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Background/Aims: The prevalence of simple renal cysts increases with age; however, they are occasionally found in adults
aged < 40 years. This cross-sectional study evaluated the clinical significance of simple cysts in young adults, focusing on
their associations with hematuria and albuminuria.

Methods: Adults aged < 40 years who underwent comprehensive medical examination between January 2005 and De-
cember 2013 were included. Simple renal cysts were identified by ultrasonography.

Results: Renal cysts were found in 276 of the 5,832 subjects (4.7%). Subjects with medullary sponge kidney (n = 1) or
polycystic kidney disease (n = 5) were excluded. A single cyst and multiple cysts were found in 234 (4.0%) and 42 (0.7%)
subjects, respectively. Age, high systolic blood pressure, and history of hypertension were independent risk factors for the
presence of simple cysts. Simple cysts were not associated with an increased prevalence of hematuria. However, subjects
with cysts showed a higher prevalence of albuminuria than those without (11.3% vs. 4.5%, p < 0.001). Multivariate analysis
revealed that the existence of simple renal cysts was associated with a 2.30-fold increased prevalence of albuminuria (95%
confidence interval, 1.512 to 3.519; p < 0.001) independent of other risk factors.

Conclusions: In young adults, the presence of simple renal cysts was independently associated with an increased preva-

lence of albuminuria. The causal relationship needs to be elucidated in further studies.
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INTRODUCTION

A simple renal cyst consists of a thin wall with a single-layer
of epithelium [1]. Regular follow-up is not recommended,
because these cysts are usually asymptomatic and have low
malignant potential [2]. The prevalence of simple renal cysts
is three times higher in men than in women [3,4]. Moreover,
its prevalence increases with age, ranging from 6% in adults
aged from 21 to 40 years to 35% in those aged > 70 years
[3]. The pathogenesis of simple renal cysts is unclear. One
hypothesis is that renal parenchymal ischemia causes com-
pensatory hyperfiltration and tubular hypertrophy, resulting
in cyst formation [5].

There is a growing body of evidence showing that simple
renal cysts are associated with hypertension [6-11]. Sever-
al observational studies have reported that the incidence
and prevalence of hypertension are higher in patients with
simple renal cysts [6,7]. Additionally, the adjusted odds ra-
tio (OR) for the risk of pre-hypertension and hypertension
revealed that the presence of simple renal cysts is inde-
pendently associated with high blood pressure (BP) [9]. A
study from South Korea has demonstrated that the effect
of simple cysts on hypertension is more apparent in men
and elderly people, especially those > 60 years of age [6].
However, data on the relationship between simple renal
cysts and renal parenchymal disease or renal dysfunction
have been conflicting [12]. Chang et al. [3] and Al-Said et al.
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[13] have shown a positive correlation between simple renal
cysts and renal dysfunction.

Based on previous studies, we evaluated the association
between simple renal cysts and markers of renal parenchy-
mal injury, such as hematuria and albuminuria. We included
only young adults aged < 40 years to minimize the effects
of the aging process.

METHODS

Study population and data collection

For this cross-sectional study, we obtained the patients’
information and clinical data from the health promotion
center of Samsung Medical Center. The study subjects were
adults younger than 40 years who underwent a compre-
hensive medical examination between January 2005 and
December 2013. A total of 5,838 subjects were included
in the study. We excluded foreigners or subjects for whom
we who did not have data on kidney ultrasonography, urine
albumin-to-creatinine ratio (UACR), BP, and serum creati-
nine level. We further excluded six patients with cystic kid-
ney disease (five with autosomal dominant polycystic kidney
disease [ADPKD] and one with medullary sponge kidney).
We regarded ADPKD if the patients were consulted to ne-
phrologists and were confirmed based on family history and
typical ultrasonography findings of polycystic kidney.
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The subjects completed structured questionnaires about
comorbidities (e.g., diabetes mellitus and hypertension),
smoking habits, and drug usage. The presence of hyperten-
sion was defined as the current use of hypertensive med-
ication or a history of hypertension. Diabetes mellitus was
defined as the current use of an oral hypoglycemic agent
or insulin, or hemoglobin A1c (HbA1c) > 6.5%. We catego-
rized the subjects into three groups according to smoking
status: current smokers, ex-smokers, and never smokers.
Clinical data—including age, sex, height, weight, abdomi-
nal girth, systolic BP, and diastolic BP—were extracted from
electronic medical records. Using body weight and height
data, we calculated the body mass index (BMI) as body
weight (kg)/height? (m?). A BMI of 23 to 24.9 kg/m? was
classified as overweight and > 25 kg/m? as obese, accord-
ing to the World Health Organization criteria for Asian and
Pacific populations.

