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Abstract

Hospital visits causing psychological stress can trigger nephrotic syndrome relapse in children. While there
are reports on preventing relapse during respiratory infections by using low-dose steroids, no reports exist
on preventing relapse from other triggers. We describe a case of a patient with repeated relapses triggered by
regular hospital visits, which were successfully prevented by administering low-dose prednisolone before the
visits. A 14-year-old boy with steroid-dependent nephrotic syndrome was referred and started on
mycophenolate mofetil. During the following 14 months, there were nine regular hospital visits. Up to the
third of four relapses, urinary proteins appeared on the day of the hospital visit and five and three days
before the hospital visit. He experienced two instances of transient proteinuria, with positive urine protein
test results on the day of a regular visit. Regular hospital visits were judged to trigger a relapse. At age 16, he
was started on prednisolone at 20 mg (approximately 15 mg/m? or 0.5 mg/kg) for prophylaxis five days
before regular hospital visits. Thereafter, he no longer experienced relapse or transient proteinuria.
However, at age 19, he experienced a relapse related to a hospital visit despite prophylaxis with
prednisolone. Since regular hospital visits were discontinued and he was placed under the regular care of a
local doctor, prophylactic administration of prednisolone before hospital visits was discontinued.
Thereafter, the mycophenolate mofetil dose was tapered off when he was 20 years old. He did not
experience a relapse again until age 23. The case shows that low-dose prednisolone administration can
prevent hospital visit-related relapse as well as relapse during respiratory infections.
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Introduction

Nephrotic syndrome (NS) is the most common manifestation of glomerular disease in childhood. It is
characterized by massive proteinuria, hypoalbuminemia, and/or edema. Most patients with pediatric
idiopathic NS respond to steroid treatment; however, approximately 30%-40% of children develop frequent-
relapsing or steroid-dependent NS. Frequent relapse is defined as two or more relapses within six months of
an initial response or four or more relapses in any 12-month period. Steroid dependence is defined as two
consecutive relapses during steroid therapy or within two weeks of its cessation. NS relapse can be triggered
by immunological stimuli, such as infections, vaccinations, and allergic episodes [1]. Situations that cause
psychological stress, such as school events, domestic events, and hospital visits, can also act as triggers [2].

Upper respiratory tract infection (URTI) is the most common trigger of relapse, and some prospective studies
have indicated that relapses are significantly reduced when the maintenance dose of prednisolone (PSL) is
increased or when a low daily dose of PSL is administered during URTI [3,4]. However, there are no reports
on the prevention of relapses related to other triggers. Herein, we describe a case of repeated relapses
triggered by regular hospital visits, which were prevented by administering a low dose of PSL before the
visits.

Case Presentation

A male patient with steroid-dependent NS who developed NS at four years of age and had 36 previous
relapses was referred to our hospital for further treatment at 14 years of age. He had been taking mizoribine
(MZR), cyclophosphamide, and azathioprine at different times but experienced frequent relapses and was
steroid-dependent. Therefore, he was administered cyclosporine A (CsA) at 11 years of age and was in
remission the following year. However, he experienced four relapses during the following year and was
started on MZR at 14 years of age. Nevertheless, he experienced three relapses in the following eight months

(Figure I).
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FIGURE 1: Patient’s clinical course

CsA: cyclosporine A; MZR: mizoribine; MMF: mycophenolate mofetil; PSL: prednisolone

Upon referral to our hospital, his height was 149.7 cm (-2.61 standard deviations) and weight was 44.7 kg
(BMI 19.9), indicating short stature but not obesity. No hypertension was observed (94/65 mmHg), and the
physical examination findings were unremarkable. After his initial visit to our hospital, he started taking
mycophenolate mofetil (MMF) at a dose of 1,500 mg/day; MZR was discontinued, and the CsA dose was
tapered off. Fourteen months after starting regular visits to our hospital, he relapsed four times and was
treated with PSL. During this period, he had nine regular hospital visits. During the first three of the four
relapses, urinary proteins in the first morning urine were detected either on the day of the hospital visit or
five and three days prior to the regular hospital visit (corresponding to the fourth, seventh, and eighth visits,
respectively). On the first occasion, a dipstick test revealed 2+ for protein, and the urinary protein-creatinine
ratio (uP/Cr) was 0.34 g/gCr. Proteinuria persisted for four consecutive days, increasing to a uP/Cr of 0.58
g/gCr, leading to a diagnosis of relapse [5]. On the second occasion, the dipstick test revealed 4+ for protein,
and the uP/Cr was 1.65 g/gCr at the time of the hospital visit. Proteinuria persisted for an additional seven
consecutive days, increasing to a uP/Cr of 3.42 g/gCr. On the third occasion, the dipstick test revealed 4+ for
protein, and the uP/Cr was 1.01 g/gCr at the time of the hospital visit. Proteinuria persisted for another five
consecutive days, increasing to a uP/Cr of 2.61 g/gCr. Additionally, transient proteinuria was observed
during a fifth hospital visit, when the patient tested positive for urinary proteins at 1+ by dipstick testing and
the uP/Cr was 0.24 g/gCr; this resolved spontaneously within a week. During the third relapse, we suspected
that the patient’s regular hospital visits were the relapse trigger. In the fourth relapse, proteinuria at the
time of the hospital visit, measured 4+ by dipstick testing with a uP/Cr of 2.61 g/gCr, appeared more than
two weeks before the regular visit. However, the patient also experienced transient proteinuria during a
ninth hospital visit, measured 1+ by dipstick testing with a uP/Cr of 0.55 g/gCr, which resolved
spontaneously within a week, similar to the fifth hospital visit. No signs of infection were noted at the time
of these occurrences of proteinuria, and no significant lifestyle changes were observed.

