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Background: Serum Cholinesterase (CHE) levels have been found to be elevated in individuals with nephrotic syndrome (NS);
nevertheless, it is unknown whether CHE can serve as a biomarker for NS diagnosis and what its diagnostic relevance is for NS in
minors.

Methods: In this study, 138 minors aged 1-17 years with NS were enrolled, including 101 patients with the first episode of NS and 37
patients with relapsing NS. One hundred and four minors suffering from nephritis and 109 healthy minors were included as control
groups. The clinical information and laboratory data of all NS patients and the control group were obtained. Logistic regression,
correlation analyses and receiver operator characteristic curve were used to examine the value of CHE for NS patients.

Results: Compared to patients diagnosed with nephritis and healthy minors in the control group, the serum CHE levels of total/first
episode/relapsing NS patients were substantially higher (P < 0.05). The CHE was an independent risk predictor of total (adjusted odds
ratio [OR] = 2.23, 95% confidence interval [CI]: 1.57-3.18)/first episode (adjusted OR = 4.02, 95% CI: 1.47-11.08)/relapsing
(adjusted OR = 2.04, 95% CI: 1.42-2.93) NS, and was positively correlated with total cholesterol in total/first episode/relapsing NS
patients, respectively. The optimal cutoff for total/first episode/relapsing NS all was 11 KU/L, but the diagnostic accuracy in first
episode NS (area under the curve [AUC] = 0.96, 95% CI: 0.94-0.98) was higher than the total NS (AUC = 0.93, 95% CI: 0.91-0.96)
and relapsing NS (AUC = 0.85, 95% CI: 0.78-0.92).

Conclusion: CHE is a possible biomarker for NS and has good diagnostic accuracy for NS in minors, particularly for the first episode
of NS in minors.
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Introduction
Nephrotic syndrome (NS) is the most common kidney disorder predominant in children, with an incidence ranging from
2 to 7/100,000 children/year.! NS is characterized by severe proteinuria, hypoalbuminemia, hypercholesterolemia, and
peripheral edema. NS can run a frequently relapsing course and may be complicated with infection, venous thromboem-
bolism, and acute kidney injury in children.” Corticosteroid therapy is the main treatment approach for primary nephrotic
syndrome (PNS), and approximately 80-90% of children with PNS achieve remission with initial corticosteroid therapy.’
There is a favorable prognosis for children with steroid-sensitive nephrotic syndrome (SSNS); however, around 80% of
SSNS patients relapse after the first treatment regimen of corticosteroids.* Therefore, approximately 10% of the cases of
NS in children do not respond to corticosteroid therapy and are classified as steroid-resistant nephrotic syndrome
(SRNS).?

Cholinesterase (CHE) is an enzyme capable of hydrolyzing various choline esters and is an alpha-glycoprotein
synthesized in the liver.® It plays a crucial part in the catabolism of various drugs.” Increased CHE levels have been
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closely related to liver steatosis, obesity, lipid profile, insulin resistance, hypertension, and fatty liver infiltration degree.®
Way et al also reported that a significant increase in the activity of serum CHE was observed in 16 children with NS
compared to 22 healthy children of comparable ages.” However, with such a limited sample size, a clear conclusion for
whether CHE level is associated with NS would be difficult to uphold. In addition, a few articles confirming this
phenomenon have been published, and the relationship between CHE and NS is still not completely clear. Therefore, this
study aimed to understand the relationship between serum CHE activity and NS in minors and further evaluate the
accuracy of its diagnostic value by using CHE for NS.

Patients’ Methods

Patient Populations

The retrospective study was conducted at the Taizhou Hospital of Zhejiang Province from January 2012 to March 2019.
One hundred and thirty-eight minors with NS (including 101 cases of the first episode NS and 37 cases of relapsing NS)
were enrolled in the study, and 104 minors with nephritis and 109 healthy minors were enrolled as control groups. All
minors were aged between | and 17 years old. The diagnostic criteria were in accordance with the 2012 KDIGO Clinical
Practice Guideline for Glomerulonephritis.'® Among the 104 instances of nephritis, there were 90 cases of glomerulone-
phritis, 11 cases of nephritis of Schonlein-Henoch purpura, 1 case of lupus nephritis, and 2 cases of chronic glomer-
ulonephritis. The Health Management Centre at Taizhou Hospital in Zhejiang Province conducted routine physical
examinations on 109 healthy minors. Patients with fever, viral infections, autoimmune disorders, viral hepatitis, and other
liver conditions were excluded. The research obtained informed consent from the minor’s parents or legal guardians and
was authorized by the Zhejiang Province Ethical Committee of The Taizhou Hospital (#K20220845).

