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Background

Cardiorespiratory fitness (CRF) is an established risk factor for cardiovascular diseases (CVD). Compared with traditional clinical risk factors for CVD, CRF can better predict health status and possible adverse events. However, few studies have reported the association between multiple metabolic health indicators and CRF as an indicator of CVD risk. Therefore, this study aims to further understand the association between metabolic health indicators and CRF and to provide a theoretical basis for improving the early prevention strategies of CVD in the urban young and middle-aged population.





Methods

A retrospective cross-sectional study was conducted on 889 young and middle-aged urban people who underwent health examinations in Beijing Xiaotangshan Hospital from January 2022 to December 2024. Baseline measurements of physical examination, biochemical examination, and cardiopulmonary exercise testing were obtained. The association between metabolic health indicators and CRF was analyzed. A multiple linear regression analysis was performed to assess the association between each metabolic health indicator and CRF and determine which metabolic health indicators may serve as useful predictors for assessing CRF.





Results

We investigated the association between metabolic health indicators and CRF by adjusting for covariates (age, smoking status, and drinking status) associated with CRF. In multiple linear regression analysis, waist circumference (WC) (β = −0.196, P = 0.010), fasting plasma glucose (FPG) (β = −0.143, P < 0.001), and high-density lipoprotein cholesterol (HDL-C) (β = −0.125, P = 0.005) were significantly associated with VO2peak in young and middle-aged urban men. WC (β = −0.577, P < 0.001) and FPG (β = −0.167, P = 0.002) were significantly associated with VO2peak in young and middle-aged urban women. In addition, WC (men: β = −0.238, P = 0.003; women: β = −0.410, P < 0.001) and FPG (men: β = −0.147, P < 0.001; women: β = −0.123, P = 0.034) were significantly associated with AT in men and women.





Conclusion

Our results showed that WC and FPG were significantly associated with CRF in young and middle-aged urban men and women. This suggests that WC and FPG may serve as useful predictors for assessing CRF within this population.
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Introduction

Cardiorespiratory fitness (CRF), also known as cardiorespiratory endurance, refers to the ability of the circulatory system and respiratory system to supply oxygen to skeletal muscles during sustained physical activity, which is a comprehensive reflection of the body’s exercise capacity (1). CRF is not only an established risk factor for cardiovascular disease (CVD) but also one of the stronger, or perhaps strongest, predictors of prognosis in the overall population and in many groups with specific CVD risk factors or established CVD conditions (2). Studies have shown that low CRF is independently associated with a 2- to 4-fold increased risk of cardiovascular disease events even after adjustment for age, BMI, blood pressure, lipid profiles, and blood glucose levels, and its predictive power surpasses that of most traditional clinical risk factors for CVD (3, 4). It is more and more often underlined that CRF assessment should be included as part of routine diagnostic procedures in all health centers (5). Unfortunately, there has been a marked decline in CRF in adults since 1980, with the magnitude of the decline gradually increasing over time. Declines were larger for men than for women and for young adults (< 40 years) than for middle-aged adults (≥ 40 years), suggestive of a corresponding decline in population health (6).

Cardiopulmonary exercise testing (CPET) is an objective, quantitative, and non-invasive CRF assessment method (7). It can integrate and analyze the continuous dynamic changes of the respiratory, circulatory, blood, and metabolic system functions during exercise to assess overall health status and CVD risk (8). Important indicators such as peak oxygen uptake (VO2peak) and anaerobic threshold (AT) are derived from CPET. Specifically, measuring VO2peak (ml/min/kg) by CPET in the laboratory is the gold standard for objectively measuring CRF (9). VO2peak can reflect the upper limit of the overall function of the cardiopulmonary system and is a strong predictor of CVD mortality, while AT can reveal the dynamic balance between metabolic efficiency and cardiovascular health, offering targeted insights for early risk prediction and rehabilitation guidance. The combination of the two can more comprehensively assess CRF and CVD risk. Although CPET is the only method that can accurately measure VO2peak and AT, its popularity is low due to the need for professional equipment and certified medical personnel, the time required for a single test of 30 to 60 minutes, and the fact that it is performed at only a few medical centers (10). Therefore, finding a simpler method to estimate the VO2peak and AT is of great significance for the indirect assessment of CRF.

