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Purpose: This study aimed to reveal the relationship between the volume of sporadic renal cysts and renal function in patients with
type 2 diabetes (T2D).

Materials and Methods: One hundred and seventy-one patients that underwent renal imaging and other routine examinations at the
Shanghai Pudong Hospital were included in this study. The Gates’ method of glomerular filtration rate (GFR) was measured by **™Tc-
DTPA renal dynamic imaging in addition to the eGFR, calculated by the Chronic Kidney Disease Epidemiology Collaboration
equation (CKD-EPI).

Results: Our results showed that BMI, total iGFR, and eGFR showed significant differences between patients with T2D with or
without SRC (p < 0.05). Spearman correlation analysis showed that cyst volume was positively correlated with Scr and gender but not
iGFR (p > 0.05). The total iGFR positively correlated with eGFR (r = 0.83, p < 0.0001) and negatively with Scr (r = —0.78, p <
0.0001), age (r =—0.43, p < 0.0001), duration of T2D (r = —0.25, p = 0.001), and BMI (r = —0.21, p = 0.006) but not gender (r = —0.03,
p = 0.668). The multilinear regression model revealed that gender (B = 0.346, p < 0.001), iGFR (B =—0.705, p < 0.001), and serum uric
acid (B = 0.195, p = 0.032) were independent predictors of Scr. Moreover, we observed a significant increase in Scr in males (p <
0.05). Finally, we found that the split kidney function reflected by iGFR and related parameters such as time to peak (PTT) and half
time of excretion (excrete t1/2) did not mutually distinguish from each other significantly whether they are measured in patients with
renal cysts or in those without renal cysts (p > 0.05).

Conclusion: Our preliminary results suggest that in T2D, SRCs may be a renal complication of diabetic nephropathy. Although we
found that the patients with renal cysts may display reduced iGFR, the volume of simple cysts seems not to exacerbate renal
insufficiency. Isotope renography is a useful tool to evaluate the split kidney functions in diabetic patients who acquire single-side
cysts.
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Introduction

Type 2 diabetes (T2DM) is well-established to be highly prevalent in most economically developed nations, with
a reported prevalence rate exceeding 10.9% in 2017." Diabetic nephropathy (DN) is one of the most common micro-
vascular complications of T2DM, resulting in chronic renal insufficiency. In some cases, progression to end-stage renal
disease may occur, limiting the patient’s selection of hypoglycemic drugs, increasing the risk of cardiovascular diseases
(CVD), and affecting the quality of life. Diabetic nephropathy (DN) has been established as the leading cause of CKD
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and renal failure in developed countries. Over the past two decades, the morbidity and mortality associated with DN have
been rising rapidly worldwide.? The therapeutic approach in the clinic is often based on kidney function reflected by
glomerular filtration rate (GFR). Many methods and equations are currently available for estimating the GFR, including
blood sample creatinine-based estimated GFR by CKD-EPI equation or isotope GFR (iGFR), which has the advantage of
evaluating the split kidney function when there is a decline in eGFR. The most commonly used isotope for measurement
of iGFR is 51Cr-EDTA and 99mTc-DTPA, with clearance rates comparable to non-radiopharmaceutical markers such as
inulin, iohexol, and iothalamate.® Importantly, this method enables the detection of unilateral renal blood flow and kidney
function, with more details available from the time-uptake curve. The whole procedure is non-invasive and does not
require collecting blood and urine, taking approximately 20 min, and is not subject to interference by the diet.*

Sporadic renal cysts (SRCs) are the most common renal cystic diseases in adults. The prevalence of SRC varies by
population, geographic region, and the imaging modality used. The prevalence of SRCs detected by ultrasound (US) in
the general population was estimated as 5.0-20.8%, with advanced age as the main risk factor.® Current evidence
suggests that the prevalence of SRCs in Chinese is 7.2-10.5%, especially in males and the elderly.”® Most SRCs are
asymptomatic, being incidental findings detected by abdominal ultrasonography or computed tomography during
a medical check-up or when another medical condition is being evaluated. Simple renal cysts may not require treatment
when asymptomatic. Nonetheless, some cysts tend to increase in size and can be sufficiently large to cause pain,
hematuria, and/or urinary obstruction.'®!" Under such conditions, treatment such as surgery is necessary.'*'> It is widely
thought that the size and the volume of SRCs influence renal function and determine the treatment plan. However, the
relationship between the SRCs and renal function remains obscure. An increasing body of evidence suggests that SRC
may be associated with deterioration of renal function.'* Herein, we employed isotope radiography, a well-established
approach equivalent to the eGFR method, to explore split kidney function associated with SRCs.

