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ABSTRACT
Copyright: © 2026 The .
Author(s). This is an open access  :  Background and Objectives: Stress urinary incontinence (SUI) is frequent among female athletes
article distributed under the terms ¢ and may be linked to altered breathing patterns and intra-abdominal pressure. This study compared
of the CC BY-NC-SA 4.0 ' spirometric indices between semi-professional female athletes with SUI and healthy peers.

Methods: In a cross-sectional comparative study, 40 athletes (20 cases with SUI and 20 controls)
were assessed. Normality was tested using the Shapiro-Wilk test, between-group comparisons was
performed using an independent t-test, and sport-type distribution was examined using the chi-
square test. Data analysis was performed using SPSS software, version 18 at 0=0.05. Outcomes
included expiratory reserve volume (ERV), inspiratory reserve volume (IRV), tidal volume (TV),
vital capacity (VC), inspiratory vital capacity (IVC), inspiratory capacity (IC), forced expiratory
volume in one second (FEV1), forced vital capacity (FVC), FEV1/FVC ratio, peak expiratory flow
(PEF), and time indices, including inspiratory time (TT) and expiratory time (TE).

Results: Groups were comparable in age, height, and weight; BMI was lower in the SUI group
(P=0.0305) and sport distribution did not differ (}>=2.54; P=0.469). The SUI group showed
significantly lower FEV1 (2.31£0.23 vs 3.08+0.22 L; P<0.001), FVC (3.52+0.26 vs 4.15+0.23 L;
P<0.001), FEVI/FVC (66.16+7.93% vs 74.05+5.4%; P=0.0008), and PEF (5.09+0.44 vs 7.17+0.51
L/s; P<0.001). VC/IVC, IC, IRV, and ERV were also reduced, and TE was shorter in the SUI group
(P<0.005), whereas TV and TI did not differ. Qualitative inspection of flow—volume and time—
volume curves revealed a lower peak flow and initial slope in the SUI group.

Conclusion: Female athletes with SUT present reduced vital/inspiratory capacities and expiratory
flow limitation, suggesting impaired diaphragm—-abdominal-pelvic floor synergy. Routine use of
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f What is “already known” in this topic:

been thoroughly evaluated.

—» What this article adds:

SUI among female athletes.

Stress urinary incontinence (SUI) is a common condition among female athletes, especially those engaging in
high-impact sports. Prior research shows that SUI may impair athletic performance and possibly influence respi-
ratory or abdominal muscle function because of its relationship with core stability. Spirometric indices can reflect
changes in respiratory mechanics and trunk muscle synergy, but their relationship with SUI in athletes has not

These findings introduce the idea that assessing lung function could help in early identification or management of

Introduction

tress urinary incontinence (SUI) is the

most prevalent type of urinary inconti-

nence, defined as the involuntary leak-

age of urine during activities that increase

intra-abdominal pressure, such as cough-
ing, sneezing, running, and jumping [1-3]. Its overall
prevalence in women is high, reaching approximately
34% in Iranian women, and is even more concerning
among female athletes who are otherwise considered
healthy and physically strong [4]. Systematic reviews
estimate that nearly 25-30% of female athletes experi-
ence urinary incontinence, with the majority presenting
as SUI. High-impact sports, such as volleyball, basket-
ball, aerobics, and gymnastics report the greatest burden,
with volleyball players showing prevalence rates as high
as 75% [5, 6].

Although SUI is traditionally associated with multipar-
ity and pelvic floor trauma, its presence in nulliparous
athletes underscores distinct pathophysiological mecha-
nisms. In athletes, repetitive mechanical loading, elevat-
ed intra-abdominal pressure, and altered breathing me-
chanics are central contributors [7-9]. The pelvic floor,
diaphragm, and abdominal muscles function synergisti-
cally to maintain continence while regulating respiration
[10]. During inspiration, the diaphragm descends while
the pelvic floor eccentrically lengthens to accommodate
abdominal displacement; during expiration, both struc-
tures contract synergistically to stabilize the trunk and
maintain continence [11]. Disruption of this synergy, as
occurs with SUI, may impair both continence and venti-
latory performance [12].

Emerging evidence suggests that SUI is associated with
respiratory impairments. Studies on non-athletic wom-
en with SUI have reported reduced respiratory muscle
strength, particularly expiratory pressures, and decreased
ventilatory volumes [13, 14]. Several studies have dem-
onstrated that women with SUI show significantly re-
duced respiratory muscle strength, particularly in expi-
ratory pressures, compared with healthy controls [15].
Research also indicates that interventions targeting the
pelvic floor can improve diaphragm excursion, rib cage
movement, and ventilatory performance [16]. Moreover,
contractions of the pelvic floor appear to influence dia-
phragmatic motion and spirometric outputs, reinforcing
the concept that impaired diaphragm—pelvic floor coor-
dination may underlie both respiratory dysfunction and
urinary incontinence [14].