Several studies have found that low CRF is closely related to metabolic diseases (11–14), such as obesity, diabetes, hypertension, and other diseases. However, these studies are mostly limited to observing the effect of CRF on a certain metabolic disease, and few studies have explored which metabolic health indicators may serve as useful predictors for assessing CRF. So far, CVD remains the leading cause of death worldwide (15), and the prevention of CVD is considered a global public health priority (2). Therefore, our goal in this study was to analyze the association between metabolic health indicators and CRF in the urban young and middle-aged population and to provide a theoretical basis for improving the early prevention strategies of cardiovascular diseases in this population.





Methods




Participants

We conducted a retrospective cross-sectional study based on data obtained from medical records. We included young and middle-aged people aged 18–59 living in the Beijing urban area who underwent health examinations (including physical examination, biochemical examination, and CPET) in Beijing Xiaotangshan Hospital from January 2022 to December 2024. A total of 58 people were excluded based on the following criteria: (a) body mass index (BMI) < 18.5 kg/m2; (b) missing physical examination component data; (c) missing biochemical examination component data; (d) missing CPET component data; (e) unable to cooperate with health examination and sample collection. Ultimately, 889 participants (559 men and 330 women) were included in the study. G*power 3.1.9.7 was used for post-hoc power analysis of the multiple linear regression model, and all results showed power ≥ 0.8, indicating that the sample size was appropriate and the multiple linear regression model had sufficient statistical power (Supplementary Figure 1).

Throughout the study, we did not impose any interventions on participants and did not adversely affect their rights and health. At the same time, we always ensured that participants’ privacy and personal information were fully protected. Protocols used in this study were in accordance with International Ethical Guidelines (according to the Declaration of Helsinki) and approved by the Ethics Committee of Beijing Xiaotangshan Hospital (Approval No. 2024–24). All methods were carried out in accordance with relevant guidelines and regulations. In this study, patient consent was not required as it was approved with a waiver.





Anthropometric measurements

The general information of the participants was collected through a face-to-face diagnostic interview, including age, gender, marital status, smoking status, drinking status, and disease history. Weight and height were measured using a calibrated electronic scale while the participants were shoeless and wearing light clothing. BMI (kg/m2) was calculated as weight (kg) divided by height squared (m2). Waist circumference (WC) was taken midway between the lowest rib margin and the highest iliac crest at the end of expiration, and the maximum circumference around the buttocks while wearing thin clothing was taken as hip circumference (HC). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) in both upper limbs of seated participants were measured using an Omron electronic sphygmomanometer (Omron Healthcare Co. Ltd., Kyoto, Japan), with the higher side as the measurement result, and heart rate (HR) was measured at the same time. The mean of two measurements separated by a 5-minute interval was taken as a valid determination of SBP, DBP, and HR.





Biochemical examination

Venous blood samples were obtained from the antecubital vein after an overnight fasting period of at least eight hours to measure fasting plasma glucose (FPG), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). These assays were performed using an automatic biochemistry analyzer (Roche Cobas C 710, supplied by Beijing Barry Medical Equipment Co., Ltd., Beijing, China) according to the manufacturer’s instructions.





