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Background: Congenital red blood cell (RBC) disorders, such as hemoglobinopathies, are

frequent worldwide but with large geographical variation. Growing migration has increased

the number of patients with RBC disorders in formerly low prevalence countries, eg,

Denmark. However, accurate prevalences are unknown.

Methods: Patients with a registered diagnosis of congenital hemolysis in the Danish

National Patient Register between 1977 and 2016 were linked to a national laboratory

database of RBC disorders and the Danish civil registration system. We calculate annual

age- and sex-specific prevalences of the congenital hemolytic disorders from 2000 to 2016.

Results: Prevalences of all subtypes of congenital hemolytic disorders increased during the

study period. The prevalence of hereditary spherocytosis increased 1.73 times between 2000 and

2015, from 10.2/105 persons to 17.7/105 persons. Alpha thalassemia trait had a prevalence of 0.5/

105 persons in 2000, but increased 41 times to 19.2/105 persons in 2015. Beta thalassemia minor

increased eightfold from 4.5/105 persons in 2000 to 34.9/105 persons in 2015. Likewise, sickle

cell trait increased 11 times from 0.7/105 persons in 2000 to 8.1/105 persons in 2015, whereas

sickle cell disease increased from 0.5/105 persons to 2.7/105 persons in 2015, a fivefold increase.

Conclusion: The prevalence of congenital RBC disorders in Denmark is increasing. The

hemoglobinopathy traits now have prevalences as high as hereditary spherocytosis. These

estimates of congenital hemolytic disorders in Denmark emphasize that inborn hemoglobin

disorders are a public health concern, even in some formerly low prevalence countries.

Keywords: hemolytic anemia, thalassemia, sickle cell disease, hereditary spherocytosis,

hemoglobinopathies, sickle cell anemia

Introduction
The congenital red blood cell (RBC) disorders impose a great burden on health-care

systems around the world.1–6 Many hemoglobinopathies, like sickle cell disease and

thalassemias, have traditionally been considered endemic in malaria-belt-countries.3–8

Some endemic countries have established prenatal screening programs and can now

observe decreasing prevalence.1,3,5,9,10 However, with growing migration, prevalences

are changing in several countries, and hemoglobinopathies are now an increasing

health consideration in the formerly low prevalence countries.1–9,11,12

Published prevalence measures are mainly from high prevalence countries.1,2,5,8,9

Another limitation in existing knowledge is that mainly birth-prevalences are investi-

gated, which is insufficient in low prevalence countries due to the unmeasured con-

tribution from migration.2,3,5,8

Further, knowledge about prevalences of most of the hereditary RBC disorders

in Europe is scarce.2,6,9 Even hereditary spherocytosis, which is considered nearly
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endemic in northern Europe, shows highly variable esti-

mates of prevalence ranging from 0.02% to 1% of the

population.9,12–15

To advance knowledge for health-care planning and

research, we described the changes in prevalence of con-

genital hemolytic disorders in Denmark. We also assessed

the feasibility of using a combination of routine adminis-

trative data and laboratory data sources to define congeni-

tal hemolytic diseases accurately.

Methods
The study was based on Danish health registries with

universal coverage of all Danish hospitals and with com-

plete follow-up of individual patients.16 Routinely col-

lected administrative health data was linked at the

personal level with information concerning migration,

sex, country of origin, age and vital status.17–19 We

included information from the Danish National Patient

Register (the Patient Register) and from the Danish Civil

Registration. The diagnosis codes for identification of

congenital hemolytic disorders were previously validated

in a Danish register setting.20

We retrieved patients with congenital hemolytic disor-

ders from the Patient Register, based on predefined diag-

nosis codes (Supplementary Table 1). Furthermore,

patients were also identified from a National laboratory

database of RBC disorders from the Department of

Hematology, Herlev and Gentofte Hospital.20 We used

stratified census data provided by Statistics Denmark for

calculations of prevalences.17 Prevalences were calculated

for the period 2000 to 2016.

