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Objective: Henoch–Schönlein purpura (HSP) is the most common vasculitis in children. 
Renal involvement is the main long-term complication of HSP, and presently there is no way 
to predict which children may have irreversible renal damage from the outset. This study 
aimed to explore the prediction value of laboratory indexes on renal involvement in children 
with HSP, which could help the early identification and intervention.
Methods: Children with HSP hospitalized at the First Affiliated Hospital of Henan 
University of Chinese Medicine from June 2019 to December 2020 were included. The 
demographic findings, clinical features, laboratory findings including blood routine exam-
ination, serum immunoglobulin, complement, T cell subsets levels, liver and kidney function, 
coagulation function were recorded. Laboratory indexes were analyzed, logistic regression 
analysis was performed to identify the independent predictors in HSP patients with renal 
involvement, and receiver operating characteristic (ROC) curves were further used to assess 
the value of prediction indexes, as well as the efficacy of combined diagnosis.
Results: The study included 146 HSP patients, among them, 50 patients (34.2%) had renal 
involvement. Age, platelet distribution width (PDW), CD3+ and fibrinogen (FIB) were 
positively correlated with renal involvement, while the levels of Immunoglobulin G (IgG), 
C-reactive protein (CRP), and neutrophil/lymphocyte ratio (NLR) were negatively correlated 
with renal involvement. The area under the ROC Curve (AUC) of these biomarkers ranged 
from 0.6284 to 0.7009, and among the combinations, a combination of NLR, CRP, CD3+, 
FIB, PDW, IgG and age had the best AUC value (0.9774).
Conclusion: Age, PDW, CD3+, FIB, CRP, NLR and IgG were prediction indexes for renal 
involvement in HSP patients, and these indexes can be combined appropriately to improve 
the diagnostic efficacy.
Keywords: Henoch–Schönlein purpura, laboratory indexes, renal involvement, diagnosis

Introduction
Henoch–Schönlein purpura (HSP) is the most common vasculitis in children. The 
typical manifestations of HSP are palpable purpura (without thrombocytopenia), 
abdominal pain, gastrointestinal bleeding, arthritis and renal disease, with the deposi-
tion of circulatory IgA immune complexes in the affected tissue.1 Based on the 
characteristics of abnormal deposition of IgA in affected vessel walls, HSP is also 
known as IgA vasculitis (IgAV).2 The incidence of children with HSP is about 3–26.7/ 
1,000,000; however, the incidence may be underestimated due to underreporting.3 

Although the pathogenesis of HSP remains unknown, infection, food/drug allergy, 
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immune disorders, inflammatory mechanisms, and coagula-
tion disturbances are believed to take part in the HSP 
pathogenesis.

Approximately 20–60% of pediatric patients develop 
nephritis in conjunction with hematuria/proteinuria, which is 
defined as Henoch–Schönlein purpura nephritis (HSPN). It 
usually occurs within 30–60 days after the initial symptom 
of HSP and is the most serious long-term complication of HSP, 
and the severity of renal damage is the principal determinant of 
the prognosis of HSP.4,5 Impaired renal function, hypoprotei-
nemia, hypertension and long-term renal residual sequelae 
may occur in the late stage of HSPN.6 Therefore, identifying 
those who are at great risk of renal injury at an early stage is 
considered to be the key to reducing the incidence of renal 
injury, and would be very helpful in allowing a personalized 
approach to monitoring. Although HSP/HSPN is still diag-
nosed with symptoms and signs, together with some histo-
pathological findings, the gold standard for diagnosis depends 
on renal biopsy which is invasive, the development of less 
invasive and disease-specific laboratory indexes with diagnos-
tic value in the early stage of HSP is needed.

The clinical features and laboratory examination 
indexes (routine blood examination, serum immunoglobu-
lin, complement, T cell subset levels, liver and kidney 
function, coagulation function) in HSP and HSPN patients 
were compared in our study. We aim to explore laboratory 
and clinical indexes that can predict the renal involvement 
in HSP, in order to achieve early diagnosis and prompt 
treatment.

