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Hyperuricemia is a risk factor for the progression to
end-stage renal disease in minimal change disease
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Background: Minimal change disease (MCD) is one of the most common causes of nephrotic syndrome worldwide. Hyperuricemia
increases the end-stage renal disease (ESRD) risk in glomerulonephritis. In this study, we aimed to determine the effect of high serum
uric acid levels on the progression to ESRD in MCD.

Methods: A total of 800 patients diagnosed with MCD by kidney biopsy were retrospectively analyzed. We determined the relation-
ship of hyperuricemia with the progression to ESRD in MCD using the Cox proportional hazard model and Kaplan-Meier survival anal-
ysis. The primary outcome was defined as the initiation of dialysis or kidney transplantation.

Results: A total of 42 patients (5.3%) progressed to ESRD during the follow-up period. In the restricted cubic spline curve, serum uric
acid levels exhibited a positive correlation with ESRD progression in patients with MCD. In the fully adjusted model, the risk of MCD
progression increased by 29% for every 1 mg/dL increase in the baseline serum uric acid level (hazard ratio [HR], 1.29; 95% confi-
dence interval [Cl], 1.09-1.54; p = 0.004). Falling into the high uric acid group (serum uric acid level > 7 mg/dL in men and > 6 mg/
dL in women) was also a risk factor for progression of MCD to ESRD (HR, 3.40; 95% Cl, 1.59-7.31; p < 0.001).

Conclusion: Our study shows that hyperuricemia is an independent risk factor for the progression to ESRD in patients with MCD.
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Introduction of the most common causes of nephrotic syndrome world-

wide [1]. The prognosis is relatively good, and the disease
Minimal change disease (MCD) is a kidney disease in which ~ usually responds to corticosteroid treatment with disappear-
large amounts of protein are excreted via urine, and itis one  ance of the ultrastructural alteration [2]. Therefore, chronic
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kidney disease or end-stage renal disease (ESRD) is not
typically seen in adult MCD. As a result, little is known about
the risk factors for ESRD progression in MCD [3]. However,
acute kidney injury (AKI) occurs in 10% to 25% of adult pa-
tients diagnosed with MCD [4-6]. These patients tend to be
older males with hypertension and have more severe pro-
teinuria, hypoalbuminemia, and arteriosclerosis on kidney
biopsy than patients who do not develop AKI [6,7]. Unfortu-
nately, AKI is not a self-limiting event. Increasing evidence
has demonstrated the bidirectional link between AKI and
chronic kidney disease (CKD) [8].

Serum uric acid is the final enzymatic product of purine
metabolism [9]. Hyperuricemia has been associated with
AKI, CKD, hypertension, dyslipidemia, diabetes mellitus
(DM), stroke, cardiovascular events, and hepatitis B virus-as-
sociated glomerulonephritis [10-15]. We recently reported
that hyperuricemia was also a risk factor for progression
of immunoglobulin A nephropathy and lupus nephritis in
women [16,17]. However, little is known about the effect
of uric acid on progression to ESRD in patients with MCD.
Therefore, we investigated the effect of high serum uric acid
levels on progression to ESRD in MCD.

Methods
Data source and study population

Of the 21,697 patients who underwent kidney biopsies from
January 1979 until October 2018 at 19 Korean university hos-
pitals (Kyungpook National University Hospital, Kyung Hee
University Hospital at Gandong, Kangdong Sacred Heart
Hospital, Gangnam Severance Hospital, Korea University
Guro Hospital, Korea University Anam Hospital, Eulji Uni-
versity Hospital, Seoul National University Boramae Medical
Center, Seoul National University Bundang Hospital, Seoul
National University Hospital, Severance Hospital, Pusan
National University Yangsan Hospital, The Catholic Univer-
sity of Korea, Eunpyeong St. Mary’s Hospital, Ewha Womans
University Mokdong Hospital, National Health Insurance
Service Ilsan Hospital, Chonnam National University Hos-
pital, Chonbuk National University Hospital, and Hallym
University Sacred Heart Hospital), 1,949 patients were diag-
nosed with MCD. We excluded 159 patients aged <18 years,
130 patients in whom the status of disease progression was
unknown, and 860 patients whose serum uric acid levels
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were not measured. Finally, data from 800 patients were
retrospectively analyzed in this study. Fig. 1 shows the flow-
chart for selecting cases for this study.

