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Introduction
Focal segmental glomerulosclerosis (FSGS) constitutes 
about 20-25% of patients who undergo renal biopsy for 
the diagnosis of glomerulonephritis. It is one of the most 
common glomerular diseases which leads to end-stage 
renal disease (1). FSGS has been known as a major cause 
of primary glomerular disease in adults in recent years, 
which occurs with nephrotic syndrome (2). FSGS alone is 
not a disease, but it is a clinicopathologic finding which is 
clinically determined in most cases of nephrotic syndrome. 
Its histologic form is determined in the presence of 

segmental sclerotic lesions in some glomeruli (not all of 
them) (3-5). This disease may be primary (idiopathic) or 
secondary to various causes (6). The prevalence of FSGS 
around the world is growing (7-12). In a study in Pakistan, 
its prevalence among adults with nephrotic syndrome 
has been reported to be 39.7% (13). In other studies in 
Pakistan, its prevalence among children has been reported 
to be 38.14% which is the most common pathology among 
children with nephrotic syndrome after minimal change 
disease in the country (14,15). In another study in Korea, 
5.6% of primary glomerular disease has been reported to 

Introduction: Focal segmental glomerulosclerosis (FSGS) is one of the most common glomerular 
diseases leading to end-stage renal failure. According to Columbia classification, there are five 
histologic variants for FSGS. 
Objectives: There is no study about prevalence and clinic-pathological features of its variants up 
to now in Iran.
Patients and Methods: The study was conducted on renal biopsy reports in a laboratory center 
between 2011- 2015. Of 1108 patients, 234 had FSGS (either secondary or primary). Using light 
and immunofluorescence microscopies, the diagnosis and the variants of FSGS were determined 
(according to Columbia classification). Pathological findings like interstitial fibrosis and 
glomerular sclerosis, para-clinical findings including serum creatinine and proteinuria, and 
demographic features including gender and age were also recorded.
Results: Among 212 patients with primary form of FSGS, 58% were males with the male-to-female 
ratio of 1.38: The mean age was 38.5± 18.72 years. Classic variant (not otherwise specified; NOS) 
was the most prevalent variant, comprising 89.1% of all cases. Tip variant comprised of 32.5%, 
perihilar in 23.1%, collapsing in 0.9%, while cellular was detected in 0.5% of cases. Mean serum 
creatinine was 1.41± 0.84 mg/dL. Moreover, mean of proteinuria was 2201.8±1134.49 mg/day. 
Mean interstitial fibrosis/tubular atrophy in the variants were; NOS in 14.9 ±10.87% of cases, Tip; 
7.26±11.55% of cases and in perihilar was 10.79±15.75%.
Conclusion: Our study indicates that NOS variant of FSGS is a highly prevalent variant in our 
patients. Among them, the highest proportion of interstitial fibrosis was seen in this variant. 
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be FSGS (16).
According to morphologic findings of light microscopy, 
a group of pathologists proposed a standard classification 
system named Columbia classification (2003). Based 
on this classification, five histologic variants have been 
defined for FSGS as follows (17,18). 
• Not otherwise specified (NOS) (Classic variant) 
• Cellular variant
• Tip variant
• Collapsing variant
• Perihilar variant

Objectives
This study was carried out to determine the frequency of 
each variant of FSGS and also to assess the relationship 
between various demographic and clinical factors with the 
morphologic characteristics of FSGS in a single laboratory 
experience.

Patients and Methods 
Patient selection
This research is a cross-sectional study. This study was 
conducted on renal biopsies which referred to a single 
laboratory center between 2011 and 2015. All biopsies 
were examined by a single nephropathologist using light 
microscopy and immunofluorescence.

Kidney biopsy specimens for both light microscopy 
and immunofluorescence were received in both 
formaldehyde and physiologic serum and ice respectively. 
For each patient two samples were obtained, one for light 
microscopy and another one for immunofluorescence 
microscopy (IF). Sample related to immunofluorescence 
was immediately placed in tissue tech material and then 
was cut by Cryostat device and then was prepared with 
IgA, IgG, IgM, C3, C1q and fibrin antibodies. Detection 
of focal and segmental glomerulosclerosis was conducted 
by the absence of IgA, IgG and C1q deposits in the tuft 
of the glomeruli. It is worth mentioning that few deposits 
of C3 or IgM may be detected in focal and segmental 
glomerulosclerosis.

To evaluate the morphologic lesions by light microscopy, 
samples in formalin were initially processed then blocked 
using paraffin and were stained with H&E, Jones, Periodic 
acid–Schiff (PAS) and  Masson’s trichrome staining. 
Exclusion criterion was biopsies below 8 glomeruli.

When working with light microscopy, first, normal 
glomeruli as well as totally sclerotic glomeruli are recorded. 
Then description of glomerular damages and variants 
focal and segmental glomerulosclerosis were determined. 
Accordingly proportion of interstitial damage by fibrosis 
and tubular atrophy were determined. Variants of FSGS 
were conducted according to our previous publication 
(19).