Materials and Methods

Source of Inpatient Data

The information of patients with T2DM was collected from Shanghai Pudong Hospital’s inpatient information system.
The subjects were inpatients with T2DM in the endocrinology department from June 2021 to December 2021 who
underwent ultrasound examination prior to evaluation of renal function by eGFR and iGFR. Subjects with T1DM,
polycystic kidney, and malignant renal cysts were excluded from the study. We also excluded the extremely conditions
like severe cardiovascular and cerebral diseases, diabetic ketoacidosis, hyperglycemic hyperosmolar state, severe
infection, etc. T2D diagnosis was established based on the World Health Organization (WHO) guidelines published in
1999.

Blood Sampling and Evaluation of Laboratory Data
We included laboratory data on diabetes status, kidney function, and thyroid function. After blood sampling, all
parameters, including fasting blood glucose, c-peptide, HbA1C, eGFR, and creatinine, were evaluated.

99m Tc-DTPA Renal Dynamic Imaging

The patient demographics (age and gender) and their height and weight were documented. The patients were required to
drink 300-500 mL of water and then empty their bladders 30 minutes before imaging. All patients underwent dynamic
renal studies with 99mTc DTPA (with radiochemical purity of over 95%).

Using a large-field-of-view scintillation camera, dynamic imaging was performed in the supine position at a rate of
acquisition of 1 frame/2 s for 1 minute and subsequently 1 frame/20 s for 19 minutes, with the kidneys and inferior
border of the heart included in the imaged field. Using a GE Discovery NM/CT 670 ES SPECT/CT scanner equipped
with a low-energy high-resolution collimator, peak energy of 140 keV, a 64x64 matrix, and a window width of 20%,
dynamic scintigraphy was performed at the time of intravenous administration of 99mTc DTPA bolus, with a dose of
activity 185 MBq of 99mTc-DTPA. Before and after injecting 99mTc-DTPA into patients, the radioactivity in the syringe
was measured. The total injected dose was calculated by subtracting the post-count syringe activity from the pre-count
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syringe activity. The ROI (Region of Interest) over each kidney was manually assigned on the composite image 2 to 3
minutes after injection, and the net count for each kidney was calculated in the time frame 2 to 3 minutes after the tracer
was injected. The Gates’ approach was used to automatically compute the GFR using commercially available software.

Statistical Analyses

Statistics analyses were performed in SPSS (IBM, version 26.0) and Prism (GraphPad, version 9.0). The independent
sample #-test or two-way ANOVA was used to compare differences in levels of plasma C-peptide, HbAlc, total iGFR,
split renal iGFR, and other parameters between different groups. Spearman correlation analyses were used to determine
the relationships between gender disparity, duration, BMI, cyst volume, iGFR, time-to-peak (TTP), half time excretion
(t1/2), and eGFR. Multilinear regression analyses were established to determine the predictors of iGFR and serum
creatinine level change. For all analyses, a p-value <0.05 was statistically significant.

Results

Clinical Baseline Characteristics of T2D Patients with or without Renal Cysts
The characteristics of the study subjects are presented in Table 1, including the gender, age, diabetes duration, body mass
index (BMI), glycosylated hemoglobin Alc (HbAlc), fasting C-peptide, and cyst volume.

