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Purpose: Chronic obstructive pulmonary disease (COPD) is accompanied by increased inflammation, persistent lung function decline, and extensive lung injury. Klotho, a well-known antiaging protein, has anti-inflammatory and antioxidative effects. However, the effects of klotho on COPD have yet to be thoroughly elucidated. This study examined the association among COPD adults and their α-klotho level.

Patients and methods: Data were collected from the 2007 to 2012 National Health and Nutrition Examination Survey (NHANES). A total of 676 participants were analyzed and divided into COPD (n = 403) and non-COPD (n = 273) groups. The two groups were compared with respect to clinical characteristics. Logistic regression analysis and a generalized additive model were used to estimate the association between COPD incidence and serum α-klotho concentration. All COPD participants were stratified according to the levels of α-klotho (Q1: <687 pg./mL; Q2: 687–900 pg./mL; Q3: ≥900 pg./mL), and clinical characteristics were compared.

Results: Non-COPD individuals had higher α-klotho levels than did COPD individuals (863.09 ± 267.13 vs. 817.51 ± 302.20, p < 0.05). Logistic regression analysis revealed that the Q2 and Q3 layers had a lower risk of COPD than did the Q1 layer, with odds ratios (ORs) of 0.73 (0.50, 0.99) for Q2 and 0.58 (0.41, 0.86) for Q3 (p < 0.001). The generalized additive model showed that the risk of COPD gradually decreased with increasing α-klotho concentration when the α-klotho concentration < 1,500 pg./mL, while the risk of COPD increased as the α-klotho concentration increased to ≥1,500 pg./mL. Compared with individuals in the Q2 or Q3 groups, individuals with COPD in the Q1 group were more likely to be current smokers, have lower levels of erythrocytes, and have higher levels of creatinine and leukocytes.

Conclusion: Increased α-klotho levels were negatively correlated with the risk of COPD in participants over 40 years old with α-klotho <1,500 pg./mL. When α-klotho was ≥1,500 pg./mL, the risk of COPD increased as α-klotho levels increased. Pulmonary ventilation function and the number of hemocytes differed among COPD patients with different levels of α-klotho.
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Introduction

COPD, which warrants significant concern due to its high incidence and mortality, is characterized by progressive lung function decline and largely irreversible airflow obstruction (1). Globally, COPD burdens health care systems significantly according to the World Bank/World Health Organization. COPD is more common in adults over 40, with a prevalence of 6–10% (2). The prevalence of COPD is rampant in China, with 13.7% of people aged 40 and older suffering from it (3).

COPD is a lung condition that accelerates lung aging and is associated with an abnormal inflammatory response, which is chronic and damaging (4). Over the past decade, the close association between COPD and inflammation has become increasingly apparent (5). Many factors associated with COPD, such as dietary patterns and exposure to cigarette smoke, can significantly influence inflammation levels (6, 7). Moreover, COPD lungs exhibit many features of normal aging (oxidative stress, increased cellular senescence, and stem cell exhaustion); therefore, it has been suggested that COPD is characterized by accelerated aging (8, 9). Although lung aging is a natural process, inflammatory-oxidative stress can accelerate the cellular senescence of pulmonary epithelial cells (10). Additionally, aging and chronic inflammation share several underlying molecular and genetic mechanisms with inflammation in COPD (11). Therefore, we wondered whether some senescence-associated proteins might affect the development of COPD.

Klotho is a protein with anti-aging properties that involves endogenous antioxidants, senescence, and chronic inflammation (12). KLOTHO gene expression may be closely related to COPD. Klotho-deficient mice exhibit a remarkable number of important aging features, including a shortened lifespan, sarcopenia, and features of emphysema (increased air spaces, increased expiration time, and damaged alveolar walls) (12, 13). Some animal studies have suggested that the induction of klotho expression may reverse advanced age-associated emphysema (14, 15). Several clinical studies have demonstrated a decrease in KLOTHO gene expression in the airways of COPD patients compared to non-smokers (16, 17), as well as lower levels of KLOTHO gene expression in their alveolar macrophages (18). Moreover, research indicates a potential connection between serum α-klotho and the development of COPD. Kureya et al. identified a noteworthy positive association between serum α-klotho and irisin, a myokine implicated in the advantageous effects of physical activity (19), suggesting that α-klotho may play a role in modulating skeletal muscle function in COPD (20). Another study identified an inverse correlation between serum α-klotho and resistin (a signaling molecule associated with muscle strength) (21) following a six-month training program in COPD patients (22). In a recent study, systemic α-klotho levels correlated negatively with COPD prevalence (23). These findings indicate that serum α-klotho may be a potential therapeutic target for COPD. However, clinical studies investigating its relevance to systemic α-klotho levels are still lacking.

The purpose of this study was to examine the association between α-klotho and COPD using data from a public database of data collected from the US population between 2007 and 2012. Our research might have the potential to substantially enhance the early detection rates of COPD, thereby facilitating the prompt initiation of intervention strategies.



Materials and methods


Data source

The data came from the NHANES (2007–2008, 2009–2010, and 2011–2012), which is a cross-sectional investigation that collects information on the nutritional and health status of individuals in the US. We excluded patients with missing information on lung function parameters or α-klotho levels. A total of 676 eligible participants were eventually recruited and divided into a non-COPD group (n = 273) and a COPD group (n = 403; Figure 1). Because the α-klotho test was performed only for participants older than 40 years, all study participants were aged ≥40 years. The study was approved by the local (the Jinhua Central Hospital) ethics committee. All participants in the NHANES provided written informed consent. The NHANES protocol was approved by the Center’s ethics review board (24).
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FIGURE 1
 Flow of participants. COPD, chronic obstructive pulmonary disease.




