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Abstract

Introduction: Urinary incontinence (Ul) is a multifactorial and prevalent disorder among aged
women. Physical activities are believed to have challenging roles in the deterioration of the UL.
The aim of this study was to examine the effect of standardized weightlifting on urodynamic
parameters in the urinary continent and incontinent individuals.

Methods: Twenty-four Ul morbid and 21 control subjects participated in a standardized
weightlifting task while undergoing multichannel cystometry tests in two empty and full bladder
conditions. Maximum weightlifting force (MWF) and vesical and abdominal pressures (APs)
were measured to calculate the detrusor pressure.

Results: Findings showed that the Ul participants with full bladder have significant higher
abdominal, vesical and detrusor pressures in comparison to the controls; but in empty bladder
condition, only the AP of the Ul morbid group was significantly greater. The MWF was not
significantly changed between the Ul and control groups. The MWF was also not correlated
with the detrusor pressure among the Ul participants and full bladder controls.

Conclusion: Weightlifting till the subject’s maximum force can neither produce incontinence in
healthy subjects nor deteriorate the Ul patients” conditions.
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Introduction
Urinary incontinence (UI) is a prevalent disorder among
adults, specifically in aged women in menopause.*” It
has been reported that the UI has a worldwide average
prevalence of 25% to 45%.° However, in developing
countries, the prevalence is increased to 58%.* The global
annual costs of the women’s UI are more than the expenses
of breast, ovals, cervix and uterus cancers combined,*”
which highlights the importance of Ul among females.
Besides the financial issues, the UI causes depression,
shame and nervousness in patients and decreases the
self-efficiency, effective attendance in the society and the
quality of life.*1°

Pregnancy and vaginal child delivery are the main
risk factors, specifically in youth.!' Obesity is another
risk factor; however, its adverse effects can be controlled
by physical activity and exercise.'”” It was reported that
weight loss and maintenance of good fitness by moderate
exercise reduces the rate of stress UI up to 47%.” The
heavy exercises, nevertheless, may be a risk factor to the
UL"” These statements have, therefore, challenged the
relationship between the level of physical exercise and the
UL The literature has mainly emphasized on destructive
effects of heavy physical activities or strenuous works on

the UI and pelvic organ prolapse in females so that lifting
a heavy object is prohibited.*!* However, few studies have
investigated the direct effect of weightlifting on symptoms
of the UI in females. Davis et al reported that 31% of the
563 female soldiers had Ul during work or exercise.”
Nygaard et al stated that 28% of the female athletes have
UI, 66 % of which had repetitive experiences of it." In a
recent study, Wikander et al reported that approximately
41% of weightlifter women had experienced UT at some
stage of their lives, 37% of weightlifter women had
UI during training, competition or maximum effort
lifts, but the rate of UI during the daily life activities is
approximately 11% among them."” In addition to the above
studies that were merely based on questionnaires, some
other investigations have quantitatively linked the type
and magnitude of loading with some Ul-related factors,
like intra-abdominal pressure (IAP)."**! There were some
limitations in these studies. First, there is no consensus
on the direct correlation between the IAP and the UT in
the literature. Second, these studies have not compared
their outcomes with a group of continent subjects to
have a fair conclusion. Third, the loading magnitudes
were not normalized to the overall muscular strength
of the subjects. Therefore, the present study is aimed to
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investigate the effects of standardized weightlifting on a
more comprehensive list of Ul-related parameters in two
incontinent and control continent groups of participants.
Moreover, the role of empty and full bladder condition is
delineated.

Materials and Methods

Subjects

An announcement was spread in the teaching hospital
in order to recruit volunteers to the study. Seventy-five
volunteers with the age range of 30 to 65 years were included
in this cross-sectional study from July 2017 to January
2018 using convenience sampling. All participants filled
a validated ICIQ-UISF in the national language.” Then
physical examination, vaginal examination and stress test
were performed in order to diagnose Ul Subjects with
a history of lumbosacral anomalies or injury, diagnosed
discopathies, neurogenic or musculoskeletal disorders
and history of back or pelvic surgery were excluded, and
finally, 46 subjects enrolled in the study from whom,
twenty-five person had stress/urge incontinent (entered
to the morbid group) and 21 were continent (entered
to the control group), which is indicated in Figure I.
The examiners were blinded to the subjects’ group. The
final sample size for the experiment has been assessed
to meet more than 80% statistical power considering the
confidence interval of 95%.%

