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ABSTRACT
Background: There have been some gradual changes in the distribution of renal biopsy patho-
logical diagnoses during recent years. This study aimed to show changes in renal disease preva-
lence in China by investigating 10 patients diagnosed at our Kidney Disease Centre during the
last 15 years.
Methods and results: All patients aged 15-year-old or older who underwent renal biopsy at the
First Affiliated Hospital, Zhejiang University, from 2001 to 2015 were enrolled. There were 5 com-
mon types of primary glomerulonephritis: IgA nephropathy (IgA N), membranous nephropathy
(MN), mesangial progressive glomerulonephritis (MsPGN), minimal change disease (MCD), and
focal segmental glomerulosclerosis (FSGS), which represented 50%, 16.8%, 15.9%, 8.1% and 2.5%
of total cases, respectively. IgA nephropathy was the most common type of primary glomerulo-
nephritis (PGN).
Conclusions: Our results mostly showed a new trend that the diagnosis of IgA nephropathy was
not increasing and the prevalence of membranous nephropathy had increased, becoming the
second most common type of primary glomerulonephritis.

KEY POINTS

� Distinguished with other domestic studies, IgA nephropathy did not show a trend of continu-
ous growth although it still had about the half proportion of PGN, whereas membranous
nephropathy kept rising and became the second common PGN.

� Concerning SGN, LN peaked in the younger-age and middle-age groups with a significant
female prevalence, DN, BANS and SV had a male predominance peaking in the middle-age
and old-age groups.
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Introduction

Diagnostic information obtained from renal biopsy is
critical for accurate diagnosis, selection of the most
appropriate treatment, and prediction of patient prog-
nosis. In recent years, retrospective studies of renal
biopsies, with statistical analyses of different regions,
races and time periods, have provided informative find-
ings. For adults, IgA nephropathy is the most common
primary glomerulonephritis (PGN) [1–14] in many
European countries [1–7], some Asian countries [8–12],
the United States [13], and Australia [14]. In addition,
the ratio of IgA N continually increased during the pre-
vious year [2,7,8,10–13], and studies in Japan [9] and

Korea [10] showed that there is no such increasing
trend for membranous nephropathy (MN). Furthermore,
recent studies from China have shown similar results
[11,12]. Now, in our study, the diagnosis of MN has sig-
nificantly increased during the first 15 years of the 21st

century, while IgA N showed an increasing trend in the
first 10 years and have started to decrease slowly in the
most recent 5 years. Moreover, lupus nephritis (LN) and
Henoch-Schonlein nephritis (HSN) remain the most
common secondary glomerulonephritis (SGN) while dia-
betic nephropathy (DN) is less prevalent in our study
compared to reports from some Western countries.
Therefore, we aimed to evaluate changes in the
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proportion of renal pathologic diagnoses in East China
during the last 15 years.

Subjects and methods

Overall, 10 877 patients (without renal transplantation)
underwent renal biopsy at the First Affiliated Hospital,
Zhejiang University during the 15 years period from
January 2001 to December 2015. We retrospectively
analyzed records of patients aged �15 years old.
Patients with incomplete records, inadequate biopsies,
and repeated biopsies were excluded. In the end,
10 779 cases were included in our analysis. The date of
renal biopsy, age, sex, pathologic type and pathologic
diagnosis was collected.

Clinical indications for renal biopsy were as follows:
(1) nephrotic syndrome or nephrotic range proteinuria,
(2) acute nephritic syndrome, (3) rapidly progressive
glomerulonephritis, (4) chronic nephritic syndrome, (5)
asymptomatic hematuria or proteinuria, and (6) acute
or chronic renal failure without definite cause. There
was no significant change in the indications for renal
biopsy during the observation period. Almost all

patients, without obvious contraindications, will have a
biopsy as long as they meet the criteria. This study was
approved by the local ethics committees. Informed con-
sent was obtained for renal biopsy from each patient.

Data were divided into 3 groups according to 5-year
intervals: 2001–2005, 2006–2010 and 2011–2015.
Biopsies were also divided into 6 groups according to
patients’ age for stratified analysis: 15–24 years old,
25–34 years old, 35–44 years old, 45–54 years old,
55–64 years old, and elderly (�65 years old). All biopsy
specimens were prepared and examined by the same
group of clinicians, pathologists and technicians. A
renal biopsy was processed for light microscopy,
immunofluorescence microscopy and electron micros-
copy in all submitted cases. The final diagnosis made
for each patient was based on both clinical and histo-
logic investigations.

