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Abstract

Time to remission (TTR) has been largely considered one of the predictive factors for the risk of relapse and steroid depend-
ency in childhood steroid-sensitive nephrotic syndrome, yet conflicting opinions exist. However, the factors influencing
TTR have never been studied. We performed a post-hoc analysis of the prospective pediatric cohort enrolled in a previous
multicenter study (ClinicalTrials.gov Id: NCT01386957) to evaluate the possible influence of some clinical and laboratory
parameters at INS onset on the timing of TTR. A total of 136 children were evaluated. In simple linear regression mod-
els, TTR was directly correlated with serum uric acid, urea, potassium, and urinary protein levels at onset. TTR showed
a non-linear inverse correlation with age at onset. A multiple linear regression model of TTR showed that hyperuricemia
(p=0.0000007), non linear age (p =0.0006) and proteinuria (especially in binary form) (p =0.02) were significant predic-
tors of TTR, and that there was a significant positive interaction between uricemia and proteinuria as predictors of TTR
(p=0.004). Conclusions: In our analysis, TTR appears to be associated to a nephrotic status at clinical diagnosis character-
ized by more severe proteinuria and hyperuricemia. Moreover, younger age at onset, notably associated with prognosis, is
also associated with a longer TTR.

What is Known:

o Corticosteroids are the first-line treatment in childhood nephrotic syndrome.

o Over the years, time to remission has been considered a potential predictive factor for the risk of relapse and steroid dependency in child-
hood nephrotic syndrome, with conflicting results.

What is New:

o Clinical and laboratory parameters at nephrotic syndrome onset are associated with prolonged time to remission in children.
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Background

Idiopathic Nephrotic Syndrome (INS) is the most preva-
lent glomerular disease in children [1]. Corticosteroids
are the first-line treatment and induce remission in about
80-90% of patients [2—4]. Time to remission (TTR) is
defined as the time, measured in days, from the start of
steroid-therapy to the first day of negative or trace dip-
stick. Over the years, TTR has been considered one of
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the potential predictive factors for the risk of relapse and
steroid dependency. Several authors have identified TTR
as a prognostic factor [5-8]. Yap et al. [6] reported that
the risk of steroid-dependency was directly related to TTR.
Vivarelli et al. [9] defined TTR as an early prognostic fac-
tor in INS, with all patients with a TTR > 14 days relaps-
ing within 3 months and approximately 50% of patients
with TTR <7 days still being in remission three months
after steroid discontinuation. Prasun et al. [8] observed
that TTR had a significant relationship with the pattern
of relapse, with infrequent relapses more common in
patients that responded in <7 days, and frequent relapses
in patients with a longer TTR. Conversely, other authors
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have not found any correlation between TTR and disease
outcomes [10].

In 2021, we published a prospective, observational,
multicenter study [11] designed to categorize patients
into two groups, according to TTR (<10 or> 10 days),
receiving different steroid regimens to mitigate the sup-
posed higher risk of relapse in late responders. The results
of the study did not show a significant role for TTR as a
prognostic factor, signaling no indication for a variation
of steroid dose based on this parameter.

In addition, to our knowledge, the mechanisms behind
the longer TTR observed in some patients with INS have
never been studied. For this reason, we decided to perform
a post-hoc analysis of the prospective pediatric cohort
enrolled in the previous study to evaluate the possible
influence of some clinical and laboratory parameters at
INS onset on the timing of TTR.

Methods

We performed a post-hoc analysis of the prospective
cohort enrolled in the multicenter study (ClinicalTrials.
gov Id: NCT01386957; Registered 30/06/2011) which
involved 49 Italian pediatric units. Patients with a first epi-
sode of INS, defined as proteinuria > 40 mg/mz/h or urine
protein/creatinine ratio (uPr/uCr)>2 mg/mg and albu-
minemia <2.5 g/dL and an age at onset between 6 months
and 18 years were enrolled. Patients with congenital and
secondary forms of nephrotic syndrome or steroid resist-
ance were excluded. From the start of steroid-therapy, dip-
stick urinalysis was performed daily to precisely identify
TTR. Clinical (age, height, weight, body mass index, sys-
tolic and diastolic blood pressure (SDS)) and laboratory
parameters (complete blood count, urea, creatinine, uric
acid, serum protein, albumin, total cholesterol, triglycer-
ides, electrolytes, urinalysis, uPr/uCr) were recorded in an
online database (www.nefrokid.it) at diagnosis, 12, and
24 months. Further details on the treatment can be found
in Pasini et al. [11]. In our post hoc analysis, we decided
to exclude patients who achieved remission after 28 days
or more, defined as late responders [3], due to supposed
additional mechanisms involved in these patients’ longer
response.

