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Objective: This study investigates the association between sedentary behavior and sleep quality among postmenopausal women residing in China’s plateau regions. Particular attention is given to moderating effects of age, body mass index (BMI), and sleep environment. This study aims to identify modifiable risk factors influencing sleep quality in this high-altitude population.

Methods: This cross-sectional study focused on postmenopausal women (aged ≥50 years, ≥12 months post-menopause) across four primary plateau regions in China: Qinghai-Tibet, Yunnan-Guizhou, Inner Mongolia, and the Loess Plateau. Sedentary behavior was evaluated with the Older Adults Sedentary Behavior Questionnaire, and sleep quality was assessed with the Pittsburgh Sleep Quality Index. Data analysis encompassed descriptive statistics, correlation analysis, multiple linear regression, and subgroup analyses.

Results: Among the 151 participants (mean age 58.5 years), sedentary behavior was positively correlated with poorer sleep quality (r = 0.36, p < 0.001). Improvements in the sleep environment were similarly associated with better sleep quality (r = 0.29, p < 0.001). Multiple linear regression identified sedentary behavior and sleep environment as significant predictors of sleep quality, while other variables showed no significant associations. Subgroup analysis revealed age-specific effects: sedentary behavior had a strong influence on sleep quality in women under 60 years (r = 0.36, p < 0.01) but demonstrated a weaker, non-significant association in those aged 60 years or older (p = 0.062).

Conclusion: Prolonged sedentary behavior is an independent risk factor for reduced sleep quality among postmenopausal women residing in high-altitude regions, while improvements in the sleep environment are positively associated with better sleep quality. The influence of sedentary behavior on sleep quality varies by age groups. These findings highlight the importance of tailored interventions and health policies to improving sleep quality in postmenopausal women living at high altitudes.
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1 Introduction

Sleep is a fundamental physiological process essential for maintaining health and improving the quality of life (1). High-quality sleep is important in body repair and recovery, particularly in the active cellular repair and regeneration during deep sleep, contributing to the normal functioning across physiological systems (2). Sleep disturbances are prevalent globally, affecting individuals across all age groups (3). A study by the WHO involving 25,916 participants from 14 countries reported that approximately 27% of the population experiences sleep problems (4). Aging is associated with significant changes in sleep structure and quality, making older adults particularly vulnerable to insomnia and shallow sleep (5–7). In China, the prevalence of sleep disorders in the elderly is estimated at 47.2%, and postmenopausal women may face even higher risk, and this risk tends to increase with age (8).

Sleep disorders tend to increase with age (8). Numerous studies have shown that postmenopausal women are particularly susceptible to sleep disturbances, including insomnia, nocturnal awakenings, and difficulty falling asleep, compared to younger women (9–11). The decline in estrogen levels, along with physiological changes such as altered temperature regulation and hormone secretion, contributes to reduced sleep quality (12). Psychological issues such as anxiety and depression are also more prevalent among postmenopausal women and are strongly associated with poor sleep quality (13). Prolonged poor sleep in postmenopausal women can lead to health problems, including cardiovascular issues such as hypertension and coronary heart disease, as well as a weakened immune system, increasing the risk of infections (14). Postmenopausal women living at high altitudes are especially prone to sleep disturbances (15). Environmental factors, such as high altitude, expose postmenopausal women to hypoxia, which leads to adaptive changes in the circulatory system. These changes directly impact blood circulation, negatively affecting brain regulation during sleep (16, 17). Hypoxic conditions may also induce physiological adjustments, including adaptive changes in the circulatory system, influencing the balance of overall blood pressure and blood flow (18). Consequently, postmenopausal women living in high-altitude regions are more likely to experience difficulties falling asleep, nocturnal awakenings, and an overall decline in sleep quality, significantly impacting their quality of life (19, 20).

Existing evidence suggests that sedentary behavior in postmenopausal women at high altitudes is influenced by various factors, including altitude-related challenges, physical health, psychological conditions, and lifestyle habits (15, 21). Evidence indicates that Sedentary behavior is an independent risk factor for sleep disorders (22). Sedentary behavior is defined as any waking behavior characterized by an energy expenditure ≤1.5 METs while in a sitting, reclining, or lying posture. A survey conducted in six low- to middle-income countries reported a significantly higher prevalence of sleep problems in elderly individuals who sit for ≥8 h/day compared to those sitting for ≤4 h/day (23). Prolonged sitting is closely associated with chronic diseases such as cardiovascular diseases, diabetes, and obesity. It negatively affects both physiological functions and mental health (24).

Research has mainly focused on changes in relevant indicators among young populations in high-altitude regions, with limited attention to sleep quality issues in postmenopausal women (25). Evidence on the relationship between sedentary behavior and sleep quality in postmenopausal women at high altitudes is limited, with most existing studies focusing on other populations such as adolescents or specific occupational groups (26–29). To address this gap, this study conducts a cross-sectional investigation to explore the relationship between sedentary behavior and sleep quality in postmenopausal women residing in high-altitude regions. It also aims to examine the impact of sedentary behavior on sleep quality across different characteristics. This study aims to generate evidence that may inform strategies to improve the lifestyle and promote the physical and mental health of postmenopausal women living at high altitudes, ultimately contributing to their quality of life.

This study hypothesizes that prolonged sedentary behavior independently impairs sleep quality in postmenopausal women at high altitudes, with age, BMI, and sleep environment as moderating factors.



2 Research methodology

This study investigates the relationship between following the STROBE checklist (30). A cross-sectional design was performed, and data were collected through a questionnaire survey covering the four major high-altitude regions. Statistical analysis was conducted using R software (Figure 1).
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FIGURE 1
 Research design flow chart.



2.1 Study population and sample selection


2.1.1 Study setting

This study surveyed postmenopausal women in the four major high-altitude regions of China (Qinghai-Tibet, Yunnan-Guizhou, Inner Mongolia, and Loess Plateau), focusing on the relationship between their sedentary behavior and sleep quality. Diverse recruitment methods, including community outreach and online dissemination were employed to include the inclusion of participants from different socioeconomic backgrounds and lifestyles, ensuring the diversity and representativeness of the study. During recruitment, strict inclusion and exclusion criteria were followed to ensure the consistency of the study subjects. Participants completed comprehensive questionnaire surveys covering aspects of sedentary behavior and multiple sleep-related issues. To ensure data integrity and accuracy, necessary follow-up surveys were conducted. The questionnaire distribution period was from March 1, 2023, to April 1, 2023, with the collection period from April 2, 2023, to April 10, 2023.



2.1.2 Inclusion criteria

1. Age ≥ 50 years.

2. At least 12 consecutive months without menstruation, confirming menopause.

3. Resided in high-altitude regions of China for ≥1 year to ensure adaptation.



2.1.3 Exclusion criteria

1. Diagnosed sleep disorders (insomnia, sleep apnea).

2. Severe mental health issues (depression, anxiety).

3. Major chronic diseases (heart disease, cancer) influencing results.

4. Mobility limitations (disability, physical injury).

5. Undergoing treatments affecting sedentary behavior.

6. Significant life changes in the past year impacting sleep or sedentary behavior.




2.2 Sample extraction method

This study employed a simple random sampling method to ensure the randomness and representativeness of the sample. The target population was included in the sampling frame, and samples were randomly selected using a computer-generated random number generator. During the sampling process, each postmenopausal woman meeting the inclusion criteria had an equal probability of being selected. This randomsampling method helps minimize selection bias, ensuring that the sample adequately represents the diversity of the target population.



