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Objective: Chronic obstructive pulmonary disease (COPD) and chronic kidney disease (CKD) are significant global health issues with a well-established association between the two. This study aims to assess the risk of developing CKD in patients with COPD through systematic review and meta-analysis, and to explore the impact of CKD on the prognosis of COPD patients.

Methods: A total of 23 studies were included in the analysis, comprising 11 studies on the risk of CKD in patients with COPD, 6 studies on the impact of CKD on the short-term all-cause mortality risk of patients with acute exacerbation of COPD (AECOPD), and 6 studies on the impact of CKD on the long-term all-cause mortality risk of COPD patients. The meta-analysis showed that the risk of developing CKD in COPD patients was significantly increased (OR 1.54, 95% CI: 1.28–1.84), and CKD significantly increased the short-term all-cause mortality risk in AECOPD patients (OR 1.53, 95% CI: 1.44–1.63) as well as the long-term all-cause mortality risk in COPD patients (OR 1.70, 95% CI: 1.35–2.15).

Results: We searched the PubMed, EMBASE, and Cochrane Library databases in accordance with the PRISMA guidelines, including studies from the inception of the databases through December 31, 2023, to identify research assessing the relationship between COPD and CKD. The quality of the studies was assessed using the Newcastle-Ottawa Scale (NOS). Data were analyzed using either a random effects model or a fixed effects model for the meta-analysis.

Conclusion: This study establishes a significant association between COPD and CKD and reveals the adverse impact of CKD on the prognosis of COPD patients, which may provide important guidance for clinical practice.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/.
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1 Introduction

Chronic obstructive pulmonary disease (COPD) is a global public health challenge, with both its incidence and mortality rates on the rise. According to World Health Organization data, in 2019, there were 213.23 million people globally with COPD. This condition resulted in 3.3 million deaths, accounting for 6% of total global deaths. Notably, 90% of these deaths occurred in low-and middle-income countries, placing a significant burden on national healthcare resources. With the intensification of population aging and the extension of life expectancy, the incidence and mortality rates of COPD are expected to continue to increase (1). In addition to progressive lung function impairment, COPD patients often experience systemic complications, including hypertension, diabetes, lung cancer, pulmonary embolism, and pulmonary hypertension (2–5). Among these complications, chronic kidney disease (CKD) has emerged as a significant comorbidity that poses challenges to public health strategies for the older adult population.

CKD is a progressive kidney disease that leads to a decline in renal function, potentially developing into end-stage renal disease (ESRD), which requires dialysis or kidney transplantation (6). Currently, the estimated global prevalence of CKD is about 10%, and this proportion is expected to continue to rise with the aging global population (7). An increasing number of observational studies have shown that the incidence of CKD is closely related to the prevalence of COPD, and research in this area has gradually attracted widespread academic attention.

A German epidemiological study found that the risk of CKD in COPD patients is significantly higher than in the non-COPD population (8). A case–control study from Taiwan also demonstrated that among the middle-aged and older adult population, the prevalence of CKD in COPD patients increased significantly, with an adjusted hazard ratio of 1.61 (p < 0.0001) (9). However, some studies have not observed this phenomenon (10–12).

Previous meta-analyses have discussed the prevalence of CKD in patients with COPD but did not fully consider the impact of confounding factors such as age, gender, comorbidities, and smoking. The prognostic implications of CKD in COPD patients remain unclear (13). This study aims to comprehensively evaluate the association between COPD and CKD, clarify the risk of CKD in patients with COPD, and explore the impact of CKD on the prognosis of these patients through systematic review and meta-analysis. By conducting comprehensive literature searches and strict screenings, we hope to provide more reliable evidence to support clinical practice and a scientific basis for public health strategies in aging societies. We will systematically assess the risk of CKD in patients with COPD, as well as the mortality risks associated with COPD, acute exacerbation of COPD (AECOPD), and CKD, to fully explore the relationship between the two.



2 Method


2.1 Literature retrieval

This study adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (14). A protocol has been registered with PROSPERO under the registration number CRD42024502706.

