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quency of MN increased significantly over time (p < 0.001) in 
all age categories and increased by more than 2 times in the 
14–24 age category. Lupus nephritis (LN) and Henoch-
Schönlein purpura nephritis (HSPN) decreased significantly 
(p < 0.001), diabetic nephropathy (DN) increased nearly 
twice (p < 0.001), monoclonal immunoglobulin deposition 
disease (MIDD) tripled (p < 0.001), and hypertensive ne-
phropathy (HT) (p < 0.001) and renal amyloidosis (AMY) (p < 
0.05) showed an upward trend. An analysis by age category 
showed that hepatitis B-related nephritis has significantly 
decreased in the 14–24 age category (p < 0.001). Conclusion: 
PGN continued to be the predominant kidney disease in Chi-
na with IgAN being the most common PGN. The frequency 
of MN increased significantly, with a maximum increase in 
young adults. LN and HSPN decreased significantly, DN and 
MIDD increased significantly, and HT and AMY also showed 
an increasing trend. The kidney disease trends presented in 
this study serve as a reference point for patient care, disease 
prevention, and public health interventions.
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Abstract
Objectives: To evaluate the changing spectrum of kidney 
diseases over time in China using renal biopsy-proven cases. 
Methods: All patients over the age of 14 years who were di-
agnosed with a kidney disease by renal biopsy in the Renal 
Biopsy Registry of the National Clinical Research Center of 
Kidney Diseases in Jinling Hospital, Nanjing, from 2003 to 
2014 were included. Results: In total, 40,759 cases of renal 
biopsy were analyzed. The mean age of the patients was 
36.59 ± 14.12 years. 52.0% of the patients were male. Prima-
ry glomerulonephritis (PGN), secondary glomerulonephritis, 
tubulointerstitial disease, and hereditary renal diseases ac-
counted for 67.1, 26.4, 2.9, and 2.5%, respectively. IgA ne-
phropathy (IgAN), membranous nephropathy (MN), minimal 
change disease, and focal segmental glomerulosclerosis 
were the leading PGN diagnoses. The frequency of MN in-
creased significantly (p < 0.001) by doubling from 2003 to 
2014. An analysis by age category indicated that the fre-
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Introduction

In 2010, a global burden of disease analysis showed 
that the predominant diseases in the Chinese population 
had changed from being communicable diseases to being 
noncommunicable diseases over the past 20 years and 
that these noncommunicable diseases had become a lead-
ing public health problem in China [1]. Chronic kidney 
disease (CKD) is one of the most significant of these non-
communicable diseases because its burden has become 
increasingly severe [2]. At present, there are over 100 mil-
lion people with CKD in China [3], a prevalence that most 
likely will continue to increase due to the increasing inci-
dence of hypertension [4], obesity [5], and type 2 diabetes 
mellitus [6, 7] and due to the increasing average age of the 
population [8]. Therefore, updated epidemiological stud-
ies evaluating the spectrum of kidney diseases that lead to 
CKD are needed for the purposes of improving patient 
care, disease prevention, and public health interventions.

We have previously reported on the spectrum of kid-
ney diseases based on 13,519 renal biopsy-proven cases 
from 1979 to 2002 [9]. In this study, we aimed to evaluate 
the changing trends in the spectrum of kidney disease 
based on 40,759 biopsy-proven cases from 2003 to 2014 
in China. 

Methods

Study Participants
From January 1st, 2003, to December 31st, 2014, 45,238 cases 

had been included in the Renal Biopsy Registry of the National 
Clinical Research Center of Kidney Diseases in Jinling Hospital, 
Nanjing. We reviewed these cases and excluded patients below the 
age of 14 years, those with missing demographic data, and those 
who had transplanted kidney biopsies or donor kidney biopsies. 
Additionally, biopsies containing <10 glomeruli were excluded 
from the analysis. Finally, 40,759 cases of renal biopsy were in-
cluded. The study was approved by local ethics committees. In-
formed consent was obtained for renal biopsy from each patient. 
The research was in compliance with the Declaration of Helsinki.

