
Zhang et al. BMC Women’s Health          (2023) 23:521  
https://doi.org/10.1186/s12905-023-02628-1

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Women’s Health

Association between grip strength 
and stress urinary incontinence of NHANES 
2011–2014
Nieke Zhang1,2†, Weipu Mao1,2†, Si Sun1,2†, Guanyuan Zhang1,2, Naipeng Shi1,2, Chi Yao1,2, Ning Liu1,2, 
Shuqiu Chen1,2, Wei Gao3, Lei Zhang1,2*, Ming Chen1,2* and Xiangyu Zou3,4* 

Abstract 

Objectives  To investigate the association between grip strength (GS) and relative grip strength (rGS) with the preva-
lence and severity risk of SUI.

Methods  Female patients were retrieved from the NHANES 2011–2014. GS was measured using a digital hand 
dynamometer, rGS was defined as grip strength divided by BMI. Samples were classified into four groups based 
on quartiles of GS and rGS distribution (Q1-Q4)。Logistic regression models were established to detect the relation-
ship between GS or rGS and SUI. The potential bias of baseline variables between SUI and non-SUI groups was con-
trolled by performing the propensity score matching (PSM).

Results  A total of 4263 samples were included, with 3085 (85%) people in non-SUI group and 1178 (27.6%) people 
in SUI group. GS and rGS levels of people without SUI were higher than that of SUI patients. Monthly SUI patients’ GS 
and rGS levels were higher than weekly SUI patients’ level. Logistic regression analysis showed that risks of prevalence 
and severity of SUI decreased with increasing levels of GS and rGS. rGS was found to have a stronger association 
with SUI than GS [prevalence: GS: Q4 vs. Q1: aOR = 0.633, 95%CI = 0.508–0.789, p < 0.001; rGS: Q4 vs. Q1: aOR = 0.365, 
95%CI = 0.290–0.459, p < 0.001; severity: GS: Q4 vs. Q1: aOR = 0.727, 95%CI = 0.600–0.881, p = 0.001; rGS: Q4 vs. Q1: 
aOR = 0.371, 95%CI = 0.282–0.488, p < 0.001]. The results of PSM confirmed that GS and rGS were correlated with SUI.

Conclusions  Lower levels of GS and rGS are associated with an increased prevalence and severity risk of SUI.
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Introduction
Urinary incontinence (UI) is a pathological condition 
that has adverse effects on many people, with stress uri-
nary incontinence (SUI) being a common subtype char-
acterized by involuntary leakage during effort or exertion 
[1, 2]. SUI is more prevalent in women and is associated 
with bladder or pelvic floor muscle dysfunction [3]. The 
prevalence of SUI peaks among middle-aged women and 
declines gradually thereafter [4]. The pathological mech-
anism of SUI is related to age-associated muscle mass 
and nerve decline, as well as muscle dysfunction [5]. 
Synthetic mid-urethral slings are proposed as the gold 
standard treatment of SUI by the European Society of 
Urology and the European Urogynaecological Associa-
tion (EUA) [6].

Grip strength, which is an indicator of total muscle 
strength [7], declines gradually after middle age [8], and 
low grip strength is associated with adverse outcomes, 
such as disability, longer hospital stays, and mortality [9, 
10]. Additionally, lower grip strength levels are associated 
with a higher morbidity of various diseases, including 
cancer, cardiovascular diseases, respiratory diseases, and 
sarcopenia [11, 12].

Several studies have explored the relationship between 
grip strength and SUI [13, 14], but the results are still 
controversial, and potential confounding factors have not 
been adequately controlled. Therefore, the purpose of 
this study is to investigate the association between grip 
strength and SUI by examining the data extracted from 
the NHANES 2011–2014. The study aims to determine 
whether grip strength has an impact on the prevalence 
and severity risk of SUI.

Methods
Study design and statistical analysis
This study is a retrospective analysis. The grip strength 
was measured using a handheld dynamometer, and the 
SUI was assessed through a self-reported questionnaire. 
The degree of SUI was classified into three categories: 
no SUI, monthly SUI, and weekly SUI. The grip strength 
was categorized into quartiles based on gender and body 
mass index (BMI). The other demographic and clini-
cal characteristics, including education levels, BMI, age, 
marital status, hypertension, diabetes mellitus, and renal 
function status, were also collected.