We conducted a systematic search of literature published in PubMed, EMBASE, and the Cochrane Library from the inception of these databases to December 31, to identify studies assessing the association between COPD and CKD. The search strategy employed keywords such as “chronic obstructive pulmonary disease” and “chronic kidney disease,” optimized with Boolean operators (see Supplementary Table S1 for details). In addition, we manually searched the reference lists of included studies to identify any potentially missed studies.



2.2 Inclusion and exclusion criteria

Inclusion criteria: (1) Studies eligible for inclusion include cohort studies, case–control studies, and cross-sectional studies; (2) Provide relevant data between COPD and CKD, such as COPD-CKD risk, CKD-COPD risk, COPD-CKD mortality risk, and AECOPD-CKD mortality risk; (3) The diagnosis of COPD must be clear and confirmed by pulmonary function testing or COPD diagnosis codes in medical records; (4) CKD diagnosis must be clearly defined and confirmed by renal function tests or CKD diagnostic codes in medical records.

Exclusion criteria: (1) Duplicate publications, non-human studies, non-English literature, case reports, reviews, meta-analyses, and conference papers; (2) If there are multiple publications in the same cohort, select the most recently published data; (3) Full-text literature that cannot be obtained; (4) Observational groups and control groups have other diseases that may lead to poor prognosis (such as hypertension, coronary heart disease, etc.).



2.3 Data extraction and quality assessment

Two researchers (Liu and Ma) independently screened the literature abstracts and conducted comprehensive full-text reviews to verify their eligibility for inclusion. In case of dispute, a third independent author (Ding) made the final decision. The following information was extracted from the included studies: author, publication year, country, sample size, study design type, patient baseline characteristics, disease diagnosis methods, and related risk data (HR, RR, OR). We used the Newcastle-Ottawa Scale (NOS) to assess the quality of the studies, considering studies with NOS scores ≥7 as high quality.



2.4 Data pooling and analysis

HR, RR, and OR were extracted from the included literature and uniformly quantified as OR (15). A meta-analysis was performed using random-effects or fixed-effects models to assess the mutual impact between COPD and CKD. Forest plots were drawn to visually present the combined results of the studies, and the I2 statistic was used to assess the heterogeneity of the included studies. When significant heterogeneity was found (p < 0.1 or I2 > 50%), the random-effects model was used; otherwise, the fixed-effects model was used (16). When significant heterogeneity was present, subgroup analysis was also conducted to explore the sources of heterogeneity. Sensitivity analysis was performed to detect whether the combined results were significantly affected by a single study, and funnel plots and Egger’s test were used to assess publication bias. All analyses were performed using STATA 15.1 statistical software.




3 Results


3.1 Literature retrieval

Using the search strategy, we initially identified 9,401 articles. After excluding 2,146 duplicates, we conducted a preliminary screening of the titles and abstracts of the remaining 7,257 articles, eliminating 6,045 irrelevant studies. We then performed a full-text review of the remaining 133 articles and ultimately identified 23 articles that met the inclusion criteria (refer to Figure 1 for the study selection process).
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FIGURE 1
 Study selection process diagram.




3.2 Basic characteristics of included studies

A total of 23 articles were included, of which 11 examined the risk of CKD in patients with COPD compared to the non-COPD population (8–12, 17–22) (Supplementary Table S2). Six studies assessed the impact of CKD on the short-term all-cause mortality risk in patients with AECOPD (23–28), and another six studies focused on the long-term all-cause mortality risk in COPD patients (Supplementary Table S3) (29–34). These studies encompassed various geographical locations and demographic characteristics, offering a comprehensive perspective. In the 11 studies on the risk of CKD occurrence in COPD, 4 were retrospective cohort studies (8, 9, 19, 20), 2 were case–control studies (10, 21), and 5 were cross-sectional studies (11, 12, 17, 18, 22). Five studies’ data were derived from healthcare databases, with included populations having medical visit records (including outpatient, emergency, and inpatient records) (8–10, 17, 21), four studies’ data were from large-scale population health surveys (11, 12, 18, 22), one study’s data were from a medical center’s health examination population (19), and one study’s data were from outpatients (20). The final results of these studies largely adjusted for risk factors such as age, gender, and comorbidities, but there were still 3 studies that used univariate regression analysis data (8, 10, 20).