All biopsies were categorized for the purpose of this
analysis as PGN, SGN, hereditary nephropathy (HN),
tubulointerstitial nephropathy (TIN), or other miscellan-
eous or undefined histological diagnoses. In this study,
we analyzed only the common categories of PGN and
SGN. PGN included IgA N, MN, non-IgA mesangial pro-
liferative glomerulonephritis (MsPGN), minimal change
disease (MCD), and focal segmental glomerulosclerosis
(FSGS). SGN included LN, HSN, DN, systemic vasculitis
(SV), hepatitis B virus-associated glomerular nephrop-
athy (HBV-GN), benign nephrosclerosis (BANS) and
amyloidosis nephropathy (AMYN).

Results are presented as the means and the standard
deviations or the medians with the interquartile ranges,
and categorical variables are presented as frequencies
with percentages. The distribution of patients with vari-
ous renal biopsy diagnoses compared between the 5-
year intervals, age groups and sex was calculated using
Pearson’s chi-square analysis. Bonferroni method was
accepted when involving multiple comparisons among
groups. All statistical tests were two-sided, with a value
for p< .05 defined as significant. All statistical analyses
were performed using SPSS software, version 22.0
(Chicago, IL).

Result

In total, 10 779 patients were reviewed. Mean patient
age at the time of biopsy was 40 ± 14.86 years old rang-
ing from 15 to 87 years. There was a gradual increase in
the mean age upon renal biopsy with subsequent 5-
year intervals, including 37.07 ± 13.77 years old in
2001–2005, 39.71 ± 14.37 years old in 2006–2010 and
42.98 ± 15.18 years old in 2011–2015. There was a sharp
increase in the number of patients who underwent

Figure 1. Number of renal biopsies per year.

Figure 2. Age- and gender-adjusted distribution rate of renal
diagnoses by year.
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renal biopsy throughout the period of analysis, from
less than 50 cases in 2001 to more than 1000 cases dur-
ing the most recent 5 years (Figure 1).

As shown in Figure 2, the percentage of patients
younger than 45 years old consistently declined from
the period 2001–2005 to 2011–2015, whereas the pro-
portion of patients over 45 years old significantly
increased in the same period. There was a female pre-
dominance among patient aged 25–55 years, while in
younger and older groups, males were more common.

Overall, PGN remained the most common type of
histologic diagnosis, comprising 78.8% (8494/10779) of
all biopsies; this included 1478 biopsies (82.7%) from
2001 to 2005, 2794 biopsies (79.9%) from 2006 to 2010
and 4222 biopsies (76.8%) from 2011 to 2015, with a
slight decreasing trend over time. To the contrary, the
rate of SGN increased from 14.2% in 2001–2005 to
17.4% in 2006–2010 and 20.1% in 2011–2015. The chi-
squared test revealed a significant difference in the
number of PGN patients among three 5-year intervals
(p< .001). The diagnosis of TIN and HN were compar-
able across all three time periods. In total, a significant
difference in the sex distribution, the male-to-female
ratio was 1.04:1 (Pearson’s X2 35.7, p< .001). Multiple
comparisons by Bonferroni method revealed sexy distri-
bution difference of respective pathological pattern.
The results showed male predominance among PGN
biopsies (1.09:1) and HN biopsies (2.44:1) but a female
predominance among SGN biopsies (Table 1).

The most frequent diagnosis within the PGN group
was IgA N (n¼ 4418, 50%); IgA N showed a gradually
decreasing trend in the most recent 5 year time period.
The next most common PGN diagnosis was MN (16.8%),
followed by MsPGN (15.9%), MCD (8.1%), and FSGS
(2.5%). MsPGN was the second most common primary
glomerular disease in the initial year (2001), but the
rate of MN dramatically increased to account for an
equivalent number of biopsies in the middle time
period and surpassed all diagnoses except IgA N to
become the second most common PGN after 2009.
During the same period, the diagnosis of MsPGN
decreased significantly, whereas the proportion of