Apparatus

A custom-designed apparatus was manufactured
to acquire the weightlifting force synchronized to
the urodynamic device (Andromeda, Ellipse model,
Germany). The weightlifting apparatus consisted of a base
fixture attached to the ground, an adjustable hook to be set
for different patient heights, a force transducer between
the hook and subject’s handle to measure the weightlifting
force with the sampling frequency of 10 Hz, and electronic
equipment for data acquisition using lab view software in

75 volunteers

46 participants

25 incontinent patients
(morbid group)

a computer.

Protocols
Two distinct test protocols were utilized: i) synchronized
urodynamic testing (multichannel cystometry) and
standardized weightlifting with an empty bladder;
ii) synchronized urodynamic testing (multichannel
cystometry) and standardized weightlifting with a full
bladder. The standardized weightlifting was defined as
the condition in which the subject should stand upright
with feet apart equal to the shoulder’s width. The handle
which is attached to the hook was vertically grasped by
the subject’s hands to lift and hold the weight while her
spine is in an erect position and the legs are straight. The
procedure was commenced by asking the subjects to void
their bladders. In protocol i, the multichannel cystometry
has been performed without the bladder filling phase to
measure the abdominal and vesical pressures synchronized
to the weightlifting. The weightlifting was performed for
10 seconds in which the force increases gradually to the
subject’s maximum weightlifting force (MWF) that was
measured by the apparatus. In protocol ii, all the stages
were performed similar to the first one, but the bladder
had already been filled until receiving to its functional
capacity. The subjects were catheterized with 6 f catheter,
and the bladder is filled by 30 cm/min normal saline flow
in an upright position. Both protocols were repeated in
three trials with one-minute rest intervals in between.
Besides the abdominal and vesical pressures, the
detrusor pressure, i.e., the difference between them was
calculated. Also, abdominal leak point pressure was
determined during the entire procedure to assess the
individual safe limit for weightlifting without leaking.

Statistical analysis

Statistical analysis of data was done using SPSS (version
17). Data were reported as descriptive statistics (frequency
and percent) and mean + SD. An independent ¢ test was

Not meeting inclusion criteria
or not willing to enter the
study=29

21 continent women
(control group)

Figure 1. Study flowchart
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performed between the control and morbid groups. A
paired f test was also done to compare the empty and full
bladder effects. The Pearson test was used to examine the
correlation between the data. The level of significance was
considered as 0.05.

Results
Table 1 presents the matched demographic characteristics
of the participants. There is no significant difference
between two groups of morbid and control in their age,
body mass index (BMI) and parity. All participants could
accomplish all trials of weightlifting at their MWE, but
none of them had any leakage during and after 10-second
hold of the lifted weight. Therefore, the abdominal leak
point pressure values are not available by definition.

Table 2 shows the comparison between the MWF and
multichannel cystometric parameters of two test groups
in an empty and full bladder. The effects of applied
MWE vesical and detrusor pressures are not significant
between the morbid and control groups while the
bladder was empty. However, the abdominal pressure
(AP) was significantly increased in the morbid group
(P=0.001). On the other hand, when the bladder was full,
vesical (P<0.001), detrusor and (P=0.004) abdominal
(P=0.005) pressures are significantly higher in the morbid
group rather than those of the controls. The comparison
between two participant groups unveils that the difference
between mean values of the exerted MWF is trivial and
both are non-significant. Also, in the morbid group, the
filled bladder caused a significant reduction in the MWF
(P<0.001) and a significant increase in vesical pressures
(P<0.001). Also, filling in the bladder in the control group
reduces the MWF (P=0.001) as much as the morbid
group.

