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High-dose steroids are required for the treatment of minimal change nephrotic syndrome (MCNS), especially
for episodes of recurrence. Predicting and avoiding recurrence can help reduce the steroid dose, but prediction
is currently difficult. We herein examined whether changes in laboratory data, especially the urinary pro-
tein-to-creatinine ratio (UTP/UCr), can predict clinical recurrence. We also assessed differences in clinical
features between children and young adults. We included 36 patients with MCNS; for each case, we retrospec-
tively studied laboratory data during stable remission and pre-recurrence, with the “stable” period defined as all
but the 6 weeks before recurrence, and pre-recurrence defined as the 4 + 2 weeks before recurrence. UTP/UCr,
serum albumin, efc. were measured every 5 years during stable periods. We divided patients into cohorts by age
at recurrence, <15 years and =15 years, and compared stable and pre-recurrence values for the two groups.
UTP/UCr values during stable periods tended to be higher in younger patients. UTP/UCr and serum albumin
showed statistically significant changes during pre-recurrence periods, but only in those aged > 15 years. Thus,
clinical features of recurrence differed depending on age. Signs of recurrence can be confirmed via UTP/UCr or

serum albumin several weeks before recurrence in patients > 15 years.
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assive proteinuria accompanied by hypoalbu-

minemia is a clinical feature of nephrotic syn-
drome (NS) [1]. Minimal change NS (MCNY) is the
most common type of NS among children; it occurs
suddenly, and then remits, but often recurs during the
clinical course [2]. The standard treatment for recur-
rence is high-dose steroids, a treatment with various
potential adverse side effects; hence, recurrence must
be avoided as much as possible [1]. Although predict-
ing recurrence using laboratory data may help in pre-
vention, relevant data are lacking, and current knowl-
edge cannot predict recurrences sufficiently early. Thus,
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we focused on whether changes in quantitative factors
such as the urinary protein-to-creatinine ratio (UTP/
UCr) can be predictive of recurrence in MCNS patients
as urine chemistry is routinely monitored in these
patients [1].

It is known that MCNS is one of the major types of
adult-onset NS; furthermore, some cases with child-
hood-onset MCNS carry over into adulthood [3-5].
Although there may be some differences in clinical fea-
tures between pediatric and adult MCNS patients, ade-
quate investigations have not been made thus far. In
particular, age-based differences in laboratory data need
clarification.
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In this study, we investigated laboratory data during
remission of MCNS cases, and changes in these data
before recurrence. The data we examined included
UTP/UCr, and we compared these data by age group,
mainly in children and young adults.

Methods

We retrospectively reviewed clinical records and
investigated cases with NS followed in the Department
of Pediatrics at Okayama University Hospital, Japan,
from May 2005 to December 2019. We excluded cases
without laboratory data during remission, cases with-
out recurrence, or those diagnosed by renal biopsy as
types of NS other than MCNS.

As we wanted to address the importance of slight
increases in UTP/UCr during the clinical course of
MCNS patients, we defined complete remission when
UTP/UCr decreased to <0.15 g/g- Cr after initial pre-
sentation or recurrence. Recurrence was defined as
proteinuria >40 mg/h/m’, proteinuria >50 mg/kg/day,
dipstick test +++ for 3 consecutive days or UTP/UCr
>2 g/g- Cr after having been in remission according to
the criteria of Kidney Disease Improving Global
Outcomes (KDIGO). Recurrence was also defined
according to the individual physician’s judgment. To
investigate changes in laboratory data examined several
weeks before recurrence, we also defined the period of
remission from induction to the 6 weeks before recur-
rence as the “stable” period, and the period 4+2 weeks
before recurrence as the “pre-recurrence” period.

To identify patient characteristics, we examined sex,
age at the start and at the end of hospital observation,
age at recurrence, number of recurrences, and duration
of observation period. We examined the following lab-
oratory data: UTP/UCr and daily urinary protein in
urine tests, and total cholesterol (TCH), triglycerides
(TG), and albumin in serum tests. When urinary pro-
tein was lower than the detection sensitivity, we defined
UTP/UCr as zero. We examined mean prednisone
(mPSL) and cyclosporine A (CyA) doses per day during
the laboratory data examination. We graphed all UTP/
UCr data in the stable and pre-recurrence periods for all
patients by histogram.