Among the studies investigating COPD prognosis, six cohorts reported short-term outcomes for hospitalized patients with AECOPD: four studies assessed in-hospital mortality (23–25, 27), one focused on death within 28 days of admission (26), and one reported mortality within 3 months (28). Furthermore, six cohorts examined the long-term prognosis risk for COPD patients over a duration exceeding 1 year. Among these six cohorts, four studies utilized data from COPD patients enrolled in prospective cohorts established by medical research institutions (29, 31, 32, 34), while the other two studies used data from retrospective cohorts constructed from patient data in medical databases (30, 33).



3.3 Quality assessment

The studies included in the research were assessed using the NOS score, with the majority being high-quality studies (score > 6.0), and only one study considered to be of moderate quality (NOS score of 6 points).



3.4 Data analysis


3.4.1 The impact of COPD on the risk of CKD

In the 11 studies assessing the risk of CKD in patients with COPD, the odds ratio (OR) for CKD occurrence in COPD patients compared to the normal population was combined using a random effects model: OR 1.54 (95% confidence interval [CI]: 1.28–1.84, I2 = 97.7%, p = 0.000) (see Figure 2A). A sensitivity analysis was conducted by systematically excluding one study at a time and recalculating the combined OR values for the remaining studies. It was found that three studies Greulich et al. (8), Arora et al. (10), and Baty, 2013 (21) significantly influenced the results (see Figure 2B). In these three studies, the first two did not adjust for any confounding factors in the OR value calculation, and the third only adjusted for age and gender, leading to a possible lower precision of the OR value and a smaller range of the corresponding confidence interval. This may have a significant impact on the final combined results when calculated using the inverse variance method. Therefore, after excluding these three studies, the results were recombined as OR 1.49 (95% CI: 1.24–1.81, I2 = 83.1%, p = 0.000) (Figure 2C), which did not qualitatively affect the results and did not reduce the heterogeneity of the combined results. Subgroup analysis was conducted by studying design (cohort or cross-sectional studies), different regions of the study population, sample size, and the analysis methods used in the study results, but no sources of heterogeneity were found (Table 1). A funnel plot was further drawn to observe whether it was symmetrical, and the results did not suggest obvious publication bias (Figure 2D).
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FIGURE 2
 Comprehensive analysis of the risk of CKD occurrence in patients with COPD. (A) Forest plot of the risk of CKD occurrence in patients with COPD. (B) Sensitivity analysis of the risk of CKD occurrence in patients with COPD. (C) Forest plot of the risk of CKD occurrence in patients with COPD after excluding influential studies. (D) Funnel plot for publication bias of the risk of CKD occurrence in patients with COPD.




TABLE 1 The subgroup analysis for studies about COPD and risk of CKD for all included studies.
[image: Table1]



3.4.2 Results of short-term all-cause mortality risk in patients with combined CKD in AECOPD

Six studies assessed the impact of CKD on the short-term all-cause mortality rate in patients with AECOPD. Utilizing a fixed-effects model to combine the short-term all-cause mortality risk data, the results indicated: OR 2.31 (95% CI: 1.80–2.98, I2 = 59.7%, p = 0.03) (see Figure 3). Sensitivity analysis of the included studies revealed that no single study had a significant impact on the results (Figure 4), suggesting that the combined results are relatively robust. Subgroup analysis was conducted based on study design (cohort or cross-sectional studies), different regions of the study population, sample size, and the analysis methods used in the study results. It was found that sample size may be a significant factor contributing to heterogeneity. When the sample size was categorized as >1,000 or < 1,000, the results showed low heterogeneity, but due to the limited number of studies included, it cannot be confidently explained as the source of heterogeneity (Table 2). The funnel plot appeared symmetrical, which may suggest the presence of publication bias (Figure 5). Further Egger’s test was conducted, and the results did not indicate significant publication bias (Egger’s test = 0.954).
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FIGURE 3
 Forest plot of the impact of CKD on short-term all-cause mortality risk in patients with AECOPD.
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FIGURE 4
 Sensitivity analysis of the impact of CKD on short-term all-cause mortality risk in patients with AECOPD.




TABLE 2 The subgroup analysis for studies about Risk of short-term all-cause mortality in AECOPD with CKD.
[image: Table2]
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FIGURE 5
 Funnel plot for publication bias of the impact of CKD on short-term all-cause mortality risk in patients with AECOPD.