Laboratory data—including serum creatinine, uric acid,
total CO,, HbAc, fasting glucose, serum triglyceride, se-
rum high-density lipoprotein cholesterol (HDL-C), serum
low-density lipoprotein cholesterol (LDL-C), findings of urine
microscopy for hematuria, and uUACR—were also collected.
Serum creatinine was measured using the Jaffe method
during the study period. Hematuria was defined as the pres-
ence of > 5 red blood cells per high-power field in a urine
specimen.

This study was approved by the Institutional Review Board
of the Samsung Medical Center (2017-12-013-001). In-
formed consent was not required due to the retrospective
design of this study.

Definitions

Albuminuria was defined as a UACR of > 30 pg/mg and
divided into microalbuminuria (< 299 pg/mg) and overt pro-
teinuria (> 300 ug/mg). We used the Chronic Kidney Disease
Epidemiology Collaboration equation to calculate the esti-
mated glomerular filtration rate (eGFR) for assessing kidney
function.

At the time of the health examination, a radiology spe-
cialist performed the kidney ultrasonography and confirmed
the presence and number of simple renal cysts. We re-
viewed the reports and images of kidney ultrasonography.
The diagnostic criteria for simple renal cysts were round or
oval cysts with thin, smooth, and sharply marginated walls
with no evidence of calcification or malignancy. The charac-
teristics of the simple renal cysts (e.g., number and location)
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were also examined.

Statistical analysis
Categorical variables and continuous variables not follow-
ing a normal distribution were expressed as number (per-
centage) and median (interquartile range), respectively. The
group differences for continuous variables between the
control group and the simple cyst group were determined
using the Mann-Whitney test. The chi-square test was used
for comparing categorical variables. We used the Krus-
kal-Wallis test to compare > 2 groups wherever appropriate.
Univariate and multivariate logistic regression analyses were
performed to identify factors associated with the presence
of simple renal cysts. We conducted the logistic analyses of
albuminuria in the same way. Multivariate analysis was per-
formed using variables that were significant in the univariate
analysis and believed to affect the dependent variable. Addi-
tionally, we performed 1:2 propensity score matching anal-
ysis to confirm the association between simple cysts and al-
buminuria in a balanced covariate distribution. The variables
used for matching were age, male sex, BMI, systolic BP, hy-
pertension, diabetes mellitus, eGFR, history of smoking, and
serum uric acid levels. Standardized mean differences were
used to compare baseline characteristics between propensi-
ty-matched groups, and < 0.1 was defined as a meaningful
balance.

A p value of < 0.05 was considered to represent statistical
significance. We used SPSS Statistics version 24 (IBM Corp.,
Armonk, NY, USA) to perform all statistical analyses.