The BMI, eGFR, and Total iGFR Significantly Differed Between T2D Patients with or

without Renal Cysts

We first assessed the kidney function in both groups of patients based on iGFR and eGFR. Significant differences were
found in total iGFR (no Cyst vs Cyst: 67.58+ 24.86 mL/min*1.73m* vs 57.84+20.76 mL/min*1.73m? p=0.001), split
kidney iGFR (left iGFR: no Cyst vs Cyst: 32.76£13.12 mL/min*1.73m? vs 27.41+10.34 mL/min*1.73m?, p=0.001; right
iGFR: no Cyst vs Cyst: 34.76+12.74 mL/min*1.73m? vs 30.45+11.93 mL/min*1.73m?, p=0.001) (Table 2), and eGFR
(no Cyst vs Cyst: 76.68% 29.21 mL/min*1.73m? vs 65.02:£22.71 mL/min*1.73m?, p=0.006), and BMI (no Cyst vs Cyst:
25.48+3.60 kg/m? vs 27.0143.54 kg/m?, p=0.011), between T2D patients with or without kidney cysts. However, no
differences in age (no Cyst vs Cyst: 66.20+12.42 years vs 67.69+10.21 years, p=0.414), duration (no Cyst vs Cyst: 11.38

Table | Baseline Characteristics of the Study Participants

Variables With Cysts Without Cysts Reference Range p-value
N (M/F) 52 (39/13) *** 119 (54/65) / <0.001
Age(year) 67.69+10.21 66.20+12.42 / 0.448
Diabetic Duration(year) 11.80 (1~30) 11.38(1~58) / 0.764
BMI (kg/m2) 27.01+3.54* 25.48+3.60 18~24 0.011
HbAIlc (%) 9.48+2.27 9.64+2.22 4~6% 0.668
Fasting C-peptide (nmol/L) 0.62+0.49* 0.46+0.35 0.27~1.28 0.043
FT3 (pmol/L) 4.14+0.80 4.25+0.50 3.50~6.50 0.377
FT4 (pmol/L) 15.55+2.20 15.29+2.21 11.50~22.70 0.492
TT3 (nmol/L) 1.24+0.33 1.32+0.27 0.92~2.79 0.163
TT4 (nmol/L) 92.01+24.71 92.82+18.19 58.1~140.6 0.817
TSH (mIU/L) 2.02+1.62 2.66+2.47 0.55~4.78 0.094
Left Cyst volume (mm?®) 8292.73+26,967.28 / /

Right Cyst volume (mm?®) 21,046.66+82,042.27 / /

Serum creatinine (umol/L) 105.53+41.48 96.42+100.27 41~73 0.795
Serum uric acid (pmol/L) 350.62+112.95 352.02%111.36 184~464 0.941
eGFR (mL/min*1.73m?) 65.02+22.7 | *%* 76.68+29.21 90~120 0.006
iGFR (mL/min*1.73m?) 57.84+20.76** 67.58+24.86 80~120 0.001

Notes: *p<0.05; *p<0.01; ***p<0.001.
Abbreviations: HbAlc, glycosylated hemoglobin Alc; FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine;

eGFR, estimated glomerular filtration rate; iGFR, isotope glomerular filtration rate.
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Table 2 The Isotope Glomerular Filtration Rate (iGFR) in T2D with or with-
out Renal Cysts

iGFR (mL/min*1.73m?) Cyst No Cyst p value
Total iGFR 57.84+20.76 67.58+ 24.86 0.001
Left iGFR 27.41£10.34 32.76%13.12 0.001
Right iGFR 30.45+11.93 34.76x12.74 0.001

+10.01 years vs 11.80+7.58 years, p=0.764), and serum creatinine levels (no Cyst vs Cyst: 96.42+100.27 pmol/L vs
105.534+41.48 pumol/L, p=0.795) were found (Figure 1).

The Volume of Renal Cysts Was Positively Associated with the Serum Creatinine
Level and Gender

We thereafter analyzed the relationships between the volume of renal cysts and kidney function expressed as iGFR and
eGFR respectively, and also between the volume of renal cysts and general characteristics of the patients. The analytic
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Figure | The comparisons of age, duration, BMI, iGFR, eGFR, and Scr between T2D patients with or without renal cysts. The results showed significant differences in BMI

(C), iGFR (D), and eGFR (E) between T2D patients with and without renal cysts (p<0.05). However, the differences in age (A), duration (B), and Scr (F) did not reach
statistical significance.

