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A B S T R A C T   

The aim of the study was to identify predictive patient characteristics for Henoch Schoenlein 
Purpura (HSPN) relapse in childhood HSPN. One hundred and thirty-five Chinese children with 
HSPN were enrolled in this study, mean age 10.25 ± 3.39 years. The pathology of HSPN was 
according to the International Study of Kidney Disease in Children criteria.(ISKDC); ISKDC II 
(mesangial proliferation (MP)) AND ISKDC III (MP with <50 % crescents).Recurrence of HSPN 
was observed in 66.3 % patients; male to female ratio (2:1)Statistically significant correlation 
existed between biopsy grade(p < 0.001), gender(p < 0.001),age ranges(p = 0.002) and treat
ment regimen (p < 0.001)in the frequency of recurrent HSPN episodes. We identified some sig
nificant predictors for HSPN relapse such as the severity of HSPN, adjunctive therapies 
administered to these patients,and close attention should be paid in patients between the ages 7 
and 12 years old. In addition, the use of mycophenolate mofetil as an adjunctive therapy in the 
treatment of HSPN may reduce the frequency of HSPN relapse episodes in children.   

1. Introduction 

Henoch Schoenlein Purpura (HSP) also known as Immunoglobulin A vasculitis, is an autoimmune disease of the small blood vessels, 
characterized by the presence of palpable purpura and multi-organ involvement. Henoch-Schoenlein Purpura Nephritis (HSPN) 
progresses from HSP, as a result of renal involvement [1]. HSPN’s renal involvement may lead to chronic and end-stage renal disease 
[2]. There have been some reports on the risk factors for HSPN, but finding predictors for frequent HSPN relapse episodes would be an 
important issue for the clinician caring for children with HSPN and, until now, few studies have reported on the HSPN relapse [3–8]. 
Therefore, we examined the parameters of HSPN patients presented upon hospitalization in relation to the recurrence rates of HSPN 
and determined whether correlations existed between these parameters with the frequency of relapses. We identified some significant 
parameters for HSPN relapses that are useful for both patients and clinicians in predicting a recurrent HSPN episode. 

* Corresponding author. School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, Nanjing, Jiangsu, 211198, China. 
** Corresponding author. Department of Pediatrics, Nanjing Drum Tower Hospital, Nanjing, Jiangsu Province, 210008, China. 

E-mail addresses: zhxh@cpu.edu.cn, zhxhedu@163.com (X. Zhou), hjpeng1975@hotmail.com (H. Peng).   
1 These authors contributed equally to this work. 

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e22501 
Received 8 May 2023; Received in revised form 11 November 2023; Accepted 14 November 2023   

mailto:zhxh@cpu.edu.cn
mailto:zhxhedu@163.com
mailto:hjpeng1975@hotmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e22501
https://doi.org/10.1016/j.heliyon.2023.e22501
https://doi.org/10.1016/j.heliyon.2023.e22501
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e22501

2

2. Patients and methods 

2.1. Study group 

This was a retrospective study conducted in Sir Run Run Hospital Nanjing Medical University, Department of Pediatrics, Nanjing, 
China, from June 2020 to December 2021.One hundred and sixty-seven children were referred from the HSPN patients registry at the 
hospital but only one hundred and thirty-fivechildren were included in this study(91 males,44 females) as shown in Fig. 1.The in
clusion criteria included the following: patient age less than 18 years, diagnosis being HSPN, parental consent approval, availability of 
complete medical records. Renal biopsy was performed in patients with kidney dysfunction presenting with either hematuria or heavy 
proteinuria. Meanwhile, in patients without kidney dysfunction, biopsy was determined by the amount of proteinuria(Alb<30 g/dl). 
Patients with ISKDC stage I; mesangial proliferation (MP) (n = 10), ISKDC stage IV; MP with 50–75%crescents (n = 11) and ISKDC 
stage V; MP with >75 % crescents (n = 1) were not analyzed and excluded from the study due to the small number of patients in these 
groups. Patients with missing data on drugs administered upon hospitalization (n = 10) were also excluded, as well as refusal of 
parental consent. Information about HSPN children’s’ demographic values (age and sex), weight, height, hospitalization date, hos
pitalization number, onset time, pathology, cortisol levels, number of relapses, serum vitamin D status, and drugs administered 
(prednisone acetate, mycophenolate mofetil, tacrolimus were obtained from the subjects’ medical records. The registry showed that 
patients only received systematic treatment which was in line with common local clinical practice and did not receive other neph
roprotective treatments. Patient data obtained for analysis is presented in Table 1. The data were then examined to determine if any 
associations or correlations existed between recurrence of HSPN and various patient characteristics (BMI, gender, age, and drugs 
administered). 