All analyses were preplanned in the protocol, and the

principles suggested by the reporting of studies conducted

using observational routinely-collected health Data

(RECORD) Statement was used to guide the reporting of

results.21

Data
The Patient Register was our source register.19 The register

contains data on diagnoses from all Danish hospitals made by

the attending physicians, coded according to International

Classification of Diseases, 8th revision, (ICD-8) 1977–1993

and 10th revision ICD-10 thereafter. The registry includes

data of all hospitalizations since 1977, and from 1994, out-

patient visits to hospital specialist clinics were also regis-

tered. Hospital treatment is free of charge in Denmark, and

the limited numbers of private hospitals do not engage in

management of patients with blood diseases.16

The hemolysis laboratory database, Department of

Hematology, Herlev and Gentofte Hospital, contains

laboratory confirmed diagnoses of red blood cell hemoglo-

binopathy, enzymopathy, and membranopathy.20 The data-

base was established in 1993 and conducted all diagnostic

tests for these disorders in Denmark until 2012 and

approximately 85–90% of all positive tests in Denmark

after 2012; the number of tests performed annually has

more than quadrupled from 2000 to 2016 (unpublished

data). The laboratory database thereby provides informa-

tion on trait conditions, which are often not captured

through the Patient Register.20

Danish Hemolysis Cohort was created from the com-

bined information from the DNPR and the hemolysis

laboratory database. Patients were included from the

Patient Register if they were registered with at least one

diagnosis of hemolysis or immune-mediated thrombocyto-

penia, January 1977 through 2016 (Supplementary Table 1),

or with a laboratory diagnosis of hemolysis in the hemolysis

database, 1993 or later.

The Danish Civil Registration System uniquely identifies

every person living in Denmark through the Civil Personal

Register number (CPR). The number is used as a unique and

permanent identifier through all administrative and govern-

mental registers.18 The CPR number is assigned each inha-

bitant in Denmark at immigration or birth. Using this allowed

us to link individual-level information about sex, birth date,

migration, ethnicity, health, and death.18 Ethnicity is regis-

tered as Danish origin, immigrant, and descendant, the latter

being those born in Denmark where both parents are regis-

tered as immigrants.17 Statistics Denmark provides annually

updated stratified census information.17

Inclusion and Exclusion Criteria
Patients in the Danish Hemolysis Cohort were included in

this study if they had a defined diagnosis of a congenital RBC

disorder. As a laboratory test is the gold standard, patients

were first included from the Hemolysis Laboratory Database.

The highly specific laboratory diagnoses of hemoglobinopa-

thies and enzymopathies were grouped in ICD compatible

groups (see Supplementary Table 1). Patients who were not

registered in the laboratory database were subsequently

assessed for a hospital-based diagnosis of a congenital hemo-

lytic disorder in the Patient Register. The specific register

diagnoses have previously been found to be valid15 with

positive predictive values (PPV) of more than 90% for

hemoglobinopathies in general as well as for specific thalas-

semic diseases. PPVs for sickle cell disease and hereditary
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spherocytosis on the other hand, range from 71% to 81%.20

PPVs for the abovementioned diagnoses were even higher

after exclusion of patients that had only been coded with

RBC at surgical departments.20 To improve the PPV in our

study, we therefore only included patients with diagnoses

assigned by departments of hematology, pediatrics, and inter-

nal medicine. Patients in our study who did not have a

laboratory diagnosis and were registered with more than

one hemolytic diagnosis in the Patients Register were

assigned the diagnosis with the highest PPV. Inclusion was

only based on laboratory diagnosis or diagnosis registered in

the Patient Register, since detailed information from

individual medical records was not available for this study.

Follow-up started from date of diagnosis of the most reliable

hemolysis diagnosis. Patients with an acquired hemolysis

diagnosis without a concomitant congenital hemolytic dis-

order were excluded. This procedure defined our main model

and is illustrated in Supplementary Figure 1.

Statistics
All data management and analysis were performed using Stata

15.1.22 We tabulated general characteristics of the included

patients and diagnostic groups: proportion of women, splenec-

tomized, ethnic origin, and median age at diagnosis.