Note: *p<0.05; *p<0.01;

Abbreviations: BMI, body mass index; iGFR, isotope glomerular filtration rate; eGFR, estimated glomerular filtration rate.
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results showed that the volume of both left and right kidney cysts were positively correlated with the serum creatinine
level (left cysts volume: r=0.24, p=0.002; right cysts volume: r=0.15, p=0.046) and gender (left cysts volume: r=0.24,
p=0.001; right cysts volume: r=0.20, p=0.008). Although volume of left renal cysts faintly correlated with left iGFR,
others did not significantly correlate (total iGFR: left cysts volume: r=—0.15, p=0.052; right cysts volume: r=—0.09,
p=0.237; left iGFR: left cysts volume: r=—0.18, p=0.022; right iGFR: right cysts volume: r=—0.10, p=0.21); However,
only left cysts volume was weakly correlated with eGFR (left cysts volume: r=—0.19, p=0.013; right cysts volume: r=
—0.11, p=0.156). The total iGFR was positively correlated with eGFR (r=0.83, p<0.0001), but negatively associated
with serum creatinine level (r=—0.78, p<0.0001), age (r=—0.43, p<0.0001), duration of T2D (r=—0.25, p=0.001), and
BMI (r=-0.21, p=0.006), but not gender (r=—0.03, p=0.668). The serum creatinine level was negatively correlated
with iGFR (total iGFR: r=—0.78, p<0.0001; left iGFR: r=—0.72, p<0.0001; right iGFR: r=—0.76, p<0.0001) and eGFR
(r=—0.91, p<0.0001), but positively correlated with gender (r=0.32, p<0.0001), age (r=0.26, p=0.001), duration
(r=0.17, p=0.028), BMI (r=0.16, p=0.036), FPCP (r=0.38, p<0.0001), and serum uric acid (r=0.51, p<0.0001)
(Figure 2).

The Volume of Renal Cysts Did Not Account for Increased Serum Creatinine and
Decreased iGFR

Furthermore, we examined whether the renal cyst volume in these patients played a critical role in increased serum
creatinine by establishing a multilinear regression model. Gender, serum uric acid and iGFR were independent predictors
of serum creatinine level but not renal cyst volume (Table 3). This analysis revealed that total iGFR, gender and serum

uric acid (UA) were independent driving factors of the change in serum creatinine: total iGFR was negatively correlated
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Figure 2 The heatmap depicts the correlation between cyst volume and other parameters. The correlation coefficient and the significance of critical parameters are shown
as described in the text. The gradient in red represents the degree of positive correlation, while the gradient in blue represents the negative correlation, as shown by the
color bar on the right side of the map.

Abbreviations: L-cyst volume, the volume of the left renal cyst; R-cyst volume, the volume of the right renal cyst; iGFR, isotope glomerular filtration rate; eGFR, estimated
glomerular filtration rate; L-iGFR, left renal iGFR; R-iGFR, right renal iGFR; BMI, body mass index.
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Table 3 A Multilinear Regression Model of Serum Creatinine Level (Represented as Log SCr) in Patients with Renal Cysts

Multilinear R 0.831 R? 0.691 Adjusted 0.672

Regression R?
Variables B SE B t Sig Tolerance | VIF
Constant 2.116 0.065 32.492 <0.001
Total iGFR —0.005 0.001 —0.705 —8.201 <0.001 0.871 1.148
Gender 0.128 0.032 0.346 4.037 <0.001 0.876 1.142
Serum UA 0.000282 0.000128 0.195 2211 0.032 0.829 1.207

Abbreviations: iGFR, isotope glomerular filtration rate; UA, uric acid; SE, stand error; Sig, significance; VIF, variance inflation factor: an indicator for diagnosis of
collinearity.

Table 4 A Multilinear Regression Model of iGFR in Patients with Renal Cysts

Multilinear R 0.823 R? 0.678 Adjusted | 0.651

Regression R?
Variables B SE B t Sig Tolerance | VIF
Constant 39.994 12.766 3.133 0.003
SCr —0.033 0.046 —0.659 —-7.238 <0.001 0.827 1.210
Gender 10.972 4.423 0.231 2.481 0.017 0.789 1.267
FT3 8.680 2375 0.332 3.655 0.001 0.830 1.206
FPG 1.016 0.435 0.207 2333 0.024 0.870 1.149

Abbreviations: SCr, serum creatinine; FT3, free triiodothyronine; FPG, fasting plasma glucose; SE, stand error; Sig, significance; VIF, variance inflation factor: an
indicator for diagnosis of collinearity.

with serum creatinine, while male gender and UA were positively correlated. The model could explain 69% (r square was
0.69) of the observed serum creatinine change in the current study.