RESULTS

Baseline characteristics of the study
population

We analyzed 5,832 subjects in this study. The overall prev-
alence of simple renal cysts in young adults was 4.7%. A
single cyst and multiple cysts (> 2) were found in 234 (4.0%)
and 42 (0.7%) subjects, respectively. The locations of the
single cyst were the cortex in 187, medulla in 26, and par-
apelvic region in 21 subjects. Table 1 shows the baseline
characteristics of the control group (n = 5,556) and the cyst
group (n = 276). The proportion of men was higher in the
cyst group than in the control group (60.5% vs. 46.5%, p <
0.001). The cyst group showed higher BMI (23.2 kg/m? vs.
22.4kg/m?, p=0.001), larger abdominal girth (82 cm vs. 80
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Table 1. Baseline characteristics of the subjects according to simple cyst status

Characteristic Control group (n = 5,556) Cyst group (n = 276) p value
Age, yr 37 (34-38) 37 (35-39) 0.002
Male sex 2581 (46.5) 167 (60.5) < 0.001
BMI, kg/m? 22.4(19.9-25.2) 23.2 (20.6-25.9) 0.001

Overweight (BMI 23-24.9) 937 (16.9) 53 (19.2) 0.003

Obesity (BMI > 25) 1500 (27.0) 96 (34.8)
Abdominal girth, cm 80 (72-88) 82 (74-90) 0.001
SBP, mmHg 113 (103-124) 118 (109-128) < 0.001
DBP, mmHg 70 (63-78) 74 (65-82) < 0.001
Hypertension 318 (5.7) 37 (13.4) <0.001
Diabetes mellitus 173 (3.1) 2 (4.3) 0.254
HbA1c, % .3(5.1-5.5) .3(5.1-5.5) 0.404
Fasting glucose, mg/dL 88 (82-94) 89 (84-95) 0.029
Creatinine, mg/dL 0.82 (0.70-0.96) 0.88 (0.72-1.01) 0.001
eGFR, mL/min/1.73 m? 105 (94-113) 104 (93-112) 0.128
Smoking 0.027

Never smoker 2694 (54.7) 130 (47.8)

Ex-smoker 813 (15.0) 39 (14.3)

Current smoker 1641 (30.3) 103 (37.9)
Triglyceride, mg/dL 88 (63-137) 100 (67-157) 0.003
HDL-C, mg/dL 57 (47-68) 53 (45-63) 0.001
LDL-C, mg/dL 112 (93-134) 116 (95-139) 0.127
Uric acid, mg/dL 9(3.9-6.1) 5(4.1-6.7) < 0.001
UACR, ug/mg 4.31(2.57-8.00) 4.94 (2.83-9.94) 0.012
Albuminuria <0.001

Microalbuminuria 224 (4.0) 25(9.1)

Overt proteinuria 28(0.5)
Hematuria 275 (4.9) 18 (6.5) 0.243

Values are presented as median (interquartile range) or number (%).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; eGFR, estimated glo-
merular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; uACR, urine albu-

min-to-creatinine ratio.

cm, p = 0.001), higher systolic/diastolic BP (118/74 mmHg
vs. 113/70 mmHg, p < 0.001), higher prevalence of hyper-
tension (13.4% vs. 5.7%, p < 0.001), and higher proportion
of current smokers (37.9% vs. 30.3%, p = 0.027) than the
control group. The serum triglyceride level was higher (100
mg/dL vs. 88 mg/dL, p = 0.003) and the serum HDL-C level
was lower (53 mg/dL vs. 57 mg/dL, p = 0.001) in the cyst
group than in the control group. The serum uric acid level
was also higher in the cyst group than in the control group
(5.5 mg/dL vs. 4.9 mg/dL, p < 0.001).
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Clinical factors associated with the presence
of simple renal cysts

Table 2 presents the results of univariate and multivariate
logistic regression analyses of simple renal cysts. In the uni-
variate analyses, there were a few variables associated with
presence of renal cysts: older age, male sex, higher BMI,
larger abdominal girth, higher systolic and diastolic BPs, his-
tory of hypertension, current smoking, lower HDL-C level,
and higher uric acid level. As BMI and abdominal girth have
a strong linear correlation, BMI was included in the multivar-
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Table 2. Predictors of the presence of simple cysts in univariate and multivariate logistic regression analyses