These findings indicated that the regular hospital visits were triggers for both relapses and transient
proteinuria. Moreover, two of the three relapses associated with hospital visits occurred when the patient
was not taking PSL, with one occurring while the patient was on a low dose of 5 mg every other day. On two
occasions of transient proteinuria, the patient received higher doses of PSL (15 and 20 mg every other day).
Of the four instances when proteinuria was not observed, only once was PSL not taken. Therefore, we
considered that steroids prior to the regular hospital visits could be effective in preventing relapse.

Subsequently, when he was 16 years old, he was started on daily PSL at a dose of 20 mg (equal to 15 mg/m2
or approximately 0.5 mg/kg) for prophylaxis five days before regular hospital visits.

Thereafter, he regularly visited the hospital approximately every three months and experienced no relapse
or transient proteinuria. At a regular visit at 17 years of age (his sixth visit after starting prophylactic
administration of PSL), he had forgotten to take PSL five days prior and only began taking it the day before
the visit. However, no urinary protein was detected. Hence, at subsequent regular visits, he took PSL from
the day before the visit, and proteinuria was not observed. Starting at age 17, MMF was tapered. At 19 years
of age, he experienced a relapse related to a regular hospital visit despite PSL administration. Since regular
visits to our hospital were discontinued after that visit and he was placed under the regular care of a local
doctor, prophylactic administration of PSL prior to regular hospital visits was discontinued accordingly.
Thereafter, he visited the local doctor approximately every six months, and MMF was fully tapered off by age
20. However, because his atopic dermatitis worsened, the dermatologist prescribed CsA at a dose of 150
mg/day at 20 years of age. Thereafter, the dose was gradually tapered off at 22 years of age. The patient did
not relapse until 23 years of age.

Discussion
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In pediatric NS, psychologically stressful episodes, such as school events, domestic events, and hospital
visits, can trigger relapse; moreover, these have also been reported to be associated with the appearance of
proteinuria in children with NS [2,6]. However, in clinical practice, establishing a causal relationship
between relapse and psychological stress is often difficult. We initially suspected that the patient’s regular
hospital visits triggered a third relapse (eighth visit) after starting regular visits to our hospital. Transient
proteinuria was observed at the subsequent hospital visit (ninth visit). When we retrospectively examined
the results of urinary proteins from past visits, we found that proteinuria had also been observed at the
fourth, fifth, and seventh visits, with relapses occurring at the fourth and seventh visits. Therefore, we
concluded that regular hospital visits triggered his relapse. Since the patient had been recording his urine
test results at home daily, we could identify when proteinuria first appeared and establish a causal
relationship. Relapses without apparent triggers, such as the common cold, often occur within three days of
aregular hospital visit [2]. Therefore, in pediatric NS with frequent relapses, clinicians should instruct
patients to perform daily urine tests for at least one week prior to the regular hospital visit.

