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ABSTRACT

Background. Several renal biopsy registries in Europe have shown geographical and temporal variations in the patterns of
renal diseases. However, there is a lack of current data on trends of renal disease in Central Europe.

Methods. After exclusion of transplant and re-biopsies, the renal biopsy registry of the German RWTH Aachen University
Hospital included data of 1208 biopsies over a period of 24 years (1990–2013). Trends in the biopsy rate and diagnosis of
glomerular diseases were analysed.

Results. The average annual biopsy incidence was 6.1 biopsies per 100 000 population. The frequency of kidney biopsies
increased significantly over the years (P<0.001). Primary glomerulonephritis (GN) accounted for nearly two-thirds (58.4%) of
all native kidney biopsies, and immunoglobulin A-nephropathy (IgAN) was the leading histological diagnosis (34.7%)
followed by necrotizing GN (RPGN) at 18.7%. IgAN increased 2-fold over the study periods (þ195%, P<0.001). Focal
segmental glomerulosclerosis accounted for 6.1% of all diagnoses, and its frequency rose to 3.9-fold (þ388%, P<0.001).
Lupus nephritis showed a doubling in incidence (P¼0.0499), while acute tubular necrosis decreased to 3.5-fold (P¼0.0008).
All other disease entities failed to exhibit linear trends over time. In children, the most common pathologies were IgAN
(26.1%) and minimal change disease (21.7%), whereas RPGN (19.4%) dominated in the group of patients >60 years.

Conclusion. IgAN was the most common primary glomerular disease in our centre and its prevalence increased over 24 years.
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INTRODUCTION

Several renal biopsy registries in Europe have shown geographi-
cal and temporal variations in the patterns of renal diseases,
and different evolutions of incidence rates over the years have
been reported. In most European countries, immunoglobulin

A-nephropathy (IgAN) is the most common histologically diag-
nosed primary renal disease [1–8]. However, in some countries,
other diseases like membranous nephropathy [9, 10] or mem-
branoproliferative glomerulonephritis (GN) [11] are ranked first.
The incidence of focal segmental glomerulosclerosis (FSGS)

Received: 7.12.2018; Editorial decision: 4.2.2019

VC The Author(s) 2019. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

795

Clinical Kidney Journal, 2019, vol. 12, no. 6, 795–800

doi: 10.1093/ckj/sfz023
Advance Access Publication Date: 18 March 2019
Original Article

http://orcid.org/0000-0001-6050-5842
https://academic.oup.com/
https://academic.oup.com/
https://academic.oup.com/


varies worldwide. FSGS is the most common idiopathic glomer-
ular disease in adults particularly in centres of North America
[12–16] and South America [17, 18], and some studies have
reported a growing incidence of FSGS [13, 15], particularly in the
black and Hispanic population [14, 17, 19]. Similar increases are
less well documented in the Caucasian population [20].

Data on biopsy-proven renal diseases in Germany and
German-speaking countries are scarce, in contrast to Italy [3, 5],
Denmark [22, 23], Spain [2], Lithuania [8] and Czech Republic [1],
where large national renal biopsy registries exist. In addition,
temporal trends in incidences have been reported in only a few
studies. The aim of this retrospective study was to analyse the
epidemiology and changing patterns of renal diseases based on
the histological diagnosis from a single centre in Central Europe
over a period of 24 years.

MATERIALS AND METHODS
Patients and histological specimens

The results of all native renal biopsies performed at the
University Hospital Aachen, Germany during the period of
January 1990 to December 2013 were analysed retrospectively.
To allow a comparison with previous reports, the patients were
divided into three groups according to age: children were
�15 years, adults 16–60 years and the elderly >60 years. In addi-
tion, to compare the diseases in detail, the adults were split into
three further age groups consisting of 16–30, 31–45 and 46–
60 years.

The following data were registered for each patient: name,
date of birth, sex, date of biopsy and primary leading histologi-
cal diagnosis. Other histological diagnoses such as secondary
diagnoses were not considered. Biopsies of transplant kidneys
were excluded. Patients with re-biopsies (more than one biopsy)
were also excluded.