Table 3 shows the Pearson correlation coefficients

Table 1. Demographic data (mean + SD) of the participants

Morbid Group (n=25)  Control Group (n=21) P value
Age (yrs) 46.08 + 8.00 45.05 + 9.00 0.604
BMI (kg/m?) 29.50 = 4.12 28.17 £2.99 0.139

between the morbid and control groups, and also between
the empty and full bladders. In the empty bladder control
subjects, there was a strong correlation between the
applied MWF and the vesical (r=0.68), detrusor (r=0.34)
and abdominal (r=0.62) pressures, meaning that any
increase in the MWF has led to increases in the pressure
values. Besides, the vesical pressure had a strong positive
correlation with the AP (r=0.96) to show the higher the
vesical pressure is, the higher AP would be. In the empty
bladder morbid subjects, the MWF was only correlated to
the AP (r=0.39). The vesical pressure was also strongly
correlated to the AP (r=0.63). It has to be noted that the
detrusor pressure had been calculated as the difference
between the vesical and APs; hence, it is not a directly
independent parameter, and the correlation between
vesical/APs to the detrusor pressure is not rational and
applicable. This is the reason behind the fact that the
correlations between the detrusor and vesical/APs are left
moot and marked by NA (not applicable) in Table 3.

In the full bladder control subjects, the MWEF was
correlated to the vesical (r=0.52) and abdominal (r=0.45)
but not to the detrusor pressures. The vesical pressure was
also correlated to the AP (r=0.90). In the full bladder
morbid subjects, the applied MVC was correlated to the
vesical (r=0.32) and abdominal (r=0.35) but not to the
detrusor pressures. The vesical pressure was also strongly
correlated to the AP (r=0.82).

Discussion
Although several studies have focused on the relationship
between the AP and weightlifting,”** the association of
the UI and the AP has not been well-established yet. The
goal of this study was to evaluate the vesical, detrusor and
APs during standardized weightlifting at maximum force,
along with synchronized multichannel cystometry. In
order to assess the effect of bladder condition, two empty
and full bladder conditions were also examined during the
tests.

The overriding outcomes of this study indicated that
the increase in the AP and vesical pressure might not
necessarily lead to an increase in the detrusor pressure.

Table 2. The weightlifting and cystometric parameters (mean + SD) of morbid and control groups in two empty and full bladder conditions

Empty Bladder

Full Bladder

Parameter Group P value™
Mean + SD P value® Mean Difference Mean + SD P value Mean Difference
MWEF Control 405.52 + 138.07 370.16 = 119.99 0.001
0.869 3.51 0.528 12.28
(N) Morbid 402.01 + 104.97 358.18 = 108.14 0.000
i Control 24.14 +18.33 26.70 + 18.63 0.234
Vesical pressure 0.171 -5.03 0.000 -18.30
(em H,0) Morbid 29.17 + 24.51 45.00 + 33.55 0.000
i Control 21.24 +18.12 22.25 +20.64 0.489
Abdominal pressure 0.001 12.25 0.005 11.25
(em H,0) Morbid 33.49 + 23.87 33.50 + 25.05 0.997
Control 5.51 +5.56 8.46 + 9.53 0.003
Detrusor pressure 0.451 -0.80 0.004 -7.33
(cm H,0) Morbid 6.32 +£6.79 15.80 + 18.92 0.000
MWEF: maximum weightlifting force; SD: standard deviation
* between group P value (Morbid vs. Control) indicates significance if P<0.05, typed in bold-face.
** within group P value (Empty vs. Full bladder) indicates significance if P<0.05, typed in bold-face.
J Res Clin Med, 2020, 8: 27 [3
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Table 3. Pearson correlation coefficients and their p-values in parentheses in each of the four test conditions (2 groups x 2 bladder conditions).

Test conditions

Correlation table Control - Empty bladder

Control - Full bladder

Morbid — Empty bladder Morbid - Full bladder

Pearson correlation P value Pearson correlation P value Pearson correlation P value

Pearson correlation P value

MWEF and vesical pressure 0.685 0.000" 0.128
MWEF and abdominal pressure 0.628 0.000 0.388
MWEF and detrusoor pressure 0.345 0.006 -0.016
Vesical and abdominal 0.960 0.000 0.630

pressure

0.273 0.524 0.000 0.322 0.005
0.001 0.454 0.000 0.351 0.002
0.891 0.151 0.242 0.100 0.392
0.000 0.907 0.000 0.819 0.000

MWE: maximum weightlifting force.
* Significant if P<0.05, typed in bold-face.