Data Management

The clinical and laboratory data were collected from the date of initial hospital admission (prior to any treatment). The
concentration of serum CHE, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), y-glutamyl transpeptidase (GGT), glucose (GLU), total protein (TP), albumin (ALB), prealbumin (PA), serum
creatinine (Scr), blood urea nitrogen (BUN), uric acid (UA), total cholesterol (TC), triglycerides (TG), total bilirubin
(TB) and direct bilirubin (DB) were measured by the autoanalyzer (Hitachi 7600; Hitachi, Tokyo, Japan).

Statistical Analysis

SPSS Statistics 20.0 was used to conduct the statistical analysis. The independent samples #-test and the Mann—Whitney
U-test were utilized to assess the differences in laboratory parameters between NS patients and nephritis/healthy
adolescents. The independent sample #-test was utilized when the data had a normal distribution and were reported as
mean and standard deviation. Conversely, when the data were not normally distributed, the Mann—Whitney U-test was
utilized, and the values were represented as p50% (p25%, p75%). Moreover, univariate and multivariate logistic
regression analyses were conducted to investigate putative risk variables for NS. The correlation between CHE and
other laboratory values in NS was determined using correlation analysis, and the diagnostic value of CHE for NS was
evaluated using a Receiver Operator Characteristic (ROC) curve. The difference of AUC of each index was compared by
MedCalc statistical software.

Results

Baseline Characteristics Analysis in NS Patients

The clinical features of the NS and control groups are analyzed and listed in Table 1. The study included 138 minors (mean
age: 8.6 £ 6.0 years, 27 females and 111 males) with NS, 104 minors (mean age: 9.6 £ 3.9 years, 58 females and 46 males)
with nephritis, and 109 healthy minors (mean age: 8.8 + 3.8 years, 39 females and 70 males). The NS patients were divided
into two groups: the first episode NS (N = 101, mean age: 7.4 £ 5.9 years, 20 females and 81 males) and relapsing NS (N =
37, mean age: 11.9 + 5.4 years, 7 females and 30 males). Compared to the nephritis patients, the levels of CHE, ALT, AST,
TC and TG were significantly higher in the serum of total NS patients (all P < 0.05), and the levels of TP, ALB, PA, Scr, TB
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Table | Demographic Data and Laboratory Parameters of NS, Nephritis and Healthy Minors
Parameters NS Nephritis Healthy
Total First Episode Relapsers
N 138 101 37 104 109
Age (Year) 8.6 + 6.0 74 + 59%4 [1.9 + 5.4xx44 9.6 + 3.9 88 +38
CHE (KU/L) 14.0 + 3544 14.7 + 34544 12.2 + 3. |44 820 94+ 1.7
ALT (U/L) 14 (10, 21)* 13 (10, 20) 17 (11, 23)*4 12 (8, 9) 12 (10, 17)
AST (U/L) 30 (22, 39)kx44 31 (26, 41ykcA4 24 (20, 33) 23 (19, 31) 25 (21, 29)
ALP (U/L) 217 (126, 282)4 4 238 (150, 290)4 4 155 (81, 244)x4 4 209 (139, 267) 273 (239, 339)
GGT (U/L) 12 (9, 21) 119, 18) 18 (12, 33)x+A4 4 12 (9, 15) 12 (10, 15)
GLU (mmol/L) 5212 522 I 5315 55+09 50+£05
TP (g/L) 40 (37, 44)r+A 4 40 (37, 43)v+4 4 43 (36, 54)r+A 4 67 (61, 72) 71 (68, 74)
ALB (g/L) 16 (14, 19)k44 16 (14, 18)+44 17 (14, 33)x+44 40 (35, 44) 47 (45, 49)
PA (mg/dL) 13 (10, Igyk+44 12 (9, ISy A4 16 (12, 21)x44 19 (14, 23) 23 (21, 26)
Scr (umol/L) 4] (27, 70)%* 40 (26, 58)*+4 56 (35, 78)4 65 (43, 75) 43 (34, 58)
BUN (mmol/L) 45 (3.5, 6.5) 43 (34,59) 49 (38,7.6)44 47 (3.9, 6.4) 43 (3.6, 5.0)
UA (umol/L) 330 (271, 426)4 4 324 (267, 403)4 4 385 (273, 491)x4 4 313 (240, 398) 267 (232, 336)
TC (mmol/L) 10.6 (8.2, 12.5)+44 10.7 (8.6, 12.1)x+44 9.2 (5.4, 13.8)x44 3.9 (34, 44) 4.0 (3.5, 4.5)
TG (mmol/L) 2.6 (1.9, 4.1)kx44 2.5 (1.9, 4.1)44 3.0 (1.8, 42)k44 1.0 (0.8, 1.5) 0.9 (0.7, 1.3)
TB (umol/L) 3.6 (2.4, 5.2)x44 3.0 (23, 44)kA 4 52 (3.8, 6.8)x44 6.6 (4.6, 9.0) 8.4 (6.3, 12.2)
DB (umol/L) 0.7 (0.4, |.2)yxA4 0.6 (0.4, 1.0yx44 1.1 (0.7, 1.e)rxa 4 24 (1.6, 3.2) 3.0 (2.1, 43)