Given that all biopsies were performed by a single centre
with a relatively fixed biopsy policy, indications for renal biop-
sies did not change substantially during that period. The follow-
ing criteria constituted an indication for renal biopsy at the
RWTH Aachen University Hospital: nephrotic syndrome, ne-
phritic syndrome, impaired glomerular filtration rate of uncer-
tain origin with or without significant proteinuria (defined as
>1 g/day) and persistent acute renal failure of undetermined or-
igin. The specimens of renal biopsies obtained at the RWTH
Aachen University Hospital were sent to the Department of
Pathology of the University Medical Center Hamburg-Eppendorf
from 1990 to 1998 and to the Department of Cellular and
Molecular Pathology, German Cancer Research Center (DKFZ) in
Heidelberg, Germany from 1999 to 2013 for histological interpre-
tation and diagnoses. All biopsy specimens were stained and
analysed at both sites by identical methods using light micros-
copy, immunohistology and electron microscopy. Where appro-
priate, specific (immuno-)staining was performed. All biopsies
were evaluated by two nephropathologists (U.H., H.-J.G.) only.

Histological diagnoses

For the analyses, the histological diagnoses were divided into
six major categories: primary glomerular disease, secondary
glomerular disease, acute and chronic tubulointerstitial nephri-
tis or acute tubular necrosis (TIN), vascular nephropathy, hered-
itary nephritis and miscellaneous pathologies.

Primary GN included IgAN, membranous glomerulonephritis
(MGN), FSGS, global sclerosis, necrotizing GN (rapidly

progressive glomerulonephritis, RPGN), minimal change disease
(MCD), membranoproliferative GN types 1 and 2, non-IgA
mesangioproliferative nephropathy, endocapillary GN and thin
basement membrane nephropathy.

Secondary GN contained lupus nephritis, amyloidosis, dia-
betic nephropathy, secondary FSGS, Goodpasture’s syndrome,
cholesterol embolism, IgA vasculitis (Henoch–Schönlein pur-
pura), C3-GN and light-chain deposition disease. TIN was classi-
fied into acute TIN, chronic TIN, interstitial nephritis and
fibrosis, granulomatous TIN and myeloma cast nephropathy.

Hypertensive nephrosclerosis, thrombotic microangiopathy,
haemolytic uraemic syndrome, ischaemic glomerulosclerosis, renal
infarction, arteritis, eclampsia-induced nephropathy and renal cor-
tical necrosis were pooled under the term ‘vascular nephropathy’.

Hereditary disorders included Alport syndrome, Fabry dis-
ease and other hereditary glomerulopathies.

Miscellaneous diagnoses were, for example, renal tumours,
normal renal tissue or non-classifiable diseases.

Time periods

The data were analysed from 1 January 1990 to 31 December
2013. For better comparison, three periods of 8 years each, that
is, 1990–97, 1998–2005 and 2006–13, were chosen. To determine
the biopsy rates, the complete population of the catchment area
of the University Hospital Aachen in the years 1995, 2001 and
2011 was used. Data for 1995 and 2001 were based on estimates
of the Federal Statistical Office in Germany, and the population
in 2011 was determined by population census. The population
of the catchment area of the University Hospital Aachen varied
from 815 000 to 832 000 to 809 000, respectively, over the three
periods analysed. The catchment area was calculated as fol-
lows: the county Aachen (707 km2 with 547 861 inhabitants in
the mean) and the rural community surrounding Aachen (alto-
gether 829 km2 and 270 883 inhabitants) were considered, that
is, altogether 818 744 inhibitants in 1536 km2. The population
density of 533 inhabitants/km2 is above the German (231 inhabi-
tants/km2) and the European average (approximately 117 inhab-
itants/km2). The RWTH Aachen University Hospital is the only
hospital in this area where renal biopsies were performed.

Statistical analysis

Data were originally stored on Microsoft Office Access and on
Microsoft Office Excel. Statistical analysis was performed using
the SPSS statistical software package for Windows (Version
21.0, IBMVR Corp.) and SAS Statistical Analysis Systems (Version
9.4). The annual incidence was defined as the number of new
cases per year related to the catchment area, expressed as per
hundred thousand population per year (php/year). Furthermore,
Fisher’s exact test was used for categorical variables and a mod-
ified Pearson Chi-square test called ‘Cochrane-Armitage test for
trend’ for continuous variables and their proportions. P < 0.05
were considered statistically significant.