2.3 Sample size

We used G-Power software for sample size calculation (31), with parameters set to a one-tailed test, test family as t-tests, effect size as 0.3, α err prob. as 0.05, and power as 0.95. According to the calculation results, the required sample size for this study is 111 individuals. To enhance the reliability and robustness of the study, 200 questionnaires were distributed to account for potential sample loss, non-response, or incomplete data. This approach ensured that the final sample size meets the research objectives, improving the statistical power and enhancing the reliability and generalizability of the results.



2.4 Data statistics

Data were first input and cleaned to exclude incomplete or abnormal records. Descriptive statistics, including mean, standard deviation, and percentages, were employed to thoroughly describe the basic data. To address potential data missing, appropriate imputation and interpolation techniques were used, and data integrity checks were conducted. Correlation analysis was performed using R software to deeply investigate the association between sedentary behavior and sleep quality in postmenopausal women. Regression analysis was employed, incorporating sleep environment, physical activity level, age, and BMI as covariates to assess their potential influence on the relationship between sedentary behavior and sleep quality. The inclusion of these covariates provided a more accurate interpretation of the association between sedentary behavior and sleep quality.



2.5 Variable definition and measurement


2.5.1 Main variables

Sedentary behavior: sedentary behavior was assessed using the Older Adults Sedentary Behavior Questionnaire, a customized survey recording daily sedentary time. To meet specific needs, the questionnaire was translated into Chinese, and relevant questions were selected. Previous provided scoring based on the questionnaire results, where higher scores indicate a higher risk level of sedentary behavior (32). The total score (maximum 24 points) was divided into four levels:

Low risk (1–7 points): indicates less sedentary time in daily life with a relatively active lifestyle.

Moderate risk (8–14 points): indicates some sedentary behavior but not reaching a high-risk level.

High risk (15–19 points): indicates frequent sedentary behavior, suggesting a need to increase physical activity.

Very high risk (20–24 points): indicates extremely frequent sedentary behavior, likely to have a negative impact on health, requiring intervention.

Sleep quality: the Pittsburgh sleep quality index (PSQI) was used to measure sleep quality in this study (60). The questionnaire was translated into Chinese, and for authenticity, it was simplified. The scoring system (maximum 21 points) is divided into four levels:

0–4 points (Excellent): represents very good sleep quality.

5–10 points (Good): indicates good sleep quality.

11–15 points (Fair): represents average sleep quality.

16–21 points (Poor): indicates poor sleep quality, requiring improvement.



2.5.2 Covariates

Sleep environment: sleep environment quality will be assessed through a sleep environment questionnaire (33), with a total score of 21 points. Lower scores indicate better sleep environment.

BMI (Body mass index): BMI will be calculated based on height and weight measurements obtained during a physical examination.

Age: age will be recorded through questionnaire surveys.

Baseline data: baseline characteristics will include age, medication usage, place of residence, and cardiovascular treatment status.



2.5.3 Questionnaire design

The translation of the questionnaire in this study adhered to a standardized protocol to ensure scientific rigor and cultural appropriateness. Initial translation was conducted by ALG, a postgraduate with expertise in academic translation. Two domain experts subsequently reviewed the translated text, ensuring the accuracy of terminology and phrasing. A back-translation approach was employed, wherein the Chinese version was retranslated into English and compared with the original to identify and address semantic discrepancies or omissions. Revisions were made based on expert feedback, and the final version was adjusted as needed before its formal implementation in the study.




2.6 Quality control

To ensure the accuracy and reliability of the data, strict quality control measures were implemented. All questionnaire distributors were supervised by trained personnel to ensure consistency and standardization in the data collection process. This measure aims to minimize potential human errors and guarantee the scientific validity and credibility of the research results.



2.7 Ethical considerations

This study strictly adhered to ethical guidelines and principles outlined in the Helsinki Declaration (34), ensuring that all participants provided informed consent before the study began. The study was approved by the Ethics Association of Nanjing Sport Institute (RT-2023-19) (Appendix 1). The confidentiality of personal information was highly prioritized, and all collected information was used only for academic research purposes. To protect participant privacy, all collected information remained anonymous, and encryption was applied during the data storage phase. Once data analysis was completed, the data were promptly encrypted and, upon completion of the study publication, were destroyed, ensuring maximum protection of participant privacy and personal information security.




3 Results

To ensure an adequate sample size, 200 questionnaires were distributed to postmenopausal women residing in the high-altitude regions of China. Successfully, 185 questionnaires were retrieved. However, 15 questionnaires were excluded due to incomplete responses, and 19 were excluded because the participants did not meet the criteria for postmenopausal status. Consequently, 151 complete and usable questionnaires were included in the study (Figure 2 - Questionnaire Retrieval Process).
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FIGURE 2
 Questionnaire recycling flow chart.



3.1 Sample characteristics


3.1.1 Basic information of participants

The study sample consisted of 151 postmenopausal women from high-altitude regions (Table 1). The average age of participants is 58.51 years, with a maximum age of 63 years. In terms of height, the average is 155.38 cm, with the highest recorded height being 165 cm. The average weight is 64.12 kg, with the highest recorded weight being 80 kg. The average Body Mass Index (BMI) is 26.49, with a standard deviation of 2.60. Among the study population, 53.3% are from the Yunnan-Guizhou Plateau, 18.6% from Inner Mongolia Plateau, 15.3% from the Loess Plateau, and 13.3% from the Qinghai-Tibetan Plateau. Furthermore, 47.7% of participants reported recent use of cardiovascular-related medications, while 52.3% did not use such medications.



TABLE 1 Basic situation description.
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3.1.2 Descriptive statistics of sedentary behavior and sleep quality

Based on the results of the translated questionnaire for sedentary behavior (Table 2), 15.89% of the participants were assessed as low-risk, 42.38% as medium-low risk, indicating a relatively moderate level of sedentary behavior. The high-risk group consists of 62 individuals (41.06%), showing a certain degree of risk of sedentary behavior. The very high-risk group comprises only 1 person (0.66%). Sleep quality assessment using the Pittsburgh Sleep Quality Index (PSQI) shows that 6 individuals (3.97%) fall within the 5–10 point range, indicating good sleep quality. A total of 83 individuals (54.97%) scored between 11 and 15 points, categorized as fair sleep quality. A total of 62 individuals (41.06%) scored between 16 and 21 points, indicating poor sleep quality that needs improvement.



TABLE 2 Sedentary and sleep quality Pearson’s correlation description.
[image: Table2]

In summary, most of the postmenopausal women in the high-altitude regions included in this study exhibited moderate to high levels of sedentary behavior, with a relatively small proportion in the high-risk group. Regarding sleep quality, most participants fall into the fair category, with only a small percentage demonstrating good sleep quality.




3.2 Correlation analysis


3.2.1 Significance test of variables

Using R software, a significance test was conducted on various variables to evaluate their impact on sleep quality (Table 3). The results showed a significant positive correlation between sedentary behavior and sleep quality (estimated coefficient 0.26, standard error 0.06, t-value 4.46, p = 0.00002). Age did not show statistical significance, suggesting that, under the condition of other variables remaining constant, its impact on the dependent variable is not significant (estimated coefficient − 0.03, standard error 0.10, t-value −0.27, p = 0.79). Weight, BMI, and medication use did not reach statistical significance in their impact on the dependent variable. Sleep environment factors, however, showed statistical significance, indicating a significant positive influence on the dependent variable under the condition of other variables remaining constant (estimated coefficient 0.19, standard error 0.06, t-value 3.25, p = 0.0014).