We also analyzed a multilinear regression model of iGFR and found that neither the volume of left renal cysts, nor the
volume of right renal cysts is a significant determinant of total iGF (Table 4). The model revealed that serum creatinine,
gender, free triiodothyronine (FT3), and fasting plasma glucose (FPG) were independent predictors of the change in total
iGFR. Specifically, creatinine was negatively related to iGFR, while gender, FT3, and FPG were positively related to
iGFR, indicating that male patients with higher FT3 and FPG levels were associated with higher iGFR. These parameters
could explain 67.8% (R*=0.678) of the observed iGFR in the current study.

Gender Disparity May Significantly Influence the Serum Creatinine Levels in Patients
with Renal Cysts

We compared the kidney function (expressed as iGFR and eGFR respectively) and general patients’ characteristics between
male and female T2D patients with renal cyst. We noticed a significant higher serum creatinine level in male patients (male
vs female: 112.13+43.60pumol/L vs 85.74426.94umol/L, p=0.014), whereas the age (male vs female: 66.38+10.01years vs
71.62+10.18 years, p=0.122), duration of T2D (male vs female: 11.174 7.75 years vs 13.69+6.98 years, p=0.091), BMI (male
vs female: 28.87+3.48kg/m2 vs 27.44+3.85kg/m2, p=0.639), cyst volume (left cysts: male vs female: 10.13+30.82¢cm3 vs
2.77£6.27cm3, p=0.913; right cysts: male vs female: 11.66+£31.83cm3 vs 49.20+155.73cm3, p=0.108), iGFR (total iGFR:
male vs female: 59.63£20.07mL/min*1.73m2 vs 52.47+22.69 mL/min*1.73m2, p=0.363; left iGFR: male vs female: 28.31
+10.13 mL/min*1.73m2 vs 24.69+10.93 mL/min*1.73m2, p=0.837; right iGFR: male vs female: 31.34+10.94 mL/
min*1.73m2 vs 27.78+14.68 mL/min*1.73m2, p=0.844), eGFR (male vs female: 65.57+23.43 mL/min*1.73m2 vs 63.36
+21.21 mL/min*1.73m2, p=0.754), FPG (male vs female: 8.80 + 4.54mmol/L vs 6.97 + 2.84mmol/L, p=0.097), HbAlc
(male vs female: 9.84 + 2.33% vs 8.42 £ 1.76%, p=0.0501), and FPCP (male vs female: 0.62 £+ 0.49 nmol/L vs 0.62 + 0.53
nmol/L, p=0.982) did not reach statistical significance between males and females (Figure 3) (Table 5).

2448 e Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Li et al

Age

A B Duration BMI
100- ns 25+ ns 407 ns
80 | | |

20+
30
60 |
g ) 15 NE
] [ S 20
> 40 > 104 x
20+ 5 10
0- 0- 0-
Male Female Male Female Male Female
Cyst volume
D E iGFR eGFR
ns
100 1009 ns = Male ns
mm Male |—| 3 Female 100 I |
80-] =3 Female ~_ 804 80
£ ~
g ns ns £
o 60 = 607 1 N~ 60
£ ns e |_| ey
[*] -— (=
40 E 407 ‘€ 40
T =
20 20 E o4
0- 0- 0-
Male Female
o@e \)@0 OQQ- OQQ' 08‘
A\ AN £ -§ -§
«© «© > P &
S S <8 V >
) \o* <&
[ &
V Q_@
G Serum Creatinine FPG | HbA1c FPCP
150 * 15- ns 15+ ns 1.5+ ns
o 100 , 101 10 o 1.0
3 5 . 3
£ g & £
= E [
50 5 54 0.5
0- 0- 0- 0.0~

Male Female

Male Female

Male Female

Male Female

Figure 3 Gender disparity in age (A), duration (B), BMI (C), cyst volume (D), iGFR (E), eGFR (F), serum creatinine (G), FPG (H), HbAlc (), FPCP (J).
Note: *p<0.05.