However, data on semi-professional female athletes
remain scarce. Despite the assumption of superior mus-
cular conditioning, these athletes are not immune to
SUI and may even be at increased risk due to repetitive
intra-abdominal loading [17-19]. No study has compre-
hensively compared spirometric indices between ath-
letes with SUT and their healthy peers. Assessing these
indices may provide insight into the functional conse-
quences of impaired diaphragm—pelvic floor synergy in
this unique population.

Therefore, the present study aimed to evaluate and
compare spirometric parameters in semi-professional
female athletes with and without SUI. We hypothesized
that athletes with SUI would demonstrate reduced inspi-
ratory capacities, expiratory flows, and altered ventila-
tory timing compared to controls, reflecting dysfunction
in core muscle synergy.
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Materials and Methods
Study design

This cross-sectional case—control study was conduct-
ed on semi-professional female athletes in Tehran. The
study compared spirometric indices between athletes
with clinically confirmed SUI and healthy athletes with-
out incontinence.

Sample size determination

Sample size was determined using G'Power software,
version 3.1.9.4, assuming a medium effect size, a sig-
nificance level of 0.05, and a statistical power of 80%.
The calculation yielded a minimum of 18 participants
per group. To account for potential dropouts, 20 partici-
pants were recruited for each group, yielding a total of
40 athletes.

Eligibility criteria

Participants were women aged 18-38 years, actively
training in high-impact sports (volleyball, basketball,
gymnastics, and aerobics) for at least 150 minutes per
week during the past six months. The case group included
athletes diagnosed with SUI using the validated Persian
version of the international consultation on incontinence
questionnaire—urinary incontinence short form (ICIQ-UI-
SF). Exclusion criteria were a history of childbirth, pel-
vic surgery, chronic respiratory or cardiovascular disease,
smoking, neurological or metabolic disorders, and recent
musculoskeletal injuries. Controls met identical criteria
except for the absence of urinary incontinence.

Information collection method

Baseline demographic and anthropometric data, in-
cluding age, height, weight, and body mass index (BMI)
were recorded. Sport type and training history were
documented. The ICIQ-UI-SF was administered to con-
firm group allocation. Spirometry was performed in ac-
cordance with the American Thoracic Society/European
respiratory society guidelines, measuring expiratory re-
serve volume (ERV), inspiratory reserve volume (IRV),
tidal volume (TV), vital capacity (VC), inspiratory vital
capacity (IVC), inspiratory capacity (IC), forced expira-
tory volume in one second (FEV1), forced vital capacity
(FVC), FEVI/FVC ratio, peak expiratory flow (PEF),
inspiratory time (TI), and expiratory time (TE). All mea-
surements were performed in a sitting position using a
calibrated KALAMED PC-Spirometer (Model KSP-
1000, Serial No: ST-14070062; Polymed Group, Su-
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isse), with at least three reproducible attempts obtained
per participant.

Statistical analysis

Data were analyzed using SPSS software, version 18.
Normality of data distribution was tested using the Sha-
piro—Wilk test. Continuous variables were expressed as
Mean+SD and compared between groups using inde-
pendent t-tests. Categorical variables, including sport
type, were compared using chi-square tests. Statistical
significance was set at P<0.05.

Results
Patients’ characteristics

A total of 40 semi-professional female athletes were
evaluated, comprising 20 athletes diagnosed with SUI
and 20 athletes without SUI (this term was used instead
of “control group” to avoid implying complete health
status, as the absence of other conditions was not con-
firmed). The athletes participated in four sport disci-
plines; volleyball (11), basketball (11), gymnastics (9),
and aerobics (9). The mean age in the SUI group was
28.70+5.77 years, while the group without SUI aver-
aged 27.60+5.61 years; this difference was not statisti-
cally significant (P=0.544). Similarly, mean height and
weight were not significantly different between the
groups (P=0.593 and P=0.156, respectively). The two
groups were therefore matched with respect to age and
anthropometric characteristics.

The only anthropometric parameter that showed a sig-
nificant difference was BMI, which was lower in the
SUI group (21.09£1.79 kg/m*) compared to controls
(22.2241.43 kg/m? P=0.0305). This finding suggests
that SUI in athletes cannot simply be attributed to elevat-
ed BMI, as is commonly observed in non-athletic popu-
lations. The detailed demographic and anthropometric
results are presented in Table 1.