To elucidate differences depending on age, we
examined UTP/UCr during the stable periods in 5-year
intervals. Based on this data, significant differences
were found between ages 0-4 and 5-9 years (p<0.001),
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5-9 and 10-14 years (p<0.001), and 10-14 and 15-19
years (p=0.004), but no statistical differences were
found between ages 15-19 and 20-24 years (p=0.57);
UTP/UCr reached a plateau at approximately 15 years
of age. Based on this data, we divided our patients into
two groups: those aged <15 years and those aged > 15
years. We graphed all UTP/UCr data in the stable and
pre-recurrence periods for the two groups using a his-
togram. Furthermore, in these two groups, we selected
only those patients for whom laboratory data of both the
stable and pre-recurrence periods were available. We
investigated medians of the laboratory data for all
patients in each age group in the two age groups. Using
these data, we compared laboratory data of the stable
and pre-recurrence periods of the two age groups via
tables and box plots.

Statistical analysis. ~ We used the Mann-Whitney
U test to compare numerical variables and the Wilcoxon
signed-rank test to compare two related values of labo-
ratory data. We defined p<0.05 as statistically signifi-
cant. We used R commander (version 2.3-0) software
based on R version 3.3.2.

This study was approved by the Medicine Ethics
Committee of Okayama University Hospital (approval
number K2006-038). All patients and/or their parents
were informed about the study and given the option to
refuse participation.

Results

Study population. A total of 61 cases diagnosed
as NS were reviewed. Two cases were diagnosed as focal
segmental glomerular sclerosis and membranous
nephropathy, respectively. In two cases of MCNS, no
UTP/UCr data during remission were available at our
hospital as the patients were transferred to other hospi-
tals after short-term treatment. Twenty-one patients did
not experience recurrence during treatment in our hos-
pital. After exclusions, a total of 36 MCNS cases con-
firmed by renal biopsy or strongly suspected as MCNS
based on their clinical features were included in our
study.

Patient characteristics.  Table 1A shows the char-
acteristics of the patients in this study. Twenty-one
patients (58%) were male. The median ages at the start
and at the end of the observation period were 8 and 14
years, respectively. The median number of recurrences
was 2. We summarized all laboratory data during the
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stable or pre-recurrence periods for all cases, and we
also summarized UTP/UCr data for those aged <15
years and those aged > 15 years at recurrence (Table 1B).
Statistical significance was found between disease stages
for UTP/UCr, daily urinary protein, TCH, albumin,
and mPSL and CyA doses. PSL doses were higher
during pre-recurrence periods, and CyA doses were
higher during stable periods. Although no obvious dif-
ference was found in UTP/UCr values between the sta-
ble and pre-recurrence periods for patients <15 years
old, statistically significant differences were found for
patients > 15 years old.

UTP/UCr during stable and pre-recurrence peri-
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ods.  All data regarding UTP/UCr findings of the 36
cases during the stable and pre-recurrence periods are
shown in Table 1B and depicted in Fig.1 via histo-
grams. A comparison of these two histograms shows
that the values of UTP/UCr in pre-recurrence periods
were somewhat higher, although UTP/UCr values were
mostly within the normal range (<0.15 g/g- Cr) during
both periods.

UTP/UCr values every 5 years and comparison of
UTP/UCr and daily urinary protein between patients
<15 and those = 15 years old.  Fig.2A shows UTP/
UCr values during stable periods taken every 5 years. In
younger children, UTP/UCr values tended to be higher

Table 1A Patients’ characteristics

Parameter Median (min~max), or n (%)
Sex, male (%) 21 (58)

Age at the start of treatment (years) 8 (1~19)

Age at the end of the observation (years) 14 (3~34)

Age at recurrence (years) 14 (1~24)

Number of recurrences 2 (1~18)
Observation period (years) 5 (1~17)

Table 1B Laboratory data parameters for the stable and pre-recurrence periods
Stable periods Pre-recurrence periods