2.2. Definitions 

Nephritis was defined by the presence of macroscopic or microscopic hematuria (>5 RBCs a strong microscopic field in a 
centrifuged sample), with or without proteinuria [9]. Significant proteinuria was defined as proteinuria equal to or greater than 20 
mg/m2/hour [10]. Recurrence of HSPN was defined as the number of times a patient was diagnosed or presented with another episode 
of HSPN between the period of June 2020 to December 2021 [4].The criteria of HSPN was classified according to the International 
Study of Kidney Disease in Children (ISKDC) [11]. The main morphological change leading to this classification is the crescents. These 
lesions, whose pathology has not yet been described, are associated with the destruction of the capillary wall with fibrinoid necrosis 
associated with intracapillary proliferation and infiltration of inflammatory cells, including macrophages and neutrophils [11,12]. In 
this study, HSPN criteria was divided into three groups according to ISKDC [11]; ISKDC II: mesangial proliferation (MP),ISKDC III: MP 
with <50 % crescents and no biopsy. Body Mass Index (BMI) was calculated and categorized according to the BMI age range classi
fication for Asian and South Asian population [13]. 

2.3. Statistical analysis 

Statistical analyses were performed on Statistical Package for the Social Sciences (SPSS), version 21.0 (SPSS Inc., Chicago, IL, USA). 
Normally distributed continuous data was expressed as mean ± standard deviation. Categorical data was expressed in percentages. 
Comparisons of the frequencies among groups was analyzed using Chi-square tests. Comparison of mean values between groups was 

Fig. 1. Flow diagram of study process.  
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Table 1 
Demographic and treatment modalities of the patients at time of hospitalization.  

Patient characteristics Patients n (%) n = 135 

Gender 
Male 91(67.4) 
Female 44(32.6) 
Age, yearsa 10.42 ± 3.380 
Cortisol ug/dLa 5.3229 ± 5.01754 
25 -hydroxyvitamin D ng/mla 20.46 ± 7.42563 
25 -hydroxyvitamin D2 ng/mla 26.18 ± 7.36408 
25 -hydroxyvitamin D3 ng/mla 33.30 ± 5.57159 
Age ranges 
0–6 years 18(13.3) 
7–12 years 78(57.8) 
13–17 years 39(28.9) 
Biopsy grade 
ISKDC II: mesangial proliferation (MP) 11(8.2) 
ISKDC III: MP with <50 % crescents 42(31.1) 
No biopsy 82(60.7) 
Number of HSPN relapse 
0 (no relapse) 41(30.4) 
1 47(34.8) 
2 32(23.7) 
3 7(5.2) 
>4(more than 4 times) 8(5.9) 
Treatment 
PA only 41(30.4) 
MMF only 3(2.2) 
PA + Ta 32(23.7) 
PA + MMF 15(11.1) 
Ta + MMF 3(2.2) 
PA + MMF + Ta 41(30.4)  

a Data expressed as mean ± standard deviation.PA = Prednisone Acetate, Ta =
Tacrolimus, MMF = Mycophenolate Mofetil. 

Table 2 
Main differences in patients’ parameters and treatment options between patients with HSPN who experienced relapses and those who did not suffer 
this complication.  