3.4.3 Results of long-term all-cause mortality risk in COPD patients with CKD

In the six cohort studies analyzing long-term all-cause mortality risk, we employed a random-effects model to combine the relevant mortality risk results, yielding an OR of 1.70 (95% CI: 1.35–2.15, I2 = 61.0%, p = 0.025) (see Figure 6A). Sensitivity analysis showed that Fedeli, 2017 (33) had a significant impact on the combination (Figure 6B). After excluding this study, the results were recombined as OR 1.86 (95% CI: 1.53–2.26, I2 = 0.0%, p = 0.494) (Figure 6C). The funnel plot was basically symmetrical (Figure 6D), and further Egger’s test was performed, with the result being Egger’s test = 0.410.
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FIGURE 6
 Analysis of the impact of CKD on long-term all-cause mortality risk in patients with COPD. (A) Forest plot of the impact of CKD on long-term all-cause mortality risk in patients with COPD. (B) Sensitivity analysis of the impact of CKD on long-term all-cause mortality risk in patients with COPD. (C) Forest plot of the impact of CKD on long-term all-cause mortality risk in patients with COPD after excluding influential studies. (D) Funnel plot for publication bias of the impact of CKD on long-term all-cause mortality risk in patients with COPD.






4 Discussion

This systematic review and meta-analysis investigated the association between COPD and CKD. Our results indicate that patients with COPD have a significantly increased risk of developing CKD, and the presence of CKD significantly increases the mortality risk of patients with COPD. Specifically, CKD not only increases the short-term all-cause mortality risk of hospitalized patients with AECOPD but also significantly increases the long-term mortality risk of patients with COPD.

Both COPD and CKD are chronic diseases with many common etiological factors, such as advanced age (33), smoking (35, 36), and comorbid diseases.

Firstly, with increasing age, the hospitalization rate, length of hospital stay, and mortality rate of patients with COPD all significantly increase. In the process of repeated acute exacerbations, this can cause chronic kidney damage, leading to an increased incidence of CKD (33), so there is a certain connection between advanced age and the incidence of CKD in patients with COPD. Secondly, smoking is also an important common etiological factor for both COPD and CKD, which plays an indirect pathogenic role by damaging the endothelium of pulmonary blood vessels and alveoli (37, 38). It can also damage the endothelial cells of renal microvessels, possibly through regulating oxidative stress responses and activating the sympathetic nervous system, ultimately increasing the risk of CKD (36). In a meta-analysis of 15 prospective studies including a total of 65,064 cases of COPD, the risk of CKD was significantly higher in people with a history of smoking or current smokers compared to non-smokers (39). Lastly, comorbid diseases also play an important role here. Epidemiological survey studies have shown that CKD caused by diabetes accounts for about 30.7% of the total number of CKD cases (7), so among various comorbid diseases, diabetes has the greatest correlation with CKD. In addition to the kidney, the lung is also considered a target organ for diabetic damage. Some cohort studies have shown that patients with COPD are more likely to have diabetes, and diabetic patients are more likely to have COPD than non-diabetic patients (2, 40), which may be caused by various factors, including microvascular changes in alveolar capillaries and pulmonary arterioles caused by diabetes, chronic pulmonary tissue inflammation, and the impact of diabetes on the elastic recoil force of lung tissue and the autonomic nervous regulation of respiratory muscles (41). In addition to diabetes, the relationship between COPD and CKD is also affected by cardiovascular events. Chronic hypoxia and inflammation in patients with COPD aggravate heart dysfunction through various mechanisms (such as increasing cardiac load, vascular damage, and side effects of beta-agonists and other drugs), thereby affecting renal perfusion (42, 43). The presence of cardiovascular events accelerates the progression of CKD, and the incidence of cardiovascular events in patients with CKD is significantly higher than in the general population (44). Therefore, when patients with COPD also have CKD, comorbidities of the cardiovascular system not only affect the patient’s quality of life but also significantly increase the risk of death.

In the literature we included, many studies have statistically adjusted for these common etiological factors, and the final results still have statistical significance. Therefore, there is reason to believe that there are other potential mechanisms that increase the incidence of CKD in patients with COPD.

