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Background and aims: Metabolic syndrome is common nowadays and may increase risk of hypertension, type 2 diabetes mellitus, cardiovascular complications and even mortality. Renal cysts are also frequently found during routine examination. However, the relationship between simple renal cysts (SRCs) and metabolic syndrome remains unclear. This study aimed to investigate the association of SRCs with metabolic syndrome.

Methods: A total of 16,216 subjects aged ≥18 years were enrolled in this study. SRCs were diagnosed with ultrasonography by finding: sharp, thin posterior walls, a round/oval shape, absence of internal echoes, and posterior enhancement. SRCs were categorized by number (0, 1, and ≥2) and size (<2 and ≥2 cm). Metabolic syndrome was diagnosed according to the consensus statement from the International Diabetes Federation.

Results: In multivariate analysis, SRCs were positively related to metabolic syndrome (OR: 1.18, 95% CI: 1.06–1.34). The risk of metabolic syndrome was higher for SRCs with a number ≥2 (OR: 1.35, 95% CI: 1.08–1.68) and size ≥2 cm (OR: 1.33, 95% CI: 1.10–1.61). When considering the SRC number and size concomitantly, SRCs with a number ≥2/size ≥2 cm (OR: 1.42, 95% CI: 1.02–1.98) or <2/size ≥2 cm (OR: 1.30, 95% CI: 1.04–1.62) were positively related to metabolic syndrome.

Conclusions: Simple renal cysts were found to be related to a higher risk of metabolic syndrome, and the association is more significant in those with larger (sizes ≥2cm) or plural (numbers ≥2) SRCs.
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Introduction

Renal cystic diseases are classified into inherited, developmental and acquired condition according to their etiologies (1, 2). Simple renal cysts (SRCs) are a common type of acquired cysts, or part of acquired cystic kidney diseases (3), and are often found incidentally. The prevalence of SRCs varies from 5.0 to 20.8% in different countries (4, 5). One cross-sectional study demonstrated that the prevalence was 10.7% among Taiwanese people (6), and it is believed that the incidence of SRCs increases with age (4, 7–9). SRCs are thought to be benign, asymptomatic lesions in clinical practice, rarely requiring invasive intervention (3). However, studies have revealed that SRCs were associated with hypertension, elevated serum creatinine, and hyperuricemia (4, 8–11). Thus, more studies are needed to elucidate whether SRCs are potentially related to other negative health impacts.

Although the definition of metabolic syndrome differs among organizations, the key components include insulin resistance, glucose intolerance, central obesity, hypertension, and dyslipidemia (12). The diagnostic criteria of metabolic syndrome are easily accessed and were applied rapidly in clinical practice (12–14). The importance of metabolic syndrome has been raised nowadays since the presence of metabolic syndrome increases the risk of hypertension, type 2 diabetes mellitus (DM), non-alcoholic fatty liver diseases (15), cardiovascular complications and mortality (16).

Previous studies have targeted the association of SRCs with individual cardio-metabolic related disorders, such as obesity (11) hypertension (10), prehypertension (10), renal dysfunction (7, 17), and hyperuricemia (18). However, study that focus on the relationship between metabolic syndrome and SRCs is lacking. Furthermore, whether the characteristics of SRCs, such as the size or number of SRCs have impacts on metabolic syndrome remains indeterminate. Considering that metabolic syndrome significantly raises the risk of DM, heart disease, and mortality, investigating the possible impact of SRCs on metabolic syndrome may provide one additional route for further researches and clinical practice of metabolic abnormalities. Thus, the aim of the present study was to clarify the association of SRCs with metabolic syndrome.



Methods


Study population

Subjects who underwent a health examination were recruited at the National Cheng Kung University Hospital from June 2001 to August 2009. A total of 16,216 subjects were enrolled for final analysis after excluding subjects aged <18 years, taking medication for obesity management, history of bariatric surgery, pregnant women, or history of or abdominal sonography with the following findings: renal stone, renal cyst with calcification, any cause of hydronephrosis, medullary sponge kidney disease, medullary cystic kidney disease, renal ectopia, polycystic kidney disease, renal tumor, renal transplantation and status post-nephrectomy, and incomplete data. This study was approved by the Institutional Review Board of National Cheng Kung University Hospital in Taiwan (IRB number: B-ER106-066).