Statistical analysis was conducted using the SAS soft-
ware (version 9.4; SAS Institute, Cary, NC, USA). The 
descriptive analysis was performed to examine the demo-
graphic and clinical characteristics of the study popula-
tion. The prevalence of SUI was calculated and compared 
between groups based on grip strength and other 

characteristics. The association between grip strength 
and SUI was examined using logistic regression models. 
In the regression analysis, the grip strength was modeled 
both as a continuous variable and as a categorical variable 
(quartiles). Covariates were adjusted for in the regression 
models, including age, education level, marital status, 
hypertension, diabetes mellitus, BMI, and renal function 
status. The odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated. A p value < 0.05 was consid-
ered significant statistically.

Grip strength measurement
A digital hand dynamometer manufactured by Lafayette 
Instrument Company (USA) was utilized to measure grip 
strength in this study. Samples were instructed to stand 
with both arms extended fully at their sides, without 
touching their bodies. They were then asked to squeeze 
the dynamometer with as much force as possible for less 
than three seconds, alternating each hand three times. 
A rest interval of at least 30 s was implemented between 
each trial. The minimum measurement unit was 0.1  kg 
with an accuracy of ± 2.0  kg. To ensure consistency, the 
maximum score from six grip strength measurements 
was used for statistical analysis [9].

Previous research has suggested that relative grip 
strength (rGS), defined as grip strength divided by body 
mass index, is more strongly associated with cardiometa-
bolic disease biomarkers than absolute grip strength [15]. 
However, for predicting cancer outcomes, absolute grip 
strength has been found to be more effective than rGS 
[16]. Therefore, both rGS and absolute grip strength were 
used to assess samples’ muscle strength in this study.

Study variables
The study variables were obtained from the NHANES 
database, including education levels, race, BMI, age, 
hypertension, diabetes mellitus, marital status, smoking 
status, physical activity status, grip strength, blood urea 
nitrogen, creatinine, and uric acid. The clinical charac-
teristics of the patients were categorized based on the 
following variables: education (less than high school, 
high school or equivalent, college or above),race (non-
Hispanic white, non-Hispanic black, Mexican American, 
other Hispanic, and other), body mass index (normal, 
overweight, or obese), age (less than 40 and 40 years and 
older), hypertension (yes or no), diabetes mellitus (yes, 
no, or borderline), marital status (married and unmar-
ried), and smoking status (never, former, or current). 
Physical activity status was classified as either vigor-
ous (yes or no) or moderate (yes or no). The mean grip 
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strength and relative grip strength (rGS) were computed 
for each person.

Statistical analysis
To analyze the associations between study variables, vari-
ous statistical tests were conducted. The chi-square test 
was used to analyze categorical variables, and the t-test 
for slope was used in generalized linear models for con-
tinuous variables. Continuous variables were presented 
as means with standard deviation (SD), and categorical 
variables were expressed as proportions. Samples were 
classified into four groups based on quartiles of GS and 
rGS distribution (Q1-Q4), and the effect of included vari-
ables on rGS was evaluated. Propensity score matching 
(PSM) was performed in a 1:1 ratio to control for poten-
tial bias in baseline variables across different groups, 
including age, race, marital status, education, BMI, dia-
betes mellitus, smoking status, physical activity status, 
blood urea nitrogen, creatinine and uric acid.

Linear and logistic regression models were used to 
evaluate the association of GS or rGS with the risk of 
stress urinary incontinence (SUI) and its severity before 
and after PSM. Adjusted odds ratios (aOR) and 95% 
confidence intervals (CI) were calculated for the preva-
lence and severity of SUI related to quartiles of GS and 
rGS. Five logistic regression models were used for the 
analyses, starting with the univariate analysis (model 0) 

and subsequently adjusting for age and BMI (model 1), 
race, education, and marital status (model 2), hyperten-
sion and diabetes mellitus (model 3), and smoking status, 
physical activity status, blood urea nitrogen, creatinine, 
and uric acid (model 4).

Statistical analyses were performed using the Statisti-
cal Package for the Social Science software (version 26.0; 
SPSS, Chicago, IL, USA) and R software (version 4.1.0, 
http://​www.r-​proje​ct.​org/). A p-value of less than 0.05 
was considered statistically significant.