The protocol was approved by the Ethics Committee
CE-AVEC Emilia-Romagna, Italy (reference number
7/2011/0/0ss) and by the institutional review board of
each participating center. Informed consent was obtained
from all participants/legal guardians by the treating phy-
sicians. The study was conducted in accordance with the
Declaration of Helsinki.
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Statistical analysis

All statistical analyses were performed using the open-
source software R. The Chi-Square test of independence
and Fisher’s exact test were used to analyze the relationship
between categorical variables. Non-parametric tests (Wil-
coxon, Kruskal-Wallis) were used to analyze the difference
in the distribution of a continuous variable in two or more
different groups. Simple and multiple linear regression mod-
els were used to evaluate the relationship between continu-
ous and categorical predictors and a continuous outcome.
Proteinuria was considered both in continuous and in binary
form (categorized at a threshold of 10 mg/mg, which was the
median value in our sample).

Results
Population

A total of 136 children were evaluated, 47 (35%) females and
89 (65%) males. The median age at diagnosis was 3.7 years
(range 1.1-15.1). The median TTR was 8 (range 1-25) days.
The other variables at onset are described in Table 1.

Clinical and laboratory variables at onset

In simple linear regression models, TTR was directly cor-
related with some laboratory data at onset: serum uric acid
(coefficient: 1.55; p=0.0001), proteinuria (coefficient: 0.14;
p=0.0002), binary proteinuria (> =10 mg/mg, coefficient:
2.6, p=0.0005), serum potassium (coefficient: 1.9, p=0.02),
and urea (coefficient: 0.05; p=0.05). Time to remission also
showed an inverse correlation with age at onset (coefficient
—0.27; p=0.04) (Table 2). However, this relationship was
not linear and it was better described by a polynomial regres-
sion including a quadratic and a cubic term (p =0.004) or
by a linear regression with natural splines (p =0.0008), as
shown in Fig. 1a. Time to remission became progressively
shorter with age up to 4—>5 years, it then remained stable,
with some slight variation seen after 10 years of age. As a
consequence, children with a TTR <10 days had a higher
median age than children with a TTR > 10 days (4.1 vs
2.7 years, p=0.002) (Fig. 1b). The best multiple linear
regression model of TTR (both in terms of highest adjusted
R squared and lowest model p value and AIC) included only
hyperuricemia (p =0.0000007), non-linear age (natural
splines, p=0.0006) and binary proteinuria (p=0.02) and a
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Table 1 Population characteristics at onset

Variable at onset Median (range)*

Clinical data

Age, years 3.65 (1.1-15.1)
Sex, %Male 89 (65%)
Height, SDS —0.02 (-2-2)
Weight, SDS 0.39 (-2-3)
BM, SDS 0.7(-1.8-2.9)
sBP, SDS 0.9(-1.3-3.7)
dBP, SDS 1.2 (-0.7-3.9)
TTR, days 8 (1-25)
Laboratory data
Hemoglobin (g/dL) 13.2 (9.4-17.6)
Urea (mg/dL) 27 (7-94)
Creatinine (mg/dl) 0.28 (0.1-0.89)
Uric acid (mg/dL) 4.1 (2.4-6.6)
GFR 165 (57-459)
Total protein (g/dL) 4.1 (3.1-6.2)
Albumin (g/dL) 1.6 (0.5-2.5)
Tot. cholesterol (mg/dL) 390 (137-659)
Triglycerides (mg/dL) 175 (50-605)
Na (mmol/L) 137 (126-149)
K (mmol/L) 4.5 (3.5-5.5)
Ca (mg/dL) 8.2 (5-94)
P (mg/dL) 5(3-17.6)
uPr/uCr (mg/mg) 10 (0.9-49)
Urine Output (ml/kg/h) 1.36 (0.17-4.3)

*Median (range) for numerical variables, number (%) for categorical
variables

positive interaction between binary proteinuria and uricemia
(p=0.004) as significant predictors of TTR. Therefore, TTR
resulted positively related to hyperuricemia and proteinuria,
and inversely related to age, especially in the first 4-5 years
of life (Fig. 2). Moreover, because of the positive interaction
between proteinuria and uricemia, TTR was significantly
higher when the values of both variables increased (Fig. 2).
When analyzing the correlation between age and those labo-
ratory variables correlating with TTR, we observed that age
was positively correlated with levels of uricemia only (coef-
ficient: 0.07; p=0.054; p=0.005 with non linear age) and it
was inversely correlated with proteinuria (coefficient: —1.4;
p=0.002). However, as shown by the multiple regression
model, the effect of age on TTR is independent from the
effects of uricemia and proteinuria (Fig. 2).