Parameter p-value

N Median (min~max) n Median (min~max)
UTP/UCr (g/g*Cr) 1,103 0.06 (0~1.2) 155 0.07 (0~1.3) 0.0018**
UTP/UCr (g/g-Cr) <15 years old 669 0.067 (0~0.80) 94 0.061 (0~0.70) 0.84
UTP/UCr (g/g-Cr) 215 years old 434 0.050 (0~1.2) 61 0.092 (0~1.3) <0.001**
Daily urinary protein (g/day) 25 0.043 (0.009~0.22) 25 0.072 (0.015~0.16) 0.036*
TCH (mg/dL) 692 189 (92~660) 94 215 (141~506) <0.001**
TG (mg/dL) 483 101 (25~1,261) 60 111 (45~352) 0.098
Albumin (g/dL) 780 4.2 (1.7~5.2) 106 3.9 (1.6~4.8) <0.001**
mPSL (mg/day) 1,130 7.5 (0~70) 170 15 (0~80) <0.001**
CyA (mg/day) 1,081 110 (0~220) 169 85 (0~220) 0.023*
**p<0.01.
*p<0.05.

P-values are for Mann-Whitney U test.

UTP/UCr, urinary protein-to-creatinine ratio; TCH, total cholesterol; TG, triglyceride; mPSL, mean prednisone; CyA, cyclosporine A.
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Fig. 1

UTP/UCr values during the stable and pre-recurrence periods. (A) Most UTP/UCr values were much lower than 0.15 g/g-Cr

during stable periods. (B) Relatively higher UTP/UCr values were frequently found during pre-recurrence periods compared with stable

periods.
UTP/UCr, urinary protein-to-creatinine ratio.
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Fig. 2

daily UPr UTP/UCr daily UPr UTP/UCF
Patients <15  Patients = 15

(A) UTP/UCr values taken every five years during stable periods. The respective graphs indicate values from the 25" to 75™

percentile and medians. UTP/UCr tended to have higher values in younger patients. After the age of 15 years, UTP/UCr medians
become stable. (B) Daily urinary protein (g/day) and UTP/UCr (g/g- Cr) values during stable periods were compared in patients <15 and
>15 years old. UTP/UCr values were significantly higher in relation to daily urinary protein values in patients <15 years old (p<0.001).

**p<0.01.
UTP/UCr, urinary protein-to-creatinine ratio; UPr, urinary protein.

than those in older children. The outcomes of our data
analysis show that the values of UTP/UCr gradually
declined and reached a plateau at approximately 15
years of age. As mentioned earlier, we categorized our
cases into two groups according to this data to clarify
the differences in clinical features between children and
young adults. Fig.2B shows that UTP/UCr observed in
the cases < 15 years old overestimated daily urinary pro-
tein (p<0.001).

UTP/UCr of patients < 15 versus those = 15 years
old.  All UTP/UCr values in the stable or pre-recur-
rence periods of the two groups shown in Table 1B were
used to create histograms (Fig.3). For patients <15
years old, no obvious change was found in the distribu-
tion of UTP/UCr values between the stable and pre-
recurrence periods (Fig.3A,B). The overall UTP/UCr
values tended to be lower during stable periods and
higher during pre-recurrence periods for patients >15
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UTP/UCr values during stable and pre-recurrence periods for patients <15 and >15 years old. (A, C) UTP/UCr values during

stable periods in patients >15 years old were lower than those in patients <15 years old. (A, B) No obvious change was found in UTP/
UCr distributions between the stable and pre-recurrence periods in patients <15 years old. (B, D) UTP/UCr values in pre-recurrence peri-
ods tended to be higher in patients > 15 years old than in those <15 years old.

UTP/UCr, urinary protein-to-creatinine ratio.

years old in comparison to those of patients aged <15
years. These histograms also indicate that when UTP/
UCr was within the normal range (<0.15 g/g-Cr), sta-
ble periods were expected rather than pre-recurrence
periods in both age groups (Fig. 3).

Because the number of examinations varied widely
among the cases, we compared our cases using medians
during both the stable and pre-recurrence periods in the
two age groups. Table 2 summarizes the laboratory data
collected for patients who were examined during both
stable and pre-recurrence periods. During the pre-
recurrence periods, an increase in UTP/UCr and a
decrease in serum albumin were found only in patients
> 15 years of age (p=0.006 and p=0.009, respectively)
(Table 2). No statistical significance was found in mPSL
or CyA doses between the two periods in the two age
groups. Based on the data in Table 2, the distributions
of UTP/UCr and serum albumin values during the sta-
ble and pre-recurrence periods of the two groups were
represented using box-and-whisker plots. These box

plots indicate obvious differences in the values of UTP/
UCr and serum albumin only in patients >15 years of
age (Fig.4).

