT.

1) Ad hoc, incremental submaximal test at 20 W for 4 min. Then, to increase 20
W/min until 170 bpm. 2) Ad hoc, incremental ramp test from 0 W increasing work
rate in 30-sec periods to 70 or 110% of VT.
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Wolfe et al., (2003)*"!

Lindqvist et al., (2003)*

Lynch et al., (2003)%

Heenan et al., (2003)3*

Pirhonen et al., (2003)%

Kardel, (2005)%

McAuley et al., (2005)*’

Weissgerber et al., (2006)®

Jensen et al., (2007)*

Jensen et al., (2008)*

25

18

14

23

39

14

41

14

11

22

15

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

37.0 (0.2)

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

17, 30, 36

17.05 (2.05)
7-22
3 time-points: 19.7 (1.2),

28.2(0.3), 36.3 (0.3)
34-38

28.3
(0.25)

29 (5)

28.7(4)

28.5(14)

29.2 (4.6)

27.7
(1.95)

29.9
(0.85)

25-40

30.9 (0.9)

30.6 (1.0)

Ad hoc incremental submaximal test for 3 min of no resistance. Then, to increase
30 W/min to 170 bpm or RPE of 18.

Ad hoc incremental submaximal test for 2 min of no resistances. Then, to increase
20 W every 2 min to HR max or pulse oximetry below 95%.

Ad hoc incremental submaximal test at 60 rpm no resistance. Then, to increase 0.5
or 1 kP during two 3-min stages to 130 + 5 bpm and 1 stage more to 145 + 5
beats/min.

1) Ad hoc incremental submaximal test at 20 W for 4 min. Then, to increase 20
W/min until 170 bpm. 2) Ad hoc, incremental ramp test from 0 W increasing
work rate in 30-sec period. (70 or 110% of VT)

Ad hoc incremental submaximal test at 0 W and 20 W for 2 min. Then, to increase
at 40 W and thereafter 30 W/min to 85% HR max (220-age) or pulse oximetry
below 95%.

Ad hoc, incremental maximal test for 3-min stages at 50 W, 100 W and 150 W.
After a rest, (no longer than 3-min) work maximally (200-280 W) for the first 30
seconds of 3-min stages.

Ad hoc incremental submaximal and maximal test for 4 min at 20 W at 60-80 rpm.
Then, to increase 20 W/min to 170 bpm or volitional fatigue.

Ad hoc incremental submaximal test at 20 W for 4 min. Then, increasing 5 W/min
until volitional fatigue or 170 bpm.

Idem test 1 of Heenan & Wolfe (2003).

Ad hoc incremental maximal test from 6-min resting period. After 25 W/2 min at
cadence of 60 and 70 rpm to the point of volitional fatigue.
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Kardel et al., (2009)*! 40 35-37 20-40 Ad hoc incremental maximal test at 20 W for 2 min. Then, to increase (8-12 min)
to ramp up 10% of the predicted maximal load.

Ong et al., (2009)*? 12 2 time-points: 18 and 28. 30 (4) Ad hoc, incremental submaximal test increasing 25 W/min to 75 % HR Max (220-
age).

Thorell et al., (2010)* 520 4 time-points: 10.9, 24.0, 29.0 (4.4) Ad hoc incremental submaximal test at 50 or 75 W (based on previous level)

29.7, 36.5. increasing 25 W/min to >125 bpm.

Rojas-Vega et al., (2011)* 20 34+1.6 35.2 (3.6) Ad hoc incremental submaximal test free of cadence and speed for 2 min. Then,
to increase 25 W/ 2 min at 60 rpm to 150 bpm.

Thorell et al., (2015)% 520 10.9 29.6 Idem Thorell et al. (2010).

Kim et al., (2015)* 32 13-35 24.8 (2.5) Ad hoc, steady-state test with three 20-min phases: 1) standing 2) pedalling at 50
W for 20 min 3) sitting.

Nakagaki et al., (2016)¥ 20 25.1(6.3) 33.7(4.2)  Ad hoc, incremental submaximal test at 50 rpm to 160 bpm or impossibility to
maintain the pedalling rate.