Abbreviations: ns, no significant; iGFR, isotope glomerular filtration rate; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbAlc, glycosylated
hemoglobin Alc; FPCP, fasting plasma C-peptide.

The Split Kidney Function Reflected by iGFR and Related Parameters Did Not Show
Significant Bilateral Disparity, and with Those of Different Side of Cysts

Finally, we intended to determine whether the ipsilateral renal cyst had impacts upon contralateral kidney iGFR or related
parameters, and was significantly different from the bilateral iGFR or related parameters of the opposite renal cyst from
other patients. The analyses of the comparison showed that no special disparity in iGFR whether cysts were in the
different sides of the kidney (iGFR: left renal cysts: left iGFR: 25.91+10.99 mL/min*1.73m?; right iGFR: 29.78
+12.24 mL/min*1.73m?; right renal cysts: left iGFR: 29.30+£10.32 mL/min*1.73m?; right iGFR:32.12+12.74 mL/
min*1.73m?; TTP: left renal cysts: left TTP: 3.845+1.913 min; right TTP: 3.674+2.058 min; right renal cysts: left
TTP: 4.414+3.441 min; right TTP:3.99343.168 min, p>0.05; half time excretion (t1/2): left renal cysts: left half time
excretion (t1/2): 25.256+14.581 min; right half time excretion (t1/2): 23.985+17.549 min; right renal cysts: left half time
excretion (t1/2): 17.859+9.222min; right half time excretion (t1/2): 18.529+10.322min, p>0.05) (Figure 4) (Table 6).
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Table 5 The Gender Disparity in General Characteristics, Renal Cyst Volume, Kidney Function,
Glucose Metabolism, and Serum Creatinine Levels

Male Female p-value
Age (year) 66.38+10.01 71.62+10.18 0.122
Duration of T2D (year) 1117+ 7.75 13.69+6.98 0.091
BMI (kg/m?) 28.87+3.48 27.44+3.85 0.639
Left cysts volume (cm3) 10.13+30.82 2.77+6.27 0913
Right cysts volume (cm?®) 11.66+31.83 49.20+155.73 0.108
Total iGFR (mL/min*1.73m?) 59.63+20.07 52.47+22.69 0.363
Left iGFR (mL/min*1.73m?) 28.31%10.13 24.69+10.93 0.837
Right iGFR (mL/min*1.73m?) 31.34£10.94 27.78+14.68 0.844
eGFR (mL/min*1.73m?) 65.57+23.43 63.36x21.21 0.754
FPG (mmol/L) 8.80 + 4.54 6.97 + 2.84 0.097
HbAIlc (%) 9.84 + 233 842 + 1.76 0.0501
FPCP (nmol/L) 0.62 + 0.49 0.62 + 0.53 0.982
Serum creatinine (pmol/L) 112.13+43.60* 85.74+26.94 0.014

Note: *p<0.05.

Abbreviations: BMI, body mass index; iGFR, isotope glomerular filtration rate; eGFR, estimated glomerular filtration rate;
FPG, fasting plasma glucose; HbA ¢, glycated hemoglobin Alc; FPCP, fasting plasma C-peptide.

Discussion
Sporadic or simple renal cysts are usually incidental findings during imaging examination and can be solitary or multiple,
unilateral or bilateral. Because they are often symptomatic, clinicians may ignore their consequence on renal function.
But till now, the emerged distinct studies results reported on whether SRCs are associated with impaired renal functions
are confusing due to multiple reasons. Some studies affirmed that SRCs could exacerbate the renal eGFR and other
complications,'> while others proposed that these cysts do not need further treatment when they are asymptomatic while
others proposed that these cysts do not need further treatment when they are asymptomatic.'>*'¢ In the present study, we
investigated whether SRCs significantly impact kidney function in patients with type 2 diabetes (T2D) examined by
isotope glomerular filtration rate (iGFR). Our analyses suggested that in patients with T2D, SRCs may be observed in
patients with decrease renal function due to multiple causes or agents, but the kidney function was not influenced by the
volume of renal cysts.