Univariate analysis

Multivariate analysis

Variable
OR (95% Cl) p value OR (95% Cl) p value

Age, yr 1.071 (1.027-1.116) 0.001 1.068 (1.024-1.115) 0.002
Male sex (ref. female) 1.766 (1.379-2.261) < 0.001 1.235 (0.804-1.897) 0.336
BMI, kg/m2 1.044 (1.014-1.076) 0.004 0.960 (0.919-1.003) 0.069
Abdominal girth, cm 1.018 (1.006-1.029) 0.002
SBP, mmHg 1.020 (1.013-1.028) < 0.001 1.013 (1.004-1.022) 0.006
DBP, mmHg 1.029 (1.018-1.039) < 0.001
Hypertension 2.550 (1.771-3.671) < 0.001 1.850 (1.238-2.764) 0.003
Diabetes mellitus 1.414 (0.778-2.572) 0.256 1.027 (0.550-1.918) 0.933
HbAlc, % 1.109 (0.934-1.316) 0.237
eGFR, mL/min/1.73 m? 0.991 (0.981-1.000) 0.074 1.002 (0.991-1.013) 0.769
Smoking (ref. never smoker)

Ex-smoker 1.094 (0.758-1.577) 0.632 0.747 (0.497-1.123) 0.161

Current smoker 1.431 (1.097-1.866) 0.008 0.976 (0.703-1.356) 0.887
Triglyceride, mg/dL 1.001 (1.000-1.002) 0.059
HDL-C, mg/dL 0.986 (0.978-0.994) 0.001 0.992 (0.982-1.003) 0.119
LDL-C, mg/dL 1.003 (0.999-1.007) 0.117 0.999 (0.994-1.003) 0.587
Uric acid, mg/dL 1.184 (1.099-1.275) < 0.001 1.099 (0.979-1.233) 0.109

OR, odds ratio; Cl, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemo-
globin Alc; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-

terol.
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Figure 1. Prevalence of albuminuria according to cyst location.
There is no difference in the prevalence of albuminuria according
to the cyst location (cortex, medulla, parapelvic region, and multi-
ple; p=0.813).
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iate analysis instead of abdominal girth. Multivariate analy-
ses of simple renal cysts revealed that age (OR, 1.07; 95%
confidence interval [Cl], 1.02 to 1.12 per 1-year increment;
p = 0.002), systolic BP (OR, 1.01; 95% Cl, 1.00 to 1.02 per
1-mmHg increment; p = 0.006), and hypertension (OR,
1.85; 95% Cl, 1.24 to 2.76; p = 0.003) were independent
predictors for the existence of simple cysts.

Additionally, we performed interaction term analyses be-
tween variables associated with the presence of simple cysts:
age, BMI, systolic BP, history of hypertension, and male sex.
A significant interaction between hypertension and male sex
was observed (p = 0.004). Next, stratified analyses were per-
formed, in which the subjects were divided into two groups
according to the presence of hypertension. This showed that
male sex was associated with increased odds of simple cysts
only in subjects without hypertension (OR, 1.786; 95% Cl,
1.373 t0 2.323; p < 0.001). Whereas, male sex was not a
risk factor for simple cysts in subjects with hypertension (OR,
0.528; 95% Cl, 0.241 to 1.156; p = 0.112).
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Table 3. Univariate and multivariate logistic regression analyses of albuminuria