Cardiorespiratory fitness

We used the Quark PFT Ergo cardiopulmonary exercise testing system produced by COSMED, Italy, to perform CPET to assess CRF. Participants tried to avoid alcohol, tea, or caffeinated beverages for three days before the test. Before the test, the tester had to ask the participants to sign an informed consent form, which included informing them of the purpose, implementation process, and precautions of CPET and reminding them of the potential discomfort and risks related to exercise. Before the test, the instrument’s gas, capacity, and flow rate were calibrated. Then, the testers transferred the participants safely to the cycle ergometer, adjusted the height suitable for pedaling, connected to the 12-lead electrocardiogram, and placed the cuff on the participants for automatic blood pressure detection and the mask for respiratory gas analysis. The tester set the power increment rate of the cycle ergometer according to the participant’s age, gender, and estimated functional status so that they could reach the symptom-limiting maximum extreme exercise within 6 to 10 minutes. During the whole exercise process, the testers closely monitored the status of the participants (16). Finally, we selected peak oxygen uptake (VO2peak) and anaerobic threshold (AT) as our research indicators.





Metabolic syndrome and its components

The diagnosis of metabolic syndrome (MS) and its components is based on the diagnostic criteria of the guideline for the prevention and treatment of type 2 diabetes mellitus in China (2020 edition) (17). Three or more of the following five components can be diagnosed (1): Abdominal obesity: male WC ≥ 90 cm; female WC ≥ 85 cm; (2) Hyperglycemia: FPG ≥ 6.1 mmol/L or 2-hour postprandial blood glucose ≥ 7.8 mmol/L and/or diabetes has been diagnosed and treated; (3) Hypertension: blood pressure ≥ 130/85 mmHg (1 mmHg = 0.133 kPa) and (or) hypertension has been confirmed and treated; (4) Fasting TG ≥ 1.70 mmol/L; and (5) Fasting HDL-C < 1.04 mmol/L.





Statistical analysis

Shapiro-Wilk test and histograms were used to detect the types of distributions of continuous variables. Continuous variables conforming to the normal distribution were described as mean ± standard deviation (SD), otherwise described as median and interquartile range. Categorical variables were described as frequencies (proportions). For continuous variables with a normal distribution, one-way ANOVA was used to compare multiple groups. For continuous variables with a skewed distribution, the Kruskal-Wallis H test was used to compare multiple groups. To correct for multiple testing, the Bonferroni correction was used. The chi-square test was used to compare the categorical variables. The Pearson or Spearman correlation coefficients were calculated to determine the association between metabolic health indicators and CRF. Multiple linear regression models were used to estimate the beta coefficients (β) of different metabolic health indicators on the VO2peak values. Different models were applied: Model I was crude without any adjustment, and Model II was adjusted for age, smoking status, and drinking status. The collinearity of the variables in the models was assessed by calculating the variance inflation factor (VIF). Considering the difference between metabolic health indicators and CRF in men and women, the participants were divided into two groups according to sex, and the data were analyzed separately. Statistical analyses were performed using SPSS 27.0 (IBM Corp., Armonk, NY, USA). Differences were considered statistically significant at P < 0.05.






Results

Retrospective cross-sectional data were available for 889 participants. The participants consisted of 559 men (62.88%) and 330 women (37.12%), with a mean age of 42.17 years (23–56 years). Regarding metabolic health indicators, SBP, DBP, BMI, WC, FPG, TG, HDL-C, and LDL-C significantly differed between men and women (P < 0.05). Regarding CRF, VO2peak was significantly higher in men than women (P < 0.001). In terms of health-related behaviors, smoking and drinking rates were significantly higher in men than women (P < 0.001). The demographic and clinical characteristics of the study participants were summarized in Table 1.


Table 1 | Demographic and clinical characteristics of study participants stratified by gender.



The Pearson or Spearman correlation coefficient was calculated to analyze the association between metabolic health indicators and CRF (Table 2, Figure 1). In males, VO2peak was negatively correlated with SBP, DBP, BMI, WC, FPG, TC, and TG (P < 0.05), and positively correlated with HDL-C (P < 0.05). AT was negatively correlated with SBP, DBP, BMI, WC, FPG, and TG (P < 0.05), and positively correlated with HDL-C (P < 0.05). In females, VO2peak was negatively correlated with SBP, DBP, BMI, WC, FPG, TG, and LDL-C (P < 0.05), and positively correlated with HDL-C (P < 0.05). AT was negatively correlated with SBP, DBP, BMI, WC, FPG, TC, TG, and LDL-C (P < 0.05), and positively correlated with HDL-C (P < 0.05).