Table 1. Renal biopsy diagnoses by years.
2001–2005 2006–2010 2011–2015

Pearson’s X p

All years

n rate n rate n rate n male/female

PGN 1478 82.7% 2794 79.9% 4222 76.8% 31.024 <.001 8494 1.09:1a

SGN 253 14.1% 608 17.4% 1106 20.1% 34.927 <.001 1967 0.85:1a

TIN 47 2.6% 81 2.3% 144 2.6% 0.903 .637 272 0.97:1
HN 8 0.4% 11 0.3% 12 0.2% 2.598 .273 31 2.44:1a

Other 2 0.1% 3 0.1% 10 0.2% 1.539 .463 15 1.50:1a

Total 1788 100.0% 3497 100.0% 5494 100.0% – – 10779 1.04:1
aSignificant difference at the 0.05 level in those diagnosed by Chi-squared test. PGN: primary glomerulonephritis; SGN: secondary glomerulonephritis; TIN:
tubulointerstitial nephropathy; HN: hereditary nephropathy.

Table 2. The distribution of sex in the common histological
categories in PGN.

Total Male Female p

IgA 4418(50%) 2180a 2288b <.001
MN 1428(16.8%) 846a 582b <.001
FSGS 215(2.5%) 123a 92a .132
MCD 685(8.1%) 457a 228b <.001
MsPGN 1354(15.9%) 659a 695b .005

The same superscript letter denotes a subset of histological categories
whose sexy proportion does not differ significantly at the 0.05 level by
multiple comparisons in Bonferroni method. MN: membranous nephrop-
athy; FSGS: focal segmental glomerulosclerosis; MCD: minimal change dis-
ease; MsPGN: non-IgA mesangioproliferative glomerulonephritis.

Figure 3. Frequency of specific primary glomerular diseases.

Table 3. The distribution of sex in the common histological
categories in SGN.

Total Male Female p

LN 575(29.2%) 88a 487b <.001
HSN 375(19.1%) 190a 185b .04
DN 195(9.9%) 137a 58b <.001
SV 167(8.5%) 79a 88a .705
BANS 203(10.3%) 101a 102a .246
AMYN 95(4.8%) 68a 27b <.001
HBV-GN 138(7.0%) 95a 43b <.001

The same superscript letter denotes a subset of histological categories
whose sexy proportion does not differ significantly at the 0.05 level by
multiple comparisons in Bonferroni method. LN: lupus nephritis; HSN:
Henoch-Schonlein nephritis; DN: diabetic nephropathy; SV: systemic vascu-
litis; BANS: benign nephrosclerosis; AMYN: amyloidosis nephropathy; HBV-
GN: hepatitis B virus-associated glomerular nephropathy.
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biopsies diagnosed with FSGS remained constant over
the entire study period. The rate of MCD diagnosis
underwent a rapid rise during the middle time period,
and the most recent time period showed approximately
the same rate of diagnosis. Except MsPGN, other cate-
gories of PGN show a distinguished sexy ratio: more
female patients in IgA N and more male persons in MN,
FSGS and MCD (Table 2, Figure 3).

There were 7 common SGN categories diagnosed at
our center: LN (29.2%), HSN (19.2%), DN (9.9%), SV
(8.5%), HBV-GN (7.8%), BANS (10.3%) and AMYN (4.8%).

Figure 4. Frequency of specific secondary glomeru-
lar diseases.

Table 4. Temporal trends in the renal biopsy frequencies of
the most common PGN subtypes by age strata.
Age

PGN
2001–2005 2006–2010 2011–2015 Total

pcategory n(%) n(%) n(%) n(%)

15–24 IgA 134(43.8%) 241(51.72%) 272(46.9%) 647(47.9%) .081
MN 4(1.3%) 32(6.87%) 58(10.0%) 94(7.0%) <.001
FSGS 9(2.9%) 9(1.93%) 31(5.3%) 49(3.6%) .010
MCD 17(5.6%) 75(16.09%) 160(27.6%) 252(18.6%) <.001
MsGPN 128(41.8%) 100(21.46%) 43(7.4%) 271(20.0%) <.001

