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Background

Metabolic syndrome (MetS) has been related to increased risks of a variety of cancers. However, the association between MetS and the risk of renal cell cancer (RCC) remains not fully determined. This meta-analysis was conducted to investigate whether MetS is independently associated with the risk of RCC in adults.



Methods

Relevant observational studies were obtained by searching PubMed, Embase, Cochrane’s Library, and Web of Science databases. Study characteristics and outcome data were extracted independently by two authors. The random-effect model was used for meta-analysis considering the possible influence of between-study heterogeneity. Predefined subgroup analyses were used to evaluate the possible influences of study characteristics on the outcome.



Results

Eight studies involving 10,601,006 participants contributed to the meta-analysis. Results showed that MetS was independently associated with a higher risk of RCC in adult population (risk ratio [RR]: 1.62, 95% confidence interval [CI]: 1.41 to 1.87, p<0.001; I2 = 85%). Subgroup analyses showed consistent association in men (RR: 1.52, 95% CI: 1.23 to 1.89, p<0.001) and in women (RR: 1.71, 95% CI: 1.28 to 2.27, p<0.001), in Asians (RR: 1.51, 95% CI: 1.25 to 1.83, p<0.001) and in Caucasians (RR: 1.76, 95% CI: 1.46 to 2.12, p<0.001), and in community derived (RR: 1.56, 95% CI: 1.34 to 1.82, p<0.001) and non-community derived population (RR: 1.87, 95% CI: 1.71 to 2.04, p<0.001). Differences in study design or quality score also did not significantly affect the association (p for subgroup difference both >0.05).



Conclusions

MetS may be independently associated with RCC in adult population.
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Introduction

Renal cell cancer (RCC) is a common malignancy of the urinary system (1). According to the statistics in 2018, approximately 400,000 cases of RCC were diagnosed annually among the global population, and about 175,000 patients died of RCC annually (2, 3). Moreover, the global incidence of RCC has risen gradually during the last decade (4). Despite of the development of imaging techniques for cancer screening, about 30% of patients with RCC are diagnosed at the advanced stages, and the prognosis of patients with RCC remains poor, particularly for those with advanced stages (5). Therefore, identification of high-risk population for the development RCC is important for the early diagnosis of the malignancy (6, 7).

Metabolic syndrome (MetS) is defined as a cluster of metabolic disorders including central obesity, insulin resistance, high blood pressure, and dyslipidemia (8). The prevalence of MetS is also continuously increased worldwide, especially in people from the developing countries (9). Pathophysiologically, people with MetS are characterized of chronic inflammatory response, which has been identified as a key mechanism of carcinogenesis (10, 11). Moreover, some components and concomitant metabolic or clinic-hematologic factors such as diabetes (12) and hyperhomocysteinemia (13) have been suggested to affect the progression of a variety of chronic diseases, including cancer. A previous meta-analysis in 2012 showed that MetS is associated with an increased risk of overall cancers (14). However, subsequent studies showed that the association between MetS and cancers may be different according to the site of the cancer (15). For example, MetS has been related to increased risks of colorectal cancer (16), esophageal cancer, pancreatic cancer (17), breast cancer (18), endometrial cancer (19), and prostate cancer (20), but not to the risks of lung cancer (21) and gastric cancer (22). Although some studies have also evaluated the association between MetS and RCC (23–30), the results were not consistent and it remains unknown whether MetS is independently associated with the incidence of RCC. Therefore, we performed a meta-analysis to comprehensively investigate the possible relationship between MetS and the risk of RCC in adult population.



Methods

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) Statement (31, 32) was followed in this systematic review and meta-analysis. The methods of analyzing and reporting of the meta-analysis were consistent with the Cochrane’s Handbook for Systematic Review and Meta-analysis (33).


Database Search

We systematically searched the four electronic databases, including PubMed, Embase, Cochrane’s Library and Web of Science using the combined keywords: (1) “metabolic syndrome” OR “insulin resistance syndrome” OR “syndrome X”; (2) “renal” OR “kidney”; and (3) “cancer” OR “tumor” OR “carcinoma” OR “neoplasm” OR “adenoma” OR “malignancy”. We only considered studies in human subjects, and no restriction was applied to the publication language. The citation lists of the related articles were also screened manually for possible relevant studies. The date of final database search was January 10, 2022.



Study Inclusion

The PICOS criteria were followed during the determination of the inclusion criteria.

	P (patients): adult (aged 18 or above) participants without the diagnosis of cancer at baseline.

	I (exposure): participants with the confirmed diagnosis of MetS.

	C (control): patients without the confirmed diagnosis of MetS.

	O (outcomes): relative risks for the incidence of RCC compared between adults with and without MetS.

	S (study design): observational studies, including cohort studies, case-control studies, or cross-sectional studies, published as full-length articles.



For studies with potential overlapped population, the one with the largest sample size was selected for the meta-analysis. Reviews, meta-analyses, preclinical studies, studies that did not evaluate the influence of MetS, or studies that did not report the risk of RCC were excluded from the meta-analysis.