Study covariates

We obtained clinical features and demographic characteristics, which included sex, body mass index [weight (kg)/height2 (m)], age, race (other Hispanic, Mexican American, non-Hispanic Black, non-Hispanic White, or other race), education (some college or AA degree, 9–11th grade, less than 9th grade, high-school grade, and college graduate or above), history of chronic diseases [hypertension, chronic heart disease (CHD), and diabetes], pulmonary function tests [pre- and postbronchodilator forced expiratory volume in 1 sec (FEV1), pre- and postbronchodilator forced vital capacity (FVC)], smoking status, drinking status, and laboratory parameters (α-klotho, total cholesterol, creatinine, triglycerides, albumin, leukocyte, erythrocyte, thrombocyte, and hemoglobin). All data are publicly available on the NHANES website.1

According to the definition of COPD, the FEV1/FVC ratio was less than 70% without reversibility (the bronchodilation effect was less than 12%). The reference values for FEV1 and the measured FEV1 relative to the predicted FEV1 (FEV1% pred) were determined using equations from the Global Lung Function Initiative 2012. Alcohol consumption was defined as consuming at least 12 alcoholic beverages of any type in any 1 year (yes/no). Three classifications of smokers were created based on the Smoking–Cigarette Use questionnaire: never smoker (smoked <100 lifetime cigarettes), former smoker (smoked ≥100-lifetime cigarettes and currently not smoking), and current smoker (smoked ≥100 lifetime cigarettes and currently smoking).



Serum α-klotho concentrations

NHANES participants aged 40–79 had their blood drawn after fasting overnight. Until analysis, blood samples were stored at −80°C.The levels of serum α-klotho were quantified through enzyme-linked immunosorbent assay (ELISA) and then analyzed by statisticians with specialized training. Two wells were made in the ELISA plate to measure the α-klotho concentration of the quality control samples, and the average value was used as the final concentration. Before being released for reporting, all the results were reviewed to ensure that they met the laboratory’s standardized criteria for acceptability. For more information on the α-klotho detection method, we visited the NHANES website.2 The patients were grouped based on the tertiles of α-klotho levels (tertiles of α-klotho levels: Q1: <687 pg./mL; Q2: 687–900 pg./mL; Q3: ≥900 pg./mL).



Statistical analysis

Descriptive statistics were used to summarize baseline characteristics, including frequencies or percentages for categorical variables and medians (interquartile ranges) or means (standard deviations) for continuous variables. To compare groups, Mann–Whitney U tests, t tests, chi-square tests, and Fisher’s exact tests were used. Logistic regression analysis was adopted to estimate the factors that influence COPD incidence. The α-klotho levels were analyzed both as a continuous and a categorical variable (tertiles of α-α-klotho levels: Q1: <687 pg./mL; Q2: 687–900 pg./mL; Q3: ≥900 pg./mL). The relationship between α-klotho levels and COPD was assessed by a generalized additive model and logistic regression analysis. For accurate estimation of associations and variances, appropriate weights were calculated according to NHANES recommendations. All COPD participants were stratified according to the levels of α-klotho, and their clinical characteristics were compared. In all analyses, R v3.5.1 was used to account for the complex survey weights, and p < 0.05 was used as the significance threshold.




Results

In 59.6% (403/676) of the patients, participants were diagnosed with COPD based on their lung function. The levels of α-klotho in the COPD group were significantly lower than those in the non-COPD group (817.51 ± 302.20 vs. 863.09 ± 267.13, p < 0.05). Non-Hispanic White individuals were more common among COPD patients. Compared with the non-COPD population, COPD patients were older, more likely to be male, and had a greater incidence of chronic heart disease (CHD). In addition, COPD patients presented higher levels of creatinine, uric acid, erythrocytes, and hemoglobin. Among the COPD patients, the largest proportion were current smokers (38.46%), and the lowest proportion were never smokers (24.32%; Table 1).



TABLE 1 Comparisons of clinical characteristics between COPD and Non-COPD groups weighted.
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The characteristics of the 403 COPD participants according to their α-klotho levels are shown in Table 2. More COPD participants (n = 149) belonged to the Q1 group, indicating that low levels of α-klotho appeared to be more frequent in patients with COPD, while only 133 individuals belonged to the Q2 group and 121 individuals belonged to the Q3 group. The prebronchial diastole FEV1% pred was lower in Q1 (0.73 ± 0.10) than in Q2 (0.74 ± 0.09) and Q3 (0.75 ± 0.10). The postbronchial diastole FEV1% pred was lower in Q1 (0.77 ± 0.08) than in Q2 (0.78 ± 0.08) and Q3 (0.79 ± 0.08). Compared with individuals in the Q2 or Q3 groups, individuals in the Q1 group were more likely to have higher levels of creatinine and leukocytes, lower levels of erythrocytes, and higher proportions of current smokers and drinkers.



TABLE 2 Descriptive analysis of participants with COPD by different klotho levels weighted.
[image: Table2]

Multivariate logistic regression analysis revealed that participants with higher α-klotho concentrations had a lower probability of developing COPD according to both the unadjusted model (OR: 0.97; 95% CI: 0.96–0.98, p < 0.001) and adjusted model (Model I adjust for: age, race, smoke, gender, OR: 0.97; 95% CI: 0.96–0.99, p = 0.0343; model II adjust for: age, gender, creatinine, race, erythrocytes, hemoglobin, smoking status, coronary heart disease, thrombocytes, OR: 0.97; 95% CI: 0.96–0.99, p = 0.0348). Moreover, the association persisted when α-klotho was included in the regression model as a categorical variable. According to the unadjusted model, participants in the Q2 (OR: 0.73; 95% CI: 0.50–0.99, p = 0.0048) and Q3 (OR: 0.58; 95% CI: 0.41–0.86, p = 0.0061) α-klotho layers were less likely to develop COPD than those in the Q1 layer were. These findings remained unchanged in both adjustment Model I (Q2 vs. Q1, OR: 0.80; 95% CI: 0.52–1.21, p = 0.0.2880; Q3 vs. Q1, OR: 0.70; 95% CI: 0.42–0.96, p = 0.0313) and model II (Q2 vs. Q1, OR: 0.77; 95% CI: 0.55–1.18, p = 0.2330; Q3 vs. Q1, OR: 0.63; 95% CI: 0.46–0.95, p = 0.0410; Table 3). Moreover, the forest plot showed that smoking status, male sex, non-Hispanic white race, non-Hispanic black race and older age could be used as independent risk factors (Figure 2).