TABLE 3 One-sample t-test power calculation description.
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These results suggest that sedentary behavior and environmental factors have a statistically significant impact on sleep quality, while other variables did not show significant statistical associations in this sample.



3.2.2 Correlation analysis of sedentary behavior and sleep quality

The correlation analysis revealed a positive correlation between sedentary behavior and sleep quality, with a correlation coefficient of 0.3607 and p < 0.001 (statistically significant). As the score for sedentary behavior increases, indicating an increase in sedentary risk, sleep quality scores decrease, reflecting poorer sleep quality. This suggests a significant positive correlation between sedentary behavior and sleep quality, indicating a trend of decreasing sleep quality with prolonged sedentary behavior (Table 4 and Figure 3).



TABLE 4 Linear regression analysis of sedentary behavior and sleep quality.
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FIGURE 3
 Pseudo-regression line chart.




3.2.3 Correlation analysis of sleep environment and sleep quality

The Correlation analysis between sleep environment and sleep quality showed a correlation coefficient of 0.294973, with p = 0.0002362506 (statistically significant). This indicates a significant positive correlation between the two variables, suggesting that lower sleep quality scores are positively associated with better sleep environment scores. Therefore, with improved sleep environment, sleep quality is correspondingly enhanced.




3.3 Regression analysis


3.3.1 Multiple linear regression analysis

Using R software, a multiple regression analysis was conducted to explore the complex effects of sedentary behavior, age, body mass index (BMI), medication use, and environmental factors on sleep quality. The estimated coefficient of the intercept term is 7.297760, with a standard error of 2.400286, a t-value of 3.040, and p = 0.00281, indicating that the intercept term has a statistically significant impact on the dependent variable when other independent variables are held constant (Table 5).



TABLE 5 Regression analysis of sedentary behavior and sleep quality.
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The p-values for age, BMI, and medication use are all >0.05, indicating no statistical significance, suggesting that these variables do not significantly affect sleep quality in this study. The estimated coefficient for sedentary behavior is 0.270567, with a standard error of 0.058621, a t-value of 4.616, and p < 0.001, indicating a significant positive correlation. The estimated coefficient for environmental factors is 0.186497, with a standard error of 0.057296, a t-value of 3.255, and p = 0.00141, indicating a significant positive correlation between sedentary behavior, environmental factors, and sleep quality. The residual standard error is 2.29, representing the average prediction error of the model for the dependent variable. The multiple R-squared is 0.2079, indicating that the model can explain 20.79% of the variation in sleep quality. The adjusted R-squared is 0.1749, considering the number of independent variables, demonstrating the robustness of the model in explaining the variation in the dependent variable. The F-statistic is 6.299, with a p-value of 6.686e-06, indicating that the overall regression model is statistically significant.



3.3.2 Independent impact of sedentary behavior on sleep quality

The regression analysis explored the relationship between sedentary behavior and sleep quality. The estimated coefficient for the regression coefficient is 0.27817, with a standard error of 0.05893, a t-value of 4.72, and p < 0.001, indicating a positive correlation between sedentary behavior and sleep quality. The multiple R-squared is 0.1301, showing that the regression model can explain 13.01% of the variation in sleep quality. The adjusted R-squared is 0.1243, considering the number of sedentary behaviors, highlighting the robustness of the model in explaining the variation in the dependent variable. The F-statistic is 22.28, with p < 0.001, confirming the statistical significance of the overall regression model. The regression analysis results in this study indicate that sedentary behavior statistically has a significant positive impact on sleep quality, and the overall regression model clearly demonstrates this positive relationship. Additionally, we discussed the impact of sedentary behavior and environmental factors on sleep quality (Table 6). The estimated coefficient for the intercept term is 8.59723, with a standard error of 1.08377, a t-value of 7.933, and p < 0.01, indicating a significant impact of the intercept term on sleep quality when other factors are held constant. The estimated coefficient for sedentary behavior is 0.25402, with a standard error of 0.05736, a t-value of 4.429, and p < 0.01, indicating an independent and significant positive correlation between sedentary behavior and sleep quality. The overall model explains 19.39% of the variation in the dependent variable. The adjusted R-squared is 0.183, considering the number of independent variables, demonstrating the model’s robustness in explaining the variation in the dependent variable. The F-statistic is 17.79, with p < 0.01, indicating that the overall regression model is statistically significant, further emphasizing the significant positive impact of sedentary behavior and environmental factors on sleep quality.



TABLE 6 Coefficients from regression analysis of sedentary and sleep.
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3.4 Subgroup analysis

In this study, through subgroup analysis based on age, BMI, and medication use, we delved into the potential impact of sedentary behavior on sleep quality in postmenopausal women in high-altitude regions of China. This study selected age, BMI, and medication use as subgroup analysis variables based on literature evidence and research design considerations. Age groups were used to explore how different physiological stages affect the relationship between sedentary behavior and sleep quality. BMI groups were chosen due to their potential links with inflammation and metabolic burden. Medication use was included to assess its possible effects on neural regulation and sleep. These variables were selected to provide insights into the mechanisms by which sedentary behavior impacts sleep quality and to support the development of personalized interventions. To comprehensively understand this relationship, participants were divided into two age groups according to China’s definition of the elderly, namely those aged 60 and above and those below 60. Additionally, we used a BMI of 25 as the cutoff to categorize participants into two subgroups: BMI > 25 and BMI ≤ 25, aiming to compare the impact of sedentary behavior on sleep quality under different body mass index conditions. The factor of medication use was also considered, dividing participants into two subgroups: those taking medication and those not taking medication, to explore the potential moderating effect of medication on the relationship between sedentary behavior and sleep quality. Through subgroup analysis, the goal is to provide more specific reference for developing personalized intervention strategies to improve sleep quality in postmenopausal women in high-altitude regions (Table 7).



TABLE 7 Subset analysis by age, BMI, medicine subgroups.
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In the subgroup analysis based on age, we explored the relationship between sedentary behavior and sleep quality. In the age group <60, we observed a significant positive correlation between sedentary behavior and sleep quality, with a correlation coefficient of 0.3622 and p < 0.01, which is statistically significant. However, in the age group 60 and above, although the correlation coefficient is positive, p = 0.0623, it did not reach significance, and the significant association in this age group cannot be confirmed. This suggests that age may influence the relationship between sedentary behavior and sleep quality, warranting further in-depth research to understand this phenomenon.

In the subgroup analysis based on BMI, we investigated the impact of sedentary behavior on sleep quality at different BMI levels. In the BMI > 25 group, we observed a significant positive correlation between sedentary behavior and sleep quality, with a correlation coefficient of 0.3155 and p = 0.000833, strongly supporting the existence of this association. In the BMI ≤ 25 group, we similarly observed a significant positive correlation between sedentary behavior and sleep quality, with a correlation coefficient of 0.4798 and p = 0.00130. This indicates that regardless of BMI level, sedentary behavior has a significant positive impact on sleep quality.

