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Introduction: Systemic lupus erythematosus (SLE) is a systemic autoimmune disease that can involve 
various organs. Renal involvement has been seen in about 60% of SLE patients, while the most 
common presentation of lupus nephritis (LN) is proteinuria.
Objectives: This study aimed to investigate the clinical and laboratory features of LN patients, 
confirmed by kidney biopsy and compare these among different classes of LN.
Patients and Methods: This cross-sectional study was conducted on clinical and laboratory data of 
patients with LN from 2001 to 2016. All patients diagnosed with definite LN by biopsy and electron 
microscopy (EM) were included in this study.
Results: A total number of 496 patients were enrolled. The mean age of all patients was 28.32 ±11.41 
years; 82.4% (409) were females. The biopsies were classified into LN classes II, III, IV, V, and VI, 
whose frequencies were 98 (20.6%), 93 (19.5%), 225(47.3%), 46 (9.7%), and 14 (2.9%), respectively. 
Tubular atrophy (P < 0.001) and interstitial fibrosis (P < 0.001) were found to be significantly 
associated with classes of LN. Additionally, 72.7% (8) and 48.2% (92) of patients in classes Ⅵ and 
Ⅳ of LN had blood urea nitrogen (BUN) levels more than the normal range (P < 0.001). Regarding 
serum creatinine levels, 81.8% (9) and 42.9% (81) of patients in classes Ⅵ and Ⅳ of LN had high 
levels (P < 0.001). Moreover, nephrotic syndrome (NS) was reported in 47.5% (47) of patients with 
class Ⅱ of LN followed by 38.8% (36) in class Ⅲ. Besides, edema was significantly more dominant 
in classes Ⅳ (74.3%, 133) and VI (75%) of LN patients (P = 0.03).
Conclusion: Tubular atrophy and interstitial fibrosis were more commonly seen in LN class Ⅵ 
followed by class IV. Edema, hypertension, and proteinuria are common presentations in class IV. 
Complete assessment of renal biopsy is still helpful for the definite classification of LN.

ABSTRACT

Implication for health policy/practice/research/medical education:
Lupus nephritis is one of the most dreaded complications of systemic lupus erythematosus (SLE), which can have numerous clinical and para-
clinical presentations. This study aimed to provide evidence on the prevalence of different lupus nephritis presentations and its laboratory 
abnormalities at a major electron microscopy center in Iran, which can in turn guide physicians towards better diagnosis, management and 
prognosis.
Please cite this paper as: Owji SM, Kamalinia A, Owji SH, Raeisi Shahraki H, Bagheri B, Dehghani F. Clinical and laboratory features of 496 
cases of biopsy-proven lupus nephritis; A study at Shiraz University of Medical Sciences, Iran. J Nephropathol. 2022;11(3):e17156. DOI: 
10.34172/jnp.2022.17156.
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Introduction
Systemic lupus erythematosus (SLE) is an autoimmune 
disease that can involve many organs throughout the 
human body (1). Previous studies have estimated the 
global prevalence rate of SLE between 13-51 patients per 
100 000 population (2). Some studies have also shown 
that the prevalence of SLE has recently increased in Greece 
and the United States; on the other hand, it has decreased 
in the United Kingdom, Spain, and southern Sweden (3). 
About 60% of patients with SLE develop lupus nephritis 
(LN) (4). Around 10% of patients with LN develop end-
stage renal disease (ESRD) in the first five years after 
diagnosis (5). The most common presentation of LN is 
with proteinuria reported in almost all patients. Other 
clinical manifestations of LN include casts, hematuria, and 
impaired kidney function (6). Hypertension is another 
presentation in LN patients. It is prevalent in patients 
with SLE which is the main risk factor for cardiovascular 
disease (7). Although the pathogenesis of hypertension 
in SLE is not yet well-understood, some factors, such 
as age, obesity, gender, ethnicity, inflammatory process, 
dysfunction of the immune system, side effects of 
medications, and involvement of kidneys may lead to 
increased blood pressure in patients with SLE (8). 

Objectives
This study aimed at investigating the clinical and 
laboratory features of patients with confirmed diagnosis 
of LN from 2001 to 2016 and comparing them among 
different classes of LN.

Patients and Methods 
Study design
This cross-sectional study was conducted on clinical 
and laboratory data of patients with biopsy-proven LN 
admitted to Shiraz hospitals from 2001 to 2016. All 
kidney samples were sent to the electron microscope 
(EM) unit affiliated to Shiraz University of Medical 
Sciences, Fars province, Iran. Light microscopy (LM), 
immunofluorescence (IF), and EM were used to study 
the biopsies. All patients diagnosed with definite LN by 
complete pathologic evaluation (including EM study) 
were included in this study. Finally, 496 patients fulfilled 
the inclusion criteria. There was only one case of class 
I of LN, which was excluded from the analysis for the 
convenience of statistical analysis.

