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ABSTRACT 

Background. Epidemiologic assessments of anti-glomerular basement membrane ( GBM) disease have been challenging 
due to its rare occurrence. We examined changes in the incidence and outcomes from 1998 to 2018 using nationwide 
healthcare registries. 
Methods. All patients with incident anti-GBM disease were identified using the International Classification of Diseases, 
10th Revision code DM31.0A. Controls were matched 4:1 on birthyear and sex using exposure density sampling. Log link 
regression adjusted for time, age and sex was applied to model survival. 
Results. We identified 97 patients with incident anti-GBM disease, corresponding to an incidence of 
0.91 cases/million/year [standard deviation ( SD) 0.6]. The incidence increased over time [1998–2004: 0.50 ( SD 0.2) , 
2005–2011: 0.80 ( SD 0.4) , 2012–2018: 1.4 ( SD 0.5) ; P = .02] and with age [0.76 ( SD 0.4) , 1.5 ( SD 1.04) and 4.9 ( SD 2.6) for 
patients < 45, 45–75 and > 75 years]. The median age was 56 years ( interquartile range 46) and 51.6% were female. Dialysis 
was required in 58.4%, 61.9% and 62.9% of patients at day 30, 180 and 360, respectively. The 1-year kidney survival 
probability was 0.38 ( SD 0.05) and exhibited time-dependent changes [1998–2004: 0.47 ( SD 0.13) , 2005–2011: 0.16 ( SD 0.07) , 
2012–2018: 0.46 ( SD 0.07) ; P = .035]. The 5-year mortality was 26.8% and mortality remained stable over time ( P = .228) . 
The risk of death was greater than that of the matched background population {absolute risk ratio [ARR] 5.27 [confidence 
interval ( CI) 2.45–11.3], P < .001}, however, it was comparable to that of patients with anti-neutrophil cytoplasmic 
antibody–associated vasculitis ( AAV) requiring renal dialysis at presentation [ARR 0.82 ( CI 0.48–1.41) , P = .50]. 
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Conclusion. The incidence of anti-GBM disease increased over time, possibly related to temporal demographic changes. 
Mortality remained high and was comparable with an age- and sex-matched cohort of dialysis-dependent AAV patients. 

Keywords: age, analysis, epidemiology, gender, prognosis, survival 

KEY LEARNING POINTS 

What was known: 

• Anti- glomerular basement membrane ( GBM) disease is a rare small vessel vasculitis that affects glomerular and pulmonary 
capillaries, resulting in rapidly progressive glomerulonephritis and pulmonary haemorrhage.

• Anti-GBM disease is associated with a high risk of chronic renal failure and death.
• Efforts to accurately define the incidence and long-term outcomes in epidemiologic studies have been challenging due to 

the rarity of this disease.

This study adds: 

• Nationwide data on 97 patients with anti-GBM disease from 1998 to 2018 was used.
• The incidence of anti-GBM disease increased over the test period, possibly related to better disease awareness, higher testing 

frequency and a demographic shift towards a larger population of older people.
• Mortality remained high and was comparable with an age- and sex-matched cohort of dialysis-dependent patients with 

neutrophil cytoplasmic antibody–associated vasculitis.

Potential impact: 

• Better understanding of the association between temporal changes in anti-GBM disease incidence, anti-GBM testing fre- 
quency, age and double positivity of anti-neutrophil cytoplasmic antibody and anti-GBM serology.

• Emphasis on optimized methods for identifying patients at risk of contracting anti-GBM disease, with a specific focus on 
renal involvement and the need for dialysis at diagnosis, which is a marker of severe high-risk disease with poor chances 
of renal survival.

• Improved awareness of the age- and sex-dependent differences in clinical presentation and outcomes.

