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Abstract
Background
Previous studies on physical activity (PA) and pelvic organ prolapse (POP) were largely limited to self-reported PA in athletes, soldiers, and women in postpartum. We aimed to investigate the association of accelerometer-measured PA and sedentary behavior with the risk of POP in middle-aged and elderly women.

Methods
In this prospective cohort derived from the UK Biobank, the intensity and duration of PA and sedentary behavior were measured with wrist-worn accelerometers over a 7-day period in 2013–2015 for 47,674 participants (aged 42.8–77.9 years) without pre-existing POP. Participants were followed up until the end of 2022, during which incident POP was ascertained mainly by the electronic health records. Multivariable-adjusted Cox proportional hazards models and restricted cubic splines were used to assess the associations of interest. Isotemporal substitution models were applied to test the effects of substituting a type of activity with equivalent duration of others.

Results
During a median follow-up of 8.0 years, 779 cases of POP were recorded. The duration of light-intensity PA (LPA) was positively whereas sedentary time was negatively associated with the risk of POP. Every additional 1 h/day of LPA elevated the risk of POP by 18% (95% confidence interval [CI], 10%–26%). In contrast, the risk decreased by 5% (95% CI, 0–8%) per 1 h/day increment in sedentary behavior. No associations were found between moderate-intensity PA (MPA) or vigorous-intensity PA (VPA) and POP, except that women who had a history of hysterectomy were more likely to develop POP when performing more VPA (53% higher risk for every additional 15 min/day). Substituting 1 h/day of LPA with equivalent sedentary time was associated with a 18% (95% CI, 11%–24%) lower risk of POP. The risk can also be reduced by 17% (95% CI, 7%–25%) through substituting 30 min/day of LPA with MPA.

Conclusions
More time spent in LPA or less sedentary time was linked to an elevated risk of POP in middle-aged and elderly women, while MPA or VPA was not. Substituting LPA with equivalent duration of sedentary behavior or MPA may lower the risk of POP.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-024-01559-w.
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Introduction
The pelvic floor, composed of muscles, fascia and ligaments, is a hammock-like structure that pockets the pelvic organs (bladder, uterus, rectum, etc.). Pelvic organ prolapse (POP) is the descent of pelvic organs towards or beyond the vagina opening when the pelvic floor becomes too weak to hold them in place. Symptoms of POP may include vaginal bulging, urinary/fecal incontinence, uncomfortable intercourse, etc. [1]. The prevalence of symptomatic POP increased from 1.8% in women aged twenties to 19.2% in women aged seventies or more [2]. The risk for POP surgery peaked at seventies with an annual risk of 4.3/1000 women and a lifetime risk of 12.6% [3]. POP not only seriously affects patients’ quality of life, but also causes a huge financial burden. About 1.52 billion dollars were spent per year on treating POP in the U.S. between 2016 and 2018 [4].
Advancing age, increasing parity, and previous hysterectomy are the most established risk factors for POP, yet difficult to be modified [5]. Physical activity (PA) is perceived as a potential modifiable factor to reduce the burden of POP, as it may influence the strength of the pelvic floor. However, related evidence is scarce and controversial. A cross-sectional study found that women engaged in high-impact PA (running, jumping, and ball sports) had a lower prevalence of symptomatic prolapse than those undertaking low-impact PA (walking, swimming, and light physical exercise), while another two observed no associations between PA and POP [6–8]. Since PA and POP were assessed at the same point in time in these studies, they could not determine whether PA influenced the risk of POP or the presence of POP altered the habit of PA. Though two case-control studies also reported no associations, they were limited by small sample sizes (< 400) and recall bias from self-reported PA. In prospective cohorts, a higher risk of POP was observed in soldiers after a 6-week paratrooper training and in women with a moderately high amount of PA at early postpartum after one year of follow-up. Whether this applies to the general population in a longer follow-up is unknown. In addition, dose-response analyses were absent and the impact of sedentary behavior, which accounts for most of our day time, has barely been investigated.
To fill the knowledge gaps, this study aimed to investigate the associations of objective accelerometer-measured PA and sedentary behavior with the risk of incident POP in the UK Biobank, one of the largest population-based prospective cohort to date.

