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Abstract
Objective To estimate the possible associations between posture and physical activity (PA).
Design A systematic review and meta-analysis.

Data sources The search was conducted in seven databases (PubMed, Web of Science, SportDiscus, EMBASE, Sco-
pus, Cochrane Library, and CINAHL) for studies published from inception to January 2023.

Eligibility criteria for selecting studies Studies were required to meet following criteria: (1) study design: cross-sec-
tional, case control and cohort studies. (2) Participants: people of all ages without any diagnosed diseases. (3) Expo-
sure and outcome: studies that examined the possible effect or correlations between PA, physical inactivity, physical
exertion and human body posture.

Results Sixteen cross-sectional studies, two cohort studies and one case control study involving a total of 16772
participants aged from 6 to 79 years were included. Correlational studies showed that there was a significant relation-
ship between PA and posture (C=0.100, Cl 95%=0.012-0.186). However, regression studies demonstrated that there
was not a significant association between PA and posture (C=1.00, Cl 95%=0.998-1.002). Three studies investi-

gated the association between PA and the lumbar lordosis and showed that there was not a significant association
between the lordosis and PA (Cl 95%: -0.253-0.048, P=0.180). In addition, four studies showed that there were not any
associations between scoliosis and PA (Cl 95%: 0.819, 1.123, P=0.607). The evidence of heterogeneity and publication
bias was found among all analyzed data (P<0.05). Also, meta regression was used for age and BMI and the results
were not significant.

Conclusion Although a weak correlation was shown to exist between PA and human posture, the odds ratio indi-
cated that there was not a significant association between PA and human posture. The lack of a significant relation-
ship may indicate that multiple biopsychosocial factors may be involved in human posture. In summary, our study
highlights the need for caution when interpreting the results of meta-analyses, particularly when there is significant
heterogeneity and publication bias in the included studies.
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Introduction

There are significant known health risks associated with
a sedentary and inactive lifestyle. The 2020 WHO guide-
lines stated that some physical activity (PA) is better than
none, more PA is better for optimal health outcomes,
and recommend reducing sedentary behaviours [1]. In
addition to the known health risks, it has been suggested
that prolonged sitting can also result in postural changes.
It is thought that poor posture is becoming more and
more common in society because of changes in human
PA brought about using technology in modern lifestyles
[2]. It has been proposed that postural changes are the
result of changes in muscle length and soft-tissue struc-
tures associated with maintenance of static postures,
which can lead to muscle imbalances and ultimately to
misalignment of the spinal column [3]. It is well accepted
that engaging in PA has significant health advantages
[4], such as reducing mortality risks [5], improving psy-
chological well-being [6] and mental health [7], lowering
blood pressure [8], and improving the survival of cancer
patients [9]. For these reasons, increasing PA has been
identified as a global health priority [10]. It may seem
logical to assume that engaging in PA would also improve
posture, yet little is currently known about this important
aspect of human health.

Correct body posture plays a vital role in human
health. It has been proposed that ideal upright posture is
a sign of musculoskeletal health and is one of key indica-
tors of health of the movement system [11]. It is therefore
understandable that deviations in human posture could
have detrimental effects on health. For example, it has
been shown that postural changes associated with aging
could lead to an increased risk of falls. An increased risk
of falls was observed in those with a decreased lumbar
lordosis, increased sagittal vertical axis and increased
horizontal distance between the C7 plumb line and the
centre of the ankle [12]. It has been proposed that ideal
posture is efficient with respect to energy expenditure
and recruits the body’s postural muscles [13]. PA is fre-
quently described as skeletal muscle-produced motion of
the body that raises energy expenditure. It can be divided
into many categories based on its intensity, type, dura-
tion, complexity, and purpose [14]. However, whether
PA can improve posture may depend on the cause of the
postural deviation. Posture could be affected by recruit-
ment and length of muscles, in association with sus-
tained habitual postures, which could be modifiable. In
contrast, structural aspects of morphology, such as pel-
vic inclination angle, age related postural changes and
postural deviations associated with structural scoliosis
are not likely to be modifiable in response to PA. Addi-
tionally, it has been suggested that the presence of pos-
tural abnormalities may be associated with some medical
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conditions, which may also not be modifiable [15]. On
the contrary, new evidence suggests that upright pos-
tures are considered to be optimal, even though there is
not strong evidence linking any specific posture to better
health outcomes [16, 17]. Therefore, practitioners should
pay greater attention to this issue when designing a plan
to address postural disorders.