The mechanism of relapse due to psychological stress in NS is unknown; however, endogenous cortisol
release leading to dysregulated immune responses has been suggested [6]. Other relapsing diseases, such as
inflammatory bowel disease, bronchial asthma, multiple sclerosis, and systemic lupus erythematosus, are
also associated with psychological stress [7-10]. The pathophysiology of psychological stress in each disease
is unclear, but studies on bronchial asthma have shown that psychological stress leads to the activation of
the hypothalamic-pituitary-adrenal (HPA) pathway [11]. This is followed by the secretion of cortisol, which
enhances T-helper 2 (Th2) and T-helper 17 (Th17) immune responses and attenuates regulatory T (Treg) cell
responses, which are closely linked with exacerbation due to allergic airway inflammation. Moreover,
exogenous steroids used in the treatment of acute exacerbations are effective because they are administered
in higher doses than the increase in endogenous cortisol caused by psychological stress, metabolized more
slowly, and remain in the body for a longer period, although the extent to which psychological stress
increases endogenous cortisol remains unknown [12]. Although the exact immunological mechanism
underlying NS relapse is unknown, several studies have focused on T- or B-cells, particularly on T-cell-
mediated immunological mechanisms [13]. A T-helper 1/Th2 imbalance in favor of the Th2 compartment, an
increased Th17/Treg ratio, an upregulation of Th17 responses, and a downregulation of Treg responses have
been recognized [13,14]. This mechanism is similar to that of acute exacerbation of bronchial asthma. In
addition, the mechanism by which increasing PSL during URTI prevents relapse is thought to involve
steroids suppressing the release of cytokines from T-cells activated by the infection [4]. Therefore, in the
present case, it is speculated that the HPA pathway was activated by the psychological stress associated with
regular hospital visits, leading to the release of endogenous cortisol, which activated T-cells and

dysregulated the immune response, resulting in relapse or proteinuria. Thus, the dose of PSL (15 mg/m?,
approximately 0.5 mg/kg) administered in this case was sufficient to suppress T-cell activation. The patient’s
clinical course, with no proteinuria observed for over three years after starting PSL prophylaxis, supports the
hypothesis regarding this mechanism.

Two aspects of this case remain unclear. First, while PSL is typically administered following the onset of
infection-related symptoms such as a runny nose and sore throat, to prevent relapses triggered by
respiratory tract infections, the appropriate timing for initiating prophylactic administration of PSL to
prevent hospital visit-related relapse remains uncertain [3,4]. Initially, we started the prophylactic
administration of PSL five days before the patient’s regular hospital visits, based on the timing of previous
relapses related to these visits. Following this, we adjusted the starting date of PSL administration to the day
before the hospital visit, and the patient experienced no relapses for over two years. However, at 19 years of
age, he experienced a relapse related to a regular hospital visit despite PSL administration. For reasons
unknown, the administration of PSL may have had a partial placebo effect. Second, it is unclear why the
patient did not experience any relapses even without prophylactic administration of PSL, after transitioning
from regular visits to our hospital to local hospital visits. Although CsA was initiated after MMF was tapered
off, it was gradually reduced and tapered off at 22 years of age. Given that the patient had experienced
relapses even while taking high-dose MMF, it is unlikely that CsA alone was responsible for preventing
relapses. Other possible explanations include a natural reduction in the disease activity of NS as the patient
matured or reduced psychological stress from visiting a local hospital, which was closer and more
convenient [15]. However, the exact reason remains unclear.

Conclusions

Clinicians should be aware that regular hospital visits, which lead to psychological stress, can trigger relapse
in patients with pediatric NS. Prophylaxis with a low dose of PSL should be considered to prevent relapse if
the triggers are known and predictable in similar cases.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

2025 Kanai et al. Cureus 17(3): €81247. DOI 10.7759/cureus.81247 3of4


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Concept and design: Hiroaki Kanai, Miwa Goto, Emi Sawanobori
Acquisition, analysis, or interpretation of data: Hiroaki Kanai, Anna Kobayashi
Drafting of the manuscript: Hiroaki Kanai

Critical review of the manuscript for important intellectual content: Hiroaki Kanai, Miwa Goto, Anna
Kobayashi, Emi Sawanobori