INTRODUCTION 

Anti-glomerular basement membrane ( GBM) disease is a small 
vessel vasculitis affecting the kidneys and lungs. It is caused by 
the development of directly pathogenic autoantibodies target- 
ing epitopes on the α3 chain of collagen type IV found in the 
glomerular and alveolar basement membrane [1 , 2 ]. Anti-GBM 

disease is characterized by rapidly progressive glomerular dis- 
ease ( RPGN) and pulmonary haemorrhage, potentially leading to 
organ failure requiring renal replacement therapy ( RRT) and in- 
vasive ventilation, with a subsequent high risk of chronic renal 
failure and death. 

Epidemiological studies in anti-GBM disease are challenging, 
as it is a rare disease with an estimated annual incidence of 1–1.5 
cases/million/year [1 , 2 ] and large nationwide populations of un- 
selected patients are not readily accessible. To date, few studies 
have assessed the incidence based on nationwide data and have 
instead relied on collaborations between selected centres within 
one country or between several different countries, which com- 
plicates classic epidemiologic assessments, and are prone to in- 
accurate calculations of time- and age-dependent alterations, as 
they rely on selected data. Here we examined the incidence and 
outcomes based on unselected data from the Danish nationwide 
healthcare registries in the period 1998–2018. 

MATERIALS AND METHODS 

Patients, case ascertainment and registries 

Danish nationwide administrative registries, i.e. the National Pa- 
tient Registry, the Danish Registry of Medicinal Product Statis- 
tics, the National Causes of Death Registry and the Central Per- 

son Registry as described previously [3 ], were used to extract 
data on all patients diagnosed with anti-GBM disease defined by 
the International Classification of Diseases, 10th Revision ( ICD- 
10) code DM31.0A between 1998 and 2018. Information on anti- 
GBM testing was based on blood samples obtained from four 
of five administrative regions in Denmark during 2013–2018. To 
increase the sensitivity of the diagnostic codes, prescriptions 
of glucose-lowering drugs ( A10) and loop diuretics ( C03C) were 
used as proxies for diabetes and congestive heart failure [4 ]. Sim- 
ilarly, we defined hypertension as treatment with two or more 
antihypertensive drugs within a period of 3 months or any hos- 
pital admission with a hypertension diagnosis ( ICD-8: 400–404; 
ICD-10: DI10-15) [5 ]. Baseline renal function was assessed by the 
need for dialysis [end-stage kidney disease ( ESKD) ] or the devel- 
opment of chronic kidney disease ( CKD; defined by ICD-10 di- 
agnostic codes DN02–08, DN11–12, DN18–19, DN26, DN158–159, 
DN162, DN164, DN168, DI120) , and chronic dialysis was defined 
as the need of recurrent dialysis for > 60 days. Advanced disease 
severity was defined as an initial hospital stay lasting > 10 days 
or death within 10 days from admission. 

We assessed the ICD-10 diagnostic code associated with anti- 
GBM disease ( DM31.0A) in a pilot study of 19 patients from the 
northern region of Denmark who were diagnosed with anti- 
GBM disease in the Danish National Patient Registry during the 
years 2000–2019 and found a positive predictive value ( PPV) of 
100% [confidence interval ( CI) 83–100]. All patients were iden- 
tified by ICD-10 code and the anti-GBM disease diagnosis was 
manually cross-referenced in the patients’ local medical records. 
A diagnosis of anti-GBM disease was considered true if there 
was an elevated anti-GBM antibody in conjunction with biopsy- 
proven crescentic glomerulonephritis and/or alveolitis, with 
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Table 1: Baseline characteristics of patients with anti-GBM disease stratified on age. 