Materials and Methods
Patients Selection
This retrospective observational study was conducted at the 
First Affiliated Hospital of Henan University of Chinese 
Medicine from June 2019 to December 2020, 146 HSP 
inpatients (including 50 HSPN patients) were included. 
HSP patients were diagnosed based on the European 
League Against Rheumatism/Paediatric Rheumatology 
International Trials Organisation/Paediatric Rheumatology 
European Society (EULAR/PRINTO/PRES) criteria:7 non- 
thrombocytopenia palpable purpura combined with any of 
the following characterizations: 1. Diffuse abdominal pain; 
2. Typical predominant IgA deposits; 3. Arthritis or arthral-
gias; 4. Renal involvement. Renal involvement was defined 
as proteinuria (protein concentration >0.3g/24h) and/or 
hematuria (>5 red blood cells/high power field or ≥2+ on 
dipstick). Inclusion criteria were age≤18 years old, 

a clinical diagnosis of HSP based on EULAR/PRINTO/ 
PRES criteria, and no medication before the blood exam-
ination. Patients with other autoimmune diseases, anemia, 
nephrotic syndrome, idiopathic thrombocytopenic purpura 
and missing laboratory data were excluded. All participants 
and their parents/guardians were informed about the pur-
pose of the study and provided informed consent. The study 
was approved by the local ethics committee (2021HL-103- 
02) and followed the principles of the Declaration of 
Helsinki.

Clinical Data Collection
Medical records of the HSP patients were reviewed. 
Laboratory parameters including blood routine examination: 
white blood cell (WBC), lymphocyte and neutrophil count/ 
percentage (#/%LYMPH, #/%NEUT), red blood cell count 
(RBC), platelet (PLT), eosinophilic granulocyte count/per-
centage (#/%EOS), neutrophil/lymphocyte ratio (NLR), 
hemoglobin (HGB), platelet/lymphocyte ratio (PLR), 
Platelet Distribution Width (PDW), mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC), 
mean platelet volume (MPV), procalcitonin (PCT), red 
blood cell distribution width (RDW), and C-reactive protein 
(CRP), serum immunoglobulin: IgE, IgA, IgM, and IgG, 
complement: C3 and C4, and T cell subset levels: the percen-
tage of CD3+ cells, CD3+CD4+ cells, CD3+CD8+, and CD4/ 
CD8, liver and kidney function: total protein (TP), alanine 
aminotransferase (ALT), albumin (ALB), aspartate amino-
transferase (AST), urine creatinine (Cr), blood urea nitrogen 
(BUN), and uric acid (UA), coagulation function: prothrom-
bin time (PT), fibrinogen (FIB), activated partial thrombo-
plastin (APTT), thrombin time (TT), and d-dimer (DD). 
Laboratory examination analyses were performed in the 
laboratory of our hospital.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism 
version 8.4.2 (GraphPad Software corporation, California, 
USA). Quantitative data were shown as means ± SD or 
median (minimum-maximum). Mann–Whitney U-test or 
Student’s t-test was used to detect differences of continuous 
variables between the two groups. Categorical variables 
were shown as percentages and compared by the Chi- 
square test or Fisher’s exact test. The independent predictors 
of HSP patients with renal involvement were identified by 
logistic regression analysis, and the odds ratios (ORs) with 
95% confidence intervals (95% CI) were also calculated. In 
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addition, ROC curves were performed to further assess the 
value of prediction indexes, as well as the efficacy of com-
bined diagnosis. Results were considered statistically signif-
icant when P<0.05 (two-tailed).