It is important to also consider that PA could have
unintended or adverse effects on human posture. Moreo-
ver, it seems that there may be a population-dependent
relationship between physical activity (PA) and pos-
ture. For example, it has been found that postural mis-
alignment is more likely to develop in athletes, who are
physically active. This is thought to be due to athletes
frequently adopting postures and recruiting muscles that
are distinctive to their sport as part of PA [18]. Athletes
from more flexor dominant sports have been found to
adopt more kyphotic thoracic postures [19, 20], and it
has also been suggested that there could be a relationship
between an increased thoracic kyphosis and low back
pain [21]. In addition, it has been shown that men with
osteoporosis who engaged in high levels of PA in their
early and middle adult years were more likely to develop
spinal deformities [22]. However, if PA can have a posi-
tive effect on human posture, this would be beneficial as
clinicians have documented that altered human posture
may be associated with low back pain [23], respiratory
problems, musculoskeletal pain patterns [2], and pain in
the thoraco-cervical-shoulder region [11].

It is not unreasonable to assume that increasing PA
could have positive effects on human posture. Generally,
PA is also known to be effective in primary and second-
ary prevention of several chronic diseases [24]. It is rec-
ommended that people with osteoarthritis of the lower
extremities undertake PA in sufficient amounts [25].
Moreover, it seems that engaging in PA can lead to bet-
ter muscular function and subsequently may be asso-
ciated with good posture. For example, postural trunk
muscles are activated by being upright and during gait
[26] — including paraspinal muscles (erector spinae and
multifidus [27, 28]) and the abdominal muscles (transver-
sus abdominis, internal and external oblique [28, 29]). It
is therefore possible that PA could affect posture through
improved recruitment of postural muscles. Postural mus-
cles such as the multifidus control the segmental motion
of the lumbar spine and the lordosis [30] and are nega-
tively affected in conditions like scoliosis [31], low back
pain and prolonged bedrest (muscle atrophy and fatty
infiltration) [32, 33]. It has been previously proposed that
that walking could be used as a form of rehabilitation to
improve lumbar paravertebral muscle health [27]. It has
also been suggested that prescribing PA could correct
some postural abnormalities including spinal scoliosis
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[34], forward head posture [35], increased lumbar lordo-
sis [36], or knee deformities [37].

In summary, the association between PA and posture
is controversial. Ideally, if a positive relationship was
shown to exist between PA and posture, this could possi-
bly explain how PA could help to prevent musculoskeletal
conditions such as low back pain [38] and possibly falls in
the elderly [39]. These conditions place an enormous bur-
den on society. Moreover, recent studies suggest that the
ideal posture may differ among individuals. On the other
hand, previous studies have consistently highlighted the
connection between physical activity and body posture.
Therefore, to mitigate the complications and costs associ-
ated with postural disorders, it is crucial to evaluate the
relationship between posture and various health factors,
including the level of physical activity. To the best of our
knowledge, no systematic reviews have evaluated the
association between PA and posture. Thus, we conducted
a review with meta-analysis of existing studies assessing
the association between PA and human posture.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were used for
this study [40]. The PRISMA statement is intended to
provide guidelines for systematic review reporting qual-
ity [41]. The review protocol has also a prospective reg-
istered in the PROSPERO database (CRD42022329395).

Eligibility criteria

The requirements for inclusion in the meta-analysis
were: (1) study design: cross-sectional, observational and
cohort studies. (2) participants: People of all ages with-
out any diagnosed diseases. (3) Exposure and outcome:
studies that examined the possible effect or correlation
with PA, physical inactivity, physical exertion on/with
human body posture. The studies which were based on
the qualitative researches, interventional studies, RCTs
were excluded. Also, we did not accept the non-English
articles. The studies that did not measured the PA level
by a standard tool excluded from the study, too.

Information sources

Our search was performed from inception to 22 January
2023 in seven databases including PubMed, Web of Sci-
ence, SportDiscus, EMBASE, Scopus, Cochrane Library,
and CINAHL, without taking language into account in
the first instance. Three authors (MS, PS and MD) inde-
pendently screened the list of references of selected stud-
ies and consulted with expert (RSh) in the research area.
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Search strategy

The search strategy was based on a combination of PA
and body posture alignment related keywords with
Boolean operators, Quotation marks, and Trunca-
tion to achieve a reliable search strategy. The search
strategies for the databases PubMed, Web of Science,
SportDiscus, EMBASE, Scopus, Cochrane Library,
and CINAHL are shown in Supplementary Table 1. In
general, the following terms were included in searches:
("physical activity" OR "physical inactivity" OR "physical
exertion") AND (postur* OR Alignment OR Malalign-
ment OR deformity OR abnormality) AND (Correlation
OR Association OR Regression OR relation*).

Selection process

All searched records were imported into EndNote 20
(desktop version). The software was used to remove
duplicate articles. Three authors (MS, MD and PS)
systematically screened the included studies’ titles
and abstracts based on the inclusion criteria and the
PRISMA 2020 standard protocol [40]. Following that,
reviewers individually read, analysed the texts and
decided whether to include or exclude the articles. In
case of disagreement, the three authors discussed with
a fourth reviewer (RSh) to reach a consensus.The rea-
sons for eliminating articles during the full-text screen-
ing were noted.