Notes: *Means a P value < 0.05, **P < 0.0 when Total / First episode / Relapsers vs Nephritis; #Means a P value < 0.05, “4P < 0.0 when Total / First episode / Relapsers
vs Healthy.

Abbreviations: CHE, Cholinesterase; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, y-glutamyl transpeptidase; GLU,
Glucose; TP, Total protein; ALB, Albumin; PA, Prealbumin; Scr; Serum creatinine; BUN, Blood urea nitrogen; UA, Uric acid; TC, Total cholesterol; TG, Triglyceride; TB,
Total bilirubin; DB, Direct bilirubin.

and DB were significantly lower in the serum of total NS patients (all P < 0.01). There were no significant differences across
age, ALP, GGT, GLU, BUN and UA between the two groups (all P > 0.05). Compared to the nephritis patients, the levels of
CHE, AST, TC and TG were significantly higher in the serum of first NS patients (all P < 0.01), and the levels of age, TP,
ALB, PA, Scr, TB and DB were significantly lower in the serum of first episode NS patients (all P < 0.05). There were no
significant differences in ALT, ALP, GGT, GLU, BUN and UA between the two groups (all P > 0.05). Compared to the
nephritis patients, the levels of age, CHE, ALT, GGT, UA, TC and TG were significantly higher in the serum of relapsing N'S
patients (all P <0.05), and the levels of ALP, TP, ALB, PA, TB and DB were significantly lower in the serum of relapsing NS
patients (all P < 0.05), and there was no significant differences in AST, GLU, Scr and BUN between the two groups (all P >
0.05). Compared to the healthy minors, the levels of CHE, AST, UA, TC and TG were significantly higher in the serum of
total NS patients (all P <0.01), and the levels of ALP, TP, ALB, PA, TB and DB were significantly lower in the serum of total
NS patients (all P < 0.01). There were no significant differences in age, ALT, GGT, GLU, Scr and BUN between the two
groups (all P> 0.05). Compared to the healthy minors, the levels of CHE, AST, UA, TC and TG were significantly higher in
the serum of first NS patients (all P < 0.01), and the levels of age, ALP, TP, ALB, PA, Scr, TB and DB were significantly
lower in the serum of first episode NS patients (all P < 0.05). There were no significant differences in ALT, GGT, GLU and
BUN between the two groups (all P > 0.05). Compared to the healthy minors, the variables of age, CHE, ALT, GGT, Scr,
UA, TC and TG were significantly higher in the serum of relapsing NS patients (all P < 0.05), and the levels of ALP, TP,
ALB, PA, TB and DB were significantly lower in the serum of relapsing NS patients (all P < 0.05), and there were no
significant differences in AST and GLU between the two groups (all P > 0.05).