Jedrzejko,et al., (2016)* 22 37-41 24.4 Ad hoc, incremental submaximal test on supine cycle divided into three 4-min

(3.92) constant stages increasing from 25 W to 75 W.
25
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Sussman et al., (2019)* 23 2 time-points: 14-15 and 30 (3) YMCA protocol. Incremental test on semirecumbent to 60-80% HRwm.x or RPE of
33-34 gw 14 out 20.

Purdy et al., (2019)% 63 4 groups: 10-12,20-27,30- 30.5 (4.5) Ad hoc, incremental maximal test on recumbent cycle at 25 W at 50 rpm for 5
37 min. Then, to increase 25 W/min at same speed to volitional fatigue.

Bilodeau et al., (2019)°! 58 3 time-points: 16.5 (1.0), 30 (3.7) Modified Bruce ramp protocol.
35.6(0.9); 39.8 (1.1) gw

Matenchuk et al., (2019)% 47 4 groups: nonpregnant; 1* Ad hoc, incremental maximal test at 25 W at 50 rpm for 5 min. Then, to increase
trimester, 2" trimester, 3 25 W/min to volitional fatigue.
trimester

Correa et al., (2020)> 48 2 time-points: 18; 36 gw. Ad hoc, incremental ramp submaximal test at 4 W for 4 min. Then, to increase 20
W/min until symptom limitation or HRwmax (220-age).

Bijl et al., (2020)* 40 11(1) Ad hoc, incremental submaximal on an upright cycle ergometer for 3-min at
40rpm. Then, to increase at 60-70 rpm at 25 W followed by a rise of 5 Watt in
every 12-s to 70% HRmax (Tanaka formula).

Treadmill protocol

Sibley et al., (1981)% 13 2 time-points: 21.9 (2.3); 24.3 (1.4)  Balke protocol to 140 bpm.

33.9(2.3)

Veille, (1985)* 17 35(2) 31 (1) Ad hoc, incremental submaximal walking test to 70% HRwmax (no equation to
calculate HRmax shown).

Lewis et al., (1988)% 28 2 time-points: 22 wg and 30 27.8 (3.3) Modified Balke protocol.

wg
Artal et al., (1989) ! 37 30.3(1.9) 25.9 (2.5) Modified Balke protocol.

25
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Clapp, Little & Capeless,
(1993)'8

Winn et al., (1994)%7
Marquez-Sterling et al.,
(2000)%®

Santos et al., (2005)°

Yeo et al., (2005)%°

Mottola et al., (2006)°!

Davenport, et al., (2008)%

Oliveria et al., (2012)%
Ruchat et al., (2012)%

Szymanski, (2012)%

Salvesen et al., (2012)%

25

120

12
15

72

156

106

187
44

45

16-39 NR
26-36 32 (4)
19.1 (2.15) 29.5 (3.1)
17.9 (3.6) 273
(4.65)
19 (5) 30 (3)
16-22 30.8 (3.7)
16-20 20-39

3 time-points: 13, 20, 28. 24.7 (5.5)

2 time-points: 16-20 and 30.8 (4.2)
34-36

30.4 (1) 33.36
25.5 32

1) Ad hoc, steady-state test at 40% + 3% VO, max for 30 min. 2) Idem at 60% =+
3% VO2max.

Modified Bruce Protocol to 75% HR Max (220-age).

Ad hoc incremental test at 4 km/h and 0% grade for 2-min. Then, increasing 6
km/h and 2.5% every 2-min to 150 bpm.

Ad hoc, incremental ramp test from 2.4 km/h and 0% grade to AT.

2 Cornell Protocol (85%MHR; Karvonen formula) with 2 systems (VO2000 and
CPX/D).

Modified Balke protocol with this equation VO, peak (predicted) = (0.055*peak
HR) + (0.381* incline) + (5.541* speed (mph)) + (-0.090*BMI) -6.846 :
incremental walking test at 3 mph for 5 min, 0% grade. Then, increase 2% every
2 min. Max inclination permitted 12% grade. Then, increasing speed 0.2 mph
every 2-min to volitional fatigue.

