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Background: Acquired hemolytic disorders—autoimmune hemolytic anemia (AIHA), cold
agglutinin disease (CAD), paroxysmal nocturnal hemoglobinuria (PNH), drug-induced
hemolysis (DIHA), and acquired hemolysis not otherwise specified (AHNOS)—are consid-
ered rare. Despite their potentially major health implications, data regarding their incidence
and prevalence are scarce.

Methods: To fill this gap we collected data regarding all patients with acquired hemolytic
disorder diagnoses in 1977-2016 from the Danish National Patient Register. These data were
linked with vital and migration status information from the Danish Civil Registration
System. From these data combined with annual demographic data for the background
population, we calculated age- and sex-specific incidence rates and prevalence proportions
of acquired hemolytic disorders for specified time periods.

Results: Our analysis included 5868 patients with acquired hemolytic disorders (2715 with
AIHA, 112 CAD, 397 DIHA, 116 PNH, and 2154 AHNOS). The incidence rates per 100 000
person-years in 1980-1993 and 2008-2016 were 0.81 and 1.77 for AIHA, 0.31 and 0.12 for
DIHA, and 0.04 and 0.08 for PNH, respectively. The 2008-2016 CAD incidence rate was
0.18/100 000 person-years, CAD diagnosis code was not defined before 1994. All incidence
rates increased with age. The prevalence proportion per 100 000 persons in 1980 and 2015
was 2.52 and 17.01 for AIHA, 0.80 and 1.50 for DIHA, and 0.18 and 1.04 for PNH. CAD
prevalence in 2015 was 1.04/100 000 persons.

Conclusion: Acquired hemolytic anemia incidence rates and prevalence proportions with
the exception of DIHA are markedly increasing.

Keywords: autoimmune hemolytic anemia, cold agglutinin disease, paroxysmal nocturnal

hemoglobinuria, drug-induced hemolytic anemia, incidence, prevalence

Introduction

Acquired hemolytic disorders—comprising autoimmune hemolytic anemia (AIHA),
cold agglutinin disease (CAD), paroxysmal nocturnal hemoglobinuria (PNH), drug-
induced hemolysis, and acquired hemolysis not otherwise specified (NOS)—are
considered rare and are reportedly associated with increased mortality.'
However, few data are available regarding the incidence and prevalence of these
disorders.

Two studies published in 1973 and 2010 describe an approximate AIHA incidence
rate of 0.5—1 per 100 000 person-years'*> but contemporary nationwide estimates are
lacking. ATHA prevalence is also sparsely described.® Similarly, CAD incidence is
reported in only one study, as 0.1/100 000 person-years during the years 1995-2004.%
PNH incidence was estimated to be 0.13/100 000 person-years during 1991-2006.
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With regard to drug-induced hemolytic anemia, one study
suggests a declining incidence of this adverse drug effect,
possibly mirroring the declining use of high-dose penicillin
and methyldopa; however, a more recent study described an
increased incidence, possibly linked to the introduction of
treatment with cephalosporins.®

In the present study, we describe the acquired hemoly-
tic anemia incidence and prevalence trajectories within a

nationwide cohort from 1980 to 2016.

Methods

For this register-based study, we linked routinely collected
individual-level administrative health data from the Danish
National Patient Register (Patient Register) with informa-
tion regarding death, migration, and demographics from
the Danish Civil Registration System.'"'? Denmark pro-
vides universal tax-funded healthcare for all inhabitants.
All hospitals, public or private, report to the Patient
Register and other administrative registers.'> The few
private hospitals in Denmark do not manage blood
disorders.'> A detailed description of the registers is avail-
able in the Online Supplementary. We used the checklist

“reporting of studies conducted using observational routi-
nely-collected health data” (RECORD) statement to struc-
ture and report our findings."*

Inclusion

The Patient Register has recorded all diagnoses from hospi-
talizations since 1977, and from out-patient contacts since
1994. Diagnoses are classified according to the International
Classification of Diseases (ICD) 8th revision until 1994, and
10th revision thereafter.'® Inclusion of patient from the
Patient Register was based on previously validated diagnosis
codes for specific acquired hemolytic disorders."
Establishing an accurate diagnosis of hemolytic subtype
may require several hospital visits, and result in registrations
of multiple diagnostic codes. Based on the validation study,
patients having more than one diagnosis code compatible
with acquired hemolytic anemia were assigned the diagnosis
with the highest positive predictive value (PPV) from depart-
ments of hematology, pediatrics, and internal medicine
(further details in Online Supplementary).'> The first date

of final diagnosis was used as the inclusion date in this study

(Supplementary Figure 1).