Since it was stated that the increased detrusor pressure
leads to the UL, it could be concluded from the present
results that the enhancement of the AP and vesical
pressure may not necessarily cause incontinence or urine
leakage. To support this finding, it was observed that
none of the subjects had leakage of the urine during the
test at the MWF level. It implied that the lifting of weights
near and below the MWF level might not be a reason
for incontinence. The correlation coefficients calculated
between the MWF and the detrusor pressures also
confirmed that these parameters were correlated only in
the control group with empty bladders. The fullness of the
bladder or being urinary incontinent have vanished the
relationship between the MWF and the detrusor pressure.
It is, nevertheless, worth mentioning that the control
group participants lifted significantly lower magnitudes
of weights (~35 N lesser) once their bladders had been
filled. The same result was achieved for the UI group
whose MWF values were ~44 N lower than their MWF
with an empty bladder. Therefore, any recommendation
regarding conferring the permission for weightlifting
should consider the bladder condition. Previous clinical
investigations also confirmed this fact. Gedymin et al who
examined 167 female polish workers with repetitive stance
lifting stated that the age, years of employment, number
of childbirth and high weightlifting cause UI, uterus
and vaginal prolapse; however, there was no significant
relationship between Ul-related health problems and the
magnitudes of weights carried during a day.”®

Several factors influenced the AP during lifting, some
of them studied by Hsu et al in 206 women 6-10 weeks
after the vaginal delivery. They were asked to lift a fixed
12.5 kg weight in three lifting types of straight legs, bent
and in between. The maximum AP during lifting was
correlated to post-delivery time, subjects weight, height
and BMI, but independent from the lifting type.’* The
lifting type that was similar to this study (i.e. straight
legs vs. standardized), resulted in increase of the AP. In
another study, Gerten et al showed that the squat lifting
in 41 women causes the maximum AP measured via a
rectal catheter.® Coleman et al also examined the role of
walking speed and type of carrying a 13.6 kg weight on
the AP in 46 healthy women. They concluded that faster
walks increase the AP. More, carrying the weight in front,

side, or awkward position enhanced the AP in comparison
with the backpack carrying.?’ The controversy existed
among the different studies has not allowed developing a
certain practice to lift or carry the weights regarding the
prohibition of the excessive increase in the AP.

To the best of the authors’ knowledge, this is the first

study on the role of weightlifting to the MWF level with
synchronized multichannel cystometry with an empty
and full bladder in both control and UI morbid groups.
According to the literature, lifting increased the vesical
and APs, but the main outcome of the present study was
no leakage detection during the MWF level lifting, neither
in the control nor in the morbid group. Regardless of the
bladder condition, even though the MWF of both groups
varied similarly, the AP was significantly increased in the
UI group rather than the controls. This hypothesized that
another intrinsic factor might play a role in the rise of
the AP in the morbid group. The no-leakage observation
for the UI participants suggests that this factor may be a
compensatory mechanism revealed in contractions of the
abdominal muscles to prevent urinary leakage. Due to
the possible synergies of the abdominal and pelvic floor
muscles in the prevention of the UL an electromyography
measurement of these muscles can further investigate this
hypothesis.
The detrusor pressure, as an indicator for the Ul, between
control and morbid groups was only significantly different
in full bladder condition. The Ul-involved participants
had greater detrusor pressure meaning a higher risk of
leakage, as it was predicted.

Higher abdominal, vesical and detrusor pressures in
the incontinent group were observed only in full bladder
status in comparison with the controls, and only the AP
of the UI morbid group was significantly greater, but it
did not necessarily lead to incontinence, showing that the
evidence beyond “lifting equals leaking” is not correct in
all situations.

Limitations

This study has been faced with some limitations. First,
the magnitude of the lifted weights was only set to the
maximal forces that each participant could tolerate. It had
better test various submaximal levels of the weightlifting.
Second, the bladder condition in the present study was
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Study Highlights

What is current knowledge?
o Lifting heavy subjectslead to urinary incontinence.

What is new here?
o Lifting heavy subjects’ MWF may not necessarily
lead to the UL

only set to empty and full. Given the similarity with the first
limitation, different bladder volumes could be considered
for each participant after individual cystometry. Third,
load-bearing was only designed for the hold condition.
Different types of loading like pulling, pushing, etc. could
be considered in various maneuvers or postures rather than
the standardized one like a squat, unilateral, backpack, etc.
load-bearing. Finally, this study has investigated A limited
number of participants. In addition to more accredited
results, examining a larger population could confer
the opportunity of sub-categorizing regarding other
influencing factors, e.g. parity, degree of prolapse and Ul
severity, etc.