For EM evaluation of biopsies, renal biopsies were cut 
into pieces of 1 mm, put into 3% glutaraldehyde, and 
postfixed in osmium tetroxide. After embedding in Agar 
100 resin, the ultra-thin sections were put on copper grids 
and double-stained with Uranyl acetate and lead citrate. 
The grids were evaluated by a transmission EM (Leo 906, 
Germany).

According to biopsy findings, each biopsy was 
morphologically categorized into one of six classes of LN 
by ISN/RPS classification (2003) (9).

Data collection
The patients’ age, gender, history of chronic kidney 
disease (CKD), nephrotic syndrome (NS), proteinuria, 
edema, hematuria, hypertension, serum level of blood 
urea nitrogen (BUN), creatinine and C3, and 24-hour 
urine volume were extracted from pathology request 
sheets filled in the hospital. Hypertension was defined as 
systolic blood pressure ≥140 mm Hg or diastolic blood 
pressure ≥90 mm Hg.

Statistical analysis
All the statistical analyses were performed using SPSS 
software version 19.0. Descriptive statistics were reported 
as number (%) for qualitative variables and as mean ± 
standard deviation (SD) for quantitative (mean ± SD) 
variables. The chi-square or Fisher’s exact tests were used 
to examine the association between different variables, as 
appropriate. A P value of less than 0.05 was considered as 
statistically significant.

Results
In total, 496 patients were enrolled from all 2770 kidney 
biopsies performed over the study period. The mean age 
of all patients was 28.4 ±11.9 years with a maximum age 
of 78 years, while the majority of patients (420, 84.7%) 
were females. Meanwhile, 17.9% (89) of patients were in 
the pediatric age group (≤18 years old.)

The mean ± SD values of systolic and diastolic blood 
pressures were 129.7 ±19.3 mm Hg (range; 80-200) and 
81.7 ± 11.0 mm Hg (range: 50-120), respectively.

The frequencies of LN classes of II, III, IV, V, and VI 
were 98 (20.6%), 93 (19.5%), 225(47.3%), 46 (9.7%), 
and 14 (2.9%), respectively. There were also 19 cases of 
two combined LN classes therefore, the most common 
combined classes were III and VI. Figure 1 shows EM 
photographs of LN classes of Ⅱ to Ⅵ.

Table 1 shows the association between clinical and 
laboratory characteristics and different classes of LN. 
As seen in Table 1, proteinuria is more prevalent in LN 
class Ⅳ (n=177, 78.3%); however, it is not statistically 
significant (P = 0.33). Edema is also significantly more 
dominant in LN classes of Ⅳ (n=133, 74.3%) and VI 
(n=6, 75%) patients (P = 0.03). Moreover, percentage of 
hypertension was 77.8% (7) in LN class VI which was 
significantly higher compared to other classes (P < 0.001).

Moreover, 72.7% (8) and 48.2% (92) of patients with 
class Ⅵ and class Ⅳ LN had a BUN level more than the 
normal range (P < 0.001). For creatinine levels, 81.8% (9) 
and 42.9% (81) of patients with classes Ⅵ and Ⅳ LN had 
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a high level of serum creatinine (P < 0.001). Furthermore, 
no association was detected between C3 level and 24 
hours urine volume with different classes of LN (Table 1).  

To evaluate the severity of renal injury, we extracted LM 
data including tubular atrophy and interstitial fibrosis 
in different classes of LN (Table 2). Tubular atrophy 
(P < 0.001) and interstitial fibrosis (P < 0.001) were 
significantly associated with classes of LN with higher 
levels in class VI LN. 

Discussion
This study on clinical and para-clinical data of 496 
patients with LN showed that LN is a common secondary 
glomerulonephritis in the south of Iran and almost half 
of cases belong to class IV. The results obtained from the 
patients, who were mostly females, revealed that CKD 
was more common in LN class III. Proteinuria was more 
prevalent in LN class Ⅳ. Edema was more prevalent in 
LN classes Ⅳ and VI. Hypertension and abnormal BUN 
and creatinine levels were more frequently seen in LN 
class Ⅵ.