Parameters Relapsing HSPN n(%) Non-relapsing HSPN n (%) p 

Gender (M/F) 64(47.4)/30(22.2) 27(20.0)/14(10.4) .799 
Agea 10.40 ± 3.075 10.46 ± 3.521 .208 
Age ranges 
0–6 years 15(11.1) 3(2.2)  
7–12 years 50(37.0) 28(20.7) <.001 
13–17 years 29(21.5) 10(7.4)  
BMI classification 
Underweight 31(31.6) 21(21.4)  
Normal 15(15.3) 7(7.1) <.001 
Overweight 7(7.1) 1(1.0)  
Obese 10(10.2) 6(6.1)  
25 -hydroxyvitamin D ng/mla 12.502 ± 7.177 13.424 ± 7.871 .697 
25-hydroxyvitamin D2 ng/mla 12.850 ± 7.807 8.261 ± 6.122 .045 
25-hydroxyvitamin D3 ng/mla 11.393 ± 6.298 13.7063 ± 4.436 .188 
Biopsy grade 
ISKDC II 8(5.9) 3(2.2)  
ISKDC III 25(18.5) 17(12.6) .003 
No biopsy 61(45.2) 21(15.6)  
Treatment 
PA only 29(21.5) 12(8.9)  
MMF only 2(1.5) 1(0.7) <.001 
PA + Ta 26(19.3) 6(4.4)  
PA + MMF 8(5.9) 7(5.2)  
Ta + MMF 2(1.5) 1(0.7)  
PA + MMF + Ta 27(20.0) 14(10.4)   

a Data expressed as mean ± standard deviation.PA=Prednisone Acetate, Ta=Tacrolimus, MMF = Mycophenolate Mofetil. 
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carried out using the Paired-Samples T Test and one-way ANOVA. Post hoc analysis was calculated using the Student–Newman–Keuls 
test. All P values were 2 sided and P < 0.05 was considered significant. 

3. Results 

We included 135 patients diagnosed with allergic purpura nephritis. Almost 69 % experienced at least one HSPN relapse episode. 
The main demographic and parameters of patients with relapsing and non-relapsing HSPN are summarized in Table 2.The biopsy grade 
status of children according to the ISKDC classifications is shown in Table 2 and illustrated in Fig. 2. As shown in Table 2, patients’ 
mean age of the HSPN relapsing group was10.40 ± 3.075, and the mean age of the non-relapsing HSPN group was 10.46 ± 3.521. 
There was no statistically significant difference between the groups in terms of mean age, although there were 64 boys and 30 girls in 
the relapsing group, and27 boys and 14 girls in the non-relapsing group. Main demographic and parameter differences in patients with 
HSPN relapses are shown in Table 3. 

3.1. Main differences in patients’ parameters and treatment options between patients with HSPN who experienced relapses and those who 
did not relapse 

No differences were found by gender or age at diagnosis between HSPN patients who relapsed and those who did not. However, 
several patient parameter differences were observed between the two groups. Regarding age ranges in these patients, there was a 
statical difference in the subgroup of patients who later experienced relapses and in patients without relapses(P < 0.001). Age ranges 
7–12 years old presented with a highest number of patients with relapses(37 %), followed by 13–17 years(21.5 %) and the least 
number relapses were observed in ages 0–6years(11.1 %).In addition, there was a statistical significance in BMI classification between 
the two groups (p < 0.001).Underweight patients(31.6 %) relapsed more and overweight patients relapsed the least(7.1 %).The biopsy 
grade of patients had a statistical difference between the two groups (p < 0.003).Relapse were observed in patients who did not 
undergo renal biopsy(45.2 %),patients with ISKDC II(5.9 %) and ISKDC III(18.5 %).The different treatment modalities within the two 
groups had a statistical significance (p < 0.001).Least number of patients with relapses(1.5 %) were in both the Ta + MMF and MMF 
only group. However, 25 -hydroxyvitamin D ng/ml levels were only significantly different on day 2(p = 0.045) when compared to day 
1(p = 0.697) and day 3(p = 0.188). 