We retrieved information about these potential underly-
ing causes as part of the comorbidity information from the
Patient Register. To define a state of secondary acquired
hemolysis, diseases had to be recorded any time before and

up to 100 days after inclusion date. Supplementary Table 2

lists the diagnoses defining secondary hemolysis.

Exclusion

Patients were excluded if they were registered only with
congenital hemolytic disorders. We have previously
reported incidence and prevalence of combined AIHA
and immune thrombocytopenia (Evans syndrome), based
on 263 patients from the same data sources.'®'” These

patients are excluded from the present analysis.

Outcomes

The primary outcomes were incidence rates and preva-
lence proportions. Incidence rates were calculated for the
time-periods 1980-1993, 1994-2007, and 2008-2016.
Prevalence proportions were calculated on the 1st of
January in 1980, 2000, and 2015. The secondary outcome
was median survival after diagnosis of acquired hemolysis.

Statistics

Data were managed and analyzed using Stata 15.1.'%
Incidence rates were calculated from the cumulative inci-
dences during the time-periods 1980-1993, 1994-2007, and
2008-2016. Prevalence proportions were calculated as the
number of patients alive with an acquired hemolysis diag-
nosis on the Ist of January in 1980, 2000, and 2015. Both
incidence rate and prevalence proportion were reported per
100 000 persons using stratified census data as denominator.
The incidence rate and prevalence proportions for each
diagnosis were stratified by sex and age at the time of
diagnosis (<20 years, 20-50 years, and >50 years old). We
evaluated changes in overall incidence rates and prevalence
proportions using negative binomial regression, estimating
incidence rate ratios (IRR) and prevalence proportion ratios
(PPR)."” However, if the dispersion parameter was indistin-
guishable from zero, the regressions were simplified to
Poisson regressions.”’ Median survival time from the date
of hemolysis diagnosis was estimated using the Kaplan—
Meier method. Further details and sensitivity tests are pre-
sented in the Online Supplementary.

Approval and Ethics

In Denmark, research based on registry data without direct
patient interaction does not require scientific ethical
approval. This study was approved by the Danish Data
Protection Agency (reference: 17/10885). Danish law pro-
hibits making national health data publicly available.
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Results

The population of Denmark increased from 5122 005 per-
sons (50.6% women) in 1980 to 5707 251 (50.2% women)
in 2016.%! From the Patient Register, we retrieved 30,520
patients with hemolysis or immune thrombocytopenia
(Supplementary Table 1 and Supplementary Figure 1).

Table 4, and Supplementary Figure 2). As an exception,

the incidence rate of drug-induced hemolysis exhibited an
overall decrease of 73.4% from 1980-1993 to 1994-2007,
corresponding to IRRs of 0.27 [95% CI: 0.20; 0.35] for
1994-2007 and 0.37 [95% CI: 0.29; 0.47] for 2008-2016
(Supplementary Table 6). The incidence rates of all hemo-

Applying our study criteria, we included 5868 patients
with an acquired hemolysis diagnosis (Table 1 and
Supplementary Table 3). Table 1 presents basic character-

istics, demographic information, and median survival.
Mean follow-up time was 7.4 years, with a total follow-up
time of 43,696 years.

Using the main diagnostic model, 2715 patients were
registered with ATHA, 112 with CAD, 116 with PNH, and
397 with drug-induced hemolysis. Among the remaining 2528
patients, 2154 were identified as having acquired hemolysis
NOS, and 374 had very rare otherwise defined hemolytic
anemias (eg paroxysmal cold hemolysis, march hemoglobi-
nuria, etc.). The distribution of hemolytic subtypes is summar-
ized in Table 1, Supplementary Table 3, and Supplementary

Figure 1. Underlying diseases potentially associated with
hemolytic anemia was recorded in 40.8% [95% CI: 39.0;
42.7] of patients with AIHA. The proportion of patients diag-
nosed on a department of hematology increased for all dis-
eases during the study time, but was most pronounced for the
specific diagnosis of AIHA, CAD, PNH, data not shown.

Incidence

Table 2 presents the incidence rates of specified hemolysis
diagnoses. Using the time-period 1980-1993 as reference,
nearly all types of acquired hemolysis showed an increas-
ing IRR during the study period (Table 2, Supplementary

lytic diseases increased with age (Table 2). AIHA inci-
dence was significantly higher among women than men,
whereas other hemolysis subtypes showed equal incidence

rates in men and women (Table 2).