Prevalence of the disorders per 100,000 persons was

calculated as the proportion of patients with the disease,

alive on January 1 in the years 2000, 2007 and 2015. The

proportion was calculated with 95% confidence intervals

using the Clopper–Pearson method.23,24 Strata were sex

and age groups <20, 20–50 and >50 years of age. We used

strata-specific census data as denominator in all the strati-

fied calculations.17 Overall prevalence was further calcu-

lated annually, 2000‒2016. These data were depicted in

graphs and formally tested for changes in prevalence over

time for each included disorder by estimating prevalence

proportion ratios (PPR) from negative binomial

regression.24,25 However, if the dispersion parameter in

all regressions was indistinguishable from zero, the regres-

sions were simplified to a Poisson regression.24

Assigning the most reliable diagnosis can introduce a

survivorship bias in our study, particularly if patients with

only an unspecific hemolysis subtype are followed for a

long period. To account for this, we employed a sensitivity

model. This model used the same inclusion criteria as the

main model, but assigned the first registered congenital

hemolytic diagnosis in the Patient Register and did not

utilize the additional information from the hemolysis

laboratory database. The sensitivity model was used to

calculate and depict the overall prevalence applying the

same approach as the main model. The two models were

compared using negative binomial regression or Poisson

regressions if dispersions parameters were indistinguish-

able from zero. The comparison between the two models

included possible time interactions.

Approval and Ethics
According to current Danish law, register studies without

patient contact, do not require ethical approval. The study

was approved by the Danish Data Protection Agency

(reference: 17/10885). Sharing of public Danish health

data is not allowed according to current legislation.

Results
The population in Denmark increased from 5,330,020

(50.6% women) in 2000 to 5,707,251 (50.3% women) in

2016. In the same period, the proportion of people

with Danish origin decreased from 92.9% to 87.7%

(Supplementary Figure 2).

We identified 30,520 patients registered with at least

one of the defined diagnoses in the Patient Register or the

hemolysis laboratory database (Supplementary Table 1).

Following the main model, 10,013 patients could be

assigned a diagnosis of a congenital hemolytic disorder

(Table 1 and Supplementary Tables 2 −3). The sensitivity

model only employing the Patient Register identified 6002

patients (Supplementary Table 2). Basic demographic infor-

mation is provided in Table 1 and in Supplementary Table 3.

Prevalence
Prevalence proportions calculated on the 1 January in the

years 2000, 2007 and 2015 are presented in Table 2 and

Supplementary Table 4. Prevalence proportions increased

for all diseases in all groups, except for the diagnosis

“congenital hemolysis not otherwise specified (NOS)”

(Supplementary Table 4).

The overall prevalence proportion of congenital hemolysis

NOS decreased from 5.8 [95% CI: 5.2; 6.5] per 100,000

persons in 2000, to 5.1 [95% CI: 4.6; 5.8] per 100,000 persons

in 2015. The PPR for congenital hemolysis NOS comparing

2000 with 2016 was 0.90 [95% CI: 0.77; 1.05].

(Supplementary Tables 4, 5 and 9, Supplementary Figure 3).

Only sickle cell trait and Glucose-6-phosphate deficiency

(G6PD) differed significantly in prevalence proportion

between sexes (Supplementary Table 5). This difference was

most pronounced in G6PD owing to the X-chromosome-

linked nature of the disorder.26,27 The prevalence proportion
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of G6PD was 3.0 [95% CI: 2.4; 3.8] per 100,000 men and 0.6

[95% CI: 0.3; 1.0] per 100,000 women in 2000. The preva-

lences proportion increased to 6.4 [95% CI: 5.5; 7.5] per

100,000 men and 2.6 [95% CI: 2.1; 3.3] per 100,000

women, in 2015.

Compared with year 2000, the prevalences of alpha-tha-

lassemia trait in 2016 were 41 times higher and beta-thalas-

semia minor prevalence proportion increased nine-fold in the

same period (Supplementary Tables 6 and 7). Similarly, the

prevalence of sickle cell trait was 13 times higher in 2016,

compared with 2000 (Supplementary Table 8).