In the subgroup analysis based on medication use, we studied the impact of medication use on the relationship between sedentary behavior and sleep quality. In the group taking medication, we observed a significant positive correlation between sedentary behavior and sleep quality, with a correlation coefficient of 0.3513 and p = 0.00150. In the group not taking medication, we also observed a significant positive correlation between sedentary behavior and sleep quality, with a correlation coefficient of 0.3739 and p = 0.00121. This suggests that regardless of medication use, sedentary behavior has a significant positive impact on sleep quality, indicating that medication use may not be a significant influencing factor in this association.



3.5 Overall model and variable significance analysis


3.5.1 Overall model significance test

In the significance test of the overall model, we assessed the statistical significance of the regression model as a whole using the F-statistic, with an F-statistic value of 6.101861 (Table 8). This result emphasizes that, considering all independent variables in the study, the regression model has a certain explanatory power for the variation in sleep quality. This further confirms that the regression model in this study fits the observed data well and highlights the significant impact of sedentary behavior on sleep quality.



TABLE 8 Overall model significance test.
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3.5.2 Significance test results of variables

In this study, a significance test of multiple independent variables’ regression models was conducted to investigate the significance of each variable (Table 9). The results show that in the regression model for sleep quality in postmenopausal women in high-altitude areas, the intercept term is not significant, indicating a relatively weak influence of the intercept term on sleep quality when considering other variables. Sedentary behavior shows a significant positive correlation, with an estimated coefficient of 0.26, a standard error of 0.06, a t-value of 4.46, and p = 0.00001663, indicating a significant correlation between increased sedentary behavior and improved sleep quality. Age, weight, BMI, and medication use did not show significant predictive power in the model, as their p-values are relatively high. Environmental factors significantly affect sleep quality, with an estimated coefficient of 0.19, a standard error of 0.06, a t-value of 3.25, and p = 0.0014, indicating a significant positive correlation between environmental factors and sleep quality. The model explains about 3.25% of the variation in sleep quality, and sedentary behavior and environmental factors show significant effects in this model.



TABLE 9 Significance test results for each variable.
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3.5.3 VIF value test

The Variance Inflation Factor (VIF) was used to assess multicollinearity among independent variables in a regression model. A higher VIF indicates stronger correlation among variables, potentially affecting the interpretability and stability of the model. The results (Table 10) show that, except for weight and BMI, which have relatively high VIF values (>5), the VIF values for other variables are relatively low, indicating small correlations among them and a relatively small impact on the model.



TABLE 10 VIF value.
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4 Discussion

This study highlights the independent negative impact of prolonged sedentary behavior on sleep quality among postmenopausal women in high-altitude regions. Regression analysis confirmed this association, and environmental factors were identified as significant contributors. Subgroup analysis further showed that the effect of sedentary behavior on sleep quality varied by age, BMI, and medication use.

Subgroup analysis revealed a stronger association between sedentary behavior and sleep quality in younger postmenopausal women (<60 years), likely due to higher metabolic activity and energy balance demands (35). Among women with higher BMI, the negative impact of sedentary behavior on sleep quality was more pronounced, reflecting exacerbated inflammation and circulatory dysfunction in this group (36).

Postmenopausal women are influenced by multiple factors, including hormonal changes, psychological health status, lifestyle, and life event-related stress (37). The decline in estrogen levels disrupts sleep cycles, affecting both sleep initiation and maintenance. Psychological conditions such as anxiety and depression, combined with life stress and adjustments, directly contribute to reduced sleep quality. A meta-analysis of surveys on sedentary behavior in older adults across seven countries revealed that nearly 60% spend more than 4 h sitting, and 67% sit for over 8.5 h a day. Prolonged sedentary behavior has been identified as an independent risk factor for poor sleep quality, along with hypertension, diabetes, and obesity (23). Another study suggested that individuals with longer sedentary times commonly experience sleep disturbances such as insomnia, shorter sleep duration, and lower sleep efficiency (38). Furthermore, research indicates a bidirectional relationship between sedentary behavior and poor sleep quality, leading to a vicious cycle (39, 40). These findings align with the results of this study, providing empirical support for exploring the mechanism by which sedentary behavior affects sleep quality.

A recent cross-sectional study by Zhang et al. (41) on the sleep quality of university freshmen in high-altitude regions found that approximately 14.8% of freshmen experienced sleep disorders, significantly reducing their quality of life (41). This prevalence was higher than that observed in the same age group in the United States, Japan, and Arabia. The study also identified characteristics such as insufficient physical activity and sedentary behavior among students with sleep disorders (41). Another study by Jafarian assessed subjective sleep during ascent to 3,500 m in 100 participants, found a significant decline in sleep quality due to reduced oxygen levels and temperature fluctuations. Studies revealed that reveals a significant association between sedentary behavior and decreased sleep quality in postmenopausal women in high-altitude areas (15, 22). A trial simulating high-altitude sleep quality found that a sedentary lifestyle in low-oxygen conditions reduces total sleep time, sleep efficiency, slow-wave sleep, and rapid eye movement sleep, exacerbating symptoms such as depression, anger, and fatigue (42). Similarly, a randomized controlled trial by Fabries et al. (43) divided participants into two groups, simulating high- and normal- altitude regions, to assess the impact of sedentary behavior and physical activity on sleep quality under hypoxic conditions (43). The study found that sedentary behavior negatively affected sleep quality under hypoxic conditions, while engaging in physical activity improved sleep efficiency. These findings indicated that different lifestyles have a significant impact on sleep quality under hypoxic conditions, and sedentary behavior may exacerbate sleep problems. This finding aligns with the results of this study, emphasizing the adverse effects of sedentary behavior on sleep quality in high-altitude regions facing hypoxic environments (42).

The hypoxic environment at high altitudes may induce adaptive changes in the circulatory system. Prolonged sitting impairs blood circulation, reducing the transport of oxygen and nutrients, including to the brain, thereby interfering with sleep-related regulatory processes (44). In hypoxic conditions, physiological changes such as increased blood viscosity occur (45). Prolonged sitting contributes to blood stagnation, increasing viscosity and hindering blood flow. Hypoxia may also disrupt vascular tone, impairing the ability of blood vessels to adjust their diameter to meet physiological demands. Prolonged sitting exacerbates this imbalance, affecting blood flow (46). Additionally, it may elevate blood pressure, especially in a hypoxic environment, due to increased circulatory burden. Prolonged sitting may also disrupt adaptive cardiovascular changes, affecting hemodynamic balance (39, 40, 47). The combined effects of these mechanisms may impair circulatory adaptability and disrupt sleep regulation in postmenopausal women at high altitudes, weakening compensatory capacity during altitude adaptation and increasing the risk of sleep interruptions and reduced sleep efficiency (48).

With the decline in estrogen levels in postmenopausal women, the hormonal system may experience fluctuations in several hormones (49), including melatonin, playing crucial roles in regulating the biological clock, sleep cycles, and sleep depth. Estrogen maintains the menstrual cycle and protects bone density in the female reproductive system, regulating cholesterol levels (50). After menopause, the decline in estrogen levels may lead to physiological imbalances, affecting sleep cycles and quality. Progesterone plays a critical role in maintaining pregnancy and the uterine lining during the second phase of the menstrual cycle. After menopause, fluctuations in progesterone levels may have potential negative effects on sleep (51). Existing studies have demonstrated a correlation between prolonged sitting and hormonal imbalance, especially in hypoxic high-altitude environments. The body may adaptively adjust hormone production and release to maintain physiological balance, and prolonged sitting may disrupt this balance, leading to abnormal hormone fluctuations. Postmenopausal women are already in a relatively unstable hormonal state, and the dual impact of the hypoxic environment and prolonged sitting in high-altitude areas may exacerbate this instability (52). This may manifest as more pronounced hormone fluctuations, negatively affecting sleep regulation. Considering the combined impact of the hypoxic environment and prolonged sitting on hormonal regulation in postmenopausal women in high-altitude areas provides a more comprehensive understanding of their combined effects on sleep quality (53).