Sport distribution

The distribution of participants across the four high-
impact sports (volleyball, basketball, gymnastics, and
aerobics) was balanced between the two groups. For
example, volleyball represented 30% of the SUI group
and 25% of the controls, while basketball was reported
in 25% and 30%, respectively. Gymnastics and aero-
bics also showed nearly equal representation between
groups. Statistical comparison confirmed no significant
difference in the distribution of sport type (¥*=2.54,

Nazari Z, et al. Spirometric Measures in Female Athletes With Incontinence. Func Disabil J. 2026; 9:E994.1.
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Table 1. Demographic and anthropometric characteristics of athletes with and without stress unirary incontinence

MeantSD
Variables P
With SUI Without SUI
Age (y) 28.70+£5.77 27.615.61 0.544
Height (cm) 168.65+4.57 167.7615.75 0.593
Weight (kg) 60.0745.87 62.645.17 0.156
BMI (kg/m?) 21.09+1.79 22.22+1.43 0.0305

P=0.469). This indicates that the observed differences in
spirometric performance cannot be explained by the type
of sport type practiced, strengthening the inference that
the differences are linked to continence status (Table 2).

Spirometric indices

Significant between-group differences were observed
in multiple spirometric indices. FEV1 was substantially
lower in athletes with SUI (2.31+0.23 L) compared with
controls (3.08+0.22 L, P<0.001). Similarly, FVC was re-
duced in the SUI group (3.52+0.26 L) versus controls
(4.15+0.23 L, P<0.001). The FEV1/FVC ratio, a sensi-
tive marker of expiratory flow limitation, was also mark-
edly reduced in SUI athletes (66.16+7.93%) compared
with controls (74.05+5.4%, P=0.0008).

PEF, which reflects the maximal strength and speed of
expiratory effort, was significantly impaired in the SUI
group (5.09+£0.44 L/s vs 7.17+0.51 L/s, P<0.001).

Beyond these primary measures, capacities reflecting
inspiratory and expiratory reserves were also reduced.
VC, IVC, IC, IRV, and ERV were all significantly lower
in the SUI group (P<0.005). For example, mean IRV was
1.90+0.47 L in the SUI group compared with 2.38+0.47
L in controls (P=0.003). Similarly, ERV was reduced to

0.67+0.23 L in the SUI group versus 0.85+0.32 L in con-
trols (P=0.042).

By contrast, TV and TI did not differ significantly, sug-
gesting that resting breathing patterns remain preserved.
However, TE was significantly shorter in SUI athletes
(2.35£0.35 s vs 2.69+0.36 s, P=0.005), indicating a
limitation in the duration and efficiency of exhalation.
Detailed data are shown in Table 3, while the main dif-
ferences in FVC, FEV1, FEV1/FVC, and PEF are illus-
trated in Figure 1.

Flow-volume curves

Qualitative assessment of flow—volume loops demon-
strated distinct alterations in athletes with SUI. Specifi-
cally, the PEF was blunted, and the ascending slope of
the expiratory limb was less steep compared to controls.
This suggests weaker initial expiratory effort, likely re-
lated to reduced abdominal and pelvic floor muscle co-
ordination. In addition, the overall area under the expira-
tory curve appeared reduced, consistent with diminished
FVC values.

Representative curves are shown in Figure 2, where the
reduced peak flow and flattened slope are evident in the
SUI group.

Table 2. Distribution of sport disciplines among athletes with and without SUI

No. (%)
Sport
With SUI Without SUI Total

Volleyball 6(30) 5(25) 11(27.5)
Basketball 5(25) 6(30) 11(27.5)
Gymnastics 5(25) 4(20) 9(22.5)
Aerobics 4(20) 5(25) 9(22.5)
Total 20(100) 20(100) 40(100)