Ethical considerations
The research followed the tenets of the Declaration of 

Helsinki. In this research, we followed all the ethical 
considerations related to research on patients’ clinical 
samples. The study was approved by the Research 
Committee and the Ethical Committee of Isfahan 
University of Medical Sciences (#394547). This study was 
extracted from M.D thesis of Fahemeh Fatehi in Isfahan 
University of Medical Sciences.

Statistical analysis
Data were analyzed based on IBM SPSS Statistics 22. For 
continuous variables such as age, creatinine, urine protein 
in 24 hours, or percentage of interstitial fibrosis, mean and 
standard deviation were used. Frequency of each variant 
was determined on the basis of gender. Statistical analysis 
was performed using appropriate statistical tests such as 
chi-square test, ANOVA tests, Mann-Whitney U test or 
Kruskal-Wallis test. In this study P value less than 0.05 was 
considered as significant.

Results
Around 1108 renal biopsies studied. Overall, 234 patients 
with focal and segmental glomerulosclerosis have been 
reported which all had inclusion criteria. About 212 
patients (90.6%) had primary or idiopathic form of FSGS 
while 22 patients (9.4%) had a secondary form (according 
to patients ‘data provided in the pathology reports). In this 
study, secondary forms of FSGS were excluded.

Of 212 patients (primary form) 123 (58%) were male 
since 89(42%) were female, with male to female ratio of 
1.38 to 1. Ages were from 1 to 93 years and the mean of age 
was 38.5 ± 18.72 years.

The mean serum creatinine was 1.41±0.84 mg/dL, 
with creatinine range of 0.5 to 7 mg/dL. The 24-hour 
proteinuria ranged from 221 mg/d to 6600 mg/d while the 
mean of 24-hour proteinuria was 2201.8±1134.49 mg/d.

Results of this study showed that not otherwise 
specified (NOS) variant of FSGS was the most common 
variant which included 91 (42.9%) of patients. Tip variant 
included 69 people (32.5%), perihilar variant in 49 patients 
(23.1%), collapsing variant in two patients (0.9%) while 
cellular variant was detected in one patient (0.5%).

Due to the low number of collapsing (2 patients) and 
cellular (1 patient) variants, these two variants were 
removed to detect correlations correctly. Data about the 
variants are shown in Table 1.

The average age of the NOS variant of FSGS was 
41.06±20.49 years, in tip was 32.13±16.28 years while in 
perihilar variant it was 42.77±16.84 years. There was a 
significant correlation between the variants of FSGS and 
age of patients (P=0.02). In fact, age difference between 
the tip variant with the rest of variants was significant 
while this variant was observed at younger ages compared 
to other variants.

The mean of serum creatinine was 1.41±0.84 mg ̸dl, 
with creatinine ranges from 0.5 to 7 mg/dL. The mean of 
serum creatinine in each of the variants was as follows: 
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NOS variant, 1.48 ± 0.71 mg/dL; Tip variant, 1.29±0.87 
mg/dL, and in perihilar variant, serum creatinine was 
1.41± 0.96 mg/dL.

The number of patients under 40 years of age was 133 
and the number of patients over 40 years was 101 patients. 
The mean serum creatinine in patients under 40 years was 
1.37 ± 0.94 mg/dL while in patients over 40 years was 1.57 
± 0.78 mg/dL. We found no significant difference between 
serum creatinine in two groups (P = 0.29). 

In our study, 24-hour proteinuria was varied from 221 
mg/d to 6600 mg/d (mean of 24-hour proteinuria was 
2201.8 ±1134.49 mg/d). The mean 24-hour proteinuria in 
each of the variants was as follows:

The proteinuria in NOS variant of FSGS was 
2199.28±1085.79 mg/d, in tip variant the 24 hours 
proteinuria was 2154.47± 1205.17 mg/d, while in perihilar 
variant the proteinuria was 2169.30±1069.70 mg/d.

In this study no significant correlation between the 
variants of FSGS and proteinuria was detected (P = 0.96). 
Similarly, no significant correlation between the variants 
of FSGS and serum creatinine was seen (P = 0.36). 

The mean percentage of globally sclerotic glomeruli 
was 16.27 ± 19.61%. The mean percentage of globally 
sclerotic glomeruli in each variant was as follows: NOS; 
20.52 ± 21.67%. In tip variant, it was 11.71 ± 14.96%, while 
in perihilar variant the percentage of globally sclerotic 
glomeruli was 14.10 ± 18.86 %.

The relationship between the variants of FSGS and the 
percentage of globally sclerotic glomeruli was significant 
(P = 0.011). In fact, the difference between NOS variant 
and tip variant was considerable. The percentage of 
glomeruli with globally sclerotic glomeruli was higher in 

NOS variant compared to tip variant.
The mean percentage of interstitial fibrosis was 12.7 

± 17.54%. The mean percentage of interstitial fibrosis in 
each of the variants was as follows: in NOS variant, it was 
14.90±10.87%; In tip variant it was 7.26 ± 11.55%, while in 
perihilar variant it was 10.79 ± 15.75%.