Results
Samples’ general characteristics
As shown in Fig. 1, after a rigorous selection process, a 
total of 4263 samples were included in this study from the 
NHANES database (2011–2014). Of these, 3085 (85%) 
did not have SUI, while 1178 (27.6%) had SUI. Among the 
SUI patients, 870 (20.4%) experienced monthly SUI and 
308 (7.2%) experienced weekly SUI. Table 1 displays the 
demographic and clinical characteristics of the samples 
before propensity score matching (PSM). The mean GS 
level of individuals without SUI was significantly higher 
(56.61, 11.56) than that of SUI patients (52.75, 12.99). 
Additionally, the mean GS level of monthly SUI patients 
(54.02, 12.88) was higher than that of weekly SUI patients 
(49.18, 12.66). Similar results were observed for rGS lev-
els, with no SUI patients (2.06, 0.57) having higher levels 

Fig. 1  Schematic flow diagram of inclusion and exclusion criteria for our study cohort

http://www.r-project.org/
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Table 1  Clinical characteristics of the patients according to the with or without and severity of SUI before PSM

Characteristic All patients No SUI SUI P valuea P valueb

SUI Monthly SUI Weekly SUI

No. (%) No. (%) No. (%) No. (%)

Total patients 4263 3085 (72.4) 1178 (27.6) 870 (20.4) 308 (7.2)

Age, years  < 0.001  < 0.001

  Mean, SD 48.9, 17.5 45.82, 16.91 56.88, 16.46 55.15, 16.44 61.8, 15.5  < 0.001  < 0.001

     < 40 1465 (34.4) 1260 (40.8) 205 (17.4) 173 (19.9) 32 (10.4)

     ≥ 40 2798 (65.6) 1825 (59.2) 973 (82.6) 697 (80.1) 276 (98.6)

  Race  < 0.001  < 0.001

    Non-Hispanic white 1822 (42.7) 1276 (41.4) 546 (46.3) 401 (46.1) 145 (47.1)

    Non-Hispanic black 975 (22.9) 664 (21.5) 311 (26.4) 237 (27.2) 74 (24.0)

    Mexican American 468 (11.0) 352 (11.4) 116 (9.8) 85 (9.8) 31 (10.1)

    Other Hispanic 419 (9.8) 312 (10.1) 107 (9.1) 67 (7.7) 40 (13.0)

    Other 579 (13.6) 481 (15.6) 98 (8.) 80 (9.2) 18 (5.8)

  Marital status  < 0.001  < 0.001

    Married 1961(46.0) 1488 (48.2) 473 (40.2) 369 (42.4) 104 (33.8)

    Unmarried 2302 (54.0) 1597 (51.8) 705 (59.8) 501 (57.6) 204 (66.2)

  Education  < 0.001  < 0.001

    Less than high school 814 (19.1) 559 (18.1) 255 (21.6) 157 (18.0) 98 (31.8)

    High school or equivalent 872 (20.5) 595 (19.3) 277 (23.5) 211 (24.3) 66 (21.4)

    College or above 2577 (60.5) 1931 (62.6) 646 (54.8) 502 (57.7) 144 (46.8)

Body mass index, kg/m2  < 0.001  < 0.001

  Mean, SD 29.58, 7.71 28.81, 7.35 31.59, 8.25 31.25, 8.09 32.57, 8.62  < 0.001  < 0.001

    Normal (< 25,0) 1321 (31.0) 1060 (34.4) 261 (22.2) 202 (23.2) 59 (19.2)

    Overweight (250–29.9) 1177 (27.6) 879 (28.5) 298 (25.3) 221 (25.4) 77 (25.0)

    Obese (≥ 30.0) 1765 (41.4) 1146 (37.1) 619 (52.5) 447 (51.4) 172 (55.8)

  Hypertension  < 0.001  < 0.001

    No 1581 (37.1) 979 (31.7) 602 (51.1) 412 (47.4) 190 (61.7)

    Yes 2682 (62.9) 2106 (68.3) 576 (48.9) 458 (52.6) 118 (38.3)

  Diabetes mellitus  < 0.001  < 0.001

    Yes 510 (12.0) 278 (9.0) 232 (19.7) 137 (15.7) 95 (30.8)