Conclusion

The standardized weightlifting increased the abdominal
and bladder pressures; nevertheless, lifting to the subjects’
MWFmaynotnecessarilylead tothe UL. Recommendations
for weightlifting should be individualized by considering
the bladder condition.

Conflict of Interest
The authors declare that they have no conflict of interest.

Ethical Approval

This study was registered and approved by the local ethical
committee (IR.TBZMED.REC.1395.1051). Each subject received
verbal and written explanations and signed the consent form.

Authors’ contribution

MB: Data collection, data analysis, manuscript writing. MRA:
Study design, apparatus manufacturing, data analysis. SH: Study
design, manuscript edition. MMA: Data collection

Acknowledgements

The researchers would like to thank the Research Center of
Evidence-Based Medicine and Research Vice-chancellor of
Tabriz University of Medical Sciences.

Funding
Research Center of Evidence-Based Medicine supported the
study

References

1. Hunskaar S, Arnold EP, Burgio K, Diokno AC, Herzog AR,
Mallett VT. Epidemiology and natural history of urinary
incontinence. Int Urogynecol ] Pelvic Floor Dysfunct.
2000;11(5):301-19. doi: 10.1007/s001920070021.

10.

11.

12.

13.

14.

15.

16.

Hannestad YS, Rortveit G, Sandvik H, Hunskaar S. A
community-based epidemiological survey of female
urinary incontinence: the Norwegian EPINCONT study.
Epidemiology of Incontinence in the County of Nord-
Trondelag. J Clin Epidemiol. 2000;53(11):1150-7. doi:
10.1016/s0895-4356(00)00232-8.

Milsom I, Altman D, Cartwright R, Lapitan MC, Nelson R,
Sillén U, et al. Epidemiology of Urinary Incontinence (UT)
and other Lower Urinary Tract Symptoms (LUTS), Pelvic
Organ Prolapse (POP) and Anal Incontinence (AI). In:
Abrams P, Cardozo L, Khoury S, Wein AJ, eds. Incontinence:
5th International Consultation on Incontinence. 5th ed.
Paris: ICUD-EAU; 2013. p. 15-107.

Mostafaei H, Sadeghi-Bazargani H, Hajebrahimi S, Salehi-
Pourmehr H, Ghojazadeh M, Onur R, et al. Prevalence of
female urinary incontinence in the developing world: a
systematic review and meta-analysis. Neurourol Urodyn.
2020;39(4):1063-86. doi: 10.1002/nau.24342.

Irwin DE, Mungapen L, Milsom I, Kopp Z, Reeves P, Kelleher
C. The economic impact of overactive bladder syndrome
in six Western countries. BJU Int. 2009;103(2):202-9. doi:
10.1111/j.1464-410X.2008.08036.x.

Wilson L, Brown JS, Shin GP, Luc KO, Subak LL. Annual
direct cost of urinary incontinence. Obstet Gynecol.
2001;98(3):398-406. doi: 10.1016/50029-7844(01)01464-8.
Varmus H. Disease-Specific Estimates of Direct and
Indirect Costs of Illness and NIH Support. Washington,
DC: Department of Health and Human Services, National
Institute of Health; 1997.

Townsend MK, Danforth KN, Rosner B, Curhan GC,
Resnick NM, Grodstein F. Physical activity and incident
urinary incontinence in middle-aged women. ] Urol.
2008;179(3):1012-6. doi: 10.1016/j.juro.2007.10.058.
Coyne KS, Wein A]J, Tubaro A, Sexton CC, Thompson CL,
Kopp ZS, et al. The burden of lower urinary tract symptoms:
evaluating the effect of LUTS on health-related quality of
life, anxiety and depression: EpiLUTS. BJU Int. 2009;103
Suppl 3:4-11. doi: 10.1111/j.1464-410X.2009.08371.x.
Broome BA. The impact of urinary incontinence on self-
efficacy and quality of life. Health Qual Life Outcomes.
2003;1:35. doi: 10.1186/1477-7525-1-35.