Data collection process

By using a standard Excel data extraction sheet, two
researchers (MS and PS) separately extracted the data
and then compared the results to check for consistency.
All disagreements were resolved through conversa-
tion between the two reviewers and the subject matter
expert (RSh). If pertinent information was not provided
in the text, it was extracted from the graphs and figures.
The following data were retrieved from included stud-
ies based on: (1) study characteristics (e.g., publication
year and first author’s name, sample size, country, study
design and statistical method); (2) participants’ demo-
graphic information (i.e., sex and age); (3) PA measure-
ment (e.g., objective measurements, self-reported); (4)
Postural assessment (i.e., DXA, mobile phone applica-
tion, Adams Test, Flexible ruler etc.) and (5) main out-
comes (Table 1).

Risk of bias assessment

Two reviewers (MS and PS) used the Joanna Briggs Insti-
tute (JBI) Critical Appraisal tools [29] to assess the possi-
bility of bias, with the particular tool chosen based on the
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layout of each study included in the review (i.e., cohort,
cross-sectional and case—control).

Data synthesis

The relevant data were extracted from eligible stud-
ies (including Odds ratio: OR, Confidence Interval: CI,
P-values, sample sizes, r value). Then, results of studies
were pooled using a random-effects model of meta-anal-
ysis and the forest plots of correlation and 95% confi-
dence interval (CI) and estimated odds ratio and 95%
CI. Q-test was applied to investigate data heterogeneity,
while I* was used to determine percentage of variability
due to heterogeneity. In the case of data heterogeneity,
meta-regression was performed to identify the poten-
tial effect of demographic data (BMI, age) on the meta-
analysis results. Funnel plot, standard Log Odds ratio
and Fisher’s tests were used to check publication bias.
Statistical analyses were performed using comprehensive
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meta-analysis (CMA) software version 3.0 (Biostat Inc,
Englewood, New Jersey).

Results

Study selection

The search strategy identified 14270 studies. After
removal of duplicates, 10063 studies remained. Title and
abstract screening identified 31 potentially eligible stud-
ies. Sixteen of these were excluded due to: not meeting
the inclusion criteria (n=7), not having sufficient data
(n=6) and studies not written in English (n=3). Fifteen
original studies met the inclusion criteria. Six additional
studies were included by searching Google Scholar. Two
of these were excluded due to: not meeting inclusion cri-
teria (n=1) and not presenting sufficient data (n=1). As
a result, in total, 19 studies were included in the review.
Figure 1 depicts the PRISMA flow diagram [40], showing
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the number of studies excluded at each stage of the sys-
tematic review and meta-analysis.

Study characteristics

Publication dates ranged from 1996 to 2022 (median,
2009), with 84% (16/19) of trials published after 2009. Of
the eligible studies, 16 studies were cross-sectional, two
were cohort studies and one had a case control design.
Of the 19 studies and 16772 participants included in this
systematic review, two studies included only male [43,
59], one study included only female [52] and 14 studies
included both male and female [22, 42, 44-50, 53-56,
58] participants. Two studies did not report on the par-
ticipants’ sex [35, 51]. Age of the participants ranged
from 6 and 79 years. Selected studies were conducted
in Bosnia and Herzegovina [56], Brazil [46, 48, 50, 54],
Czech Republic [44, 48], Greece [54], Iran [35, 52, 59],
Italy [58], Lithuania [42, 50], Poland [44], Portugal [45],
Turkey [49], and UK [51]. Two studies involved multi-
country collaborations and were conducted across 19
European countries [22, 43]. Nine studies conducted
regression analyses [22, 42, 43, 45, 46, 51-53, 58] and ten
studies used correlational analyses [35, 44, 47—50, 54—56,
59]. PA was self-reported in all studies and posture was
measured in various ways including Dual-energy X-ray
Absorptiometry (DXA) [51], Adam’s test [53, 56, 58],
questionnaire [44, 55] and qualitative assessment [46]
(Table 1).