Prevalence

Table 3 presents the prevalence proportions for specific
acquired hemolysis diagnoses, and Figure 1 shows the
annual overall prevalence proportions from 1980 to 2016
for each diagnosis. Prevalence proportions increased dur-
ing the study period for all hemolytic subtypes, except for
drug-induced hemolysis (Table 3, Figure 1, Supplementary
Tables 5 and 7, and Supplementary Figure 3). Showing no

evidence of overdispersion, Poisson regression confirmed
the increases in the estimated annual prevalence propor-
tion. All diagnoses, except drug-induced hemolysis,
showed a continuous increase (Supplementary Table 5
and Supplementary Figure 2). AIHA, CAD, and drug-
induced hemolysis were most prevalent among patients

>50 years of age, whereas PNH was most prevalent
among patients 20-50 years of age (Table 3).

Sensitivity Analyses
The results of sensitivity analyses are presented in the
Online Supplement.

Table | Characteristics of Patients with Acquired Hemolytic Disorders in Denmark, 19802016

AIHA, CAD, Drug Induced, PNH, Acquired Hemolysis Other Defined
n=2715 n=112 n = 397 n=116 NOS, n = 2154 Hemolysis, n = 374
% (95% Cl)
Women 55.9 (54.0; 57.8) 51.8 (42.1; 61.3) 62.0 (57.0; 66.8) 50.0 (40.6; 59.4) 53.6 (51.5; 55.7) 46.0 (40.9; 51.2)
Deceased 63.8 (61.9; 65.6) 39.6 (30.5; 49.4) 79.6 (75.3; 83.5) 41.6 (32.4,51.2) 66.9 (64.9; 68.9) 46.2 (41.0; 51.4)
Median (IQR)
Age at diagnosis, years 68.7 (53.8; 78.3) 71.9 (61.0; 78.6) 66.6 (53.1; 76.9) 48.4 (31.7; 67.0) 67.4 (48.5; 78.3) 57.1 (26.4; 73.1)
Age at death, years 78.6 (69.8; 85.1) 80.8 (74.5; 87.7) 772 (65.4; 84.4) 71.5 (56.5; 79.6) 77.3 (68.2; 84.9) 76.3 (64.3; 84.5)
Median survival, years 6.3 (1.3; 21.9) 8.8 (3.6; na)* 4.5 (0.9; 16.2) 23.2 (6.8; na)® 4.9 (0.9; 21.7) 13.5 (2.0; na)*

Notes: *Upper bound in confidence intervals for median survival could not be calculated for CAD, drug-induced hemolysis, PNH, and the group of other defined hemolysis.
Abbreviations: AIHA, autoimmune hemolytic anemia; CAD, cold agglutinin disease; Cl, confidence interval; na, not applicable; NOS, not otherwise specified; PNH,

paroxysmal nocturnal hemoglobinuria.
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Table 2 Incidence of Acquired Hemolytic Diseases in Denmark, 1980-2016

Incidence per 100 000 Person-Years (95% CI)