Prolonged sitting in postmenopausal women may lead to metabolic disruptions, including unstable blood sugar levels. In high-altitude areas, due to the hypoxic environment, the body requires more energy to maintain basic physiological processes. However, prolonged sitting may reduce energy expenditure, affecting the body’s metabolic balance (54). Prolonged sitting may decrease physical activity, leading to reduced energy consumption. This may hinder the body’s ability to adapt to high-altitude conditions or result in metabolic disruptions, causing unstable blood sugar levels, leading to nighttime awakenings and sleep interruptions, affecting sleep depth and continuity, thereby negatively impacting sleep quality (55). Additionally, prolonged sitting may cause a dysregulation of the sympathetic and parasympathetic nervous systems, affecting normal nervous system functioning. This imbalance in the nervous system may induce excessive stress responses within the body, negatively impacting the neural regulatory processes of falling asleep and maintaining sleep. A balanced interaction between the sympathetic and parasympathetic nervous systems is crucial for maintaining good sleep (56). Activation of the sympathetic nervous system is associated with stress responses, while the parasympathetic nervous system contributes to bodily relaxation and sleep onset. Prolonged sitting may lead to a lack of coordination between these two neural systems, resulting in a relatively heightened activity of the sympathetic nervous system and a relative insufficiency of the parasympathetic nervous system. This imbalance in the neural systems could potentially place postmenopausal women at a higher risk of experiencing a tense and excited state. It may also reduce the efficiency of relaxation mechanisms, making it difficult for the body to transition into a restful state. Prolonged sitting for extended periods may keep the body in a static position, particularly in the support of the trunk and neck, potentially causing muscle stiffness and discomfort (57). Due to the adaptive changes in the respiratory system caused by hypoxia, the demand for oxygen during respiration may become more sensitive. When the body is in an uncomfortable posture or experiences muscle tension, the respiratory system may need more effort to maintain normal respiration. This may result in postmenopausal women experiencing impaired or irregular breathing during sleep in high-altitude areas, leading to issues such as respiratory pauses, snoring, or other respiratory-related problems, impacting sleep quality.

Reducing sedentary behavior is a practical strategy to improve sleep quality in postmenopausal women in high-altitude regions. Regular light physical activities, such as walking or stretching, can promote blood circulation and oxygen transport (58). Enhancing the sleep environment with indoor oxygen supply devices, improved sound insulation, and temperature regulation may further mitigate hypoxia-related sleep disturbances (59). Public health policies should address the specific needs of this vulnerable population, promoting multi-level interventions to improve their health and quality of life.

This study highlights the importance of addressing sedentary behavior and sleep disturbances in postmenopausal women living in high-altitude regions within a public health framework. Sedentary behavior is a growing global issue linked to metabolic disorders, cardiovascular diseases, and sleep disturbances, which significantly affect quality of life and burden healthcare systems. The unique challenges of high-altitude environments, such as hypoxia, reduced oxygen transport, and increased circulatory strain, amplify these risks and underscore the need for targeted interventions. Cultural and lifestyle differences among high-altitude regions, including dietary habits, daily physical activity, and environmental adaptation, may influence the generalizability of findings. Future longitudinal studies should explore these regional differences and examine the causal relationship between sedentary behavior and sleep disturbances. Intervention trials, particularly those integrating light physical activity and environmental improvements, are crucial for developing effective public health strategies for this vulnerable population.



5 Limitations of the study

1. The study focused on postmenopausal women in the four major plateaus of China. However, significant differences in lifestyle, culture, and climate across these regions may potentially impact the consistency of research results.

2. The research adopted a cross-sectional design, providing data only at a specific point in time. This design makes it challenging to capture the long-term dynamic relationship between sedentary behavior and sleep quality. Future studies could consider employing a longitudinal research design to track participants’ changes over time.

3. Self-report bias: the study used a questionnaire survey to collect data, introducing the possibility of self-report bias. Participants’ responses may be influenced by subjective memory and social expectations. Future research could enhance objectivity and accuracy by incorporating objective measurement tools such as accelerometers and sleep monitoring devices.

4. Potential unconsidered confounding variables: despite considering some covariates like sleep environment, physical activity levels, age, and BMI, there may still be other unaccounted confounding variables that could influence the relationship between sedentary behavior and sleep quality.

5. Sample size limitations: although the distribution of 200 questionnaires was determined through sample size calculations, factors such as sample loss, non-response, or incomplete data may result in a smaller effective sample size. This could impact the statistical power of the study and the robustness of conclusions.



6 Conclusion

This study investigated the relationship between sedentary behavior and sleep quality in postmenopausal women in high-altitude areas of China, considering the influence of other relevant factors. Correlation analysis indicated a significant positive association between sedentary behavior and sleep quality, suggesting that prolonged sitting may be associated with poorer sleep quality. Regression analysis confirmed that sedentary behavior independently and positively influences sleep quality. Subgroup analysis revealed variations in the impact of sedentary behavior on sleep quality across different age groups. Additionally, the study highlighted the positive influence of the sleep environment on sleep quality, suggesting that improvements in the environment may contribute to enhancing sleep quality. Both sedentary behavior and sleep environment had a significant positive impact on the sleep quality of postmenopausal women in high-altitude areas, providing a basis for developing personalized intervention strategies. Differences in subgroups suggest that factors such as age, BMI, and medication use may play a moderating role in this relationship, warranting further in-depth research to explain these variances. Overall, the study provides a comprehensive understanding of sleep health in postmenopausal women in high-altitude areas, forming a foundation for intervention strategies and health policies.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Sports Human Body Science Research Institute of Nanjing Sport Institute (RT-2023-19). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

RL: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. AG: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. GQ: Conceptualization, Supervision, Writing – review & editing. SM: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was financially supported by: Heilongjiang Natural Science Foundation Joint Guidance Project (No. LH2021C056), Harbin Institute of Physical Education Doctoral Talent Research Start-up Fund Project (no. RCYJ-2119), Heilongjiang Province Graduate Ideological and Political Course Construction Project (no. HLJYJSZLTSGC-KCSZKC-2022-048), and Heilongjiang Province Excellent Graduate Training Construction Project (no. HLJYJSZLTSGC-ZYYJSPY-2022-023).