Methods
Study design and participants
The UK Biobank is a prospective cohort approved by the North-West Multi-Center Research Ethics Committee (reference 11/NW/0382). More than 0.5 million participants aged 37–73 years were enrolled into this cohort between 2006 and 2010 when they were asked to complete a touch-screen questionnaire, have physical and functional measurements, and provide biological samples in 22 assessment centers throughout the UK [9]. Later, 0.24 million participants were randomly invited to have their PA and sedentary behavior measured by the accelerometers between May 2013 and December 2015 (baseline of this study), with a response rate of 44%. Devices were dispatched for 106,053 participants and, of these, data were available for 58,245 women. All participants provided electronic-signed consents. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline (online Supplemental checklist).

Accelerometer-measured physical activity and sedentary behavior
PA and sedentary behavior were monitored by the Axivity AX3 triaxial accelerometer on the dominant hand for 7 days when the sensor captured the acceleration at 100 Hz with a dynamic range of ± 8 gravities (1 gravity = 9.81 m per second squared) [10]. After excluding participants who had an unexpectedly large or small amount of PA (N = 2,674), who did not have sufficient wear time (< 3 days or not having data in each one-hour period of the 24-h cycle, N = 2,368), whose PA data were not well calibrated (N = 3), and who experienced the shift to daylight saving time (N = 2,356), 50,844 women were left with valid accelerometry data. More details about data collection and processing can be found elsewhere [11]. The duration of light-intensity PA (LPA), moderate-intensity PA (MPA), and vigorous-intensity PA (VPA) in minutes per week was determined as the time spent in 30 to 125 milligravities, > 125 to 400 milligravities, and > 400 milligravities intensity activity, respectively [12].

Outcome ascertainment
Incident POP cases and diagnosis date were ascertained by data from three sources (hospital admission data 83.9%, primary care 12.0%, and self-report 4.1%), where POP was defined as N81 and N99.3 according to the International Classification of Diseases, 10th Revision (ICD-10), including urethrocele, cystocele, uterovaginal prolapse, vaginal enterocele, rectocele, prolapse of vaginal vault after hysterectomy, and other POP. The follow-up began on the date when the accelerometry was completed and ended on the diagnosis date of POP, the date of death extracted from the death certificates, or the end of follow-up (November 1, 2022), whichever came first. Participants with pre-existing POP before the start of the follow-up were excluded from the analyses (N = 2,991).

Covariates ascertainment
Covariates were selected based on a pre-defined directed acyclic graph (online Supplemental Figure S1). Age was determined from birthdate (acquired from central registry, updated by participant) and the date when the accelerometry started (derived from the accelerometers). Information on the other covariates were obtained from the anthropometric measurements conducted by the trained nurses and the self-report questionnaire completed during the recruitment, including body mass index (BMI), body fat percentage, ethnicity, Townsend deprivation index (TDI), smoking status, menopause status, history of hysterectomy, and number of children. BMI was constructed as weight in kilograms divided by height in meters squared. The height was measured using the Seca 240 measuring rod, while the weight and the body fat percentage were assessed using the Tanita BC418MA body composition analyzer. TDI is a composite metric of material deprivation that incorporates unemployment, non-car ownership, non-home ownership, and household overcrowding, with higher values indicating lower socio-economic status [13]. TDI was assigned to each participant according to their postcode and the result of preceding national census. Details of these covariates can be found on the website of the UK Biobank.