A standardized self-reported questionnaire was completed by every participant and was used to obtain demographic information, medical history, and lifestyle habits, including smoking, alcohol drinking, and regular exercise. Current alcohol drinkers were defined as those who had at least one alcoholic drink per week for at least the previous 6 months (19). Current smoking status was defined as at least 20 cigarettes per month during the past 6 months. Regular exercise was defined as exercise at least three times per week for a minimum of 20 min (19).

Body height and weight were measured by a certified anthropometry instrument (to the nearest 0.1 cm and 0.1 kg, respectively). Body mass index (BMI) was calculated as weight (kilograms) divided by height (m) squared (kg/m2). Subjects with a BMI ≥27 kg/m2 were defined as obese according to the guidelines of the Department of Health in Taiwan (20). Waist circumference (WC) was measured from the midway between the lower rib margin and the iliac crest with a standing posture (to the nearest 0.1 cm) at the end of a normal expiration. After 5 min of rest, the right branchial artery blood pressure was measured in the supine position by using a DINAMAP vital sign monitor (model 1846SX; Critikon, Irvine, CA) with an appropriate-sized cuff. Two blood pressure readings were taken separately under an interval of at least 5 min. Hypertension was diagnosed by a positive history of hypertension and the reading from the right brachial artery showing a systolic blood pressure (SBP) of 140 mmHg or more, or diastolic blood pressure (DBP) 90 mmHg or more (21).

After overnight fasting for 12 h, all participants received blood sampling for biochemical examinations, which included the following: fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), uric acid and creatinine. Serum TC, TG and HDL-C levels were determined in the central laboratory of NCKUH with an autoanalyzer (Hitachi 747E, Tokyo, Japan). Patients' 2-h post-load glucose (2-h PG) was checked after a 75-g oral glucose tolerance test for all participants without DM or pregnancy. DM was defined as a positive history, FPG ≥126 mg/dl, 2-h PG ≥200 mg/dl or HbA1c ≥6.5% (21).

All participants were divided into two groups by the presence of metabolic syndrome or not, which was defined according to the consensus statement from the International Diabetes Federation (22). Metabolic syndrome was diagnosed if a participant had central obesity (WC ≥90 cm in men or ≥80 cm in women) and fulfilled ≥2 of the following four components: (1) FPG ≥ 100 mg/dl or previously diagnosed type 2 diabetes; (2) BP ≥ 130/85 mmHg or under treatment of previously diagnosed hypertension; (3) HDL-C < 40 mg/dl in men or <50 mg/dl in women or under drug treatment for reduced HDL-C; and, (4) TG ≥ 150 mg/dl or under drug treatment for dyslipidemia. All participants underwent abdominal sonographic examination (Toshiba Xario/SSA = 660A Ultrasound Machine; Toshiba, Tokyo, Japan, with a 3.5-MHz transducer). The diagnosis of SRCs was based on the criteria of abdominal sonography, including: (1) sharp, thin posterior walls, (2) round/oval shape, (3) absence of internal echoes, and (4) posterior enhancement (23). We further categorized SRCs according to their sizes (<2 and ≥2 cm) and numbers (<2 and ≥2).



Statistical analyses

Statistical analyses were performed by using Windows SPSS 17.0 statistical software (Chicago, Illinois, USA). In univariate analysis, the comparison of continuous variables was carried out using Student's t-tests and categorical variables by Pearson Chi square tests between two groups. A binary logistic regression model was performed to investigate whether the SRCs were associated with an increased risk of metabolic syndrome. Other independent factors included age, gender, obesity, creatinine, uric acid, alcohol drinking, smoking, and regular exercise. Furthermore, the associations of the size, number, and the combined characteristics of SRCs with metabolic syndrome were also examined. The p-value < 0.05 was considered as statistically significant.




Results

A total of 16,216 subjects were enrolled and divided into two groups according to the presence of metabolic syndrome. Table 1 shows the clinical characteristic between participants with (n = 4,071) and without metabolic syndrome (n = 12,145). Subjects with metabolic syndrome were predominantly older males and tended to have higher BMI, SBP, DBP, FPG, cholesterol, TG, uric acid, and creatinine, as well as the prevalence of obesity, hypertension, DM, and current tobacco and alcohol consumption, together with a lower HDL-C and prevalence of regular exercise.


TABLE 1 Comparisons of clinical characteristics between subjects with and without metabolic syndrome.
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Table 2 further demonstrated that subjects with SRCs have higher prevalence of metabolic syndrome. It also showed that those with larger (size ≥2 cm) or plural (number ≥2) SRCs were more likely to have metabolic syndrome.


