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ORIGINAL ARTICLE

Healthcare resource utilization among patients with cold agglutinin disease
in Denmark

Emese K. V�ag�oa, Gina Nicholsonb, Erzs�ebet Horv�ath-Puh�oa, Naushin Hoodab, Jon P. Fryzeka,b and Jun Suc�
aDepartment of Clinical Epidemiology, Aarhus University, Aarhus, Denmark; bEpidStrategies, Rockville, MD, USA; cBioverativ, a Sanofi
company, Waltham, MA, USA

ABSTRACT
Objectives: Cold agglutinin disease (CAD) is a rare form of autoimmune hemolytic anemia that may
manifest in complement-mediated chronic hemolytic anemia, profound fatigue, and transient
agglutination-mediated circulatory symptoms. This study compared the healthcare resource utilization
(HRU) of patients with CAD with a matched non-CAD comparison cohort using national Danish health
registry data.
Methods: All cases of CAD were identified from 1 January 1999 to 30 June 2016, in the Danish
National Patient Registry using the International Classification of Diseases, Tenth Revision, discharge
diagnosis codes. A subcohort of patients with primary CAD was identified based on the absence of
secondary predisposing concomitant diseases. CAD cases were matched to individuals without CAD
from the general population based on birth year, sex, and 19 disease categories of the Charlson
Comorbidity Index. Comparative analyses assessed inpatient hospitalizations, outpatient clinic visits,
emergency room visits, transfusion use, and expensive drug use between cohorts 6 months before
and 12 months after the admission date of the first hospital visit with CAD diagnosis (index date).
Results: A total of 104 patients with CAD were matched to 1003 comparison cohort members.
Throughout the 12 months after the index date, patients with CAD were more likely to have at least
one inpatient hospitalization (odds ratio [OR], 3.9; 95% confidence interval [CI], 2.5–6.0), outpatient
clinic visit (OR, 17.2; 95% CI, 6.8–43.1), and blood transfusion (OR, 93.0; 95% CI, 33.3–259.8) than
matched comparisons. HRU was similarly higher among patients with CAD than matched comparisons
during the 6 months before the index date. Findings were similar among patients with primary CAD.
Conclusions: Characterization of HRU among European patients with CAD has not previously been
conducted. This study shows that patients with CAD utilize significant resources in Denmark. Increased
HRU uses among patients with CAD before diagnosis presents opportunities for earlier diagnosis
and management.
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Introduction

Cold agglutinin disease (CAD), a rare subtype of autoimmune
hemolytic anemia, affects an estimated 16 per 1 million indi-
viduals, with a median survival of 8.5–12.5 years after disease
onset in European cohorts1,2. CAD is mediated by monoclo-
nal immunoglobulin M autoantibodies, called cold aggluti-
nins, which bind to the I antigen on the surface of red blood
cells3. Cold agglutinins are most pathogenic when their ther-
mal amplitude (the highest temperature at which they bind
to red blood cell antigens) overlaps with vascular tempera-
tures at the lower limit of normal4. When bound to red
blood cells, cold agglutinins activate complement compo-
nent 1 (C1 complex) and trigger the classical complement
pathway, resulting in extravascular hemolysis and, to a lesser
extent, intravascular hemolysis3,5,6.

CAD can occur at any age, but the average age at diagno-
sis is between 60 and 70 years, and it occurs more frequently
among females2,5. Clinical manifestations include anemia and
profound fatigue as well as cold-induced circulatory symp-
toms such as Raynaud’s phenomenon and acrocyanosis5,7.
Primary CAD is considered a clonal lymphoproliferative dis-
order, distinguishable from CAD, which is secondary to
underlying infections (Epstein-Barr virus infection,
Mycoplasma pneumoniae) or aggressive lymphoma6,8.

Currently, there is no approved treatment for CAD.
However, the burden of CAD is substantial and includes an
increased risk of thromboembolic events8,9 and early mortal-
ity2. Previous studies have evaluated healthcare resource util-
ization (HRU) among patients with CAD in the United States
(US) and found high HRU in both a tertiary medical center
and large insurance plan10,11. To date, no study has
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evaluated HRU among patients with CAD in Europe. The
objective of this study is to characterize HRU for patients
with CAD and their matched comparisons in Denmark using
national health registries.