Statistical analyses
Baseline characteristics of the participants were described as means and standard deviations or medians and interquartile ranges for continuous variables, and numbers (percentages) for categorical variables.
First, dose-response associations of the duration of PA and sedentary behavior with the risk of incident POP were evaluated using restricted cubic splines. The reference values were set at the median and the knots at the 5th, 35th, 65th, and 95th percentiles of the duration. Second, the duration was categorized into five levels mainly referring to the current PA guideline (150–300 min/week of MPA and 75–150 min/week of VPA) to investigate the risk of POP for different levels of duration in a single intensity as well as that for various combinations of duration levels in different intensities using Cox proportional hazards models. The proportional hazard assumption was checked with Schoenfeld residuals and no violation was observed. Linear trends were examined by entering the median value of each category of duration as a continuous variable into the models. Third, isotemporal substitution models were used to estimate the effects of substituting a type of activity with equivalent duration of others on the risk of POP. All analyses were adjusted for the following potential confounders: age (continuous), BMI (continuous), body fat percentage (continuous), ethnicity (white, Black or Black British, Asian or Asian British, or mixed), TDI (continuous), smoking status (never, previous, or current), menopause status (yes, no, not sure-had a hysterectomy, or not sure-other reason), history of hysterectomy (yes or no), and number of children (0, 1, or ≥ 2). Missing values in these covariates (< 1%) were imputed with mode values for categorical variables and median values for continuous variables.
Stratified analyses were conducted according to age (< 60 or ≥ 60 years), BMI (< 25 kg/m2 or ≥ 25 kg/m2), menopause status (yes or no), history of hysterectomy (yes or no), and number of children (0 or ≥ 1) to examine whether the associations varied by these factors. Interactions were tested by a likelihood-ratio test comparing models with and without product terms between PA or sedentary behavior and these factors.
Several sensitivity analyses were carried out to assess the robustness of our results. First, we excluded participants who were diagnosed with POP within the first 2 years of follow-up to avoid the potential risk of reverse causation. Second, competing risk models were applied to account for the competing risk of death. Third, LPA, MPA and VPA durations were mutually adjusted to evaluate whether the associations were attributable to other intensities. Fourth, we only included participants without missing covariates.
All the analyses were conducted using the R software (version 4.1.2). The statistical significance was set as P < 0.05 (two-sided test).


Results
Of the 502,488 UK Biobank participants, 58,245 women had their PA and sedentary behavior monitored by accelerometers. After excluding 7,401 participants without valid accelerometry data, 2,991 who had pre-existing POP, 85 who were unable to walk, and 94 who once had multiple births, 47,674 participants were left in the final analyses (Fig. 1). The median follow-up period was 8.0 years. The overall incidence rate of POP was 20.9 per 10,000 person-years (779 cases/372,079 person-years).[image: ]
Fig. 1Flowchart. Abbreviation: PA, physical activity; POP, pelvic organ prolapse


Participants included in the analyses were less likely to be obese, to smoke, or to have a history of hysterectomy at recruitment compared with the excluded (online Supplemental Table S1). Participants who developed POP during the follow-up were older, were more likely to be obese, to be in menopause, and to have a history of hysterectomy, and had more children at recruitment than those who did not (Table 1).
Table 1Characteristics of 47,674 participants by presence of POP


	Characteristics
	Presence of POP

	No
	Yes
	Overall

	Number
	46,895
	779
	47,674

	Age at accelerometry (years)

	 Median (IQR)
	61.9 (12.3)
	64.8 (9.4)
	61.9 (12.2)

	Ethnicity, n (%)

	 White
	45,187 (96.4)
	766 (98.3)
	45,953 (96.4)

	 Mixed
	610 (1.3)
	8 (1.0)
	618 (1.3)

	 Asian or Asian British
	511 (1.1)
	3 (0.4)
	514 (1.1)

	 Black or Black British
	449 (1.0)
	2 (0.3)
	451 (0.9)

	 Missing
	138 (0.3)
	0 (0)
	138 (0.3)

	TDI

	 Median (IQR)
	-2.4 (3.7)
	-2.6 (3.5)
	-2.4 (3.7)

	BMI, kg/m2, n (%)

	 < 25
	22,048 (47.0)
	286 (36.7)
	22,334 (46.8)

	 25 ~ 29.9
	16,126 (34.4)
	320 (41.1)
	16,446 (34.5)

	 ≥ 30
	8,336 (17.8)
	170 (21.8)
	8,506 (17.8)

	 Missing
	385 (0.8)
	3 (0.4)
	388 (0.8)

	Body fat percentage (%)

	 Mean (SD)
	35.3 (6.8)
	36.9 (6.2)
	35.3 (6.8)

	Smoking, n (%)

	 Never
	28,592 (61.0)
	474 (60.8)
	29,066 (61.0)

	 Previous
	15,381 (32.8)
	267 (34.3)
	15,648 (32.8)

