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ABSTRACT ARTICLE HISTORY
Background: Anaemia can be a pointer of underlying severe disease, including undiagnosed Received 23 February 2021
malignancy. Subsequent blood tests are essential to classify the anaemia into subtypes and to Accepted 26 April 2021
facilitate targeted diagnostic investigation to ensure timely diagnosis of underlying disease.
Objective: We aimed to describe and classify anaemia based on laboratory tests from patients
with new-onset anaemia detected in general practice. An additional aim was to analyse associa- h o

. . L. . . om X aemoglobins; primary
tions between patient characteristics and unclassified anaemia (not classifiable according to health care; cross-sectional
an algorithm). studies; Denmark
Design: Population-based cross-sectional study.

Setting: Danish general practice.

Subjects: A total of 62,731 patients (age: 40-90 years) with new-onset anaemia were identified

in Danish laboratory information systems and nationwide registries, and data were obtained

for 2014-2018.

Main outcome measures: We measured the proportion of patients classified into subtypes of

anaemia based on blood tests requested by general practitioners within 31 days of the anaemia

index date.

Results: Of the 62,731 patients with new-onset anaemia, we identified unclassified anaemia in

78.9% (95% confidence interval (Cl): 77.3-80.5) of men and 65.1% (Cl: 63.4-66.9) of women. The

likelihood of unclassified anaemia increased with age, increasing comorbidity and decreasing

severity of anaemia.

Conclusion: The majority of patients with new-onset anaemia could not be classified through a

simple algorithm due to missing blood tests, which highlights a potential missed opportunity

for diagnosis. Standardised laboratory testing of patients with anaemia is warranted to ensure

adequate follow-up and early detection of underlying severe disease.

KEYWORDS
General practice; anaemia;

KEY POINTS

e Anaemia can be a sign of malignancy, and anaemia classification is an important step in the
diagnosis of underlying disorders.

e The majority of patients with anaemia could not be classified according to a simple algorithm
due to missing blood tests.

e Some patient characteristics were associated with a high risk of unclassified anaemia: high
age, high comorbidity, and severe anaemia.

e Standardised laboratory testing in patients with anaemia is needed to inform targeted diag-
nostic investigation to ensure timely diagnosis.

Introduction the prognosis, careful evaluations are essential [1,3].

Anaemia is associated with increased morbidity and ~ Moreover, anaemia is an emerging health problem in
all-cause mortality in the general population [1,2]. As  the aging population, affecting 17% of the population
even mild anaemia may have a negative impact on aged 65+ years [4].
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Anaemia is often an incidental finding in patients
presenting with non-specific symptoms (e.g. fatigue
and headache). It can be a sign of underlying disease,
including undiagnosed malignancy [2,3]. Hence, all
cases of anaemia should be investigated to reduce
diagnostic delays in potentially serious and treat-
able diseases.

Haemoglobin measurement is a common laboratory
test [5]. In Denmark, it can be requested as a single
test without a full blood count. However, as the diag-
nostic workup in patients with anaemia largely
depends on the type of anaemia, additional laboratory
tests are needed to classify the anaemia and indicate
relevant diagnostic investigations, e.g. endoscopy [6,7].
Hence, laboratory testing and anaemia classification is
an important step in the diagnostic process in patients
with anaemia. General practitioners (GPs) have a key
role in the process of investigating and classifying
anaemia, as they are often the first to detect anaemia.
Few studies have evaluated laboratory findings in
patients with anaemia, and existing studies were
flawed by small sample size [8], including only an eld-
erly population [9], or reporting no inclusion criteria
for new-onset anaemia [8,9]. Furthermore, no previous
studies have evaluated and classified patients with
anaemia into different subtypes of anaemia based on
the available blood samples. Likewise, no previous
studies have investigated if an association exists
between specific patient characteristics and unclassi-
fied anaemia.

We aimed to describe the classification of anaemia
based on laboratory test results in patients with new-

onset anaemia detected in general practice.
Additionally, we aimed to analyse associations
between patient characteristics and  unclassi-

fied anaemia.

Materials and methods

We conducted an observational population-based
cross-sectional study using data from Danish labora-
tory information systems [10]. The data were linked
with individual-level information from Danish nation-
wide registries through the unique civil personal regis-
tration (CPR) number [11,12].

Setting

Denmark has a population of ~5.7 million inhabitants
and consists of five healthcare regions. This study is
based on data from the Northern Denmark Region
(0.6 million inhabitants) and the Central Denmark
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Region (1.3 million inhabitants) [13]. Citizens in
Denmark have free access to healthcare services
through the public tax-funded healthcare system [13].
Almost all citizens (99%) are registered with a general
practice, which has a gatekeeping role and must be
consulted for medical advice (except for emergencies,
primary care otorhinolaryngologists, and ophthalmolo-
gists) [14].