Data Source
Biopsy specimens were routinely processed using standard 

light, immunofluorescence, and electron microscopy procedures. 
Clinical pathological diagnoses of all cases had been established by 
a consensus among experienced nephropathologists and nephrol-
ogists. Referring to the Histological Classification Scheme of Glo-
merular Diseases issued by the World Health Organization in 
1995, classifications were made as follows: (1) primary glomerulo-
nephritis (PGN) included IgA nephropathy (IgAN), membranous 
nephropathy (MN), minimal change disease (MCD), focal seg-
mental glomerulosclerosis (FSGS), mesangial proliferative glo-
merulonephritis (MsPGN), membranoproliferative glomerulone-

phritis type 1 (MPGN I), dense deposit disease (DDD), MPGN III, 
C3 glomerulonephritis (C3 GN), endocapillary proliferative glo-
merulonephritis, and others; (2) secondary glomerulonephritis 
(SGN) included lupus nephritis (LN), Henoch-Schönlein purpura 
nephritis (HSPN), diabetic nephropathy (DN), hypertensive ne-
phropathy (HT), obesity-related glomerulonephropathy (ORG), 
vasculitic renal damage (VAS), renal amyloidosis (AMY), mono-
clonal immunoglobulin deposition disease (MIDD), hepatitis B-
related nephritis (HBVN), and others; (3) tubulointerstitial disease 
included acute interstitial nephritis (AIN), chronic interstitial ne-
phritis, acute tubular necrosis, aristolochic acid nephropathy, and 
others; (4) hereditary renal diseases included thin basement mem-
brane nephropathy, Alport syndrome, lipoprotein glomerulopa-
thy, Fabry disease, and others; (5) unclassified cases included those 
with undetermined diagnoses or those who were unable to be clas-
sified. 

If a patient had multiple biopsies and all had the same kidney 
disease diagnosis, only the first biopsy was used in this study. If a 
patient had multiple biopsies each with different diagnoses, all of 
the diagnoses were classified and retained within the analysis. If 
more than one kidney disease diagnosis was made from a single 
biopsy specimen, all of the diagnoses were classified and retained 
within the analysis. For example, a patient with DN and IgAN 
counted as both DN and IgAN separately.

Demographic data, including age, gender, and date of biopsy, 
were abstracted from either medical records or biopsy referral 
forms completed by the referring nephrologists.

Statistical Analyses
We categorized the data into three consecutive 4-year time in-

tervals (2003–2006, 2007–2010, and 2011–2014) for tabular pre-
sentation and data analysis and into twelve consecutive 1-year time 
intervals for plotting. 

Continuous variables were expressed as means ± standard de-
viation or medians (interquartile ranges) and were compared us-
ing ANOVA or Kruskal-Wallis testing as appropriate. Categorical 
variables were expressed as frequencies (percentages) and com-
pared using the χ2 or Fisher exact test as appropriate. Differences 
between periods were evaluated using the χ2 test for trend.

We used a generalized additive logistic model to estimate 
trends in the frequencies of the most common glomerulopathies 
with adjustments for gender and renal biopsy era. A two-sided p 
value of <0.05 was considered statistically significant. SAS software 
(version 9.1; SAS Institute Inc.) was used for statistical analysis.

Results

Study Participants
A total of 40,759 cases of renal biopsy were analyzed in 

this study. From these, there were 916 repeat biopsies in 
858 patients; 67 of these repeat biopsies had different di-
agnoses from the initial biopsies and were included in the 
analysis. There were 464 patients with two different kid-
ney disease diagnoses, and we retained and classified all of 
the diagnoses in the analysis. Ultimately, the study includ-
ed 40,759 cases with 41,290 diagnoses. Biopsy frequencies 
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increased annually from 1,978 (2003) to 4,861 (2014). Av-
erage patient age was 36.59 (±14.12) years (Table 1). There 
were two distribution peaks in the age 20–25 and 40–45 
categories of renal biopsy. A peak was observed among 
20-year-old males, followed by a plateau. Female cases 
were mainly concentrated in the age 25–45 category 
(Fig. 1a). Mean age of renal biopsy patients increased con-
tinuously. The percentage of patients aged >60 years in-
creased from 5.48% in the period from 2003 to 2006 to 
8.65% in the period from 2011 to 2014 (p < 0.001) (Fig. 1b). 
The ratio of male to female patients as a whole was 1: 0.92 
(male 52.0%) (Table 1), which was almost equal to the data 
from the Chinese population census in 2010 (51.3%).