Univariate analysis

Multivariate analysis

Variable

OR (95% Cl) p value OR (95% Cl) p value
Age, yr 0.992 (0.959-1.027) 0.668 0.964 (0.929-1.000) 0.051
Male sex 1.300 (1.023-1.652) 0.032 0.339 (0.232-0.497) < 0.001
BMI, kg/m2 1.098 (1.068-1.128) < 0.001 1.014 (0.975-1.054) 0.487
Abdominal girth, cm 1.031 (1.020-1.042) < 0.001
SBP, mmHg 1.029 (1.021-1.036) < 0.001 1.020 (1.011-1.028) < 0.001
DBP, mmHg 1.036 (1.026-1.046) < 0.001
Hypertension 4111 (2.990-5.653) <0.001 2.262 (1.563-3.273) <0.001
Diabetes mellitus 6.135 (4.225-8.907) <0.001 1.890 (1.032-3.461) 0.039
HbAlc, % 1.727 (1.537-1.941) <0.001 1.434 (1.204-1.708) <0.001
eGFR, mL/min/1.73 m? 0.989 (0.980-0.999) 0.023 0.989 (0.979-0.999) 0.039
Renal cyst 2.663 (1.795-3.951) < 0.001 2.307 (1.512-3.519) < 0.001
Triglyceride, mg/dL 1.004 (1.003-1.005) < 0.001 1.002 (1.001-1.002) 0.002
HDL-C, mg/dL 0.988 (0.980-0.997) 0.005 1.005 (0.995-1.014) 0.336
LDL-C, mg/dL 1.005 (1.001-1.008) 0.019 0.998 (0.994-1.003) 0.467
Uric acid, mg/dL 1.225(1.139-1.317) <0.001 1.227 (1.099-1.370) <0.001

Albuminuria was defined as a urine albumin-to-creatinine ratio of > 30 yg/mg.
OR, odds ratio; Cl, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c,
hemoglobin Alc; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-

protein cholesterol.

Prevalence of hematuria and albuminuria
according to cyst status

The prevalence of hematuria was not different between
the control and cyst groups (4.9% vs. 6.5%, p = 0.243)
(Table 1). There was no difference between subjects with
a single cyst and those with multiple cysts (p = 0.617). The
prevalence of albuminuria was higher in the cyst group than
in the control group (11.3% vs. 4.5%, p < 0.001) (Table
1). However, there was no difference in the prevalence of
albuminuria between the single and multiple cyst groups
(12.0% vs. 7.1%, p = 0.363). Additionally, we divided the
subjects with renal cysts into four subgroups according to
cyst location (cortex, medulla, parapelvic region, and mul-
tiple regions). There was no significant difference in the
prevalence of albuminuria among the four subgroups (p =
0.813) (Fig. 1).

The association between simple renal cysts
and albuminuria

To evaluate the effect of simple cysts on albuminuria, we
conducted logistic regression analyses of albuminuria.
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Univariate analyses demonstrated that male sex, BMI, ab-
dominal girth, systolic BP, diastolic BP, hypertension, di-
abetes mellitus, HbA1c, eGFR, presence of a renal cyst,
serum triglyceride level, HDL-C level, LDL-C level, and uric
acid level were significantly associated with the presence
of albuminuria (Table 3). To verify that simple renal cysts
are independently associated with albuminuria, multivariate
regression analysis was performed, which revealed that the
presence of simple renal cysts was associated with a 2.307-
fold increased risk of albouminuria, independent of other risk
factors (95% Cl, 1.512 t0 3.519; p < 0.001).

We performed interaction analyses between simple cysts
and other variables (such as age, male sex, systolic BP, his-
tory of hypertension, serum triglyceride level, and uric acid
level) and found no significant interaction.

Propensity-matched analysis

After 1:2 propensity score matching, 275 pairs were gen-
erated (275 in cyst group and 550 in control group) and
the standardized mean differences were less than 0.1 for
most variables (except serum triglyceride level). There were
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no differences in the baseline characteristics of the matched
groups (Supplementary Table 1). The prevalence of albu-
minuria was higher in the cyst group than in the control
group (10.9% vs. 6.2%, p = 0.017). Logistic regression
analyses of albuminuria in matched cohorts confirmed that
the presence of simple renal cysts was associated with in-
creased odds of albuminuria (OR, 1.858; 95% Cl, 1.112 to
3.107; p = 0.0182) (Supplementary Table 2).

DISCUSSION

Our study demonstrated that age and high BP were inde-
pendent risk factors for simple renal cysts in adults younger
than 40 years, similar to older populations. With respect to
the relationship between cysts and renal parenchymal inju-
ry, the presence of renal cysts was not associated with an
increased prevalence of hematuria. This finding suggested
that renal cysts have a very low probability of causing hema-
turia. Conversely, subjects with simple renal cysts were more
likely to have albuminuria, independent of the classic risk
factors. The causal relationship between simple renal cysts
and albuminuria needs to be elucidated in further studies.