Methods

Data source

This population-based cohort study was conducted using
Danish medical and administrative registries covering the
study period from 1 January 1999 to 31 December 2016. In
Denmark, the National Health Service provides universal, tax-
supported healthcare for all Danish residents, guaranteeing
access to general practitioners and hospitals free of charge12.
The Danish registries are linkable at individual levels through
the civil personal registration number, which is a unique 10-
digit identifier assigned to all residents at birth or upon
immigration.

The Danish National Patient Registry (DNPR) was used to
identify patients with a CAD diagnosis and to define comor-
bidities and HRU. The DNPR contains nonpsychiatric hospital-
izations since 1977 and outpatient and emergency room
visits since 199513. The outpatient clinic visits included con-
tacts with hospital-based (ambulatory) specialty clinics but
not with general practitioners or private practice specialists13.
Diagnoses were coded using the eighth revision of the
International Classification of Diseases (ICD) until the end of
1993 and the tenth revision (ICD-10) thereafter. Information
is recorded immediately after discharge and includes admis-
sion and discharge dates, one primary diagnosis, and up to
20 secondary diagnoses13. Drugs administered in hospitals
are also coded in the DNPR using the SKS Health Care
Classification System of the Danish Health and Medicines
Authority. The non-CAD comparison cohort was sampled
using the DNPR and the Danish Civil Registration System
(DCRS)14. The DCRS tracks vital status and migration nation-
wide since 1968 with daily electronic updates14.

Study population

Patients with CAD were identified by any inpatient or out-
patient hospital visit with ICD-10 code D591A either as a pri-
mary or secondary diagnosis. The index date of patients with
CAD was defined as the admission date of the first hospital
or outpatient clinic visit with CAD diagnosis. To ensure at
least 6 months of follow-up, patients were included from 1
January 1999, through 30 June 2016.

We randomly sampled with replacement up to 10 individ-
uals from the general population of Denmark to each mem-
ber of the CAD cohort and matched on birth year (±3 years),
sex, and 19 disease categories of the Charlson Comorbidity
Index (CCI). The comparator’s index date was set to the cor-
responding patient with CAD for their admission date, and
they were required to be alive and CAD-free at this date.

To evaluate HRU specifically in patients presumed to have
primary CAD, a sensitivity analysis was conducted by exclud-
ing patients who had coexisting malignant conditions (i.e.

B-cell lymphomas and Waldenstr€om macroglobulinemia), as
well as specific infections (i.e. the Epstein-Barr virus, cyto-
megalovirus, and Mycoplasma pneumoniae). The ICD codes
used to identify these patients are presented in
Supplemental Table 1. Comparison cohort members who
were matched to the excluded CAD cases or had conditions
associated with secondary CAD were also removed from the
analyses of primary CAD.

Outcomes

Inpatient hospitalizations, outpatient clinic visits, and emer-
gency room visits were evaluated for patients with CAD and
their matched comparisons 6 months prior to and 12 months
after the index date. Those hospital visits that cover the
index date (i.e. admission date at or before index and dis-
charge date at or before index) were excluded from the anal-
yses. Admission date was used to define the timing of the
visits (i.e. 6 months prior to and 12 months after index date).
The proportion of patients having HRU and the number of
HRUs per patient were evaluated separately for each visit
type and period. For inpatient hospitalizations, the total hos-
pital days per person were also reported and compared.

Hospital visits with ICD-10 codes D591, D649, D594, and
D599 either as a primary or secondary diagnosis were identi-
fied as CAD-related visits. Inpatient and outpatient visits for
CAD-related events were evaluated in a separate analysis.
The procedure codes used to identify treatments with expen-
sive drugs (bortezomib, antithymocyte globulin, high-dose
immunoglobulin, bendamustine, daunorubicin, and other
biological treatments) are in Supplemental Table 2.
Emergency room visits, transfusion, and expensive drug use
could not be evaluated for CAD-specific events because the
number of events was too small in either the CAD cohort or
comparison cohort for meaningful comparisons to be made.