Recurrences and slight proteinuria.  Although a
slight increase in UTP/UCr was found during pre-
recurrence periods in patients > 15 years of age, most of
these UTP/UCr values were within the normal range
(UTP/UCr <0.15 g/g- Cr). When UTP/UCr was within
the normal range via only a single examination, a stable
period was predicted rather than the pre-recurrence
period from the outcome of Fig. 3, and it was difficult to
predict recurrences. Therefore, we additionally investi-
gated the possibility of recurrence after slight protein-
uria was found. We generated a receiver-operating
characteristic (ROC) curve to determine the area under
the curve (AUC) and cut-oft value of UTP/UCr for pre-
dicting MCNS recurrence (Fig.5). ROC analysis
revealed that although AUC was only 0.661 for patients
>15 years old, the specificity for the UTP/UCr cut-off
value (0.324 g/g- Cr) was 0.769, which is relatively high.
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Table 2  Laboratory data for patients less than 15 years old and patients 15 years or older with both stable and pre-recurrence periods
Stable periods Pre-recurrence periods
Parameter Age group n p-value
Median (min~max) Median (min~max)

UTP/UCr, (g/g-Cr) <15 18 0.06 (0.04~0.16) 0.06 (0.02~0.7) 0.5

215 10 0.04 (0.02~0.08) 0.10 (0.05~0.24) 0.006**
TCH, (mg/dL) <15 1 210 (165~264) 202 (169~305) 0.52

215 9 202 (150~239) 216 (165~235) 0.29
TG, (mg/dL) <15 9 111 (62~190) 110 (86~197) 1

215 9 88 (73~138) 102 (63~154) 0.055
Albumin, (g/dL) <15 12 4.0 (3.7~4.3) 3.9 (3.2~4.3) 0.4

215 10 4.4 (3.7~4.6) 4.0 (3.2~4.5) 0.009**
mPSL, (mg/day) <15 18 7.9 (0~40) 8.8 (0~80) 0.86

215 10 5 (0~10) 5 (1.25~40) 0.4
CyA, (mg/day) <15 18 12.5 (0~220) 0 (0~200) 1

215 10 130 (50~180) 115 (30~180) 0.14
**p<0.01.

P-values are for Wilcoxon signed-rank test.
UTP/UCr, urinary protein-to-creatinine ratio; TCH, total cholesterol; TG, triglyceride; mPSL, mean prednisone; CyA, cyclosporine A.
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Patients <15

Patients = 15

Patients <15

Patients = 15

Box-and-whisker plots of UTP/UCr and serum albumin values of cases examined during stable and pre-recurrence periods. (A)

While no obvious change in UTP/UCr between the stable and pre-recurrence periods was found in patients <15 years old, pre-recurrence
periods showed higher UTP/UCr compared to those in stable periods in patients > 15 years old (p=0.006). (B) Data for serum albumin
values showed a similar tendency as UTP/UCr, in that differences between the stable and pre-recurrence periods could only be seen in
patients > 15 years old (p=0.009). **p<0.01.

UTP/UCr, urinary protein-to-creatinine ratio; Alb, albumin; Stable, stable periods; Pre-rec, pre-recurrence periods; Patients <15,
Patients <15 years old; Patients >15, Patients >15 years old.
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Fig. 5 Risk of recurrence evaluated when slightly elevated proteinuria (UTP/UCr >0.15g/g-Cr) was found. (A,B) ROC curves

revealed an AUC of 0.708 and 95% CI of 0.616-0.8 for cases <15 years old and an AUC of 0.661 and 95% CI of 0.532-0.79 for cases >15
years old. (C,D) Cut-off value curves revealed UTP/UCr cut-off values of 0.324 and 0.239 g/g- Cr for cases >15 years and <15 years,
respectively. The cutoff for cases >15 years had greater specificity (0.769) than that for cases <15 years (0.632). Sensitivity was 0.600

and 0.683, respectively.

UTP/UCr, urinary protein-to-creatinine ratio; ROC, receiver-operating characteristic; AUC, area under the curve; Cl, confidence inter-

val.