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Uwaezuoke SN: Steroid-sensitive nephrotic syndrome in children: triggers of relapse and evolving
hypotheses on pathogenesis. Ital ] Pediatr. 2015, 41:19. 10.1186/s13052-015-0123-9
2. Takahashi S, Wada N, Murakami H, Funaki S, Inagaki T, Harada K, Nagata M: Triggers of relapse in steroid-
dependent and frequently relapsing nephrotic syndrome. Pediatr Nephrol. 2007, 22:232-6. 10.1007/s00467-
006-0316-y
3. Gulati A, Sinha A, Sreenivas V, Math A, Hari P, Bagga A: Daily corticosteroids reduce infection-associated
relapses in frequently relapsing nephrotic syndrome: a randomized controlled trial. Clin ] Am Soc Nephrol.
2011, 6:63-9. 10.2215/CJN.01850310
4.  Abeyagunawardena AS, Thalgahagoda RS, Dissanayake PV, Abeyagunawardena S, Illangasekera YA,
Karunadasa UI, Trompeter RS: Short courses of daily prednisolone during upper respiratory tract infections
reduce relapse frequency in childhood nephrotic syndrome. Pediatr Nephrol. 2017, 32:1377-82.
10.1007/s00467-017-3640-5
5. Gipson DS, Massengill SF, Yao L, et al.: Management of childhood onset nephrotic syndrome . Pediatrics.
2009, 124:747-57. 10.1542/peds.2008-1559
6. Bakkum L, Willemen AM, Zoetebier L, Bouts AH: A longitudinal study on the effects of psychological stress
on proteinuria in childhood steroid-sensitive nephrotic syndrome. ] Psychosom Res. 2019, 121:8-13.
10.1016/j.jpsychores.2019.01.011
7. SunY,LiL, Xie R, Wang B, Jiang K, Cao H: Stress triggers flare of inflammatory bowel disease in children
and adults. Front Pediatr. 2019, 7:432. 10.3389/fped.2019.00432
8. Sandberg S, Paton JY, Ahola S, McCann DC, McGuinness D, Hillary CR, Oja H: The role of acute and chronic
stress in asthma attacks in children. Lancet. 2000, 356:982-7. 10.1016/50140-6736(00)02715-X
9. Mohr DC, Hart SL, Julian L, Cox D, Pelletier D: Association between stressful life events and exacerbation in
multiple sclerosis: a meta-analysis. BMJ. 2004, 328:731. 10.1136/bmj.38041.724421.55
10. Roussou E, Iacovou C, Weerakoon A, Ahmed K: Stress as a trigger of disease flares in SLE . Rheumatol Int.
2013, 33:1367-70. 10.1007/s00296-011-2292-1
11. Miyasaka T, Dobashi-Okuyama K, Takahashi T, Takayanagi M, Ohno I: The interplay between
neuroendocrine activity and psychological stress-induced exacerbation of allergic asthma. Allergol Int.
2018, 67:32-42.10.1016/j.alit.2017.04.013
12.  Trueba AF, Ritz T: Stress, asthma, and respiratory infections: pathways involving airway immunology and
microbial endocrinology. Brain Behav Immun. 2013, 29:11-27. 10.1016/].bbi.2012.09.012
13.  Colucci M, Corpetti G, Emma F, Vivarelli M: Immunology of idiopathic nephrotic syndrome. Pediatr
Nephrol. 2018, 33:573-84. 10.1007/s00467-017-3677-5
14. Kitsou K, Askiti V, Mitsioni A, Spoulou V: The immunopathogenesis of idiopathic nephrotic syndrome: a
narrative review of the literature. Eur | Pediatr. 2022, 181:1395-404. 10.1007/s00431-021-04357-9
15. Hjorten R, Anwar Z, Reidy KJ: Long-term outcomes of childhood onset nephrotic syndrome . Front Pediatr.
2016, 4:53. 10.3389/fped.2016.00053

2025 Kanai et al. Cureus 17(3): €81247. DOI 10.7759/cureus.81247 4 0of 4


https://dx.doi.org/10.1186/s13052-015-0123-9
https://dx.doi.org/10.1186/s13052-015-0123-9
https://dx.doi.org/10.1007/s00467-006-0316-y
https://dx.doi.org/10.1007/s00467-006-0316-y
https://dx.doi.org/10.2215/CJN.01850310
https://dx.doi.org/10.2215/CJN.01850310
https://dx.doi.org/10.1007/s00467-017-3640-5
https://dx.doi.org/10.1007/s00467-017-3640-5
https://dx.doi.org/10.1542/peds.2008-1559
https://dx.doi.org/10.1542/peds.2008-1559
https://dx.doi.org/10.1016/j.jpsychores.2019.01.011
https://dx.doi.org/10.1016/j.jpsychores.2019.01.011
https://dx.doi.org/10.3389/fped.2019.00432
https://dx.doi.org/10.3389/fped.2019.00432
https://dx.doi.org/10.1016/S0140-6736(00)02715-X
https://dx.doi.org/10.1016/S0140-6736(00)02715-X
https://dx.doi.org/10.1136/bmj.38041.724421.55
https://dx.doi.org/10.1136/bmj.38041.724421.55
https://dx.doi.org/10.1007/s00296-011-2292-1
https://dx.doi.org/10.1007/s00296-011-2292-1
https://dx.doi.org/10.1016/j.alit.2017.04.013
https://dx.doi.org/10.1016/j.alit.2017.04.013
https://dx.doi.org/10.1016/j.bbi.2012.09.012
https://dx.doi.org/10.1016/j.bbi.2012.09.012
https://dx.doi.org/10.1007/s00467-017-3677-5
https://dx.doi.org/10.1007/s00467-017-3677-5
https://dx.doi.org/10.1007/s00431-021-04357-9
https://dx.doi.org/10.1007/s00431-021-04357-9
https://dx.doi.org/10.3389/fped.2016.00053
https://dx.doi.org/10.3389/fped.2016.00053

	Low-Dose Prednisolone for the Prevention of Recurrent Relapses in Nephrotic Syndrome Triggered by Regular Hospital Visits: A Case Report
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Patient’s clinical course

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