Dumoulin C, Hay-Smith J. Pelvic floor muscle training
versus no treatment for urinary incontinence in women.
A Cochrane systematic review. Eur J Phys Rehabil Med.
2008;44(1):47-63.

Minassian VA, WE Wood GC. Urinary
incontinence in women: variation in prevalence estimates
and risk factors. Obstet Gynecol. 2008;111(2 Pt 1):324-31.
doi: 10.1097/01.20g.0000267220.48987.17.

Bo K. Urinary incontinence, pelvic floor dysfunction,
exercise and sport. Sports Med. 2004;34(7):451-64. doi:
10.2165/00007256-200434070-00004.

Brink CA, Sampselle CM, Wells TJ, Diokno AC, Gillis GL.
A digital test for pelvic muscle strength in older women
with urinary incontinence. Nurs Res. 1989;38(4):196-9.
Davis G, Sherman R, Wong ME, McClure G, Perez R,
Hibbert M. Urinary incontinence among female soldiers.
Mil Med. 1999;164(3):182-7.

Nygaard IE, McCreery R, Brubaker L, Connolly A,
Cundiff G, Weber AM, et al. Abdominal sacrocolpopexy:
a comprehensive review. Obstet Gynecol. 2004;104(4):805-

Stewart

J Res Clin Med, 2020, 8: 27 |5



Babayi et al

23. doi: 10.1097/01.20g.0000139514.90897.07.

techniques on intra-abdominal pressure in women. Int

17. Wikander L, Cross D, Gahreman DE. Prevalence of urinary Urogynecol J. 2015;26(7):967-74. doi: 10.1007/s00192-014-
incontinence in women powerlifters: a pilot study. Int 2593-5.

Urogynecol J. 2019;30(12):2031-9. doi: 10.1007/s00192- 22. Hajebrahimi S, Nourizadeh D, Hamedani R, Pezeshki MZ.
019-03870-8. Validity and reliability of the International Consultation on

18. Hsu Y, Hitchcock R, Niederauer S, Nygaard IE, Shaw JM, Incontinence Questionnaire-Urinary Incontinence Short
Sheng X. Variables affecting intra-abdominal pressure Form and its correlation with urodynamic findings. Urol J.
during lifting in the early postpartum period. Female 2012;9(4):685-90.

Pelvic Med Reconstr Surg. 2018;24(4):287-91. doi: 10.1097/ 23. Daniel W. Biostatistics: A Foundation for Analysis in the
spv.0000000000000462. Health Sciences. 7th ed. New York: Wiley; 1999.

19. Egger M], Hamad NM, Hitchcock RW, Coleman TJ, Shaw 24. Weir LE Nygaard IE, Wilken ], Brandt D, Janz KE
JM, Hsu Y, et al. Reproducibility of intra-abdominal Postoperative activity restrictions: any evidence? Obstet
pressure measured during physical activities via a wireless Gynecol. 2006;107(2 Pt 1):305-9. doi: 10.1097/01.
vaginal transducer. Female Pelvic Med Reconstr Surg. A0G.0000197069.57873.d6.
2015;21(3):164-9. doi: 10.1097/spv.0000000000000167. 25. Gedymin K, Starczewski A, Torbe A. [The influence of

20. Gerten KA, Richter HE, Wheeler TL, 2nd, Pair LS, Burgio individual and total lifted objects on the equilibrium of the
KL, Redden DT, et al. Intraabdominal pressure changes uterus]. Med Pr. 1986;37(5):333-6.
associated with lifting: implications for postoperative 26. Ferla L, Darski C, Paiva LL, Sbruzzi G, Vieira A. Synergism
activity restrictions. Am J Obstet Gynecol. 2008;198(3):306. between abdominal and pelvic floor muscles in healthy
el-5. doi: 10.1016/j.ajog.2007.09.004. women: a systematic review of observational studies.

21. Coleman TJ], Hamad NM, Shaw JM, Egger MJ, Hsu Y, Fisioter Mov. 2016;29(2):399-410. doi: 10.1590/0103-
Hitchcock R, et al. Effects of walking speeds and carrying 5150.029.002.A019.

6 | JResClin Med, 2020, 8: 27