The Overall Changes in Renal Disease Frequencies
PGN, SGN, tubulointerstitial disease, and hereditary 

renal diseases accounted for 67.07, 26.42, 2.94, and 2.54%, 

respectively, among cases of renal biopsy. PGN remains 
the most important and prevalent kidney disease in Chi-
na, followed by SGN, tubulointerstitial disease, and he-
reditary renal diseases. Comparing the two periods of  
biopsy data in our renal center (1979–2002 [10] vs.  
2003–2014), PGN (68.6% vs. 67.07%, p < 0.001) and tu-
bulointerstitial disease (3.4 vs. 2.94%, p < 0.001) frequen-
cies decreased between 1979–2002 and 2003–2014, while 
the frequencies of SGN (24.5 vs. 26.42%, p < 0.001) and 
hereditary renal diseases (1.0 vs. 2.54%, p < 0.001) in-
creased significantly.

IgAN continued to be the most common PGN be-
tween both time intervals, and the second most prevalent 
PGN changed from mesangial proliferative glomerulone-
phritis to MN. Regarding SGN, the frequencies of LN and 
HSPN decreased, while the frequencies of DN, HT, and 
ORG increased (Fig. 2). No patients between 1979 and 

Table 1. Demographic characteristics of patients with renal biopsy

2003 – 2006 
(n = 8,447)

2007 – 2010 
(n = 14,078)

2011 – 2014 
(n = 18,234)

Total 
(n = 40,759)

Gender
Male, n (%) 4,282 (50.69) 7,323 (52.02) 9,577 (52.52) 21,182 (51.97)
Female, n (%) 4,165 (49.31) 6,755 (47.98) 8,657 (47.48) 19,577 (48.03)

Age, mean ± SD, years 34.70 ± 13.65 35.94 ± 14.01 37.98 ± 14.29 36.59 ± 14.12
Age category

14 – 24 years, n (%) 2,253 (26.67) 3,725 (26.46) 4,040 (22.16) 10,018 (24.58)
25 – 44 years, n (%) 4,360 (51.62) 6,606 (46.92) 8,080 (44.31) 19,046 (46.73)
45 – 59 years, n (%) 1,371 (16.23) 2,822 (20.05) 4,537 (24.88) 8,730 (21.42)

≥60 years, n (%) 463 (5.48) 925 (6.57) 1,577 (8.65) 2,965 (7.27)
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Fig. 1. Trends in age at biopsy. a Age distribution of renal biopsy patients. b Time-varying constituent ratio of 
mean age and renal biopsy patients aged over 60 years.
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Fig. 2. Changes in renal pathology frequencies (1979–2002 vs. 2003–2014).