TABLE 3 Association between klotho levels and the risk of COPD among adults in NHANES 2007–2012.
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FIGURE 2
 The forest plot results of the multivariate logistic regression analysis.


The generalized additive model showed that α-klotho levels were negatively correlated with the risk of COPD with α-klotho levels <1,500 pg./mL. When α-klotho was ≥1,500 pg./mL, the risk of COPD increased as α-klotho levels increased. (Figure 3).
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FIGURE 3
 Association between klotho and risk of COPD using generalized additive model. The risk of COPD is gradually reduced as klotho levels rise.




Discussion

The main finding of this study is that the levels of α-klotho were strongly associated with the incidence of COPD in the general U.S. population. The risk of COPD gradually decreases as α-klotho levels increase with α-klotho levels <1,500 pg./mL in participants over 40 years old. When α-klotho was ≥1,500 pg./mL, the risk of COPD increased as α-klotho levels increased. In individuals with COPD, variations in pulmonary ventilation function (prebronchial diastole FEV1% pred and postbronchial diastole FEV1% pred) and hemocyte counts (leukocytes and erythrocytes) have been observed among patients with differing levels of α-klotho.

Consistent with previous studies, we found that older age, chronic cigarette smoking and male sex were risk factors for COPD (25). Additionally, our study included the anti-aging protein klotho in the analysis. Klotho is a unidirectional transmembrane protein that protects cells from reactive oxygen species and inflammation (26). Deficiencies in the klotho gene increase lifespan, while mutations cause accelerated aging and early death, supporting the idea that this gene is linked to the senescence process (27). Klotho’s anti-inflammatory and antioxidant properties play a major role in several diseases, including nephrotic syndrome (28), hypertension, heart failure (29) and lung carcinoma (30). COPD patients’ alveolar macrophages and airway epithelium showed reduced levels of klotho in previous research (17, 18). A recent study revealed that serum klotho levels were negatively correlated with COPD prevalence (23). Similar findings were obtained in this study, with reduced serum klotho levels in COPD patients. Moreover, the risk of COPD gradually decreased as the klotho concentration increased. However, MS-Patel’s study found that serum Klotho levels were not lower in COPD patients and had no link to quadriceps Klotho protein (31). Maybe it is due to small sample size.

COPD is caused by a combination of genetic and environmental factors that damage the lungs over time. There are several possible explanations for why the risk of COPD gradually decreases as α-klotho levels increase when α-klotho levels are less than 1,500 pg./mL, although the detailed underlying mechanisms are not well understood. Therefore, the first potential explanation for the pathogenesis of COPD is the influence of environmental factors such as cigarette smoking, biomass exposure, occupational exposure (including heavy metal and smoke exposure), and air pollution (comprised of particles, heavy metals, ozone, nitrogen or sulfur oxides, and other greenhouse gases) on α-klotho levels. Several studies have indicated that the serum klotho level is lower in smokers than in nonsmokers (32, 33). By measuring klotho expression in the lungs of COPD patients and in a mouse model of ozone-induced COPD, Wei Gao et al. reported that klotho expression was reduced in the lungs of smokers and further decreased in the lungs of COPD patients, and 6 weeks of ozone exposure reduced klotho levels in airway epithelial cells (17). In our study, we found that COPD individuals with COPD with low levels of klotho (<687 pg./mL) were more likely to be current smokers (p < 0.05). Moreover, klotho overexpression ameliorated lung damage. A study reported that a mouse tubular epithelial cell line was sensitive to the antiapoptotic and antioxidative effects of klotho (34). An in vitro experiment demonstrated that klotho overexpression could reduce tobacco-induced cell damage by decreasing reactive oxygen species (35). However, few studies have shown that klotho levels are elevated in individuals who smoke cigarettes (36). This may be explained by the compensatory effects on oxidative stress and inflammation in smokers. Exposure to heavy metals has been found to be associated with alterations in klotho levels. Donghoon Kim and colleagues discovered a negative correlation between blood lead and levels and serum α-klotho levels in a representative population sample of US adults (37). Cadmium exposure affects Klotho methylation levels, which may impact COPD (38–40). Another study demonstrated a negative correlation between serum α-Klotho levels and urinary thiocyanate levels, a common environmental pollutant (41). Nevertheless, there remain numerous gaps in knowledge, including the potential relationship between klotho and dust or air particles. These gaps need to be filled urgently through research. A second explanation may be the relationship between the levels of klotho and age. Age is frequently regarded as a risk factor for COPD due to the physiological deterioration in lung function that typically occurs with advancing age (42). Numerous studies have demonstrated a decrease in both the expression and circulating levels of klotho with advancing age (43–45). In our investigation, the average age of individuals with klotho levels <687 years was greater in the COPD group than in the other two groups (p > 0.05). However, this disparity did not reach statistical significance, potentially attributable to bias resulting from the limited sample size. Interestingly, the level of circulating klotho appears to be complex. For instance, findings from a systematic review indicated that engaging in physical activity and exercise resulted in elevated levels of circulating klotho (46). Thus, bias may result from many factors. A third explanation may be that klotho affects inflammation and oxidative stress. Chronic inflammation narrows the airways and decreases lung mobility (47). A study showed that both exogenous and endogenous klotho could enhance the capacity to fight oxidative stress in pulmonary epithelia, protecting the lung against hyperoxia- and phototoxicity-induced oxidative damage (26). Stefanie Krick et al. reported that klotho knockout mice developed COPD and exhibited airway inflammation in their lungs, whereas klotho overexpression attenuated airway inflammation (48, 49). However, there is a need for more experimental evidence to support these conjectures.