Risk of bias

The specific JBI tool was applied according to study
design (i.e., cross sectional (n=16), cohort (n=2), and
case control (n=1)). In the 75% of cross-sectional stud-
ies, exposure and outcome was measured in a valid and
reliable way. Also, 68% described the study subjects and
the setting in detail. Forty-three percent of these studies
did not clearly define the inclusion and exclusion crite-
ria. Although most of the cross-sectional studies (93%)
identified confounding factors in their analysis, 43% did
not state strategies to deal with these. For the case—con-
trol study, confounding factors and strategies to deal with
them were not identified. However, this study measured
exposure in a standard, valid and reliable way, had an
exposure period long enough to be meaningful and used
appropriate statistical analyses. Also, exposure was meas-
ured in the same way in the cases and controls. Regarding
cohort studies, both did not identify confounding fac-
tors and did not inform the strategies to deal with them.
However, the outcomes were measured in a valid and
reliable way. Online supplemental tables contain detailed
information on the risk of bias in each study (Supplemen-
tary Table 2— 4).
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Description of the selected variables

Overall, five studies evaluated the association between
PA and scoliosis. To detect and assess scoliosis the stud-
ies used the Scoliometer [52], dual energy X-ray absorp-
tiometry (DXA) [51], Adams Test [53, 56, 58], and the
Bunnel inclinometer The lumbar lordosis was assessed
using several tools including the flexible ruler [35], spi-
nal mouse [59], radiography [45] and the Bubble incli-
nometer [54]. Nine studies reported postural deformities
using the following measures: McCloskey/Kanis method
[22], New York Posture Rating (NYPR) test [49], posture
grid and plumb line [42], radiograph measurement [43],
Hoeger posture assessment method [50], Instrumento de
Avaliacao Postural (IAP) [47], The Jaro$ and Lomicek test
[48] and a questionnaire method [54, 55]. One study had
assessed the possible association between PA and valgus
knee by observation and qualitative assessment [46]. We
reported answers to the JBI tool used to assess the valid-
ity and reliability of PA and posture assessment. In JBI,
the questions regarding exposure measurement analysed
PA assessment, while the questions regarding outcome
measurement examined the assessment of posture valid-
ity and reliability (Supplementary Tables 2—4).

Data analysis

Several methods were used to investigate the associations
between PA and posture abnormalities. Eleven studies
used regression analysis, seven studies used correlational
methods for evaluating data and four studies used a Chi-
square approach.

Furthermore, three studies that used regression analy-
ses [43, 45, 52] and one study using correlations between
variables [35] investigated the associations between PA
and several postural alignments (e.g., kyphosis, genu-
varum, lumbar lordosis, asymmetric shoulder height,
scoliosis) using similar methodologies and populations.
Therefore, we were able to perform fixed model meta-
analysis for these studies, and this was then added to the
main analysis.

Correlations between PA and body posture

Ten studies examined the possible correlations between
PA and posture. As two independent groups were
included in two studies, both groups were included [49,
54]. Also, three independent groups were included in
another study [59]. The total number of participants in
these studies was 2822. Prior to conducting the main
analysis, we used fixed model meta-analysis to aggre-
gate the data from a study that examined several pos-
tural abnormalities separately [35]. We obtained an
overall correlation from these data. As seen on the for-
est plot (Fig. 2), results showed that there were significant
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Forest plot of the correlation between physical activity and posture

Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation limit limit Z-Value p-Value
Latalski et al, 2013 0.126 0.026 0.224 2.459 0.014 | ——
Fernani et al, 2017 0.024 -0.174 0.219 0.232 0.816
Balko et al, 2017 0.522 0.285 0.699 3.973 0.000 —_—
Poschl et al, 2019a 0.282 0.000 0.521 1.963 0.050 :
Poschl et al, 2019b 0.276 0.000 0.513 1.963 0.050
Sidlauskiene et al, 2019 0.142 0.058 0.225 3.295 0.001 ——
Asadi et al, 2020 0.176 0.072 0.276 3.297 0.001 —i1
Bertoncello et al, 2021 0.080 0.013 0.147 2.327 0.020 -
Jandric and Kragulj, 2021 0.129 -0.005 0.260 1.881 0.060 —
Koumantakis et al, 2021a 0.030 -0.156 0.214 0.313 0.754 I
Koumantakis et al, 2021b 0.020 -0.166 0.205 0.209 0.835
Sarvari et al, 2022 a 0.318 0.166 0.455 3.994 0.000 —1 .
Sarvari et al, 2022 b -0.281 -0.422 -0.126 -3.501 0.000
Sarvari et al, 2022 ¢ -0.264 -0.407 -0.108 -3.278 0.001
0.100 0.012 0.186 2.235 0.025 -
-0.50 -0.25 0.00 0.25 0.50

Favours A Favours B

Meta Analysis

Fig. 2 Forest plot of the correlation between Physical Activity and Posture. CI: Confidence interval

correlations between PA and body posture (p=0.025,
CI 95%=0.012-0.186). The majority of these studies
reported that there was a positive correlation between
PA and good posture [35, 44, 48-50, 55, 59]. However, in
some cases PA has negative correlation with the postural
deformity [35, 47, 54, 56, 59]. The results revealed that the
heterogeneity was significant after taking it into account
(P=0.001), (I*=81.37). However, the main finding was
unchanged, suggesting that publication bias may not
have had an obvious impact on the results of the meta-
analysis (P=0.86) (Fig. 3). Meta regression was used for
the variables of age (P=0.057) and BMI (P=0.22). The
results showed that there was not a significant effect of
these variables on the results.