Modified Balke protocol. Idem Mottola et al., 2006.

Modified Balke protocol. Idem Mottola et al. (2006).
Modified Balke protocol. Idem Mottola et al. (2006).

Modified Balke protocol. Idem Mottola et al. (2006).

Ad hoc, incremental maximal test at 6% grade increasing speed in periods of
1km/h every 5-min to volitional fatigue.
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Mottola et al., (2013)%’ 40 35.7 (0.4) 33.5(0.7) Ad hoc, steady-state test for 40-min, preceded by a 5-min warm-up increasing
speed and inclination to 95% VT.

Bisson et al., (2013)%8 65 16 29.9 (4.5) Modified Balke protocol.

LeMoyne et al., (2014)%° 67 Ist trimester, 2nd trimester, 29.6 (5.5) Ebbeling single-stage submaximal treadmill walking test.

3rd trimester 30.1 (3.1)
32.3(3.7)
Bisson et al., (2014)° 61 16 (0.6) 30.0 (4.5) Modified Balke protocol.
Marshall et al., (2015)"! 51 3 time-points: 20, 32 29.2(5.3)  Ad hoc, incremental submaximal test at 0% grade and 3.21 km/h for 5-min. Then,
two 5-min stages with speed and grades self-administered to moderate (brisk
walk) and vigorous (jog/run) respectively.
Santos et al., (2016)7? 28 30.51 (3.3) 26 (6.9) Modified Balke protocol.
Hesse et al., (2018)" 25 22.1(1.4) 30 (3.6) Bruce protocol until volitional fatigue.
Baena-Garcfa et al., (2020)"* 127 16 32.9 (4.6) Modified Bruce protocol until 85% HRwmux
Dobson et al., (2020)7° 22 3 time-points: Early- (13— 31.4 (3.7) Submaximal incremental Walking Exercise Test (SWET) during 21-min on a
18 gw), mid- (24-28 gw) treadmill. From 3.2 km/hr at 4 min at 2% grade, to increase 2% every 3 min over
and late-pregnancy (34-37 seven stages.
gw).

On track

Bung et al., (1991)'¢ 1 3 time-points(24, 28, 37) 25 Ad hoc, maximal test. 3 sprints of 200 m and one of 100 m on track

25
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Da Silva et al., (2010)7° 74 37 21.5 6-minute walk test.

Ramirez-Vélez et al., 64 2 time-points: 18.6 (3.4) 19.5(2.3) 6-minute walk test.

(2011)7 and 16 weeks later.

Hjorth et al., (2012)™ 304 25.0 (7.3) 23.0 Ad hoc, steady-state walking test for 250 m on ground level at their normal

walking pace.
Price et al., (2012)" 62 5 time-points: 12-14, 18— 29.05 Ad hoc test walking or running as fast a as possible within comfort zone at a steady
20, 24-26 and 30-32 pace. Power = (weight x distance) / time.

Radzikowska et al., (2017)% 45 3-7 24-36 6-minute walk test.

Oviedo-Caro et al., (2018)%' 134 20 32.5(4.2) 6-minute walk test.

Dennis et al., (2019)%? 300 37 (1.3) 31 (4.2) 6-minute walk test.

Amola et al., (2019)% 34 3rd trimestre 25.1(7.5) 6-minute walk test.

Birnbaumer et al., (2020)3 39 26 (7) 26 (3.4) Ad hoc, incremental walking test on a 400 Walking speed was paced by audio

every 10 m and started at 3 km/h. Then, to increase 0.5 km/h every 50 m to
participants were unable to walk the given pacer speed.

Step Protocol
Dibblee & Graham (1983)% 16 3 time-points: (the last 23-31 Canadian Home Fitness Test.
month of each trimester)
Williams, Reilly et al. 16 (10 First, second and third 25.6 (3.6) Ad hoc, incremental test at 115, 135, and 155 bpm for 5 min.
(1988)% pregnant  trimester.
25
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and 6
non-
pregnant)

Melzer et al., (2010)% 44 38.27 31 (5.6) Ad hoc, incremental test at 15-32.5 body lifts per minute (rate of change: 2.5
body lifts/ min?). Mechanical power was calculated as: 9.81 m/s? x step height
(m) x lift frequency (number of body weight lifts/ min) and expressed in
J/min/kg

Muscular Fitness

Baker & Johnson (1994)% 200 NR 28-32 Hand Grip Sphygmomanometer Test: Pressing an inflated cuff of for 30-sec to
MVCEF over 3-min period.