Our study demonstrated that when the concentration of klotho was greater than 1,500 pg./mL, the risk of COPD increased slightly with increasing klotho. This may be because they compensate for oxidative stress and inflammation. Some studies have shown that increased klotho might be related to the augmentation of inflammatory responses and oxidative damage. Candelaria Martín-González et al. reported that the level of klotho increased in response to increased TNF-α, a proinflammatory cytokine (50). Abdelmalik et al. reported that in septic shock disease, increased klotho levels were related to mortality (51). Alvarez-Cienfuegos et al. reported that in rheumatoid arthritis patients, the levels of klotho were high (52). Therefore, an increase in klotho was observed under certain inflammatory conditions.

In addition, our study revealed that individuals with COPD from the Q1 group, compared with those from the Q2 or Q3 groups, were more likely to have lower levels of erythrocytes and higher levels of leukocytes and creatinine (p < 0.05). Our results revealed a correlation between klotho and hemocyte counts (leukocytes and erythrocytes), consistent with previous research findings (53–56). Our research also revealed that individuals with COPD from the Q1 group were more likely to have lower prebronchial diastole FEV1% pred and postbronchial diastole FEV1% pred than those from the Q2 or Q3 groups. However, Haiyan Mao’s research found a positive relationship between klotho and FeNO, as well as a correlation between klotho levels and lung function (57). At present, research on the effect of klotho on pulmonary ventilation function in COPD patients is relatively rare. This association needs further investigation to verify its causality.

Our study has a few limitations. (1) Because this study was retrospective, it may have been prone to selection and information bias, and we cannot determine a causal relationship between α-klotho and COPD. It is necessary to conduct prospective and cohort studies involving a much larger population. (2) There may still be potentially confounding factors affecting the association between COPD incidence and α-klotho levels. (3) The study findings may only be generalized to subjects aged ≥40 years. (4) This study does not consider the interventions, encompassing both therapeutic and non-therapeutic measures, that are likely to influence klotho levels.



Conclusion

Compared with those with COPD, healthy individuals retain a greater level of α-klotho. A U-shaped relationship between α-klotho and the risk of COPD was found in our study. In addition, significant differences in pulmonary ventilation function and hemocyte counts were observed among COPD patients with differing levels of α-klotho.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: http://www.cdc.gov/nchs/nhanes/.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

DY: 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 supported by the Scientific Research Foundation of Jinhua Municipal Central Hospital (JY2021-2-02).



Acknowledgments

I would thank all the participants involved in the study. We would like to express our gratitude for financial support from the Scientific Research Foundation of Jinhua Municipal Central Hospital (JY2021-2-02).



Conflict of interest

The author declares 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.



Footnotes

1   
http://www.cdc.gov/nchs/nhanes/


2   
http://www.cdc.gov/nchs/nhanes/




Abbreviations


COPD, chronic obstructive pulmonary disease; BMI, body mass index; LDH, lactate dehydrogenase; CKD, chronic kidney disease.



References

 1. Lortet-Tieulent, J, Soerjomataram, I, López-Campos, JL, Ancochea, J, Coebergh, JW, and Soriano, JB. International trends in Copd mortality, 1995-2017. Eur Respir J. (2019) 54:1901791. doi: 10.1183/13993003.01791-2019 

 2. Adeloye, D, Chua, S, Lee, C, Basquill, C, Papana, A, Theodoratou, E , et al. Global and regional estimates of Copd prevalence: systematic review and Meta-analysis. J Glob Health. (2015) 5:020415. doi: 10.7189/jogh.05.020415 

 3. Wang, C, Xu, J, Yang, L, Xu, Y, Zhang, X, Bai, C , et al. Prevalence and risk factors of chronic obstructive pulmonary disease in China (the China pulmonary health [Cph] study): a National Cross-Sectional Study. Lancet (London, England). (2018) 391:1706–17. doi: 10.1016/s0140-6736(18)30841-9

 4. Pauwels, RA, Buist, AS, Calverley, PM, Jenkins, CR, and Hurd, SS. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease. Nhlbi/who global initiative for chronic obstructive lung disease (gold) workshop summary. Am J Respir Crit Care Med. (2001) 163:1256–76. doi: 10.1164/ajrccm.163.5.2101039

 5. Brightling, C, and Greening, N. Airway inflammation in Copd: Progress to precision medicine. Eur Respir J. (2019) 54:1900651. doi: 10.1183/13993003.00651-2019 

 6. Bailey, MA, and Holscher, HD. Microbiome-mediated effects of the Mediterranean diet on inflammation. Advan Nutrition (Bethesda, Md). (2018) 9:193–206. doi: 10.1093/advances/nmy013 

 7. Obernolte, H, Niehof, M, Braubach, P, Fieguth, HG, Jonigk, D, Pfennig, O , et al. Cigarette smoke alters inflammatory genes and the extracellular matrix - investigations on viable sections of peripheral human lungs. Cell Tissue Res. (2022) 387:249–60. doi: 10.1007/s00441-021-03553-1 

 8. Mercado, N, Ito, K, and Barnes, PJ. Accelerated ageing of the lung in Copd: new concepts. Thorax. (2015) 70:482–9. doi: 10.1136/thoraxjnl-2014-206084 

 9. MacNee, W. Is chronic obstructive pulmonary disease an accelerated aging disease? Ann Am Thorac Soc. (2016) 13:S429–37. doi: 10.1513/AnnalsATS.201602-124AW

 10. Vij, N, Chandramani-Shivalingappa, P, Van Westphal, C, Hole, R, and Bodas, M. Cigarette smoke-induced autophagy impairment accelerates lung aging, Copd-emphysema exacerbations and pathogenesis. Am J Phys Cell Phys. (2018) 314:C73–c87. doi: 10.1152/ajpcell.00110.2016 

 11. Provinciali, M, Cardelli, M, and Marchegiani, F. Inflammation, chronic obstructive pulmonary disease and aging. Curr Opin Pulm Med. (2011) 17:S3–S10. doi: 10.1097/01.mcp.0000410742.90463.1f