1979–2002

Rank Proportion Primary glomerulonephritis

1 45.26% IgA nephropathy

2 25.62% Mesangial proliferative 
glomerulonephritis

3 9.89% Membranous nephropathy

4 6.00% Focal segmental glomerulosclerosis

5 3.38% Membranoproliferative 
glomerulonephritis I + III

6 2.75% Endocapillary proliferative 
glomerulonephritis

7 0.93% Minimal change disease

8 0.03% Dense deposit disease

9 0 C3 glomerulonephritis

Rank Proportion Secondary glomerulonephritis

1 54.68% Lupus nephritis

2 25.62% Henoch-Schönlein purpura nephritis

3 6,65% Diabetic nephropathy

4 4.11% Vasculitic renal damage

5 2.28% Renal amyloidosis

6 1.86% Hypertensive nephropathy

7 1.05% Monoclonal immunoglobulin 
deposition disease

8 1.02% Hepatitis B-related nephritis

9 0.63% Obesity-related 
glomerulonephropathy

1979–2002
Rank Proportion Tubulointerstitial disease

1 35.13% Acute tubular necrosis

2 34.26% Acute interstitial nephritis

3 21.77% Chronic interstitial nephritis

4 5.80% Aristolochic acid nephropathy

5 2.16% Refux nephropathy

6 0.86% Bartter syndrome

7 0 Gitelman syndrome

Rank Proportion Hereditary renal disease

1 74.64% Alport syndrome

2 18.12% Thin basement membrane 
nephropathy

3 4.35% Lipoprotein glomerulopathy

4 0.72% Fabry disease

2003–2014

Primary glomerulonephritis Proportion Rank Change

IgA nephropathy 52.66% 1 +7.40%

Membranous nephropathy 18.42% 2 +8.53%

Minimal change disease 14.81% 3 +13.88%

Focal segmental glomerulosclerosis 7.34% 4 +1.34%

Mesangial proliferative 
glomerulonephritis

2.74% 5 –22.88%

Membranoproliferative 
glomerulonephritis I + III

1.30% 6 –2.08%

Endocapillary proliferative 
glomerulonephritis

0.73% 7 –2.02%

C3 glomerulonephritis 0.20% 8 +0.20%

Dense deposit disease 0.05% 9 +0.02%

Secondary glomerulonephritis Proportion Rank Change

Lupus nephritis 32.93% 1 –21.75%

Diabetic nephropathy 20.76% 2 +14.11%

Henoch-Schönlein purpura nephritis 17.04% 3 –8.58%

Hypertensive nephropathy 4.99% 4 +3.13%

Obesity-related 
glomerulonephropathy

4.94% 5 +4.31%

Vasculitic renal damage 3.74% 6 –0.37%

Renal amyloidosis 3.63% 7 +1.35%

Hepatitis B-related nephritis 2.77% 8 +1.75%

Monoclonal immunoglobulin 
deposition disease

1.28% 9 +0.23%

2003–2014

Tubulointerstitial disease Proportion Rank Change

Acute interstitial nephritis 45.21% 1 +10.95%

Acute tubular necrosis 29.46% 2 –5.67%

Chronic interstitial nephritis 20.13% 3 –1.64%

Aristolochic acid nephropathy 3.05% 4 –2.75%

Bartter syndrome 0.99% 5 +0.13%

Refux nephropathy 0.58% 6 –1.58%

Gitelman syndrome 0.58% 7 +0.58%

Hereditary renal disease Proportion Rank Change

Thin basement membrane 
nephropathy

48.43% 1 +30.31%

Alport syndrome 33.27% 2 –41.37%

Lipoprotein glomerulopathy 4.58% 3 +0.23%

Fabry disease 3.43% 4 +2.71%
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2002 were diagnosed with rare kidney diseases, such as C3 
glomerulonephritis and Gitelman syndrome. However, 
the frequencies of these kidney diseases have increased in 
the most recent decade.

The Changes in PGN Frequencies
IgAN, MN, MCD, and FSGS were the leading PGN 

diagnoses (Fig. 3a). IgAN occurred frequently in young 

adults, whereas the frequencies of MCD and FSGS de-
creased with age and tended to be stable after the age of 
30. The constituent advantage of MN increased gradually 
and over half of patients over 60 had MN (Fig. 4a).

As shown in Table  2, the frequencies of IgAN and 
FSGS have decreased significantly (p < 0.001), while the 
frequency of MN increased significantly (p < 0.001) and 
nearly doubled from 2003–2006 to 2011–2014. The anal-
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Fig. 3. Temporal trends of the renal biopsy frequencies of kid- 
ney diseases subtypes, 2003–2014. a Frequencies of primary glo-
merulonephritis subtypes. Percent of all primary glomerulone-
phritis categories. b Frequencies of secondary glomerulonephritis 
subtypes. Percent of all secondary glomerulonephritis categories. 
c Frequencies of tubulointerstitial disease subtypes. Percent of all 
tubulointerstitial disease categories. d Frequencies of hereditary 
renal disease subtypes. Percent of all hereditary renal disease cat-
egories. IgAN, IgA nephropathy; MCD, minimal change disease; 
MN, membranous nephropathy; FSGS, focal segmental glomeru-
lonephritis; MsPGN, mesangial proliferative glomerulonephritis; 
MPGN(I&III), membranoproliferative glomerulonephritis type 1 

and 3; EnPGN, endocapillary proliferative glomerulonephritis; 
C3GN, C3 glomerulonephritis; DDD, dense deposit disease; LN, 
lupus nephritis; DN, diabetic nephropathy; HSPN, Henoch-
Schönlein purpura nephritis; HT, hypertensive nephropathy; 
ORG, obesity-related glomerulopathy; VAS, vasculitic renal dam-
age; AMY, renal amyloidosis; HBVN, hepatitis B-related nephritis; 
MIDD, monoclonal immunoglobulin deposition disease; AIN, 
acute interstitial nephritis; ATN, acute tubular necrosis; CIN, 
chronic interstitial nephritis; AAN, aristolochic acid nephropathy; 
TBMN, thin basement membrane nephropathy; LPG, lipoprotein 
glomerulopathy.
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ysis by age category indicated that the frequency of MN 
in all age categories increased significantly over time (p < 
0.001), and increased by more than 2 times in the 14–24 
age category, which was the greatest increase in all age 
categories, while it minimally increased in the ≥60 age 
category.

