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Objective: The impact of different physical activity (PA) patterns, including the less-studied “weekend warrior” pattern, on 
gynecologic cancer risk remains unclear. This study aimed to examine the associations of regular and “weekend warrior” PA patterns 
with the risk of cervical cancer (CC), ovarian cancer (OC), and uterine cancer (UC).
Methods: A total of 13,675 women from the 2007–2018 National Health and Nutrition Examination Survey (NHANES) cycles were 
included in this cross-sectional analysis. Weighted multivariable logistic regression models were applied to assess associations 
between PA patterns and the prevalence of gynecologic cancers. Subgroup analyses stratified by PA patterns and cancer subtypes 
were performed to explore potential interactions. In addition, restricted cubic spline (RCS) regression was used to examine possible 
nonlinear relationships between PA patterns and gynecologic cancer risk.
Results: Among the 13,675 participants, 331 women self-reported a gynecologic cancer diagnosis, including 172 cases of CC, 58 
cases of OC, and 101 cases of UC. In fully adjusted models, regular PA was significantly associated with a lower prevalence of 
gynecologic cancers (OR = 0.635, 95% CI: 0.448–0.901; p = 0.012), whereas the weekend warrior pattern PA showed a non-significant 
association with cancer risk (OR = 0.544, 95% CI: 0.162–1.824, p = 0.32). RCS analysis demonstrated a significant nonlinear 
association between PA patterns and gynecologic cancer risk (p for nonlinearity < 0.001). Subgroup analyses further identified 
a significant interaction with race/ethnicity (p for interaction = 0.038).
Conclusion: Our findings suggest that regular PA may be inversely associated with the risk of gynecologic cancers. Although the 
weekend warrior PA pattern did not show a statistically significant association, the wide confidence interval indicates limited statistical 
power, and the true effect cannot be reliably estimated. These results highlight the potential importance of consistent PA for cancer 
prevention, while emphasizing the need for larger studies to clarify the impact of weekend warrior PA patterns.
Keywords: weekend warrior, physical activity, gynecologic, cancers, cervical cancer, ovarian cancer, endometrial cancer

Introduction
Globally, gynecologic cancers (GC) are among the most prevalent malignancies affecting women. Approximately 
3.6 million new GC cases are diagnosed each year, resulting in about 1.3 million deaths worldwide.1 In 2020, GCs 
accounted for 15% of all new cancer cases and nearly 48% of all cancer-related deaths among women globally.2 Cervical 
cancer (CC), ovarian cancer (OC), and uterine cancer (UC) constitute the three major subtypes of GCs and represent the 
primary contributors to the global gynecologic cancer burden.3 These subtypes exhibit striking disparities in five-year 
relative survival rates, with OC having the lowest survival (50.9%) compared to CC (67.0%) and endometrial cancer 
(80.8%).4 GCs often have an insidious onset, are difficult to diagnose early, and involve complex treatment regimens 
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with high recurrence rates. Consequently, they have become a significant public health concern, posing substantial threats 
to women’s health and placing heavy burdens on healthcare systems worldwide.5

Among modifiable lifestyle factors, physical activity (PA) has emerged as a key focus in GC prevention due to its 
adaptability and wide-ranging health benefits.6 The American Cancer Society (ACS) recommends that adults engage in at 
least 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity PA per week.6 In recent years, growing 
attention has been paid to the role of different PA patterns in relation to various disease risks.7,8 Although a previous 
cross-sectional study suggested that high-intensity PA may reduce the risk of breast cancer in adult women,9 the specific 
relationship between PA and GC remains unclear. Studies exploring the influence of PA duration and activity patterns on 
GC risk remain limited.

Given that modern populations often face increasingly demanding schedules, consolidating PA into weekends or 
leisure time has become a more practical approach. As daily exercise routines become harder to maintain, the “weekend 
warrior” (WW) PA pattern—defined as engaging in the recommended amount of aerobic activity concentrated in one or 
two sessions per week—has gained popularity,10 with its prevalence steadily rising.11 Previous studies have shown that 
the WW PA pattern is associated with reduced all-cause mortality, as well as decreased risks of cardiovascular disease 
and metabolic syndrome.12,13 However, evidence regarding the association between the WW PA pattern and the risk of 
GC remains sparse, and comprehensive data are largely lacking.