Previous studies also showed that renal function could 
be predicted by the extent of interstitial fibrosis (10). In a 
study by Roberts et al in 2009, it was shown that in IgA 
nephropathy, severity of the decline in renal function was 
associated with higher interstitial fibrosis (11). In another 
study by Yung and Chan in 2015, lack of interstitial 
fibrosis was described as an important prognostic factor 
for the preservation of renal function (12). In line with 
Yung and Chan’s study, we found that the extent of 
interstitial fibrosis as well as increased serum creatinine 

Figure 1. Electron microscopic photographs of different classes of lupus 
nephritis. A. Lupus nephritis class II. Electron micrograph shows dense 
deposits in the mesangial area with mesangial matrix expansion (EM, 
×2784). B. Lupus nephritis class Ⅲ. Focal segmental glomerulosclerosis 
with wrinkling of the basement membrane in the mesangial area (EM, 
×6000). C. Lupus nephritis class Ⅳ. Dense subendothelial deposits (EM, 
×1670). D. Lupus nephritis class Ⅴ. Subepithelial deposits (EM, ×4646). 
E. Lupus nephritis class Ⅵ. Global glomerulosclerosis in the glomerulus 
(EM, ×7750). All of EM sections were stained with uranyl acetate and 
lead citrate.

Table 1. Association between clinical and laboratory characteristics and different classes of lupus nephritis

Variable Subgroup (sum)
Total

Lupus nephritis 
class Ⅱ

Lupus nephritis 
class Ⅲ

Lupus nephritis 
class Ⅳ

Lupus nephritis 
class Ⅴ

Lupus nephritis 
class Ⅵ P value

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Proteinuria
No 118 (24.8) 25 (25.8) 27 (29.0) 49 (21.7) 11 (23.9) 6 (42.9)

0.33
Yes 358 (75.2) 72 (74.2) 66 (71.0) 177 (78.3) 35 (76.1) 8 (57.1)

Edema
No 110 (32.1) 24 (38.1) 28 (46.7) 46 (25.7) 10 (30.3) 2 (25.0)

0.03
Yes 233 (67.9) 39 (61.9) 32 (53.3) 133 (74.3) 23 (69.7) 6 (75.0)

Hematuria
No 249 (87.4) 46 (85.2) 40 (85.1) 129 (86.0) 26 (100) 8 (100)

0.23
Yes 36 (12.6) 8 (14.8) 7 (14.9) 21 (14.0) 0 (0) 0 (0)

Hypertension
No 160 (57.3) 40 (72.2) 29 (64.4) 68 (47.9) 21 (75.0) 2 (22.2)

0.001
Yes 119 (42.7) 15 (27.3) 16 (35.6) 74 (52.1) 7 (25.0) 7 (77.8)

BUN
Non increased 263 (67.1) 66 (85.7) 65 (85.5) 99 (51.8) 30 (81.1) 3 (27.3)

<0.001
Increased 129 (32.9) 11 (14.3) 11 (14.5) 92 (48.2) 7 (18.9) 8 (72.7)

Serum 
creatinine

Non increased 273 (70.0) 68 (88.7) 62 (80.5) 108 (57.1) 33 (86.8) 2 (18.2)
<0.001

Increased 117 (30.0) 7 (9.3) 15 (19.5) 81 (42.9) 5 (13.2) 9 (81.8)

Serum C3
Non low 47 (48.5) 9 (50.0) 9 (52.9) 25 (50.0) 4 (40.0) 0 (0)

0.79
Low 50 (51.5) 9 (50.0) 8 (47.1) 25 (50.0) 6 (60.0) 2 (100)

24 hours 
urine volume

<600 16 (7.6) 3 (6.5) 4 (8.2) 7 (7.8) 1 (4.8) 1 (20.0)
0.89Normal (600-1600) 135 (64.0) 30 (65.2) 30 (61.2) 56 (62.2) 15 (71.4) 4 (80.0)

>1600 60 (28.4) 13 (28.3) 15 (30.6) 27 (30.0) 5 (23.8) 0 (0)
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were higher in classes Ⅵ and Ⅳ of LN.
On the other hand, Yu et al reported that tubular 

atrophy could be a predictor of poor renal function 
in patients with LN in China (13). Other studies  also 
have confirmed this finding (14, 15). Leatherwood et 
al in 2019 further showed that interstitial fibrosis and 
tubular atrophy were associated with high levels of serum 
creatinine (16). Results of the present study are in line 
with Leatherwood’s study in that the extent of tubular 
atrophy was high in LN classes of Ⅳ and VI and therefore 
with the level of serum creatinine.

Additionally, in this study, proteinuria and hematuria 
were seen in 75.2% (373) and 12.6% (62) of the patients, 
respectively. In a study by Farah et al, it was reported that 
all patients in classes I, II, Ⅲ, and Ⅵ had proteinuria and 
hematuria (17). The difference between the two studies 
may be due to small number of patients in the study by 
Farah’s et al since they reported only 79 patients.