Characteristics Total Age ≤50 years Age > 50 years P for difference 

Patients, n 97 38 59 –
Age ( years) , median ( IQR) 56 ( 46) – – –
Female, n ( %) 50 ( 51) 14 ( 38.8) 36 ( 61.0) .020 
HTN, n ( %) 43 ( 44.3) 13 ( 34.2) 30 ( 50.9) .107 
COPD, n ( %) 7 ( 7.2) ≤3 a ≤10 a .161 
DM, n ( %) 12 ( 12.4) ≤3 a ≤10 a .088 
CHF, n ( %) 10 ( 10.3) ≤3 a ≤10 a .190 
IHD, n ≤3 a ≤3 a ≤3 a .158 
Cancer, n ( %) 14 ( 14.4) ≤3 a ≤14 a .001 

HTN: hypertension; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; CHF: chronic heart failure; IHD: ischaemic heart disease. 
a Exact number not filed due to the anonymization policy. 

linear staining of immunoglobulin G ( IgG) on immunofluo- 
rescence. The PPV was calculated as the proportion of diag- 
noses in the national patient registry confirmed by medical 
records review, with 95% CIs according to the Wilson score 
method [6 ]. 

Statistics 

The chi-squared test or Fisher’s exact test and Student’s t - 
test or Mann–Whitney exact test were used to examine dif- 
ferences in categorical and continuous variables, respectively. 
One-way analysis of variance ( ANOVA) was employed to test 
differences in means between groups. Local weighted scat- 
terplot smoothing ( LOESS) was applied to fit smooth curves 
through points in a scatterplot based on local weighted regres- 
sion. The crude incidence of anti-GBM disease was expressed 
as cases/million/year. The cumulative incidence was computed 
based on the Aalen–Johansen estimator and assessed by Gray’s 
non-parametric test, and mean follow-up time was calculated 
by use of reverse Kaplan–Meier. Unadjusted, time-specific Cox 
regression was used to model absolute survival probability at 
1 year, expressed in percent. Absolute risk regression models, 
based on log link cumulative incidence regression [7 ], were used 
to model survival expressed as absolute risk ratios ( ARRs) . The 
AAR models were adjusted for year of inclusion, age and sex. In 
analyses of survival data, patients entered the model at the date 
of admission for the primary hospitalization when the anti-GBM 

diagnosis was initially confirmed and non-hospitalized patients 
diagnosed from outpatient clinics entered the model at the day 
of diagnosis. For patients with an unclear date of diagnosis, the 
first day of dialysis or first day of plasma exchange ( PLEX) in as- 
sociation with that diagnosis was applied as the index. Patients 
were subsequently followed until a primary endpoint occurred 
( death) , emigration, a maximum of 5 years or until 31 December 
2018, whichever came first. A background population matched 
4:1 by exposure density sampling on birth year and sex were 
included as controls in the assessment of mortality risk. Two- 
sided P -values ≤.05 were considered significant. Analyses and 
data management were performed in SAS version 9.4 ( SAS In- 
stitute, Cary, NC, USA) and R version 4.2.1 ( R Foundation for Sta- 
tistical Computing, Vienna, Austria) [8 ]. 

Post hoc validation analysis 

The primary study population was tested in regard to the num- 
ber of included patients and overall incidence in a valida- 
tion cohort identified by use of a new set of inclusion crite- 
ria, previously validated by Sreih et al. in the setting of anti- 

neutrophil cytoplasmic antibody ( ANCA) -associated vasculitis 
( AAV) [9 ]. The validation method was modified to fit anti-GBM 

disease as well as the Danish registries and registration routines 
( Supplementary Table S1) . Finally, in the assessment of our pri- 
mary study population, we examined the percentage of patients 
included from four of five administrative regions in Denmark 
( from where we had full serology sampling during 2015–2018) 
who either had positive anti-GBM serology, a confirmatory kid- 
ney biopsy or both, endorsing the ICD-10-based diagnosis. 

Ethics 

Retrospective registry-based studies including anonymized data 
do not require ethical approval in Denmark. This study was ap- 
proved by the Danish Data Protection agency ( ref. GEH-2014-018, 
I-Suite no.: 02736 and VD-2018-292, I-Suite no.: 6536) . 

