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Background and Aims: Metabolic syndrome (MetS) is associated with the development of several diseases. However, the
correlation between MetS and size of renal cysts remains unclear. This research aims to explore the potential connection between
them, offering theoretical guidance for clinical prevention and treatment of renal cysts.

Methods: A total of 467 patients diagnosed with renal cysts and admitted to Sir Run Run Hospital, Nanjing Medical University from
September 2019 to September 2020 were eventually included in this study. They were divided into the small cyst group (cyst
volume<1.5cm?®) and the large cyst group (cyst volume>1.5cm?®) based on the median value of cyst volume. Multivariate logistic
regression analysis was used to evaluate the association between MetS and size of renal cysts.

Results: Our results indicated that MetS (OR 1.941, 95% CI 1.286-2.927, P=0.002) was positively associated with the size of renal
cysts. Additionally, multiple renal cysts (OR 2.259, 95% CI 1.402-3.640, P=0.001) and serum globulin (OR 0.945, 95% CI
0.905-0.987, P=0.011) were positively and negatively related to size of renal cysts, respectively.

Conclusion: Our study reveals the association between MetS and the size of renal cysts. Patients with MetS are more likely to have
larger renal cysts. The administration of MetS may help limit the development of renal cysts. Further prospective studies are needed to
explore the causal relationship between MetS and renal cysts.
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Introduction
Simple Renal Cyst (SRC) is a common type of cystic renal disease, and is typically discovered during health screening
programs. Clinically, its diagnosis mainly relies on abdominal imaging examinations. The prevalence of SRC is
approximately 10% and rises with age.'” SRC has certain specific subtypes, such as parapelvic cysts.’ It is believed
to be linked to various conditions, including Fabry disease. It is entirely different from other subtypes in terms of
location, number, size, and origin.> SRC does not exhibit characteristic clinical symptoms in general, while symptoms
such as pain, hematuria, kidney function impairment, or even malignant transformations may gradually occur as the cyst
size increases.*” Previous studies indicated that renal dysfunction, hypertension,’® age, male gender, obesity, smoking,
and kidney stones were associated with the occurrence of SRC.”"'* However, there is limited research focusing on the
factors related to the progression of SRC. In clinical practice, there is currently a lack of clinical research evidence
regarding the factors influencing the progression of SRC and methods for prevention to guide patients.

MetS, also known as syndrome X or insulin resistance, is defined by the World Health Organization (WHO) as
a pathological condition characterized by abdominal obesity, insulin resistance, hypertension, and hyperlipidemia. MetS
constitutes a cluster of metabolic abnormalities and has been recognized as a key risk factor for cardiovascular diseases.'?
MetS was originally more prevalent in Western societies, but due to the widespread adoption of Western lifestyles in the
current era, it has become a global issue. MetS can impact our physical health in various ways and is associated with the
development of diseases such as chronic kidney disease (CKD), type 2 diabetes, coronary heart disease, stroke, and other
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disabilities.'>'* Recently, research from Taiwan Region reported the potential mutual influence between the occurrence
of SRC and MetS." This study provides support for the relationship between these two conditions. However, the
influence of metabolic syndrome on the growth of SRC remains unknown.

The identification of risk factors for SRC progression is crucial for conservative treatment and clinical symptom
prevention of SRC. This will also lighten the financial burden and improve the life quality for the patients with SRC.
Thus, we conducted this cross-sectional study to investigate the relationship between MetS and size of renal cyst.

Materials and Methods

Study Population

In this cross-sectional study, a total of 514 patients who were hospitalized at Sir Run Run Hospital Nanjing Medical University
from 15 September 2019 to 10 September 2020 and diagnosed with renal cysts were included. The medical records of them
were retrospectively investigated from a computer-based databank. The study was approved by the Ethics Committee of Sir
Run Run Hospital Nanjing Medical University (2021-SR-036). All patients participating in the study signed informed consent
in advance and passed the review of the ethics committee. All procedures performed in the present study involving human
participants followed the ethical standards of the institutional and national research committee.