1980-1993 1994-2007 2008-2016
AlHA
All 0.81 (0.74; 0.87) 1.43 (1.35; 1.52) 1.77 (1.66; 1.89)
Age <20 0.25 (0.19; 0.32) 0.26 (0.19; 0.33) 0.35 (0.27; 0.46)
Age 20-50 0.25 (0.20; 0.30) 0.43 (0.36; 0.50) 0.51 (0.42; 0.61)
Age >50 1.76 (1.60; 1.93) 3.12 (2915 3.33) 3.34 (3.10; 3.59)
Female 0.86 (0.77; 0.96) 1.50 (1.38; 1.62) 1.71 (1.56; 1.87)
Male 0.64 (0.56; 0.73) 1.18 (1.07; 1.29) 1.48 (1.34; 1.63)
CAD
All na 0.03 (0.02; 0.04) 0.18 (0.15; 0.22)
Age <20 na 0.00 (0.00; 0.02) 0.00 (0.00; 0.02)
Age 20-50 na 0.01 (0.00; 0.02) 0.03 (0.01; 0.06)
Age >50 na 0.07 (0.04; 0.10) 0.39 (0.31; 0.49)
Female na 0.03 (0.02; 0.06) 0.16 (0.12; 0.21)
Male na 0.02 (0.01; 0.04) 0.17 (0.12; 0.22)
Drug Induced
All 0.31 (0.27; 0.36) 0.08 (0.06; 0.11) 0.12 (0.09; 0.15)
Age <20 0.02 (0.00; 0.05) 0.04 (0.02; 0.08) 0.02 (0.00; 0.05)
Age 20-50 0.10 (0.07; 0.14) 0.03 (0.02; 0.06) 0.05 (0.02; 0.08)
Age >50 0.74 (0.64; 0.86) 0.15 (0.11; 0.20) 0.21 (0.15; 0.28)
Female 0.35 (0.29; 0.41) 0.09 (0.06; 0.12) 0.11 (0.07; 0.15)
Male 0.23 (0.19; 0.29) 0.07 (0.05; 0.10) 0.10 (0.07; 0.15)
PNH
All 0.04 (0.03; 0.06) 0.05 (0.03; 0.06) 0.08 (0.06; 0.11)
Age <20 0.01 (0.00; 0.04) 0.01 (0.00; 0.03) 0.01 (0.00; 0.03)
Age 20-50 0.04 (0.02; 0.06) 0.04 (0.03; 0.07) 0.08 (0.05; 0.12)
Age >50 0.06 (0.03; 0.10) 0.06 (0.03; 0.09) 0.09 (0.06; 0.14)
Female 0.04 (0.02; 0.07) 0.04 (0.02; 0.06) 0.07 (0.04; 0.11)
Male 0.04 (0.02; 0.07) 0.05 (0.03; 0.07) 0.07 (0.04; 0.11)
Acquired Hemolysis NOS
All 0.81 (0.74; 0.87) 0.99 (0.92; 1.07) 1.28 (1.18; 1.38)
Age <20 0.34 (0.27; 0.43) 0.30 (0.23; 0.38) 0.34 (0.26; 0.44)
Age 20-50 0.25 (0.20; 0.31) 0.34 (0.28; 0.41) 0.46 (0.38; 0.55)

(Continued)
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Table 2 (Continued).

Incidence per 100 000 Person-Years (95% CI)

1980-1993 1994-2007 2008-2016
Age >50 1.67 (1.51; 1.84) 2.01 (1.85; 2.19) 2.24 (2.05; 2.45)
Female 0.81 (0.72; 0.90) 1.01 (0.91; 1.11) 1.16 (1.04; 1.29)
Male 0.69 (0.61; 0.78) 0.85 (0.76; 0.94) 1.15 (1.03; 1.28)

Other Defined Hemolysis

All 0.02 (0.01; 0.03) 0.26 (0.22; 0.29) 0.33 (0.28; 0.38)
Age <20 0.02 (0.01; 0.05) 0.21 (0.15; 0.28) 0.17 (0.11; 0.24)
Age 20-50 0.02 (0.01; 0.04) 0.12 (0.08; 0.16) 0.14 (0.10; 0.20)
Age >50 0.01 (0.00; 0.04) 0.38 (0.31; 0.46) 0.49 (0.40; 0.59)
Female 0.02 (0.01; 0.03) 0.23 (0.18; 0.28) 0.26 (0.21; 0.33)
Male 0.02 (0.01; 0.04) 0.25 (0.21; 0.31) 0.32 (0.26; 0.40)

Notes: Incidences of acquired hemolytic diseases estimated as cumulative new diagnosed patients in each period, using cumulative stratified census data as the denominator.

CAD diagnosis was not defined in the ICD before 1994.

Abbreviations: AIHA, autoimmune hemolytic anemia; CAD, cold agglutinin disease; Cl, confidence interval; na, not applicable; NOS, not otherwise specified; PNH,

paroxysmal nocturnal hemoglobinuria.

Discussion

Our present study was the first to examine basic measures
of the frequency of acquired hemolytic anemia within a
nationwide population. With regards to the subtypes of
hemolytic anemia ATHA, CAD, PNH, and acquired hemo-
lysis NOS, and the residual group of other defined hemo-
lysis, we found that the incidence rates and prevalence
proportions markedly increased during the 36-year study
period. Below we discuss the findings for each of the
hemolytic subtypes.