Table 2 | Correlations of the CRF with the metabolic health indicators by gender.






Figure 1 | Heat map of correlation analysis. (A), Male; (B), Female.



In the multiple linear regression model, VO2peak and AT were used as dependent variables, and metabolic health indicators were used as independent variables. Variables with no correlation or with multicollinearity were not included in the regression model. Finally, we analyzed the predictive effects of SBP, DBP, BMI, WC, FPG, TC, TG, and HDL-C on VO2peak and AT in males and females, respectively (Tables 3, 4). Model I was crude without any adjustment, and Model II was adjusted for age, smoking status, and drinking status.


Table 3 | Association between metabolic health indicators and VO2peak by gender.




Table 4 | Association between metabolic health indicators and AT by gender.



In the male-adjusted model with VO2peak as the dependent variable, the P-P plot showed that the residuals were approximately normally distributed, the degree of multicollinearity among the variables was low (all VIFs < 5; Tolerance > 0.2) (Supplementary Table 1), and the multiple linear regression model was statistically significant (adjusted R2 = 0.187, F = 15.238, P < 0.001). Among the variables included in the model, WC (β = −0.196, 95% CI: −0.195 to −0.026, P = 0.010), FPG (β = −0.143, 95% CI: −1.101 to −0.317, P < 0.001), and HDL-C (β = 0.125, 95% CI: 0.539 to 3.039, P = 0.005) had statistically significant effects on VO2peak. In the male-adjusted model with AT as the dependent variable, the P-P plot showed that the residuals were approximately normally distributed, the degree of multicollinearity among the variables was low (all VIFs < 5; Tolerance > 0.2) (Supplementary Table 2), and the multiple linear regression model was statistically significant (adjusted R2 = 0.122, F = 9.605, P < 0.001). Among the variables included in the model, WC (β = −0.238, 95% CI: −0.126 to −0.026, P = 0.003) and FPG (β = −0.147, 95% CI: −0.647 to −0.183, P < 0.001) had statistically significant effects on AT.

In the female-adjusted model with VO2peak as the dependent variable, the P-P plot showed that the residuals were approximately normally distributed, the degree of multicollinearity among the variables was low (all VIFs < 6; Tolerance > 0.2) (Supplementary Table 1), and the multiple linear regression model was statistically significant (adjusted R2 = 0.412, F = 26.612, P < 0.001). Among the variables included in the model, WC (β = −0.577, 95% CI: −0.334 to −0.164, P < 0.001) and FPG (β = −0.167, 95% CI: −2.026 to −0.459, P = 0.002) had statistically significant effects on VO2peak. In the female-adjusted model with AT as the dependent variable, the P-P plot showed that the residuals were approximately normally distributed, the degree of multicollinearity among the variables was low (all VIFs < 6; Tolerance > 0.2) (Supplementary Table 2), and the multiple linear regression model was statistically significant (adjusted R2 = 0.310, F = 17.399, P < 0.001). Among the variables included in the model, WC (β = −0.410, 95% CI: −0.183 to −0.057, P < 0.001) and FPG (β = −0.123, 95% CI: −1.200 to −0.047, P = 0.034) had statistically significant effects on AT.

In this study, the Kruskal-Wallis H test was used to analyze the influence of the number of MS components on CRF in the urban young and middle-aged population (Table 5, Figure 2), and Bonferroni correction was used for pairwise comparison between the two groups (Supplementary Figure 2). In males, participants with 2 or ≥ 3 MS components had lower VO2peak and AT than those with 1 or 0 MS components (Adj. P < 0.05). In females, participants with 1, 2 or ≥ 3 MS components had lower VO2peak and AT than those with 0 MS components (Adj. P < 0.05). When the number of MS components was ≥ 3, VO2peak and AT were lower than those in participants with 1 MS component (Adj. P < 0.05).