Data Collection and Evaluation of Study Quality

Database search, data collection, and study quality evaluation were separately performed by two independent authors. If disagreements occurred, discussion with the corresponding author was indicated to reach the consensus. Data regarding the study information, patient characteristics, definitions of MetS, study periods, and methods for the validation of RCC diagnosis were collected. Evaluation of study quality was achieved by the Newcastle-Ottawa Scale (NOS) (34). This scale varies between 1 to 9 stars and assesses the quality of the observational studies with three domains, including selection of the patients, comparability between patients with and without exposure, and strategies for the validation of the outcomes.



Statistical Methods

Risk ratio (RR) and the 95% confidence interval (CI) were used to indicate the association between MetS and RCC. If RRs with more than one model of multivariate regression analyses were reported, we collected the most adequately adjusted RR for subsequent analysis. The standard errors (SEs) of RRs were calculated from the data of 95% CIs or p values, and the RRs were logarithmically transformed to maintain a normal distribution (33). Between study heterogeneity was assessed by the Cochrane’s Q test and estimation of the I2 statistic (35). Typically, an I2 > 50% was considered as the indicator of significant between-study heterogeneity. To minimize the influence of heterogeneity, we used the random-effect model to pool the RR data of each study in a conservative manner (33). Sensitivity analysis by excluding one dataset at a time was performed to confirm the stability of the findings. A series of subgroup analyses were conducted to reveal the influences of study characteristics on the associations according to variables such as sex, ethnicity, and source of the population, study design, and the study quality scores. The publication bias was assessed by visual examination for the symmetry of the funnel plots and the Egger’s regression test. We used the RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK) and Stata 12.0 software for the statistics of the meta-analysis.




Results


Identification of Related Studies

Figure 1 summarizes the process of literature search. In brief, 1102 articles were retrieved in initial database search, and 193 duplications were subsequently excluded. Then, 33 articles were considered to be potentially relevant after excluding 876 irrelevant articles by title and abstract screening. In the final step of full-text review, another 25 studies were excluded according to the reasons listed in Figure 1. Finally, eight observational studies were identified and included in the meta-analysis (23–30).




Figure 1 | PRISMA diagram of literature search and study inclusion.





Summary of Study Characteristics

The characteristics of each study are displayed in Table 1. These studies were performed in Italy, the Netherlands, Norway, Austria, Sweden, Spain, Korea, and China, and designed as prospective cohorts (23–25, 28), retrospective cohorts (26, 27, 29), and the matched case-control study (30). Six of them included adult participants in community settings (23, 24, 26–28, 30), while the other two included adult patients with vascular diseases (25) and adults with hepatitis B virus infection (29). The sample sizes of the included studies varied between 6,172 and 7,613,865. The Adult Treatment Panel III-National Cholesterol Education Program (NCEP-ATP III) criteria were used for the diagnosis of MetS in all the included studies. Enrollment and follow-up of the participants were performed from 1994 to 2017. Overall, 13573 cases of RCC were observed in the meta-analysis, which were diagnosed and validated in national cancer registries (23–25) or codes of the International Classification of Diseases (ICD) (26–30). Confounding variables such as age, sex, smoking, alcohol intake, body mass index (BMI), and exercise etc. were controlled to a variable degree in the multivariate analyses. The NOS for the studies varied between seven and nine, indicating good study quality (Table 2).


Table 1 | Characteristics of the included studies.




Table 2 | Details of study quality evaluation via the Newcastle-Ottawa Scale.





Association Between MetS and RCC

Five of the included studies reported the association between MetS and RCC by sex of the included participants (23–25, 27, 30), and these datasets were included separately in the meta-analysis. Finally, 13 datasets from eight observational studies (23–30) were available for the meta-analysis. A significant between-study heterogeneity was observed (p for Cochrane’s Q test < 0.001, I2 = 85%). Pooled results with a random-effect model showed that MetS was independently associated with a higher risk of RCC in the adult population (RR: 1.62, 95% CI: 1.41 to 1.87, p<0.001; Figure 2A). Sensitivity analyses by omitting one dataset at a time showed similar results (RR: 1.58 to 1.68, p all <0.05). Predefined subgroup analysis showed a consistent association between MetS and RCC in men (RR: 1.52, 95% CI: 1.23 to 1.89, p<0.001) and in women (RR: 1.71, 95% CI: 1.28 to 2.27, p<0.001; p for subgroup difference=0.54; Figure 2B), in Asians (RR: 1.51, 95% CI: 1.25 to 1.83, p<0.001) and in Caucasians (RR: 1.76, 95% CI: 1.46 to 2.12, p<0.001; p for subgroup difference=0.26; Figure 3A), and in community derived (RR: 1.56, 95% CI: 1.34 to 1.82, p<0.001) and non-community derived population (RR: 1.87, 95% CI: 1.71 to 2.04, p<0.001; p for subgroup difference=0.05; Figure 3B). Moreover, a consistent association between MetS and RCC was also observed in subgroup analysis according to the study design and quality scores (p for subgroup difference both >0.05; Figures 4A, B).