AIHA
ATHA incidence rates per 100 000 person-years increased
from 0.8 during the period 1982-1993, to 1.4 in 1994—
2007, and 1.8 in 2008-2016. These results are comparable
with two previous studies reporting AIHA incidences ran-
ging from 0.5 to 1 per 100 000 person-years in Sweden
during 1964-1968" and California during 1998-2004.”
However, our present results are the first finding of a
continuous increase of incidence during our study period.
The increasing incidence rate may be related to a more
comprehensive diagnostic work-up, increased awareness,
and a true increase of disease incidence and prevalence.
The increase of AIHA incidence was clearly greater than
the increase of acquired hemolysis NOS incidence during
the same time period (Figure 1). This may suggest that the

AIHA increase was partly due to a more comprehensive
diagnostic work-up, in that patients exhibiting hemolysis
during the latter part of the study period underwent a
diagnostic work-up including DAT-test and other potential
causes were excluded. Thus, they were more frequently
diagnosed specifically with AIHA, compared with the ear-
lier study period. Supporting this notion, we previously
found that the incidence of Evans syndrome increased at
the same pace during the same time-period.'® However, it
is also conceivable that the population incidence of AIHA
increased, similar to the increased incidence of other auto-
immune diseases described during the same period.** ¢
We cannot from our existing data estimate the incidence
and prevalence of all predisposing disease to assess the
potential impact on AIHA; however, the results of a post
hoc analysis (Supplementary Figures 4 and 5) indicated

that the incidence and prevalence of secondary AIHA
increased disproportionally more than corresponding mea-
sures of occurrence of primary AIHA. In 2016 secondary
AIHA accounted approximately for one-third of all pre-
valent AIHA diagnoses, and had an incidence rate equal to
that of primary AIHA. This increase could be related to a
more comprehensive clinical care and work-up of patients
with predisposing conditions whereby AIHA is more often
diagnosed among these patients. This could further be
amplified by an increase in prevalence of patients with

Clinical Epidemiology 2020:12

submit your manuscript 501

Dove


https://www.dovepress.com/get_supplementary_file.php?f=250250.pdf
https://www.dovepress.com/get_supplementary_file.php?f=250250.pdf
http://www.dovepress.com
http://www.dovepress.com

Hansen et al

Dove

Table 3 Prevalence of Acquired Hemolytic Diseases in Denmark, 1980-2015

Prevalence per 100 000 (95% CI)

1980 2000 2015
AlHA
All 2.52 (2.10; 2.99) 9.46 (8.65; 10.32) 17.01 (15.96; 18.12)
Age <20 1.77 (1.15; 2.59) 7.92 (6.44; 9.63) 12.39 (10.56; 14.44)
Age 20-50 0.88 (0.53; 1.38) 5.39 (4.50; 6.42) 11.27 (9.93; 12.73)
Age >50 5.59 (4.46; 6.92) 16.17 (14.32; 18.19) 26.38 (24.21; 28.70)
Female 2.78 (2.17; 3.50) 10.57 (9.38; 11.87) 19.06 (17.49; 20.73)
Male 2.25 (1.71; 2.92) 8.31 (7.25; 9.49) 14.94 (13.55; 16.44)
CAD
All na 0.02 (0.00; 0.10) 1.04 (0.79; 1.34)
Age <20 na 0.00 (0.00; 0.29) 0.00 (0.00; 0.28)
Age 20-50 na 0.04 (0.00; 0.24) 0.39 (0.18; 0.75)
Age >50 na 0.00 (0.00; 0.22) 243 (1.81; 3.21)
Female na 0.04 (0.00; 0.21) 1.12 (0.77; 1.59)
Male na 0.00 (0.00; 0.14) 0.96 (0.63; 1.40)
Drug Induced
All 0.80 (0.57; 1.09) 1.48 (1.17; 1.85) 1.50 (1.20; 1.86)
Age <20 0.07 (0.00; 0.38) 0.71 (0.33; 1.35) 1.06 (0.58; 1.79)
Age 20-50 0.37 (0.16; 0.73) 0.85 (0.52; 1.31) 1.48 (1.03; 2.07)
Age >50 2.13 (1.46; 3.01) 2.92 (2.17; 3.85) 1.80 (1.27; 2.48)
Female 1.31 (0.91; 1.83) 2.08 (1.57; 2.70) 1.97 (1.48; 2.55)
Male 0.28 (0.11; 0.57) 0.87 (0.55; 1.31) 1.03 (0.69; 1.48)
PNH
All 0.18 (0.08; 0.33) 0.69 (0.49; 0.96) 1.04 (0.79; 1.34)
Age <20 0.00 (0.00; 0.25) 0.16 (0.02; 0.57) 0.38 (0.12; 0.89)
Age 20-50 0.23 (0.08; 0.54) 0.93 (0.59; 1.41) 1.70 (1.21; 2.33)
Age >50 0.27 (0.07; 0.68) 0.76 (0.40; 1.30) 0.73 (0.41; 1.20)
Female 0.15 (0.04; 0.39) 0.70 (0.42; 1.10) 1.09 (0.74; 1.54)
Male 0.20 (0.06; 0.46) 0.68 (0.40; 1.08) 1.00 (0.66; 1.44)
Acquired Hemolysis NOS
All 2.52 (2.10; 2.99) 7.26 (6.56; 8.02) 12.51 (11.60; 13.47)
Age <20 1.15 (0.67; 1.85) 9.11 (7.52; 10.93) 14.21 (12.25; 16.40)
Age 20-50 1.44 (0.98; 2.05) 4.88 (4.03; 5.86) 10.09 (8.83; 11.48)