The Risk Factors for NS by Logistic Regression Analysis

Laboratory values were analyzed using logistic regression to determine risk factors for NS. According to Table 2, CHE,
AST, TC, and TG are risk factors for NS, whereas TP, ALB, PA, TB, and DB are protective factors against total NS. The
results indicate that CHE, AST, TC, and TG were risk factors for patients with their first episode of NS, whereas age, TP,
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Table 2 Association of Laboratory Parameters with the Risk of NS (Univariable Logistic Regression Analysis)

Parameters Total First Episode Relapsers
OR 95% CI OR 95% CI OR 95% CI

Age (Year) 0.98 0.93-1.02 0.92 0.87-0.97** 1.17 1.07 —1.28**
CHE (KUIL) 243 2.02-2.92% 2.89 2.62-3.69%F 1.83 1.45-2.24*%*
ALT (U/L) 1.01 1.00-1.03 1.01 1.00-1.03 1.01 1.00-1.04
AST (U/L) 1.02 1.01—1.04** 1.03 1.01-1.05%* 1.00 0.97-1.02
ALP (U/L) 1.00 0.99-1.00 1.00 0.99-1.00 0.99 0.99-1.00
GGT (U/L) 1.01 1.00-1.02 1.01 0.99-1.02 1.03 1.01-1.04**
GLU (mmol/L) 0.97 0.78-1.22 0.94 0.72-1.24 1.03 0.71-1.51
TP (g/L) 0.78 0.75-0.82** 0.72 0.67-0.79** 0.83 0.79-0.87+*
ALB (g/L) 0.77 0.73-0.81** 0.66 0.58-0.75%* 0.82 0.78-0.87+*
PA (mg/dL) 0.83 0.79-0.87+* 0.8l 0.76-0.85** 0.88 0.83-0.93**
Scr (umol/L) 0.99 0.98-1.00 0.98 0.96-0.99** 1.01 0.99-1.02
BUN (mmol/L) 1.03 0.96—1.12 0.99 0.96-0.99** 1.10 0.99-1.02
UA (umol/L) 1.00 1.00-1.01 1.00 1.00-1.01 1.01 1.00-1.01
TC (mmol/L) 322 2.46-4.22% 422 291-6.1 1% 221 1.69-2.89**
TG (mmol/L) 4.08 2.97-5.61% 424 3.00-6.12%* 2.96 2.08-4.22%*
TB (umol/L) 0.63 0.57-0.7 I** 0.52 0.44-0.6 1 ** 0.80 0.70-0.90**
DB (umol/L) 0.17 0.11-0.25%* 0.10 0.06-0.18** 0.27 0.17-0.44**

Notes: **Means a P value<0.01. Nephritis and healthy minors as control group.

Abbreviations: CHE, Cholinesterase; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, y-
glutamyl transpeptidase; GLU, Glucose; TP, Total protein; ALB, Albumin; PA, Prealbumin; Scr, Serum creatinine; BUN, Blood urea nitrogen; UA, Uric
acid; TC, Total cholesterol; TG, Triglyceride; TB, Total bilirubin; DB, Direct bilirubin.

ALB, PA, Scr, BUN, TB, and DB were protective variables. Age, CHE, GGT, TC, and TG were risk factors for recurrent
NS, while TP, ALB, PA, TB, and DB acted as protective factors. As shown in Table 3, the CHE (adjusted odds ratio [OR]
=2.23, 95% confidence interval [CI]: 1.57-3.18) is shown to be the significant and independent risk predictor for total
NS, while the TP (adjusted OR = 0.83, 95% CI: 0.77-0.89) and the DB (adjusted OR = 0.44, 95% CI: 0.22-0.88)
were the significant and independent protective factors for total NS. The CHE (adjusted OR = 4.02, 95% CI: 1.47-11.08)
was also the significant and independent risk predictors for the first episode NS, only the TP was a significant
and independent protective factor of the first episode NS (adjusted OR = 0.75, 95% CI: 0.63-0.90). CHE (adjusted
OR =2.04, 95% CI: 1.42-2.93) was a substantial and independent risk predictor for relapsing NS, whereas TP (adjusted
OR = 0.84, 95% CI: 0.78-0.91) and PA (adjusted OR = 0.86, 95% CI: 0.76—0.98) were both significant and independent
protective variables for relapsing NS.