Nazari Z. et al. Spirometric Measures in Female Athletes With Incontinence. Func Disabil J. 2026; 9:E994.1.
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Table 3. Comparison of spirometric indices in athletes with and without SUI
MeantSD
Variables P
With SUI Without SUI
ERV (L) 0.670.23 0.8510.32 0.042"
IRV (L) 1.9+0.47 2.3840.47 0.003"
TV (L) 1.17+0.16 1.2+0.19 0.598
VC (L) 3.7440.35 4.42+0.23 <0.001"
IVC (L) 3.7440.35 4.4210.23 <0.001"
IC (L) 3.07+0.44 3.5740.42 0.001"
FEV1 (L) 2.31+0.23 3.0810.22 <0.001"
TI(s) 1.44+0.36 1.52+0.31 0.477
TE (s) 2.35+0.35 2.69+0.36 0.005"
FVC (L) 3.52+0.26 4.150.23 <0.001"
FEV1/FVC (%) 66.1617.93 74.0515.4 0.0008"
PEF (L/s) 5.09+0.44 7.17+0.51 <0.001"
“Significant difference at P<0.05.
FEV1
s 3.50
4.50
3.25
4.25
3.00
4.00 "
4 = 2.75
2375 2
= = 2.50
3.50
2.25
3.25
2.00
3.00
SUl: Yes SuUl: No SUI: Yes SUI: No
FEV1%FVC PEF
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80 2
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27 Se
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Figure 1. FVC, FEV1, FEV1/FVC ratio, and PEF in athletes with and without SUI

P<0.05.
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Figure 2. Flow—volume curves of an athlete with and without SUI, illustrating reduced peak expiratory flow and flattened slope in the SUI group

Time—volume curves

Time—volume curve analysis also revealed notable
differences between groups. Athletes with SUI demon-
strated slower rises in volume during forced expirations,
reflecting lower FEV1 values, and required more time
to approach final lung volumes. The slope of the curve
during the first second was consistently flatter in SUI
athletes, confirming the quantitative reductions in FEV1.

Additionally, the plateau phase of the time—volume
curves was lower in the SUI group, consistent with re-
duced FVC. These graphical findings further support
the quantitative data indicating compromised expiratory
performance. Examples of time—volume curves for both
groups are displayed in Figure 3.

Discussion

The primary aim of this study was to compare spi-
rometric indices in semi-professional female athletes

with SUI versus healthy controls. Consistent and clini-
cally meaningful reductions in volume and flow metrics
among athletes with SUI include lower VC, IC, ERV,
IVC, IRV, as well as reductions in FVC, FEV1, FEV1/
FVC, and PEF, while TV and TI did not differ. This pat-
tern indicates that SUI in athletes is not only associated
with reduced vital capacities but also with expiratory
flow limitation and altered ventilatory timing, pointing
toward dysfunction in respiratory muscle performance,
particularly the diaphragm as the primary inspiratory
muscle, and disturbed synergy across the diaphragm, ab-
dominal wall, and pelvic floor complex.

The absence of between-group differences in TV and
TI suggests that quiet tidal breathing mechanics remain
preserved, whereas the significant reductions in IRV and
IC support an inspiratory constraint that is compatible
with suboptimal diaphragmatic excursion or efficiency.
The larger decrement in IRV than ERV is physiologi-
cally consistent with the diaphragm’s dominant role in
generating inspiratory reserve; increased abdominal wall

Figure 3. Time—volume curves of an athlete with and without SUI, showing flatter slope and reduced plateau in the SUI group

Nazari Z. et al. Spirometric Measures in Female Athletes With Incontinence. Func Disabil J. 2026; 9:E994.1.
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stiffness or suboptimal diaphragmatic length—tension
could further accentuate this effect. The ERV deficit, in
turn, likely indexes reduced contribution of the abdomi-
nal wall during forced expiration, again highlighting the
interdependence between abdominal muscle function
and pelvic floor control in athletes with SUL

Our findings align with reports that women with incon-
tinence exhibit diminished respiratory muscle strength,
especially on the expiratory side, and poorer physical
function [13]. The significantly lower PEF observed in
SUI athletes mirrors the reduction in maximal expira-
tory performance previously described, supporting the
notion that impaired abdominal and pelvic floor recruit-
ment limits the generation of rapid, forceful expiratory
flow [13]. In the context of sport, where repetitive surges
in intra-abdominal pressure are common, such deficits
plausibly exacerbate continence challenges.

Experimental work demonstrates that modulating
pelvic floor function can alter ventilatory mechanics,
reinforcing a bidirectional diaphragm—pelvic floor rela-
tionship. Laboratory studies have shown that voluntary
pelvic floor contractions influence diaphragmatic motion
and dynamic ventilation outputs, including changes in
FEV1 and maximum ventilatory volume [ 14, 20]. Clini-
cal trials extend this link: targeted pelvic floor electrical
stimulation improved diaphragm excursion and upper
rib cage movement during both tidal and forceful breath-
ing, together with gains in pelvic floor strength [21].
Exercise-based interventions that combine breathing
training with pelvic floor—focused activity have reduced
SUI severity and improved pelvic floor performance and
quality of life [22]. Taken together with our results, these
data suggest that restoring coordinated activation across
pelvic floor and abdominal compartments may second-
arily normalize spirometric performance, particularly
IRV and IC on the inspiratory side and PEF and FEV1
on the expiratory side, by improving diaphragmatic me-
chanics and abdominal pressurization [14, 19-22].

