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Objective: To investigate the correlation between clinical indexes and pathological classi
fications in 202 patients with lupus nephritis (LN).
Methods: A total of 202 LN cases were retrospectively analyzed. All these patients met the 
four diagnostic criteria for systemic lupus erythematosus (SLE) of the American College of 
Rheumatology revised in 1997. The pathological diagnostic criteria of LN were in accor
dance with the pathological LN classification revised by the International Society of 
Nephrology and the Society of Kidney Pathology in 2003. The patients were scored accord
ing to the improved SLE Disease Activity Index 2000 (SLEDAI-2K), and their basic data, 
clinical data, laboratory data, and pathological data were collected.
Results: Among the 202 patients, the ratio of male to female was 1:5.73, and type IV was 
the most common pathological LN classification. There were differences in the urine 
analysis, hypertension incidence, blood cell analysis, blood lipids, renal function, plasma 
albumin, immunological indexes, renal pathological score among the different pathological 
types (P < 0.05). In the early finding of renal function damage of the patients, cystatin 
C sensitivity was significantly higher than that of serum creatinine and blood urea nitrogen. 
Multiple linear regression analysis show that there are strong correlations between AI and 
SLEDAI, 24hU-Pr, serum C3, serum ALB, BUN, creatinine, UA and PLT (P < 0.001); and 
there are correlations between AI and serum IgM, IgA, C4, TC and LDL-C (P < 0.05).
Conclusion: There is a clear correlation between pathological classifications and clinical 
indexes of LN.
Trial Registration: Shen-PJ-2018-40, Study on Clinical and Molecular Mechanism of 
SLE.
Keywords: lupus nephritis, kidney pathology, clinical indexes

Background
Systemic Lupus Erythematosus (SLE) is an autoimmune disease in which multiple 
systems and organs are damaged throughout the body. The exact cause of SLE is 
not yet clear, but according to current research and analysis, it is mainly related to 
genetic susceptibility, environmental risk factors and sex hormones. Lupus nephritis 
(LN) is the most common, serious and potential visceral damage that may progress 
to renal failure.1,2 SLE is the most common systemic autoimmune disease in China, 
with a population incidence of 30.13 to 70.41 per 100,000 people, and 40% to 60% 
of SLE patients have lupus nephritis at the beginning of the disease.3 LN is mainly 
caused by kidney damage caused by circulating or in situ immune complex 
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deposition; a small part of SLE damages the kidney 
through non-immune complex pathways (such as lupus 
interstitial nephritis) or renal vascular disease.3 Among 
which IC deposition is currently recognized as core link, 
which process mainly activates the classical pathway of 
the complement system, induces kidney tissue cell damage 
and local secretion of inflammatory cytokines and chemo
kines. At the same time, where IC is deposited in the 
kidney, the immune system responds to IC and causes 
local inflammatory damage to a large extent determine 
the pathological type and clinical results of each 
patient’s LN.4

The cumulative incidence of LN is highest in Asians 
(55%), followed by African Americans (50.5%), Hispanics 
(43%), and Caucasians (14%). Other continents are rela
tively low. Up to 25% of LN patients develop end-stage 
renal disease (ESRD) after about 10 years of renal 
damage.5 In China, nearly half of SLE patients have LN, 
which is higher than that of Caucasians. LN is the most 
common secondary immune glomerular disease in Chinese 
with 81%~98% of 10-year renal survival rate, and it is one 
of the most common causes of ESRD, also an important 
cause of death in SLE patients.3

Patients with SLE with any sign of kidney involvement 
(glomerular haematuria and/or cellular casts, proteinuria 
>0.5g/24hours (or spot urine protein-to-creatine ratio 
(UPCR) >500mg/g), unexplained decrease in glomerular 
filtration rate (GFR)) are candidates for kidney biopsy. 
Mild clinical presentations (eg, subnephrotic proteinuria) 
can nonetheless be associated with active histological 
lesions.5 In a review of kidney biopsies performed during 
1970–2016, earlier use of biopsy based on urinary 
abnormalities, as done from 2001 to 2016, was associated 
with improved outcomes, despite similar rates of severe 
histology.5

However, renal biopsy is difficult to popularize in 
underdeveloped areas in western China. On the one 
hand, renal biopsy is an invasive examination requiring 
high operation and laboratory technologies, but with poor 
patient acceptance and contraindications to puncture. On 
the other hand, the different kidney pathological types can 
be transformed into each other for most patients in their 
long course of the disease, so they have to accept repeat 
renal biopsies, which brings increased bleeding risks and 
higher medical costs. At present, the kidney disease pro
gression assessment and treatment plan of nearly two 
thirds of LN patients are still comprehensively analyzed 
and evaluated based on their clinical manifestations, 

laboratory indicators and clinician experience even in our 
hospital which is the provincial center of Lupus 
Erythematosus and Immune Skin Disease Clinic. In recent 
years, due to the participation of third-party testing com
panies, this situation has been improved just a little.