RESULTS 

Population demographics: total population 

Ninety-seven patients with incident anti-GBM disease were 
identified between 1998 and 2018. The median age at the time 
of diagnosis was 56 years [interquartile range ( IQR) 46] with al- 
most equal sex distribution ( 51.6% female) and a median follow- 
up of 6.1 years ( IQR 9.2) ( Table 1 ) . The distribution of age and 
gender exhibited periodic effects with increasing age at diagno- 
sis during the total study period ( P for difference = .001) and 
a trend ( P = .31) towards female predominance during the fi- 
nal 15 years of follow-up ( Fig. 1 ) . While there was a male pre- 
dominance among patients < 50 years of age, female gender was 
more common in patients > 50 years of age ( P = .02) . Younger 
patients were more likely to have lung haemorrhage ( P = .016) , 
whereas older patients had a higher frequency of advanced dis- 
ease judged by the length of their initial hospital stay ( admission 
lasting > 10 days or death within 10 days from admission) and 
more patients had a previous malignant diagnosis at baseline 
( Table 1 ) . 

Thirty-four ( 35.1%) patients met the criteria for advanced dis- 
ease severity, 36 ( 37.1%) had an intensive care unit ( ICU) stay 
and 72 ( 74.2%) received PLEX. At the time of the last follow-up, 
65 ( 67.0%) patients remained dependent on renal replacement 
therapy ( dialysis or kidney transplantation) , corresponding to a 
5-year kidney survival of 35.2%. A total of 45 ( 58.4%) , 60 ( 61.9%) 
and 61 ( 62.9%) patients had commenced haemodialysis at 
day 30, 180 and 360 after first day of admission, respectively 
( Table 2 ) . None of the patients who started dialysis regained 
their kidney function beyond 60 days ( the time used to de- 
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Figure 1: Changes in mean age at diagnosis and distribution of gender among patients with anti-GBM disease during 1998–2018. The difference in mean age was 
tested by the use of ANOVA. 

Table 2: Outcome variables stratified by age. 

Variable Total Age ≤50 years Age > 50 years P for difference 

RRT day 30 56 ( 58.0) 17 ( 44.7) 39 ( 66.1) .104 
RRT day 360 61 ( 62.9) 20 ( 52.6) 41 ( 69.5) .132 
Advanced disease 34 ( 35.1) 8 ( 21.1) 26 ( 44.1) .020 
PLEX 72 ( 74.2) 25 ( 65.8) 47 ( 79.7) .127 
ICU 36 ( 37.1) 17 ( 44.7) 19 ( 32.2) .212 
Lung haemorrhage 19 ( 19.6) 12 ( 31.6) 7 ( 11.9) .017 

fine acute versus chronic dialysis) . The 1-year kidney survival 
probability was 0.38 ( SD 0.05) , with a significant increase from 

2010 onwards [1998–2004: 0.47 ( SD 0.13) , 2005–2011: 0.16 ( SD 

0.07) , 2012–2018: 0.46 ( SD 0.07) ; P = .035] ( Supplementary Fig. S1) . 
The number of patients with a prolonged hospital stay last- 
ing > 10 days remained constant over time; however, the per- 
centage of patients diagnosed with hypertension at baseline in- 
creased. There was no temporal difference regarding diabetes, 
peripheral vascular disease, ischaemic heart disease, chronic ob- 
structive pulmonary disease or congestive heart failure More 
detailed information on baseline characteristics stratified on 
year of inclusion ( 1998–2004, 2005–2011, 2012–2018) are shown 
in Supplementary Table S2. 

The overall incidence of anti-GBM disease during 1999–2018 
was 0.91 cases/million/year ( SD 0.6) . Incidence increased with 
age [0.76 ( SD 0.4) , 1.5 ( SD 1.04) and 4.9 ( SD 2.6) cases/million/year 
for patients < 45, 45–75 and > 75 years, respectively ( Fig. 2 ) ] and 
over time [1998–2004: 0.50 ( SD 0.2) , 2005–2011: 0.80 ( SD 0.4) , 2012–
2018: 1.4 ( SD 0.5) ; P = .02 ( Fig. 2 ) ]. These findings were sustained 
in subanalyses of gender ( Supplementary Fig. S2) and age groups 
> 45 years, with the greatest increase in incidence among pa- 
tients > 64 years of age ( Fig. 2 ) . Moreover, age-stratified inci- 
dences for the total study period showed a bimodal distribution, 
peaking at 20–25 years and again at > 70 years, and the highest 

incidences overall were registered among patients 85–90 years 
of age ( Fig. 3 ) . Cumulative frequencies of anti-GBM diagnoses 
exhibited significant seasonal variation, with the highest num- 
ber of incident cases observed during spring and autumn ( P for 
difference between spring and autumn versus winter and sum- 
mer = .006; Supplementary Fig. S3) . 