In 2000, the prevalence proportion of persons with

alpha-thalassemia trait was 0.5 [95% CI: 0.3; 0.7] per

100,000 and 4.5 [95% CI: 3.9; 5.1] per 100,000 with

beta-thalassemia minor. In 2015 this had increased to

19.2 [95% CI: 18.1; 20.4] per 100,000 persons for alpha-

thalassemia trait and 34.9 [95% CI: 33.4; 36.5] per

100,000 persons for beta-thalassemia minor (Table 2).

Hereditary spherocytosis prevalence increased 1.7

times from 10.2 [95% CI: 9.4; 11.1] per 100,000 in 2000

to 17.7 [95% CI: 16.6; 18.9] per 100,000 in 2015 (Table 2,

Figure 3, Supplementary Table 8).

The changes in prevalences were tested by Poisson

regression and not binomial regression, as there were no

signs of over dispersion in any regression models

(Supplementary Tables 6–9).

Sensitivity Analysis
The annual prevalences for the years 2000 to 2016 by the

main model and the sensitivity model are depicted in

Figure 1–3 and Supplementary Figures 3–8. The compar-

ison of annual prevalences from the two models is

restricted to conditions included in both models. The trait

conditions and hemoglobin H disease were not included in

the sensitivity analyses, as they were only identified

through laboratory registrations, ie, only included in one

of the models.

There were no signs of over dispersion, and the

Poisson regression comparing the sensitivity and main

model confirmed that the sensitivity model captured a

higher number of alpha-thalassemia NOS, thalassemia

NOS, sickle cell disease, and congenital hemolysis

NOS (Supplementary Figures 3–7). For the remaining

diseases, the sensitivity model was either not defined, or

the main model had a higher capture (Supplementary

Figures 3–7).
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Table 2 Prevalence of Congenital Hemolytic Disorders in Denmark in 2000, 2007 and 2015

Prevalence per 100,000 Persons [95% CI]

2000 2007 2015

Alpha Thalassemia

Alpha Thalassemia Trait

All 0.47 [0.30; 0.69] 6.76 [6.08; 7.48] 19.22 [18.10; 20.40]

Age <20 0.55 [0.22; 1.14] 7.85 [6.42; 9.51] 22.58 [20.08; 25.29]

Age 20–50 0.76 [0.45; 1.21] 10.84 [9.53; 12.29] 31.31 [29.06; 33.69]

Age >50 0.00 [0.00; 0.22] 0.97 [0.58; 1.54] 3.60 [2.83; 4.52]

HbH Disease

All 0.06 [0.01; 0.16] 0.28 [0.15; 0.45] 0.74 [0.53; 1.00]

Age <20 0.00 [0.00; 0.29] 0.30 [0.08; 0.77] 1.06 [0.58; 1.79]

Age 20–50 0.13 [0.03; 0.37] 0.44 [0.21; 0.81] 1.09 [0.71; 1.61]

Age >50 0.00 [0.00; 0.22] 0.05 [0.00; 0.30] 0.15 [0.03; 0.43]

Alpha Thalassemia NOS

All 0.21 [0.10; 0.37] 0.42 [0.27; 0.63] 0.90 [0.67; 1.18]

Age < 20 0.32 [0.09; 0.81] 1.05 [0.57; 1.76] 2.51 [1.73; 3.52]

Age 20–50 0.21 [0.07; 0.50] 0.27 [0.10; 0.58] 0.70 [0.40; 1.13]

Age > 50 0.12 [0.01; 0.42] 0.16 [0.03; 0.47] 0.10 [0.01; 0.35]

Beta Thalassemia

Beta Thalassemia Minor

All 4.45 [3.90; 5.05] 15.44 [14.41; 16.52] 34.91 [33.39; 36.49]

Age <20 7.13 [5.73; 8.76] 24.91 [22.30; 27.73] 51.77 [47.95; 55.80]