In summary, these results show that TTR tends to be
higher in younger children (under 5 years of age) and in
children who have high values of both proteinuria and
uricemia. None of the other variables considered showed
significant correlation with TTR.

Discussion

In our analysis, hyperuricemia and proteinuria were found
to directly correlate with TTR, while age was inversely
correlated with a non-linear pattern, especially in the first
years of life. The multiple regression analysis confirmed
these associations, and showed a significant positive inter-
action between proteinuria and uricemia, so that each of
these two variables is a much stronger predictor of TTR
when the values of the other variable are higher.

Time to remission has been largely considered a poten-
tial predictive factor in childhood INS. Some authors have
found a significant correlation between TTR and outcome
[5-9], while other authors have not identified a prognostic
role for TTR [10]. Conversely, to the best of our knowl-
edge, TTR has never been thought of as a consequence of
a different clinical status at onset. Therefore, in our post
hoc analysis, we analyzed the possible influence of clini-
cal and laboratory parameters at INS onset on prolonging
TTR in children.

The degree of proteinuria was directly correlated with
TTR (and showed a strong positive interaction with urice-
mia). There are many possible explanations for the role of
proteinuria in determining TTR, but it seems rather intui-
tive that it is a fundamental expression of the severity of
the disease at onset and certainly correlated to many other
important clinical features (for example, proteinemia and
water and sodium balance). Also uricemia in our model
was a very strong independent predictor of TTR (interact-
ing with proteinuria). The reasons for that are probably
less obvious. We hypothesize that part of the explana-
tion can be found in the relation between hyperuricemia
and hypovolemia. Indeed, high level of serum uric acid
in dehydration are reported in literature. Kuge et al. [12]
supported this relationship in children with acute gas-
troenteritis. Roncal-Jimenez C et al. [13] proposed that
hyperuricemia is one of the mechanisms by which chronic
recurrent dehydration leads to chronic kidney disease.
Nevertheless, we cannot exclude that other mechanisms
are involved in uric acid elevation [14] in patients with
nephrotic syndrome: for example, hyperuricemia could
simply be an independent indicator of the severity of the
disease at onset, and therefore of its ability to respond to
therapy.

Hypovolemia in nephrotic syndrome has been largely
studied as one of the two main mechanisms that cause
nephrotic edema [15]. According to the “underfill” the-
ory [15], hypovolemia is implicated in nephrotic edema
pathogenesis. Therefore, volemia is one of the cardinal
features to be evaluated in a patient with nephrotic syn-
drome, in order to better understand the pathogenesis of
the edema and how to manage the patient properly [16].
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Table2 TTR and variables at

Baseline variables Univariate analysis Multiple lin-
onset ear regression
(final model)
skoksk
Coefficient estimate ~ p value  p value
Proteinuria (mg/mg) 0.13 0.0002
Binary proteinuria (> =10 mg/mg) 2.6 0.0005 0.02
Age at onset (years) -0.27 0.04
Age at onset (years, non linear, natural splines) 0.0008 0.0006
GFR (ml/min/1.73 m2) —0.0045 0.36
BUN (mg/dl) 0.05 0.053
Serum total protein (g/dl) 0.02 0.96
Serum albumin (g/dl) 0.26 0.72
Serum K (mEq/1) 1.9 0.01
Serum Na (mEq/l) -0.15 0.14
Urine output (ml/kg/h) —0.804 0.16
Uric acid (mg/dl) 1.55 0.0001 0.0000007
Hb (g/dl) 0.098 0.76
Weight gain ratio (%) * 0.40 0.93
Systolic BP (sDS) 0.13 0.72
Diastolic BP (sDS) 0.43 0.34
Systolic BP >90th percentile 0.18
Diastolic BP > 90th percentile 0.73
Albumin administration at onset** 0.07
Interaction between binary proteinuria and uricemia p=0.004
* (Weight at onset — weight at remission) / weight at remission x 100
*## Albumin was administered at onset to 48.5% of patients. Mean TTR was slightly higher in the group of
those who received albumin (9.6 vs 8.1), but the difference was not significant
#%% All variables with p value<0.10 at simple linear regression analysis were considered for multiple
linear regression. The final model was chosen in terms of lowest AIC, and included only non linear age,
binary proteinuria, uricemia, and a positive interaction between binary proteinuria and uricemia, as shown
in the table. This model had the highest adjusted R squared (0.35), the lowest model p value (5.6e-08) and
the lowest AIC
a b
Age at onset and TTR Age at onset and categorical TTR
D = 0,004 (s rgraseion wllh Guaciatk and cublo , green ine) b B

p = 0.0008 (linear regression with natural splines, blue line)