Red blood cell transfusions were identified with treatment
code BOQ. The exact quantity of transfusions and drugs was
not addressed in this analysis; a small proportion of patients
received multiple transfusions per day, and the dosage of
the selected drugs is not registered in the DNPR. The propor-
tion of patients having transfusions/expensive drugs was
reported separately for each period. The number of transfu-
sion/drug days for those who received the treatment was
also evaluated.

If a patient had less than 1 year of follow-up because of
the end of the study period (31 December 2016) or emigra-
tion/loss of follow-up, the number of HRU, hospital days, and
days with a transfusion or expensive drug were annualized.
During annualization, the outcome utilizations were divided
by the actual follow-up time (in days) and multiplied by 365.
No annualization was applied if the follow-up ended
with death.

Statistical analyses

Baseline demographic information, including gender, age at
CAD diagnosis, calendar year, and CCI score, were summar-
ized with descriptive statistics. The proportions of patients
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with hospital visits, transfusion, and drug use in the CAD and
comparison cohorts were compared using conditional logistic
regression models. The odds ratios (ORs) of HRU in the CAD
cohort compared with the comparison cohort and their 95%
confidence interval (CI) were estimated. The rate of utiliza-
tions in the CAD and comparison cohorts were compared
with negative binomial mixed models. The rate ratios (RRs)
and 95% CIs of HRU in the CAD cohort compared with the
comparison cohort were estimated. The ORs and RRs were
controlled for matching variables by study design.

The number of hospital days per patient in the CAD and
comparison cohorts were compared using a generalized lin-
ear mixed model with the zero-inflated negative binomial
distribution. The zero-inflated negative binomial model con-
sists of the following 2 parts: 1) a logit part modeling the
proportion of patients with zero hospital days and 2) a nega-
tive binomial part modeling the number of hospital days.
The reported P values belong to the negative binomial part.

All statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

Results

This is the first study to examine HRU of newly diagnosed
CAD patients in a European population. A total of 104
patients with CAD were identified in the DNPR and matched
to 1003 comparison individuals without CAD from the gen-
eral Danish population, with a mean ratio of 9.6:1 (Figure 1).
Demographics and baseline characteristics were similar
between the CAD cohort and the matched non-CAD cohort
(Table 1). The median age of patients at the index date was

72.3 years (interquartile range [IQR], 62.7–78.2) in the CAD
cohort and 71.5 years in the comparison cohort (IQR,
63.0–78.6). The overall CAD cohort comprised slightly more
women than men (52.9% vs. 47.1%, respectively). The major-
ity of patients had one or more comorbidities; 63.5% of
patients with CAD and 60.0% of patients with primary CAD
had a CCI score of 1 or higher (Table 1, Supplementary
Table 3).

During the 12 months after the index date, 52.8% (55/
104) of the CAD cohort compared with 22.6% (227/1003) of
matched comparisons required inpatient hospitalizations,
with the odds of having at least 1 inpatient admission being
3.9 times (95% CI, 2.5–6.0) higher for patients with CAD than
for the comparisons (Table 2). Patients with CAD had 5.1
times (95% CI, 3.6–7.3) increased rate of inpatient hospitaliza-
tion admissions (p< .0001) and more inpatient hospital days
than matched comparisons (median 1.5 days for patients
with CAD vs median 0 d for comparisons; p¼ .001) (Table 2).