Table 5 | CRF in participants with different numbers of MS components.






Figure 2 | CRF in participants with different numbers of MS components. (a) comparison of VO2peak in male participants with different numbers of MS components. (b) comparison of AT in male participants with different numbers of MS components. (c) comparison of VO2peak in female participants with different numbers of MS components. d, comparison of AT in female participants with different numbers of MS components. A the number of MS components (n = 0); B the number of MS components (n = 1); C the number of MS components (n = 2); D the number of MS components (n ≥ 3). *, the comparison between the two groups was statistically significant (Adj. P < 0.05). **the comparison between the two groups was statistically significant (Adj. P < 0.01). ***the comparison between the two groups was statistically significant (Adj. P < 0.001).







Discussion

Low CRF in adults is associated with greater risks for congestive heart failure, stroke, type 2 diabetes mellitus, some cancers, and neuropsychological disturbances (e.g., dementia, anxiety, and depression) (18, 19). Most importantly, improvements in CRF over time are associated with reduced mortality and morbidity. This provides a clear signal that having higher levels of CRF is essential for maintaining population health (20). The assessment of CRF requires a standardized CPET in the laboratory. Compared with traditional metabolic indicators, CPET can provide a more comprehensive physiological function assessment and earlier risk warning. However, CPET needs to be equipped with a gas metabolism analyzer, electrocardiogram monitoring system, etc., which not only incurs high costs but also requires a strict standardization process, making it difficult to popularize in grassroots hospitals, which limits the wide application to a certain extent (16). The traditional metabolic health indicators are easy to obtain through routine physical examination, with low cost and high penetration rate (21). So far, few studies have reported the association between multiple metabolic health indicators and CRF as an indicator of CVD risk. Therefore, we bridged this gap through this study and finally found that WC and FPG may serve as useful predictors for assessing CRF in young and middle-aged urban men and women. We propose a strategy of combining metabolic health indicators with CPET: traditional indicators (such as WC and FPG) for primary screening and CPET for in-depth assessment in high-risk populations to optimize the CVD risk stratification model.

Obesity has increasingly become one of the important problems that seriously threaten human physical and mental health in the 21st century. There is a large amount of epidemiological evidence that there is a robust negative correlation between obesity and CRF, and this association still exists after adjusting for the level of physical activity (6, 22). BMI (kg/m2) is calculated as weight (kg) divided by height squared (m2), which is one of the standards commonly used in international clinical practice to measure the degree of obesity (23). However, some studies have pointed out that BMI is an imperfect measure (24), and it cannot excellently assess fat distribution and the cardiometabolic risk associated with increased obesity (25). As a special form of obesity, abdominal obesity is closely related to the morbidity and mortality risk of CVD (26). WC is a simple method to assess abdominal obesity that is easy to standardize and clinically apply (25), and to some extent, it can make up for the deficiency that BMI cannot assess fat distribution (27). A cross-sectional study of 807 men and 633 women in Finland found that individuals with the same BMI category and normal WC had better CRF than those with higher WC (22). A cross-sectional study that only included young men showed that CRF was more closely related to WC than BMI (28). This study found that WC was negatively correlated with VO2peak and AT in young and middle-aged urban men and women. Multiple linear regression analysis showed that WC was one of the important negative factors of VO2peak and AT in the urban young and middle-aged population. These studies have shown that WC, as a simple assessment tool in clinical practice, may serve as a useful predictor for assessing CRF levels and CVD risk.