Table 3 The Risk Factors for NS by Logistic Regression Analysis (Multivariate Logistic Regression

Analysis)
Parameters Total First Episode Relapsers
OR 95% CI OR 95% CI OR 95% CI
CHE (KU/L) 2.23 1.57-3.18** 4.02 1.47—-11.08** 2.04 1.42-2.93**
TP (g/L) 0.83 0.77-0.89** 0.75 0.63-0.90** 0.84 0.78-0.91**
PA (mg/dL) - - - - 0.86 0.76-0.98*
DB (umol/L) 0.44 0.22-0.88** - - - -

Notes: *Means a P value<0.05, **P<0.01. Nephritis and healthy minors as control group.
Abbreviations: CHE, Cholinesterase; TP, Total protein; PA, Prealbumin; DB, Direct bilirubin.
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Table 4 Correlations Between CHE and Laboratory Parameters in Total/First Episode/Relapsing NS

Parameters Total First Episode Relapsers
r value P value r value P value r value P value

Age (Year) —0.185 0.030 =0.111 0.270 —0.006 0.973
ALT (U/L) —0.238 0.005 —0.258 0.009 —0.267 0.111
AST (U/L) —0.026 0.758 —-0.132 0.187 —0.033 0.847
ALP (U/L) 0.138 0.107 0.034 0.739 0.102 0.549
GGT (U/L) —0.050 0.567 0.070 0.496 0.068 0.704
GLU (mmol/L) 0.082 0.349 0.144 0.165 0.003 0.986
TP (g/L) —0.171 0.048 0.078 0.450 —0.297 0.074
ALB (g/L) —0.359 <0.001 —0.286 0.004 —0.345 0.037
PA (mg/dL) —0.320 <0.001 -0.312 0.002 —0.157 0.352
Scr (umol/L) -0.119 <0.001 —0.094 0.353 0.105 0.535
BUN (mmol/L) 0.076 0.376 0.086 0.392 0.309 0.063
UA (umol/L) 0.119 0.172 0.157 0.127 0.319 0.054
TC (mmol/L) 0.429 <0.001 0510 <0.001 0.385 0.019
TG (mmol/L) 0.151 0.084 0.165 0.109 0.218 0.196
TB (umol/L) —0.162 0.061 0.000 0.998 —0.114 0.502
DB (umol/L) —0.153 0.076 —0.020 0.845 —0.238 0.157

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, v-
glutamyl transpeptidase; GLU, Glucose; TP, Total protein; ALB, Albumin; PA, Prealbumin; Scr, Serum creatinine; BUN, Blood
urea nitrogen; UA, Uric acid; TC, Total cholesterol; TG, Triglyceride; TB, Total bilirubin; DB, Direct bilirubin.

Correlations Between CHE Level and Laboratory Parameters in the Total/First

Episode/Relapsing NS

As shown in Table 4, CHE level was positively correlated with TC (r = 0.429, P < 0.001), while negatively correlated
with both ALB (r = —0.359, P <0.001) and PA (r =—0.320, P < 0.001) in total NS patients. For first episode NS patients,
CHE level was positively correlated with TC (r = 0.510, P < 0.001), while negatively correlated only with PA (r =
—0.312, P = 0.002). Also, CHE level was positively correlated with TC (r = 0.385, P = 0.019), while negatively
correlated only with ALB (r = —0.345, P = 0.037) in relapsing NS.

The Diagnostic Value of CHE for the Total/First Episode/Relapsing NS

As shown in Table 5, Figures 1-3, the optimal cutoff value of the CHE for diagnosis of the total/first episode/relapsing
NS is 11 KU/L. As shown in the data, for total NS, the area under the curve (AUC) was 0.93 (95% CI: 0.91-0.96), the
sensitivity was 87.0%, the specificity was 88.7%, the positive predictive value was 83.3%, the negative predictive value
was 91.3%, and the Youden index was 75.7%. For the first episode NS, the AUC was 0.96 (95% CI: 0.94-0.98), the
sensitivity was 94.1%, the specificity was 88.7%, the positive predictive value was 79.8%, the negative predictive value

Table 5 The Diagnostic Value of CHE for Total/First Episode/Relapsing NS

NS Cut-Off Value Sensitivity Specificity PPV NPV AUC 95% CI for Youden Index
(KUL) (%) (%) (%) (%) AuUC %)