(Continued)
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Table 3 (Continued).

Prevalence per 100 000 (95% CI)

1980 2000 2015
Age >50 5.39 (4.28; 6.70) 9.17 (7.79; 10.72) 14.12 (12.54; 15.84)
Female 2.74 (2.14; 3.45) 7.75 (6.74; 8.88) 13.13 (11.83; 14.53)
Male 2.29 (1.74; 2.96) 6.76 (5.80; 7.83) 11.88 (10.64; 13.23)

Other Defined Hemolysis

All 0.08 (0.02; 0.20) 1.48 (1.17; 1.85) 3.30 (2.85; 3.81)
Age <20 0.07 (0.00; 0.38) 2.14 (1.41; 3.11) 5.32 (4.15; 6.72)
Age 20-50 0.09 (0.01; 0.34) 1.15 (0.76; 1.67) 2.45 (1.85; 3.18)
Age >50 0.07 (0.00; 0.37) 1.46 (0.94; 2.15) 2.97 (2.27; 3.81)
Female 0.04 (0.00; 0.21) .11 (0.75; 1.59) 291 (2.32; 3.61)
Male 0.12 (0.02; 0.35) 1.86 (1.38; 2.46) 3.70 (3.02; 4.48)

Notes: Prevalence proportions were estimated as the number of living persons assigned the diagnosis at the latest on the Ist of January in each of the years 1980, 2000, and
2015, with stratification by age and sex, with population denominators derived from census data. CAD diagnosis was not defined in the ICD before 1994.
Abbreviations: AIHA, autoimmune hemolytic anemia; CAD, cold agglutinin disease; Cl, confidence interval; na, not applicable; NOS, not otherwise specified; PNH,

paroxysmal nocturnal hemoglobinuria.

predisposing conditions such as autoimmune diseases or
malignancies.**

In a previous study, AIHA prevalence was estimated to be
17/100 000 persons in Denmark in 2001.> In our present
analysis, we estimated that the AIHA prevalence was 9.5/
100 000 persons in 2000. This estimate was lower due to our
exclusion of patients with diagnoses made exclusively at
non-medical departments.'> Importantly, our present
approach was based on the results of a previous validation
study performed in the same setting and with the same
registry sources as in the present study.'” More extensive
inclusion, based on less strict criteria, would likely over-
estimate the ATHA incidence and prevalence.'”

CAD

The increased CAD incidence rate in our study, from 0.03
to 0.18/100 000 person-years, may partly reflect that the
specific CAD diagnosis code was first applied in 1994.
Our results may reflect a delay in routine application of
this coding. To our knowledge, CAD incidence has only
been assessed in two previous studies. The first study is
from Norway, covering 1995-2004. The reported inci-
dence was 0.1/100 000 person-years, which is in line
with our current results from the latest time-period.*
Further, a previous Danish study using the Patient
Register in the years 1999-2013 reported results very

similar to ours,*’ even though that study, unlike the present
study, included diagnoses from non-medical departments.

The Norwegian study also revealed a CAD prevalence
of 1.6/100 000 persons in 2005, comparable to our present
result of 1.04 per 100 000 in 2015.* This minor difference
in CAD prevalence may be explained by the shorter med-
ian survival of these patients in Denmark (8.8 years)
compared with Norway (12.5 years) (Table 1), which is
probably attributable to the higher age at diagnosis in our

cohort compared to previous reports.*>°

PNH
One previous study reported the PNH incidence rate to be
0.13/100 000 person-years in 1991-2006 in Yorkshire,
United Kingdom,” which is comparable with our results
of 0.05-0.08/100 000 person-years in 1994-2016.> The
same study from the UK found a PNH prevalence propor-
tion of 1.59/100 000 persons, which is higher than the
equivalent estimates in our study (0.69-1.04/100 000 per-
sons in 2000 and 2015).” These estimates may differ due
to different diagnostic approaches in the two countries
and/or a true difference in factors that determine preva-
lence (ie disease incidence and survival).