 12. Kuro-o, M, Matsumura, Y, Aizawa, H, Kawaguchi, H, Suga, T, Utsugi, T , et al. Mutation of the mouse klotho gene leads to a syndrome resembling ageing. Nature. (1997) 390:45–51. doi: 10.1038/36285 

 13. Iida, RH, Kanko, S, Suga, T, Morito, M, and Yamane, A. Autophagic-lysosomal pathway functions in the masseter and tongue muscles in the klotho mouse, a mouse model for aging. Mol Cell Biochem. (2011) 348:89–98. doi: 10.1007/s11010-010-0642-z 

 14. Suga, T, Kurabayashi, M, Sando, Y, Ohyama, Y, Maeno, T, Maeno, Y , et al. Disruption of the klotho gene causes pulmonary emphysema in mice. Defect in maintenance of pulmonary integrity during postnatal life. Am J Respir Cell Mol Biol. (2000) 22:26–33. doi: 10.1165/ajrcmb.22.1.3554

 15. Masuda, H, Chikuda, H, Suga, T, Kawaguchi, H, and Kuro-o, M. Regulation of multiple ageing-like phenotypes by inducible klotho gene expression in klotho mutant mice. Mech Ageing Dev. (2005) 126:1274–83. doi: 10.1016/j.mad.2005.07.007 

 16. Maremanda, KP, Sundar, IK, Li, D, and Rahman, I. Age-dependent assessment of genes involved in cellular senescence, telomere, and mitochondrial pathways in human lung tissue of smokers, Copd, and Ipf: associations with Sars-Cov-2 Covid-19 Ace2-Tmprss2-Furin-Dpp4 Axis. Front Pharmacol. (2020) 11:584637. doi: 10.3389/fphar.2020.584637 

 17. Gao, W, Yuan, C, Zhang, J, Li, L, Yu, L, Wiegman, CH , et al. Klotho expression is reduced in Copd airway epithelial cells: effects on inflammation and oxidant injury. Clin Sci (Lond). (2015) 129:1011–23. doi: 10.1042/cs20150273

 18. Li, L, Wang, Y, Gao, W, Yuan, C, Zhang, S, Zhou, H , et al. Klotho reduction in alveolar macrophages contributes to cigarette smoke extract-induced inflammation in chronic obstructive pulmonary disease. J Biol Chem. (2015) 290:27890–900. doi: 10.1074/jbc.M115.655431 

 19. Sugiyama, Y, Asai, K, Yamada, K, Kureya, Y, Ijiri, N, Watanabe, T , et al. Decreased levels of Irisin, a skeletal muscle cell-derived Myokine, are related to emphysema associated with chronic obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis. (2017) 12:765–72. doi: 10.2147/copd.S126233 

 20. Kureya, Y, Kanazawa, H, Ijiri, N, Tochino, Y, Watanabe, T, Asai, K , et al. Down-regulation of soluble Α-klotho is associated with reduction in serum Irisin levels in chronic obstructive pulmonary disease. Lung. (2016) 194:345–51. doi: 10.1007/s00408-016-9870-7 

 21. Bucci, L, Yani, SL, Fabbri, C, Bijlsma, AY, Maier, AB, Meskers, CG , et al. Circulating levels of Adipokines and Igf-1 are associated with skeletal muscle strength of young and old healthy subjects. Biogerontology. (2013) 14:261–72. doi: 10.1007/s10522-013-9428-5 

 22. Boeselt, T, Nell, C, Lütteken, L, Kehr, K, Koepke, J, Apelt, S , et al. Benefits of high-intensity exercise training to patients with chronic obstructive pulmonary disease: a controlled study. Respiration; Int Rev Thoracic Dis. (2017) 93:301–10. doi: 10.1159/000464139 

 23. Shi, Y, Xu, Z, Pu, S, Xu, K, Wang, Y, and Zhang, C. Association between serum klotho and chronic obstructive pulmonary disease in us middle-aged and older individuals: a cross-sectional study from Nhanes 2013-2016. Int J Chron Obstruct Pulmon Dis. (2024) 19:543–53. doi: 10.2147/copd.S451859 

 24. Johnson, CL, Paulose-Ram, R, Ogden, CL, Carroll, MD, Kruszon-Moran, D, Dohrmann, SM , et al. National Health and nutrition examination survey: analytic guidelines, 1999-2010. Vital and health statistics Series 2, Data evaluation and methods research. (2013) 161:1–24.

 25. Mannino, DM, and Buist, AS. Global burden of Copd: risk factors, prevalence, and future trends. Lancet (London, England). (2007) 370:765–73. doi: 10.1016/s0140-6736(07)61380-4 

 26. Ravikumar, P, Ye, J, Zhang, J, Pinch, SN, Hu, MC, Kuro-o, M , et al. Α-klotho protects against oxidative damage in pulmonary epithelia. Am J Phys Lung Cell Mol Phys. (2014) 307:L566–75. doi: 10.1152/ajplung.00306.2013 

 27. Kurosu, H, Yamamoto, M, Clark, JD, Pastor, JV, Nandi, A, Gurnani, P , et al. Suppression of aging in mice by the hormone klotho. Science (New York, NY). (2005) 309:1829–33. doi: 10.1126/science.1112766 

 28. Tomo, S, Birdi, A, Yadav, D, Chaturvedi, M, and Sharma, P. Klotho: a possible role in the pathophysiology of nephrotic syndrome. Ejifcc. (2022) 33:3–10.