    No 3638 (85.3) 2745 (89.0) 893 (75.8) 693 (79.7) 200 (64.9)

    Borderline 115 (2.7) 62 (2.0) 53 (4.5) 40 (4.6) 13 (4.2)

  Smoking status  < 0.001  < 0.001

    Never 2772 (65.0) 2065 (66.9) 707 (60.0) 534 (61.4) 173 (56.2)

    Former 781 (18.3) 515 (16.7) 266 (22.6) 190 (21.8) 76 (24.7)

    Current 710 (16.7) 505 (16.4) 205 (17.4) 146 (16.8) 59 (19.2)

Physical activity status

  Vigorous  < 0.001  < 0.001

    Yes 791 (18.6) 661 (21.4) 130 (11.0) 111 (12.8) 19 (6.2)

    No 3472 (81.4) 2424 (78.6) 1048 (89.0) 759 (87.2) 289 (93.8)

  Moderate  < 0.001  < 0.001

    Yes 1842 (43.2) 1400 (45.4) 442 (37.5) 345 (39.7) 97 (31.5)

    No 2421 (56.8) 1685 (54.6) 736 (62.5) 525 (60.3) 211 (68.5)

Grip strength (kg)

  Mean, SD 55.54, 12.09 56.61, 11.56 52.75, 12.99 54.02, 12.88 49.18, 12.66  < 0.001  < 0.001

  Relative grip strength 1.97, 0.58 2.06, 0.57 1.75, 0.54 1.81, 0.55 1.57, 0.46  < 0.001  < 0.001

Blood urea nitrogen (mmol/L) 12.42, 5.81 11.99, 5.59 13.54, 6.19 13.06, 5.87 14.87, 6.88  < 0.001  < 0.001

Creatinine (mg/dL) 0.80, 0.43 0.78, 0.44 0.84, 0.39 0.81, 0.30 0.90, 0.58  < 0.001  < 0.001

Uric acid (mg/dL) 4.89, 1.31 4.79, 1.25 5.17, 1.42 5.12, 1.43 5.32, 1.40  < 0.001  < 0.001

PSM Propensity score matching, SUI Stress urinary incontinence
For categorical variables, P values were analyzed by chi-square tests. For continuous variables, the t-test for slope was used in generalized linear models
a Chi-square detected the difference between No SUI group and SUI group
b Chi-square detected the difference between No SUI group, Monthly SUI group and Weekly SUI group
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than SUI patients (1.75, 0.54), and monthly SUI patients 
(1.81, 0.55) having higher levels than weekly SUI patients 
(1.57, 0.46). Figure  2 displays the GS and rGS levels 
before PSM. Chi-square tests revealed significant differ-
ences in age, race, marital status, education, body mass 
index, hypertension, diabetes mellitus, smoking status, 
and physical activity status between the no SUI and SUI 
groups, as well as between the no SUI, monthly SUI, 
and weekly SUI groups. Significant differences were also 
observed in blood urea nitrogen, creatinine, and uric acid 
levels among the different groups (all p < 0.001).

Identification of influence factors of rGS and GS 
before PSM
Table  2 shows that the differences of race, marital sta-
tus, education, body mass index, hypertension, diabetes 
mellitus, smoking status, physical activity status, blood 
urea nitrogen, creatinine, uric acid between four groups 
are statistically significant (p = 0.001 of marital status, 
p < 0.001 of the other variables). This suggests that these 
factors may have an influence on rGS and GS levels. The 
trend of increasing numbers of no SUI patients from Q1 
to Q4 may suggest that higher rGS and GS levels are asso-
ciated with a lower risk of SUI. The decreasing numbers 
of SUI patients from Q1 to Q4 also support this observa-
tion (Table 2 and Supplementary Table 1).

It seems that the differences in various demographic 
and clinical characteristics between the four groups 
based on rGS and GS quartiles are statistically significant, 
indicating that these factors may have an impact on the 
development and severity of SUI. Further analysis and 
adjustments for these variables may be necessary to better 
understand the relationship between rGS, GS, and SUI.