Rogers & Tomilson (1998)% 20 NR 5 times: Hand Grip Sphygmomanometer Test at 30% of MVCEF for 2-min.

12, 18, 24,
30, 36

Feiner et al. (2000)% 34 22-36 22-35 Isometric Hand-Grip Test with dominant hand for 3 min at one-third of MVCF.

Gutke et al., (2008)"! 301 12-18 29 1) Maximal voluntary isometric hip extension test with a fixed sensor holding a
sling around the thigh and pulling for 5 sec during 3 reps with 5-10-sec of rest.
2) Isometric back flexors endurance: Maintaining an abdominal crunch for a
maximum of 120 sec.

Thorell et al., (2010)* 520 1 time-points: 10.9 29.0 (4.4) Sit-up test. Supine position with the knees at a 90° angle and the feet flat on the
floor. 3 sets per 5 repetitions, without a rest or to stop when they were unable to
perform of 15 repetitions of sit-ups.

O’Connor et al., (2011)*? 32 21-25 18-38 Ad hoc 5 tests: 1) Seated leg press; 2) Leg curls; 3) Leg extension; (4) Lat pull;

25

(5) Back extension.
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Hjorth et al., (2012)" 304 25.0 (7.3) 23.0 Hand-Grip maximal strength test twice on dominant and non-dominant side
alternatively.
Price et al. 62 5 time-points: 29.1 Ad hoc test. Lifting a 7-kg medicine ball from the floor to waist height as many
(2012)7° times possible for 1 min.
12-14, 18-20, 24-26 and
30-32
Bisson et al. (2013)% 65 16 29.9 (4.5) Hand-Grip maximal strength test twice on dominant and non-dominant side

alternatively. Adjusting the handle of dynamometer.

Atay et al., (2015)% 37 2 time-points: 20 and 32 29.6 (5.9) Hand-Grip maximal strength test in a sitting position.

Petrov et al., (2015)* 92 2 time-points: 13 and 35 30.7 (3.5) Hand-Grip isometric peak strength.

Wickboldt (2015)% 43 32 (4) 37-42 Hand-Grip maximal strength test during the uterine contraction.
Kalliokoski et al. (2016)% 51 NR 28.3(6.4) 1) Hand-Grip maximal strength test for 10 sec 3-times in each hand.

2) Ad hoc upper leg performance test through 3 movements: a) To rise once after
a squat b) to stand on one leg for 30 sec 3) Trendelenburg’s test. It was evaluated
able or unable.

Ngaka et al. (2016)"” 50 >37 28.8 (5.7) Hand-Grip maximal strength test in a supine position.
Rodriguez-Diaz et al., 105 24-30 32.2(4.7) Hand-Grip maximal strength test for each hand.
(2017)%8

25
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Zelazniewicz, (2018)% 95 3 time-points (once in each  29.6 (3.4) Hand-Grip maximal strength test twice on dominant and non-dominant side
trimester) alternatively.
Takeda et al., (2019)!% 21 22 and 23.25 gw. 32 (3.3) 1) Toe grip dynamometer 2) Hand-held dynamometer fixed to the legs of the

chair with a belt not stretchable to assess quadriceps strength .

Baena-Garcia et al., (2020)"* 156 16 329 (4.6) 1) Hand-grip maximal strength twice on dominant and non-dominant side
alternatively with 30 sec rest between them.
2) 30-sec Chair Stand Test

Yenisehir et al., (2020)101 167 Second and third trimester. 28.4 (4.6) 5 Times Sit to Stand test, 5 repetitions of sit-to-stand maneuver as fast as possible
p p
with fold arms across the chest.