During the 12 months after the index date, 95.2% (99/
104) of patients with CAD compared with 58.8% (590/1003)
of matched comparisons had at least 1 outpatient visit; the
odds of having at least 1 outpatient visit were 17.2 times
(95% CI, 6.8–43.1) higher for patients with CAD than for the
comparisons (Table 2). The median number of outpatient
clinic visits was 10 and 1 in the CAD and comparison
cohorts, respectively. Patients with CAD had a 5.3 times (95%
CI, 4.1–6.8) higher rate of outpatient visits than comparison
cohort members (Table 2). The use of emergency care was
also greater in the CAD cohort than in the comparison
cohort; however, the increase was less substantial than for
the other visit settings. Specifically, 19.2% (20/104) of the
patients with CAD visited the emergency room at least once,

Figure 1. Patient flow diagram. Danish health registries (1999–2016). Abbreviations. CAD, Cold agglutinin disease; DNPR, Danish National Patient Registry.
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compared with 13.7% (137/1003) in the comparison cohort.
Transfusion use was also significantly greater for patients
with CAD than for matched comparisons (43.3% vs 1.3%;
p< .0001) (Table 2). The median number of transfusion days
during the 12 months after the CAD diagnosis was 4.0 for
the 43.3% of patients with CAD who received the treatment.
The expensive drug use during the 12 months after index

was also significantly greater for patients with CAD than for
matched comparisons (10.6% vs. 1.2%; p< .0001). High-dose
immunoglobulin was the most frequently applied drug;
accounting for 31.7% and 58.8% of the treatments for
patients with CAD and the matched comparisons, respect-
ively. However, one should note that these results were col-
lected for a study period from 1999 to 2016 and treatment

Table 1. Demographic and clinical baseline characteristics of the Danish CAD cohort and matched comparison cohort: Danish
health registries (1999–2016).

CAD cohort (N¼ 104) Matched comparison cohort (N¼ 1003)

n % n %

Sex
Male 49 47.1 479 47.8
Female 55 52.9 524 52.2

Age at index date, years
18–59 18 17.3 194 19.3
60–69 23 22.1 219 21.8
70–79 40 38.5 368 36.7
�80 23 22.1 222 22.1

Age at index date, years
Mean (SD) 70.5 (11.8) 70.1 (11.9)

Year of diagnosis/index date
1999–2004 10 9.6 100 10.0
2005–2008 18 17.3 180 17.9
2009–2012 36 34.6 342 34.1
2013–2016 40 38.5 381 38.0

CCI score
0 38 36.5 380 37.9
1–2 42 40.4 420 41.9
�3 24 23.1 203 20.2

Abbreviations. CAD, cold agglutinin disease; CCI, Charlson Comorbidity Index; SD, standard deviation.

Table 2. Total and CAD-related healthcare resource utilization of the Danish CAD and matched comparison cohorts within 12 months months after the
index date.

CAD cohort (N¼ 104) Matched comparison cohort (N¼ 1003) OR/RR (95% CI) p-value

Inpatient hospitalizations
Total utilization
Number of patients n (% of cohort) 55 (52.8) 227 (22.6) 3.9 (2.5–6.0)a <.0001
No. of admissions per patient median (IQR) 1 (0–3) 0 (0–0) 5.1 (3.6–7.3)b <.0001
Hospital days per patient median (IQR) 1.5 (0–14) 0 (0–0) N/A .001c

CAD-related utilization
Number of patients n (% of cohort) 34 (32.7) 36 (3.6) 15.3 (8.3–28.2)a <.0001
No. of admissions per patient median (IQR) 0 (0–1) 0 (0–0) 40.1 (18.2–88.6)b <.0001
Hospital days per patient median (IQR) 0 (0–6.5) 0 (0–0) N/A .331c

Outpatient clinic visits
Total utilization
Number of patients n (% of cohort) 99 (95.2) 590 (58.8) 17.2 (6.8–43.1)a <.0001
No. of admissions per patient

median (IQR)
10 (4.5–19.5) 1 (0–4) 5.3 (4.1–6.8)b <.0001

CAD-related utilization
Number of patients n (% of cohort) 57 (54.8) 93 (9.3) 36.4 (18.2–72.7)a <.0001
No. of admissions per patient median (IQR) 2 (0–9) 0 (0–0) 180.9 (88.9–368.1)b <.0004