Association of GS or rGS and prevalence or severity risk 
of SUI before PSM
Logistic regression models were conducted to identify 
the relationship between levels of GS or rGS and preva-
lence or severity risk of SUI, based on the quartiles of 

GS and rGS distribution (Q1-Q4). The results showed 
that in all models, the risks of prevalence and severity 
of SUI decreased along with the increasing levels of GS 
and rGS, as shown in Fig. 3. As indicated in Table 3, in 
all models, GS and rGS were found to be independent 
risk factors for SUI.

Specifically, in model 4, the comparison results 
of prevalence risk of SUI demonstrated that for GS, 
Q2 vs. Q1, the adjusted odds ratio (aOR) was 0.729 
(95%CI = 0.599–0.888, p = 0.002); Q3 vs. Q1, the 
adjusted odds ratio (aOR) was 0.701 (95%CI = 0.572–
0.859, p = 0.001); Q4 vs. Q1, the adjusted odds ratio 
(aOR) was 0.633 (95%CI = 0.508–0.789, p < 0.001); 
for rGS, Q2 vs. Q1, the adjusted odds ratio (aOR) was 
0.692 (95%CI = 0.575–0.832, p < 0.001); Q3 vs. Q1, the 
adjusted odds ratio (aOR) was 0.517 (95%CI = 0.423–
0.632, p < 0.001); Q4 vs. Q1, the aOR was 0.365 
(95%CI = 0.290–0.459, p < 0.001). Similarly, for sever-
ity risk of SUI, for GS, Q4 vs. Q1, the aOR was 0.727 
(95%CI = 0.600–0.881, p = 0.001), while for rGS, Q4 
vs. Q1, the aOR was 0.371 (95%CI = 0.282–0.488, 
p < 0.001).

Identification of influence factors of SUI after PSM
Then we performed PSM to adjust the potential influ-
ence of other variables. As shown in Fig. 4 and Figure S1, 
age, race, marital status, education, BMI, diabetes melli-
tus, smoking status, physical activity status, blood urea 
nitrogen, creatinine and uric acid were of significant 
heterogeneity before PSM. After conducting a 1:1 PSM, 
the propensity score of the matched variables tended to 
be uniformed. A total of 2280 patients were included, 
and their clinical characteristics were analyzed with 
regard to the presence or absence of SUI, as presented 
in Supplementary Table 2. Notably, a significant differ-
ence was observed between the two groups in terms of 
GS and rGS levels (p < 0.001). Specifically, patients with-
out SUI had higher mean levels of GS (55.09, 12.38) and 
rGS (1.86, 0.54) compared to those with SUI [(52.87, 

Fig. 2  GS and rGS levels of no SUI, SUI, monthly SUI and weekly SUI patients before PSM
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Table 2  Clinical characteristics of the patients according to the relative grip strength before PSM

Characteristic Relative grip strength P value

Q1 Q2 Q3 Q4

Total patients 1065 1066 1066 1066

Age, y  < 0.001

  Mean, SD 58.8, 16.6 51.7, 16.8 45.7, 16.3 39.4, 14.0  < 0.001

   < 40 157 (14.7) 293 (27.5) 430 (40.3) 585 (54.9)

   ≥ 40 908 (85.3) 773 (72.5) 636 (59.7) 481 (45.1)

Race  < 0.001

  Non-Hispanic white 497 (46.7) 417 (39.1) 426 (40.0) 482 (45.2)

  Non-Hispanic black 235 (22.1) 242 (22.7) 272 (25.5) 226 (21.2)

  Mexican American 145 (13.6) 152 (14.3) 106 (9.9) 65 (6.1)

  Other Hispanic 123 (11.5) 125 (11.7) 102 (9.6) 69 (6.5)

  Other 65 (6.1) 130 (12.2) 160 (15.0) 224 (21.0)

Marital status 0.001

  Married 435 (40.8) 512 (48.0) 491 (46.1) 523 (49.1)

  Unmarried 630 (59.2) 554 (52.0) 575 (53.9) 543 (50.9)

Education  < 0.001

  Less than high school 294 (27.6) 235 (22.0) 177 (16.6) 108 (10.1)

  High school or equivalent 277 (26.0) 234 (22.0) 187 (17.5) 174 (16.3)

  College or above 494 (46.4) 597 (56.0) 702 (65.9) 784 (73.5)