	 Current
	2,799 (6.0)
	37 (4.7)
	2,836 (5.9)

	 Missing
	123 (0.3)
	1 (0.1)
	124 (0.3)

	Number of children, n (%)

	 0
	10,768 (23.0)
	37 (4.7)
	10,805 (22.7)

	 1
	6,102 (13.0)
	85 (10.9)
	6,187 (13.0)

	 ≥ 2
	29,987 (63.9)
	657 (84.3)
	30,644 (64.3)

	 Missing
	38 (0.1)
	0 (0)
	38 (0.1)

	Menopause, n (%)

	 No
	12,502 (26.7)
	129 (16.6)
	12,631 (26.5)

	 Yes
	27,512 (58.7)
	515 (66.1)
	28,027 (58.8)

	 Not sure
	6,822 (14.5)
	135 (17.3)
	6,957 (14.6)

	 Missing
	59 (0.1)
	0 (0)
	59 (0.1)

	History of hysterectomy, n (%)

	 No
	40,006 (85.3)
	619 (79.5)
	40,625 (85.2)

	 Yes
	6,795 (14.5)
	154 (19.8)
	6,949 (14.6)

	 Missing
	94 (0.2)
	6 (0.8)
	100 (0.2)


Continuous variables were presented as mean (standard deviation) if normally distributed and as median (interquartile range) otherwise
Abbreviations: BMI Body mass index, IQR Interquartile range, POP Pelvic organ prolapse, SD Standard deviation, TDI Townsend deprivation index



There was a positive linear association between LPA and POP after multivariable adjustment (Fig. 2). Every additional 1 h/day of LPA elevated the risk of POP by 18% (95% confidence interval [CI], 10%–26%; P < 0.001). Compared with < 4 h/day of LPA, the hazard ratios (HRs) of POP increased as more time was spent in LPA (1.23 [95% CI, 0.96–1.58] for 4 ~  < 5 h/day, 1.31 [1.03–1.68] for 5 ~  < 6 h/day, 1.62 [1.23–2.13] for 6 ~  < 7 h/day, and 1.86 [1.26–2.75] for ≥ 7 h/day; Ptrend < 0.001; Table 2). No associations were observed between the duration of MPA or VPA and the risk of POP. More time spent in sedentary behavior, especially beyond the average level (9 h/day), was linked to a lower risk of POP. The HR per 1 h/day increment was 0.95 (95% CI, 0.92–1.00).[image: ]
Fig. 2Dose-response associations of PA and sedentary behavior with the risk of POP. Abbreviations: CI, confidence interval; h, hour; HR, hazard ratio; LPA, light-intensity physical activity; min, minute; MPA, moderate-intensity physical activity; PA, physical activity; POP, pelvic organ prolapse; VPA, vigorous-intensity physical activity

Table 2Association of PA and sedentary behavior with risks of POP


	Duration of Activity
	Cases/Person-years
	Crude HR (95% CI)
	Adjusted HR (95% CI)
	P for trend

	LPA (h/day)
	< 4
	86/51,172
	1 (Reference)
	1 (Reference)
	< 0.001

	4 ~  < 5
	255/127,160
	1.20 (0.94 to 1.53)
	1.23 (0.96 to 1.58)
	 
	5 ~  < 6
	264/126,652
	1.25 (0.98 to 1.59)
	1.31 (1.03 to 1.68)
	 
	6 ~  < 7
	137/54,007
	1.52 (1.16 to 1.99)
	1.62 (1.23 to 2.13)
	 
	 ≥ 7
	37/13,088
	1.69 (1.15 to 2.48)
	1.86 (1.26 to 2.75)
	 
	MPA (min/day)
	 < 30
	75/30,608
	1 (Reference)
	1 (Reference)
	0.91

	30 ~  < 60
	297/124,630
	0.99 (0.76 to 1.27)
	1.16 (0.90 to 1.50)
	 
	60 ~  < 90
	251/123,393
	0.84 (0.65 to 1.09)
	1.15 (0.88 to 1.50)
	 
	90 ~  < 120
	109/62,508
	0.73 (0.54 to 0.97)
	1.10 (0.80 to 1.50)
	 