Age 20–50 5.44 [4.53; 6.46] 19.12 [17.36; 21.01] 47.65 [44.86; 50.56]

Age >50 1.11 [0.67; 1.73] 4.11 [3.24; 5.14] 9.93 [8.61; 11.39]

Beta Thalassemia Intermedia

All 0.02 [0.00; 0.10] 0.09 [0.03; 0.21] 0.44 [0.29; 0.65]

Age <20 0.08 [0.00; 0.44] 0.37 [0.12; 0.87] 1.06 [0.58; 1.79]

Age 20–50 0.00 [0.00; 0.16] 0.00 [0.00; 0.16] 0.44 [0.21; 0.80]

Age >50 0.00 [0.00; 0.22] 0.00 [0.00; 0.20] 0.05 [0.00; 0.27]

Beta Thalassemia Major

All 0.02 [0.00; 0.10] 0.31 [0.18; 0.50] 0.69 [0.49; 0.94]

Age <20 0.08 [0.00; 0.44] 0.97 [0.52; 1.66] 1.90 [1.23; 2.81]

Age 20–50 0.00 [0.00; 0.16] 0.18 [0.05; 0.45] 0.57 [0.30; 0.97]

Age >50 0.00 [0.00; 0.22] 0.00 [0.00; 0.20] 0.05 [0.00; 0.27]

Thalassemia NOS

All 1.56 [1.24; 1.93] 2.44 [2.04; 2.89] 3.29 [2.83; 3.79]

Age <20 3.41 [2.46; 4.59] 5.39 [4.21; 6.78] 7.75 [6.32; 9.41]

Age 20–50 1.32 [0.89; 1.87] 2.12 [1.57; 2.82] 2.84 [2.19; 3.62]

Age >50 0.53 [0.24; 1.00] 0.70 [0.37; 1.20] 0.92 [0.56; 1.44]

(Continued)
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Discussion
Using both hospital diagnoses and laboratory data, we

report on prevalences of congenital hemolytic diseases in

Denmark, 2000–2016. When including laboratory data, the

prevalences were overall higher, and more specifically

defined subtypes were available.

Prevalence
All specific hereditary hemolytic disorders increased in

prevalence between 2000 and 2015. This is true for all

the defined strata, but was most pronounced among those

aged <20 years and 20–50 years. A less marked increase

of prevalence was noticed in the group above 50 years

which can be attributed to both the predominant immigra-

tion of younger people and lack of thorough diagnostics

after reproductive age. Cohort attrition due to impaired

survival (ie, affected patients die early and therefore do

not contribute to the prevalence in the older age groups) is

a less universal explanation, as some of the disorders has a

good prognosis.

The prevalence of many of the diseases or trait condi-

tions increased considerably during the study period.

Hereditary spherocytosis now has an overall prevalence

of 17.7/100,000 persons, which is more than twice the

prevalence of cystic fibrosis, a hereditary disorder consid-

ered common in northern Europe.28 Overall, the preva-

lence proportion of hereditary spherocytosis increased

from 10.2/100,000 in 2000 to 17.7/100,000 in 2015.

Especially the age group below 20 years had a high abso-

lute increase in prevalence, reaching 55.0/100,000 in 2015.

As the hereditary spherocytosis, in general, is considered

rare and nearly endemic to northern Europe, the increase is

probably driven by improved and intensified diagnostics,

rather than a true increase in population prevalence.9,12,29

The prevalence of hereditary spherocytosis continues to

rise, probably reflecting that in this group of congenital

RBC disorders, a group of patients remain undiagnosed in

the population.

Interestingly, our hereditary spherocytosis prevalence

in the youngest age group now approaches the predicted

value of 1/5000 to 1/2000, even though these estimates of

overall prevalence derive from cross-sectional studies of

healthy blood donors.12–15,30 However, hereditary sphero-

cytosis in the blood donors is estimated through the pre-

valence with increased osmotic RBC fragility, which may

not be accurate.14,15,29,31 Despite these limitations in

Table 2 (Continued).