Acknowledgments

We thank all participants in the study for their contributions.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1476010/full#supplementary-material



References

 1. Sejbuk, M, Mirończuk-Chodakowska, I, and Witkowska, AM. Sleep quality: a narrative review on nutrition, stimulants, and physical activity as important factors. Nutrients. (2022) 14:912. doi: 10.3390/nu14091912 

 2. Chennaoui, M, Vanneau, T, Trignol, A, Arnal, P, Gomez-Merino, D, Baudot, C , et al. How does sleep help recovery from exercise-induced muscle injuries? J Sci Med Sport. (2021) 24:982–7. doi: 10.1016/j.jsams.2021.05.007


 3. Stranges, S, Tigbe, W, Gómez-Olivé, FX, Thorogood, M, and Kandala, NB. Sleep problems: an emerging global epidemic? Findings from the INDEPTH WHO-SAGE study among more than 40,000 older adults from 8 countries across Africa and Asia. Sleep. (2012) 35:1173–81. doi: 10.5665/sleep.2012 

 4. Üstün, T, Privett, M, Lecrubier, Y, Weiller, E, Simon, G, Korten, A , et al. Form, frequency and burden of sleep problems in general health care: a report from the WHO collaborative study on psychological problems in general health care. Eur Psychiatry. (1996) 11:5s–10s. doi: 10.1016/0924-9338(96)80462-7


 5. Espiritu, JR
. Aging-related sleep changes. Clin Geriatr Med. (2008) 24:1–14. doi: 10.1016/j.cger.2007.08.007


 6. Gorgoni, M, and De Gennaro, L. Sleep in the aging brain. Brain Sci. (2021) 11:229. doi: 10.3390/brainsci11020229


 7. Zhong, HH, Yu, B, Luo, D, Yang, LY, Zhang, J, Jiang, SS , et al. Roles of aging in sleep. Neurosci Biobehav Rev. (2019) 98:177–84. doi: 10.1016/j.neubiorev.2019.01.013


 8. Li, J, Yao, YS, Dong, Q, Dong, YH, Liu, JJ, Yang, LS , et al. Characterization and factors associated with sleep quality among rural elderly in China. Arch Gerontol Geriatr. (2013) 56:237–43. doi: 10.1016/j.archger.2012.08.002 

 9. Hachul, H, Bittencourt, LRA, Soares, JM Jr, Tufik, S, and Baracat, EC. Sleep in post-menopausal women: differences between early and late post-menopause. Eur J Obstet Gynecol Reprod Biol. (2009) 145:81–4. doi: 10.1016/j.ejogrb.2009.03.019 

 10. Kloss, JD, Perlis, ML, Zamzow, JA, Culnan, EJ, and Gracia, CR. Sleep, sleep disturbance, and fertility in women. Sleep Med Rev. (2015) 22:78–87. doi: 10.1016/j.smrv.2014.10.005 

 11. Pengo, MF, Won, CH, and Bourjeily, G. Sleep in women across the life span. Chest. (2018) 154:196–206. doi: 10.1016/j.chest.2018.04.005


 12. Gava, G, Orsili, I, Alvisi, S, Mancini, I, Seracchioli, R, and Meriggiola, MC. Cognition, mood and sleep in menopausal transition: the role of menopause hormone therapy. Medicina. (2019) 55:668. doi: 10.3390/medicina55100668 

 13. Terauchi, M, Hiramitsu, S, Akiyoshi, M, Owa, Y, Kato, K, Obayashi, S , et al. Associations between anxiety, depression and insomnia in peri- and post-menopausal women. Maturitas. (2012) 72:61–5. doi: 10.1016/j.maturitas.2012.01.014


 14. Sands-Lincoln, M, Loucks, EB, Lu, B, Carskadon, MA, Sharkey, K, Stefanick, ML , et al. Sleep duration, insomnia, and coronary heart disease among postmenopausal women in the Women’s Health Initiative. J Womens Health. (2013) 22:477–86. doi: 10.1089/jwh.2012.3918 

 15. Patiño, MC, Bueno Florez, SJ, Gallo, L, Ortiz, PA, Payán-Gómez, C, Molano-Gonzalez, N , et al. Gender and polysomnographic profiles findings in obstructive sleep apnea syndrome patients living in high altitude. Nat Sci Sleep. (2021) 13:547–56. doi: 10.2147/nss.S287165 

 16. Naeije, R
. Physiological adaptation of the cardiovascular system to high altitude. Prog Cardiovasc Dis. (2010) 52:456–66. doi: 10.1016/j.pcad.2010.03.004


 17. Storz, JF, and Cheviron, ZA. Physiological genomics of adaptation to high-altitude hypoxia. Annu Rev Anim Biosci. (2021) 9:149–71. doi: 10.1146/annurev-animal-072820-102736 

 18. Fletcher, EC
. Invited review: physiological consequences of intermittent hypoxia: systemic blood pressure. J Appl Physiol. (2001) 90:1600–5. doi: 10.1152/jappl.2001.90.4.1600 

 19. Gulia, KK, and Kumar, VM. Sleep disorders in the elderly: a growing challenge. Psychogeriatrics. (2018) 18:155–65. doi: 10.1111/psyg.12319 

 20. Sadeh, A, Hauri, PJ, Kripke, DF, and Lavie, P. The role of actigraphy in the evaluation of sleep disorders. Sleep. (1995) 18:288–302. doi: 10.1093/sleep/18.4.288


 21. Cabeza de Baca, T, Chayama, KL, Redline, S, Slopen, N, Matsushita, F, Prather, AA , et al. Sleep debt: the impact of weekday sleep deprivation on cardiovascular health in older women. Sleep. (2019) 42:zsz149. doi: 10.1093/sleep/zsz149 

 22. Oftedal, S, Vandelanotte, C, and Duncan, MJ. Patterns of diet, physical activity, sitting and sleep are associated with socio-demographic, behavioural, and health-risk indicators in adults. Int J Environ Res Public Health. (2019) 16:2375. doi: 10.3390/ijerph16132375 

 23. Yang, Y, Shin, JC, Li, D, and An, R. Sedentary behavior and sleep problems: a systematic review and meta-analysis. Int J Behav Med. (2017) 24:481–92. doi: 10.1007/s12529-016-9609-0 

 24. Hamilton, MT, Hamilton, DG, and Zderic, TW. Role of low energy expenditure and sitting in obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease. Diabetes. (2007) 56:2655–67. doi: 10.2337/db07-0882


 25. Yeghiazarians, Y, Jneid, H, Tietjens, JR, Redline, S, Brown, DL, El-Sherif, N , et al. Obstructive sleep apnea and cardiovascular disease: a scientific statement from the American Heart Association. Circulation. (2021) 144:e56–67. doi: 10.1161/cir.0000000000000988 

 26. Chau, JY, Grunseit, A, Midthjell, K, Holmen, J, Holmen, TL, Bauman, AE , et al. Sedentary behaviour and risk of mortality from all-causes and cardiometabolic diseases in adults: evidence from the HUNT3 population cohort. Br J Sports Med. (2015) 49:737–42. doi: 10.1136/bjsports-2012-091974


 27. Falck, RS, Davis, JC, and Liu-Ambrose, T. What is the association between sedentary behaviour and cognitive function? A systematic review. Br J Sports Med. (2017) 51:800–11. doi: 10.1136/bjsports-2015-095551


 28. Kerr, J, Anderson, C, and Lippman, SM. Physical activity, sedentary behaviour, diet, and cancer: an update and emerging new evidence. Lancet Oncol. (2017) 18:e457–71. doi: 10.1016/S1470-2045(17)30411-4 

 29. Patterson, R, McNamara, E, Tainio, M, de Sá, TH, Smith, AD, Sharp, SJ , et al. Sedentary behaviour and risk of all-cause, cardiovascular and cancer mortality, and incident type 2 diabetes: a systematic review and dose response meta-analysis. Eur J Epidemiol. (2018) 33:811–29. doi: 10.1007/s10654-018-0380-1 

 30. von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, and Vandenbroucke, JP. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet. (2007) 370:1453–7. doi: 10.1016/S0140-6736(07)61602-X