Survival analyses 

Thirty-five ( 35.5%) patients died, with a median time to death 
of 1.1 years ( IQR 3.9) during the total study period, 26 of whom 

died during the first 5 years, corresponding to a 5-year mortality 
of 26.8%. The mean age at the time of death was 69.1 years ( SD 

17.6) , with a numerical predominance of women ( 61%; P for dif- 
ference = .17) and only 6.2% of the patients being < 50 years old. 
The 1-year survival decreased with age ( P for difference = .002; 
Fig. 3 ) but remained statistically unchanged over time ( P for dif- 
ference = .248; Fig. 2 ) . The primary causes of death were car- 
diovascular disease ( 52.9%) , vasculitis ( 23.5%) , cerebral disease 
( 23.5%) and infection ( 17.7%) . The overall 1- and 5-year risk of 
death associated with anti-GBM disease was significantly in- 
creased compared with the matched background population 
[1-year: ARR 14.98 ( CI 5.76–39.6) , P < .001; 5-year: ARR 5.27 ( CI 
2.45–11.3) , P < .001] and was comparable to that of patients with 
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Figure 2: Age-stratified incidences of anti-GBM disease including 1-year survival probability in Denmark during 1998–2018. 

incident AAV dependent on dialysis at day 30 after first day of 
admission [1-year: ARR 0.82 ( CI 0.48–1.41) , P = .50]; 5-year: ARR 
0.82 ( CI 0.48–1.41) , P = .50] ( Fig. 4 ) . One- and five-year survival 
probability, based on years alive from initial diagnosis relative 
to matched background populations exhibited increasing sur- 
vival probabilities for patients who survived 1, 2 and 3 years after 
diagnosis, after which, probabilities started to decrease ( Fig. 5 , 
Supplementary Table S3) . 

Population demographics: serology and double 
positivity 

Serological data were available from a subgroup of 32 ICD-10- 
confirmed patients with anti-GBM disease during 2013–2018. 
Anti-GBM serology testing obtained in this period increased 
more than positive anti-GBM tests ( Fig. 6 ) , and incident anti- 
GBM antibody positivity [16.3 cases/million/year ( SD 9.5) ] was 
higher than the corresponding ICD-10-based incidence [0.91 
( SD 0.6) ]. Of the 32 ICD-10-confirmed patients with serology, 
40.6% showed double-positive serology with the coexistence 
of both anti-GBM antibodies and ANCA, and with a numer- 
ical preponderance of myeloperoxidase ( MPO) -ANCA ( 53.8%) . 
‘Double-positive’ patients tended to be older, with a mean age 
of 62.3 years ( SD 22.1) [compared with 56.1 years ( SD 25.3) for 
single-positive GBM], they had a lower mean anti-GBM antibody 
concentration at the time of diagnosis [150.7 KU/l ( SD 146.5) ver- 
sus 333 KU/l ( SD 1278.7) , P = .04] and were more likely female 
( 69.2%) ( Supplementary Table S4) . 