regression analyses of pa and body posture

Nine studies used regression analyses and odds ratios
(OR) to examine the possible associations between PA
and posture. The total number of participants in these
studies was 13,950. Prior to the main analysis, we used
a fixed model meta-analysis to aggregate the data from
three studies that had investigated several postural
abnormalities separately in same population [43, 45, 52].
Eventually, the pooled estimated OR was 1 (P=0.909, CI
95%=0.998-1.002). Analysis of the data from these stud-
ies with the help of a forest plot showed that there was
not a significant association between PA and posture
(Fig. 4). After examining the heterogeneity, the results
showed that the heterogeneity was significant (P=0.001),

Funnel Plot of Standard Error by Fisher's Z
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Fig. 3 Funnel plot assessing the presence of publication bias in a meta-analysis of correlations between Physical Activity and Posture. The white
circles represent the studies that were actually observed, while the gray circles represent the studies that were imputed
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Forest plot of the Odd Ratios between physical activity and posture

Group b Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Subgroup within study Odds Lower Upper

ratio limit limit Z-Value p-Value
High Juskeliene et al, 1996&ligh 1.000 0.999 1.001 0.000 1.000 [ ]
High Silman et al, 1997c  High 1.400 1.094 1.791 2.678 0.007 e
High Silman et al, 1997f  High 1.100 0.892 1.357 0.889 0.374 -
High Ismail et al, 2000a High 1.277 1.092 1.493 3.071 0.002 d
High Ismail et al, 2000b High 1.300 1.106 1.528 3.182 0.001 i
High Ismail et al, 2000c High 1.338 1.057 1.694 2417 0.016 e
High Aragjo et al, 2014c  High 0.574 0.386 0.853 -2.744 0.006 —
High Tobias et al, 2019c  High 0.690 0.586 0.812 -4.468 0.000 -
High de Assis et al, 2021a High 1.000 0.999 1.001 0.000 1.000
High 1.000 0.995 1.006 0.157 0.875
Low Juskeliene et al, 1996¢.ow 3.230 1.562 6.678 3.164 0.002 ——
Low Silman et al, 1997a Low 1.000 0.999 1.001 0.000 1.000
Low Silman et al, 1997d  Low 1.000 0.999 1.001 0.000 1.000
Low Araugjo et al, 2014a  Low 1.000 0.999 1.001 0.000 1.000
Low Batistéo et al, 2016 Low 2.370 1.490 3.770 3.644 0.000 ——
Low Tobias et al, 2019a  Low 1.180 1.027 1.356 2.334 0.020 =
Low Golalizadeh et al, 2020w 1.142 0.729 1.788 0.580 0.562 —p—
Low de Assis et al, 2021c Low 0.940 0.371 2.384 -0.130 0.896 ——
Low 1.000 0.998 1.002 0.060 0.952
Moderate Juskeliene et al, 1996/oderate 1.910 1.051 3.471 2124 0.034 ——
Moderate Silman et al, 1997b  Moderate 1.100 0.892 1.357 0.889 0.374 .-
Moderate Silman et al, 1997e Moderate 1.100 0.905 1.337 0.957 0.339 .-
Moderate Aragjo et al, 2014b  Moderate 0.602 0.410 0.884 -2.589 0.010 ——
Moderate Tobias et al, 2019b  Moderate 0.890 0.773 1.024 -1.625 0.104 -
Moderate Golalizadeh et al, 20204oderate 0.884 0.512 1.526 -0.443 0.658
Moderate de Assis et al, 2021b Moderate 2.640 1.182 5898 2.367 0.018 ——
Moderate Scaturro et al, 2021 Moderate 0.440 0.099 1.948 -1.082 0.279
Moderate 1.024 0.827 1.268 0.216 0.829 >
Overall 1.000 0.998 1.002 0.115 0.909

0.01 0.1 1 10 100
Favours A Favours B

Meta Analysis

Fig. 4 Forest plot regarding the association Physical activity and Posture. Cl: Confidence interval

(I>=78.66). Meta regression was conducted for age, and
the results demonstrated that participant age did not
have a significant effect on the obtained results (P =0.95).
In addition, we examined PA at three levels as subgroups,
and there was not a difference between groups with low,
medium and high intensities of PA. Likewise, a funnel
plot and Standard Log of OR showed that there was not a
publication bias (P=0.11) among the results of the eligi-
ble studies (Fig. 5).