 31. Kang, H
. Sample size determination and power analysis using the G*power software. J Educ Eval Health Prof. (2021) 18:17. doi: 10.3352/jeehp.2021.18.17 

 32. Van Cauwenberg, J, Van Holle, V, De Bourdeaudhuij, I, Owen, N, and Deforche, B. Older adults’ reporting of specific sedentary behaviors: validity and reliability. BMC Public Health. (2014) 14:734. doi: 10.1186/1471-2458-14-734 

 33. Grandner, MA, Valencia, DY, Seixas, AA, Oliviér, K, Gallagher, RA, Killgore, WDS , et al. Development and initial validation of the assessment of sleep environment (ASE): describing and quantifying the impact of subjective environmental factors on sleep. Int J Environ Res Public Health. (2022) 19:3599. doi: 10.3390/ijerph192013599 

 34. Goodyear, MD, Krleza-Jeric, K, and Lemmens, T. The declaration of Helsinki. BMJ. (2007) 335:624–5. doi: 10.1136/bmj.39339.610000.BE 

 35. Ko, SH, and Jung, Y. Energy metabolism changes and dysregulated lipid metabolism in postmenopausal women. Nutrients. (2021) 13:4556. doi: 10.3390/nu13124556 

 36. Daniele, A, Lucas, SJE, and Rendeiro, C. Detrimental effects of physical inactivity on peripheral and brain vasculature in humans: insights into mechanisms, long-term health consequences and protective strategies. Front Physiol. (2022) 13:998380. doi: 10.3389/fphys.2022.998380 

 37. Young, E, and Korszun, A. Sex, trauma, stress hormones and depression. Mol Psychiatry. (2010) 15:23–8. doi: 10.1038/mp.2009.94


 38. Li, S, Liu, H, Sun, L, Zhang, J, Wang, T, and Wang, J. The association of sedentary time with sleep disturbances among the US population, 2005 to 2014. BMC Public Health. (2024) 24:2565. doi: 10.1186/s12889-024-20114-7 

 39. Creasy, SA, Crane, TE, Garcia, DO, Thomson, CA, Kohler, LN, Wertheim, BC , et al. Higher amounts of sedentary time are associated with short sleep duration and poor sleep quality in postmenopausal women. Sleep. (2019) 42:zsz093. doi: 10.1093/sleep/zsz093 

 40. Falck, RS
. Chasing time: The specific impacts and dynamic relationships of physical activity, sedentary behaviour, and sleep on older adults’ cognitive health (Doctoral dissertation,. Vancouver, BC: University of British Columbia (2020).


 41. Zhang, T, Lu, L, Ren, YM, Liu, YY, Hynek, KA, Gao, J , et al. Sleep disturbance and quality of life among university freshmen in Qinghai-Tibet plateau of China. Front Psych. (2022) 13:996996. doi: 10.3389/fpsyt.2022.996996 

 42. de Aquino-Lemos, V, Santos, RV, Antunes, HK, Lira, FS, Luz Bittar, IG, Caris, AV , et al. Acute physical exercise under hypoxia improves sleep, mood and reaction time. Physiol Behav. (2016) 154:90–9. doi: 10.1016/j.physbeh.2015.10.028 

 43. Fabries, P, Gomez-Merino, D, Sauvet, F, Malgoyre, A, Koulmann, N, and Chennaoui, M. Sleep loss effects on physiological and cognitive responses to systemic environmental hypoxia. Front Physiol. (2022) 13:1046166. doi: 10.3389/fphys.2022.1046166 

 44. Lurati, AR
. Health issues and injury risks associated with prolonged sitting and sedentary lifestyles. Workplace Health Safety. (2018) 66:285–90. doi: 10.1177/2165079917737558


 45. Hoiland, RL, Bain, AR, Rieger, MG, Bailey, DM, and Ainslie, PN. Hypoxemia, oxygen content, and the regulation of cerebral blood flow. Am J Physiol Regul Integr Comp Physiol. (2016) 310:R398–413. doi: 10.1152/ajpregu.00270.2015 

 46. Narici, M, Vito, G, Franchi, M, Paoli, A, Moro, T, Marcolin, G , et al. Impact of sedentarism due to the COVID-19 home confinement on neuromuscular, cardiovascular and metabolic health: physiological and pathophysiological implications and recommendations for physical and nutritional countermeasures. Eur J Sport Sci. (2021) 21:614–35. doi: 10.1080/17461391.2020.1761076 

 47. Chandrasekaran, B, Pesola, AJ, Rao, CR, and Arumugam, A. Does breaking up prolonged sitting improve cognitive functions in sedentary adults? A mapping review and hypothesis formulation on the potential physiological mechanisms. BMC Musculoskelet Disord. (2021) 22:1–16. doi: 10.1186/s12891-021-04136-5


 48. Maloney, A, and Kanaley, JA. Short sleep duration disrupts glucose metabolism: can exercise turn back the clock? Exerc Sport Sci Rev. (2024) 52:77–86. doi: 10.1249/JES.0000000000000339 

 49. Burger, HG, Dudley, EC, Robertson, DM, and Dennerstein, L. Hormonal changes in the menopause transition. Recent Prog Horm Res. (2002) 57:257–75. doi: 10.1210/rp.57.1.257


 50. Lizcano, F, and Guzmán, G. Estrogen deficiency and the origin of obesity during menopause. Biomed Res Int. (2014) 2014:757461:1–11. doi: 10.1155/2014/757461 

 51. Baker, FC, de Zambotti, M, Colrain, IM, and Bei, B. Sleep problems during the menopausal transition: prevalence, impact, and management challenges. Nat Sci Sleep. (2018) 10:73–95. doi: 10.2147/nss.S125807 

 52. Mcmullen, CW, Latzka, EW, Laker, SR, De Luigi, AJ, and Harrast, MA. Sports medicine and adaptive sports In: DX Cifu
, editor. Braddom’s physical medicine and rehabilitation. New York, NY: Elsevier (2021). 789–819.


 53. Julian, CG, Vargas, E, Dávila, RD, Salinas Salmón, CE, Rodríguez, A., Gonzales, M., et al. The relationship between perinatal hypoxia and sleep-disordered breathing in preclinical chronic mountain sickness. Universidad Mayor de San Andrés Institutional Repository. (2010). https://repositorio.umsa.bo/handle/123456789/8120


 54. Mansoubi, M, Pearson, N, Clemes, SA, Biddle, SJ, Bodicoat, DH, Tolfrey, K , et al. Energy expenditure during common sitting and standing tasks: examining the 1.5 MET definition of sedentary behaviour. BMC Public Health. (2015) 15:516. doi: 10.1186/s12889-015-1851-x 

 55. Hidalgo, J, Da Re, S, and D’Almeida, AG. High altitude medicine: A case-based approach. Cham: Springer Nature (2023).