The flow chart for patient selection in this study is shown in Figure 1. Of 514 patients, 31 patients were excluded due
to missing key data including body mass index (BMI), blood glucose, blood pressure, and lipid profile. 3 patients may
have Polycystic kidney disease and 13 patients who lacked imaging findings of renal cysts were also excluded.
Consequently, this study included a final cohort of 467 patients. 210 patients were diagnosed by B-ultrasound while
257 patients were diagnosed by computerized tomography (CT) scans.

Details of the Study Design

We used a data collection checklist designed for this study to collect the baseline characteristics of enrolled patients.
The information on the list covered general characteristics of the patients, including sociodemographic information
(age and gender), anthropometric measurements [height, weight, and blood pressure (BP)], past medical history
(hypertension, diabetes, and kidney stone), and laboratory examinations [fasting blood glucose (FBG), total

514 hospitalized patients with renal cysts
September 2019 to September 2020
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o laboratory tests
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Y

( 470 patients remaining )

=( 3 patients had polycystic kidney disease )

Y

467 patients were included in the
statistical analysis

Figure | Flow chart of the selection process.
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cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, serum creatinine (Scr), blood urea nitrogen (BUN), and serum globulin]. Kidney stones were also
identified by imaging examinations. Estimated glomerular filtration rate (¢GFR) calculated according to the follow-
ing formula:'® eGFR = 186 x Scr~ 13 x Age 0203 x0.742(if female).

Assessment of Renal Cysts

The assessment of renal cysts relies on dependable imaging techniques such as abdominal ultrasonography, CT scans.
The lesion on kidney ultrasound appears echolucent, with a smooth and clear boundary and a thin but distinct wall. It is
a round or oval lesion with increased posterior echogenicity, easily penetrating the cyst. On CT scan, the lesion is round
with a density similar to homogenized water. There is no change in the shadow concentration of the cyst after contrast
medium injection, and the lesion has a clear boundary, closely resembling cystic parenchyma.'” The data of the length,
width, and height of the biggest cyst, renal cysts number, as well as unilateral/bilateral were collected. The length, width,
and thickness of the kidneys were also included in the collection. Renal parenchyma volume was calculated with the
adjusted equation (length x width x thickness x 0.674).'® The volume of the biggest cyst was calculated according to the
following formula: volume(cm®) = 311/4x(length/2)x(width/2)x(height/2). Drawing from pertinent literature and our
dataset, patients were categorized into two groups based on the median of the biggest cyst volume: large cyst group and
small cyst group, utilizing a cutoff value of 1.5 cm?.

Definitions of Metabolic Syndrome

According to the 2004 statement by the Chinese Diabetes Society on the definition of MetS, individuals who meet three
or more conditions can be diagnosed with MetS.'? The diagnosed criteria are as follows: (1) Obesity: body mass index
(BMI)> 25 kg/m?*; (2) Hypertension: blood pressure (BP) > 140/90 mmHg and/or has been confirmed and treated as
hypertension; (3) Hyperglycemia: fasting blood glucose (FBG)> 6.1 mmol/L (110 mg/dl) and/or 2h plasma glucose(PG)
> 7.8 mmol/L (140 mg/dl), and/or have been diagnosed and treated for diabetes; (4) Dyslipidemia: high
Triglycerides(TG) > 1.7 mmol/L (150 mg/dl), and/or low high-density Lipoprotein(HDL) cholesterol < 0.9 mmol/L
(35 mg/dl) in men or < 1.0 mmol/L (39 mg/dl) in women. The diagnostic criteria for diabetes and hypertension adhere to
internationally recognized consensus standards.