Herein, we found that SRCs affected 30% of T2D patients, especially in male patients, consistent with the literature.'’
We found that age, duration, HbAlc level and basal C-peptide were comparable in both groups of patients. The mean
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Figure 4 Comparison of split kidney function based on iGFR (A), time to peak (B), 1/2 time of excretion (C) coexistence of renal cysts. The figure depicts distinction in
iGFR (A), time-to-peak (B), 1/2 time of excretion (C) between the healthy kidney (without cysts) and diseased kidney (with cysts) of the same group (left kidney cysts or
right kidney cysts); left iGFR, left TTP, left excrete 1/2 or right iGFR, right TTP, right excrete tl/2 between the different group (left kidney cysts or right kidney cysts).
Abbreviations: ns, no significant; L-iGFR, left kidney glomerular filtration rate; R-iGFR, right kidney filtration rate; TTP, time to peak.
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Table 6 The Split Kidney Function Reflected by iGFR and Related Parameters

Left Renal Cysts Right Renal Cysts p-value

Left iGFR (mL/min*1.73m?) 25.91+10.99 29.30+10.32 09174
Right iGFR (mL/min*1.73m?) 29.78+12.24 32.12+12.74 0.9860
p value 0.8101 0.9740

Left TTP (min) 3.845+1.913 4.414+3.441 0.9788
Right TTP (min) 3.674+2.058 3.993+3.168 0.9991
p value >0.9999 0.9971

left excrete t1/2 (min) 25.256+14.581 17.859+9.222 0.3818
Right excrete t1/2 (min) 23.985+17.549 18.529+10.322 0.5981
p value 0.9895 0.9991

volume of right cysts was larger than the left, which could be attributed to the limited sample size. However, whether
there exist anatomic and physiological kidney disparities that predispose to this discrepancy remains to be determined.
Thereafter, we evaluated the general characteristics and kidney function between these two groups and observed
significant differences in the BMI, eGFR, and iGFR, consistent with the literature.'>'®1° This higher BMI in T2D
with cysts could be attributed to insulin resistance, hypertension, hyperuricemia induced by adipose tissue inflammation
or oxidative stress, as previously reviewed in multiple studies.”® A previous study reported that obesity prevalence is
significantly higher in patients with renal cysts than in those without.>' Although we found a significant decrease in total
iGFR and eGFR, we did not find a statistically different iGFR during split kidney function analysis, which may be due to
the limited sample size. As well, we did not expect the increased serum creatinine level, suggesting although the kidney
lesion may co-exist, and our groups were in relative early stage of chronic kidney disease (CKD), but it did not
adequately to induce remarkably creatinine increasing, and renal insufficiency in these patients.

Subsequently, we analyzed the correlation between cyst volume and renal function. Intriguingly, we did not find
a significant correlation with iGFR/eGFR, while a significant association was found with serum creatinine level and
gender disparity. We speculate that cyst volume is not the sole critical factor associated with iGFR levels. Consistently,
some studies revealed that the number, location, and type of cysts might influence kidney function.'®**>* Given that this
is a correlational study, we only observed that serum creatinine was correlated with cyst volume, indicating that the
volume and the level change of creatinine may be the consequences of reduced renal function. On the other hand, our
results suggested that iGFR is associated with age, duration of T2D, BMI, eGFR and creatinine, consistent with the
literature.

Given that creatinine was significantly associated with cyst volume, we established a multilinear regression model of
creatinine and iGFR. No significant relationship was found between cyst volume and serum creatinine. We found that UA
level was an independent predictor of changes in serum creatinine; FT3 and FPG were predictors of iGFR, consistent
with the literature.”>® This is further confirmed our assumption that SRCs may be a manifestation of declined renal
function in T2D (mean eGFR: 65.02+22.71 mL/min*1.73m?), but the cyst volume parameter in the current study (as
shown in Table 1) did not significantly alter the kidney function. We substantiate that besides the number, location and
type of renal cysts, the volume of renal cysts may not be the ideal or exclusive indicator to predict the effect of renal cysts
on kidney filtration function, unlike previous reports.”' Besides, we found that iGFR is consistent with the eGFR, which
is in accordance with a previous study,”” suggesting that iGFR is a useful and precise tool for evaluating the split kidney
function in diabetic patients.