 56. Zisapel, N
. Sleep and sleep disturbances: biological basis and clinical implications. Cell Mol Life Sci. (2007) 64:1174–86. doi: 10.1007/s00018-007-6529-9 

 57. Ding, Y, Cao, Y, Duffy, VG, and Zhang, X. It is time to have rest: how do break types affect muscular activity and perceived discomfort during prolonged sitting work. Saf Health Work. (2020) 11:207–14. doi: 10.1016/j.shaw.2020.03.008 

 58. Zheng, C, Zhang, X, Sheridan, S, Ho, RS, Sit, CH, Huang, Y , et al. Effect of sedentary behavior interventions on vascular function in adults: a systematic review and meta-analysis. Scand J Med Sci Sports. (2021) 31:1395–410. doi: 10.1111/sms.13947 

 59. Chang, Z, Zhang, C, Yin, H, Zhai, M, Li, Y, Shi, Z , et al. An attachment oxygen supply method for improving the sleep space environment in the Tibetan plateau. J Building Eng. (2024) 94:109896. doi: 10.1016/j.jobe.2024.109896


 60. Smyth, C
. The Pittsburgh Sleep Quality Index (PSQI). J Gerontol Nurs.. (1999) 25:1–10. doi: 10.3928/0098-9134-19991201-10



Copyright
 © 2025 Leng, Guo, Qian and Mao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-15-1476010-t010.jpg
Variable Value

Sedentary 1035586
Age 1185817
Weight 5305533
BMI 5.240091
Medicine 1020182

Environment 1082842





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Influence of sedentary behavior on sleep quality in postmenopausal women in high-altitude regions of China: a cross-sectional study



		1 Introduction



		2 Research methodology



		2.1 Study population and sample selection



		2.1.1 Study setting



		2.1.2 Inclusion criteria



		2.1.3 Exclusion criteria









		2.2 Sample extraction method



		2.3 Sample size



		2.4 Data statistics



		2.5 Variable definition and measurement



		2.5.1 Main variables



		2.5.2 Covariates



		2.5.3 Questionnaire design









		2.6 Quality control



		2.7 Ethical considerations









		3 Results



		3.1 Sample characteristics



		3.1.1 Basic information of participants



		3.1.2 Descriptive statistics of sedentary behavior and sleep quality









		3.2 Correlation analysis



		3.2.1 Significance test of variables



		3.2.2 Correlation analysis of sedentary behavior and sleep quality



		3.2.3 Correlation analysis of sleep environment and sleep quality









		3.3 Regression analysis



		3.3.1 Multiple linear regression analysis



		3.3.2 Independent impact of sedentary behavior on sleep quality









		3.4 Subgroup analysis



		3.5 Overall model and variable significance analysis



		3.5.1 Overall model significance test



		3.5.2 Significance test results of variables



		3.5.3 VIF value test















		4 Discussion



		5 Limitations of the study



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fneur-15-1476010-t009.jpg
Variable

Estimate

t-value

Pri>t)

Intercept
Sedentary
Age
Weight
BMI
Medicine

Environment

979031976

026025029

~0.02613746

004854856

~0.12304675

028782092

018925187

689015103
0.05839872
0.09638630
0.05269377
0.16539701
0.37809298

005825343

14209151

44564381

~02711740

09213339

~0.7439478

07612438

32487675

0.1575033

0.00001663
0.7866456
03584171
0.4581203
04477563

0.001442608





OPS/images/fneur-15-1476010-t008.jpg
Statistics Value

F-statist 6101861

Numdf 6.000000

Dendf 144000000





OPS/images/fneur-15-1476010-t007.jpg
Correlation
coefficient

p-value

Younger than 60
60 and older

BMI subgroup
BMI

BMI> 249

BMI <249

Medicine subgroup

Medicine = 1(take)

Medicine = 2(not taking)

0.3622

03333

03155

0.4798

0.3513

03739

5.16¢-05 (Significant)

0.0623 (not Significant)

0000833 (Significant)

0.00130 (Significant)

0.00150 (Significant)

0.00121 (Significant)





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Influence of sedentary behavior
on sleep quality in
postmenopausal women in
high-altitude regions of China: a
cross-sectional study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






OPS/images/fneur-15-1476010-t002.jpg
Statisti Value

T ~2.0498

Df =

r 0.04239
Alternative hypothesis. Correlation is not equal to 0
95% CI ~0.3376 to ~0.0063

Sample estimate ~0.1769





OPS/images/fneur-15-1476010-t003.jpg
Parameter Value

Sample size (n) 130
Effect size (d) 0.2475732
Significance level 005
Desired power 08

Alternative hypothesis Two-sided





OPS/images/fneur-15-1476010-g003.jpg
Regression Line for Sedentary Behavior and Sleep Quality

200~ . . .

10.0- . .

10 1‘:’ 20
Sedentary Behavior





OPS/images/fneur-15-1476010-t001.jpg
Statistic Mean SD Areas Number

Age 5847 | 470 Loess Plateau 2
Height 15539 | 824 Mongolia Plateau 23
Weight 6408 | 259  Qinghai-Tibet Plateau 20
BMI 2646 | 259 Yunnan-Guizhou Plateau 80

Number of postmenopausal women 151





OPS/images/fneur-15-1476010-t006.jpg
Variable

Estimate  Std.  t-value  Pr(>|t)

Intercept
Sedentary

Environment
Signif. codes

Residual standard

error
Multiple R-squared
Adjusted R-squared
F-statistic

povalue

Error
859723 108377 7933 485e13%*
025402 005736 4429 1.83€-05 %5+
019142 0.05595 3421 0.000806 <+

0“¥¥E7 0,001 557 0,01 “*7 0057 0.1 “1”

2.279 on 148 degrees of freedom

01939
0183
17.79 on 2 and 148 DE

1.188¢-07





OPS/images/fneur-15-1476010-t004.jpg
NENET

Coefficient ~ Std.  t-value  Pr(>|t])

Intercept
Sedentary
age

BMI

Me

ine
Activity
Environment

Residual standard

error
Multiple R-squared
Adjusted R-squared
F-statistic

povalue

error
7.297760 2400286 3040 000281+
0270567 0038621 4616 86e-06%+*
~0003461 0004096  ~0.845 039948
0019912 0072162 0276 078300
0239053 0377813 0.633 052792
0093937 0078571 1196 023383
0.186497 0057296 | 3255 0.00141 #*

229 on 144 degrees of freedom

0.2079, Adjusted R-squared: 0.1749
0.1749
6.299 on 6 and 144 DF

6.686¢-06





OPS/images/fneur-15-1476010-t005.jpg
Estimate Std. Error val Pr(>[t])
Intercept 2400286 3010 000281+
Sedentary 0058621 4616 86606 4%
Residual standard error 2359 on 149 degrees of freedom
Multiple R-squared 01301

Adjusted Resquared 01243

F-statistic 2228 on 1 and 149 DF

prvalue 5379¢-06





OPS/images/fneur-15-1476010-g001.jpg
ames uopeadasg

HLLALL

Research design

]

Correlation analysis  |—#{ Research results

Data collection

Confirm questionnaire

U

Calculate sample size

GPver

Identify participants J+—s

Postmenopausal women
in high-altitude areas

( Regressive analysis H"“""" ::::i“‘““"‘) (Mjin nsnlls)

-( Sedentary behavior

) mmwmans DT(:: )(p,mi,,....)

Sleep quality

tion

Yoo

Questionnaire distribu

Describe

statistics

Data cleaning

Questionnaire c
n

( Discussion of results )¢—

SpsqEu purs sa2.mos

Qaghar
et

)

,

(

Conclusion erselrrh l.imilxl’inns) (Fusibi.lir_\ sng;exﬁons)






OPS/images/fneur-15-1476010-g002.jpg
Questionnaire distribution (n=200)

A J

Questionnaire response (n=185)

e

Incomplete filling (n=15)

-~

Not meeting the discharge standard (n=19)

A 4

Questionnaire screening (n=151)

A 4

Inclusion in statistics (n=151)