Given the significance of PA as a modifiable risk factor for GC, promoting PA has the potential to directly 
improve public health and quality of life. The primary objective of this study was to evaluate the association 
between different PA patterns—including the WW PA pattern and other PA patterns—and the prevalence of GC 
using data from the National Health and Nutrition Examination Survey (NHANES) in the United States. Since the 
NHANES database includes information only on three common types of GCs—CC, OC, and UC—the present 
study focused specifically on these subtypes. Additionally, our findings aim to inform PA recommendations 
tailored to adults with limited time for exercise, offering evidence-based guidance for cancer prevention in real- 
world settings.

Methods
Study Design and Population
Data were obtained from the NHANES spanning the years 2007 to 2018. NHANES is a nationally representative, 
cross-sectional survey conducted in the United States to assess the health and nutritional status of individuals across all 
age groups and ethnic backgrounds. This high-quality survey integrates data from demographic interviews, dietary 
assessments, physical examinations, laboratory tests, and structured questionnaires. The NHANES study protocol was 
approved by the National Center for Health Statistics (NCHS) Research Ethics Review Board, and all participants 
provided written informed consent. According to the Measures for Ethical Review of Life Science and Medical 
Research Involving Human Subjects (China, February 18, 2023), this secondary analysis of de-identified, publicly 
available data is exempt from additional ethical approval, in line with Article 32, Items 1 and 2.14

Initially, 59,842 participants from the 2007-2018 NHANES cycles met the preliminary inclusion criteria. After 
excluding individuals under 18 years of age (n=23,262), 36,580 adult participants remained. The sample was then 
restricted to females, resulting in 18,797 individuals. Following the exclusion of participants with missing cancer 
diagnosis information and those with missing data on covariates, the final analytic sample consisted of 13,675 
participants. The participant selection process is shown in Figure 1.

Definition of Gynecologic Cancer (GC)
Information on GC diagnoses was obtained through a structured questionnaire. Participants were asked whether they had 
ever been told by a health professional that they had cancer or a malignancy (MCQ-220). Those who responded 
affirmatively were further asked to specify the type of cancer (MCQ-230A). In this coding system, CC was coded as 
15, OC as 28, and UC as 38. As cancer status was self-reported, it may be subject to recall bias, which should be 
acknowledged to enhance methodological transparency.
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Assessment of Weekend Warrior PA Pattern
PA data were derived from the Global PA Questionnaire (GPAQ), which collects detailed information on participants’ 
activity intensity and duration. Activity intensity was classified based on MET values: moderate-intensity PA corresponds 
to 3–5.9 METs (eg, brisk walking, cycling), while vigorous-intensity PA corresponds to ≥6 METs (eg, running, 
swimming). According to established guidelines, one minute of vigorous-intensity PA is considered equivalent to two 
minutes of moderate-intensity PA. Therefore, total weekly moderate-to-vigorous PA (MVPA) was calculated using the 
following formula: MVPA total time (minutes/week) = (Vigorous-intensity activity time × 2) + Moderate-intensity 
activity time.15 Participants were classified into four PA patterns based on total weekly MVPA and frequency: those 
engaging in ≥150 minutes/week of MVPA across ≥3 days were considered regularly active; participants accumulating 
≥150 minutes/week of MVPA in only 1–2 sessions per week were defined as weekend warriors (WW); those performing 
1–149 minutes/week of MVPA were classified as insufficiently active; and individuals with 0 minutes/week of MVPA 
were considered inactive.

Covariates
Based on prior studies,16 a set of sociodemographic, behavioral, and clinical factors were included as covariates. These 
included age, race/ethnicity, marital status, education level, poverty-to-income ratio (PIR), smoking status, alcohol 
consumption, self-reported history of hypertension and diabetes, as well as history of hormone therapy and oral 
contraceptive use. Age and PIR were modeled as continuous variables, whereas the others were treated as categorical 

Figure 1 Flow chart of the study design.
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variables. To ensure model stability, multicollinearity was assessed using the variance inflation factor (VIF), with values 
< 5 indicating no concerning collinearity.