 29. Tyurenkov, IN, Perfilova, VN, Nesterova, AA, and Glinka, Y. Klotho protein and cardio-vascular system. Biochemistry Biokhimiia. (2021) 86:132–45. doi: 10.1134/s0006297921020024 

 30. Brominska, B, Gabryel, P, Jarmołowska-Jurczyszyn, D, Janicka-Jedyńska, M, Kluk, A, Trojanowski, M , et al. Klotho expression and nodal involvement as predictive factors for large cell lung carcinoma. Archives of medical Sci: AMS. (2019) 15:1010–6. doi: 10.5114/aoms.2018.75889 

 31. Patel, MS, Donaldson, AV, Lewis, A, Natanek, SA, Lee, JY, Andersson, YM , et al. Klotho and smoking--an interplay influencing the skeletal muscle function deficits that occur in Copd. Respir Med. (2016) 113:50–6. doi: 10.1016/j.rmed.2016.02.004

 32. Onmaz, M, Demirbas, N, Eryavuz Onmaz, D, Kutlu, R, and Unlu, A. Effect of cigarette smoking on serum Methylarginine and Α-klotho levels. Nutr Metab Cardiovasc Dis. (2023) 33:602–9. doi: 10.1016/j.numecd.2022.12.020

 33. Du, R, Tang, X, Jiang, M, Qian, S, Yang, L, Tong, X , et al. Association between cigarette smoking and serum alpha klotho levels among us adults over 40-years-old: a cross-sectional study. Sci Rep. (2023) 13:19519. doi: 10.1038/s41598-023-46698-5 

 34. Shen, Y, Yan, Y, Lu, L, Qian, Y, Guan, X, Zhang, L , et al. Klotho ameliorates hydrogen peroxide-induced oxidative injury in Tcmk-1 cells. Int Urol Nephrol. (2018) 50:787–98. doi: 10.1007/s11255-017-1765-x 

 35. Blake, DJ, Reese, CM, Garcia, M, Dahlmann, EA, and Dean, A. Soluble extracellular klotho decreases sensitivity to cigarette smoke induced cell death in human lung epithelial cells. Toxicol in vitro: Int J Pub Assoc BIBRA. (2015) 29:1647–52. doi: 10.1016/j.tiv.2015.06.019 

 36. Solak, I, Guney, I, Kurku, H, Gederet, YT, and Eryilmaz, MA. Changes in and the relationships between alpha-klotho, oxidative stress, and systemic inflammation in cigarette smokers. Niger J Clin Pract. (2023) 26:1547–51. doi: 10.4103/njcp.njcp_242_23 

 37. Kim, D, Lee, S, Choi, JY, Lee, J, Lee, HJ, Min, JY , et al. Association of Α-klotho and Lead and cadmium: a cross-sectional study. Sci Total Environ. (2022) 843:156938. doi: 10.1016/j.scitotenv.2022.156938 

 38. Yu, D, Zhang, L, Yu, G, Nong, C, Lei, M, Tang, J , et al. Association of Liver and Kidney Functions with klotho gene methylation in a population environment exposed to cadmium in China. Int J Environ Health Res. (2020) 30:38–48. doi: 10.1080/09603123.2019.1572106 

 39. Qiu, J, Liu, X, Yang, G, Gui, Z, and Ding, S. Mir-29b level-mediated regulation of klotho methylation via Dnmt3a targeting in chronic obstructive pulmonary disease. Cells Develop. (2023) 174:203827. doi: 10.1016/j.cdev.2023.203827 

 40. Qiu, J, Zhang, YN, Zheng, X, Zhang, P, Ma, G, and Tan, H. Notch promotes Dnmt-mediated Hypermethylation of klotho leads to Copd-related inflammation. Exp Lung Res. (2018) 44:368–77. doi: 10.1080/01902148.2018.1556749 

 41. Yao, Y, He, GY, Wu, XJ, Wang, CP, Luo, XB, Zhao, Y , et al. Association between environmental exposure to perchlorate, nitrate, and thiocyanate and serum Α-klotho levels among adults from the National Health and nutrition examination survey (2007-2014). BMC Geriatr. (2022) 22:740. doi: 10.1186/s12877-022-03444-2 

 42. Venkatesan, P. Gold Copd report: 2024 update. Lancet Respir Med. (2024) 12:15–6. doi: 10.1016/s2213-2600(23)00461-7 

 43. Buchanan, S, Combet, E, Stenvinkel, P, and Shiels, PG. Klotho, aging, and the failing kidney. Front Endocrinol. (2020) 11:560. doi: 10.3389/fendo.2020.00560 

 44. Prud'homme, GJ, Kurt, M, and Wang, Q. Pathobiology of the klotho antiaging protein and therapeutic considerations. Front Aging. (2022) 3:931331. doi: 10.3389/fragi.2022.931331 

 45. Aczel, D, Torma, F, Jokai, M, McGreevy, K, Boros, A, Seki, Y , et al. The circulating level of klotho is not dependent upon physical fitness and age-associated methylation increases at the promoter region of the klotho gene. Genes (Basel). (2023) 14: 525. doi: 10.3390/genes14020525 

 46. Veronesi, F, Borsari, V, Cherubini, A, and Fini, M. Association of Klotho with physical performance and frailty in middle-aged and older adults: a systematic review. Exp Gerontol. (2021) 154:111518. doi: 10.1016/j.exger.2021.111518

 47. Agarwal, AK, Raja, A, and Brown, BD. Chronic Obstructive Pulmonary Disease. In: StatPearls. Treasure Island (FL): StatPearls Publishing. (Accessed August 7, 2023).

 48. Krick, S, Grabner, A, Baumlin, N, Yanucil, C, Helton, S, Grosche, A , et al. Fibroblast growth factor 23 and klotho contribute to airway inflammation. Eur Respir J. (2018) 52:1800236. doi: 10.1183/13993003.00236-2018 

 49. Nakanishi, K, Nishida, M, Yamamoto, R, Koseki, M, Moriyama, T, and Yamauchi-Takihara, K. An implication of klotho-related molecules in different smoking-related health outcomes between men and women. Clinica chimica acta; Int J Clin Chem. (2018) 476:44–8. doi: 10.1016/j.cca.2017.11.007 

 50. Martín-González, C, Espelosín-Ortega, E, Abreu-González, P, Fernández-Rodríguez, C, Vera-Delgado, VE, González-Navarrete, L , et al. Klotho levels and their relationship with inflammation and survival among alcoholic patients. Biomol Ther. (2022) 12:1151. doi: 10.3390/biom12081151 