The Changes in SGN Frequencies
LN, HSPN, DN, HT, ORG, VAS, AMY, HBVN, and 

MIDD were the most common SGN (Fig. 3b) diagnoses. 
There were significant differences in the frequencies of 
each SGN in different age categories. LN peaked in the 
age 20–40 category. HSPN peaked in the age 14–20 cat-
egory and decreased sharply in the succeeding age cate-
gories before stabilizing around age 50 and beyond. DN 
was most common in the age 45–70 category. The fre-
quencies of AMY, VAS, and MIDD increased with age 
(Fig. 4b).

The constituent ratio of each SGN changed dynami-
cally at different time intervals. LN and HSPN decreased 
significantly (p < 0.001), DN increased nearly twice (p < 
0.001), MIDD increased by 3 times (p < 0.001), and HT 
(p < 0.001) and AMY (p < 0.05) also increased and were 
especially prominent from 2011 to 2014. The analysis by 
age category found that HBVN showed a significant 
downtrend in the 14–24 age category only (p < 0.001) (Ta-
ble 3).

The Changes in Tubulointerstitial Disease and 
Hereditary Renal Disease Frequencies
The frequencies of tubulointerstitial disease are shown 

in Figure 3c. In total, there were 1,212 patients with tu
bulointerstitial disease. The most common tubulointer-
stitial disease was acute interstitial nephritis (45.21%), 
followed by acute tubular necrosis (29.46%), chronic in-
terstitial nephritis (20.13%), and aristolochic acid ne-
phropathy (3.05%).

The frequencies of hereditary renal diseases are shown 
in Figure 3d. There were 1,049 patients diagnosed with 
hereditary renal diseases. The most common hereditary 
renal diseases were Alport syndrome (33.27%) and thin 
basement membrane disease (48.43%). Lipoprotein glo-
merulopathy accounted for 4.58% of hereditary renal dis-
eases. Fabry disease accounted for 3.43%.

Discussion

This study analyzed and summarized patient charac-
teristics and the changing frequencies of kidney diseases 
using the Renal Biopsy Registry of the National Clinical 
Research Center of Kidney Diseases in Jinling Hospital, 
Nanjing, from 2003 to 2014. The results indicated that in 
PGN the frequencies of IgAN and FSGS have decreased 
significantly, while the frequency of MN increased sig-
nificantly, with a maximum increase in the 14–24 age cat-
egory. In SGN, LN and HSPN decreased and HBVN de-
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Fig. 4. Renal biopsy diagnosis frequencies of the most common glomerular disease subtypes according to patient 
age. The disease frequencies were estimated from generalized additive logistic models adjusted for gender and 
renal biopsy era. a The renal biopsy diagnosis frequencies of the most common primary glomerulonephritis sub-
types. Percent of all primary glomerulonephritis categories. b The renal biopsy diagnosis frequencies of the most 
common secondary glomerulonephritis subtypes. Percent of all secondary glomerulonephritis categories.
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creased significantly in the 14–24 age category over time, 
whereas DN, HT, AMY, and MIDD increased over time.

The mean age of kidney disease patients has increased 
significantly in the past 12 years, and the frequency of pa-
tients over the age of 60 years with renal biopsy has in-
creased. These trends are mostly likely due to the fact that 
renal biopsy has become more popular and because the 
technology has improved, meaning that age 60 years is no 
longer an absolute contraindication for renal biopsy. Ad-
ditionally, the increasing average age of the Chinese pop-
ulation might also be one of the important reasons.