There is a growing body of evidence showing that simple
renal cysts are closely related to hypertension. Several mech-
anisms linking hypertension and renal cysts have been sug-
gested [6-11,14,15]. Lee et al. [9] reported that serum renin
levels are increased in subjects with large or multiple cysts,
suggesting that the renin-angiotensin-aldosterone system
may be a mediator of high BP in individuals with renal cysts.
On the other hand, both hypertension and renal cysts may
be manifestations of the loss of functional nephrons due to
aging or progressive renal diseases. Hollenberg [16] found
that patients with hypertension have fewer glomeruli and
larger glomerular volume than the matched normotensive
controls, supporting the hypothesis that a decreased num-
ber of nephrons may lead to the development of primary
hypertension. Simultaneously, compensatory tubular cell
hypertrophy and hyperplasia may occur in the remaining
nephrons, causing cyst formation [5,17].

Albuminuria is considered a marker of kidney disease that
is a manifestation of early glomerular injury or endothelial
dysfunction [18,19]. We found that the prevalence of albu-
minuria increased in patients with simple renal cysts. This
cross-sectional association suggested that simple renal cysts
might induce early renal parenchymal injury in the young
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population. According to previous studies, cortical and med-
ullary cysts may obstruct nephrons and reduce renal func-
tion in patients with ADPKD [20]. Further, studies using an
animal model of ADPKD have indicated that albuminuria
results from the defect in endocytosis and the lack of reab-
sorption of low-molecular-weight proteins in the cyst-lining
epithelium of the proximal tubules [21]. Another study that
involved biochemical analysis of cyst fluid suggested that
most simple renal cysts originate from glomerular proximal
tubules [22]. Additionally, copeptin, a marker of urinary al-
bumin excretion and disease severity of ADPKD, has been
associated with an increased prevalence of simple renal cysts
in the general population [23]. A large prospective cohort
study suggested that plasma copeptin levels are associated
with urinary albumin excretion [24]. Thus, the mechanism of
the occurrence of albuminuria in patients with simple renal
cysts might be similar to that of ADPKD.

A few studies have examined the relationship between
simple renal cysts and renal dysfunction. Chang et al. [3]
have shown that renal cysts are associated with elevated
serum creatinine levels. In another study, the presence of
renal cysts was clinically associated with lower eGFR in hos-
pitalized patients aged < 60 years [13]. In our study, eGFR
was not associated with the presence of renal cysts. The
discrepancy between our findings and those of previous
studies can be attributed to the fact that our study subjects
were participants of health examinations, not patients diag-
nosed with chronic kidney disease (CKD). Almost all subjects
in this study had normal kidney function and the median
eGFR was > 100 mL/min/1.73 m? in both groups. In patients
with CKD, renal cysts are more frequently observed with
CKD progression [5].

Our study has several limitations. First, this was a cross-sec-
tional study that only proved an association, rather than a
causal relationship, between albuminuria and simple renal
cysts. Therefore, we could not ascertain the long-term out-
comes of albuminuria in association with simple renal cysts.
Further, we hypothesized that albuminuria in patients with
simple cysts has a similar mechanism of that of albuminuria
in patients with ADPKD; however, there was no significant
difference in the prevalence of albuminuria according to
the number of simple cysts. Further studies using a larger
number of patients with single and multiple simple cysts are
required to investigate our hypothesis. Second, we includ-
ed adults younger than 40 years to minimize the effects of
aging and to prove the significance of simple renal cysts in
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the young population. However, most of the study subjects
were in their late 30s. As the number of young subjects who
underwent health examinations was small, it was not pos-
sible to determine the clinical significance of simple renal
cysts in individuals in their 20s. Third, owing to the retro-
spective nature of this study, there might be some missing
data. We could not obtain information on other potential
confounding factors—such as family history of kidney dis-
eases or hypertension.