Statistical Analysis

All data were analyzed by SPSS 22.0 software (IBM, New York, USA). Kolmogorov—Smirnov test was used to assess
the normal distribution of continuous variables. Continuous variables with a normal distribution were presented as mean
+ standard deviation (SD) and compared with Student’s 7-test. Non-normally distributed variables were expressed as
median (interquartile range 25-75%) and compared using the Mann—Whitney U-test. Categorical variables were
expressed as percentages and compared by the Chi-square test. Logistic regression analysis was used to identify the
relationship between MetS and the size of renal cysts. The odds ratio (OR) with 95% confidence intervals (CI) was
calculated. In addition, subgroup analysis was conducted by the stratified multiple regression method according to gender
(female or male), age (<60 or >60 years old), cyst location (unilateral or bilateral), and cyst number (single or multiple).
Extensive sensitivity analysis was performed to validate the stability of our results. Firstly, to mitigate the potential
impact of outliers, we constructed adjusted databases under the following conditions: (1) Exclusion of participants with
extreme TG levels (beyond the range of mean+3xSD); (2) Exclusion of participants with extreme TC levels (beyond the
range of mean+3xSD); (3) Exclusion of participants with extreme BMI levels (<15 or >40 kg/m?); (4) Exclusion of
participants with extreme cyst size (beyond the range of mean+3xSD). Additionally, to further explore data within
a manageable age range, participants aged <18 or >80 years were excluded. Finally, patients with normal FBG but
a history of diabetes were excluded to further investigate the role of blood glucose manifestation. The multivariable
logistic regression analysis for MetS in the newly constructed databases under these conditions was conducted
successively. The sensitivity analysis results indicate that the findings of this study are stable.
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Results
In this study, 467 patients with complete medical records, laboratory examinations, and imaging data were eventually
included. They were categorized into two groups: the small cyst group (cyst volume<1.5 cm?®) and the large cyst group
(cyst diameter>1.5 cm?). In the large cyst group, we observed higher levels of BMI, SCr, TC and TG compared to the
small cyst group as shown in Table 1. Conversely, serum globulin levels were lower in the large cyst group compared to
the small cyst group. Multiple renal cysts (cysts number >2) were more prevalent in the large cyst group (94/237, 39.7%)
than in the small cyst group (43/230, 18.7%). Bilateral renal cysts were also more common in the large cyst group (107/
237, 45.1%) compared to the small cyst group (62/230, 27.0%). Additionally, the proportion of patients with MetS in the
large cyst group (97/237, 40.9%) was significantly higher than that in the small cyst group (58/230, 25.2%) (P<0.001).
As shown in Table 2, MetS (OR 2.055, 95% CI 1.385-3.048, P<0.001), higher BMI (OR 1.078, 95% CI 1.026-1.132,
P=0.003), higher TC level (OR 1.191, 95% CI 1.009-1.406, P=0.038), multiple renal cysts (OR 2.859, 95% CI
1.876-4.357, P<0.001), and bilateral renal cysts (OR 2.230, 95% CI 1.514-3.286, P<0.001) were associated with the
larger cyst size. Moreover, low serum globulin level was negatively related to the larger cyst size. After adjusted with
covariates, MetS (OR 1.941, 95% CI 1.286-2.927, P=0.002) and multiple renal cysts (OR 2.259, 95% CI 1.402-3.604,
P=0.001) were still the independent risk factors for SRC development in multivariate logistic regression analysis. In the
adjusted model, BMI and TC were excluded due to their collinearity with MetS. Additionally, serum globulin (OR 0.945,
95% CI 0.905-0.987, P=0.011) may be the independent protective factor for the growth of renal cysts. In the sensitivity
analysis, multivariable logistic regression analysis for the relationship between MetS and renal cyst size in the newly
constructed databases remained to show significant significance.