MN increased the most from 2003 to 2014 and has now 
become the second most common PGN. Previous studies 
[10–17] indicated that in China the majority of patients 
aged >60 years who underwent renal biopsy had MN, es-
pecially patients aged ≥65 years. Studies have also shown 
that MN has increased significantly in India [18] and Bra-
zil [19], while it decreased in Japan [20], Korea [21], the 
USA [22, 23], and the UK [24]. In addition to geographi-
cal and genetic factors, the increase in MN in China and 

the decrease in MN in developed countries might be re-
lated to environmental exposures, industrialization, and 
lifestyle changes [15]. Industrialization is inevitably ac-
companied by environmental pollution, involving heavy 
metals and organic solvents. A multicenter study in Chi-
na reported that the frequency of MN presented a rising 
tendency and doubled from 2004 to 2014, which was con-
sistent with our research results. Based on the analysis in 
that study, the high prevalence of MN was most likely as-
sociated with poor air quality, and suggested that long-
term exposure to high levels of PM2.5 might be associ-
ated with an increased risk of MN [17]. However the spe-
cific mechanism remains to be further explored.

One of the important findings from our study is the 
remarkable rising trend in the frequency of MN, espe-
cially in the age 14–24 category, which represented the 
greatest increase in all age categories, while it only mini-
mally increased in the ≥60 age category. Liu et al. [25] 
analyzed the spectrum of kidney disease in Chinese chil-
dren (6–19 years old) and found that MN reached up to 

Table 2. Temporal trends in the renal biopsy frequencies of the most common PGN subtypes by age strata

Age category PGN 
subtype

2003 – 2006,
n (%)

2007 – 2010,
n (%)

2011 – 2014,
n (%)

Total,
n (%)

p value

14 – 24 years IgAN 681 (46.45) 1,019 (38.79) 1,289 (43.10) 2,989 (42.19) 0.264
MCD 283 (19.30) 929 (35.36) 800 (26.75) 2,012 (28.40) 0.004
MN 72 (4.91) 224 (8.53) 452 (15.11) 748 (10.56) <0.001
FSGS 172 (11.73) 316 (12.03) 308 (10.30) 796 (11.24) 0.081

25 – 44 years IgAN 1,961 (65.76) 3,023 (65.85) 3,812 (64.34) 8,796 (65.17) 0.123
MCD 233 (7.81) 583 (12.70) 586 (9.89) 1,402 (10.39) 0.088
MN 241 (8.08) 494 (10.76) 989 (16.69) 1,724 (12.77) <0.001
FSGS 227 (7.61) 242 (5.27) 298 (5.03) 767 (5.68) <0.001

45 – 59 years IgAN 372 (47.88) 761 (46.98) 1,270 (43.29) 2,403 (45.08) 0.005
MCD 69 (8.88) 180 (11.11) 246 (8.38) 495 (9.29) 0.132
MN 160 (20.59) 439 (27.10) 1,095 (37.32) 1,694 (31.78) <0.001
FSGS 75 (9.65) 101 (6.23) 165 (5.62) 341 (6.40) <0.001

≥60 years IgAN 50 (23.58) 122 (23.06) 223 (21.44) 395 (22.18) 0.385
MCD 31 (14.62) 58 (10.96) 104 (10.00) 193 (10.84) 0.068
MN 93 (43.87) 271 (51.23) 570 (54.81) 934 (52.44) 0.004
FSGS 15 (7.08) 32 (6.06) 82 (7.88) 129 (7.24) 0.357

Total IgAN 3,064 (56.35) 4,925 (52.58) 6,594 (51.16) 14,583 (52.66) <0.001
MCD 616 (11.33) 1,750 (18.68) 1,736 (13.47) 4,102 (14.81) 0.723
MN 566 (10.41) 1,428 (15.25) 3,106 (24.10) 5,100 (18.42) <0.001
FSGS 489 (8.99) 691 (7.38) 853 (6.62) 2,033 (7.34) <0.001

PGN, primary glomerulonephritis; IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy; FSGS, 
focal segmental glomerulonephritis.
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Table 3. Temporal trends in the renal biopsy frequencies of the most common SGN subtypes by age strata

Age category SGN 
subtype

2003 – 2006,
n (%)

2007 – 2010,
n (%)

2011 – 2014,
n (%)

Total,
n (%)

p value

14 – 24 years LN 262 (41.19) 422 (47.31) 426 (48.97) 1,110 (46.29) 0.004
DN 2 (0.31) 8 (0.90) 8 (0.92) 18 (0.75) 0.202
HSPN 282 (44.34) 368 (41.26) 315 (36.21) 965 (40.24) 0.001
HT 6 (0.94) 5 (0.56) 12 (1.38) 23 (0.96) 0.317
ORG 7 (1.10) 15 (1.68) 21 (2.41) 43 (1.79) 0.055
VAS 15 (2.36) 17 (1.91) 20 (2.30) 52 (2.17) 0.989
AMY 0 (0) 0 (0) 0 (0) 0 (0) n.a.
HBVN 34 (5.35) 24 (2.69) 15 (1.72) 73 (3.04) <0.001
MIDD 0 (0) 0 (0) 3 (0.34) 3 (0.13) 0.047