Moreover, in the current study, 42.7% (212) of the 
patients had hypertension. Farah et al (2019) reported that 
74.7% (59) of the patients suffered from hypertension 
(17). Another study by Sharma et al reported hypertension 
in 41.4% (205) of patients with LN in India, which 
is closer to this study (18). Hu et al, also reported that 
93.9% of patients with class Ⅳ of LN had hypertension 
for an average time of 24 months, which is higher than 
that in the present study (77.8%) (19). Based on a mouse 
model, Taylor and Ryan showed that several factors, 
such as Tumor necrosis factor (TNF)-α, inflammatory 
cytokines, hyperactivity of B-cells, and production of 
autoantibodies, and oxidative stress could lead to the 
development of hypertension in patients with SLE (20). 
In another study on 64 patients with LN, the duration of 
SLE, complete remission interval, the numbers of relapses, 
and prescription of cyclosporine A were independently 
linked to persistent hypertension (7).

Moreover, in this study, 12.6% of patients with 
LN suffered from hematuria. Another study reported 
macroscopic hematuria in 24.2% of patients with class Ⅳ 
LN (19). We also observed that serum creatinine level was 

higher in 81.8% and 42.9% of patients with classes of Ⅵ 
and Ⅳ LN, respectively. Guo et al conducted a study on 
82 hospitalized LN patients. They noticed that creatinine 
level was higher in class Ⅳ of LN (145.2 μmol/L) in 
comparison to other classes. No patient had class Ⅵ of 
LN in their study (21).

Apart from the concerns associated with multiple 
treatment-associated comorbidities and complications, 
between 5-20% of patients with LN require kidney 
replacement therapy within 10 years of initial diagnosis; 
therefore, early and accurate diagnosis of LN and prompt 
initiation of therapy are of vital importance to improve 
outcomes in these patients (22). In 2020, in Johns Hopkins 
cohort of 2528 patients, Petri et al found that individuals 
younger than 30 years old with low C3 could be at risk for 
renal failure (23). Mean age of patients in this study was 
28.4 years and about half of them had low C3 which was 
indicator of the severity of LN in this study’s population. 
According to the latest update on LN (24), patients with 
proliferative forms of LN (classes III, IV, or III/IV + V) are 
at the highest risk for kidney replacement therapy. About 
75% of the present study’s cases also fell into the above-
mentioned classes underlining the importance of early 
intervention.

This study took advantage of a high number of patients, 
which made the results more reliable and valid; also, the 
final diagnosis was based on both LM study and EM.

However, further studies are also recommended on 
patients’ follow-up to determine the progression of LN in 
each subclass. Furthermore, we suggest that a comparison 
should be made between the clinical data of SLE patients 
with no renal involvement to determine the relevance of 
kidney involvement and clinical features.

Conclusion
Among 2770 kidney biopsies received in EM Unit 
affiliated to Shiraz University of Medical Sciences, Iran, 
LN was the most common diagnosed disease. Almost half 
of LN cases belonged to class IV, while classes I (n=1) 
and VI (n=14) were rare. Tubular atrophy and interstitial 

Table 2. Comparison of tubular atrophy and interstitial fibrosis of patients in different classes of lupus nephritis

Characteristic Sub group/ total
Class Ⅱ 
(n=98)

Class Ⅲ
(n=93)

Class Ⅳ
(n=225)

Class Ⅴ
(n=46)

Class Ⅵ
(n=14)

P value

Interstitial fibrosis on 
electron microscopy

No (n=280) 94 (95.9) 73 (78.5) 76 (33.8) 33 (71.7) 4 (28.6)

<0.001
Mild (n=178) 4 (4.1) 18 (19.4) 140 (62.2) 13 (28.3) 3 (21.4)

Moderate (n=16) 0 (0) 2 (2.2) 7 (3.1) 0 (0) 7 (50.0)

Sever (n=2) 0 (0) 0 (0) 2 (0.9) 0 (0) 0 (0)

Tubular atrophy on light 
microscopy

No (n=228) 68 (69.4) 48 (51.6) 83 (36.9) 26 (56.5) 3 (21.4)

<0.001
Mild (n=225) 27 (27.6) 45 (48.4) 128 (56.9) 20 (43.5) 5 (35.7)

Moderate (n=20) 3 (3.1) 0 (0) 12 (5.3) 0 (0) 5 (35.7)

Sever (n=3) 0 (0) 0 (0) 2 (0.9) 0 (0) 1 (7.1)

https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Taylor%2C+Erin+B
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fibrosis, indicative of chronic renal injury, were more 
frequent in LN class VI followed by class IV. Edema, 
hypertension, and proteinuria were also common in LN 
classes IV and VI. Therefore, clinical manifestations and 
laboratory findings could be helpful in early diagnosis 
and subsequent early treatment. Hence, we believe that 
complete pathologic evaluation of renal biopsy could still 
be helpful for the definite diagnosis of LN classification.

Limitations of the study
The main limitation of this study was its retrospective 
design, which led to some missing data because pathology 
request sheets in hospitals were not completely filled in 
some cases. Another limitation was the lack of information 
on patients’ follow-up.
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