Table | Baseline Characteristics of the Study Population

Characteristics Total (n=467) Small Cyst (n=230) | Large cyst (n=237) | P value
Age (year) 62.2+14.1 62.1£14.5 62.3%13.7 0.896
Gender (male) 332, 71.1% 156, 67.8% 176, 74.3% 0.125
BMI (kg/m?) 24.4(21.9-27.0) 23.9(21.3-26.2) 24.8(22.6-27.6) <0.00 | ##*
Systolic BP (mmHg) 131.0(122.0-143.0) 130.0(120.0-142.0) 132.0(123.0-144.0) 0.184
Diastolic BP (mmHg) 77.8%12.1 76.9+12.2 78.7£12.1 0.115
SCr (umol/L) 68.0(57.0-82.0) 66.0(53.8-80.0) 71.0(60.5-84.5) 0.002**
Sodium (mmol/L) 141.3(139.6-142.9) 141.4(139.6-142.9) 141.3(139.6-142.9) 0.831
Potassium (mmol/L) 4.0+0.4 4.0+0.5 4.0+0.4 0.075
Chloride (mmol/L) 103.4(101.2-105.1) 103.2(101.2-105.0) 103.6(101.3-105.3) 0.524
FBG (mmol/L) 5.3(4.7-6.7) 5.3(4.7-6.7) 5.3(4.7-6.6) 0.819
Serum globulin (g/L) 26.5(23.9-29.7) 27.0(24.3-30.2) 25.9(23.6-28.9) 0.025*
Serum albumin (g/L) 43.7(39.946.7) 43.4(39.846.9) 43.8(40.3—46.6) 0.791
TC (mmol/L) 4.2(3.6-4.8) 4.1(3.44.7) 4.3(3.64.9) 0.025*
TG (mmol/L) 1.3 (0.9-1.9) 1.3(0.9-1.8) 1.4(1.0-2.1) 0.011*
HDL (mmol/L) 1.09(0.9-1.3) 1.1(0.9-1.4) 1.1(0.9-1.3) 0.280
LDL (mmol/L) 2.6(2.0-3.2) 2.5(1.8-3.2) 2.6(2.1-3.2) 0.152
eGFR (mL/min/1.73m?) 72.25(56.4-86.4) 71.9(57.2-86.5) 723 (55.9-85.9) 0.970
Renal parenchyma volume(cm®) 170.00 + 12.55 170.47 £ 12.19 169.54 + 12.90 0.423
Diagnosis (US:CT) 210:257 96:134 114:123 0.167
Hypertension 277, 59.3% 130, 56.5% 147, 62.0% 0.226
Diabetes 185, 39.6% 82, 35.7% 103, 43.5% 0.085
Multiple renal cysts 137, 29.3% 43, 18.7% 94, 39.7% <0.00 | ##*
Bilateral renal cysts 169, 36.1% 62, 27.0% 107, 45.1% <0.00 | *#*
Kidney stone 38, 8.1% 20, 8.7% 18, 7.6% 0.664
Metabolic syndrome 155, 33.2% 58, 25.2% 97, 40.9% <0.00 1+

Notes: *P < 0.05; ** P < 0.01;** P < 0.001.

Abbreviations: BP, blood pressure; BMI, body mass index; SCr, serum creatinine; FBG, fasting blood glucose; TC, total cholesterol; TG,
total triglycerides; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; eGFR, estimated glomerular
filtration rate; US, ultrasound; CT, computerized tomography (CT) scans.
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Table 2 The Odds Ratio for the Association Between Metabolic Syndrome and Size of Renal

Cyst

Characteristics Unadjusted OR (95% CI) | P value | Adjusted OR (95% CI) | P value
BMI (kg/m?) 1.078(1.026—1.132) 0.003** - -
SCr (umol/L) 1.005(1.000-1.011) 0.066 - -
Serum globulin (g/L) 0.949(0.910-0.989) 0.013%* 0.945(0.905-0.987) 0.01I*
TC (mmol/L) 1.191(1.009-1.406) 0.038* - -
TG (mmol/L) 1.073(0.984-1.169) 0.109 - -
Multiple renal cysts 2.859(1.876—4.357) <0.00 | 2.259(1.402-3.640) 0.00 ¥
Bilateral renal cysts 2.230(1.514-3.286) <0.00 1+ 1.553(0.995-2.423) 0.052
Metabolic syndrome 2.055(1.385-3.048) <0.00 1%+ 1.941(1.286-2.927) 0.002°*

Notes: The multivariate logistic regression analysis mode was adjusted covariates including serum globulin, multiple renal
cysts, bilateral renal cysts, and metabolic syndrome. *P < 0.05; ** P < 0.01;*** P < 0.001.