All blood samples are analysed at a hospital-based
clinical biochemistry laboratory and registered in the
electronic laboratory information systems, except for
point-of-care tests, which are analysed in general prac-
tice (e.g. haemoglobin and C-reactive protein, but
they were not included in this study) [5,10]. The
Danish civil registration (CPR) number is used to
record all test results, including date of sample, refer-
ence interval, and requesting unit (GP or hos-
pital department).

Study population

All patients aged 40-90years living in one of the two
regions were eligible for inclusion if registered in the
laboratory information system with new-onset
anaemia based on a blood test requested by a GP in
the period from 1 April 2014 until 30 November 2018.
We excluded patients registered with anaemia in the
laboratory information system (from general practice
or hospital) in the 15months preceding the date of
anaemia registered in the inclusion period (index
date). Re-entry into the cohort was not allowed. We
excluded patients who moved in/out of the two
regions in the study period and patients who died
within 31 days from the index date.

Exposure, outcome, and covariates

Exposure

The exposure was anaemia, which was defined as a
haemoglobin level below 134 g/L for men and below
118 g/L for women according to the Danish reference
intervals [15].

Outcome

The main outcome measures were aetiological [7,16]
and morphological [17] subtypes of anaemia. To
define aetiological subtypes of anaemia, we applied
the diagnostic algorithm for unexplained anaemia by
the Danish Society for Gastroenterology and
Hepatology. We divided subtypes into four groups
based on haemoglobin, ferritin and C-reactive protein
(CRP): (i) iron deficiency anaemia (IDA): anaemia with
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ferritin <30 microgram/I (ug/l), (ii) combined inflam-
matory iron deficiency anaemia (CIIDA): anaemia with
ferritin <100ug/l and increased CRP, (iii) anaemia of
inflammation (Al): anaemia with ferritin >100ug/I and
increased CRP, (iv) other causes: anaemia with ferritin
>30pg/l and normal CRP[7,16]. If the anaemia could
not be classified according to the algorithm due to
missing blood tests, it was categorised as unclassified
anaemia. The morphological subtypes were based on
measures of erythrocyte morphology and classified
according to the Danish reference intervals for mean
cell volume (MCV) into three groups: microcytic [MCV
<82 femtolitre (fL)], normocytic (MCV 82-98fL), and
macrocytic (MCV >98fL) [17].

Subsequently, we studied measures of ferritin, C-
reactive protein (CRP), red cell distribution width
(RDW), cobalamin, folate, and repeated haemoglobin.
We also studied the use of an anaemia ‘laboratory test
package’ requested by GPs. This package is available
in the Central Denmark Region, and it includes a full
blood count as standard. The package is an active
request from the general practitioner, and it triggers
other relevant blood tests (based on measures of
erythrocyte morphology) if anaemia is present (e.g.
ferritin in hypochromic anaemia or cobalamin and fol-
ate in hyperchromic anaemia) [18]. Anaemia classifica-
tion and laboratory tests were based on blood tests
requested by GPs within 31 days of the anaemia index
date. Repeated haemoglobin testing was defined as
haemoglobin measurements requested by a GP within
12 months of the index date.

Covariates

Covariates in the analyses were sex, age, educational
level, disposable income, civil status, anaemia severity,
and comorbidities (number and type). Information on
sex and age was retrieved from the Civil Registration
System (CRS) [12]. Information on educational level,
disposable income, and civil status was obtained from
Statistics Denmark. Educational level was defined
according to the International Standard Classification
of Education (ISCED) and categorised into ‘low’,
‘medium’, and ‘high’. Disposable income was grouped
into tertiles of ‘low’, ‘medium’, and ‘high’. Civil status
was grouped into ‘living alone’ and ‘living with a part-
ner’ (married or registered partnership).

Anaemia severity was categorised according to the
definitions by the World Health Organization into
‘mild" (110g/L-normal value), ‘moderate’ (80-110g/L),
and ‘severe’ (<804g/L) [19]. Information on comorbidity
was obtained from the Psychiatric Central Research
Register (PCRR) and the National Patient Register

(NPR) [11]. Comorbidity was registered for the ten
years preceding the index date. It included 11 chronic
disease groups: cardiovascular diseases, hypertension,
chronic mental illness, diabetes, chronic obstructive
pulmonary disease, chronic neurological disorders,
chronic arthritis, chronic bowel disease, chronic liver
disease, chronic kidney disease, and cancer
(Supplementary File 1) [20,21]. The number of comor-
bidities was categorised into 0, 1, 2, and >3.