Firstly, chronic inflammatory response is one of the important mechanisms between COPD and CKD. The characteristic inflammatory response of COPD triggers the release of pulmonary and systemic inflammatory factors, including tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP). Studies have shown that these factors are not only highly expressed in patients with COPD but are also closely related to the occurrence and progression of CKD (45). For example, Jingli and others have shown that high levels of CRP are positively correlated with the occurrence and progression of CKD, suggesting that chronic inflammation may lead to a decline in renal function by acting on renal tubular cells and glomeruli (46), in addition, inflammatory-mediated apoptosis and fibrotic processes may also play an important role in patients with coexisting COPD and CKD. Relevant studies have shown that TNF-α causes apoptosis of renal tubular epithelial cells and induces renal interstitial fibrosis by activating the nuclear factor-κB (NF-κB) signaling pathway (47).

Secondly, oxidative stress plays a key role in the interaction between COPD and CKD. The lungs of patients with COPD are affected by oxidative stress caused by chronic inflammation, and the body’s redox state is out of balance, leading to a large amount of reactive oxygen species (ROS) being produced (48). Oxidative stress not only directly damages the structural cells of the lungs but also causes microvascular changes by affecting the hemodynamics of the kidneys. For example, oxidative stress can cause apoptosis and dysfunction of renal endothelial cells, thereby reducing kidney perfusion (49). Some studies have pointed out that oxidative stress may cause vasoconstriction and ischemia by enhancing the activity of nitric oxide synthase, further damaging kidney function (50).

In addition, the accumulation of heavy metals in the body of patients with COPD may be a potential mechanism leading to renal tubular damage. A cross-sectional study from South Korea showed that patients with COPD had increased blood cadmium levels, and regardless of smoking status, the FEV1/FVC ratio in patients with COPD was negatively correlated with blood heavy metal (especially cadmium) levels (51), in addition, another study found that the blood cadmium levels in patients with COPD were also negatively correlated with oxygen saturation during the 6-min walk test (6MWT) (52). Long-term hypoxia caused by COPD can simulate iron deficiency, which may promote the overexpression of DMT-1 in the duodenum, thereby increasing the transport of all divalent cations, including toxic heavy metal cadmium. After absorption, cadmium mainly accumulates in the kidneys and liver, especially cadmium in the kidneys, which further causes damage to renal glomeruli and renal tubules (53). Therefore, there is reason to believe that the process of hypoxia/iron deficiency-DMT-1 overexpression-cadmium overload in patients with COPD may be a possibility for the increased incidence of CKD.

This study acknowledges several limitations that should be considered for future research. Firstly, the majority of the studies included are retrospective cohort or cross-sectional studies, which may lead to incomplete or inaccurate case information. Additionally, the adjustment for comorbidities and other confounding factors varied across studies, potentially resulting in inconsistent adjustments and consequently inconsistent outcomes. Secondly, the diagnosis of COPD in patients primarily relied on diagnostic codes within medical databases, which may not adequately reflect the severity of COPD. Concurrently, the GOLD grade of COPD patients, which significantly influences the risk and prognosis of CKD, was not considered in the multifactorial regression models of most included studies, introducing a possible bias in the final outcomes. Furthermore, the treatment of COPD involves a variety of medications, including antimicrobial drugs and long-acting beta2 agonists (LABA), which could increase the risk of kidney damage. However, the vast majority of the studies did not meticulously document the use of COPD-related medications during the follow-up period, and the impact of these drugs was not adjusted for in the statistical analyses. Therefore, more rigorous clinical studies are warranted to refine these findings and address these limitations.



5 Conclusion

In summary, this study, through systematic review and meta-analysis, has established a significant association between COPD and CKD, and has revealed the adverse impact of CKD on both the short-term and long-term prognosis of patients with COPD. Against the backdrop of an aging population, The co-management of COPD and CKD poses significant challenges to public health. Therefore, we recommend that COPD patients undergo regular renal function assessments in clinical management and be managed comprehensively according to the guidelines of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) and Kidney Disease: Improving Global Outcomes (KDIGO) (54) to improve the overall prognosis of patients with COPD.
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