3.2. Main difference in patient parameters in relation to the frequency of HSPN relapse 

Out of 135 patients,94(69.6 %)patients experienced one or more recurrent HSPN episode(shown in Table 3).Relapse episodes were 
predominant in boys(68.1 %)when compared to girls(31.9 %),male to female relapse ratio = 2:1.There was a statistically significant 
correlation between age ranges and the recurrence of HSPN (p = 0.002).Patients aged between 7 and 12 years (53 %) relapsed the most 
when compared to age range 0–6 years(16 %) and 13–17 years(31 %).However the number patients in each age group decreased as 
recurrent HSPN episodes increased. No statistical difference was found between BMI and relapse frequencies(p = 0.188). Although 
more patients who relapsed were underweight, this had no statistical difference. Treatment modalities had a statistical difference in 
the number of HSPN relapse p < 0.001). Recurrent episodes were more in the PA + Ta group (28 %) and PA + MMF + Ta groups(27 %). 
However, the number patients in each treatment group decreased as recurrent HSPN episodes increased. There was a statistical dif
ference (P < 0.001) in the recurrence in patients with no biopsy proven HSPN (64.9 %). 

Fig. 2. Biopsy grade status of patients according to the ISKDC classification.  
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4. Discussion 

Recurrent HSPN episodes are a huge challenge for clinicians even though patients respond well to initial treatment. In contrast to 
the extensive literature detailing the clinical manifestations of HSPN, this study paid relatively more attention to the frequency of 
HSPN recurrence [8]. 

The male and female ratio of HSPN is consistent through the literature. Uehara E et al., in their single center study in Tokyo, Japan, 
indicated sex as a significant risk factor of renal involvement in children with HSPN [14].In our study, the male to female ratio was 2:1. 
Our finding supports the probability of male children having higher chances to experience an HSPN relapse episode when compared to 
girls. Several studies have also shown the male gender as predominant in this disease, with increased chances of having proteinuria 
[15,16]. Contrastingly, Kim et al. showed the female was predominant in patients with renal involvement [17]. 

Precise triggers for the frequent HSPN relapse are unclear,it was generally felt to reflect on the treatment regimen offered to these 
patients. Administration of tacrolimus to HSPN patients as an immunosuppressant has been mentioned in literature. A more recent 
randomized controlled trial by Zhang H et al. on 279 children with HSPN showed the effectiveness and safety of tacrolimus regiment 
for long-term treatment of HSPN. Also, tacrolimus was shown to significantly lower the HSPN recurrence rate [18]. In our study, 
patients were administered tacrolimus in combination with either prednisone acetate or mycophenolate mofetil or both. We observed a 
significant reduction in relapse frequencies in patients who were either administered mycophenolate mofetil only or in combination 
with tacrolimus. Our findings suggests that an adjunct course of mycophenolate mofetil might be useful in the management of HSPN 
and in reducing the number of relapses. In support to our findings, several studies have also shown MMF as an effective secondary 
treatment option for children with HSPN [3,19,20]. 

On the other hand, we observed that patientswho were administered prednisone acetate in combination with either tacrolimus or 
mycophenolate mofetil experienced a significant number of relapses. This finding is in line with several studies in which relapses 
occurred more frequently in children treated with an adjunctive steroid therapy [21,22]. Contrastingly, in Chen L et al. study, cor
ticosteroids improved the immune function of children with HSPN and promoted the recovery of renal function [23].In the same line, 
Hou et al. successfully treated patients with HSPN by administering corticosteroid in combination with leflunomide therapy [24].Our 
controversial finding highlights the recommendation to limit the use of steroids to a carefully selected group of HSPN children, even 
though corticosteroids may alleviate the symptoms. 