25–34 IgA 249(61.6%) 442(70.16%) 611(67.3%) 1302(67.0%) .017
MN 12(3.0%) 35(5.56%) 79(8.7%) 126(6.5%) <.001
FSGS 13(3.2%) 6(0.95%) 28(3.1%) 47(2.4%) .014
MCD 13(3.2%) 28(4.44%) 88(9.7%) 129(6.6%) <.001
MsGPN 107(26.5%) 103(16.35%) 82(9.0%) 292(15.0%) <.001

35–44 IgA 214(51.1%) 467(63.97%) 544(63.6%) 1225(61.1%) <.001
MN 22(5.3%) 65(8.90%) 143(16.7%) 230(11.5%) <.001
FSGS 13(3.1%) 7(0.96%) 17(2.0%) 37(1.8%) .031
MCD 6(1.4%) 26(3.56%) 42(4.9%) 74(3.7%) .008
MsGPN 123(29.4%) 127(17.40%) 80(9.3%) 330(16.5%) <.001

45–54 IgA 69(30.8%) 265(52.37%) 434(48.9%) 768(47.5%) <.001
MN 25(11.2%) 92(18.18%) 255(28.7%) 372(23.0%) <.001
FSGS 11(4.9%) 1(0.20%) 27(3.0%) 39(2.4%) <.001
MCD 4(1.8%) 33(6.52%) 35(3.9%) 72(4.5%) .009
MsGPN 86(38.4%) 92(18.18%) 83(9.4%) 261(16.1%) <.001

55–64 IgA 33(30.8%) 116(35.91%) 207(31.6%) 356(32.8%) .362
MN 16(15.0%) 91(28.17%) 263(40.2%) 370(34.1%) <.001
FSGS 8(7.5%) 1(0.31%) 20(3.1%) 29(2.7%) <.001
MCD 4(3.7%) 40(12.38%) 49(7.5%) 93(8.6%) .006
MsGPN 26(24.3%) 48(14.86%) 63(9.6%) 137(12.6%) <.001

>65 IgA 14(21.2%) 36(25.90%) 70(20.8%) 120(22.2%) .472
MN 23(34.8%) 56(40.29%) 157(46.7%) 236(43.6%) .135
FSGS 4(6.1%) 0(0.00%) 10(3.0%) 14(2.6%) .029
MCD 4(6.1%) 17(12.23%) 44(13.1%) 65(12.0%) .274
MsGPN 11(16.7%) 24(17.27%) 28(8.3%) 63(11.6%) .009

Total IgA 713(48.2%) 1567(56.1%) 2138(50.6%) 4418(52.0%) <.001
MN 102(6.9%) 371(13.3%) 955(22.6%) 1428(16.8%) <.001
FSGS 58(3.9%) 24(0.9%) 133(3.2%) 215(2.5%) <.001
MCD 48(3.2%) 219(7.8%) 418(9.9%) 685(8.1%) <.001
MsGPN 481(32.5%) 494(17.7%) 379(9.0%) 1354(15.9%) <.001

PGN: primary glomerulonephritis; MN: membranous nephropathy; FSGS:
focal segmental glomerulosclerosis; MCD: minimal change disease;
MsPGN: non-IgA mesangioproliferative glomerulonephritis.

Table 5. Temporal trends in the renal biopsy frequencies of
the most common SGN subtypes by age strata.
Age

SGN
2001–2005 2006–2010 2011–2015 Total

pcategory n(%) n(%) n(%) n(%)

15–24 LN 18(32.7%) 42(38.5%) 50(37.3%) 110(36.9%) .761
HSN 24(43.6%) 54(49.5%) 62(46.3%) 140(47.0%) .755
DN 0.0% 0.0% 0.0% – -
SV 1(1.8%) 2(1.8%) 2(1.5%) 5(1.7%) .975
BANS 1(1.8%) 3(2.8%) 2(1.5%) 6(2.0%) .780
AMYN 0.0% 0.0% 0.0% – -
HBS-GN 0.0% 3(2.8%) 14(10.4%) 17(5.7%) .005

25–34 LN 23(52.3%) 60(50.8%) 80(44.9%) 163(47.9%) .504
HSN 8(18.2%) 22(18.6%) 35(19.7%) 65(19.1%) .963
DN 1(2.3%) 1(0.8%) 3(1.7%) 5(1.5%) .753
SV 3(6.8%) 3(2.5%) 3(1.7%) 9(2.6%) .164
BANS 6(13.6%) 8(6.8%) 12(6.7%) 26(7.6%) .277
AMYN 0.0% 0.0% 0.0% – -
HBS-GN 1(2.3%) 14(11.9%) 19(10.7%) 34(10.0%) .177