The association between the variants of FSGS and the 
percentage of interstitial fibrosis was significant (P = 
0.01). The difference between NOS variant and tip variant 
was considerable. We found the percentage of interstitial 
fibrosis in NOS was more than tip variant (P = 0.01).

Discussion
In recent years much attention has been directed 
toward the variants of FSGS. This study provides some 
information about the prevalence of variants of FSGS 
and clinicopathologic and demographic characteristics 
of each of the variants in Iran. We found, NOS variant 
was the most common variant of focal and segmental 
glomerulosclerosis (42.9%), which was consistent with 
other studies (20-27). The second most common variant 
in our region was tip variant (32.5%), while the prevalence 
of this variant in different regions varied from 4.8% to 
37% (19-29). In a study conducted in India, tip variant 
was the most common variant after NOS (25), which was 
similar to our results. The third most common variant 
in our study was perihilar variant. This variant was the 
second most common variant of FSGS in a study (26). It 
was the third most common variant in China (29), while 
the prevalence of this variant in Pakistan has been the least 
after cellular (28). Collapsing and cellular variants with a 
prevalence of 0.9% and 0.5% had the lowest prevalence in 

Table 1. Patients’ data

Variants Total 
percent

Male
(%)

Female
(%)

Mean of the 
age (y)

Mean of serum 
creatinine (mg/dL)

Mean of 
proteinuria 

(mg/d)

Mean of glomeruli 
with total sclerosis

(number)

Mean of 
interstitial fibrosis 

(%)

NOS 42.9 67 33 41.06±20.49 1.48±0.71 2199.28±1085.79 20.52±21.67 16.70±19.27

Cellular 0.5 0 100 33.00±00 1.10 2900.00 0 3.00

Tip 32.5 50.7 49.3 32.13±16.28 1.29±0.87 2151.47±1205.17 11.71±14.96 7.26±11.55

Collapsing 0.9 50 50 40.00±12.72 2.9±1.55 4500.00±707.10 41.50±41.71 7.00±14.14

Perihilar 23.1 53.1 46.9 42.77±16.84 1.41±0.96 2169.30±1069.70 14.10±18.86 10.79±15.75

Total 100 58 42 38.50±18.72 1.41±0.84 2201.80±1134.49 16.27±19.61 12.70±17.54

NOS; not otherwise specified variant of FSGS.

Table 2.  Published studies in variants of FSGS

Present 
(Pakistan) (28)

Nada et al 
(Indian) (25)

Deegens et al 
(Dutch) (24)

Shi et al 
(Chinese) (29) 

Thomas et al 
(Multiethnic) (26)

Testagrossa et al 
(Brazilian) (30)

FSGS-NOS 76.6 72.5 55.9 32 42 38.2 

Collapsing 12 2 6.9 5 11 36.6 

Tip 9.8 13.5 4.8 37 17 14.5 

Perihilar 1.1 4 6.9 26 26 6.9 

Cellular 0.5 8 25.5 0 3 3.8 
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our study. These variants also had the lowest rate in China 
and multiethnic studies (26-30) (Table 2).
In our study, 58% were male. In other studies, most patients 
were also male (27). Our study showed an association 
between variants of FSGS and age (P = 0.02). We found, 
age difference between the tip variant with the rest of 
variants was significant, while this variant was observed 
at younger ages compared to other variants. In the case of 
biochemical parameters, no relationship between variants 
of FSGS and serum creatinine (P = 0.36) was seen. Likewise, 
in a study conducted in India, no relationship between 
variants of FSGS and serum creatinine was detected (25). 
However, in a study in Pakistan (28) and in a study in 
the Netherlands (24), the relationship between focal and 
variants of segmental glomerulosclerosis with creatinine 
was significant. This study also showed no relationship 
between variants of FSGS with levels of proteinuria (P = 
0.96), which is in contrast to a study conducted in India 
(25). In the case of morphological features, the percentage 
of totally sclerotic glomeruli was different in the variants 
of FSGS. The least amount of totally sclerotic glomeruli 
was in tip variant (11.71±14.96%) whilst most of global 
sclerosis was detected in the NOS variant (20.52±21.76%). 
In a study conducted in Pakistan the least amount of 
glomerular damage has been detected in tip variant but its 
highest amount was in perihilar variant (27). Additionally 
a relationship between different variants of FSGS with 
percent interstitial fibrosis was observed (P = 0.01). The 
lowest amount of interstitial fibrosis was seen tip variant 
(7.26 ± 11.55%) while the highest value was detected in 
NOS variant (14.90 ± 10.87%).

Conclusion
The prevalence of variants of FSGS according to Colombia 
classification is different in various regions. The most 
common variant of FSGS in our region like most studies is 
NOS (classic) variant. We found, FSGS is more common 
in men like other areas. 

Limitations of the study
This study was retrospective and was conducted in a 
single center. Additionally, the study was a cross-sectional 
without respect to treatment or follow up to find the final 
outcome of patients. 
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