Emergency room visits (total)
Number of patients n (% of cohort) 20 (19.2) 137 (13.7) 1.4 (0.8–2.4)a .231
No. of admissions per patient median (IQR) 0 (0–0) 0 (0–0) 2.0 (1.3–3.1)b .008

Transfusion use (total)
Number of patients n (% of cohort) 45 (43.3) 13 (1.3) 93.0 (33.3–259.8)a <.0001
No. of transfusion days for patients with transfusion median (IQR) 4 (1.0–7.0) 2 (2.0–13.0) N/A N/A

Expensive drug use (total)
Number of patients n (% of cohort) 11 (10.6) 12 (1.2) 12.8 (4.9–33.6)a <.0001
No. of treatment days for patients with drug use median (IQR) 2 (1–7) 3 (1.5–8) N/A N/A

Danish health registries (1999–2016).
Abbreviations. CAD, Cold agglutinin disease; CI, Confidence interval; IQR, Interquartile range; N/A, Not applicable; OR, Odds ratio; RR, Rate ratio.
aOR in the CAD cohort versus the comparison cohort estimated with conditional logistic regression (e.g. OR ¼ 3.9 means that the odds of inpatient hospitaliza-
tion are 3.9 times higher for a patient with CAD compared with comparison cohort members selected from the general population).
bRR in the CAD cohort versus the comparison cohort estimated with a negative binomial mixed model (e.g. RR ¼ 5.1 means that the rate of inpatient hospital-
izations is 5.1 times for a patient with CAD compared with comparison cohort members selected from the general population).
cZero-inflated negative binomial model, significance test for the negative binomial part of the model.
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practices changed substantially during these years; e.g. eculi-
zumab was not even approved before 2007.

Analyses limited to inpatient hospitalizations or outpatient
clinic visits likely to be associated with CAD diagnosis
showed similar but stronger results for patients with CAD
and CAD-related HRU during the 12-month post-diagnosis
period. Regression models showed increased odds of
inpatient stay (OR, 15.3; 95% CI, 8.3–28.2) and outpatient visit
(OR, 36.4; 95% CI, 18.2–72.7) compared with matched com-
parison cohort members (Table 2).

HRU in the 6 months prior to the index date was also sig-
nificantly higher for patients with CAD. Patients with CAD
had more inpatient admissions (p< .0001), outpatient visits
(p< .0001), and emergency room visits (p< .0001) when
compared with the members of the comparison cohort. The
percentage of patients with transfusion was 20.2% in the
CAD cohort and 1.3% in the comparison cohort. The percent-
age of patients with expensive drug use was slightly higher
for patients with CAD than for the comparison cohort; the
difference was around the limit of significance (p¼ .017).
(Table 3). These trends persisted for CAD-related utilization
(Table 3).

Sensitivity analysis: primary CAD

To evaluate HRU among patients with likely primary CAD
only, sensitivity analyses were conducted excluding patients
with diseases known to be associated with cold agglutinin

syndrome (i.e. secondary CAD) (Supplementary Table 1).
Within the CAD cohort, 85 patients (81.7% of the total CAD
cohort) lacked any conditions known to be associated with
secondary CAD and were presumed to have primary CAD.
These patients were matched to 826 non-CAD comparison
cohort members. While the overall cohort had slightly more
men than women, this was reversed among patients with
primary CAD (44.7% vs. 55.3%, respectively) (Supplementary
Table 3). Patients with primary CAD experienced increased
HRU for inpatient and outpatient visits, emergency room vis-
its, and transfusion use versus matched general population
comparisons (Supplementary Table 4). These trends in
inpatient hospitalizations and outpatient clinic visits persisted
for patients with CAD-related utilization (Supplementary
Table 4), for HRU within 6 months of initial diagnosis overall
(Supplementary Table 5), and specific to CAD-related HRU
(Supplementary Table 5). Expensive drug use was not eval-
uated for the 6 months before the diagnosis because the
number of events was too small in either the CAD cohort or
comparison cohort for meaningful comparisons to be made.