This study retrospectively analyzed and summarized 
the characteristics of the clinical indicators and renal 
pathological typing of 202 LN patients in Yunnan, 
attempted to find the association between renal pathologi
cal types, AI scores with SLEDAI scores, clinical features 
and laboratory indicators in LN patients, to explore 
a relatively accurate and sensitive assessment standards 
of kidney damage insted of biopsy, finally to develop 
a personalized and appropriate treatment plan for LN 
patients who are unaccessable to renal biopsy pathology 
temporarily or in long term.

Patients and Methods
Patients
A total of 202 LN cases, diagnosed via renal puncture 
biopsy in the departments of Dermatology, 
Rheumatology and Nephrology at the second affiliated 
hospital of Kunming Medical University between 
April 2007 and November 2018, were included. All the 
patients met the four diagnostic criteria for SLE of the 
American College of Rheumatology revised in 1997.2 

The pathological diagnostic criteria of LN were in accor
dance with the pathological LN classification revised by 
the International Society of Nephrology and the Society 
of Kidney Pathology in 2003,3 and we adopted the revi
sion of kidney tissue activity index (AI) and chronic 
index (CI) scoring standards from National Institutes of 
Health (NIH).3 All patients were scored according to the 
improved SLE Disease Activity Index 2000 (SLEDAI- 
2K),4 and their basic data, clinical data (ANA, 
A-dsDNA, ENA enzyme spectrum, serum immunoglobu
lin + complement assay, urine biochemistry, renal func
tion, 24-hour urine protein quantification, endogenous 
creatinine clearance rate, and urine microprotein assay), 
laboratory data, and pathological data were collected. 
The current study was approved by the Ethics 
Committee of our hospital, and all patients signed written 
informed consent. Pediatric patients were excluded.

A biopsy is a common procedure for establishing the 
extent of a disease and the indications for renal failure are 
as follows: in patients with LN, 24-hour quantitative urin
ary protein >2.0g/24h is a symptom of nephrotic syndrome 
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and serum complement C3 lower than normal shows there 
is insufficient renal function. However, it should be noted 
that about two-thirds of LN patients with proteinuria do 
not undergo a renal biopsy because the patients and their 
families have concerns about “kidney injury or bleeding” 
caused by puncture exacerbating their condition and do not 
agree to be tested. (unpublished observation/personal 
experience). The diagnosis and AI /CI scoring of LN was 
performed by qualified pathologists from the Department 
of Pathology and Dermatology of the Second Affiliated 
Hospital of Kunming Medical University based on routine 
HE staining of the kidney and direct immunofluorescence 
(DIF). A small number of patients were also examined by 
electron microscopy and completed by a professional 
institution.

Methods
The quantitative data conforming to the normal distribu
tion were expressed by X�S. The comparison between 
groups was conducted via a t-test (between two groups), 
one-way ANOVA (more than 2 groups), χ2 test, or 
Fisher’s exact probability method, and the qualitative 
data were expressed by rate. The relationship between 
the 24-h urinary protein level and blood lipid level was 
analyzed by multiple linear regression analysis.

Results
Basic Information
Of the 202 patients, 172 were female (85.15%), and 30 
were male (14.85%). Thus, the ratio of men to women was 
1:5.73. The onset age of the disease was between 8 and 69 
years old, and the average onset age was 27.96 years old. 
The duration of the disease was 2–426 months, with an 

average of 114.69 months. One patient died two months 
after onset and another one four months afterwards.

All 202 patients received long-term or lifelong drug 
treatment with corticosteroids, hydroxychloroquine and 
immunosuppressants, but none used retinoids and other 
medicines that could lead to elevated triglycer
ides (TG).

Proportion of Different Pathological 
Types of Kidney Disease
Type IV was the most common (n = 117), followed by 
types II (n = 25), V+IV (n = 17), III (n = 16), V+III (n = 
12), V (n = 11), and VI (n = 4). There were no complex 
types of type I. Type IV was the most common type in 
both the male and female patients, and there was no sig
nificant difference in the distribution of gender among the 
seven pathological types (P > 0.05).