Diabetes mellitus (DM) is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both (29). Type 2 diabetes mellitus (T2DM) is the most common DM worldwide, accounting for nearly 90% of DM prevalent cases (30). Because FPG is minimally disturbed by diet (31), it is considered an important reference tool for judging blood glucose levels and diagnosing diabetes compared with random blood glucose levels (32). This study found that FPG was negatively correlated with VO2peak and AT in young and middle-aged urban men and women. Multiple linear regression analysis showed that FPG was one of the important negative factors of VO2peak and AT in the urban young and middle-aged population. Recent studies have also shown that DM has a significant adverse effect on CRF. Although this effect is partially mitigated in people with high physical activity levels, it is still significant. In addition, CRF impairment is greater in patients with T2DM compared with type 1 diabetes mellitus (T1DM) (33). In patients with T2DM, CRF impairment is more significant in women than in men, with similar results in adolescents (34). Many factors, such as insulin resistance, skeletal muscle and microvascular system dysfunction, may lead to this phenomenon. As a vasoactive hormone, insulin has been shown to increase skeletal and myocardial perfusion in rodents and healthy humans (35–37), and this perfusion response is attenuated in insulin-resistant states (38, 39). In addition, studies have found that microvascular blood flow is significantly reduced in insulin-resistant animal models and human participants (40). These studies have demonstrated the role of insulin in the heart, skeletal muscle, and microvascular system, and insulin is one of the important factors affecting CRF. In addition to insulin’s role in regulating perfusion, hyperglycemia can also lead to the production of advanced glycation end products (AGEs) (41). These accrue in the wall of vessels, leading to integral loss of the structure of the vessel wall and underlying basement membrane, as well as proinflammatory signaling contributing to systemic vascular dysfunction, which may also lead to decreased CRF (42–44). To sum up, these findings show that high blood glucose can significantly reduce CRF and increase the risk of CVD, especially for people with T2DM, and also suggest that people with high blood glucose should regularly carry out exercise rehabilitation training to maintain or improve their CRF.

HDL-C is generally described as “good cholesterol”, which can participate in the reverse transport of cholesterol, has antioxidant, anti-inflammatory, and anti-thrombotic properties (45), and its anti-atherosclerotic function is vital in promoting cardiovascular health. Liu et al. (46) reported a positive association between CRF and HDL-C in men after adjustment for age, smoking status, and drinking status. Musa et al. (47) reported similar findings. In addition, HDL-C has been demonstrated to be a reliable and consistent predictor of CVD independent of other risk factors (48, 49). However, current epidemiological studies have shown that in CVD patients, the association between HDL-C concentrations and all-cause mortality exhibited a U-shaped association for both men and women, with both extremely high and low concentrations being associated with high all-cause mortality risk (50, 51). Moreover, niacin (52) and cholesteryl ester transfer protein inhibitors (53) increased HDL-C but did not show clinical benefit. This study found a positive correlation between CRF and HDL-C in urban young and middle-aged men. Further multiple linear regression analysis showed that higher levels of HDL-C were significantly associated with CRF. However, based on the above studies, we believe that the association between HDL-C and CRF should not be prematurely concluded, and further exploration is needed in the future. At the same time, we also found that HDL-C had no significant effect on VO2peak in multiple linear regression analysis of young and middle-aged women in urban areas. The possible reasons include (1): Higher estrogen levels in females may partially replace the protective effect of HDL-C by enhancing vascular endothelial function and anti-inflammatory effects, thus weakening the direct association between HDL-C and VO2peak (54) (2). Regarding fat distribution, compared with men, women have a higher proportion of subcutaneous fat and lower metabolic activity, which may reduce the association between HDL-C and visceral fat inflammation and weaken the contribution of HDL-C to VO2peak (55) (3). Regarding HDL particle characteristics, male HDL particles are smaller and have stronger anti-inflammatory and antioxidant capacities, which directly supports the efficiency of oxygen transport during exercise, while female HDL particles exhibit the opposite characteristics (56).