Providing that there was an all-year-round reported cases of HSPN onset our this study, though unevenly distributed across the 
months, most patients had an onset of HSPN in the summer compared to winter. This may be due to less reported cases of HSP as it is 
usually considered to be self-limiting and benign, so people don’t usually go to the hospital, at the same time HSP might be progressing 
to HSPN. Moreover, the registration and follow-up of chronic disease might have been lacking so hospitalization would not have been 
indicated. In contrast to our seasonal findings, other studies reported an increased incidence of HSPN during fall and winter [25–29]. 
Thus, seasonal variations might be a trigger that promote the onset of this disease. 

Another factor to consider in patients with HSPN was the inability to maintain adequate phosphorus and calcium levels. Resultant 
increases in bone metabolism to release calcium causes bone deformation, pain, and an increased risk of fractures [30]. In our study, 
25-hydroxyvitamin D3 [25(OH)D3] levels decreased in children with relapses suggesting predictive values for prognosis and 

Table 3 
Patient parameters in relation to the frequency of HSPN relapse.  

Parameters Frequency of HSPN relapsing value n(%) p  

1 2 3 >4  
Gender 
Male 30(31.9) 21(22.3) 6.6.4) 7(7.4) <.001 
Female 17(18.1) 11(11.7) 1(1.1) 1(1.1)  
Age range 
0–6 years 5(5.3) 5(5.3) 2(2.1) 3(3.2)  
7–12 years 25(26.6) 19(20.2) 3(3.2) 3(3.2) .002 
13–17 years 17(18.1) 8(8.5) 2(2.1) 2(2.1)  
BMI classification 
Underweight 16(25.4) 10(15.9) 4(6.3) 1(1.6)  
Normal 8(12.6) 4(6.3) – 3(4.8)  
Overweight 3(4.8) 3(4.8) 1(1.6) – .188 
Obese 8(12.7) 1(1.6) – 1(1.6)  
Treatment 
PA only 12(12.8) 14(14.9) 3(3.2) –  
MMF only 0 2(2.1) 0 –  
PA + Ta 13(13.8) 7(7.4) 2(2.1) 4(4.3)  
PA + MMF 6(6.4) 1(1.1) – 1(1.1) <.001 
Ta + MMF 2(2.1) – – –  
PA + MMF + Ta 14(14.9) 8(8.9) 2(2.1) 3(3.2)  
Biopsy grade 
ISKDC II 3(3.2) 3(3.2) 1(1.1) 1(1.1)  
ISKDC III 12(12.8) 9(9.6) – 4(4.3) <.001 
No biopsy 32(34.0) 20(21.3) 6(6.4) 3(3.2)  

PA=Prednisone Acetate, Ta=Tacrolimus, MMF = Mycophenolate Mofetil. 
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manifestation of another episode of HSPN. This finding aligns with conclusions made by Zhu L et al. [31]. 
To this end,the association between BMI variability and HSPN is largely obscure. To address the gaps in current knowledge, we 

evaluated the relationship of BMI variability in patients with HSPN. Our findings suggested that higher BMI variability may influence 
the incidence of HSPN, though underlying reasons for the association between BMI variability and the risk of HSPN were unclear. 
According to the results of searches yielded, there is little relevant literature about the influence of BMI on the relapse rates of HSPN, 
thus BMI was a conflicting factor in our work and further studies are required. 

There is a need for development of specific predictive models based on relapse risk and significant renal impact to make effective 
clinical decisions for individual patients. Clinicians can use this model to predict relapse or severity of renal failure in most children 
with HSPN. In conclusion, we identified some predictors for relapse in HSPN patients, and care should be taken in patients with risk 
factors such as age, treatment regimen, and severity of HSPN. More research is needed to determine whether more aggressive 
treatments for children with HSPN with these conditions will prevent frequent relapse. 

To our knowledge, this study is a novel analysis of pediatric patients with frequent HSPN relapses reported thus far, yet we admit 
this study has some limitations—it’s partly retrospective nature and the rather small sample size. Although the registry collected 
information on pediatric patients with HSPN, not all patients performed kidney biopsies, this may be due to changes in urine. Another 
possible limitation could be channeling bias because the included patients were seen at one pediatric department, thus, our findings 
should not be generalized. 
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