Body mass index, kg/m2  < 0.001

  Mean, SD 36.49, 8.66 31.12, 5.81 27.36, 4.67 23.36, 3.64  < 0.001

  Normal (< 25,0) 65 (6.1) 148 (13.9) 353 (33.1) 755 (70.8)

  Overweight (250–29.9) 168 (15.8) 323 (30.3) 431 (40.4) 255 (23.9)

  Obese (≥ 30.0) 832 (78.1) 595 (55.8) 282 (26.5) 56 (5.3)

Hypertension  < 0.001

  No 659 (61.9) 434 (40.7) 317 (29.7) 171 (16.0)

  Yes 406 (38.1) 632 (59.3) 749 (70.3) 895 (84.0)

Diabetes mellitus  < 0.001

  Yes 271 (25.4) 142 (13.3) 73 (6.8) 24 (2.3)

  No 746 (70.0) 889 (83.4) 970 (91.0) 1033 (96.9)

  Borderline 48 (4.5) 35 (3.3) 23 (2.2) 9 (0.8)

Smoking status  < 0.001

  Never 661 (62.1) 695 (65.2) 710 (66.6) 706 (66.2)

  Former 257 (24.1) 208 (19.5) 160 (15.0) 156 (14.6)

  Current 147 (13.8) 163 (15.3) 196 (18.4) 204 (19.1)

Physical activity status

  Vigorous  < 0.001

    Yes 71 (6.7) 147 (13.8) 222 (20.8) 351 (32.9)

    No 994 (93.3) 919 (86.2) 844 (79.2) 715 (67.1)

  Moderate  < 0.001

    Yes 337 (31.6) 462 (43.3) 502 (47.1) 541 (50.8)

    No 728 (68.4) 604 (56.7) 564 (52.9) 525 (49.2)

  SUI  < 0.001

    No SUI 602 (56.5) 743 (69.7) 828 (77.7) 912 (85.6)

    SUI 463 (43.5) 323 (30.3) 238 (22.3) 154 (14.4)

      Monthly SUI 303 (28.5) 235 (22.0) 195 (18.3) 137 (12.9)

      Weekly SUI 160 (15.0) 88 (8.3) 43 (4.0) 17 (1.6)

Blood urea nitrogen (mmol/L) 14.72, 7.80 12.51, 5.31 11.36, 4.78 11.07, 3.85  < 0.001

Creatinine (mg/dL) 0.90, 0.72 0.77, 0.28 0.75, 0.25 0.76, 0.22  < 0.001

Uric acid (mg/dL) 5.52, 1.51 5.04, 1.24 4.67, 1.11 4.33, 1.01  < 0.001

The total rGS levels of the quartiles in the study population were: 0.414–1.552 kg (Q1), 1.552–1.933 kg (Q2), 1.935–2.349 kg (Q3), and 2.352–4.041 kg (Q4)
Abbreviations: PSM Propensity score matching, SUI Stress urinary incontinence, Q1-Q4 Quartile1-Quartile4
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13.02) for mean GS; (1.76, 0.54) for rGS]. Figure 5 illus-
trates the GS and rGS levels of different groups after 
PSM, indicating that SUI patients had lower GS and rGS 
levels than those without SUI (p < 0.001).

Association of GS or rGS and prevalence or severity risk 
of SUI after PSM
The study utilized logistic regression models to inves-
tigate the potential relationship between GS or rGS 

and the prevalence or severity risk of SUI after PSM. 
By controlling for potential bias through PSM, the 
study found that rGS still demonstrated a stronger 
association with the prevalence or severity risk of SUI 
compared to GS. Specifically, in model 4, the preva-
lence risk of SUI was significantly lower for patients 
with higher rGS levels (Q4 vs. Q1: aOR = 0.439, 
95%CI = 0.326–0.592, p < 0.001) compared to those 
with lower levels. Similar findings were observed for 

Fig. 3  Association of GS or rGS and prevalence or severity risk of SUI before PSM
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severity risk of SUI. The results from Fig. 6 show a sig-
nificant inverse relationship between the levels of GS 
and rGS and the prevalence and severity risk of SUI 
(p < 0.001). These findings are summarized in Table 4.