Flexibility
Gilleard et al. (2002)'"* 21 4 time-points: 18 or less, ~ 21-40 3 tests measured with Expert Vision™ Motion Analysis System: 1) Seated and
24,32,38 standing forward flexion 2) Seated and standing side-to-side flexion 3) Seated
axial rotation
Marnach et al. (2003)'%3 46 3 time-points: 8-12, 16-22,  28.8 (0.8)  Wrist flexion-extension and medial-lateral deviation using goniometer
34-36.
Garshasbi et al. (2005)!% 212 17-22 26.4 (4.7)  Side bending test: Both sides.
rice et al., (2012)"° 62 5 time-points: 12-14, 18— 29.1 Sit-and-reach test.
20, 24-26 and 30-32.
Lindgren et al. (2014)'% 200 3 time-points: 11, 24 and 28.4(5.9) Ad hoc machine to test passive abduction of the left fourth finger.
36.
Atay et al., (2015)% 37 2 time-points: 20 and 32, 29.6 (5.9) Back scratch test.
Rodriguez-Diaz et al., 105 24-30 32.2(4.7) Isquiosural flexibility test by goniometer.
(2017)%
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Cherni et al., (2019)'% 17 3 occassions: first, second 36 (2) 4 tests measured with optoelectronical system: 1) Extensometer of the
and third trimester metacarpophalangeal joint of the index. 2) Figertrip to floor test: from 20cm
platform, to reach the floor with knees extended; 3) Sit-and-reach test adapted on

delivery bed 4) Beighton score

Baena-Garcia et al., (2020)"* 156 16 32.9 (4.6) Back Scratch

Balance

Stabilometry — On force platform or pressures platform

Butler et al., (2006)!'%7 12 3 time-points: 11-14, 19-22, 32.9 (5.5) Standing with eyes open and eyes-closed for 30 sec each. 3 trials. 1 piece. Force
36-39 Platform.

Ribas et al., (2007)1%8 60 3 time-points: 1) Up to 12 23.3 (4.8) Standing with bipedal support and eyes open for 5 sec. 2 pieces at 40 Hz.
week 2) 13-24 3) Upwards
of 25 weeks

Nagai et al., (2009)'% 43 30.3 (0.8) 33(0.65)  Standing with feet parallel, gazing a black 12-cm circle fixed at a 1.5 m distance

with eyes open and eyes closed for 1 min each. 1 piece.

Oliveira et al., (2009)''° 20 3 time-points: 15.1 (1.8); 28.7 (6.2)  Standing with 4 protocols at SOHz and 2-min rest periods between them: 1) Eyes

24.0 (2.4); 34.5 (2.5) open with feet comfortably apart; 2) Eyes closed with feet comfortably apart; 3)

Eyes open with feet together; 4) Eyes closed with feet together. 1 piece.

Karadag-Saygi et al., 35 33(3) 29.8 (4.5) Standing for 60 sec.

2010y

Yu et al., (2013)!12 21 NR 30.2 Standing with heels on a line at 1.0 m from visual target with visual tasks and
(3.05) inspection tasks.

Ersal et al., (2014)!13 69 2 time-points: 20.9 (1.2) 28.3(5.0) Standing with feet hip-width apart and staring straight ahead on Equitest platform.

and 35.8 (1.5)
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70pala-Berdzik et al., 31 36.2 (1.2) 28.2 (3.6) Standing with arms at both sides and in a comfortable stance on a stable force
(2014)"14 platform with eyes open and eyes closed for 2 trials of 30-sec and 1-min rest
between them.

Opala-Berdzik et al., 45 2 time-points: 13.1 (2.5) 28.2 (3.6) Idem Opala-Berdzik et al., (2014)
(2015)113 and 36.2 (1.2)
Ozturk, (2016)!'6 68 31.54.73) 30.3 (3.6) Standing and arms extended in 6 different positions for 32-sec: 1) facingforward

eyes open and eyes closed; 2) Eyes closed head rotated at 45° to the right 3)
Idem 45° to the left; 4) Eyes closed, head tilted at 30° backward and 5) Idem 30°
forward; 6) Standing on an unstable cushion, facing forward eyes open and eyes
closed. 4 pieces.