ICD-10 code validation and subanalyses 

By applying two of the three validated inclusion criteria ( ICD-10 
codes and encounter type) , 81 patients with anti-GBM disease 
were identified, corresponding to 83.5% of the original study 
population. By additionally including the specialty involved 

in their care, 80 patients were identified as having anti-GBM 

disease, corresponding to 82.5% of the original study population 
( all patients identified were contained in the original cohort) . 
The overall anti-GBM disease incidence based on the three 
validated inclusion criteria was 0.79 cases/million/year ( SD 

0.6) , with a significant increase over time [1998–2004: 0.41 ( SD 

0.2) , 2005–2011: 0.54 ( SD 0.3) , 2012–2018: 1.28 ( SD 0.6) ; P < .001]. 
Finally, 31 patients with ICD-10-confirmed anti-GBM with corre- 
sponding serological data were identified, of whom, 21 ( 67.7%) 
had confirmed positive anti-GBM serology in concentrations 
above the upper reference level, and 18 ( 58.1%) patients were 
registered with a confirmatory kidney biopsy showing anti-GBM 

disease. Overall, 26 ( 83.9%) patients had either positive serology, 
a confirmatory kidney biopsy or both. 

In subanalyses of the 72 patients receiving PLEX as part of 
their initial treatment, overall mortality ( 34.7%) , 5-year mortal- 
ity ( 29.2%) , median time to death [1.0 years ( IQR 1.9) ] and mean 
age at the time of death [54.4 years ( SD 23.2) ] were compara- 
ble to what was found in the total study population, as were 
the distribution of age, gender and other included baseline vari- 
ables ( Supplementary Table S1) . Further details on differences in 
baseline characteristics between patients receiving PLEX and pa- 
tients not receiving PLEX are shown in Supplementary Table S5. 
Subanalyses of patients dependent on dialysis within 30 days 
from the initial diagnosis showed a significantly increased 
5-year mortality for patients with anti-GBM disease on dialysis 
as compared with anti-GBM patients not receiving dialyses, with 
an ARR of 2.36 ( CI 1.03–5.40; P = .043) ( Supplementary Fig. S4) . 
Baseline characteristics for patients with anti-GBM disease 
stratified on dialysis at day 30 after diagnosis are shown in 
Supplementary Table S6. 

DISCUSSION 

As in the current research, previous studies have suggested 
a bimodal relationship between age and anti-GBM incidence, 
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Figure 3: Age-specific incidences of anti-GBM disease including 1-year survival probability in Denmark during 1998–2018. 

as well as a possible seasonal relationship [10 –12 ], however, 
to our knowledge, we are the first to demonstrate a time- 
dependent increase in incident anti-GBM disease during the pre- 
vious 2 decades, as suggested in both the ICD-10- and serology- 
based analyses ( Fig. 5 ) . Nonetheless, similar observations have 
been noted in other autoimmune diseases, especially those 
where older age correlates with increasing incidence [13 , 14 ], and 
may link to the demographic transition seen in many industri- 
alized countries with low birth and death rates, resulting in a 
relative and actual increase in the older population over time. 
Additionally, as the increase in incident anti-GBM disease coin- 
cided with increased anti-GBM testing during 2013–2018, with a 
corresponding but more modest increase in positive anti-GBM 

tests over the same period, these findings may relate to greater 
disease awareness, especially in patients of older age, as well 
as better availability and access to tests, as has been previously 
demonstrated in the case of AAV in Denmark [3 ]. This notion is 
further substantiated by the augmented increase in incidence 
among patients > 64 years of age, as the likelihood of identifying 
incident cases increases in a population where the a priori risk 
of the disease is high. Taken together, the observed increase in 
incidence likely relates to a combination of better disease aware- 
ness, greater testing frequency and a demographic shift towards 
a larger population of older people. 

The bimodal distribution of age-stratified incidences ob- 
served in the current study was further linked to differences 
in phenotype. As such, we found a higher frequency of pul- 
monary haemorrhage among younger men and a higher fre- 
quency of ANCA and anti-GBM double positivity in older women, 
with a preponderance of MPO-ANCA. This finding is consis- 
tent with previous studies in AAV showing an increasing inci- 
dence in older women with MPO positivity [15 ]. This tendency 
could potentially influence the incidence in anti-GBM disease, 