Total I 87.0 88.7 833 91.3 0.93 0.91, 0.96 757

First episode ] 94.1 88.7 79.8 96.9 0.96 0.94, 0.98 82.8

Relapsers ] 67.6 88.7 51.0 94.0 0.85 0.78, 0.92 56.3

Abbreviations: PPV, Positive predictive value; NPV, Negative predictive value; AUC, Area under the curve; Cl, confidence interval.
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Figure | ROC curve demonstrating sensitivity and specificity of the CHE to detect total NS.
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Figure 2 ROC curve demonstrating sensitivity and specificity of the CHE to detect the first episode of NS.

was 96.9%, and the youden index was 82.8%. And for relapsing NS, the AUC was 0.85 (95% CI: 0.78-0.92), the
sensitivity was 67.6%, the specificity was 88.7%, the positive predictive value was 51.0%, the negative predictive value
was 94.0%, and the youden index was 56.3%.
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Figure 3 ROC curve demonstrating sensitivity and specificity of the CHE to detect relapsing NS.

Discussion

NS is caused by various factors, including increased glomerular basement membrane permeability, presenting as a group
of clinical syndromes of edema, proteinuria, hypoalbuminemia and hyperlipidemia. This study compared the laboratory
experimental parameters between NS and nephritis/healthy minors. Our results showed that the protein content was
significantly decreased and lipids were significantly increased in the serum samples, which were consistent with the
characteristics of NS. The condition may be caused by the increased permeability of the glomerular capillary wall for
proteins the loss of plasma protein in the urine,'' the decrease in the apolipoprotein content, and the increase in liver
compensatory synthetic lipoprotein that leads to hyperlipidemia. According to research, hypercholesterolemia in NS
patients is primarily associated with the up-regulation of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reduc-
tase and hepatic cholesterol acyltransferase (ACAT) levels and down-regulations of the levels of low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) receptors.'?

In addition, we found that the serum concentration of CHE in patients with NS was substantially higher than that of
patients with nephritis and healthy minors. Similarly, Way et al observed that the CHE levels of NS patients were
considerably greater than those of healthy minors.” A recent adult observational study found that serum CHE is connected
with the severity of proteinuria in individuals with NS, high serum CHE levels are associated with minimal change nephrotic
syndrome (MCNS) severity.'> In our study, the multiple logistic regression analysis showed that CHE level was an
independent risk factor for NS. Thus, CHE has the potential to function as a biomarker for NS in juvenile minors.

Studies have shown that CHE activity may be associated with lipid and lipoprotein metabolism.'* Abbott et al
reported that CHE activity was significantly elevated in both type 1 and type 2 diabetic patients compared to the healthy
control group and serum CHE activity was positively correlated with TG in patients suffering from type 1 and type 2
diabetes.'” In an analysis of risk factors for atherosclerosis, it revealed that CHE activity was associated with lipoprotein
synthesis, and the CHE activity was positively correlated with TG, TC, low-density lipoprotein cholesterol (LDL-C), and
Apolipoprotein B (ApoB).'® Our results showed that there is a positive correlation between CHE and TC in NS,
especially in first episode NS patients. Further research is required to clarify the processes of cholinesterase and lipid
metabolism in NS minors, as this finding verifies the link between CHE and lipid metabolism.
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In this study, we found that the optimal cutoff for total/first episode/relapsing NS all was 11 KU/L, and the serum
CHE level had high accuracy and discriminatory power for diagnosing NS. However, the diagnostic accuracy in the first
episode NS (AUC = 0.96, 95% CI: 0.94-0.98) was better than for total NS (AUC = 0.93, 95% CI: 0.91-0.96) and
relapsing NS (AUC = 0.85, 95% CI: 0.78-0.92). Hypoproteinemia and hypercholesterolemia are the blood abnormalities
observed in adults and children with NS, protein and lipid levels in the blood have been added as diagnostic criteria for
NS."” In diagnosing NS, we compared the AUC of serum CHE, TP, ALB, TG, and TC (see Supplementary Table 1). In
total NS, there was no difference between the AUCs of CHE and TC, and there was no difference between the AUC of
CHE, TC, and TG in relapsing NS. This study indicates that CHE level may be a good diagnostic indicator for NS.

The CHE level was an independent risk factor for NS in minors. In addition, the serum CHE level was extremely

accurate for the diagnosis of NS, particularly in the first episode of NS in minors.
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