Shibayama et al., (2016)'"” 161 28-33 33.3(4.7) Standing and feet together for 30 sec on force platform. 1 piece.

Takeda et al., (2018)!18 100 2™ and 3" trimester 20-30 Standing with the medial malleoli 100 mm apart for 10-sec. Then, moving
forward, backward, right and left for 10-sec each. 2 pieces.

Moreira et al., (2017)'° 30 1*t and 3" trimester 26.8 (5.1) Standing with each foot positioned on each triaxial force plate (feet apart by ~20
cm) and arms along the body with eyes open focusing on a target located ~2 m in
front and eyes closed for 3 trails of 60-sec each and 2-min rest. 2 pieces.

Opala-Berdzik et al., 70 10.8 (1.6) 28.6 (4.4) Standing with arms at both sides and in a comfortable stance on a stable force
(2018)'%° platform, with eyes open looking straight ahead at a wall 3m away for 2 trials of
30-sec and 1-min rest between them.
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Catena et al., (2019)'?! 17 9 time-points: 16-20 gw, 28.9 (4.0) 2 trials: 1) quiet static in anatomical position for 10 s on a force plate; 2) Idem 1
36-40 gw and 1 time per on a back-board spanning two force plates.
month up to 7 months
postpartum

Fontana et al., (2020)'? 24 23 (3) 30 (6) Standing barefoot two-legged stance with arms at both sides with eyes open at 2
m from a cross placed on a wall at eye level during 3 x 30s trials with 30 s rest
intervals. The mean was retained on force platform.

Valerio et al., (2020)'* 40 30.8 (3.9) 28 (2.5) Standing barefoot with freestanding supports inside the platform and arms by their
sides. And staring at a mark on the opposite wall. 3 trials with the eyes open and
three trials with eyes closed, with 30 s rest intervals.

Takeda et al., (2019)'% 21 22 and 23.25 gw. 32 (3.3) Standing barefoot on 2 stabilometers. 3 trials: 1) 10-sec standing position; 2) 10-
sec moving in the anterior position; 3) 10-sec moving in the posterior position.

Others

Atay et al., (2015)% 37 2 time-points: 20 gw and ~ 29.6 (5.9)  One-legged stand test.

32 gw
Dynamic Balance
On platforms
Davies et al., (2002)'%* 150 Day of 30.2 (5.8) Balance Master Platform Tests: 1) Sit to Stand; 2) Walk Test, 3) Step and Quick

25

labour

Turn, 4) Step Up and Over.
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Karadag-Saygi et al., 35 33(3) 29.75 Walking barefoot 4 m.

(2010 (4.5)

McCrory et al, (2010)'% 81 2 time-points: 20.9 (1.2) 28 (5.7) The Motor Control Test protocol with translational perturbations. Equitest posture

and 35.8 (1.5) platform.

Branco et al., (2013)'% 22 27 (1.3) 32.5(2.6) Walking barefoot for 10 m between 2 points in a straight line at a natural and
comfortable speed for 3 min.

Cakmak et al., (2014)'% 41 6-12 26.5 (4.7) Standing with knee flexed, arms placed across the chest and glare fixed ahead with
open eyes on a movable platform provides up to 20° of surface tilt in a 360° range
of motion for 3 trails of 20 sec each.

Inanir et al., (2014)'?® 110 3 groups: 1% trimester, 2™ 24.7 (5.2) Idem to Cakmak et al., (2014)

trimester and 3™ trimester.

3-D Camera motion capture system

Wu et al., (2004)'? 25 27 33.1 Walking on a treadmill at different velocities (incrementing 0.11 m/s, from 0.17
up to 1.72 m/s; for 3 min at each level).

Forczeck et al., (2012)!%° 13 NR 29.2 (3.5) Walking barefoot at a self-selected speed across the room during 15 gait cycles.10

Takeda et al., (2012)'3! 16 24.85 (1.95) 35(1.4) Stand-to-sit motion assessing the time taken to sit down; the leg joint moment; the
antero-posterior and vertical floor reaction forces; and the range of motion of the
lower limbs and trunk.