Statistical Analysis
All statistical analyses were conducted using R software (version 4.3.3, R Foundation for Statistical Computing), 
following the guidelines issued by the Centers for Disease Control and Prevention (CDC), with appropriate sampling 
weights applied to account for the complex, multistage probability design of NHANES.

The distribution of continuous variables was assessed using the Anderson-Darling test. Non-normally distributed 
variables were presented as medians with interquartile ranges (IQR) and compared between groups using the Mann– 
Whitney U-test. Categorical variables were expressed as frequencies and weighted percentages, with between-group 
differences assessed using the chi-square test.

To investigate the association between different PA patterns and the risk of GC, three weighted logistic regression 
models were constructed to estimate odds ratios (ORs) and corresponding 95% confidence intervals (CIs). Model 1 was 
unadjusted. Model 2 was adjusted for demographic variables, including age, race/ethnicity, education level, and marital 
status. Model 3 was further adjusted for lifestyle and health-related factors, including PIR, smoking status, alcohol 
consumption, history of hypertension and diabetes, hormone therapy, and oral contraceptive use. For trend tests, PA 
patterns were treated as an ordinal variable coded as: inactive = 0, insufficiently active = 1, weekend warrior = 2, and 
regularly active = 3, reflecting increasing levels of activity. This numeric variable was included as a continuous covariate 
in regression models to test for a linear trend in GC risk. The p-value for trend was derived from the regression 
coefficient of this ordinal variable.

Subgroup analyses and interaction term tests were conducted to evaluate the potential modifying effects of covariates 
on the observed associations. To assess potential non-linear relationships, restricted cubic spline (RCS) regression models 
were applied. A 1:1 Propensity Score Matching (PSM) Sensitivity Analysis was conducted to match participants across 
PA groups based on key baseline covariates (age, race/ethnicity, education, marital status, PIR, smoking, alcohol, 
hypertension, diabetes, oral contraceptive use, and hormone therapy). Balance was assessed using standardized differ
ences (p > 0.05). Post-matching, multivariable logistic regression adjusted for the same covariates was used to evaluate 
associations between PA patterns and GC risk.

All statistical tests were two-sided, and a p-value < 0.05 was considered statistically significant.

Results
Characteristics of Study Participants and VIF Analysis
Baseline characteristics of the study participants are presented in Table 1. Among the 13,675 participants, 331 women 
self-reported a gynecologic cancer diagnosis, including 172 cases of CC, 58 cases of OC, and 101 cases of UC. 
Statistically significant differences were observed between the two groups in terms of age, race/ethnicity, education 
level, marital status, PIR, PA pattern, smoking status, history of hypertension, diabetes, and use of exogenous female 
hormones (all p < 0.05). In contrast, no significant differences were found in alcohol consumption or oral contraceptive 
use (p > 0.05).

We selected several covariates from Table 1 for variance inflation factor (VIF) analysis to assess potential multi
collinearity among the variables. These covariates included age, race, education level, marital status, PIR, smoking 
status, alcohol consumption, hypertension, diabetes, use of birth control pills, and hormone use. The VIF results 
(Supplementary Table S1) indicated that all covariates exhibited low VIF values, suggesting that there was no significant 
multicollinearity among the covariates.

Association Between WW and Other PA Patterns and Gynecological Cancers
Table 2 presents the logistic regression analyses examining the associations between PA patterns and GC risk. In the 
unadjusted model (Model 1), compared to the inactive group, the regularly active group was significantly inversely 
associated with GC risk (OR = 0.548, 95% CI: 0.388–0.774, p < 0.001), whereas the WW group showed no significant 
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association with GC risk (OR = 0.484, 95% CI: 0.144–1.628, p = 0.2). Consistent trends were observed in the minimally 
adjusted model (Model 2) and the fully adjusted model (Model 3). Specifically, regularly active participants exhibited 
significantly lower GC risk in Model 2 (OR = 0.621, 95% CI: 0.435–0.888, p = 0.01) and Model 3 (OR = 0.635, 95% CI: 
0.448–0.901, p = 0.012). Conversely, the WW pattern was not significantly associated with GC risk in Model 2 (OR = 