Routine Urine Examination and Incidence 
of Anemia and Hypertension
Types II and III were regarded as mild LN and type IV as 
severe LN. The incidence of renal hematuria in severe LN 
was significantly higher than that in mild LN (P < 0.001), 
and the incidence of aseptic pyuria in type II was signifi
cantly lower than that in the other types (P < 0.001). The 
incidence of anemia among the different pathological 
types showed very little difference (P = 0.047) and was 
highest in types VI, IV, III, and V+IV. The incidence of 
hypertension in type II was significantly lower than that in 
type V+IV (P = 0.004). There was no difference in the 
incidence of cylindruria among the different pathological 
types (P > 0.05) (see Table 1).

Table 1 Comparison of Laboratory Indexes of Each Pathological Type of LN [Number of Cases (%)]

Clinical Index Anemia (%) Renal Hematuria (%) Aseptic Pyuria Cylindruria Hypertension

II(n=25) 9(36.0) 5(20.0) 5(20.0) 1(4.0) 4(16.4)

III(n=16) 10(62.5) 7(43.8) 11(68.8)▲ 1(6.3) 7(43.8)

IV(n=117) 56(47.9) 96(82.1)▲● 82(70.1)▲ 10(8.5) 51(43.6)
V(n=11) 5(45.5) 8(72.7) 4(36.4) 0(0.0) 4(36.4)

VI(n=4) 4(100.0) 3(75.0) 2(50.0) 0(0.0) 3(75.00)

V+III(n=12) 2(16.7) 10(83.3)▲ 8(66.7) 1(8.3) 7(58.3)
V+IV(n=17) 10(58.8) 14(82.4)▲ 12(70.6)▲ 0(0.0) 13(76.5)▲

Total(n=202) 96(47.52) 143(70.79) 124(61.39) 13(6.44) 89(44.06)

P-value 0.047 <0.001 <0.001 0.892 0.004

Notes: ▲Compared with type II LN, P < 0.05 and ●Compared with type III LN, P < 0.05.
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Blood Cell Analysis
The blood cell analysis results showed there were differ
ences in the platelet (PLT) value among the different 
pathological types (P = 0.024). Type V+IV had the lowest 
value, significantly lower than those of types II, IV, and V; 
type V had the highest value, significantly higher than that 
of types III, IV, and V+IV. There was no significant dif
ference in the leukocyte and lymphocyte values among the 
different pathological types (P > 0.05) (see Figure 1).

Blood Lipid Test
The total cholesterol (TC) and low-density lipoprotein 
cholesterol (LDLC) values of severe LN were significantly 
higher than those of mild LN. The dyslipidemia of type 
V was particularly prominent. The TC and LDLC values 
of type V were significantly higher than those of types II, 
III, IV, and VI, while the LDLC values of types V + III 
were significantly higher than those of types II, III, and VI. 
However, there was no significant difference in the trigly
ceride (TG) or high-density lipoprotein cholesterol value 
between the different pathological types (P > 0.05) (see 
Figure 2).

Renal Function Examination
Routine Renal Function Index
The renal function of each pathological type was damaged 
to different degrees. While the renal insufficiencies of types 
IV, V+III, V+IV, and VI were serious, those of type VI were 
the worst. There was a significant difference in the serum 
creatine (Scr) and blood urea nitrogen (BUN) values 
between the different pathological types (P < 0.001, P < 
0.001). The Scr and BUN values of type VI were signifi
cantly higher than those of the other types, and the BUN 
value of type IV was significantly higher than that of types II 
and V. Moreover, there were differences in the UA value 

among the different pathological types (P = 0.018). The UA 
value in types IV, VI, and V+III was significantly higher 
than in type II, while that in type VI was significantly higher 
than in types II, III, and V. Each phathological type group has 
different degrees of albuminuria and hypoalbuminemia 
which is manifested as significant differences in 24-h urin
ary protein quantification (24hU-Pr) and serum albumin 
(ALB) values (P < 0.001, P < 0.001). The 24hU-Pr values 
of types IV, V, and compound V (V+III and V+IV) were 
significantly higher than those of types II and III. The ALB 
value of types IV, V, and compound V was significantly 
lower than that of types II and III; the value of type V+III 
was the lowest, significantly lower than that of types II, III, 
and IV (see Figure 3).