TABLE 2 Relationship between metabolic syndrome and renal cyst by Pearson Chi-square test.
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Table 3 demonstrates the multiple logistic regression model for the relationship between SRCs and metabolic syndrome with adjustment for other covariates, including age, gender, obesity, creatinine, uric acid, alcohol consumption, smoking, and regular exercise. SRCs were associated with an increased risk of metabolic syndrome (model 1, OR: 1.18, 95% CI: 1.06–1.34, p = 0.007). We further explored the relationship between the number and size of SRCs and metabolic syndrome (models 2–4), and found that the associated risk of metabolic syndrome was significantly higher in those with an SRC number ≥2 (model 2, OR: 1.35, 95% CI: 1.08–1.68, p = 0.008) and size ≥2 cm (model 3, OR: 1.33, 95% CI: 1.10–1.61, p = 0.003). Model 4 revealed that when the number and size of the SRCs were considered concomitantly, those with an SRC size ≥2 cm had higher associated risk of metabolic syndrome, regardless of whether the number of SRCs was single (OR:1.30, 95% CI: 1.04–1.62, p = 0.021) or multiple (OR: 1.42, 95% CI: 1.02–1.98, p = 0.040). In subjects with an SRC number ≥2 and < 2 cm, the associated risk for metabolic syndrome was statistically borderline (OR: 1.30, 95% CI: 0.98–1.73, p = 0.065). Singular SRCs of < 2 cm were not associated with higher risk of metabolic syndrome (OR: 1.04, 95% CI: 0.88–1.24, p = 0.645). However, both number ≥2/size ≥2 cm (OR: 1.42, 95% CI: 1.02–1.98, p = 0.04) and number < 2/size ≥2 cm (OR: 1.30, 95% CI: 1.04–1.62, p = 0.021) were positively related to metabolic syndrome. In addition, metabolic syndrome was also positively associated with older age, obesity, uric acid level and smoking, but inversely related to regular exercise.


TABLE 3 Logistic regression models for the association of simple renal cysts with metabolic syndrome.
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Discussion


Principal findings

Our study found that presence of SRCs is positively associated with risk of metabolic syndrome, especially in those with larger or plural SRCs. To the best of our knowledge, this is the first study to investigate the association of SRCs and its characteristics with metabolic syndrome with adjustments for many important cardio-metabolic variables in a relatively large population. Although the mechanism underlying the link between SRCs and metabolic syndrome is still unclear, recent studies showed that SRCs were found to be associated with an increased risk of albuminuria in young adults (24) and SRCs are also associated with worse renal function in type 2 diabetes patients (25). The negative impact of SRCs in general population of this study was similar to young adults and diabetes patients in the two studies mentioned above (24, 25).



SRCs and metabolic disorders

According to previous studies about the association between SRCs and cardio-metabolic factors, it has been confirmed that SRCs are associated with elevated blood pressure (10, 26). Lee et al. found that SRCs were related to prehypertension and hypertension and larger (size ≥2 cm) and multiple renal cysts (number ≥2), which further elevated the associated risk of prehypertension and hypertension (10). Hong et al. (26) also demonstrated a positive relationship between hypertension and SRCs, especially in those with larger (size ≥1.4 cm) or multiple (number ≥2) SRCs (26). Nevertheless, the association between SRCs and DM remains inconsistent (4, 7–9, 11), and adjustments for important covariates, such as age (7), sex (7), blood pressure (7–9), and lifestyle habits (e.g. smoking (7–9, 11), alcohol consumption (4, 7–9, 11) and exercise (4, 7–9, 11) are lacking in previous studies. Although high BMI was positively associated with SRCs in a healthy Korean population (11), the association of SRCs with central obesity and dyslipidemia has not been studied. Our study showed that subjects with SRCs may have a higher associated risk of metabolic syndrome after adjusting other variables. The associated risk of metabolic syndrome were higher in subjects with SRCs, especially for sizes ≥2 cm or numbers ≥2.