Discussion

This study evaluated HRU among patients with CAD and pri-
mary CAD in Denmark. Versus their matched comparisons,
patients with CAD and primary CAD experienced significantly
higher HRU, including inpatient hospitalizations, emergency
room visits, outpatient clinic visits, and transfusions, in the

Table 3. Total and CAD-related healthcare resource utilization of the Danish CAD and matched comparison cohorts within 6 months months prior to the
index date.

CAD cohort (N¼ 104) Matched comparison cohort
(N¼ 1003)

OR/RR (95% CI) p-value

Inpatient hospitalizations
Total utilization
Number of patients n (% of cohort) 32 (30.8) 126 (12.6) 3.1 (1.9–5.1)a .0002
No. of admissions per patient median (IQR) 0 (0–1) 0 (0–0) 3.7 (2.3–5.9)b <.0001
Hospital days per patient median (IQR) 1.5 (0–14) 0 (0–0) N/A .115c

CAD-related utilization
Number of patients n (% of cohort) 19 (18.3) 29 (2.9) 8.7 (4.2–17.9)a <.0001
No. of admissions per patient median (IQR) 0 (0–0) 0 (0–0) 15.0 (7.3–30.9)b <.0001
Hospital days per patient median (IQR) 0 (0–0) 0 (0–0) N/A .865c

Outpatient clinic visits
Total utilization
Number of patients n (% of cohort) 83 (79.8) 469 (46.8) 6.4 (3.6–11.3)a <.0001
No. of admissions per patient median (IQR) 3 (1–6) 0 (0–2) 3.3 (2.5–4.3)b <.0001

CAD-related utilization
Number of patients n (% of cohort) 48 (46.2) 87 (8.7) 22.9 (12.1–43.3)a <.0001
No. of admissions per patient median (IQR) 0 (0–3) 0 (0–0) 52.3 (28.4–96.4)b <.0002

Emergency room visits (total)
Number of patients n (% of cohort) 20 (19.2) 51 (5.1) 4.2 (2.4–7.3)a <.0001
No. of admissions per patient median (IQR) 0 (0–0) 0 (0–0) 4.8 (2.9–8.0)b <.0001

Transfusion use (total)
Number of patients n (% of cohort) 21 (20.2) 13 (1.3) 26.6 (10.6–66.9)a <.0001
No. of transfusion days for patients with transfusion median (IQR) 2 (1.0–3.0) 2 (2.0–4.0) N/A N/A

Expensive drug use (total)
Number of patients n (% of cohort) �5 9 (0.9) 4.5 (1.3–15.8)a .017
No. of treatment days for patients with drug use median (IQR) 2 (2–4) 4 (2.5–14) N/A N/A

Danish health registries (1999–2016).
Abbreviations. CAD, Cold agglutinin disease; CI, Confidence interval; IQR, Interquartile range; N/A, Not applicable; OR, Odds ratio; RR, Rate ratio.
aOR in the CAD cohort versus the comparison cohort estimated with conditional logistic regression (e.g. OR ¼ 3.9 means that the odds of inpatient hospitaliza-
tion are 3.9 times higher for a patient with CAD compared with comparison cohort members selected from the general population).
bRR in the CAD cohort versus the comparison cohort estimated with a negative binomial mixed model (e.g. RR ¼ 5.1 means that the rate of inpatient hospital-
izations is 5.1 times for a patient with CAD compared with comparison cohort members selected from the general population).
cZero-inflated negative binomial model, significance test for the negative binomial part of the model.
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12 months post-diagnosis. Interestingly, HRU was also
increased for patients with CAD in the 6 months prior to
diagnosis, which may be a reflection of the presence of
anemia at disease onset. In the literature, Barcellini et al.15,
Prabhu et al.16, Mullins et al.10, Sch€ollkopf et al.17, and
Berentsen et al. (in 199718 and 200019) found that a signifi-
cant proportion of patients had anemia at CAD diagnosis. In
fact, 84% of patients in 1 study (Prabhu et al16) and more
than 40% in 2 other studies10,15 reported severe anemia
at diagnosis.