Gottschall et al., (2013)!3 13 2 time-points: 20 and 32 31.3(4.5) Walking along 25 m on a custom-built portable apparatus composed of a 2.4 m
ramp inclined at 15° continuous with a 4.8 m plateau.

McCrory et al., (2014)!'33 69 28.35 (1.35) 28.0(5.7) Walking along the 8-m runway.
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Krkeljas, (2018)!3 35 3 time-points: 9-12 gw; 20- 27 (6.1) Walking on a straight line, at a self-selected pace along the 15-m walkway.
22 gw and 28-32 gw.

Catena et al., (2019)'% 15 5 time-points: 16-20; 20-24, 29.3 (3.7)  60-second trial of semi-continuous stand-to-sit motion. 54 reflective markers were
24-28; 28-32; 32-36 gw. adhered to body land.

Catena et al., (2019)'3¢ 15 7 time-points: 12-16; 16-20; 28.1 (4.3)  Walking on a treadmill for 60 seconds at a self-selected comfortable speed.
20-24, 24-28; 28-32; 32-36;
36-40 gw

Forczek et al., (2019)'¥ 30 3 time-points: 12,25,36 gw. 30.3 (3.4) Walking barefoot at a self-selected speed during 12m intervals. 10 gait cycles.

Forczek et al., (2019)'% 14 2 time-points: pre- 20-40 Walking barefoot across room at a self-selected during 50 m with 1 min rest
pregnancy; 1* trimester intervals. 10 gait cycles.

Catena et al., (2020)'% 23 5 time-points: 18, 22, 26, Walking on a treadmill for 60 seconds at a self-selected comfortable speed.
30, 34 gw.

Gimunova et al., (2020)'4° 41 4 time-points: 14, 28,37 gw 30.5 (4.1) Walking barefoot along a 6-meter walkway at a self-selected.

McCrory et al., (2020)"! 95 2 time-points: 2™ and 3™ 28.4(5.5) Walking along the 8m laboratory runway until walking speed stabilized.
trimester

Rothwell et al., (2020)'4? 17 2 time-points: 16-20; 36-40 22-37 Walking on a treadmill for 60 seconds at a self-selected comfortable speed.
aw

Forczek et al., (2019)!43 36 3 time-points: 12; 25; 36 30.3 (3.4) Walking across the room 50 m with 1-min rest interval. 10 gait cycles.
gw

Others

Sawa et al., (2015)!* 27 2 groups: early pregnancy 30.9 Walking at self-pace speed along a 15-m smooth, horizontal corridor. It was

25

(27 gw) or late pregnancy (4.2)

(27 gw)

recorded with 2 wireless motion-recording-sensor units and one piezo-resistive
triaxial accelerometer.
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Blaszczyk et al., (2016)'4° 28 1! trimestrer and 3"

28.2 (3.4) Walking along 10-m long walkway (back and forth 10 times) at self-space speed.

trimester It was recorded by custom made; self-adhesive copper foil electrodes attached to
the soles of their shoes.
Speed

Evensen et al., (2015)'4 17 28.7 (1.4) 31.1(2.3)  Ten-metres Timed walk Test (10mTWT)
Evensen et al., (2016)¥ 18 28.9(7.3) 314 (2.7) 10mTWT

Multicomponent
Evensen et al., (2015)'46 17 28.7 (7.4) 31.1(2.3)  Timed Up and Go Test (TUG)
Evensen et al., (2016)'4 18 28.9 (7.3) 314 (2.7 TUG
Christensen et al., (2019)!¥ 74 23 312 (3.7) TUG

Ad hoc: test designed specifically for that study; NR: Not reported; PFS: Physical Fitness Score; kpm: kilopoundimeter; min: minutes; sec: seconds; HRmax:
Heart Rate Maximum; VO, max: oxygen consumption maximum; RPE: rate of perceived exertion; AT: anaerobic threshold; ICC: intraclass correlation
coefficient; MVCF: maximal voluntary contraction force; HGS: hand-grip strength; m: meters; mm: millimeters; FP: force platform; PP: pressure platform.
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