Prevalence per 100,000 Persons [95% CI]

2000 2007 2015

Other Defined Congenital

Sickle Cell Trait

All 0.71 [0.50; 0.98] 2.13 [1.76; 2.55] 8.11 [7.38; 8.89]

Age <20 0.79 [0.38; 1.46] 2.24 [1.51; 3.20] 6.92 [5.57; 8.49]

Age 20–50 1.19 [0.79; 1.72] 3.32 [2.61; 4.16] 13.67 [12.20; 15.27]

Age >50 0.00 [0.00; 0.22] 0.59 [0.30; 1.06] 2.68 [2.02; 3.48]

Sickle Cell Disease

All 0.53 [0.35; 0.76] 1.16 [0.89; 1.48] 2.70 [2.29; 3.17]

Age <20 0.95 [0.49; 1.66] 2.24 [1.51; 3.20] 7.07 [5.71; 8.66]

Age 20–50 0.42 [0.20; 0.78] 1.24 [0.82; 1.79] 2.18 [1.62; 2.88]

Age >50 0.35 [0.13; 0.76] 0.27 [0.09; 0.63] 0.49 [0.23; 0.90]

Hereditary Spherocytosis

All 10.24 [9.40; 11.14] 13.77 [12.80; 14.79] 17.72 [16.64; 18.85]

Age <20 30.57 [27.60; 33.78] 39.19 [35.91; 42.70] 55.03 [51.10; 59.19]

Age 20–50 4.71 [3.88; 5.68] 7.12 [6.07; 8.31] 9.04 [7.85; 10.36]

Age >50 2.86 [2.12; 3.78] 3.51 [2.71; 4.48] 3.50 [2.74; 4.41]

Notes: Prevalences estimated as the number of living persons assigned the diagnosis at the latest on 1 January each of the years 2000, 2007 and 2015 stratified by age and

sex with population denominators derived from census data.

Abbreviations: CI, confidence interval; HbH, hemoglobin H; NOS, not otherwise specified.
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estimates, our prevalence for the youngest stratum (<20

years) could indicate that the HS prevalence in the popula-

tion is approximately 1/2000.

Hereditary spherocytosis is still the most prevailing

congenital hemolytic disorder in Denmark although it is

noteworthy that trait conditions of hemoglobinopathies
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Figure 1 Prevalence of alpha thalassemic disorders in Denmark, 2000–2016, according to models for classification of diagnoses (main model vs sensitivity model). The

overall prevalence with 95% confidence intervals for alpha thalassemic diseases calculated on 1 January each year with census data as denominator. The 95% confidence

intervals are calculated using the Clopper–Pearson method. Alpha-Thalassemia trait and HbH disease w not defined in the sensitivity model they do not have a separate ICD

8 or 10 code.

Abbreviations: CI, confidence interval; HbH, hemoglobin H; NOS, not otherwise specified.
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have become even more prevalent. In 2016, beta-thalas-

semia minor had an overall prevalence of 34.9/100,000

persons and alpha-thalassemia trait had an overall pre-

valence of 19.2/100,000 persons. This reflects a close to

nine-fold increase for beta-thalassemia minor and a 46

times increase for alpha-thalassemia trait since 2000

(Supplementary Tables 6 and 7). This increase is prob-

ably driven by combinations of immigration, increased

rate of children born with the condition, and increased

diagnostic intensity. While hereditary spherocytosis

increased steadily during the study (Figure 3), the pre-

valence of all other disorders increased steeply starting

in 2010. This probably reflects an increasing awareness

in clinicians about the use of conclusive laboratory tests.

We suspect that the same explains the increase in

hemoglobinopathies prevalence which is much higher

than the increase in immigration-rate. While the propor-

tion of inhabitants with non-Danish origin only

doubled from 2000 to 2016, sickle cell trait prevalence

increased fourfold during 2000–2009 but 13 times from

2000 to 2016. This marked increase cannot be explained

by migration only, but must derive from a change in

clinical practice (Figure 3 and Supplementary Table 8).