Statistical analysis

The data were described as frequencies and propor-
tions expressed as percentages and 95% confidence
intervals (Cl). We calculated adjusted proportions
based on predictions at age 70-79years, following
multinomial logistic regression analysis in the case of
anaemia classification and logistic regression analysis
in the case of subsequent laboratory tests. The
adjusted proportions were stratified by sex and pre-
sented as percentages. To investigate the possible
associations between patient characteristics and hav-
ing unclassified anaemia, we estimated the odds ratios
(ORs) by applying logistic regression analysis. We per-
formed a test for linear trends to assess dose-response
effects. Analyses were stratified by sex and adjusted
for age group. We calculated adjusted proportions of
patients with unclassified anaemia according to
patient characteristics. Adjusted proportions were
based on predictions at age 70-79years, following
logistic regression analysis, stratified by sex and pre-
sented as percentages. Standard errors in all analyses
were modelled to allow for intragroup correlations
due to clusters of patients within general practice. All
analyses were performed with Stata® version 15.

Results

Of the 62,731 included patients, 35,075 (55.9%) were
men (Table 1). Among men, the mean age was
69.3 years, 93.3% had mild anaemia, and 53.2% had at
least one comorbidity. Among women, the mean age
was 65.1years, 60.4% had mild anaemia, and 47.0%
had at least one comorbidity.

Anaemia classification

The aetiology of anaemia could not be determined
according to the algorithm in 78.9% (Cl: 77.3-80.5) of
men and 65.1% (Cl: 63.4-66.9) of women due to miss-
ing blood tests.
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Table 1. Demographic and clinical characteristics of individuals aged 40-90 years with new-onset anaemia detected
in general practice (n=62,731).

Patient characteristics Men, n (%) Women, n (%) Total, n (%)
Total® 35,075 (55.9) 27,656 (44.1) 62,731 (100.0)
Age groups, years
40-49 2,567 (7.3) 7,256 (26.2) 9,823 (15.7)
50-59 4,990 (14.2) 3,882 (14.0) 8,872 (14.1)
60-69 8,848 (25.2) 3,714 (13.4) 12,562 (20.0)
70-79 11,265 (32.1) 6,012 (21.7) 17,277 (27.5)
80-89 7,405 (21.1) 6,792 (24.6) 14,197 (22.6)
Educational level
Low 13,618 (38.8) 13,312 (48.1) 26,930 (42.9)
Medium 15,193 (43.3) 8,798 (31.8) 23,991 (38.2)
High 6,264 (17.9) 5,546 (20.1) 11,810 (18.8)
Income
Low 11,853 (33.8) 9,045 (32.7) 20,898 (33.3)
Medium 10,709 (30.5) 10,159 (36.7) 20,868 (33.3)
High 12,513 (35.7) 8,452 (30.6) 20,965 (33.4)
Civil status
Living with a partner 21,834 (62.2) 13,464 (48.7) 35,298 (56.3)
Living alone 13,241 (37.8) 14,192 (51.3) 27,433 (43.7)
Anaemia severityb
Mild 32,736 (93.3) 16,693 (60.4) 49,429 (78.8)
Moderate 1,999 (5.7) 10,047 (36.3) 12,046 (19.2)
Severe 340 (1.0) 916 (3.3) 1,256 (2.0)
Number of comorbidities
0 16,457 (46.9) 14,654 (53.0) 31,111 (49.6)
1 9,180 (26.2) 6,421 (23.2) 15,601 (24.9)
2 5,876 (16.8) 3,943 (14.3) 9,819 (15.7)
>3 3,562 (10.2) 2,638 (9.5) 6,200 (9.9)
Type of comorbidity®
Cardiovascular disease 10,577 (30.2) 5,672 (20.5) 16,249 (25.9)
Hypertension 7,890 (22.5) 6,179 (22.3) 14,069 (22.4)
Mental illness 2,395 (6.8) 3,012 (10.9) 5,407 (8.6)
Diabetes 3,835 (10.9) 2,591 (9.4) 6,426 (10.2)
Chronic obstructive pulmonary disease 2,158 (6.2) 1,657 (6.0) 3,815 (6.1)
Neurological disorder 1,141 (3.3) 743 (2.7) 1,884 (3.0)
Arthritis 226 (0.6) 401 (1.4) 627 (1.0)
Inflammatory bowel disease 317 (0.9) 302 (1.1) 619 (1.0)
Liver disease 480 (1.4) 333 (1.2) 813 (1.3)
Kidney disease 622 (1.8) 422 (1.5) 1,044 (1.7)
Cancer 3,041 (8.7) 1,801 (6.5) 4,842 (7.7)

*Total numbers are shown in row percentages; all other variables are shown in column percentages.