The number of MS components is significant in evaluating the severity of metabolic disorders, so we analyzed the relationship between the number of MS components and CRF. The results showed that CRF decreased significantly with the increase in the number of MS components (especially when the number of male MS components was 2 or ≥ 3 or the number of female MS components was 1, 2, or ≥ 3). This result indicates that a variety of metabolic disorders may be involved in the decline of CRF, including obesity, hyperglycemia, hypertension, hyperlipidemia, etc., and these components may have a superimposed effect on each other. Particular attention should be paid when there is abdominal obesity or hyperglycemia, especially when the two coexist because we found that WC and FPG were the most significant factors affecting CRF in metabolic health indicators through multiple linear regression analysis. Therefore, the results of this study can be used to develop individualized intervention programs in clinical practice to reduce the severity of metabolic disorders and optimize CRF, thereby reducing the risk of CVD.

This study found that WC and FPG may serve as useful predictors for assessing CRF in young and middle-aged urban men and women. However, it should be emphasized that the bidirectional association between CRF and metabolic risk factors has been well established (57). The existing evidence demonstrates a dynamic interplay between the two: on the one hand, metabolic dysfunction may impair CRF through mechanisms such as insulin resistance and mitochondrial dysfunction (34); on the other hand, the improvement of CRF can improve metabolic indicators by ameliorating vascular endothelial function and augmenting skeletal muscle oxidative capacity (58). Despite this bidirectional association, our findings retain significant implications (1): In primary care, WC and FPG measurements could serve as practical screening tools for identifying individuals with low CRF, enabling early intervention (2). This study suggests that future intervention trials could target these specific metabolic health indicators for combined intervention (such as WC reduction combined with FPG control) to explore whether this method is more effective than exercise intervention alone in improving CRF (3). From a clinical point of view, the results of this study highlight the necessity of a dual targeting strategy: both using metabolic health indicators for CRF risk stratification and breaking the vicious cycle of metabolic deterioration by enhancing CRF.

The study also has some limitations. First, this is a retrospective cross-sectional study, so we only report correlations and cannot draw further conclusions about causation. Second, the number of participants in this study is small, and participants are limited to one geographic area. Therefore, the results of this study may not be generalized to rural populations or ethnically diverse groups. In the future, we need to expand the geographical area and collect more data to verify the consistency of the research conclusions in different regions. Third, as a retrospective cross-sectional study, this study failed to determine the required sample size based on a priori power analysis. Although the test power is evaluated by post-hoc power analysis, the estimation of effect size in retrospective design may be interfered with selection bias and uncontrolled confounding factors, resulting in bias in the evaluation of statistical power. Finally, the CRF of all participants was measured by a cycle ergometer, but the CRF measured by a cycle ergometer may be 5–10% lower than the CRF measured by treadmill testing (59), which makes it difficult to reflect the limit of cardiopulmonary fitness. However, the load of the cycle ergometer is controllable, the data is stable, and the applicable population is wider (such as those with insufficient motor skills, lower limb joint injury, and poor coordination), so it is the first choice.





Conclusion

Our results showed that WC and FPG were significantly associated with CRF in young and middle-aged urban men and women. This suggests that WC and FPG may serve as useful predictors for assessing CRF within this population. In the future, further studies with a larger sample size of participants are needed to determine the validity of our findings.
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{m;‘;:;;', 202030, 2430) 2040 (1750, 2800 1870 (163, 2155 1725 (1320, 1855/ w6 <0001
(g | 1401130.1550) 1330 (1130, 1470 1115 (1078, 12207 1050 (598, 113" wos | <oon

IS, metsbolic o, VOsps ek oxygen uptak: AT, amcroic thrshald. gty difeen o the marber o MS compancnts (=0 (Ad P <0.05) gnifcandy difeen o
the number o MS componcats(n - 1) (Ady. P < 005) signifcantly dflcent fom the mumber of MS compancats (n = 2) (Ad. P < 00)