Mechanism of SRCs and metabolic syndrome

The exact mechanism for the relationship between SRCs and metabolic syndrome remains unclear. However, SRCs were found to have impacts on (1) renin-angiotensin-aldosterone system (RAAS), (2) insulin resistance, and (3) chronic inflammation, which are all essential in the pathogenesis of metabolic syndrome (27, 28). The serum renin level was higher in subjects with multiple (number ≥2) and larger (size ≥2 cm) SRCs (10), which may increase RAAS activity and contribute to the development of elevated blood pressure (29, 30). In addition, renalase, derived from the kidney, of which levels were lower in subjects with renal cysts (31), may play a role through its degradation of serum catecholamines in the blood (32). Lower renalase levels in subjects with SRCs (31) may possibly result in excess catecholamine, and thus partially contributes to increased insulin resistance. We also additionally analyzed the relationship between SRCs and MS with concomitant consideration of individual MS component (Supplementary Table 2). The statistical significance of the positive relationship between SRCs and MS were attenuated to be insignificant when elevated blood pressure or hyperglycemia was adjusted, but the association between SRCs and MS remained significant when hypertriglyceridemia, low HDL-C or central obesity was adjusted in separate models. The results provided that the association of SRCs and MS might be mediated by abnormal blood pressure and hyperglycemia. As for SRCs and chronic inflammation, subjects with SRCs had more activated RAAS, which may induce increased systemic inflammation (33, 34). Furthermore, excess of catecholamine caused by lower renalase levels in subjects with SRCs, also potentially increased systemic inflammation (35–37). Therefore, elevated activity of RAAS, increased insulin resistance and chronic systemic inflammation may help to explain the pathogenesis of metabolic syndrome in subjects with SRCs.

In this study, metabolic syndrome was also shown to be positively related to older age, obesity, uric acid level and cigarette smoking; in contrast, regular exercise was inversely related to the risk of metabolic syndrome. These results are compatible with previous studies (15, 38–40). Aging was commonly associated with increased body fat, decreased muscle mass (22) and increased oxidative stress (41), which were all crucial for developing insulin resistance and subsequent metabolic syndrome (22, 27, 42). In addition, age was also found to be associated with formation and growth of SRCs (43). Previous study also showed an increase in the frequency of cysts with advanced age and growth in volume with a doubling of their volume after about 10 years (6). Besides, our analysis also showed that age was the major factor that associated with SRCs (shown in Supplementary Table 1). As a result, age may potentially modulate the interaction between SRCs and MS. Obesity was associated with visceral fat deposit, elevated free fatty acid levels, and increased systemic inflammatory cytokines (27, 44), which may inevitably result in the evolution of metabolic syndrome. As for uric acid level and metabolic syndrome, previous studies have demonstrated that uric acid not only induced hepatic gluconeogenesis, hepatic fat accumulation and oxidative stress, but also exacerbated the development of insulin resistance, hypertension and metabolic syndrome (45, 46). Smoking was also found to be associated with metabolic syndrome through its effect on elevating blood pressure, increasing insulin resistance and altering lipid metabolism (40). A previous study found that exercise helped correct metabolic imbalance by reducing blood pressure, blood sugar and triglyceride levels, and waist circumference, as well as by increasing the serum HDL-C level (40), which may partially explain the inverse relationship between regular exercise and metabolic syndrome.



Limitation

This study has the strength of a relatively large sample, comprehensive serologic data and concomitant adjustment of important covariates of metabolic syndrome. However, there are also several limitations to this study. First, because this study had a cross-sectional design, it is impossible to establish a causal relationship between metabolic syndrome and renal cysts. Second, we did not obtain the detailed dietary histories of the participants in this study. Third, the information of some diseases such as maturity onset diabetes of the young type 5 (MODY 5) or hyperaldosteronism, which may correlate renal cyst with metabolic syndrome (47–50), is lacking. Although the prevalence of MODY 5 and hyperaldosteronism is relatively low, further study with comprehensive information of such diseases is still helpful to clarify their impacts on relationship between SRCs and metabolic syndrome. Fourth, thorough evaluation of metabolic syndrome includes more specific laboratory information including high sensitivity C-reactive protein, inflammatory cytokines such as tumor necrosis factor-alpha, interleukin-6, homeostatic model assessment for insulin resistance, microalbuminuria as well as endothelial function measurements (51–54), which were not examined in this study. Apart from this, the serum renalase, an enzyme that may potentially explain the interaction between renal cysts and metabolic syndrome, was not available. Therefore, future investigation that takes account of both renalase and thorough evaluation of metabolic syndrome may be necessary to disclose the possible mechanism about the relationship between SRCs and metabolic syndrome.

In conclusion, SRCs were related to a higher associated risk of metabolic syndrome, and the association is more significant in those with larger (sizes ≥2 cm) or plural (numbers ≥2) SRCs. Our data suggest that presence of SRCs, even with incidental finding, might require a further survey of potential metabolic syndrome. Although there have been some predictive models of metabolic syndrome (55–57), clinical application of SRCs in the risk stratification needs further investigation.
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