RESULTS
Biopsies

All native renal biopsies performed at the RWTH Aachen
University Hospital from January 1990 until December 2013
were analysed. In total, 2243 biopsies were performed. After ex-
cluding 944 transplant biopsies and 91 patients with re-
biopsies, a total of 1208 patients with one native kidney biopsy
were enrolled.
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Frequency of renal biopsies

The biopsy rate showed a significant increase over 24 years
(P< 0.001). Initially, the biopsy rate was stable in the first period
(1990–97; 5.5 biopsies php/year) and in the second period (1998–
2005; 5.5 biopsies php/year). It rose to 7.4 biopsies php/year in
the last period (2006–13). As shown in Table 1, the renal biopsy
rate is comparable to that of other European studies except for
results from Romania and Serbia with lower rates.

Demographics

A total of 23 (2%) children, 809 (67%) adults and 376 (31%) elderly
were biopsied; 63% of them were male. The average age of all
patients increased from the first period to the last period
(P< 0.002; Table 2). The percentage of patients >60 years rose
from 28% in the first period to 35% in the last period (P¼ 0.027).

Diagnostic categories

The majority of patients had a primary glomerular disease
(58%), with male predominance (Table 3). The absolute numbers
of primary GN showed a non-significant trend (P¼ 0.24;
Figure 1), whereas the relative frequencies remained stable (53,

65 and 58% in the first, second and third period, respectively).
The diagnosis of secondary GN increased over time (P¼ 0.04).
The categories of vascular nephropathy, tubulointerstitial dis-
eases, hereditary nephritis and miscellaneous diagnoses were
stable across all 8-year time frames.

Glomerular diseases

The most frequent glomerulopathies of all diagnoses (n¼ 1208),
irrespective of their categories, were IgAN (20.3%), RPGN (10.9%),
nephrosclerosis (10.3%), MGN (8.7%), MCD (6.1%) and FSGS (6.1%;
Table 4).

Primary and secondary GN

When analysing only patients with primary GN (n¼ 706), IgAN
was the most common entity (34.7%) with a male predominance
(72.2%). RPGN was diagnosed especially in the group of the el-
derly with an average 6 SD age of 59.7 6 15.4 years and was the
second most frequent primary GN diagnosis (18.7%), followed
by MGN (14.9%), MCD (10.5%), FSGS (7.8%), global glomeruloscle-
rosis (5.0%) and endocapillary GN (3.3%).

In the analysis of secondary GN (n¼ 190) lupus nephritis was
the most common glomerular disease, accounting for 30.5% of
secondary GN, with a significant female predominance (72.4%).
Amyloidosis and diabetic nephropathy were other frequent
causes with 22.1 and 21.6%, followed by secondary FSGS (10%).

Trends with time

To evaluate changing patterns of kidney disease, diagnoses
with the highest prevalence were analysed over time (Figure 2
and Table 4). While the incidence of IgAN rose 2-fold (þ195%,
P< 0.0001) and FSGS 3.9-fold (þ388%, P< 0.0001), a 3.5-fold de-
crease of acute TIN (P¼ 0.0008) was detected. Lupus nephritis
showed a doubling in incidence (P¼ 0.0499), whereas the

Table 1. Summary of the annual renal biopsy rate in European studies (modified from Naumovic et al. [31])

Country (reference) Type of registry Follow-up (years)
Number of

biopsies Biopsy rate (php/year)
Population density
(inhab./km2) (2002)

Spain [2] National 6 7016 4.8 81
Finland [32] Six centres 24 3310 17.6 15
Italy [3] National 7 15 461 NA 187
Denmark [22] National 13 2380 4.0 125
France [4] Single centre 27 1742 16.2 108
Czech Republic [1] National 7 4004 4.4–6.9 129
Romania [11] Two centres 10 606 1.1 94
Serbia [31] Single centre 20 1626 1.1 84
Northern Ireland [24] Single centre 30 2128 2.0–7.1 122
Germany, present study Single centre 24 1208 6.1 231

Table 2. Demographics

Category All (%) 1990–97 (%) 1998–2005 (%) 2006–13 (%)

Age (years) 50 6 17.5 48 6 18.1 49 6 16.5 52 6 17.6
Gender (m/f) 759 (63) /449 (37) 215(60)/143 (40) 235 (64)/133 (36) 309 (64)/173 (36)
Children (�15 years) 23 (2) 14 (4) 4 (1) 5 (1)
Adults (16–60 years) 809 (67) 242 (68) 260 (71) 307 (64)
Elderly (>60 years) 376 (31) 102 (28) 104 (28) 170 (35)

Given are mean 6 SD or n (%). m, male; f, female.