35–44 LN 25(38.5%) 74(51.4%) 66(30.4%) 165(38.7%) <.001
HSN 12(18.5%) 24(16.7%) 28(12.9%) 64(15.0%) .434
DN 2(3.1%) 7(4.9%) 24(11.1%) 33(7.7%) .030
SV 2(3.1%) 5(3.5%) 5(2.3%) 12(2.8%) .798
BANS 11(16.9%) 15(10.4%) 32(14.7%) 58(13.6%) .351
AMYN 2(3.1%) 1(0.7%) 4(1.8%) 7(1.6%) .431
HBS-GN 3(4.6%) 9(6.3%) 28(12.9%) 40(9.4%) .038

45–54 LN 10(16.9%) 29(25.9%) 50(19.6%) 89(20.9%) .286
HSN 5(8.5%) 13(11.6%) 30(11.8%) 48(11.3%) .765
DN 9(15.3%) 13(11.6%) 63(24.7%) 85(20.0%) .007
SV 7(11.9%) 8(7.1%) 19(7.5%) 34(8.0%) .493
BANS 6(10.2%) 17(15.2%) 42(16.5%) 65(15.3%) .479
AMYN 5(8.5%) 3(2.7%) 6(2.4%) 14(3.3%) .054
HBS-GN 5(8.5%) 11(9.8%) 18(7.1%) 34(8.0%) .660

55–64 LN 3(9.7%) 15(17.2%) 20(10.4%) 38(12.2%) .240
HSN 3(9.7%) 9(10.3%) 26(13.5%) 38(12.2%) .686
DN 1(3.2%) 11(12.6%) 38(19.7%) 50(16.1%) .040
SV 4(12.9%) 18(20.7%) 39(20.2%) 61(19.6%) .609
BANS 6(19.4%) 7(8.0%) 19(9.8%) 32(10.3%) .194
AMYN 2(6.5%) 12(13.8%) 21(10.9%) 35(11.3%) .521
HBS-GN 2(6.5%) 1(1.1%) 6(3.1%) 9(2.9%) .306

>65 LN 0.0% 4(10.5%) 6(4.7%) 10(5.6%) .266
HSN 2(16.7%) 3(7.9%) 15(11.7%) 20(11.2%) .667
DN 1(8.3%) 4(10.5%) 17(13.3%) 22(12.4%) .820
SV 3(25.0%) 9(23.7%) 34(26.6%) 46(25.8%) .936
BANS 2(16.7%) 3(7.9%) 11(8.6%) 16(9.0%) .624
AMYN 4(33.3%) 10(26.3%) 25(19.5%) 39(21.9%) .413
HBS-GN 0.0% 1(2.6%) 1(0.8%) 2(1.1%) .592

Total LN 79(31.2%) 224(36.8%) 272(24.6%) 575(29.2%) <.001
HSN 54(21.3%) 125(20.6%) 196(17.7%) 375(19.1%) .220
DN 14(5.5%) 36(5.9%) 145(13.1%) 195(9.9%) <.001
SV 20(7.9%) 45(7.4%) 102(9.2%) 167(8.5%) .406
BANS 32(12.6%) 53(8.7%) 118(10.7%) 203(10.3%) .191
AMYN 13(5.1%) 26(4.3%) 56(5.1%) 95(4.8%) .745
HBS-GN 11(4.3%) 39(6.4%) 86(7.8%) 136(6.9%) .129

LN: lupus nephritis; HSN: Henoch-Schonlein nephritis; DN: diabetic nephr-
opathy; SV: systemic vasculitis; BANS: benign nephrosclerosis; AMYN:
amyloidosis nephropathy; HBV-GN: hepatitis B virus-glomerular
nephropathy.
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There was a male predominance among DN, BANS, AN
and HBV-GN biopsies with statistically significant differ-
ence whereas females were absolutely prevalent among
LN biopsies (Table 3). LN was the most common SGN,
accounting for 20%–50% during the whole study
period; this diagnosis showed a modest decline after
2008. There was no significant change in the trends of
other SGN diagnoses (Figure 4).