Results
Baseline Characteristics of Patients
A total of 146 patients were enrolled and evaluated in this 
study, including 96 HSP patients (51 female, 45 male, mean 
age 9.563±3.254 years) and 50 HSPN patients (25 female, 25 
male, mean age 10.96±3.084 years). No differences between 
the groups in sex (P>0.05). Among the 146 patients, 146 
(100.0%) had palpable purpura, 61 (41.8%) had gastrointest-
inal involvement, 68 (46.6%) had arthralgia, and 50 (34.2%) 
had renal involvement (Table 1). The median age of HSPN 
patients was 10 (9 to 14) years, the female/male ratio was 1:1, 
the median age of HSP patients without renal involvement 
was 9 (7 to 12) years and the female/male ratio was 1.13:1.

Among the 50 patients with renal injury, 1 had nephrotic 
range proteinuria, 34 had non-nephrotic proteinuria, and 15 
had only hematuria. In the present study, 8 patients (16%) 
had renal involvement when diagnosed, 30 (60%) patients 
had renal involvement in the first month, 6 patients (12%) 
between the first and the second month, 5 patients (10%) 
between the second and the sixth month, 1 patient (2%) 
developed renal injury after 6 months. The mean time for 
the development of renal involvement was 33.02 days. 
Renal biopsy was performed on 14 patients (1 had nephrotic 
range proteinuria, 13 had non-nephrotic proteinuria). Biopsy 
samples showed: 1 case of normal light microscopy 
(stage 1), 2 cases of mesangial proliferation only without 
crescents (stage 2), 11 cases of focal or diffuse proliferation 
with <50% crescentic glomeruli (stage 3). No renal function 
damage or renal failure was observed.

Blood Routine Tests in HSP and HSPN 
Patients
The levels of WBC (8.275±4.632 vs 6.525±2.330), NLR 
(2.932±3.428 vs 1.384±0.847), MCHC (334.9±9.629 vs 
330.5±13.84), and CRP (4.111±4.547 vs 1.704±2.951) in 
HSP patients without renal involvement were higher than 
those patients with renal involvement (P=0.03, 0.039, 
0.014, and 0.01, respectively). EO% (1.723±1.673 vs 
2.042±1.306), MPV (8.744±1.579 vs 9.097±1.043), PDW 
(13.95±2.110 vs 15.28±1.745) levels in HSP patients were 
significantly lower than in HSPN patients (P=0.046, 0.008, 
and 0.002, respectively). There were no significant differ-
ences in terms of lymphocyte count (3.387±6.203 vs 2.570 
±1.037), neutrophil count (6.485±9.733 vs 3.569±2.320), 
PLT (286.8±86.16 vs 282.2±88.41), RBC (4.597±0.5208 
vs 4.668±0.5031), HGB (133.8±12.78 vs 133.0±15.23), 
and PLR (126.2±69.30 vs 114.9±44.07) between the 
groups (P>0.05). The leukocyte, neutrophil, monocyte, 
lymphocyte, MCV, MPV, PDW, MCHC, NLR, HGB, 
PLT, CRP, RBC and PLR values of HSP and HSPN 
patients are shown in Table 2.

Serum Immunoglobulin, Complement 
Levels and Blood Coagulation Test results 
in HSP and HSPN Patients
In HSP patients, levels of serum IgG (10.76±2.651 vs 9.67 
±3.166) (P=0.003) were significantly higher than HSPN 
patients (Table 3).While there were no differences in IgA 
(2.083±0.882 vs 2.185±0.786), IgM (1.214±0.483 vs 1.311 
±0.690), IgE (124.0±230.8 vs 190.1±676.8), C3 (0.961 
±0.204 vs 0.947±0.220) and C4 (0.294±0.923 vs 0.186 
±0.054) (P>0.05). FIB levels (3.168±0.760 vs 3.560 
±0.828) were significantly lower in HSP patients than in 
HSPN patients (P=0.002). No obvious differences between 
the HSP patients and the HSPN patients in PT (11.00 
±0.867 vs 10.97±1.032), APTT (30.95±3.676 vs 32.19 
±4.804), TT (15.49±0.941 vs 15.46±0.917) and DD 
(0.541±1.418 vs 0.323±0.485) (P>0.05).