25 – 44 years LN 549 (50.93) 770 (45.32) 638 (36.48) 1,957 (43.24) <0.001
DN 76 (7.05) 245 (14.42) 299 (17.10) 620 (13.70) <0.001
HSPN 146 (13.54) 232 (13.66) 257 (14.69) 635 (14.03) 0.353
HT 37 (3.43) 87 (5.12) 129 (7.38) 253 (5.59) <0.001
ORG 86 (7.98) 115 (6.77) 133 (7.60) 334 (7.38) 0.854
VAS 18 (1.67) 25 (1.47) 39 (2.23) 82 (1.81) 0.204
AMY 11(1.02) 17 (1.00) 27 (1.54) 55 (1.22) 0.17
HBVN 47 (4.36) 67 (3.94) 63 (3.60) 177 (3.91) 0.312
MIDD 4 (0.37) 8 (0.47) 15 (0.86) 28 (0.60) 0.082

45 – 59 years LN 82 (17.48) 175 (16.78) 217 (15.25) 474 (16.15) 0.193
DN 144 (30.70) 455 (43.62) 591 (41.53) 1,190 (40.55) 0.002
HSPN 23 (4.90) 63 (6.04) 101 (7.10) 187 (6.37) 0.076
HT 35 (7.46) 66 (6.33) 99 (6.96) 200 (6.81) 0.92
ORG 33 (7.04) 46 (4.41) 60 (4.22) 139 (4.73) 0.031
VAS 43 (9.17) 49 (4.70) 69 (4.85) 161 (5.49) 0.004
AMY 43 (9.17) 57 (5.47) 86 (6.04) 186 (6.34) 0.072
HBVN 10 (2.13) 20 (1.92) 20 (1.41) 50 (1.70) 0.225
MIDD 5 (1.07) 23 (2.21) 39 (2.74) 67 (2.28) 0.04

≥60 years LN 8 (3.83) 21 (5.90) 22 (4.55) 51 (4.86) 0.906
DN 89 (42.58) 161 (45.22) 186 (38.43) 436 (41.56) 0.159
HSPN 16 (7.66) 18 (5.06) 381 (7.85) 72 (6.86) 0.62
HT 18 (8.61) 12 (3.37) 38 (7.85) 68 (6.48) 0.723
ORG 8 (3.83) 7 (1.97) 8 (1.65) 23 (2.19) 0.099
VAS 28 (13.4) 40 (11.24) 45 (9.30) 113 (10.77) 0.102
AMY 23 (11.00) 54 (15.17) 78 (16.12) 155 (14.78) 0.104
HBVN 1 (0.48) 1 (0.28) 0 (0) 2 (0.19) 0.161
MIDD 3 (1.44) 13 (3.65) 26 (5.37) 42 (4.00) 0.014

Total LN 901 (37.67) 1,388 (34.79) 1,303 (28.79) 3,592 (32.93) <0.001
DN 311 (13.00) 869 (21.78) 1,084 (23.95) 2,264 (20.76) <0.001
HSPN 467 (19.52) 681 (17.07) 711 (15.71) 1,859 (17.04) <0.001
HT 96 (4.01) 170 (4.26) 278 (6.14) 544 (4.99) <0.001
ORG 134 (5.60) 183 (4.59) 222 (4.90) 539 (4.94) 0.318
VAS 104 (4.35) 131 (3.28) 173 (3.82) 408 (3.74) 0.479
AMY 77 (3.22) 128 (3.21) 191 (4.22) 396 (3.63) 0.015
HBVN 92 (3.85) 112 (2.81) 98 (2.17) 302 (2.77) <0.001
MIDD 12 (0.50) 44 (1.10) 84 (1.86) 140 (1.28) <0.001