TTR (days)

8 12 <= 10 days > 10 days
Age at onset (years) TR

Fig. 1 Correlation between age at onset and TTR (a) using TTR as a linear variable (b) using TTR as a categorical variable
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a Effect plot of non linear age (natural splines)
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TTR (days)
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Age at onset (years)

b Effect plot of the interaction between uricemia and binary proteinuria
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Fig.2 Effect plot of predictors for TTR in multiple regression model: a non linear age (natural splines) (b) interaction between uricemia and

binary proteinuria

Evaluating fluid status is often a challenge in these chil-
dren, especially when the patient presents with INS onset
and a concurrent acute gastroenteritis infection [17].
Kapur et al. [18] suggested that intravascular volume can
be better estimated by calculating the fractional excretion
of sodium (FeNa) in patients with INS. In particular, in
their study, FeNa < 0.2% identified hypovolemic patients.
Unfortunately, in our cohort urine sodium was not rou-
tinely checked, making FeNa calculation impossible. Fur-
ther studies should include urinary sodium measurements
among the variables to be evaluated at INS onset. Moreo-
ver, exploring whether patients with concurrent acute gas-
troenteritis at INS onset have a longer TTR, due to their
hypovolemic status, would be interesting.

Finally, in our cohort, age was inversely and indepen-
dently correlated with TTR in the first few years of life.
Therefore, children under 5 years of age tend to show
longer TTR. Sinha et al. [19] and Kabuki et al. [20] iden-
tified age at onset <4 years as a risk factor for frequent
relapses. Andersen et al. [21] reported that the ratio of fre-
quently relapsing and steroid-dependent patients declined
as age at onset increased, and nearly 90% of patients with
age at onset <4 years became frequent relapsers or ster-
oid-dependent. Pasini et al. [11] also identified age as a
predictive factor for both relapse and steroid-dependency.
In our patients, the correlation between age and TTR may
therefore play a confounding role in assessing TTR as a
predictive factor, due to the prognostic impact of younger
age. Age was directly correlated with hyperuricemia and
inversely correlated with proteinuria. In children and

adolescents, the reference values for uric acid increases
gradually with age, with a difference between the sexes
arising at about 12 years of age [22]. This could explain
the association between uric acid levels and age in our
cohort. To explain the inverse correlation between age
and proteinuria, we hypothesize that, in children with a
lower age at onset, less specific clinical signs could lead
to a later diagnosis with higher levels of proteinuria, pos-
sibly leading to more pronounced hypovolemia and longer
TTR in these patients. Moreover, while the reasons for
that are not obvious, the different state of maturation and
reactivity of the immune system in the first few years of
life can certainly be part of an explanation. Indeed, the
immunological involvement in the pathogenesis of SNI
is well known, although multiple mechanisms have been
hypothesized as the cause [23].

However, multiple regression confirms that uric acid level
is by far the strongest predictor of TTR, even correcting for
age and proteinuria. Therefore, hyperuricemia appears to be
an independent predictor of longer TTR at all ages. Nonethe-
less, we cannot exclude that other mechanisms are involved
in the longer TTR seen in younger children.

As a side note, we excluded seven patients with a
TTR > 28 days from this analysis, due to their late response
[3]. However, they showed no significantly worse bio-
chemical parameters at onset compared to patients with a
TTR > 10 days. Therefore, TTR in these patients may also
be influenced by some other unknown factors involving their
immunological response or for pharmacogenetic or pharma-
codynamic reasons.
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Further prospective studies are needed to confirm these
results, possibly including the evaluation of additional hypo-
volemic parameters: urinary sodium for FeNa, weight gain
assessed, if possible, even using bioelectrical impedance
methods to estimate fluid excess [24].

Conclusions

In our analysis, TTR appears to be an epiphenomenon of a
more compromised clinical status at INS diagnosis, charac-
terized by higher uricemia (possibly as a sign of more severe
hypovolemia), higher proteinuria, or younger age. While we
have discussed possible explanations for that behavior, addi-
tional mechanisms may certainly play a role in prolonging
TTR. Further studies will be necessary to better character-
ize the relationship between volemic state at INS onset and
response to therapy, especially in different age groups.
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