Liver/Kidney Function and Peripheral 
Blood T Lymphocyte Subsets Levels in 
HSP and HSPN Patients
Liver/kidney function test results and peripheral blood 
T lymphocyte subset levels in patients are shown in 
Table 4. The TP (67.76±5.694 vs 65.48±6.837), ALB 
(41.72±3.246 vs 40.48±4.215) levels were significantly 

Table 1 Clinical Manifestation of 146 HSP Patients

Variables n %

Palpable purpura Negative 0 0.0
Positive 146 100

GI involvement Negative 85 58.2
Positive 61 41.8

Arthralgia Negative 78 53.4
Positive 68 46.6

Renal involvement Negative 96 65.8
Positive 50 34.2
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lower (P = 0013, 0.029), and the Cr (40.40±34.30 vs 41.05 
±15.13), CD3+% (62.08±8.716 vs 67.15±6.991), CD4+% 
(30.58±6.981 vs 33.66±6.819) levels were found to be 
significantly higher in patients with renal injury than in 
patients without renal injury (P = 0.016, 0.002, and 0.02, 

respectively). ALT (18.62±14.26 vs 17.53±12.95), AST 
(23.73±7.746 vs 22.72±6.351), BUN (3.830±1.153 vs 
3.899±1.255), UA (278.6±100.0 vs 284.3±87.93), CD8+ 

% (27.05±5.835 vs 28.25±4.351) levels were not found to 
be correlated with renal involvement in HSP.

Table 2 Blood Routine Tests in HSP and HSPN Patients

Characteristics HSP(n=96) HSPN(n=50) P

SEX(F/M) 51/45 25/25 >0.05
AGE(y) 9.563±3.254 10.96±3.084 0.01

WBC(×109/L) 8.275±4.632 6.525±2.330 0.03

#LYMPH(×109/L) 3.387±6.203 2.570±1.037 >0.05
%LYMPH 36.48±15.96 40.09±12.83 >0.05

#NEUT(×109/L) 6.485±9.733 3.569±2.320 >0.05

%NEUT 55.16±17.95 51.00±13.40 >0.05
#EOS(×109/L) 0.188±0.476 0.126±0.085 >0.05

%EOS 1.723±1.673 2.042±1.306 0.046
#MONO(×109/L) 0.6417±1.214 0.3921±0.1524 >0.05

RBC(×1012/L) 4.597±0.5208 4.668±0.5031 >0.05

HGB(g/L) 133.8±12.78 133.0±15.23 >0.05
PLT(×109/L) 286.8±86.16 282.2±88.41 >0.05

MCV(fL) 86.68±3.928 86.18±6.479 >0.05

MCH(pg) 29.04±1.593 28.52±2.629 >0.05
MCHC(g/L) 334.9±9.629 330.5±13.84 0.039

RDW-SD(fL) 39.73±2.399 40.69±4.282 >0.05

RDW-CV(%) 13.22±1.104 13.29±1.271 >0.05
PCT(%) 0.243±0.086 0.249±0.074 >0.05

MPV(fL) 8.744±1.579 9.097±1.043 0.008

PDW(fL) 13.95±2.110 15.28±1.745 0.002
CRP(mg/L) 4.111±4.547 1.704±2.951 0.01

NLR 2.932±3.428 1.384±0.847 0.014

PLR 126.2±69.30 114.9±44.07 >0.05

Abbreviations: WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; LYMPH, lymphocytes; NEUT, neutrophils; PDW, platelet distribution width; MPV, mean 
platelet volume; RDW, red blood cell distribution width; CRP, C-reactive protein; PLR, platelet/lymphocyte ratio; NLR, neutrophil /lymphocyte ratio.