 51. Abdelmalik, PA, Stevens, RD, Singh, S, Skinner, J, Carhuapoma, JR, Noel, S , et al. Anti-aging factor, serum alpha-klotho, as a marker of acute physiological stress, and a predictor of Icu mortality, in patients with septic shock. J Crit Care. (2018) 44:323–30. doi: 10.1016/j.jcrc.2017.11.023 

 52. Alvarez-Cienfuegos, A, Cantero-Nieto, L, Garcia-Gomez, JA, Robledo, G, González-Gay, MA, and Ortego-Centeno, N. Fgf23-klotho Axis in patients with rheumatoid arthritis. Clin Exp Rheumatol. (2020) 38:50–7. doi: 10.1016/j.jocd.2019.03.008 

 53. Wu, SE, and Chen, WL. Soluble klotho as an effective biomarker to characterize inflammatory states. Ann Med. (2022) 54:1520–9. doi: 10.1080/07853890.2022.2077428 

 54. Martín-Núñez, E, Donate-Correa, J, Ferri, C, López-Castillo, Á, Delgado-Molinos, A, Hernández-Carballo, C , et al. Association between serum levels of klotho and inflammatory cytokines in cardiovascular disease: a case-control study. Aging. (2020) 12:1952–64. doi: 10.18632/aging.102734 

 55. Kempe, DS, Ackermann, TF, Fischer, SS, Koka, S, Boini, KM, Mahmud, H , et al. Accelerated suicidal erythrocyte death in klotho-deficient mice. Arch Eur J Physiol. (2009) 458:503–12. doi: 10.1007/s00424-009-0636-4 

 56. Vadakke Madathil, S, Coe, LM, Casu, C, and Sitara, D. Klotho deficiency disrupts hematopoietic stem cell development and erythropoiesis. Am J Pathol. (2014) 184:827–41. doi: 10.1016/j.ajpath.2013.11.016 

 57. Mao, H, Xie, Z, Huang, S, Shen, X, Jin, S, Lin, T , et al. Analysis of the correlation between serum klotho and Feno: a cross-sectional study from Nhanes (2007-2012). BMC Pulm Med. (2024) 24:61. doi: 10.1186/s12890-024-02864-7 


Copyright
 © 2024 Yan. 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/fmed-11-1361922-t002.jpg
Variables

Demographic characteristic
Age
Gender (%)
Male
Female
Race
Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Other Race
Education
Less than 9th grade
9-11th grade
High school graduate
Some college or AA degree
College graduate or above
Smoking status
Never smokers
Current smokers
Former smokers
Current drinking status
Drinking
Non-drinking
Hypertension
No
Yes
Diabetes
No
Yes
Do not know
Chronic heart disease
No
Yes
Do not know
BMI
HEIGHT
WEIGHT
Laboratory parameters
Creatinine(mg/dl)
Total cholesterol (mg/dl)
Triglycerides(mg/dl)
Leukocytes(1079/L)
Erythrocytes(10A12/1)
Hemoglobin(g/dL)
“Thrombocytes(10°9/L)
Albumin(g/1)
Lung function

Prebronchial diastole FEV1

Prebronchial diastole FVC.

Prebronchial diastole FEV1/FVC
Postbronchial diastole FEV1/FVC
Prebronchial diastole FEV1% pred

Postbronchial diastole FEV1% pred

62.50£10.02

32 (21.48%)

117 (78.52%)

6(4.03%)
5(3.36%)
103 (69.13%)
29(19.46%)

6(4.03%)

11(7.38%)
31(20.81%)
37 (24.83%)
38 (25.50%)

32 (21.48%)

26(17.45%)
72 (48.32%)

51(34.23%)

22(14.77%)

127 (85.23%)

81(54.36%)

68 (45.64%)

132 (88.59%)
15 (10.07%)

2(1.34%)

139 (93.29%)
7 (4.70%)
3(201%)

27324489

172914838

81.98£17.16

1064066
19899:+41.96
158.89£102.89
7284188
4614051
1448129
247.2145678

421030

2518.964728.55
4049.17£ 103851
412405£1011.62
262122472056
062007
0.63£0.06
0.73£0.10

0.77:£0.08

687-900

N=133

61351072

32(24.06%)

101 (75.94%)

7(5.26%)
4(3.01%)
98 (73.68%)
17(12.78%)

7(5.26%)

12(9.02%)
17 (12.78%)
34/(25.56%)
42 (31.58%)

28 (21.05%)

30 (22.56%)
51(38.35%)
52(39.10%)

24(18.05%)

109 (81.95%)

74 (55.64%)

59 (44.36%)

117 (87.97%)
13(9.77%)

3(2.26%)

118 (88.72%)
12/(9.02%)
3 (2.26%)

27.7425.10

17243959

83182028

096019
200.61£46.90
157.30£88.57
7.2042.05
4744045
1478135
239.52469.16

4224029

2547.59+787.24
4094.00£1105.99
415358+ 1116.05
2673.92£809.18
0.62:£0.06
0.64:£0.06
0.74:£0.09

0.78+0.08

61371011

41(33.88%)

80 (66.12%)

8(6.61%)
9 (7.44%)
79 (65.29%)
21(17.36%)

4(331%)

7(5.79%)
20(16.53%)
35(28.93%)
28 (23.14%)
31(25.62%)

42 (34.71%)
32(26.45%)

47 (38.84%)

34(28.10%)

87 (71.90%)

74 (61.16%)

47 (38.84%)

96 (79.34%)
21(17.36%)

4(331%)

113 (93.39%)
8(6.61%)
0(0.00%)
8112614

16999+ 10.18

812141862

0924018
194994116
16275£117.27
6834178
4704049
1461157
2428146165

4264032

2365.16£830.47
3832.164127127
3891314125104
2463.15£82831
0624007
0.63:£0.06
0.75£0.10

0794008

0519

0057

0486

0581

0.002

0.02

0.504

0215

0311

082
0.061

0.565

0.032
0403
0.709
0.033
0013
0.064
026

0499

0058
0.06
0058
0053
0714
0816
0.041

0.042





OPS/images/fmed-11-1361922-t003.jpg
Adjust Il

OR (95%Cl)