Table 1 Baseline Characteristics of the Study Population

Characteristic Overall Without GC With GC P

Age, n (%) 0.005
<50 6,902(53) 6,765(54) 137(43)

≥50 6,773(47) 6,579(46) 194(57)

Race, n (%) <0.001
Mexican American 1,972(7.4) 1,927(7.4) 45(5.7)

Non-Hispanic White 5,818(68) 5,624(68) 194(79)

Non-Hispanic Black 2,907(11) 2,869(12) 38(4.8)
Other Race 2,978(13) 2,924(13) 54(11)

Education level, n (%) 0.029
<High school diploma 3,014(14) 2,916(14) 98(19)

High school diploma/equivalent 2,974(22) 2,894(22) 80(25)

>High school diploma 7,687(64) 7,534(64) 153(57)
Marital status, n (%) <0.001

Married/cohabitation 7,373(60) 7,208(60) 165(58)

Widow/divorce/separation 3,880(24) 3,742(23) 138(35)
Unmarried 2,422(16) 2,394(17) 28(6.9)

PIR 2.84(1.39,4.96) 2.86(1.40,4.97) 2.40(1.19,4.08) 0.023

PA pattern, n (%) 0.002
Inactive 5,960(39) 5,771(39) 189(53)

Insufficiently active 2,609(19) 2,562(19) 47(17)

Weekend warrior 237(1.9) 233(1.9) 4(1.2)
Regularly active 4,869(40) 4,778(40) 91(30)

Smoking, n (%) <0.001

Never 8,723(62) 8,577(62) 146(39)
Former 2,574(21) 2,502(21) 72(24)

Current 2,378(18) 2,265(17) 113(37)

Alcohol status, n (%) 8,917(73) 8,710(73) 207(71) 0.454
HBP, n (%) 13,294(97%) 12,976(97%) 318(96%) 0.337

Diabetes, n (%) 2,317(13) 2,239(13) 78(19) 0.005

Birth control pill, n (%) 9,241(75) 9,004(74) 237(76) 0.587
Hormone, n (%) 2,532(21) 2,417(21) 115(40) <0.001

Table 2 Association Between WW and Other PA Patterns and Gynecological Cancers

Characteristic Model 1 
OR (95% CI)

Model 2 
OR (95% CI)

Model 3 
OR (95% CI)

Inactive – – –

Insufficiently active 0.644 (0.437–0.949), 0.026 0.687(0.466–1.011), 0.057 0.683(0.461–1.012), 0.057

Weekend warrior 0.484(0.144–1.628), 0.2 0.550(0.165–1.834), 0.3 0.544(0.162–1.824), 0.32
Regularly active 0.548(0.388–0.774), <0.001 0.621(0.435–0.888), 0.01 0.635(0.448–0.901), 0.012

P for trend 0.001 0.01 0.016

Notes: Model 1: Unadjusted model without covariate adjustments. Model 2: Adjusted for age, race/ethnicity, marital status, and 
education level. Model 3: Further adjusted for poverty-to-income ratio (PIR), smoking status, alcohol consumption, history of 
hypertension and diabetes, use of female hormones, and oral contraceptive use.
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0.550, 95% CI: 0.165–1.834, p = 0.30) or Model 3 (OR = 0.544, 95% CI: 0.162–1.824, p = 0.32). The consistency 
between univariate and multivariate logistic regression results suggests that a regularly active PA pattern is inversely 
associated with gynecologic cancer risk, whereas the WW pattern shows no significant relationship, even after adjusting 
for potential confounders.

Nonlinear Association Between PA Patterns and the Risk of Gynecological Cancer
A multivariable-adjusted RCS regression model was employed to investigate the dose-response relationship between PA 
and GC risk (Figure 2). A significant nonlinear association was observed between PA and GC risk (nonlinearity p < 
0.001). Specifically, weekly PA ranging from approximately 51 to 1130 minutes was inversely associated with GC risk.

Stratified Analysis and Sensitivity Analysis
Subgroup analyses revealed a significant interaction effect of race/ethnicity on the association between PA patterns and 
GC risk (interaction p = 0.038). No significant interactions were observed across other stratified variables (Figure 3). It 
should be noted that participants classified as WW PA pattern accounted for less than 2% of the cohort, which may limit 
the ability to detect significant associations and the generalizability of findings for this subgroup.