Table 4 and Table 5 showed that the temporal trends
in the renal biopsy frequencies of the most common
PGN and SGN subtypes by age strata. As shown in
Table 4, the frequency of MN increased significantly
(p< .001) and nearly increased 2 times from 2006–2010
to 2011–2015. The analysis by age category indicated
that the frequency of MN in all age categories increased
significantly over time (p< 0.001).The distribution of
IgA N by age group appeared a ‘triangle’ shape, peak-
ing in the 25–34 years old age group (1302/1943,
67.0%) and 35–44 years old age group (1225/2005,
61.1%), which corresponded with previous reports from
Peking University in China [12]. And the LN presented a
similar distribution tendency. Overall, compared to IgA
N, the age-group predilection of MN was older in the
55–64 and �65 category. In contrast, MCD was most
commonly diagnosed in the youngest age group of
15–24 category (252/1355, 18.6%), the second common
happening in �65 category with 12.0% and 55–64 cat-
egory with 8.6%.

LN, HSN, DN, SV, BANS, AMYN and HBS-GN were the
most common SGN diagnoses. As shown in Table 5, LN
peaked in the age 25–34 category. HSN peaked in the
age 15–24 category and decreased sharply in the suc-
ceeding age categories before stabilizing around age
45 and beyond. HBS-GN peaked in the age 25–34 cat-
egory. DN and BANS both peaked in the middle-age
groups, between the age of 45 and 54 years old,

whereas the diagnosis of AMYN appeared mostly in
older age groups. The diagnosis of HBV-GN was most
common in the 25–34 category, with a male predomin-
ance, consistent with previously reported age and sex
distributions from China [15]. This is related to the age
of onset of hepatitis B patients in China. The frequen-
cies of SV and AMYN increased with age. The constitu-
ent ratio of each SGN changed dynamically at different
time intervals. LN decreased significantly (p< .001), DN
increased over twice (p< .001).

Type IV and type V were the most common histo-
logic diagnoses within LN, both types in total occupy-
ing about 60%. The following was IVþV miscellaneous
type (11.9%). As for other types, each type respectively
was less than 10% with a small share (Figure 5).

Discussion

There was a dramatic increase in the number of renal
biopsies at our center during the past 15 years, which
correlates with an increased number of ward beds and
improvements in renal biopsy technology. In addition,
with improvements in economic status and health care
reform, more patients could afford payment for renal
biopsy. Based on the stratified analysis of age, the pro-
portion of biopsies in patients over 45 years old
increased, consistent with the recent report on the
prevalence of biopsy-proven renal diseases in elderly
Chinese patients from the Nan Jing [16]. The increasing
proportion of biopsies among the elderly might be due
to aging of the Chinese population, as well as improved
technology allowing for safe renal biopsy over a larger
age range.

We found IgA N to be the most common PGN, com-
prising about 50% of cases of PGN; this is similar to pre-
vious reports from our country [11,12,17]. However,
there is a significant difference in the distribution of the
most frequent PGN among different regions and races.
For example, in many European countries [1–7], some
Asian countries [8–12], the United States [13], and
Australia [14], IgA N is the most common PGN; in con-
trast, the most common PGN is FSGS in Brazil [18–20],
India [21], and the United States [22–26], MsPGN in
South Africa [27] and Demark [28], MN in Macedonia
Serbia [29,30], membranoproliferative glomeruloneph-
ritis (MPGN) in Romania [31], and IgM nephropathy in
Thailand [32]. The variability above noted may repre-
sent differences in the regions, environmental level and
genetic background influencing patients’ susceptibility
to various nephropathy categories. Furthermore, the
difference in indications for renal biopsy in various parts
of the world is the major factor contributing to diversity

Figure 5. Proportion of lupus nephritis diagnoses.
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in distribution of renal diseases in various countries.
Concerning IgA N, we found a slow decline starting in
2010, which is different from the increasing trend found
in previous domestic reports [11,12]. This natural, social
and lifestyle change may be due to economic and
industrial development in China. A similar finding was
also observed in other Chinese subpopulations [33]. To
some extent, the decrease in the biopsies from the
young age group to the middle age group with subse-
quent increase in the older age group might reflect a
higher susceptibility to MN among older patients. The
fact also illustrated MN has kept an increasing trend. In
addition, we think IgAN is a disease of an early onset
age and a long course. With the extensive development
of medical treatment in China, the time to discover and
treat patients is gradually advanced, that making the
new cases tend to decline steadily. However, because
we identified the trend of IgA N decreasing over a
recent 5-year time period, it was difficult to determine
if this is a long-term trend, an anomaly or just a temper-
ate wave; further long-term observation is needed.