Figure 2 | Forest plots for the meta-analysis of the association between MetS and RCC. (A), overall meta-analysis; and (B), group analysis according to the sex of the participants.






Figure 3 | Forest plots for the meta-analysis of the association between MetS and RCC. (A), subgroup analysis according to the ethnicity of the participants; and (B), subgroup analysis according to the source of the participants.






Figure 4 | Forest plots for the meta-analysis of the association between MetS and RCC. (A), subgroup analysis according to the study design; and (B), subgroup analysis according to the study quality score.





Publication Bias

Funnel plots for the association between MetS and RCC were symmetrical on visual examination (Figure 5), suggesting low risk of publication biases, which were further confirmed by the results of Egger’s regression tests (p=0.57).




Figure 5 | Funnel plots for the meta-analysis of the association between MetS and RCC.






Discussion

In this study, by pooling the results of the eight available observational studies, we found that MetS is independently associated with a higher risk of RCC in adult population. Further sensitivity analyses by excluding one dataset at a time did not significantly change the result, suggesting the stability of the results. Moreover, subgroup analyses showed consistent association between MetS and RCC in men and women, in Asians and Caucasians, in community derived and non-community derived population, in studies of different designs, and in studies with different quality scores. Taken together, results of this meta-analysis indicate that MetS may be an independent risk factor of RCC in adult population. These findings also suggest that people with MetS may be a high-risk population for RCC.

To the best of our knowledge, this may be the first meta-analysis which compressively evaluated the association between MetS and RCC. The strengths of the meta-analysis include extensive literature search, pooling the results of multivariate adjusted data, and conducting of multiple sensitivity and subgroup analyses to confirm the robustness of the finding. Collectively, the results of the meta-analysis support that MetS may be a risk factor for RCC. In this meta-analysis, we combined RR data that was adjusted most adequately to minimize the possible influences of confounding factors on the association between MetS and RCC, such as smoking status, alcohol intake, and exercise. This is important because it has been suggested that cigarette smoking is dose-dependently associated with the increased risk of RCC (36), while physical activity (37) and moderate alcohol consumption (38) are both inversely related to the incidence of RCC. Besides, consistent association between MetS and risk of RCC was retrieved in subgroup according to the sex and ethnicity of the participants. This is also important, because it has been suggested that the incidence of RCC is doubled in men than that in women (39), and a racial difference may also exist for the incidence of RCC (40). Besides, subgroup analyses according to source of the participants, study design, and study quality scores also showed consistent association between MetS and RCC in adult population, which further validated that MetS may be a risk factor for RCC.

There are some mechanisms underlying the association between MetS and the risk of RCC. Previous studies showed that people with MetS have reduced level of adiponectin, which may be related to obesity and insulin resistance (41). Lower circulating adiponectin has been involved in the pathogenesis of various obesity-related cancers, including RCC (42). Moreover, insulin resistance in people with MetS may be associated with the activation of the type 1 insulin-like growth factor (IGF-1) pathway (43). Because IGF-1 and insulin share overlapping downstream signaling pathways in normal and cancer cells, activation of the IGF-1 may promote malignant transformation promoting cell proliferation, dedifferentiation and inhibiting apoptosis, which have been involved in the pathogenesis of RCC (44). Moreover, metabolic disorders have also been associated with chronic systemic inflammation and oxidative stress, which have also been involved in the process of carcinogenesis, including the development of RCC (45, 46). Besides, some other mechanisms underlying the association between MetS and RCC have also been proposed, although to be validated in future studies. For example, changes of hormonal profile such as androgens in people with MetS may be involved in the pathogenesis of RCC (47–49). In addition, psychological factors including anxiety and stress have also been suggested as the mediators for the increased risk of RCC in people with MetS (50–52). Finally, the significant association between MetS and risk of RCC may also reflect the potential roles of the components of MetS as the risk factors of RCC, such as obesity (53), hypertension (54), and hyperglycemia (55).

The study also has some limitations. First, the NCEP-ATP III criteria were used to diagnose MetS in all of the included studies. Further studies are needed to determine if the association between MetS and the risk of RCC is consistent if MetS is diagnosed via other criteria, such as the International Diabetes Federation criteria. In addition, because of the observational nature of the included studies, there may be residual factors which may confound the association between MetS and RCC although multivariate adjusted data were pooled in this meta-analysis. Moreover, RCC is a heterogeneous cancer and the association between MetS and different pathological types of RCC should be evaluated in future studies. Finally, although a significant association between MetS and risk of RCC was retrieved, a causative relationship between MetS and RCC could not be derived from this study because observational studies were included. Future studies may be considered to determine whether reverse the metabolic disorders in people with MetS could reduce the risk of RCC.



Conclusions

To sum up, results of the meta-analysis indicated that MetS is independently associated with the risk factor of RCC in adult population, which is consistent in men and women, and in Asians and Caucasians. People with MetS may be a high-risk population for RCC, and future studies are warranted to determine if reverse the metabolic disorders in this population could reduce the risk of RCC.
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