Association between PA and scoliosis

Four studies investigated the association between scolio-
sis and PA [51-53, 58]. In two studies, three independ-
ent groups were included [51, 53]. Also, two independent
groups were included in one study [52]. The total number
of participants in these studies was 4845. The pooled esti-
mated OR was 0.959 (P=0.607, CI 95%=-0.819-1.123).
Analysis of these data using a forest plot showed that
there was not a significant association between scoliosis

Funnel Plot of Standard Error by Log odds ratio
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Fig. 5 Funnel plot assessing the presence of publication bias in meta-analysis for association of Physical Activity and Posture. The white circles
represent the studies that were actually observed, while the gray circles represent the studies that were imputed
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and PA (Fig. 6). Furthermore, significant evidence of
heterogeneity was found among the data (P=0.001),
(I’=77.090) from the eligible studies. An asymmetrical
funnel plot and insignificant value of the Standard Log of
Odds ratio (P=0.91) showed that there was not a clear
sign of publication bias (Fig. 7).

Association between PA and lumbar lordosis

Three studies investigated the association between the
lumbar lordosis and PA [35, 54, 59]. The results of data
synthesis of 608 participants (Fig. 8) showed that engag-
ing in PA may not have a significant relationship with the
lumbar lordosis (P=0.180, CI 95%=-0.233-0.043). Fur-
thermore, evidence of heterogeneity was found among
the data (P=0.042), (I*=68.40). An asymmetrical funnel
plot indicated possible publication bias (Fig. 9), but the
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value of Fisher’s test of the intercept was not significant
(P=0.89).

Discussion

This study pooled the results of studies that examined the
possible correlations/associations between PA level and
postural alignment in human beings. While the meth-
odological quality of the quantitative studies included
in the current systematic review and meta-analysis was
deemed to be sufficient, there was wide variation evident
in the studies in terms of the intensity of PA undertaken,
the types of postural alignment assessed, techniques used
to assess posture, and the age range of the participants.
The results of the meta-analyses showed that there were
significant but weak correlations present, but no other
significant associations were found between the level
of PA and postural alignment in the study populations.

Forest plot of the association between physical activity and scoliosis

Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Golalizadeh et al, 2020aLow 1.250 0.231 6.767 0.259 0.796
Golalizadeh et al, 2020b Moderate 1.100 0.142 8.526 0.091 0.927
Tobias et al, 2019a Low 1.180 1.027 1.356 2.334 0.020
Tobias et al, 2019b Moderate 0.890 0.773 1.024 -1.625 0.104
Tobias et al, 2019c High 0.690 0.586 0.812 -4.468 0.000 |
De Assis et al, 2021a  High 1.000 0.999 1.001 0.000 1.000
De Assis et al, 2021b Moderate 2.640 1.182 5.898 2.367 0.018 ———
De Assis et al, 2021c Low 0.940 0.371 2.384 -0.130 0.896 —_—
Scaturro et al, 2021 Moderate 0.440 0.099 1.948 -1.082 0.279
0.959 0.819 1.123 -0.515 0.607 4
0.01 0.1 1 10 100
Favours A Favours B
Meta Analysis
Fig. 6 Forest plot regarding the association of Physical Activity and Scoliosis. Cl: Confidence interval
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Fig. 7 Funnel plot assessing the presence of publication bias in meta-analysis for Physical Activity and Scoliosis. The white circles represent
the studies that were actually observed, while the gray circles represent the studies that were imputed
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Forest plot of the correlation between physical activity and lumbar lordosis
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Study name Statistics for each study Correlation and 95% CI

Lower Upper

Correlation limit limit Z-Value p-Value
Asadi et al, 2020 -0.062 -0.166 0.044 -1.150 0.250
Koumantakis et al, 2021 0.020 -0.166 0.205 0.209 0.835
Sarvari et al, 2022 -0.264 -0.407 -0.108 -3.278 0.001
-0.105 -0.253 0.048 -1.342 0.180
-0.50 -0.25 0.00 0.25 0.50
Favours A Favours B
Meta Analysis
Fig. 8 Forrest plot regarding the correlation of Physical Activity and Lumbar Lordosis. Cl: Confidence interval
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Fig. 9 Funnel plot assessing the presence of publication bias in meta-analysis for Physical Activity and Lumbar Lordosis

Moreover, this study did not find a significant correlation
between PA level and the presence of scoliosis.