Discussion

In this study, differences in clinical features were
found between patients < 15 and > 15 years of age, and
signs of MCNS recurrence were found several weeks
before recurrence in patients > 15 years old.

Similar to adult MCNS cases, UTP/UCr is often
evaluated instead of 24-hour protein in urine for child
patients [6,7]. However, it is not well known whether
UTP/UCTr can reflect daily urinary protein excretion as

well in pediatric cases as it does in adult cases. From
previous reports of daily urinary protein excretion, it is
known that urinary protein excretion in healthy chil-
dren increases with age [8,9] and that daily urinary
protein excretion in most adults is <0.1 g/day [10].
Evaluated simultaneously, UTP/UCr values were sig-
nificantly higher than daily urinary protein levels
among patients <15 years old, although no significant
difference between UTP/UCr values and daily urinary
protein levels was found in patients =15 years old.
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Thus, the higher UTP/UCr observed in children may
result in an overestimation of daily protein excretion in
urine compared with adults. However, it is not known
whether this outcome reflects UTP/UCr in healthy chil-
dren or not.

Although prediction of MCNS subtypes, such as
steroid sensitivity, steroid resistance, or frequently
relapsing NS, has been discussed [11-13], no study to
date has reported the predictive factors of recurrence in
the short term. Regarding the relationship between
laboratory data and MCNS recurrence, changes in
UTP/UCr values during remission have not been
examined to date. It has been reported that hyperlipid-
emia, in particular a high TCH level, was a risk factor
for recurrence in pediatric cases of MCNS [14]. In our
study, a significant difference was found in all TCH data
between the stable and pre-recurrence periods (Table
1B), but the median TCH for cases examined both
during the stable periods and the pre-recurrence peri-
ods revealed no significant difference between the <15
and >15-year-old cohorts (Table 2). Thus, although
TCH might change before recurrence, further discus-
sions are required. Though it has been reported that
patients with serum albumin levels >3.5 g/dL have a
decreased risk of NS recurrence provoked by membra-
nous nephropathy [15], no study so far has examined
whether serum albumin can be a predictive factor of
recurrence in MCNS cases. The results of our study
imply that signs of recurrence can be found in patients
>15 years of age several weeks before the recurrence
itself, and that changes in UTP/UCr or serum albumin
data can be useful for predicting recurrence in MCNS
cases.

We first examined UTP/UCr values during the stable
and pre-recurrence periods, stratified by patient age.
Our study shows that it is difficult to predict recur-
rences of MCNS using a single test that shows high-
normal UTP/UCr: the risk of recurrence is considered
relatively low when UTP/UCr values are within the
normal range, even in patients =15 years of age.
Impending recurrence may be considered in patients
>15 years old when UTP/UCr values or daily urinary
tests measured using dip sticks show slight worsening
and this worsening is sustained over time. Further
studies are required to precisely detect early signs of
recurrence.

We performed ROC analysis to study the risk of
recurrence when slight proteinuria is found, and the

Acta Med. Okayama Vol. 76, No. 1

results showed that although AUC values for both age
groups were low, the UTP/UCr cut-off value (0.324 g/
g-Cr) for cases 215 years old had higher specificity
(0.769) than the cut-off value (0.239 g/g-Cr) for cases
<15 years old (specificity, 0.632). Reasons for protein-
uria with UTP/UCr >0.3 g/g- Cr other than recurrence
in patients > 15 years old were viral infection and con-
tamination with sperm; therefore, such conditions
should be ruled out in these patients before determining
recurrence when UTP/UCr >0.3 g/g- Cr. Further stud-
ies are required regarding the ideal management of
slight proteinuria during the clinical course of MCNS
patients, especially in those who are 15 years or older.

Our study had some limitations. First, this was a
retrospective study with a non-uniform definition of
recurrence, as cases could be diagnosed as recurrence
by attending physicians before meeting the criteria of
KDIGO. Second, the number of examinations varied
widely among cases. Third, laboratory data for patients
<5 years old or 220 years old were relatively few.
However, we think the data on the natural course of
MCNS patients at our hospital were meaningful.

In conclusion, the clinical features of MCNS cases
differed depending on patient age. Slight changes in
UTP/UCr or serum albumin can be found several
weeks before MCNS recurrence in patients > 15 years of
age.
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