Notably, both the incidence and prevalence of PNH
will be higher if patients are registered with a PNH diag-
nosis due to very small PNH clones with unclear clinical
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Figure | Prevalence of acquired hemolysis in Denmark, 1980-2016.

Notes: The overall prevalence proportion with 95% confidence intervals for all acquired hemolytic diseases, calculated on Ist of January each year, using census data as the
denominator. The 95% confidence intervals were calculated using the Clopper—Pearson method. CAD diagnosis was not defined in the ICD before 1994. Data were based
on a national cohort of patients from Denmark diagnosed in 1980-2016.

Abbreviations: AIHA, autoimmune hemolytic anemia; CAD, cold agglutinin disease; Cl, confidence interval; NOS, not otherwise specified; PNH, paroxysmal nocturnal
hemoglobinuria.

significance eg in conjunction with aplastic anemia (AA) “PNH associated with other bone marrow disease” is
or myelodysplastic syndrome (MDS).’>>'** This overlap  depicted in Supplementary Figures 6 and 8, where the

in the diagnosis code for PNH between “classic PNH” and  incidence of PNH associated with AA or MDS increases
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markedly in the latest period. The increase in PNH in this
selected group could indicate an increased use of sensitive
flow cytometry with increased finding of smaller PNH
clones.>* Further, the prevalence of PNH associated with
AA or MDS begins to rise after 2005 (Supplementary
Figures 7 and 9), and in 2015 PNH associated with AA
or MDS accounts for roughly 10-20% of all prevalent
PNH patients. Moreover, the incidence of PNH without
AA or MDS in Supplementary Figures 6 and 8, increases

staidly during the study period, which could indicate both
increasing incidence and increased awareness. The latter
could be related to new PNH treatment options (for exam-
ple eculizumab®® which has been available since 2007).
The new treatment options could partly explain the
increasing prevalence due to improved survival and—to
some degree—increased PNH diagnoses, as physicians
may consider referring and correct coding to be more
important if the disease is considered treatment-modifi-
able. Finally, since PNH is truly rare, even small random
variations in the number of patients with the disorder may
considerably impact measures of PNH occurrence.

Drug-Induced Hemolytic Anemia

Due to the sparse data, we combined the diagnoses of
immune and non-immune drug-induced hemolytic anemia
into one entity. Our results corroborated the previously pro-
posed trend in drug-induced hemolysis over time.® The
decreased incidence rate supports Garratty’s hypothesis
that the abolishment of high-dose penicillin and methyldopa
would lead to a decreased incidence of drug-induced hemo-
lytic anemia.® However, our data lacked granularity in terms
of assessing which medications were potentially involved in
drug-induced hemolysis. Furthermore, the results regarding
the drug-induced hemolysis should be interpreted cautiously,
as the PPV of this diagnosis was lower than that of other
acquired hemolytic anemias.

Acquired Hemolysis NOS

The majority of patients with acquired hemolysis NOS
was throughout our study period diagnosed without refer-
ral to hematology departments, unlike the similarly sized
group of AIHA patients that over the study period were
increasingly referred to specialized hematology depart-
ments. As specialized hemolysis diagnosing in Denmark
is mostly done by departments of hematology, this lower
referral rate could explain the unspecified subtype as the
result of a less comprehensive diagnostic work-up. A pre-
study has

vious validation indicated that acquired

hemolysis is very likely to have been present, if the patient
was given a diagnosis of acquired hemolysis.'® From a
probabilistic view point this unspecified acquired hemoly-
sis probably mostly comprises patients with AIHA
(including DAT-negative AIHA) that did not complete a
sufficient diagnostic work-up, and a group of various less
specific acquired hemolytic conditions, eg drug-related,
and  mechanical

transfusion-related, angiopathic

hemolysis.

Sensitivity Analyses

The small non-significant differences in prevalence
between the main model and the sensitivity model indicate
that the choice of model had limited impact on the esti-
mated proportions of the most common hemolytic dis-
eases. The differences were somewhat greater for rare
hemolytic disorders, such as CAD and PNH. This likely
reflects that these very rare diseases have a longer diag-
nostic work-up, such that using the first hemolytic diag-
nosis or the most reliable diagnosis will have a notable
impact.