In the PSM sensitivity analysis of GC participants, baseline characteristics were well balanced between the matched 
groups, with no significant differences observed for any variable before or after matching (all p > 0.05), indicating that 
the matching effectively reduced confounding bias (Supplementary Table S2). Post-matching multivariable logistic 
regression analysis (Supplementary Table S3), adjusted for age, race/ethnicity, education level, marital status, PIR, 
smoking status, alcohol consumption, hypertension, diabetes, oral contraceptive use, and hormone therapy, showed that, 
compared with the Inactive PA group, the Insufficiently Active PA group was significantly associated with a lower risk of 
GC (OR = 0.62, 95% CI: 0.39–0.96, p = 0.034). Associations for the WW PA pattern (OR = 2.01, 95% CI: 0.76–5.93, p = 
0.20) and Regularly Active PA groups (OR = 0.69, 95% CI: 0.48–1.01, p = 0.055) with GC risk were not statistically 
significant. These findings suggest that, after controlling for multiple potential confounders, certain levels of PA may 
serve as independent protective factors, and this association remained robust in the post-matching sensitivity analysis.

Figure 2 Dose-response relationship between PA and GC.
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Discussion
In this cross-sectional study using data from NHANES 2007–2018, we investigated the association between different PA 
patterns and the risk of GC, including CC, UC, and OC. Participants were categorized into regularly active, WW, and 
inactive groups based on PA frequency and duration. Our findings showed that the regularly active PA pattern was 
significantly associated with a lower risk of GC, even after adjusting for multiple demographic and lifestyle confounders. 
In contrast, the WW PA pattern did not demonstrate a statistically significant association with cancer risk, which may be 
partly attributable to the wide confidence intervals and limited statistical power in this subgroup. In addition, restricted 
cubic spline analysis revealed a nonlinear inverse relationship between PA duration and GC risk. The protective 
association was most evident within a PA range of approximately 51 to 1130 minutes per week. This indicates that 
both insufficient and extremely high levels of activity may have fewer clear benefits. Subgroup analysis further suggested 
that the association between PA patterns and GC risk may differ by race/ethnicity, emphasizing the need for tailored 
public health recommendations and interventions that consider population diversity.

Accumulating evidence suggests that approximately 30–50% of cancers can be prevented through healthy lifestyle 
behaviors, particularly PA and vaccination.17 A U.S.-based study reported that lack of regular recreational PA was 
associated with a higher incidence of CC.18 Similarly, Jie Xing et al19 found that increasing daily PA duration or distance 
may help reduce the risk of HPV infection and cervical cancer. In a dose-response analysis, women in the highest PA 

Figure 3 Subgroup analyses assessing the associations between PA patterns and GC.
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tertile (≥72 MET-hours/week) had significantly lower odds of CC (OR = 0.61; 95% CI: 0.38–0.98; p-trend = 0.03) 
compared to those in the lowest tertile (<38.5 MET-hours/week).20 Leisure-time PA (LTPA) has also been associated with 
a 20% reduction in EC risk.21 Modeling studies in five Nordic countries suggested that adequate PA could potentially 
prevent up to 11,000 cancer cases, including EC, over a 30-year period.22 However, findings have not been entirely 
consistent. For instance, a Japanese cohort study reported no significant association between several hours of exercise 
and EC risk,23 possibly due to limitations in PA assessment tools. Regarding OC, regular vigorous activity during early 
life has been linked to delayed menarche, earlier menopause, shortened menstrual cycles, and increased anovulation—all 
of which are considered protective factors.24 A Mendelian randomization study found suggestive evidence that higher 
levels of overall accelerations in PA were associated with a lower risk of endometrioid OC (OR = 0.18; 95% CI: 
0.05–0.64; p = 0.008).25 Moreover, high-intensity PA was linked to a 26% reduction in OC-specific mortality and a 24% 
reduction in all-cause mortality (HR = 0.74; 95% CI: 0.56–0.98 and HR = 0.76; 95% CI: 0.58–0.98, respectively).26 

A recent study in China also demonstrated an inverse association between habitual PA and OC risk, highlighting the 
importance of promoting LTPA in cancer prevention efforts.27 However, not all studies reached consistent conclusions. 
For example, Anne Grundy et al28 reported that the association between moderate-to-vigorous PA and OC risk remains 
inconclusive. These inconsistencies underscore the need for high-quality prospective cohort studies and mechanistic 
investigations to further elucidate the preventive potential of PA in GC and to guide more targeted public health 
interventions.