Table 3 Serum Immunoglobulin, Complement Levels and Blood Coagulation Levels in HSP and HSPN Patients

Characteristics HSP(n=96) HSPN(n=50) P

IgG(g/L) 10.76±2.651 9.67±3.166 0.003

IgA(g/L) 2.083±0.882 2.185±0.786 >0.05

IgM(g/L) 1.214±0.483 1.311±0.690 >0.05
IgE(g/L) 124.0±230.8 190.1±676.8 >0.05

C3(g/L) 0.961±0.204 0.947±0.220 >0.05

C4(g/L) 0.294±0.923 0.186±0.054 >0.05
PT(s) 11.00±0.867 10.97±1.032 >0.05

APTT(s) 30.95±3.676 32.19±4.804 >0.05

FIB(g/L) 3.168±0.760 3.560±0.828 0.002
TT(s) 15.49±0.941 15.46±0.917 >0.05

DD(mg/L) 0.541±1.418 0.323±0.485 >0.05

Abbreviations: Ig, immunoglobulin; PT, prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen; TT, thrombin time; DD, d-dimer.
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Evaluation of Laboratory Indexes to 
Identifying HSP with Renal Involvement
The findings of univariate logistic regression analysis 
revealed that age (, P=0.0154), WBC (OR=0.8686, 
P=0.0191), PDW (OR=1.457, P=0.0021), MCHC 
(OR=0.9656, P=0.0496), CRP (OR=0.8351, P=0.044), 
NLR (OR=0.5841, P=0.0105), IgG (OR=0.8598, 
P=0.0381), CD3% (OR=1.087, P=0.003), CD4% 
(OR=1.068, P=0.0257), TP (OR=0.9394, P=0.0367),and 
FIB (OR=1.852, P=0.0067) were significant independent 
predictors for renal involvement in HSP patients (Table 5). 
The findings of multivariate logistic regression analysis 
identified age (OR=1.414, P=0.015), PDW (OR=1.498, 
P=0.0157), CRP (OR=0.748, P=0.0448), NLR 
(OR=0.537, P=0.006), IgG (OR=0.853, P=0.0445), CD3+ 

% (OR=1.077, P=0.0197), and FIB (OR=1.945, P=0.0056) 
were significant factors.

ROC curve of these predictors was further performed, 
and the AUC ranged from 0.6284 to 0.7009 (Table 6). The 
combinatorial of these indexes were also investigated; the 
results found that the combined diagnosis can improve the 
diagnostic efficacy, with the AUC ranging from 0.7157 to 
0.9774. Among all the combinations, a combination of 
NLR, CRP, PDW, IgG, FIB, CD3+ and age had the best 
AUC value (0.9774). The top sixteen diagnostic capacities 
of the different combinations are shown in Figure 1 
(AUC>0.85). These results indicated that a combination 
of potential biomarkers could distinguish whether HSP 
children progress to renal injury.

Discussion
Renal injury is the most serious and persistent complica-
tion of HSP and nowadays there is no way to predict 
which children may progress to renal impairment from 

Table 4 Liver/Kidney Function Test Results in HSP and HSPN Patients

Characteristics HSP(n=96) HSPN(n=50) P

TP(g/L) 67.76±5.694 65.48±6.837 0.013
ALB(g/L) 41.72±3.246 40.48±4.215 0.029

ALT(U/L) 18.62±14.26 17.53±12.95 >0.05

AST(U/L) 23.73±7.746 22.72±6.351 >0.05
BUN(mmol/L) 3.830±1.153 3.899±1.255 >0.05

UA(umol/L) 278.6±100.0 284.3±87.93 >0.05

Cr(umol/L) 40.40±34.30 41.05±15.13 <0.016
CD3+(%) 62.08±8.716 67.15±6.991 <0.002

CD4+(%) 30.58±6.981 33.66±6.819 <0.02
CD8+(%) 27.05±5.835 28.25±4.351 >0.05

CD4/CD8 1.184±0.375 1.200±0.331 >0.05

Abbreviations: TP, total protein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; UA, uric acid; Cr, urine 
creatinine.