Table 3. Distribution of histological diagnoses

Category Male (%) n (%)

Primary GN 65.5 706 (58.4)
Secondary GN 51.2 190 (15.7)
Vascular nephropathy 65.6 154 (12.8)
TIN 60.6 127 (10.5)
Miscellanous pathologies 70.0 20 (1.7)
Hereditary nephritis 45.5 11 (0.9)
Total 62.8 1208 (100)
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incidences of nephrosclerosis, MGN and MCD remained rela-
tively stable.

Trends with age

The peak incidence of IgAN was in the 31- to 45-year age cate-
gory at 29.3% (see Figure 3). Overall, IgAN dominated in all age
categories except in the >60 years age category, where RPGN
ranked first with 19.4% and IgAN was second with 15.2%.

Lupus nephritis affected patients of the younger generation
and was most commonly diagnosed in the age group of
16–30 years (14.5%) with a mean age of 35.1 6 12.5 years and a
female predominance (72.4%; P< 0.001).

In children, the most common pathologies were IgAN
(26.1%), MCD (21.7%), and nephrosclerosis and interstitial ne-
phritis (each 8.7%).

DISCUSSION

In this study, we present current data on trends of renal dis-
eases in a single-centre study in Germany over a period of
24 years. To the best of our knowledge, this is the first report of
a current renal biopsy registry with analysis of trends in central
Europe with such a long period of follow-up and number of bi-
opsies. Studies from other countries reported geographical and

temporal variations in the patterns of renal disease [1, 3, 10–13,
22–25]. We found a constant proportion of primary GN over the
years of 58%, which is in line with other European studies [1–5,
11, 24]. Within the primary GN, IgAN made up 34.7% of the diag-
noses and thus was the leading histological diagnosis of the re-
nal biopsy database (20.3%).

One of our major findings is that the IgAN incidence in-
creased significantly over the period of 24 years. IgAN is the
most common renal disease in Europe [1–5] and in some Asian
countries [27–28]. In the USA, IgAN frequency has been reported
variably, with it being the leading diagnosis in some [20] but not
all regions [12]. Concerning the risk factors for IgAN, both im-
munogenetic and environmental factors have been discussed to
play a role. In France, the incidence of IgAN was stable over
27 years, suggesting that immunogenetic factors are of higher
impact than environmental factors for the onset of IgAN [4] (un-
less environmental factors remain stable). However, in line with
our study, Hanko and colleagues [24] also described an increase
in IgAN incidence in Northern Ireland. What are the potential
reasons for an increase in IgAN incidence? First, a higher biopsy
rate could be the reason for an increased incidence as IgAN may
occur subclinically. However, in contrast to the study of Hanko
et al. [24], which noted a 4.7-fold increase of biopsy rates, we ob-
served only a 1.4-fold increase of biopsy rate over the period.
Consequently, if at all, increased biopsy frequency may
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FIGURE 1: Histological diagnoses divided into 8-year time frames (n¼1208).

Table 4. Incidence of renal diseases in Aachen, Germany for a period of 24 years, divided into three 8-year time frames

GN
subtype

1990–97 1998–2005 2006–13 All years
Trend of incidence

n (%)
Incidence
php/year n (%)

Incidence
php/year n (%)

Incidence
php/year n (%)

Incidence
php/year P-value

IgAN 41 (11) 0.6 83 (23) 1.2 121 (25) 1.9 245 (20) 1.2 <0.0001
RPGN 50 (14) 0.8 41 (11) 0.6 41 (9) 0.6 132 (11) 0.7 0.353
NSc 39 (11) 0.6 34 (9) 0.5 51 (11) 0.8 124 (10) 0.6 0.174
MGN 25 (7) 0.4 46 (13) 0.7 34 (7) 0.5 105 (9) 0.5 0.266
FSGS 8 (2) 0.1 27 (7) 0.4 39 (8) 0.6 74 (6) 0.4 <0.0001
MCD 33 (9) 0.5 20 (5) 0.3 21 (4) 0.3 74 (6) 0.4 0.091
LN 13 (4) 0.2 20 (5) 0.3 25 (5) 0.4 58 (5) 0.3 0.0499
aTIN 25 (7) 0.4 11 (3) 0.2 7 (1) 0.1 43 (4) 0.2 0.0008
Others 124 (35) 1.9 86 (23) 1.3 143 (30) 2.2 353 (29) 1.8 0.1935
Total 358 (100) 5.5 368 (100) 5.5 482 (100) 7.4 1208 (100) 6.1 <0.0001