Two US studies have also examined HRU in this popula-
tion. One of the studies conducted at Stanford University
Medical Center in the US10 assessed the patient journey for
29 patients with CAD diagnosed between 2000 and 2016.
The second US study used the Optum–Humedica database11.
The proportion of patients with CAD who had at least 1
inpatient visit was different in the 2US studies; 67% at
Stanford and 36% in Optum, while the proportion of patients
with an inpatient visit in Denmark (53%) was between these
2US estimates. The percentage of patients with CAD who
had at least 1 outpatient visit was similar in each study
(100% at Stanford, 95% in Optum, and 95% in Denmark).
The proportion of patients seen in the emergency room was
smaller in Denmark than in the 2US studies (19% in
Denmark vs. 53% at Stanford and 26% in Optum). The
observed differences may reflect differences in healthcare
systems between the US and Denmark, clinical practice
guidelines, patient behavior, or a combination of factors.
Firstly, the Danish health system is universal, comprehensive,
and free. By contrast, the US health system relies on public
and private health insurance coverage, and many uninsured
rely on hospital emergency rooms for primary care. This may
provide reasoning for the decreased emergency room visits
seen in the Danish cohort. Another reason could be the 2014
Denmark hospital restructure, wherein emergency depart-
ment access changed from a walk-in basis to referral-based,
requiring a doctor referral or activation of the emergency
medical services. This may have inadvertently resulted in
fewer emergency room visits or diverted these patients to
other treatment settings20. Further, there may be differences
in clinical practice guidelines between countries, such that
the phase of care may differ on a case-by-case basis, ultim-
ately resulting in Denmark having an increased inpatient
hospitalization rate compared with the US.

A recent study in 8 Italian hematological centers followed
378 patients with primary autoimmune hemolytic anemia
(AIHA), including CAD, to capture both clinical and HRU
parameters15. Similar to our study, the authors found high
HRU among patients with AIHA. A total of 64% of patients
with AIHA required at least 1 hospital admission, and this
percentage was lower for the Danish patients with CAD
(53%). The median number of outpatient visits per year was
twice as large in the CAD cohort as among the patients with
AIHA (10 vs. 5 visits per year). Subgroup analyses for patients
with CAD (within the AIHA cohort) revealed that about 50%
of patients required at least 1 transfusion, which is similar to
the 43% that we found in the Danish CAD cohort.

In the current study, the high HRU observed after the
index date may reflect limitations associated with current
CAD therapeutic approaches, given the dearth of approved
treatments. To verify that the increase in HRU was not
caused by comorbid conditions such as diabetes or heart dis-
ease, patients with and without CAD were matched based
on CCI disease categories. Furthermore, we conducted sensi-
tivity analyses that excluded patients with underlying condi-
tions that can be associated with CAD, such as specific
infections and B-cell lymphoma. The persistence of increased
HRU across all parameters (inpatient, outpatient, emergency
room, transfusion days, and expensive drug use) in the CAD
cohort after making these adjustments indicates that our
findings cannot be solely owing to the presence of underly-
ing comorbidities or related disorders.

This analysis is strengthened with the use of the Danish
health registries with complete patient follow-up. Denmark
also utilizes an ICD-10 code specific to CAD [D591A] in
healthcare practice, where in the US, determination of CAD
diagnosis must be considered through procedural codes and
department-level utilization10,11. However, as no ICD-10 code
for primary CAD currently exists, in a sensitivity analysis we
developed a primary CAD group based on concomitant dis-
eases likely to be secondary to CAD based on prior studies
in CAD2,11. Similarly, CAD-related utilization was based on
the identification of ICD-10 codes likely to be associated
with the disease. The primary CAD subcohort and the CAD-
related utilization measure may therefore be subject to
misclassification.

Conclusions

This population-level analysis of HRU in patients with CAD is
the first to date in a European cohort. The results of this
study demonstrate that compared with a matched non-CAD
cohort from the general population, patients with CAD utilize
significantly more healthcare resources both prior to diagno-
sis and 1 year post-diagnosis. The burden of disease among
these patients is suggestive of unmet needs in earlier man-
agement of the condition.
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