To exclude the effects of gender disparity on cyst volume, we compared the data of males and females with renal
cysts by stratifying by age, duration, BMI, cyst volume, iGFR, eGFR, and serum creatinine level. As expected, the

gender disparity did not influence the renal cyst volume, suggesting although differences in incidence of SRCs may
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prevail, the renal cyst volume is not a crucial factor. However, we found that the serum creatinine level was especially
higher in male groups with renal cysts; this could be attributed to muscle and hormone-associated comorbidities.

Given that we established that patients with renal cysts exhibited reduced renal function, but renal insufficiency was
not exacerbated, we sought to compare the split kidney function between the lesioned (with cysts) and healthy side
(without cysts) after excluding the cyst volume. As the split kidney function was reduced revealed by iGFR and related
parameters, there were no significant differences between: 1) the left iGFR and related parameters whether there were left
renal cysts; 2) the right iGFR and related parameters whether there were right renal cysts; 3) left and right iGFR and
related parameters whether there were left renal cysts or right renal cysts. This furtherly supports our findings, and
concurrently indicates: the respective iGFR of split kidney with SRCs, did not distinguish its coexisted side from its
contralateral side. The TTP and half time excretion t1/2 parameters were used to observe the isotope dynamics during
split kidney function analysis represented as absorption, distribution, and excretion. We also found no distinct changes in
the presence of SRCs, which supports our assumption that SRC did not influence the split renal function.

SRCs originate from the distal convoluted or collecting duct and are thought to arise from renal tubular diverticula or
tubular cell hyperplasia secondary to nephron loss.*® It is thought that renal cysts originate from weakening the tubular
basement membrane of the distal convoluted or collecting duct cells. As a result, diverticula formed can subsequently
develop into a simple renal cyst.>* Overwhelming evidence substantiates that SRCs are associated with ageing, gender,
prehypertension, hypertension, diabetes, arterial stiffness, albuminuria, and increased serum creatinine, which are well-
established risk factors for cardiovascular diseases.”> >’ However, the relationship between the T2D and SRCs remains
unclear and may be subject to differences due to the study population, sample size, stage of hypertension, and techniques for
detecting renal cysts.'”~*>° In a recent study, SRCs were associated with worse renal function in patients with T2D, age,
gout, proteinuria, cerebrovascular disease (CVD), and increased serum phosphorus levels.'”> Consistently, another study
demonstrated that hyperuricemia was the critical risk factor for SRCs in T2D.*® In our study, we also observed a decreased
iGFR and eGFR in T2D patients with SRCs, but our analyses showed that the volume of SRCs was not associated with the
eGFR or iGFR level, and it did not significantly affect the split kidney function. We hypothesize that the number, location,
and type of the cysts may be closely related to renal function. In our future investigations, we will include more precise
parameters associated with isotope analysis to further investigate the implication of SRCs on renal function.

Conclusion

Our preliminary results suggest that SRCs may be associated with decreased renal function in patients with T2D. In the
current investigation, we used isotope renography to assess kidney function and discovered that, while patients with renal
cysts had a decreased iGFR, the volume of simple cysts did not increase risk of renal insufficiency (Figure 5). Isotope

Hyperglycemia
Hyperlipidemia Cysts
Hypertension

___Diabetic Structural Lesion
Nephropathy
Cysts
® é E- - ><-Volume of Cysts
tenang Location, Number of Cysts
&, &y v

—> Glomerular filtration rate (iGFR)l

Figure 5 In T2DM patients, the reduced glomerular filtration rate (iIGFR) may be caused by hyperglycemia, hypertension, and hyperlipidemia. The volume of renal cysts did
not affect the unilateral kidney’s glomerular filtration rate. The remaining variables, such as cyst location and number, are unknown.
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renography is a valuable method for assessing split kidney function in patients with unilateral nephropathy. Further
research on the effects of SRCs on diabetic renal disease is warranted to identify more precise biomarkers.
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