SGN, secondary glomerulonephritis; LN, lupus nephritis; DN, diabetic nephropathy; HSPN, Henoch-Schönlein purpura nephritis; 
HT, hypertensive nephropathy; ORG, obesity-related glomerulopathy; VAS, vasculitic renal damage; AMY, renal amyloidosis; HBVN, 
hepatitis B-related nephritis; MIDD, monoclonal immunoglobulin deposition disease; n.a., not available.
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7.5% of all PGN, with a significant rising tendency from 
2009 to 2013 (4.4 vs. 9.1%). Therefore, the frequency of 
MN in young adults has increased, suggesting that the 
possibility of MN should be actively considered in young 
patients with nephrotic syndrome in clinical practice. 
The younger the patients were, the higher the rising fre-
quency of MN was. The reason behind this phenomenon 
has yet to be elucidated. However, perhaps younger pa-
tients are more vulnerable to the effects of pollution and 
thus more susceptible to MN.

The frequencies of some other PGN subtypes signifi-
cantly declined, e.g. IgAN and FSGS, although IgAN is 
still the most common PGN. A similar finding was also 
observed in other Chinese subpopulations [17], while the 
frequency of IgAN has remained stable in the USA [23]. 
The decline in FSGS frequency has been previously ob-
served in the Chinese population [17]. Previous studies 
from the USA showed an increase in the frequency of 
FSGS, which was followed by a plateau and decline in its 
frequency in the 21st century [23].

Renal damage secondary to diabetes and hypertension 
had a rising tendency. Considering renal biopsy indica-
tions, the patients considered as having DN or advanced 
DN in the clinic did not tend to receive renal biopsy, so 
the prevalence of DN might be underestimated, actually. 
As the prevalence of diabetes in the Chinese population 
increases continuously [6, 7], DN will certainly maintain 
an increasing trend. Similarly in the USA, renal biopsy-
proven DN has markedly increased over the past 3 de-
cades [23].

HT has also increased. A national epidemiological in-
vestigation [4] found that the prevalence of hypertension 
increased from 18.0% to 27.8% from 2002 to 2013 in Chi-
na, which means that there were 139 million newly diag-
nosed patients with hypertension. Therefore, it is likely 
that HT will continue to increase.

The increase in the incidence of metabolic-related ne-
phropathies suggests that the influence of metabolic fac-
tors should not be ignored when diagnosing kidney dis-
ease. Furthermore, patients with metabolic disorders 
should be educated regarding their risks of renal damage.

Our study found that HBVN decreased significantly in 
the age 14–24 category, most likely due to the ministry of 
health’s introduction of the hepatitis B vaccine in 1992. 
Liang et al. [26] revealed that HBsAg seroprevalence re-
duced from 9.8 to 7.2% from 1992 to 2006 in China. Fur-
thermore, infection risk was reduced in newborns and 
infants. It is believed that the frequency of HBVN in pa-
tients >24 years will decrease as vaccinated patients con-
tinue to age.

The frequencies of kidney diseases that historically 
had low incidences, such as MIDD and AMY, increased. 
Other kidney diseases, such as C3 glomerulonephritis 
and Gitelman syndrome, were only reported in the most 
recent decade. The underlying reasons for these increases 
may include an increase in the referral population size 
from 1,978 (2003) to 4,861 (2014), improvements in 
knowledge of these disease and in diagnostic techniques, 
or a true increases in disease incidence. A large multi-
center study will be needed to identify the reasons.

Our study has several limitations. Firstly, as a single-
center study, the enrolled patients may not have been an 
adequate representation of the entire Chinese population, 
although the patients did come from a variety of regions 
in China. It is also worth mentioning that this study only 
reflects the frequencies of kidney diseases among those 
who have undergone renal biopsy, and thus these find-
ings may not be applicable to the general population. In 
addition, the National Clinical Research Center of Kidney 
Diseases may be more likely to identify rare diseases and 
thus overestimate their prevalence. Secondly, as it is an 
observational study, we could only observe the changes in 
the frequencies of kidney diseases and thus could not ful-
ly explain the reasons behind these changes. Hence, fol-
low-up studies are required to elucidate the roles of vari-
ous factors in the frequencies of kidney diseases.

In conclusion, PGN remained the predominant kid-
ney disease type in China, of which IgAN was the most 
common. The frequency of MN increased significantly 
with the greatest increase in young adults. LN and HSPN 
decreased significantly, while DN and MIDD increased 
significantly, and HT and AMY showed an upward trend. 
The kidney disease trends presented in this study serve as 
a reference point for patient care, disease prevention, and 
public health interventions.
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