Comparison of Cystatin C and Conventional Renal 
Function Indexes
With regard to judging renal function damage in patients 
with LN, 63 of the 202 patients underwent a cystatin 
C (Cys-C) test, wherein Cys-C > 1.03 mg/L, Scr > 115 μ 
mol/L, and BUN > 7.2 mmol/L was judged as renal 
dysfunction. The sensitivities of Cys-C, Scr, and BUN 
were 88.89%, 25.40%, and 41.27%, respectively. The sen
sitivity of renal function damage in patients with LN 
diagnosed by Cys-C was significantly higher than that in 
patients diagnosed via Scr and BUN (P < 0.001, P < 
0.001), which indicated that Cys-C is more sensitive than 
Scr and BUN in the diagnosis of renal function damage in 
such patients (see Figure 3).

Immunologic Test
The highest rate of anti-ds-DNA antibody was 70.59% in 
type V+IV, followed by 52.41% in type IV. The positive rate 
of anti-ds-DNA antibody in types IV and V+IV was signifi
cantly higher than that in type II. There were no significant 
differences in the positive rate of ANA, anti-Smith antibody, 

Figure 1 Comparison of blood cell counts of each pathological type of LN (*P < 0.05).
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anti-SSA antibody, anti-Ro52 antibody, anti-SSB antibody, 
anti-PCNA antibody, ANuA, AHA, ARPA, and ANCA 
among the different pathological types (P > 0.05). The 
complement C3 values of each pathological type decreased 
to varying degrees. The complement C3 and C4 values of 
type V+IV were the lowest. There were differences in the 
complement C3 level among the different pathological types 
(P = 0.021), among which the level of type V+IV was 
significantly lower than that of types II, IV, V, and VI, and 
the level of type IV significantly lower than that of type II. 
There were also differences in the complement C4 level 
among the different pathological types (P = 0.038). Types 
IV and V + IV had a significantly lower level than types 
V and VI. However, there was no significant difference in 

the immunoglobulin (Ig) G, IgA, or IgM among the different 
pathological types (P > 0.05) (see Figure 4).

Pathological Score (AI/CI) and 
SLEDAI-2K Score
The chronicity index (CI) value of type VI was the highest 
and those of types II and III the lowest. There were signifi
cant differences in the AI value among the different patho
logical types (P < 0.001), that of type II being significantly 
lower than those of the others, and those of types IV and V 
+IV being significantly higher than that of types II, III, V, 
and V+III. In addition, there were significant differences in 
the CI value among the different pathological types (P < 
0.001), type II being significantly lower than the others and 

Figure 2 Comparison of blood lipid test of each pathological type of LN (*P < 0.05).
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type VI significantly higher. The SLEDAI-2K scores of 
types III, IV, V+III, and V+IV were higher than that of 
type II and the score of type V + IV was the highest, with 

that of type II being the lowest. There was a significant 
difference in the SLEDAI-2K score among the different 
pathological types (P < 0.001). The scores of types III, IV, 

Figure 3 Comparison of routine renal function index of each pathological type of LN (*P < 0.05).

Figure 4 Comparison of immunologic test of each pathological type of LN (*P < 0.05).
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V+III, and V+IV were significantly higher than that of type 
II, while the score of type V was significantly lower than 
those of types IV and V+IV (see Figure 5).

Multiple Linear Regression Analysis of 
Pathological Score AI and Various Clinical 
and Laboratory Indicators
The results of multiple linear regression analysis show that 
there are strong correlations between AI and SLEDAI, 
24hU-Pr, serum C3, serum ALB, BUN, creatinine, UA 
and PLT (P < 0.001) (see Figure 6).

The results of multiple linear regression analysis show 
that there are correlations between AI and serum IgM, 
IgA, C4, TC and LDL-C (P < 0.05) (see Figure 7).

Discussion
Lupus nephritis is one of the most common and serious 
visceral complications in SLE. Immunohistochemical and 
electron microscopic examinations have shown that renal 
damage in patients with SLE is as high as 100%.6 In this 
study, the ratio of male to female patients with LN was 
1:5.73, which is within the scope of other Chinese research 
(1:5.5~9.7),7–9 and type IV was the most common pathol
ogy, also similar to other domestic research.10,11

This study showed that the incidence of hematuria 
under microscope be the most common (143 cases, 
70.79%), consistent with Jiang Kun’s.12 Compared with 
the mild types, types IV, V, and compound V had higher 
red blood cell and white blood cell counts and ALB, which 
is filtered from the glomerulus filtration barrier. A higher 
incidence of renal hematuria and aseptic pyuria, higher 
quantity of 24hU-Pr, and lower ALB levels often occurred 
in the severe types. A previous case–control study on 
patients with SLE showed that anemia is often combined 

with other types of blood cell reduction, hypocomplemen
temia, a higher positive rate of anti-ds-DNA antibody, and 
a higher risk of renal injury.13 In this study, severe anemia 
and low PLT count occurred primarily in the severe types. 
The heavier the renal damage, the more severe the anemia, 
the lower the PLT count, and the higher the SLEDAI-2K 
score in types IV and compound V. The data also showed 
that the TC and LDLC levels in severe LN were signifi
cantly higher than those in mild LN. Hyperlipemia was 
particularly prominent in type V. It was suggested that 
dyslipidemia in patients with SLE is significantly corre
lated with the occurrence of LN. Abnormal elevation of 
TC and LDLC levels would appear to an independent risk 
factor for renal damage in such patients.