This change in clinical practice would most likely be an

increased use of conclusive laboratory testing (eg HPLC

and gene test), this notion can find some support in the

increased number of tests requested at the Hemolysis

laboratory. This increased highly specific diagnostics

would also explain the decrease in the prevalence of

unspecified congenital hemolytic diagnosis, as many

patients would now get a specific diagnosis.

Sensitivity Analysis
In our previous validation study, it was noted that a

hemolytic diagnosis made by non-medical departments

conferred a low PPV.20 We therefore excluded
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Figure 2 Prevalence of beta thalassemic disorders in Denmark, 2000–2016, according to models for classification of diagnoses (main model vs sensitivity model). The overall

prevalence with 95% confidence intervals for beta-thalassemic diseases calculated on 1 January each year with census data as denominator. The 95% confidence intervals are

calculated using the Clopper–Pearson method.

Abbreviations: CI, confidence interval; NOS, not otherwise specified.
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non-medical departments, although we thereby excluded

some patients. This will have the largest impact on the

sensitivity model, as this model only takes the ICD-8

and ICD-10 codes from hospitals into account, and does

not include supporting data from the laboratory

analyses.
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Figure 3 Prevalence of sickle cell disorders and hereditary spherocytosis in Denmark, 2000–2016, according to models for classification of diagnoses (main model vs

sensitivity model). The overall prevalence with 95% confidence intervals for sickle cell disorders and hereditary spherocytosis calculated on 1 January each year with census

data as denominator. The 95% confidence intervals are calculated using the Clopper–Pearson method.

Abbreviation: CI, confidence interval.
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We observed prevalence differences that reflected the

lower numbers of possible diagnoses included in the sen-

sitivity model; consequently, more patients were categor-

ized as congenital hemolysis NOS. This supports the

assumption that at the time of referral patients are often

assigned an unspecified diagnosis code of congenital

hemolysis which is later changed to the causal diagnosis,

when the diagnostic workup is complete.

We compared the gap in annual prevalence between the

two models, for all diagnoses represented in both the main

model and sensitivity model (Supplementary Table 2)

Large differences between the models were therefore

only seen in diseases where laboratory data added a sig-

nificant number of diagnosed patients, ie hemoglobinopa-

thies (Figure 1–3).

Limitations and Strengths
As our analyses start in 2000, the number of patients with

incomplete follow-up due to lack of capture in the Patient

Register, which opened in 1977, is probably negligible.

The hemolytic laboratory database has been operational

since 1993, and has offered complete coverage from 2000.

Consequently, patients with trait conditions are not cap-

tured systematically from 1993 to 1999. This may also

result in more unspecified congenital hemolysis diagnoses,

especially in the earliest study period, or among the older

population diagnosed before the systematic registration in

the hemolytic laboratory database.

Our conservative approach of only including diagnoses

from departments of hematology, pediatrics and internal

medicine, to get the highest PPV20 carries a risk of under-

estimating the prevalence. However, since all hospital

treatment is free of charge in Denmark it seems unlikely

that this restriction substantially affected our results.16

Conclusion and Perspective
We present contemporary results of the prevalences of

congenital hemolytic disorders in Denmark during 2000–

2016, showing a very large increase in the majority of the

disorders. Further, we show that combined data sources of

both hospital registrations and laboratory results are neces-

sary to capture patients.

Our results of the increasing prevalence of congenital

hemolytic disorders in Denmark support the theory that

hemoglobinopathies can no longer be considered endemic

diseases only in the developing world.1,2,7–9 The preva-

lence of hemoglobinopathies traits implies that with the

subsequent genetic mixing and shifts in the Hardy-

Weinberg equilibrium, the prevalences of the more severe

phenotypes of hemoglobinopathies are likely to increase.

This knowledge emphasizes the relevance of prede-

fined programs for pre-natal screening and genetic

counselling.10,11 General population screening for sickle

cell disease is not implemented in Denmark, since the

prevalence is still low here. However, the current Danish

strategy of a pre-natal screening in high-risk women is

justified and is in accordance with WHO

recommendations.3,11,32,33
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