	≥ 120
	47/30,939
	0.63 (0.44 to 0.91)
	1.05 (0.72 to 1.55)
	 
	VPA (min/day)
	0
	158/62,639
	1 (Reference)
	1 (Reference)
	0.77

	> 0 ~  < 5
	469/216,292
	0.87 (0.72 to 1.04)
	1.03 (0.86 to 1.24)
	 
	5 ~  < 15
	125/76,725
	0.66 (0.52 to 0.83)
	0.96 (0.75 to 1.23)
	 
	15 ~  < 30
	22/13,508
	0.66 (0.42 to 1.02)
	1.10 (0.70 to 1.75)
	 
	≥ 30
	5/2,916
	0.69 (0.28 to 1.69)
	1.35 (0.55 to 3.33)
	 
	Sedentary behavior (h/day)
	< 7
	82/41,034
	1 (Reference)
	1 (Reference)
	0.15

	7 ~  < 8
	125/55,033
	1.13 (0.86 to 1.49)
	1.06 (0.80 to 1.40)
	 
	8 ~  < 9
	174/79,676
	1.09 (0.84 to 1.42)
	1.00 (0.77 to 1.31)
	 
	9 ~  < 10
	176/83,861
	1.05 (0.80 to 1.36)
	0.96 (0.73 to 1.24)
	 
	≥ 10
	222/112,475
	0.98 (0.76 to 1.26)
	0.89 (0.69 to 1.15)
	 

The model was adjusted for age when the accelerometry started (year, continuous), ethnicity (White, Black or Black British, Asian or Asian British, or mixed), Townsend deprivation index (continuous), body mass index (kg/m2, continuous), body fat percentage (%, continuous), smoking status (never, previous, or current), menopause status (yes, no, not sure with a history of hysterectomy, or not sure with other reasons), history of hysterectomy (yes or no), and number of births (0, 1, or ≥ 2)
Abbreviations: CI Confidence interval, h Hour, HR Hazard ratio, LPA Light-intensity physical activity, min Minute, MPA Moderate-intensity physical activity, PA Physical activity, POP Pelvic organ prolapse, VPA Vigorous-intensity physical activity



The additional risk of POP in participants undertaking various combinations of PA compared to the least active ones is shown in Fig. 3. The HR data used to generate this figure are presented in online Supplemental Tables S2-S4. Though more LPA was associated with an elevated risk of POP, adding more MPA or VPA to a high level of LPA did not necessarily further increase the risk. For example, compared with the combination of < 4 h/day of LPA and < 30 min/day of MPA, 5 ~  < 6 h/day of LPA was associated with 139%, 80%, 109%, 83%, and 59% higher risks of POP when combined with < 30, 30 ~  < 60, 60 ~  < 90, 90 ~  < 120, and ≥ 120 min/day of MPA.[image: ]
Fig. 3Joint associations of PA and the risk of POP. Abbreviations: h, hour; LPA, light-intensity physical activity; min, minute; MPA, moderate-intensity physical activity; NA, not available; PA, physical activity; POP, pelvic organ prolapse; Ref, reference; VPA, vigorous-intensity physical activity. * < 0.05, ** < 0.01, *** < 0.001. The percentages indicate the increased risk of POP in each combination of PA compared with the least active group


Substituting 1 h/day of LPA with equivalent sedentary time was associated with a 18% (95% CI, 11%–24%) lower risk of POP. The risk can also be reduced by 17% (95% CI, 7%–25%) through substituting 30 min/day of LPA with equivalent duration of MPA (Table 3). In contrast, substitution of LPA with VPA was not associated with POP (HR, 0.97; 95% CI, 0.74–1.27).
Table 3HR for POP when substituting LPA with equivalent duration of other types of activity


	Substitution
	Crude HR (95% CI)
	Adjusted HR (95% CI)

	LPA → Sedentary behavior (1 h/day)
	0.80 (0.74 to 0.86)
	0.82 (0.76 to 0.89)

	LPA → MPA (30 min/day)
	0.74 (0.66 to 0.82)
	0.83 (0.75 to 0.93)

	LPA → VPA (15 min/day)
	0.78 (0.59 to 1.02)
	0.97 (0.74 to 1.27)