Abbreviations: BP, blood pressure; BMI, body mass index; SCr, serum creatinine; TC, total cholesterol; TG, total
triglycerides; OR, odds ratio; Cl, confidence interval.

Table 3 Subgroup Analysis for the Association Between Metabolic
Syndrome and Size of Renal Cyst

Characteristics | Subgroup | Metabolic Syndrome | P value
Adjusted OR (95% CI)

Age <60 1.893 (0.973-3.682) 0.060
260 2.091(1.205-3.627) 0.009%*
Gender Male 2.314(1.417-3.779) 0.00 |##*

Female 1.375(0.594-3.182) 0.457

Cyst location Unilateral 1.492(0.887-2.510) 0.132
Bilateral 3.595(1.695-7.622) 0.00 |##*

Cyst number Single 1.716(1.057-2.787) 0.029*
Multiple 3.407(1.422-8.163) 0.006**

Notes: The multivariate logistic regression analysis mode was adjusted covariates
including serum globulin, multiple renal cysts, bilateral renal cysts, and metabolic
syndrome. *P < 0.05; ** P < 0.01;%* P < 0.001.

Abbreviations: OR, odds ratio; Cl, confidence interval.

A subgroup analysis model was employed to determine the effect size of certain factors on cyst size. We stratified by
age, gender, cyst number, and cyst location in the subgroup analysis (Table 3). In the large cyst group, the individuals of
males, with age >60 years old and bilateral renal cysts had modified effects on the association between MetS and the size
of renal cysts. In addition, MetS significantly increased the risk of the expansion of renal cysts in both subgroups of
single and multiple.

Discussion

This study explored the association between MetS and renal cyst size based on the data from a single center. Our results
suggested that renal cyst patients with MetS might tend to have a bigger size of renal cyst. Evaluation and treatment of
MetS should be considered in the clinic for patients with renal cysts who do not meet operation indications.

We observed that there were no significant differences in age and sex between the small cyst group and the large cyst
group. The probability of kidney cysts in elderly men was significantly higher than that in young women, which aligns
with the consensus of various previous studies. Could it be possible that renal cysts in middle-aged and older men with
MetS increase in magnitude and rate more than those in younger women? This aspect has not been systematically
discussed in another article. However, based solely on the research results, it appears certain. MetS is a collection of
various diseases, so we cannot view each component in isolation, nor should we consider them solely as a unified whole.
We should conduct a comprehensive analysis to explore the underlying mechanisms.
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There was no difference in hypertension between the two samples; however, we cannot overlook the role of
hypertension in renal cysts. In China, with a significantly aging population, systolic hypertension is one of the most
common diseases.”’ Long-term hypertension can lead to a decline in renal vascular function, which may be one of the
reasons for a reduction in nephron number. The reduction of nephron number increases the workload on renal tubules,
potentially leading to tubule cell hypertrophy and proliferation, which can contribute to the formation of renal cysts.?'
Under the influence of hypertension, existing renal cysts experience increased hydrostatic pressure, leading to their
expansion. Nevertheless, the exact mechanisms remain unclear and may be related to the regulation of the Renin-
Angiotensin-Aldosterone system (RAAS).** The production of hypertension also involves the RAAS, and its related
mechanisms may provide an explanation. The mutual promotion mechanism between hypertension and renal cysts
requires further research and explanation.

The difference in the prevalence of diabetes between the large cyst group and the small cyst group was not particularly
significant, which may be attributed to the sample size not being sufficiently large. Therefore, it is necessary to continue
increasing the sample size. Additionally, a single random blood glucose test is not sufficient to diagnose diabetes, which can
lead to diagnostic inaccuracies for some patients. This does not mean that diabetes does not affect the size of renal cysts. On the
contrary, studies have shown that glucose concentration strongly influences the growth of renal tubular cell cysts. Cyst growth
is driven by epithelial chloride ion secretion, dependent on intracellular levels of cAMP and calcium. Glucose can enhance the
expression of this aspect.® This indicates that good blood sugar control may effectively restrain the growth of epithelial cells
on the renal cyst wall, thereby achieving the goal of controlling the growth of renal cysts.