as 40% of patients with an ICD-10-confirmed anti-GBM diagno- 
sis were ANCA–anti-GBM double positive in the present study. 
Similar high rates of double positivity among patients with anti- 
GBM disease have been described in other studies [15 –17 ]; how- 
ever, conversely, only 5–10% of the patients initially diagnosed 
with AAV have been shown to exhibit ANCA and anti-GBM co- 
occurrence [2 ]. This relationship between ANCA and anti-GBM 

serology may pinpoint a potential causal association between 
AAV and anti-GBM disease, where existing AAV disease may ex- 
pose parts of the glomerular or alveolar basement membrane, 
which in the right immunologic milieu will result in the for- 
mation of anti-GBM autoantibodies and subsequently anti-GBM 

disease, with a mixed phenotype of both diseases, as also sug- 
gested previously [18 ]. Incidentally, double-positive patients in 
the current study were also found to have lower concentrations 
of anti-GBM antibodies as compared with those with exclusively 
anti-GBM positivity. Hence the phenotypic difference between 
patients with disease onset early in life versus those who are di- 
agnosed later in life may rely on differences in the pathogenesis 
that putatively relates to age. 

There may be numerous reasons connecting autoimmunity 
to older age, such as genetic mutations and epigenetic alter- 
ations. In this regard, Beck et al . [19 ] recently identified a new 

disease entity called the VEXAS syndrome ( vacuoles, E1 ubiqui- 
tin conjugating enzyme, X-linked, autoinflammation, somatic) , 
which is caused by somatic mutations of the UBA1 gene in 
haematopoietic progenitor cells of older men, inflicting a range 
of inflammatory and haematologic symptoms. The pathophysi- 
ology of the VEXAS syndrome, with an X-linked somatic muta- 
tion exclusively occurring in men > 50 years of age being the cul- 
prit lesion in contrast to the usual heritable genetic mutations, 
highlights a new insight into how age can affect autoimmunity 
[20 ]. Moreover, epigenetic alterations of genes, that essentially 
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Figure 4: Risk of death in patients with anti-GBM disease as compared with an age- and sex-matched background population and patients with incident AAV with 
and without dialysis. 

control weather a specific gene can be expressed or not, has been 
linked to senescence [21 ]. In this regard, DNA methylation dys- 
regulation in CD4+ T cells has been linked to autoimmunity in 
patients with systemic lupus erythematosus ( SLE) [22 , 23 ]. Also 
recently, a genetic risk score based on single-nucleotide poly- 
morphisms ( SNPs) in human leucocyte antigen ( HLA) and non- 
HLA gene loci showed a linear relationship between genetic risk 
and age at SLE diagnosis, and interestingly, non-HLA SNPs were 
associated with older age at diagnosis [24 ], again linking age to 
an autoimmune genotype that putatively explains in part the 
observed differences in SLE phenotype when stratified on age 
and gender [25 ], and which may apply to other autoimmune dis- 
eases including anti-GBM disease. 

Despite the increasing age at diagnosis, 1-year survival prob- 
ability remained unchanged and 1-year renal survival probabil- 
ity increased during follow-up, which may indicate some de- 
gree of progress in our management of these patients, as one 
would expect increasing mortality and decreasing renal survival 
with increasing age. Also, considering that double positivity with 
lower peak anti-GBM concentrations appears more frequently 
among older anti-GBM patients, these individuals may have less 
kidney injury and subsequently better renal outcome. However, 
the main reason for the observed increase in renal survival is pu- 

tatively explained by earlier disease detection due to the marked 
increase in anti-GBM testing incidence documented between 
2013 and 2018, which also may explain the marked increase in 
incidence among patients > 64 years of age, as discussed above. 
Nonetheless, overall mortality and the rate of ESKD, with 65% 