NSc, nephrosclerosis; LN, lupus nephritis; aTIN, acute tubulointerstitial nephritis.
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contribute only a minor proportion to the increased IgAN inci-
dence. Secondly, an altered biopsy indication could explain the
changing patterns of renal diseases, but the stable biopsy policy
and almost identical nephrologists in our centre over the study
period as well as a consistent biopsy evaluation argue against
this option. Thirdly, a recent study reported that socioeconomic
deprivation was associated with biopsy-proven IgAN [29].
Though we did not determine socioeconomic factors in our
study, deprivation as cause for an increased IgAN incidence
seems unlikely as the region of Aachen did not undergo any
major socioeconomic changes in recent decades. Fourthly, in-
creased rates in metabolic syndrome could be a reason for in-
creased IgAN incidence. However, this is highly speculative.
Though we did not determine body mass index (BMI) in our
patients, an increase in BMI from 25.1 kg/m2 in 1999 to 25.8 in
2013 has been reported in Germany (Federal Statistical Office,
Germany). Fifthly, a combination of the abovementioned factors
would also be a possible explanation for the increased IgAN in-
cidence over time.

Our second major finding is an increase in the incidence of
FSGS over time. Ethnic differences have been described in FSGS
incidences where Afro-Americans show a clear predominance
[14, 15]. In line with our finding, other studies also reported an
increase in FSGS incidence [7, 12, 13, 20]. Interestingly, despite a
predominance of Caucasian ethnicity (>80% white race), a study
from Minnesota [20] also reported a higher FSGS incidence (17%)
than ours (8%), which may be due to the fact that more obese
patients were biopsied in Minnesota compared with our study.
Contrary to our study, Hanko et al. [24] could not observe an in-
crease in FSGS incidence. One potential reason for this differ-
ence could be that numbers of FSGS cases in Northern Ireland
were likely too small to observe significant trends. Concerning

underlying factors for an increasing FSGS incidence in a mainly
Caucasian population, Swaminathan and collegues [20] dis-
cussed urbanization and increasing obesity as potential rea-
sons. In fact, our area had a higher population density in
comparison with other European regions. In addition, as out-
lined above, an increase in BMI was indeed reported in
Germany between 1999 and 2013, but we have no specific infor-
mation on our patients.

We found RPGN to be the most common glomerular disease
in the elderly, with a significant increase over time. Hedger et al.
[30] also reported an increased RPGN incidence with age.
Brazdziute et al. [8] related the relative increase in crescentic GN
to an improved clinical diagnosis of the disease. On the con-
trary, Swaminathan et al. [20] observed a non-significant decline
of RPGN incidence over time. Reasons for our observation of an
increased RPGN incidence with age remain highly speculative
and could be related to an ageing population.

One limitation of our study is the lack of clinical data.
Nevertheless, the strength of the present study is that the renal
biopsy indication policy did not change over the years. Another
limitation is the difficult comparison with other registries and
centres because of the potential differences in biopsy rates with
geographical and temporal variation. The reported incidences
are usually based on the epidemiology of moderate and severe
disease, whereas mild forms may be underdiagnosed. With a re-
stricted number of cases, we may have missed smaller differen-
ces or trends in our study. Key strengths of our study include
the long follow-up of 24 years, the evaluation of all biopsies us-
ing identical methods by two nephropathologists (senior and
scholar) from the same school.

In conclusion, we noted a major absolute and relative in-
crease in biopsy-confirmed IgAN at our centre. FSGS also exhib-
ited a major relative increase although absolute numbers were
much smaller compared with IgAN. While the continued obe-
sity epidemic and an ageing population may in part explain the
trends in FSGS incidence, the reasons underlying the marked in-
creased in IgAN diagnosis remain unknown at present.
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