Study endpoint, definitions, and measurements

The primary endpoint of the study was MCD progression,
defined as the initiation of dialysis or kidney transplantation.
In our study, we defined the ‘hyperuricemia group’ as indi-
viduals with a serum uric acid level > 7 mg/dL in men and >
6 mg/dL in women [18]. The estimated glomerular filtration
rate (eGFR) was calculated using the original Modification of
Diet in Renal Disease equation for adults [19].

Statistical analyses

All continuous variables were tested for normality using the
Shapiro-Wilk test. Normally distributed data are expressed
as mean * standard deviation, and skewed data are ex-
pressed as the median and interquartile range (25th percen-
tile-75th percentile). To compare the clinical characteristics
and differences between the control group and hyperuri-
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Figure 1. Flow diagram of the study population.
MCD, minimal change disease.
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cemia group, the Student t-test was used for the normally
distributed variables and the Mann-Whitney U test was used
to analyze the skewed data. The categorical variables were
expressed as numbers and percentages, and the chi-squared
test was used to compare the groups. Kaplan-Meier survival
curves with log-rank tests and a univariate Cox proportional
hazards model were used to examine the effect of the serum
uric acid level on MCD progression. A multivariate Cox pro-
portional hazards regression model was applied to adjust
the variables that may affect MCD progression. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were calculated to
estimate the risk of MCD progression. We examined the as-
sumption of the proportional hazard in the Cox model using
cox.zph() in R. We stratified DM to satisfy the assumption of
the proportional hazard in the fully adjusted model. We used
restricted cubic spline curve to illustrate the nonlinear asso-
ciation between the serum uric acid level and MCD progres-
sion. We used four knots for the restricted cubic spline curve.
The data were analyzed and plotted using R, version 4.0.2 (R
Foundation for Statistical Computing, Vienna, Austria). All
statistical tests were two-tailed, and a p-value of <0.05 was
considered statistically significant.

Table 1. Baseline characteristics of the study population

Ethical approval and informed consent

This study complied with the tenets of the Declaration of
Helsinki. Because the database used in this study did not
include personal identifiers and the study was retrospective
and observational in its design, the need for informed con-
sent was waived. The study was approved by the Institution-
al Review Board of Chonnam National University Hospital
(CNUH-EXP-2020-312).

Results
Baseline characteristics of the study population

The baseline characteristics of the participants are present-
ed in Table 1. The mean patient age was 43.1 + 18.3 years,
and 475 participants (59.4%) were male. In total, 82 partici-
pants (10.3%) had DM, and the mean serum creatinine was
1.1 £ 0.8 mg/dL at baseline. Participants in the high uric acid
group had significantly higher serum creatinine (1.4 mg/dL
vs. 0.9 mg/dL, p < 0.001), higher blood urea nitrogen (26.4
mg/dL vs. 16.3 mg/dL, p < 0.001), lower serum protein (5.1

Variable Total High uric acid group Control group p-value
No. of patients 800 285 515

Uric acid (mg/dL) 6.27 £ 1.93 8.26 £ 1.45 517 +1.11 <0.001
Age (yr) 43.1+18.3 44.6 + 18.7 422+ 18.1 0.07
Male sex 475 (59.4) 181 (63.5) 294 (57.1) 0.09
Diabetes mellitus 82 (10.3) 34 (11.9) 48 (9.3) 0.31
Hypertension (%) 256 (32.0) 109 (38.2) 147 (28.7) 0.007
Smoking (%) 192 (24.0) 73 (25.6) 119 (23.1) 0.40
MDRD eGFR (mL/min/1.73 m?) 85.4 (55.6-106.3) 67.4 (43.5-87.6) 96.7 (76.6-116.8) <0.001
BUN (mg/dL) 199+ 144 26.4+1.85 16.3+9.8 <0.001
Hemoglobin (g/dL) 140+ 2.0 140+2.1 140+ 2.0 0.85
Glucose (mg/dL) 1059+ 34.4 107.2 £ 35.5 105.3+33.8 0.46
Protein (g/dL) 53+14 51+14 54+14 0.001
Albumin (g/dL) 28+12 26+11 29+1.2 <0.001
Cholesterol (mg/dL) 309.2+ 1435 318.7 £ 144.2 304.1+1429 0.18
UPCR (g/gCr) 6.6 (1.0-10.2) 7.2 (1.2-10.8) 6.2 (0.9-9.6) 0.04
Body mass index (kg/m?) 24.7+3.9 255+ 3.7 243+4.0 <0.001
SBP (mmHg) 123.3+16.8 1259+ 185 1219+ 15.7 0.003
DBP (mmHg) 775+121 79.0+14.0 76.8 + 10.9 0.03
Follow-up (yr) 58+4.1 53+43 6.1+4.0 0.004

Data are expressed as number only, mean * standard deviation, number (%), or median (interquartile range).