The current investigation is the first meta-analysis to
examine the association between PA and postural align-
ment. According to our results, ten studies showed that
PA had significant but weak correlations with postural
deformity (p=0.025, CI 95%=0.012—0.186). These stud-
ies suggest that PA may be correlated positively with
changes in body posture in people of different ages
engaged in a variety of activities. Results suggested that
a lack of PA may be one of the possible causes of devel-
opment of postural deviations [44]. For example, stu-
dents who participated in sports only once a week or
less tended to have poor posture [48]. Similarly, previous
studies reported that there was a connection between
PA and the development of postural deviations [35, 44,
49, 54, 59]. PA levels and the sagittal head angle were
found to be negatively correlated, suggesting that as PA
increased, the sagittal head angle decreased. The findings
of this study also indicated a positive link between the
increased thoracic kyphosis angle and increased levels of

PA [35]. Based on observations such as these, it has been
proposed that PA serves as a protective factor against
postural spinal deviations. For example, the results of a
study of 150 high school boys demonstrated that increas-
ing PA can lessen the magnitude of increased angles of
lumbar lordosis and thoracic kyphosis [59]. Of interest,
whereas PA was shown to be associated with increased
angles of thoracic kyphosis and a forward head posture,
there was not a clear correlation with the size of the lum-
bar lordosis [59]. Taken together, it seems that although
correlations between PA and human body posture have
been observed, these can be considered as weak at best.
Apart from the proposed positive effects of PA on pos-
ture, it is also possible that undertaking some forms of PA
could be associated with inducing postural deformities.
Over-recruitment of muscles that traverse the lumbar
spine, such as the oblique abdominal muscles, can induce
postural changes such as flexion of the thoracolumbar
junction or posterior tilt of the pelvis. Activities that
strengthen the pectoral muscles without also strengthen-
ing the opposing thoracic extensor muscles could lead to
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muscular imbalance and hyperkyphosis of the thoracic
spine [35]. This could be exacerbated by activities such
as sitting working on a computer for extended periods
of time. In support of this, physical inactivity was linked
to increases in posterior pelvic tilt, according to a study
of older industrial employees with flexion-related low
back pain [60]. In contrast, a cross-sectional study of 112
healthy young individuals between the ages of 18 and 22
revealed no association between lumbopelvic position
and recreational sport participation [54]. It is possible
that postural deviations associated with muscle imbal-
ances, recruitment and altered muscle length would be
more amenable to changes using exercise interventions
than postural deviations associated with bony or struc-
tural changes [35, 54].

Two additional factors that may influence the effects
of PA on study participants is their age and sex. Interest-
ingly, one study reported that while boys had higher PA
levels than girls [44], school aged boys were more likely
to have poor posture. A cross-sectional study including
400 female students between the ages of 14 and 18 found
that PA was not substantially associated with asymmet-
ric shoulder height, hyperlordosis, genu varum, or genu
valgum [52]. Additionally, a cross-sectional study exam-
ined 288 students with the mean age of 10.6 years among
both boys and girls. It revealed that PA was unrelated
to hyperkyphosis, forward head posture, or iliac crest
elevation. However, results showed that there more val-
gus deformity in those who were active [46]. Soccer is
the most popular sport among physically active people,
so it can be hypothesized that playing this game, which
mostly involves striking the ball with the medial aspect
of the foot, may help to lessen knee valgus stress [46, 61].
Also, in 489 Portuguese adults (311 females, 178 males),
PA and sagittal spinopelvic alignment were examined.
Results indicated that the sagittal vertical axis was higher
in the low PA group or in those who reported spending
more time sitting [45]. Increasing age is associated with
the likelihood of developing scoliosis in adolescents [56]
and a correlation between the size of the lumbar lor-
dosis and body weight and BMI has previously been
reported in people still growing [62]. Therefore, we con-
ducted a meta regression for to assess the correlation
between human body posture and BMI (P=0.22) and age
(P=0.057), however, the result was not significant. Fur-
thermore, results of regression studies showed that PA
was not associated with postural alignment (P=0.909, CI
95%=0.998-1.002).

An additional factor, which can have a variety of effects
on postural deviations, is the intensity of PA undertaken.
A comprehensive study conducted in 36 centers from 19
European countries revealed that men who engaged in
very high levels of PA during their early and middle adult
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years had an increased risk of developing spinal deformi-
ties [22, 43]. Conversely, women who engaged in high
levels of physical exercise did not experience an increase
[22], suggesting that there is a complex link between PA
and spinal deformity that is sex and intensity dependent.
However, there was little evidence linking overall leisure-
time PA with sagittal posture. Results from one study did
indicate that higher levels of overall PA could possibly
offer some protection against developing postural abnor-
malities [45]. When PA was divided into three subgroups
(low, medium, and high intensity), there was no evident
difference between the groups. It has been proposed
that age may affect posture [45]. However, in the cur-
rent investigation, a separate meta regression examining
the association between age and posture using data from
regression studies failed to show a statistically significant
result (P=0.95).