The model was adjusted for age when the accelerometry started (year, continuous), ethnicity (White, Black or Black British, Asian or Asian British, or mixed), Townsend deprivation index (continuous), body mass index (kg/m2, continuous), body fat percentage (%, continuous), smoking status (never, previous, or current), menopause status (yes, no, not sure with a history of hysterectomy, or not sure with other reasons), history of hysterectomy (yes or no), and number of births (0, 1, or ≥ 2)
Abbreviations: CI Confidence interval, h Hour, HR Hazard ratio, LPA Light-intensity physical activity, min Minute, MPA Moderate-intensity physical activity, POP Pelvic organ prolapse, VPA Vigorous-intensity physical activity



No interactions were observed between any intensity of PA or sedentary behavior and age, BMI, menopause status, or number of children (online Supplemental Figures S2-S5). Every additional 15 min/day of VPA elevated the risk of POP by 53% (95% CI, -0.1%–136%) in women with a history of hysterectomy, but no association was found between VPA and POP in women without this history (Pinteraction = 0.02). Results of four sensitivity analyses were similar to those of the main analyses (online Supplemental Tables S5-S8 and Figures S6-S8).

Discussion
In this large population-based cohort study, either more time spent in LPA or less time spent in sedentary behavior was observed to elevate the risk of POP among middle-aged and elderly women. Duration of MPA or VPA was not associated with the risk of POP. Substituting LPA with equivalent duration of sedentary behavior or MPA might reduce the risk.
Comparison with other studies
LPA refers to activities that require low levels of energy expenditure (1.5–3 metabolic equivalent of task, METs), such as walking very slowly, doing household chores, or standing [14]. No studies have directly investigated the relationship between LPA and POP. A case-control study found that housewives were at a three times higher risk of urogenital prolapse than professional/managerial women [15]. Though this study did not collect information about PA, another study focusing on examining PA patterns across different occupations reported that participants keeping house had the most LPA (6.3 h/day) among all occupations studied and most of their time in LPA were spent in food preparation and serving [16]. This result is consistent with ours to some extent. In our study, the risk of POP increased as more time was spent in LPA. Participants who engaged in ≥ 7 h/day of LPA were at a 1.86 times higher risk of POP than those who engaged in < 4 h/day of LPA. The main between-study difference is that our results were based on accelerometer-measured PA in a prospective cohort study and were not limited to people who were involved in certain jobs.
MPA refers to PA that is performed between 3 and < 6 times the intensity of rest (METs), such as walking at a brisk pace, general home exercises, and dancing; while PA that is carried out at 6 or more METs is defined as VPA, such as jogging, most competitive sports, and heavy housework [17, 18]. Results of previous studies on the association of MPA or VPA with POP were mixed. An early adulthood history of competitive sports, current PA, or lifetime VPA were not observed to associate with the risk of POP [19–21]. In contrast, several studies reported associations between heavy occupational PA, particularly heavy lifting, and POP [22–24]. These studies were in cross-sectional or case-control design with limited sample sizes based on questionnaire-derived self-reported PA, while the lack of association observed in our study was based on accelerometer-measured PA in a prospective population-based cohort.
Our finding that substituting LPA with equivalent sedentary time reduced the risk of POP was different from that in another prospective cohort study, which found that decreasing sedentary time by 30 min/day with a concomitant increase in LPA at six months postpartum was not associated with the prevalence of worse pelvic floor support at one year postpartum in primiparas delivered vaginally [25]. This study may not be comparable to ours because the level of PA and the status of pelvic floor at postpartum in women aged around 30 years are likely to be different from those in women aged around 60 years.