The reduced VC and IVC in our athletes with SUT are
expected consequences of the concomitant IRV and ERV
decrements and are consistent with the basic physiologi-
cal model in which pelvic floor and abdominal muscles
co-contract with the diaphragm during expiration to sta-
bilize the trunk and regulate intra-abdominal pressure
[23]. When this synergy is perturbed, the diaphragm
may operate at a less favorable length or excursion, di-
minishing inspiratory reserve and overall vital capacity
[23]. The significantly lower IC in the SUI group further
supports this interpretation; while low IC can be seen in
airway disease, the absence of respiratory pathology and

2026, Volume 9

the athletic status of our controls make a neuromuscular
or synergy explanation more plausible here.

Functionally, the reduced FEV1, FVC, and FEV1/FVC
ratio in SUI athletes, despite no clinical evidence of ob-
structive disease, likely reflects submaximal coordinated
expiratory effort rather than intrinsic airflow obstruction.
Prior experimental work has shown pelvic floor activity
to modulate key spirometric outputs without necessar-
ily changing static lung mechanics [14, 20]. The shorter
TE in our SUI cohort complements this picture, indi-
cating earlier cessation of forced exhalation, consistent
with limited capacity to sustain high expiratory flows.
Graphical analyses support the quantitative results: a
blunted peak flow and a shallower early expiratory slope
on flow—volume loops, together with a flatter rise in the
first second and a lower plateau on time—volume curves,
are typical of impaired expiratory muscle recruitment
and reduced FEV1 and PEF [24].

Epidemiologically, our cohort reflects the broader
pattern of elevated SUI burden in high-impact sports,
where repetitive jumps, landings, and trunk bracing de-
mand precise diaphragm—pelvic floor timing to maintain
continence [18]. The present data add a mechanistic
layer, showing that even in well-trained athletes, SUI
is accompanied by measurable impairments on routine
spirometry. Clinically, this suggests that selected spiro-
metric markers, especially FEV1, FVC, PEF, and FEV1/
FVC, can serve as accessible adjuncts for screening ath-
letes with SUT and tracking responses to integrated respi-
ratory—pelvic floor rehabilitation [13, 14, 20-23].

Overall, our results converge with prior evidence from
laboratory, clinical, and interventional contexts: SUI is
associated with altered diaphragm—pelvic floor synergy,
observable as reduced inspiratory reserves and compro-
mised expiratory flows. In athletes, where intra-abdom-
inal pressure dynamics are repeatedly stressed, these
alterations may be both more apparent and more conse-
quential for performance and continence.

Conclusion

Semi-professional female athletes with SUI exhibit
significant impairments in both inspiratory and expira-
tory spirometric indices compared with their healthy peers.
These impairments include reduced vital capacities, di-
minished expiratory flows, and shortened expiratory time,
suggesting dysfunctional coordination of the diaphragm,
abdominal muscles, and pelvic floor. Despite their regu-
lar engagement in high-intensity sports, athletes with SUI
demonstrate measurable limitations in ventilatory perfor-

Nazari Z, et al. Spirometric Measures in Female Athletes With Incontinence. Func Disabil J. 2026; 9:E994.1.
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mance, highlighting the central role of core muscle synergy
in both respiration and continence. The use of standard spi-
rometry, particularly parameters, such as FEV1, FVC, PEF,
and FEVI/FVC, may provide a valuable and accessible
method for screening athletes at risk and for evaluating re-
sponses to rehabilitation programs. Targeted interventions
that integrate pelvic floor and respiratory training could be
essential components of management in this population.

Limitations

This cross-sectional design used limits causal inference
regarding whether altered ventilatory mechanics contrib-
ute to SUI or result from it. SUI classification relied on
a validated questionnaire rather than urodynamic test-
ing, which could strengthen diagnostic precision. The
sample size, while powered for primary comparisons,
constrained finer subgroup analyses by sport or training
load. We did not include direct measures of respiratory
muscle strength or imaging of diaphragmatic excursion,
which would help disentangle inspiratory versus expi-
ratory contributions to the observed pattern. Finally,
findings pertain to semi-professional athletes in selected
high-impact sports and may not generalize to elite com-
petitors, recreational athletes, or non-athletic women.
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