In conclusion, age and hypertension were independent
predictors of simple renal cysts in adults younger than 40
years. Renal cysts were not associated with an increased
prevalence of hematuria. However, the presence of renal
cysts was associated with a 2.30-fold increased risk of albu-
minuria. The causal relationship between simple renal cysts
and albuminuria needs to be elucidated in further studies.

KEY MESSAGE

1. Age and hypertension were independent predic-
tors of simple renal cysts in adults younger than 40
years, as in the elderly populations.

2. Simple renal cysts, which were incidentally detect-
ed through medical examination, were associated
with an increased risk of albuminuria in young
adults.
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Supplementary Table 1. Baseline characteristics of control or cyst groups after 1:2 propensity score matching

Characteristic Co(r;trzolsg;g;up C(?/]sigzr;);p p value SMD
Age, yr 37 (34-38) 37 (35-39) 0.969 0.006
Male sex 336 (61.1) 166 (60.4) 0.840 0.015
BMI, kg/m? 23.5(20.8-25.9) 23.2(20.6-25.9) 0.568 0.053

Overweight (BMI 23-24.9) 107 (19.5) 53(19.3) 0.954

Obesity (BMI > 25) 195 (35.5) 95 (34.5)
Abdominal girth, cm 82 (72-89) 81 (73-89) 0.837 0.062
SBP, mmHg 119(107 129) 118(109 128) 0.833 0.014
DBP, mmHg 73 (65-82) 74 (65-82) 0.507 0.045
Hypertension 70 (12.7) 36 (13.1) 0.883 0.0M
Diabetes mellitus 31(5.6) 11 (4.0) 0.313 0.076
HbA1c, % .3(5.1-5.5) .3(5.1-5.5) 0.446 0.037
Fasting glucose, mg/dL 88 (82-95) 89 (84-95) 0.494 0.002
Creatinine, mg/dL 0.87 (0.72-1.01) 0.88 (0.72-1.01) 0.963 0.018
eGFR, mL/min/1.73 m? 103 (93-112) 104 (93-112) 0.924 0.023
Smoking 0.910

Never smoker 265 (48.2) 130 (47.3) 0.054

Ex-smoker 68 (12.4) 39(14.2) 0.019

Current smoker 209 (38.0) 102 (37.1) 0.018
Triglyceride, mg/dL 104 (68-172) 100 (67-157) 0.265 0.163
HDL-C, mg/dL 55 (44-65) 53 (45-63) 0.531 0.042
LDL-C, mg/dL 117 (98-140) 116 (95-139) 0.377 0.063
Uric acid, mg/dL 5.5 (4.2-6.6) 5@4.1-6.7) 0.942 0.011

Values are presented as median (interquartile range) or number (%).
SMD, standardized mean difference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin
Alc; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Supplementary Table 2. Logistic regression analyses of albuminuria in the 1:2 propensity score matched cohort

Variable Odds ratio 95% ClI p value
Age, yr 1.034 0.942-1.135 0.4855
Male sex 1.249 0.731-2.135 0.4158
BMI, kg/m? 1.077 1.014-1.143 0.0162
Abdominal girth, cm 1 0.990-1.011 0.9401
SBP, mmHg 1.026 1.012-1.041 0.0003
DBP, mmHg 1.042 1.021-1.062 < 0.0001
Hypertension 4.222 2.403-7.416 < 0.0001
Diabetes mellitus 4.219 1.969-9.039 0.0002
HbA1C, % 2.033 1.520-2.718 < 0.0001
eGFR, mL/min/1.73 m? 1 0.979-1.020 0.9645
Renal cyst 1.858 1.112-3.107 0.0181
Triglyceride, mg/dL 1.004 1.002-1.006 < 0.0001
HDL-C, mg/dL 0.992 0.975-1.010 0.3705
LDL-C, mg/dL 1.005 0.997-1.013 0.2050
Uric acid, mg/dL 1.260 1.082-1.468 0.0029

Albuminuria was defined as a urine albumin-to-creatinine ratio of > 30 pg/mg.

Cl, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin Alg;
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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