PAnaemia severity was defined according to WHO's guidelines: mild anaemia (110 g/L-normal value), moderate anaemia (80-110g/L), and
severe anaemia (<80g/L).

A person was categorised as having comorbidity within the specified chronic disease group (e.g. cardiovascular disease).

If the person had any of the included diseases (e.g. ischaemic heart disease) listed under the chronic disease group (Supplementary

File 1).
Aetiological subtypes of anaemia Morphological subtypes of anaemia
E= Men 78.9 B3 Men
80— =3 Women : 80— == Women

45.8

43.6 41 4 39.6

40—

Percentage

20 12.0

77 7.0

IDA CIIDA Al Other Unclassified Microcytic Normocytic Macrocytic  MCV not
causes requested

Figure 1. Percentage® of patients with anaemia classified into subtypes of anaemia (n=62,731). Al: anaemia of inflammation;
CIIDA: combined inflammatory iron deficiency anaemia; IDA: iron deficiency anaemia; MCV: mean cell volume. Adjusted percen-
tages were calculated by setting age at 70-79 years. Error bars = 95% confidence intervals.
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Laboratory tests among men

Ferritin 30.9
Ferritin and CRP 19.3
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Cobalamin 42.2
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Laboratory tests among women

Ferritin 45.6
Ferritin and CRP 27.7
RDW 29.6
Cobalamin 50.0

Folate — E—( 24.9
Cobalamin and folate = H—l 24.1

None of the above-_—i 30.7
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Figure 2. Percentage® of patients with anaemia who received subsequent laboratory tests in the following 3 months (n = 62,731).
CRP: C-reactive protein; RDW: red cell distribution width. Adjusted percentages were calculated by setting age at 70-79 years.

Error bars = 95% confidence intervals.

The morphology of the erythrocyte could not be
determined in 45.8% (Cl: 43.0-48.6) of men and 39.6%
(CI: 37.2-42.0) of women as the MCV blood test was
not requested.

The classification into anaemia subtypes is dis-
played in Figure 1.

Laboratory tests

The percentages of patients with subsequent labora-
tory tests are displayed in Figure 2. In 40.6% (CI:
38.4-42.9) of men and 30.7% (Cl: 28.9-32.5) of women,
none of the included laboratory tests were performed.
Moreover, in the group with unclassified anaemia,
50.8% (Cl: 48.1-53.5) of men and 48.6% (Cl: 46.0-51.3)
of women had none of the additional laboratory tests
performed. In 30.3% (Cl: 29.0-31.6) of men and 21.6%
(Cl: 20.5-22.8) of women, the haemoglobin analyses
were not repeated within 12 months. The ‘laboratory
test package’ was used in 9.5% (Cl: 8.2-10.2) of men
and 13.4% (Cl: 11.6-15.1) of women in the Central
Denmark Region (23,316 men, 18,728 women).

The percentages of patients with subsequent
laboratory tests (stratified by morphological subtypes)
are displayed in Supplementary Table 1.

Associations between unclassified anaemia and
patient characteristics

The likelihood and percentage of patients having
unclassified anaemia according to the algorithm and

the association with specific patient characteristics are
displayed in Table 2. Increasing age was associated
with unclassified anaemia in both sexes in a dose-
response manner (test for linear trend: p < 0.001). The
highest likelihood was seen in patients aged
80-89years compared to patients aged 40-49years
with an OR 1.86 (Cl: 1.68-2.07) in men and OR 3.00
(Cl: 2.73-3.29) in women.

Women with high educational levels were less
likely to have unclassified anaemia compared to
women with low educational levels (OR: 0.84, Cl:
0.78-0.90). Men with high income (OR: 1.08, Cl:
1.01-1.16) were more likely to have unclassified
anaemia compared to men with low income. Women
living with a partner (OR: 0.91, Cl: 0.87-0.96) were
less likely to have unclassified anaemia compared to
women living alone.

Increasing severity of anaemia was associated with
a lower risk of unclassified anaemia in a dose-response
manner for both sexes (test for linear trend: p < 0.001)
(Table 2). In patients with severe anaemia, the likeli-
hood of unclassified anaemia was generally low in
both men (OR: 0.21, Cl: 0.17-0.27) and women (OR:
0.24, Cl: 0.20-0.28). Severe anaemia was unclassified in
48.1% of men and 37.6% of women.