The lipid profile includes TC, TG, and some lipid components such as phospholipids, among which TC and TG are
clinically significant. In this study, differences in TC and TG levels between the large cyst group and the small cyst group
were observed. Studies have found that lipid presence is quite common, and lipid deposition can frequently be observed in
renal biopsy pathology, a phenomenon that can be mediated by macrophages or directly present in the nephron.** Although
many of these disorders suggest a potential link between alterations in lipid metabolism and the onset and progression of
kidney disease, further experimental studies are needed to determine whether and how changes in glomerular lipid
metabolism contribute to the progression of kidney cysts.? It has been speculated that after a disorder in lipid metabolism,
lipoproteins are more susceptible to oxidation, forming lipid peroxides and other secondary oxides, which can stimulate
macrophages and other effector cells to produce catalytic factors that accelerate local inflammatory responses.*® Some have
proposed similar theories: disturbances in lipid metabolism led to elevated blood TC and TG levels, activating pathways
involved in fat synthesis from TC and TG, increasing oxidative stress responses, inducing mitochondrial division in renal
tubule cells, and subsequently activating the apoptosis pathway, resulting in damage to renal tubule cells.?”*® Damage to
the renal tubules can directly lead to the formation and progression of renal cysts. Therefore, maintaining optimal lipid
levels in the body may also benefit the stability of renal cysts.

Obesity is regarded as a state of low-grade systemic inflammation due to adipose tissue being the primary source of
inflammatory mediators.*® This further strengthens the notion that lipid metabolism disorders may contribute to kidney
disease. Obese individuals often experience hypertension, hyperglycemia, hyperlipidemia, and other metabolic condi-
tions, all of which may potentially change the size of kidney cysts through the aforementioned mechanisms.

Chapman et al, speculated that multiple renal cysts, especially in patients with a large number of them, could potentially
enhance the activation of the RAAS.*® A higher number of renal cysts increases the likelihood of compressing surrounding
tissues, leading to kidney ischemia, and then stimulates the release of renin. RAAS activation can intensify sodium and water
reabsorption, which results in fluid build-up within the cysts, thereby contributing to their growth. The activation of RAAS
also can promote the enlargement of kidney cysts by increasing intrarenal hydrostatic pressure via renal blood vessels
constriction. Furthermore, we unexpectedly found that slightly higher serum globulin levels are a protective factor. Given the
role of globulin in inhibiting inflammatory factors, we speculate that this protective effect may be exerted by reducing renal
oxidative stress and inflammatory responses.®' Further specific experiments are needed to clarify the underlying mechanism.

Our study also had some limitations. Firstly, the stringent criteria used for disease diagnosis and data collection
resulted in the exclusion of a significant amount of data that could have been included in the analysis, potentially
influencing the overall findings. Secondly, this study was conducted at a single center, and future research should aim to
involve multiple centers for broader validation. Thirdly, the sample size in this study was relatively small, and a larger
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sample size is needed to further strengthen the evidence. Fourthly, the diagnosis of renal cysts relied primarily on
imaging examinations, lacking pathological evidence, which might affect the diagnostic rigor. Finally, this article is
a cross-sectional study, it only could infer a correlation between MetS and the size of renal cysts, not causality.

Conclusion

In this study, we observed a significant association between MetS and the size of renal cysts, indicating that patients with
MetS may be more likely to develop larger renal cysts. Effective administration of MetS might be helpful to control the
renal cysts progression. More well-designed prospective studies are required to confirm these findings.

Abbreviations

MetS, Metabolic syndrome; BP, blood pressure; BMI, body mass index; SCr, serum creatinine; FBG, fasting blood
glucose; TC, total cholesterol; TG, total triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OR,
odds ratio; CI, confidence interval; RAAS, Renin-Angiotensin-Aldosterone System; eGFR, Estimated glomerular filtra-
tion rate.
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