MDRD, modification of diet in renal disease; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; DBP, diastolic blood pressure; UPCR,

urine protein-to-creatinine ratio; SBP, systolic blood pressure.
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g/dL vs. 5.4 g/dL, p = 0.001), lower serum albumin (2.6 g/dL
vs. 2.9 g/dL, p < 0.001), higher urine protein-to-creatinine
ratio (7.2 g/g Crvs. 6.2 g/g Cr, p = 0.04), higher prevalence of
hypertension (38.2% vs. 28.7%, p = 0.007), higher body mass
index (25.5 kg/m”vs. 24.3 kg/m’ p < 0.001), and higher sys-
tolic blood pressure (126 mmHg vs. 122 mmHg, p = 0.003)
than those in the control group. The distribution of serum
uric acid levels differed significantly according to sex (Fig. 2).

Independent risk factors for progression of minimal change
disease to end-stage renal disease

A total of 42 patients (5.3%) have progressed to ESRD during
the follow-up period. The unadjusted analysis is presented
in Supplementary Table 1 (available online). We have also
created a Cox regression model using restricted cubic spline
curve to assess the association between serum uric acid lev-
el and HR of MCD progression (Fig. 3). The serum uric acid
level exhibited a positive correlation with MCD progression.
Adjusted Cox proportional hazard models were used to
determine whether serum uric acid levels and falling into
the high uric acid group were independent risk factors for
MCD progression. In the fully adjusted model, the risk of
MCD progression increased by 29% for every 1 mg/dL in-
crease in the baseline serum uric acid level (HR, 1.29; 95%
CI, 1.09-1.54; p = 0.004). Falling into the high uric acid group
was also a risk factor for progression of MCD to ESRD (HR,
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Figure 2. The difference in distributions of the serum uric acid

levels according to sex. The median serum uric acid level was 5.5
mg/dL in females and 6.8 mg/dL in males.
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3.40; 95% CI, 1.59-7.31; p < 0.001) (Table 2).

Kaplan-Meier survival curves showed statistically signif-
icant differences between the high uric acid group and the
low uric acid group in relation to MCD progression to ESRD
(p <0.001) (Fig. 4).

Sensitivity analysis

Since the number of renal events was small and may lead
to an over-fitting problem, we performed a propensity
score-adjusted analysis by combining the covariates. The
propensity score-matching results showed that falling into
the high uric acid group (HR, 2.37; 95% CI, 1.20-4.68; p =
0.01) and high serum uric acid (HR, 1.17; 95% CI, 1.01-1.35;
p = 0.004) were risk factors for progression of MCD to ESRD
(Table 3). To exclude the possibility of an initial free-ESRD

Table 2. Hazard ratio for progression of minimal change disease
by uric acid with Cox proportion hazard models

Serum uric acid
HR (95% Cl) p-value
1.26 (1.10-1.44) <0.001
1.26 (1.10-1.44) <0.001

High uric acid group

HR (95% Cl) p-value
Crude 3.88(2.04-7.37) <0.001
Model 1 3.66 (1.92-6.97) <0.001
Model 2 3.79 (1.96-7.29) <0.001 1.27 (1.11-1.46) <0.001
Model 3 3.40 (1.59-7.31) <0.001 1.29(1.09-1.54) 0.004

Crude: unadjusted analysis; model 1: adjusted for age and sex; model 2:
model 1 + diabetes mellitus, hypertension; model 3: model 2 + albumin,
body mass index, creatine, hemoglobin, smoking.

Model

Hazrd ratio
@

3 4 5 6 7 8 9 10 1
Serum uric acid (mg/dL)

Figure 3. Restricted cubic spline curve of the hazard ratio of
serum uric acid for end-stage renal disease survival probability.
The serum uric acid level exhibited a positive correlation with
minimal change in disease progression.
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Figure 4. Kaplan-Meier free-ESRD probability curve with the log-rank test between the hyperuricemia group and MCD
progression. MCD progression occurred more frequently in the high uric acid (HUA) group than in the low uric acid (LUA) group.

ESRD, end-stage renal disease; MCD, minimal change disease.