Table 5 Logistic Regression Analysis of Predictors for in HSP Patients with Renal Involvement

Parameter Univariate P Multivariate P

OR(95% CI) OR(95% CI)

Age 1.146(1.029–1.283) 0.0154 1.414(1.105–1.964) 0.0150

WBC 0.867(0.764–0.967) 0.0191

PDW 1.457(1.164–1.893) 0.0021 1.498(1.093–2.117) 0.0157
MCHC 0.966(0.931–0.999) 0.0486

CRP 0.835(0.682–0.979) 0.0440 0.748(0.536–0.962) 0.0448

NLR 0.584(0.367–0.832) 0.0105 0537(0.326–0.791) 0.0060
IgG 0.860(0.740–0.985) 0.0381 0.853(0.723–0.988) 0.0445

CD3+% 1.087(1.032–1.153) 0.0030 1.077(1.014–1.151) 0.0197

CD4+% 1.068(1.009–1.133) 0.0257
TP 0.939(0.884–0.995) 0.0367

FIB 1.852(1.199–2.936) 0.0067 1.945(1.233–3.172) 0.0056
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the outset. Prediction markers can help diagnose early and 
guide therapy efficiently. So, we reviewed the medical 
records of HSP patients and explored the prediction 
indexes for renal injury in patients with HSP. The relation-
ship between laboratory indexes and the occurrence of 
renal injury in HSP has been extensively studied. In the 
present study, we observed that age, PDW, NLR, CRP, 
IgG, CD3+% and FIB values are useful in predicting 
renal involvement. Some of our findings confirmed pre-
vious reports, while some results shed new insights into 
the predictors in HSP children with renal involvement.

HSP occurs worldwide and affects children in up to 90% 
of cases under the age of 10.8 Studies have also shown that 
there is a slight disease predominance in males, the ratio 
between males and females is about 1.2–1.8:1. Our results 
were similar to the previous studies, the mean age of the 146 
patients was 10.04±3.254 years (range 3–18 years), the 
males-to-females ratio was 1.09. Some studies have reported 
that older age can predict renal injury in children HSP. Sano 
et al reported that age over 4 years was a significant inde-
pendent risk indicator for renal injury in HSP.9 Demircioglu 
et al also reported that children higher than 10 years 
increased 1.4-fold risk in renal involvement.10 Our results 
showed that HSP patients with renal involvement were sig-
nificantly older as well. Demircioglu et al also found females 
had a 2.7-fold risk for renal involvement in HSP compared 
to males.10 However, sex was not found to be an indicator 
associated with renal involvement in the present study.

In recent years, NLR has become a novel potential 
inflammatory biomarker and proved to be related to auto-
immune diseases such as Psoriasis,11 primary Sjögren’s syn-
drome (pSS),12 dermatomyositis and polymyositis.13 Gayret 
et al reported that NLR and PLR were significantly increased 
in HSP patients than in healthy children, and high PLR was 
a significant predictive indicator for gastrointestinal bleeding 
in HSP.14 Kim et al reported that NLR was an indicator of 
renal injury in HSP.15 Other studies also reported that NLR 

was increased in HSP patients with organ involvement com-
pared to patients without organ involvement.16,17 In the 
present study, NLR was found to be a predictive index for 
renal involvement in HSP, while PLR was not found to be 
statistically different between HSP and HSPN.

CRP is an acute-phase protein that significantly 
increases during acute infections and stress. Elmas et al 
reported that CRP values were positively correlated with 
renal injury in HSP patients.18 Another study also found 
that patients with higher CRP levels had a 6.57-fold 
increased risk of kidney involvement.10 While in our 
study, patients without renal injury had higher CRP levels 
than those with renal injury. The reason for the difference 
in CRP levels might be: 1) The small number of HSP and 
HSPN patients included in the previous studies; 2) 
Majority of hospitalized HSP patients without renal invol-
vement were in acute inflammation period, while most 
inpatients with renal involvement were in the late stage 
of disease, not in acute inflammation period.