of the patients being dependent on RRT after 5 years, and a 
5-year mortality of ≈25%, remained in concordance with previ- 
ous studies [15 , 26 ]. Also, as expected, 1- and 5-year risk of death 
was markedly increased with anti-GBM disease as compared 
with the background population, as well as AAV patients without 
renal involvement; however, it remained comparable to a cohort 
of dialysis-dependent patients with AAV, stressing the impact 
of renal involvement. Accordingly, 5-year mortality was signifi- 
cantly increased in patients with anti-GBM disease dependent 
on dialysis at day 30 after initial diagnosis as compared with 
anti-GBM patients who did not receive dialysis. Interestingly, cu- 
mulative incidences of death in patients with anti-GBM disease 
and RRT-dependent AAV patients seemed to diverge over time, 
with higher cumulative incidences in the latter group, which 
might indicate the relapsing nature of AAV as opposed to anti- 
GBM disease. 

Collectively, these findings highlight two very central issues 
concerning kidney involvement in anti-GBM disease; namely, 
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Figure 5: The 1-year ( a) and 5-year ( b) survival probability based on years alive from initial diagnosis as compared with an age- and sex-matched background population. 

Figure 6: Incident anti-GBM serology testing and incident positive anti-GBM tests from four of five administrative regions in Denmark during 2013–2018. 

that renal involvement, with the need for RRT at diagnosis, is 
a marker of severe high-risk disease with a poor chance of renal 
survival [15 , 17 ] and loss of kidney function is among the most 
imminent concerns in patients who survive the initial course of 
the disease, as ESKD inherently increases the risk of death. This 
is also suggested in the current study, where 1- and 5-year sur- 
vival incrementally increased for patients alive 1, 2 and 3 years 
after initial diagnosis, relative to a matched background popu- 
lation, where it again started to decline, in agreement with the 
high frequency of ESKD in the cohort. As such, the need for im- 
proved treatment strategies and optimized methods for identi- 

fying patients at risk of contracting anti-GBM disease certainly 
remains. 

In an attempt to identify new and more effective treatment 
strategies, a recently published phase 2 study proposed an inno- 
vative and potentially advantageous treatment approach based 
on in vivo cleavage of IgG by an IgG-degrading endopeptidase 
( imlifidase) derived from Streptococcus pyogenes , which rapidly 
cleaves all circulating IgG, including the anti-GBM disease- 
causing IgG directed against type IV collagen in the GBM. Al- 
though results are very preliminary, this treatment strategy as 
an add-on to the standard of care showed promising outcomes 
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as compared with earlier publications [27 ]. Currently, a phase 
3 study of imlifidase is being planned, which may potentially 
pave the way for a new aera of more effective anti-GBM disease 
management. 

Limitations 

The results might have been affected by the limited sensitiv- 
ity of the applied diagnostic codes. In this regard, we were un- 
able to assess the sensitivity of the applied diagnostic codes, 
only the PPV. Also, PLEX and lung haemorrhage was putatively 
underestimated in the first part of the study period, due to in- 
sufficient coding before 2004, which partly explains why not all 
included patients based on ICD-10 codes were registered as re- 
ceiving PLEX. Nonetheless, subanalyses excluding patients with- 
out PLEX as part of their initial treatment, hence reducing the 
risk of case admixture, supported the main results of the study. 
The percentage of patients with hypertension at baseline in- 
creased during the study period. This may pertain to altered cod- 
ing habits and increasing age during the study; however, specif- 
ically it is related to altered treatment and diagnostic guidelines 
that were implemented during the same period [28 , 29 ], as we 
included treatment with two or more antihypertensive medica- 
tions as a proxy for hypertension. Also, the accuracy of hospital 
codes denoting ESKD have improved over time and such varia- 
tion may have weakened the observed increase in renal survival 
over time. 

CONCLUSIONS 

The incidence of anti-GBM disease increased over the test pe- 
riod, possibly related to better disease awareness, greater test- 
ing frequency and a demographic shift towards a larger popula- 
tion of older people. Mortality remained high and was compara- 
ble with an age- and sex-matched cohort of dialysis-dependent 
AAV patients. The diagnostic code identifying anti-GBM disease 
in the Danish registries ( ICD-10 DM310A) is applicable for epi- 
demiologic research. 
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