Persistent infection with human papillomavirus (HPV) is recognized as the primary etiological factor for cervical 
cancer.29 Physical inactivity has been shown to significantly increase the risk of HPV infection, whereas moderate PA 
may reduce HPV acquisition and persistence.30 Additionally, obesity has been consistently associated with an elevated 
risk of CC.31,32 Given that PA can reduce adiposity and improve metabolic profiles, it may indirectly lower carcinogenic 
potential. Exercise interventions have been reported to decrease circulating levels of free estrogens and progestogens,33 

thereby suppressing abnormal endometrial proliferation. Furthermore, insulin-like growth factor 1 (IGF-1) plays a critical 
role in the autocrine and paracrine regulation of ectopic endometrial cell growth and maintenance.34 Overexpression of 
IGF-1 receptor (IGF1R) and activation of the AKT signaling pathway have been implicated in the early stages of 
endometrial hyperplasia and the pathogenesis of type I EC.35 Exercise-induced weight loss has been shown to 
significantly lower circulating insulin and IGF-1 levels, thereby inhibiting cell proliferation signaling pathways such 
as PI3K/Akt/mTOR.36 Moreover, regular PA helps mitigate chronic low-grade inflammation,37 reducing oxidative stress 
and mutagenic events that contribute to carcinogenesis. In terms of OC, early-life hormonal fluctuations, particularly in 
progesterone and androgen levels, are thought to influence disease etiology.38 PA may suppress the hypothalamic– 
pituitary–ovarian (HPO) axis, leading to decreased ovarian hormone production.39 These mechanisms help contextualize 
our findings: the protective effects of regularly active PA on gynecologic cancer are supported by well-established 
metabolic, hormonal, and inflammatory pathways. In contrast, evidence on the biological mechanisms underlying the 
WW pattern is currently limited, and our study did not observe a significant association, highlighting the need for further 
research on how infrequent, concentrated exercise might influence gynecologic cancer risk.

This study has several notable strengths. First, it is based on a nationally representative sample from the NHANES, 
enhancing the external validity and generalizability of the findings. Second, multivariable-adjusted analyses consistently 
revealed a significant inverse association between regular PA patterns and the risk of GC, with evidence supporting 
a dose–response relationship. However, several limitations should be acknowledged. Due to the cross-sectional nature of 
the study, causal inferences cannot be established. The analysis was limited to the three most common gynecologic 
cancers (cervical, uterine, and ovarian cancers), as NHANES does not provide data on less prevalent cancers such as 
vulvar or vaginal cancer. Both PA and cancer diagnosis were self-reported, which may introduce recall bias and 
misclassification. Additionally, other lifestyle factors such as diet and sleep patterns were not included in the analysis, 
potentially resulting in residual confounding. The small number of WW pattern participants and the low incidence of 
gynecologic cancer in this group limit the precision of estimates and the strength of conclusions for this subgroup. 
Observed associations should be interpreted cautiously, and further studies with larger sample sizes are needed to confirm 
these findings. Moreover, future research should adopt objective measures of PA to reduce bias, and investigation into 
specific barriers to sustaining regular PA may provide valuable insights for developing targeted prevention strategies.
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Conclusion
This study, based on nationally representative NHANES data, evaluated the associations between PA patterns—including 
the WW pattern—and the risk of three major GC. Regular PA may be associated with a reduced risk of GC in a dose– 
response manner, whereas current evidence remains insufficient to establish a clear association for the WW pattern. 
These findings underscore the importance of sustained PA for primary GC prevention. Given the small number of WW 
participants, further longitudinal and mechanistic studies are needed to confirm these results and inform targeted PA 
recommendations, particularly for individuals with limited time for regular exercise. From a public health perspective, 
promoting consistent PA remains a key strategy for cancer prevention, with tailored interventions necessary for those 
unable to maintain regular activity.
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