Another significant difference we found was that MN
dramatically increased during the study period, repre-
senting a larger proportion (25.2%) of PGN in 2014 than
in the other years. We found a similar trend reported in
previous studies in China [34]. The result of our study
may be interpreted in the context of increasingly
aggressive biopsy performance; however, this is unlikely
to be the main reason for the increasing incidence of
MN, because there has been no increase in the rate of
biopsy performance in the most recent 5 years, and the
rate of MN diagnosis has continued to rise. The
increased proportion of MN diagnoses could be due to
aging of the Chinese population. A recent report from
Nanjing [16] has shown that MN was the most common
histologic diagnosis in patients over 65 years old. We
found that MN surpassed IgA N to become the most
common PGN in the 55– 64-year-old age group. In add-
ition, there are some case reports that susceptibility to
MN correlates with heavy metal exposure and accumu-
lation, including argentum [35], mercury [36], lithium
[37], and others. Thus the increased rate of MN might
be related to increased pollution due to greater use of
automobiles and industrialization. Recent studies have
shown that long-term exposure to high levels of PM25
may be associated with an increased risk of MN [38].
However, the specific mechanism still needs fur-
ther study.

There was a noticeable decrease in the diagnosis of
MsPGN during the first decade of the 21st century,
which continued through the most recent 5 years. As
we know MsPGN is an early stage of many diseases, we

are currently used for a small amount of proteinuria or/
and hematuria, that with certain mesangial cells and
mesangial matrix hyperplasia but without a dense sub-
stance by LM and EM. And as the disease diagnosis pro-
gresses, the number of diagnoses of this disease in our
center is also gradually decreasing. This is similar to pre-
vious domestic reports [11,12,17]. One reason for this
phenomenon is that many cases were diagnosed as
other categories, due to improvements in diagnosis and
microscopic analysis.

Moreover, we found a higher proportion of LN and a
lower proportion of FSGS and DM compared with
European [1–7] and American [13,22–26] reports, partly
due to differences in heredity and the environment.
However, variation in the frequency of DM could be
explained by other factors. Considering renal biopsy
indications, we did not have any patients underwent
renal biopsy for diabetes, except those with unsatisfac-
tory clinical curative effect and those suspected to have
a different renal disease. So the prevalence of DN might
be underestimated, actually.

There are some limitations of our study. Firstly, as a
single-center study, the enrolled patients may not have
been an adequate representation of the entire Chinese
population. Our hospital is the referral medical center
for renal disease in the Zhejiang Province in the eastern
part of China, we received many referral patients, par-
ticularly severely ill patients. Thus a detection bias was
unavoidable. 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 findings may not be applicable to the general
population. However, the reporting of renal biopsy data
from a single center with stable biopsy and diagnostic
criteria is useful for the assessment of changing pat-
terns in renal disease. Secondly, as it is an observational
study, we could only observe the changes in the fre-
quencies of kidney diseases and thus could not fully
explain the reasons behind these changes. Some stud-
ies are limited by a lack of clinical details and variability
in renal biopsy practices across the whole country; we
could not determine whether the changes in the pro-
portion of renal biopsy diagnoses were due to differen-
ces of environment, patient-specific factors, social
development, or differences amongst geographic
regions. Hence, follow-up studies are required to eluci-
date the roles of various factors in the frequencies of
kidney diseases.

In conclusion, the pathologic spectrum of renal dis-
ease has changed within the last 15 years, especially
concerning PGN. IgA N remains the most common PGN,
although there was a steady decline in the most recent
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5 years. In the 5-year interval comparison, the relative
frequency of MN has continued to increase, while the
relative frequency of MsPGN has dramatically decreased
over the past 15 years. Concerning SGN, LN peaked in
the younger-age and middle-age groups with a signifi-
cant female prevalence, whereas DN, BANS and SV had
a male predominance peaking in the middle-age and
old-age groups.
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