Result interpretation and research implications
The pelvic floor forms a hammock-like structure that pockets the pelvic organs. The downward forces the pelvic floor needs to withstand include the gravity of the pelvic organs and the intra-abdominal pressure, which can be increased by PA. LPAs are generally considered safe and beneficial for health, as they can help reduce the risk of chronic diseases and promote mental well-being [26–28]. However, engaging in LPA for a long period of time, such as standing for several hours or doing repetitive tasks, may cause a stretch to the muscles and the ligaments of the pelvic floor, leading to muscle fatigue and chronic tissue damage, which increases the risk of POP. Results of the upright computed tomography indicated that the pelvic floor descended significantly in the standing position, compared with the supine position [29]. The total duration of LPA is usually quite long. In this study, the median duration of LPA was 5 h/day, same as that in South Asian, but longer than that (4 h/day) in Americans [14, 30]. The impact of LPA on the pelvic floor is gentle but cumulative. People may not be sufficiently aware of the adverse impacts of LPA because severe symptoms are unlikely to be observed in a short term and the long duration of all LPAs can be easily ignored because most LPAs are fragmented daily activities. The risk of POP might be reduced by substituting LPA with sedentary behavior or MPA. Wearable devices equipped with accelerometers may help monitor and modify the duration and intensity of PA. Related evidence and recommendations are warranted in future guidelines.
Similar to the case of LPA, a long duration might also be a requisite for MPA and VPA to result in the damage of the pelvic floor. A prior study found that though the maximum vertical ground reaction forces were the largest for long jumping (16 times bodyweight), followed by javelin throwing (9 times), and running (4 times), the majority of female athletes suffering from urinary incontinence were long-distance runners (32.1%), followed by middle-distance runners (25.0%) and those who participated in speed events (17.9%), throwing events (14.3%), and jumping events (10.7%) [31, 32]. This indicates that the duration of force on the pelvic floor may play a more important role than the magnitude of force in causing pelvic floor damage. For the general population, MPA and VPA are mostly exercises that do not last long, especially as people age. The median duration of MPA and VPA was 66 min/day and 3 min/day in our study, while the average duration of moderate-to-vigorous-intensity PA in participants with similar age was comparable in China (69 min/day), but much shorter in the U.S. (21 min/day) and Canada (18 min/day) [14, 33, 34]. MPA or VPA of this duration may not reach the threshold for increasing the risk of POP. Therefore, middle-aged and elderly women without contraindications are encouraged to perform MPA and VPA as the PA guideline suggests to obtain other potential health benefits [17]. One exception is that women who had a history of hysterectomy were more likely to develop POP when performing a longer duration of VPA, probably because hysterectomy may damage or weaken the pelvic floor muscles and ligaments, making them more vulnerable to VPA.

Strengths and limitations
To our knowledge, this is the first study that comprehensively examined the long-term association of PA and sedentary behavior with the risk of POP in a large-scale population-based prospective cohort. Accelerometry data is robust against recall bias and can reduce the probability of leaving out fragmented PA, especially LPA. More than 95% of POP cases were ascertained by hospital or primary care records following the ICD-10. Information on a wide range of covariates facilitated confounding adjustment. However, this study has some limitations that need to be considered. Firstly, we were unable to differentiate PA from different domains (i.e., recreational PA like sports and exercise, non-recreational PA like PA occurring during transportation or work, housework, and yardwork). This information can only be obtained from self-report questionnaires and is therefore subject to recall bias. Besides, the duration and intensity of PA may vary a lot in the same occupation, it is the actual amount of PA, instead of some certain types of job, that finally determines the risk of POP. In addition, information on all covariates except age were collected at recruitment instead of at accelerometer wear date. There may be variation in the status of some covariates (BMI, body fat percentage, menopause status, history of hysterectomy) in some participants during this period. Another limitation is that PA was only measured once. A longitudinal study reported that PA was reasonably stable over six time points spanning ten years in older adults in England, though there was an overall trend for increasing levels of inactivity and a reduction in VPA [35]. If this measurement does not represent habitual PA levels, underestimation of risk associations could occur [36]. As for any observational studies, we cannot rule out the possibility of residual/unmeasured confounding and reverse causation. Lastly, the UK Biobank had a response rate of 5.5% and it was not representative of the general UK population, but a previous study showed that risk factor associations in this cohort were comparable to those from representative studies [37].


Conclusions
A long duration may be a requisite for PA to increase the risk of POP. In middle-aged and elderly women, more time spent in LPA or less time spent in sedentary behavior was associated with an elevated risk of POP, while MPA or VPA was not. To reduce the risk of POP, women who undertake too much LPA are recommended to substitute LPA with sedentary behavior or MPA. This is of great public health importance particularly given the increasing number of POP as the population ages.
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