Table 3. Sensitivity analysis using a propensity score-adjusted analysis model and Cox hazard model excluding renal events in the first

year
Model High uric acid group Serum uric acid

HR (95% Cl) p-value HR (95% Cl) p-value
Propensity score-adjusted analysis model 2.37 (1.20-4.68) 0.01 1.17 (1.01-1.35) 0.004
Cox hazard model excluding renal events in the first year 3.59 (1.14-11.30) 0.03 1.24 (0.93-1.65) 0.15

Cl, confidence interval; HR, hazard ratio.

probability gap in Kaplan-Meier curves affecting the final
free-ESRD probability, we analyzed Cox proportional hazard
models, except renal events in the first year. This sensitivity
analysis is presented in Table 3.

Discussion

Our study showed that hyperuricemia is an independent
risk factor for the progression of MCD. A recent study report-
ed that serum uric acid levels at the time of biopsy predicted
steroid-resistant nephrotic syndrome (SRNS) in children
[20]. SRNS children with hyperuricemia had a significantly
higher rate of glomerulosclerosis, tubular atrophy, diffuse in-
terstitial fibrosis, and ESRD at last follow-up compared with
those without hyperuricemia. Renal survival analysis of chil-
dren showed that the hyperuricemia group compared with

the non-hyperuricemia group had a higher rate of SRNS
progression. However, the association between MCD and
hyperuricemia in adults was previously unknown. There-
fore, this study has important implications.

Various biologic mechanisms could explain the relation-
ship between serum uric acid and kidney disease progres-
sion. The main histologic feature of MCD is foot process ef-
facement. Asakawa et al. [21] revealed that hyperuricemia
is related to podocyte injury and albuminuria. Hyperurice-
mic rats showed significant albuminuria, and the podocyte
injury marker, desmin, was upregulated in the glomeruli.
Urinary 8-hydroxy-2’-deoxyguanosine levels were sig-
nificantly increased and correlated with albuminuria and
podocytopathy.

The progression of MCD is related to a combination of
ischemic injury, tubular injury, and diminished capillary fil-
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tration [22,23]. In an in vitro study, hyperuricemia decreased
the expression of E-cadherin in epithelial cells resulting in a
loss of cell-to-cell contact in the renal tubular cells of rats [24].
Uric acid also causes kidney injury by inducing endothelin-1
activation and fibroblast expansion [25]. Endothelin-1 drives
the development of glomerulosclerosis and podocyte loss
through direct activation of endothelin receptors and nucle-
ar factor-xB and p-catenin pathways in podocytes [26].

The progression of MCD is also related to hypertension
and arteriosclerosis on kidney biopsy [7]. Sdnchez-Lozada
et al. [27] established that hyperuricemia resulted in afferent
arteriole thickening associated with renal cortical vasocon-
striction and glomerular hypertension in rats. Uric acid also
stimulates activation of the renin-angiotensin system. Uric
acid induces the proliferation of vascular smooth muscle
cells and oxidative stress by stimulating the vascular re-
nin-angiotensin system [28].

In idiopathic nephrotic syndrome including MCD, the
current hypothesis suggests that immune cells release a pu-
tative factor, which alters podocyte function resulting in ne-
phrotic proteinuria [29,30]. CD4" cells, CD8" cells, and mac-
rophages have been shown to be prominent components of
interstitial inflammation in chronic proteinuric renal disease
[31]. Most CD8" cells have suppressor or cytotoxic functions
and induce renal injury [32]. Webb et al. [33] revealed that
uric acid directly activated primary human T cells. Uric acid
may help dendritic cells recognize apoptotic cells, and it ac-
tivates CD8’ cells in the immune system [34]. Consequently,
hyperuricemia may cause the progression of MCD by several
different biologic mechanisms.

Our study has several strengths. First, to the best of our
knowledge, this study is the first one to reveal the association
between hyperuricemia and MCD progression in adults.
Second, this study has a large sample size and a long-term
follow-up regarding disease outcomes. Our study also has
some limitations. First, as this was an observational study,
we could not establish the causality between hyperuricemia
and MCD progression. However, observational studies are
powerful tools that enable assessment of epidemiologic
relationships, and we capitalized on the complementary an-
alytic methods to examine the relationship between serum
uric acid and MCD progression [35]. Second, due to the lack
of data describing patient use of uric acid-lowering medica-
tions and corticosteroids, we could not evaluate the effects
of medications on disease progression. Third, as we men-
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tioned above, MCD progression has previously been shown
to be related to arteriosclerosis or tubular atrophy in kidney
biopsies. However, we could not evaluate their relationship
in this study due to lack of detailed findings from the kidney
biopsy.

In conclusion, our study showed that hyperuricemia was
associated with the progression of MCD. We suggest that
screening for hyperuricemia in MCD patients would help
identify high-risk groups for disease progression. It could
help to manage the MCD patients in a timely manner.
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