Finally, the association between scoliosis and PA is
controversial. An observational case control study deter-
mined that students with low PA levels were more prone
to developing scoliosis. In this study, the group with sco-
liosis contained the highest proportion of students who
did not participate in regular PA [53]. However, sed-
entary individuals did not exhibit this connection [63].
It has also been reported that presence of scoliosis was
unrelated to the types and amounts of PA [56]. A cross-
sectional study conducted in Italian schools also found
that the association between PA and scoliosis was unclear
[58]. In the current investigation, we conducted fur-
ther meta-analyses for PA and scoliosis, but the results
showed that there was not a significant association
between these variables (P=0.607, CI 95%=-0.819—
1.123). Moreover, few studies have investigated the pos-
sible association between the size of the lumbar lordosis
and PA. The results of his meta analyses indicated that
PA was not correlated with the size of the lumbar lordo-
sis (P=0.180, CI 95% =-0.233—-0.043).

The statistically significant heterogeneity and publica-
tion bias found among the studies in our meta-analysis
emphasize the importance of interpreting the results
with caution. The presence of heterogeneity implies that
there could be variations between the studies that may
affect the conclusions drawn from the meta-analysis.
These variations could be due to differences in study
design, population characteristics, or the methods used
to evaluate physical activity and body posture. To address
this issue, we utilized a random-effects model and con-
ducted subgroup analyses to investigate potential causes
of heterogeneity and identify any patterns in the data.
On the other hand, publication bias may indicate that
studies with insignificant or negative results were less
likely to be published, ultimately resulting in an overes-
timation of the association between physical activity and
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body posture. To address publication bias, we employed
funnel plots and Egger’s test, revealing that there may
be some degree of publication bias in the literature. As
a result, we interpreted the results of our meta-analysis
cautiously and suggested that further research be con-
ducted to confirm our findings. Despite these limitations,
our meta-analysis offers valuable insights into the link
between physical activity and body posture. Our findings
suggest that physical activity may have no positive impact
on improving body posture, which could have significant
implications for the prevention and management of pos-
tural disorders. However, additional research is necessary
to validate our findings and investigate potential mod-
erators of the relationship between physical activity and
body posture.

Strengths and limitations

A strength of the current investigation is that it included
large representative sample sizes from more than 20 dif-
ferent countries. Additionally, this is the first compre-
hensive review with meta-analysis to our knowledge to
summarize the association between PA and posture in
people aged from 6 to 79 years. We conducted a meta-
analysis and compiled the pooled association of PA with
postural deviations in the included outcomes, despite the
fact that some outcomes were not consistently assessed
across the studies. We adhered to a protocol that was
registered on PROSPERO and carried out this systematic
review in accordance with the PRISMA recommenda-
tions. We conducted thorough searches across seven reli-
able databases.

There are some limitations of our study. Firstly, the cur-
rent study only evaluated original publications in Eng-
lish-language peer-reviewed journals and excluded other
scientific literature such as books, conference works,
and textbook chapters. Future research could consider a
wider range of academic sources and inclusion of other
languages. Additionally, the majority of the studies used
self-reported questionnaires to estimate the amount
of PA of participants. It is therefore possible that recall
bias and preference bias may have affected the results
Also, we excluded the articles where participants had
diagnosed diseases. It is possible that subgroups of more
homogenous participants may show different results.
For example, it has been reported that posture is often
affected in people with Parkinson’s disease, with the
trunk tipped anteriorly due to greater pelvic flexion. In
those diagnosed with the condition, the amount of ante-
rior tilting of the head and trunk was proportional to the
severity of depression [60], highlighting the importance
that mental health plays in the posture of human beings
[51, 57]. Another point to consider is that none of the
studies included in this meta-analysis measured physical
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activity levels using quantitative tools, and the validity of
measurement tools may impact the results of these stud-
ies. Another potential limitation of this study is that the
generalization or omission of different body postures may
not be methodologically sound. When eligible studies
investigating different body postures are combined, the
potential effects of these differences should be explored
using subgroup analyses or sensitivity analyses. However,
this was not possible in our study due to the lack of avail-
able data. Finally, when generalizing the results of our
study, it is important to consider that out of the 19 stud-
ies included in the analysis, 17 studies were conducted on
individuals under the age of 18. As such, further research
is necessary, especially in adults or in comparing the rela-
tionship between physical activity and posture in differ-
ent age groups, to fully investigate this topic.

Conclusion

The results of the meta-analyses showed that there were
significant but weak correlations, but not significant
associations between levels of PA and postural alignment
in the included study populations. A possible explana-
tion for these findings is that multiple biopsychosocial
factors may impact human body posture. Although there
are many known benefits of PA, the effects of PA alone
on posture were not strong in isolation. Future studies
investigating variables affecting posture could include
more comprehensive biological (e.g., specific medical
conditions), psychological and social factors in order to
understand these complex relationships. In summary,
our study highlights the need for caution when interpret-
ing the results of meta-analyses, particularly when there
is significant heterogeneity and publication bias in the
included studies.
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