Non- Adjust |
adjusted OR (95%Cl)
OR (95%Cl)
097 (0.96,098) .97 (0.96,099)
Kloth(pg/mi)
0.0002 00343
Kloth Tertile(pg/ml)
Q1<687 Reference Reference
0.73(050,099)  0.80(0.52,1.21)
Q2687-900
0.0048 02850
058 (0.41, 0.86) 0.70 (0.42, 0.96)
Q32900

0.0061 00313

097 (0.96,0.99)
0.0348

Reference
0.77(0.50,1.18)
0.2330

0.63(0.46,095)
00410

Model I adjust for:age, ace, smoke, gender. Model 11 adjust for: age, gender, creatinine, race,
erythrocytes, hemoglobin, smoking status, coronary heart disease, thrombocytes.





OPS/images/fmed-11-1361922-g003.jpg
£
]
2

04

02

1000

1500 2000
Klotho(pg/ml)

2500

3000





OPS/images/fmed-11-1361922-t001.jpg
Variables Non-COPD COPD

N =273 N=403

Demographic characteristic

Age 569341027 6178£1027 <0001
Gender (%) <0.001

Male 146 (5348%) | 298 (73.95%)

Female 127(4652%) 105 (26.05%)

Race <0.001

Mexican American 37 (1355%) 21 (521%)

Other Hispanic 21(7.69%) 18 (4.47%)

Non-Hispanic White 163 (5971%) 280 (69.48%)

Non-Hispanic Black 39 (14.29%) 67 (1663%)

Other Race 13 (4.76%) 17 (4.22%)

Education 0.164

Less than 9th grade 32(11.72%) 30(7.44%)

9-11th grade 40 (14.65%) 68 (16.87%)

High school graduate 56(20.51%) 106 (26.30%)

Some college or AA degree | 77 (28.21%) 108 (26.80%)

College graduate or above 68 (24.91%) 91(22.58%)

BMI 27404553 27704536 0482
Smoking status <0.001

Never smokers 124 (45.42%) 98 (24.32%)

Current smokers 85 (31.14%) 155 (38.46%)

Former smokers 64(23.44%) 150 (37.22%)

Current drinking status 0389
47 (17.22%) 80 (19.85%)

Non-drinking 226(8278%) 323 (80.15%)
Hypertension 0.089

No 173 (6337%) | 229(56.82%)

Yes 100 (36.63%) 174 (43.18%)

Diabetes 0516

No 229(83.88%) | 345 (85.61%)

Yes. 40 (14.65%) 49 (12.16%)

Do not know 4(147%) 9(2.23%)

Chronic heart disease 0032

No 264(9670%) 370 (91.81%)

Yes 8(293%) 27(6.70%)

Do not know 1(037%) 6(1.49%)

Laboratory parameters
Kloth Tertile(pg/ml) 0023

<687 76 (27.84%) 149 (36.97%)

687-900 92(33.70%) 133 (33.00%)

2900 105 (38.46%) 121(30.02%)
Kloth(pg/mi) 863.09+267.13 | 8175130220 0044
Creatinine(mg/dl) 091£0.25 0.98:+0.43 0016
Total cholesterol (mg/dl) 1997944179 | 198334337 0661
Triglycerides(mg/dl) 15560411540 | 1595210288 0644
Uric acid(mg/dI) 5.59+3.07 5834136 0.161
Albumin(g/l) 4254029 4233030 0266
Leukocyte(10/9/L) 7034235 7124191 0578
Erythrocytes(10A12/L) 4614044 4694049 0029
Hemoglobin(g/dL) 14284147 1462140 0003
Thrombocytes(10°9/L) 2539047604 | 2433586247 0049
Lung function
Prebronchial diastole
Fovin 087017 081£020 <0.001
Hoshroncikldlesieis 0912017 085019 <0.001

FEVI1%





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between α-klotho levels and adults with COPD in the United States



		Introduction



		Materials and methods



		Data source



		Study covariates



		Serum α-klotho concentrations



		Statistical analysis









		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		Abbreviations



		References



















OPS/images/fmed-11-1361922-g001.jpg
Participants from NHANES
2007-2012(n-30442)

Analytic sample(

Excluded
1 Missing information on
lung function parameters
(n-8360)

2. Missing Klotho
information (n-22082)

COPD
N-403

Non-COPD
N=273






OPS/images/fmed-11-1361922-g002.jpg
Forest Plot

Klotho(pg/ml)

<687 1

687-900 —— 0.7 (050, 1.18) 0.233

2900 —_— 0.63(0.46,0.95) 0.041
Age " 1.06 (1.04, 1.08) 0.001
Gender

Male 1

Female —_— 0.4 (0.29, 0.68) 0.001
Creatinine(mg/dl) —_— 093 (056, 1.60) 0.763
Race

Mexican American 1

Other Hispanic 1.48(0.60, 3.64) 0.392

Non-Hispanic White ————————————————— 3.00(1.60,5.76) 0.001

Non-Hispanic Black ——————————————————————— 280(1.34,5.97) 0.007

Non-Hispanic Asian 235 (0.8, 6.47) 0.092
Erythrocytes(10*12/L) —_— 1.42(0.81, 2.54) 0.224
Hemoglobin(g/dl) — 094 (0.77,1.14) 0525
Smoking status

Never smokers 1

Current smokers — 1.64 (1.09, 2.49) 0.018

Former smokers —————————————— 347 (2.23,5.47) 0001
Coronary heart disease

No 1

Yes 1.37 (0.62, 3.37) 0.460

Do not know 261(0.38, 52.63 0.401
Thrombocytes(10"9/L) 1.00 (1.00, 1.00) 0.939

r T

wd

0 05 il 15 2 25 3 35





OPS/images/cover.jpg
’ frontiers = Frontiers in Medicine

Association between a-klotho
levels and adults with COPD in
the United States












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