Strengths and Limitations
Our present analysis relied on the diagnosis with the high-
est PPV in patients diagnosed with multiple different
acquired hemolysis diagnosis (as opposed to the approach
in the sensitivity model), which may have introduced a
survivorship bias that could have affected the incidence.
Specific diagnoses are assigned when sufficient clinical
and para-clinical information is available. Patients with
severe acquired hemolysis may die before completion of
the work-up necessary to reach a specific diagnosis, which
could lower the incidence of specific hemolytic subtypes,
and lead to overestimation of survival due to non-inclusion
of the most severe cases. However, in our sensitivity
analyses, use of the first diagnosis date for follow-up
yielded results comparable to the results of our main
analyses, suggesting that neither of these potential mis-
classifications majorly impacted the study results.

The transition from ICD-8 to ICD-10 could also intro-
duce a bias; however, since most of the diseases were
equally defined in both systems (Supplementary Table 1),

any impact was probably minor. However, the ICD-10
introduced more detailed diagnosis codes, which in itself
may have encouraged a more thorough diagnostic work-up.
Additionally, changes over time in the degree or content of
diagnostic work-up (eg due to new technology) may cause
diagnostic drift, and thus exaggerate temporal trends in
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incidence rates based solely on data derived from
registries.*® We think that it is unlikely that diagnostic
drift played a major role in this study, since there were
only limited improvements in the diagnostic work-up of
the majority of acquired hemolytic anemias during the
study period, with PNH being a potential exception as
explained in the PNH part of the discussion.®*3-7-3¥
Notably, due to ageism, older patients were potentially
more likely to be underserved with regard to extensive
work-up in the 1980s compared to in more recent decades.

AIHA and CAD impose a specific challenge regarding
definition and diagnosis. Recently attempts have been made
to define AIHA and CAD in order to serve both clinical and
research purposes.'>**° In a previous validation study, we
assessed active hemolysis based on blood test results of
haptoglobin, lactate dehydrogenase, bilirubin and cell-free
hemoglobin, a definition comparable to that later recom-
mended by Jager et al.** The ICD-8 and ICD-10 codes for
AIHA are in principle a diagnosis of unspecified autoim-
mune hemolysis excluding drug and transfusion related
hemolysis.'>*® The ICD-8 and ICD-10 codes for AIHA
correspond in principle to a diagnosis of unspecified auto-
immune hemolysis (excluding drug and transfusion-related
hemolysis).'>*’ The Danish adaptation of the ICD-10 con-
tains a specific sub-category for CAD (D591A), but not for
other types of AIHA.'> The introduction of the specific
subcategory for CAD in 1994 has made it possible to find
patients who have a very high probability of having CAD.
However, it is highly probable that a fraction of patients with
CAD are less accurately coded as AIHA. As a consequence
of this overlap in diagnostic categories the diagnosis of
AIHA in the Patient Register is probably a heterogeneous
group containing warm, cold and mixed antibody serotypes,
and thereby a group of patients less strictly defined than what
would be recommended in clinical trials.**** This overlap in
diagnosis categories and codes mentioned above probably
also is the explanation for our finding of fewer CAD patients
compared to AIHA than previously reported.***!

We only accepted diagnoses issued from departments
of hematology, pediatrics, and internal medicine, as these
departments make the most valid diagnoses.'> Due to this
choice, our analyses excluded patients not referred to one
of the above-mentioned departments but who had received
a correct diagnosis from another department (eg surgical
ward). This likely led to some degree of underestimation
of the incidence and prevalence of acquired hemolytic
anemias. However, in our previous validation study, we
found that it is very rare for a patient with a correct

diagnosis not to be in contact with one of the included
departments.'® Finally, some acquired hemolytic disorders,
such as PNH or CAD, may present with vague symptoms
and therefore remain undiagnosed. Overall, we consider
our present estimates of the incidence and prevalence of
acquired hemolytic anemias to be conservative.

Conclusion

With regards to AIHA, CAD, PNH, and acquired hemolysis
NOS, and the residual group of other identifiable hemolytic
disorders, we found that the incidence rate and prevalence
proportion increased over the study periods, both in general
and in all age groups and for both sexes. Notably, during our
study period, AIHA more than doubled in incidence and
more than tripled in prevalence, while the incidence of drug-
induced hemolysis decreased. Our present definition of
hemolytic disorders in administrative registries may facil-
itate future studies of outcome in these rare patients.
Moreover, this new knowledge from a large nationwide
cohort adds to the limited available information regarding
the epidemiology of hemolytic diseases, and provides con-
temporary data for research and healthcare planning.
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