Discussion
This population-based study, which included 4263 female 
patients, aimed to investigate the impact of GS and rGS 
on the prevalence and severity of SUI. The study revealed 
a negative association between GS or rGS and the risks of 
SUI prevalence or severity. This finding is consistent with 

previous reports, which suggest that muscle strength plays 
a functional and metabolic role in disease prevention [17]. 
Notably, rGS exhibited a stronger relationship with SUI 
prevalence and severity than GS. To ensure the credibil-
ity of the results, we employed PSM to eliminate bias and 
confounding factors, and the research findings after PSM 
were consistent with those obtained before PSM.

Urinary incontinence (UI) is a condition that becomes 
more prevalent with age and has significant adverse effects 
on quality of life, particularly in women [18]. The worldwide 
prevalence of UI ranges from 5 to 70%, with rates as high 

Fig. 4  Distribution of propensity scores of 1:1 PSM

Fig. 5  GS and rGS levels of no SUI, SUI, monthly SUI and weekly SUI patients after PSM
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as 44–57% in middle-aged and postmenopausal women 
[19, 20]. Stress urinary incontinence (SUI) is the most 
common subtype of UI, with a prevalence of 45.9% among 
adult women in the United States [21]. Intrinsic sphincter 
insufficiency is a primary pathophysiological mechanism 
of SUI, which is usually related to lower pelvic floor mus-
cle strength [3, 22]. Various mechanisms have been impli-
cated in the decline of muscle mass and function with 
aging. For example, interleukin-6 and other cytokines can 

decrease concentrations of growth hormone and insulin-
like growth factor-1, stimulate muscle cell loss, and lead to 
muscle weakness [23]. Additionally, sex hormones decline 
with aging, resulting in a decrease in muscle mass [24]. The 
pelvic floor muscles, which include the levator ani muscle 
group, endopelvic fascia, and supporting ligaments, play an 
essential role in maintaining continence. Weakness in these 
tissues can prevent the urethra from generating sufficient 
pressure to resist the increasing pressure in the bladder, 

Fig. 6  Association of GS or rGS and prevalence or severity risk of SUI after PSM
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resulting in incontinence [25]. Sarcopenia, diagnosed by 
measuring grip strength (GS), involves the pelvic floor mus-
cles. Based on these mechanisms, sarcopenia can be consid-
ered a cause of the declined muscle mass and function of the 
pelvis and urethra, which further increases the risk of SUI.

A recent study, which included 92 women, revealed a 
positive correlation between grip strength (GS) levels 
and pelvic floor muscle strength, suggesting that low GS 
may serve as a marker for pelvic floor muscle weakness. 
Moreover, the SUI group showed significantly lower peri-
neometer measurements of GS compared to other sub-
types of urinary incontinence, indicating that low GS may 
have an adverse effect on the risk of SUI [22].

A prospective cohort study by Suskind et al. [13] involv-
ing 1475 female samples aged 70 years or older found that 
changes in GS were associated with changes in SUI fre-
quency over a period of three years. A decline in GS, with 
or without adjustment for body mass index (BMI), was 
significantly associated with an increased risk of SUI.

Similarly, Erdogan et  al. [14] investigated 802 female 
urinary incontinence patients and found that SUI was 
associated with sarcopenia when muscle mass was 
adjusted by weight independently. Women with sarcope-
nia had a 1.5 times higher risk of suffering from SUI than 
typical women. However, this study did not find any sig-
nificant relationship between low grip strength and SUI.

The current study has several strengths, including the 
use of standardized methods for data collection, analysis, 
and measurement, as well as the representativeness of the 
data. Nonetheless, several limitations must be acknowl-
edged. Firstly, the retrospective nature of the study and 
the use of a public database may limit the validity and 
generalizability of the findings. Secondly, the study only 
included female samples, thus precluding the inves-
tigation of potential sex differences in the association 
between GS and SUI. Furthermore, since the NHANES 
database only includes noninstitutionalized individuals, 
the generalizability of the findings to hospitalized popu-
lations is uncertain. Future research should consider con-
ducting multicenter prospective clinical trials to better 
evaluate the effects of GS and rGS on SUI patients.

Conclusion
Our study revealed that reduced levels of GS and rGS are 
associated with a higher prevalence and severity of SUI. 
The consistency of our results was confirmed after per-
forming PSM.
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