IgG, CD3, FIB and PDW were less frequently 
reported, but they may have potential utility in predicting 
the occurrence of HSPN and provide significant insights 
into the underlying pathophysiology of HSPN. Serum IgG 
levels in HSP patients are not entirely consistent with 
previous data. Studies have shown that IgG levels may 
increase, decrease, or remain unchanged.18–20 In our study, 
compared to the HSP patients without renal injury, IgG 
levels were significantly increased, while CD3 levels were 
decreased in those patients with renal involvement. The 
results reflected that both cellular and humoral immunity 
disorder participated in the pathogenesis of HSP and 
HSPN. Although IgA circulating immune complexes 
deposition plays a key role in HSP, and previous studies 
suggested HSP is linked with increased serum IgA 
levels,21,22 in our patients, IgA levels showed no relation-
ship with renal involvement. Recent studies have shown 
that abnormal coagulation and fibrinolysis participate in 

Table 6 ROC Curve Analysis of Prediction Indexes Involved in HSPN

Parameter AUC(95% CI) Sensitivity Specificity Cutoff P

Age 0.6284(0.5344–0.7225) 64 55.21 9.5 0.01
PDW 0.6769(0.5742–0.7796) 84.62 48 14 0.002

CRP 0.7009(0.5542–0.8476) 66.67 75 0.65 0.013

NLR 0.6441(0.5379–0.7504) 92.11 43.08 2.25 0.015
IgG 0.6539(0.5545–0.7532) 72.73 58.33 10.25 0.004

FIB 0.6524(0.5582–0.7466) 80 47.37 2.805 0.003

CD3+ 0.6763(0.5749–0.7777) 58.97 72.94 67.70 0.002
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Figure 1 ROC curve of the differential combination of laboratory indexes (The top sixteen AUC (>0.85) of the different combinations were shown).
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the occurrence and development of HSP and HSPN. 
Yilmaz et al found that D-D levels in children with acute 
stage HSP were higher than in children with convalescent 
stage HSP and healthy controls.23 Tian et al reported that 
D-D and FIB levels were significantly decreased in severe 
HSPN patients after being treated with low-molecular- 
weight heparin calcium.24 PDW is a measure of PLT size 
heterogeneity and represents the activation degree of PLT. 
FIB can reflect the state of the coagulation function. 
However, PDW has not yet been investigated as 
a predictive biomarker for HSP patients with renal injury. 
In our study, HSP patients with renal injury had higher 
PDW and FIB levels than patients with no renal injury. 
There is no obvious difference in PT, APTT and D-D.

In this paper, the AUC of independent PDW, NLR, CRP, 
IgG, CD3, age and FIB ranged from 0.6284 to 0.7009. In 
addition, we found that the combination of these biomarkers 
showed great diagnostic capacity and the AUC of several 
combination indexes had already exceeded 0.9, which was 
rarely seen in previous studies.25–27 Among these combina-
tions, the AUC of four combinations could also be higher 
than 0.85, and most of these indicators came from routine 
blood tests. These combinations all possess a better diagnos-
tic efficacy, some are easily accessible and inexpensive, and 
hospitals may select some of them to predict renal involve-
ment in children with HSP.

The major limitations of the current study were its 
single-center and retrospective design. The ethnic differ-
ences of these blood biomarkers are currently unknown. 
Multicenter and prospective studies with a large number of 
HSP patients and laboratory values are required to confirm 
and expand the present study. However, abundant labora-
tory indexes were the strengths of our study.

In conclusion, our study demonstrated that age, PDW, 
CD3, FIB, CRP, NLR and IgG were prediction indexes for 
renal injury in patients with HSP. Age, the levels of PDW, 
CD3 and FIB were positively correlated with renal invol-
vement, while the levels of CRP, NLR and IgG were 
negatively correlated with renal involvement. These para-
meters can be combined appropriately to improve the 
diagnosis efficacy, and a close follow-up visit is needed 
in HSP patients with these factors. These data may offer 
support for diagnosis and prognosis and also provide valu-
able insight into the pathogenesis of HSP and HSPN.
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