In some patients, a decrease in GFR did not cause Scr 
change at the early stage of LN, even in the case of a 50% 
decrease, ie, a “creatinine-blind area”. The Cys-C was not 
affected by creatinine-blind areas, could sensitively reflect 
early GFR changes, and was beneficial for the early eva
luation of disease and treatment.14 The abnormal rate of 
renal function damage in patients with LN diagnosed by 
Cys-C was significantly higher than that diagnosed by Scr 
and BUN (P < 0.001, P < 0.001). This suggested that the 
Cys-C test is faster and more convenient in the detection 
of minimal renal function injury in patients with early LN 
and can detect renal function changes in such patients, 
allowing for early diagnosis and treatment and, thereby, 
an improvement in prognosis.

Many studies from different countries have confirmed 
that the deposition of anti-ds-DNA, ANuA, and ANCA 
antibodies in the kidneys plays a key role in the pathogen
esis, progression, and severity of LN as well as the diag
nosis, treatment, and prognosis of the disease. However, it 
remains unclear whether there are differences in the kind 
and titer of autoantibodies in the different pathological 

Figure 5 Comparison of pathological score (AI/CI) and SLEDAI-2K score of each pathological type of LN (*P < 0.05).
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types of LN. In this study, the positive rate of anti-ds- 
DNA antibody was significantly higher in types IV and V 
+IV than in type II (P < 0.05). The results also showed 
that anti-ds-DNA antibody was related to the degree of 
renal lesion, which was consistent with most research.15,16 

Previous studies have shown that the level of complement 

C3 is lower in patients with LN with normal renal func
tion and no clinical manifestations of renal damage diag
nosed by renal biopsy than in patients with SLE without 
LN, indicating that a low level of complement C3 is 
a predictor of silent LN.17 Herein, we found that the 
complement C3 level significantly differed among the 

Figure 6 Multiple linear regression analysis of pathological score AI and SLEDAI, 24hU-Pr, C3, ALB, BUN, Scr, UA and PLT (P < 0.001).
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different pathological disease types; the levels in types IV 
and V+IV were especially low. Therefore, a low level of 
complement C3 suggests that patients with SLE have 
renal involvement.

The pathological changes of LN can be divided into 
active and chronic. High AI score was an indication of 
active immunosuppressive therapy, ie, “induction 

remission”. If the treatment was given actively, its patho
logical degree was possibly reversible, and the lifespan of 
the patient was prolonged. In contrast, the CI level deter
mined the irreversible degree of lesions and long-term 
renal function: the higher the CI, the worse the prognosis. 
This was roughly consistent with Yan Zhizhen’s10 

research results. However, some laboratory indexes 

Figure 7 Multiple linear regression analysis of pathological score of IgM, IgA, C4, TC and LDL-C (P < 0.05).
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might be affected by factors apart from renal involve
ment, but since we had no longitudinal data (before and 
after biopsy), it was not possible to investigate such 
factors in this study. This issue needs to be addressed in 
the future. In addition, the current consensus is that 
histology cannot be reliably predicted by clinical data 
alone, and, thus, biopsy findings are the recommended 
basis for therapeutic decisions. The pathological score of 
LN includes AI and CI. The treatment of LN needs to be 
formulated according to the pathological score. In this 
study, the results of multiple linear regression analysis 
show that there are strong correlations between AI and 
SLEDAI, 24hU-Pr, serum C3, ALB, BUN, Scr, UA and 
PLT (P < 0.001), and there are correlations between AI 
and serum IgM, IgA, C4, TC and LDL-C (P < 0.05). 
Therefore, when histology is not available, various clin
ical markers/indicators could guide decision-making of 
therapeutic plan to a certain degree.

Conclusions
The results of this study suggest that there is a clear correla
tion between pathological classifications, renal AI scores 
and clinical indexes of LN, which may be of guiding value 
for early diagnosis, pathological classification, early treat
ment, and prognosis of the disease.
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