For both sexes, comorbidity was associated with
having unclassified anaemia in a dose-response man-
ner (test for linear trend: p <0.001); the highest OR
was seen in men with diabetes (OR: 1.34, Cl:
1.21-1.47) and in women with chronic kidney disease
(OR: 1.50, CI: 1.21-1.86).
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Table 2. The likelihood and percentage of patients having unclassified anaemia according to the aetiological
algorithm and the association with patient characteristics (n =62,731).

Men Women
Patient characteristics R (CI? Percentage (CI)° OR (C)? Percentage (CI)°
Age groups, years
40-49 1 69.3% (66.9-71.7) 1 43.2% (41.1-45.4)
50-59 1.25 (1.13-1.40) 73.9% (71.8-76.0) 1.48 (1.36-1.61) 53.0% (50.9-55.2)
60-69 1.45 (1.31-1.61) 76.6% (74.9-78.4) 1.96 (1.78-2.15) 59.8% (57.7-62.0)
70-79 1.68 (1.52-1.86) 79.1% (77.5-80.8) 2.40 (2.20-2.62) 64.7% (62.7-66.6)
80-89 1.86 (1.68-2.07) 80.8% (79.1-82.4) 3.00 (2.73-3.29) 69.5% (67.6-71.5)
Educational level
Low 1 79.4% (77.7-81.2) 1 65.3% (63.4-67.2)
Medium 1.01 (0.95-1.08) 79.6% (78.0-81.3) 0.89 (0.84-0.95) 62.7% (60.7-64.6)
High 0.99 (0.91-1.09) 79.3% (77.4-81.2) 0.81 (0.76-0.87) 60.5% (58.3-62.6)
Income
Low 1 78.7% (77.0-80.4) 1 64.2% (62.2-66.2)
Medium 1.07 (1.01-1.15) 79.9% (78.3-81.5) 1.05 (0.99-1.12) 65.4% (63.5-67.2)
High 1.08 (1.01-1.16) 79.9% (78.2-81.6) 0.84 (0.78-0.90) 60.2% (58.1-62.3)
Civil status
Living alone 1 79.7% (78.1-81.4) 1 64.8% (62.9-66.6)

Living with a partner
Anaemia severityb

Mild

Moderate

Severe
No. of comorbidities

- O

2
>3

Type of comorbidity®
Cardiovascular disease
Hypertension
Mental illness
Diabetes
COPD
Neurological disorder
Arthritis
IBD
Liver disease
Kidney disease
Cancer

0.99 (0.94-1.05)

1
0.25 (0.23-0.28)
0.21 (0.17-0.27)

1

1.08 (1.02-1.15)
1.14 (1.05-1.23)
1.25 (1.14-1.37)

1.08
1.12
1.08
134
0.92
1.12
1.02
1.02

1.02-1.14
1.05-1.19
0.98-1.20
1.21-1.47
0.82-1.03
0.96-1.29
0.75-1.40
0.79-1.31
0.92 (0.75-1.13
1.22 (0.99-1.50
1.04 (0.95-1.15)

)
)
)
)
)
)
)
)
)
)

79.6% (77.9-81.2)

81.4% (79.8-82.9)
52.5% (49.8-55.2)
48.1% (42.2-53.9)

78.2%
79.6%
80.4%
81.8%

76.5-80.0
77.8-81.3
78.6-82.2
80.0-83.6

80.4% (78.7-82.0)
80.9% (79.3-82.5)
80.8% (78.7-82.9)
83.5% (81.8-85.1)
78.4% (76.0-80.7)
81.3% (78.8-83.8)
80.0% (74.6-85.4)
79.9% (75.6-84.2)
78.3% (74.4-82.2)
82.6% (79.4-85.8)
80.2% (78.2-82.2)

0.91 (0.87-0.96)

1
0.40 (0.38-0.43)
0.24 (0.20-0.28)

1

1.38 (1.30-1.47)
1.44 (1.33-1.55)
1.44 (1.31-1.58)

1.13 (1.06-1.21)
1.23 (1.15-1.31)
(1.18-1.39)
(1.16-1.39)
1 09 (0.98-1.21)
1.30 (1.11-1.52)
(1.10-1.74)
1 22 (0.97-1.52)
(0.90-1.42)
(1.21-1.86)
(1.25-1.54)

62.7% (60.8-64.6)

71.8% (70.0-73.5)
50.6% (48.6-52.7)
37.6% (33.8-44.4)

59.2%
66.7%
67.6%
67.6%

57.2-61.1)
64.7-68.7)
65.4-69.7)
65.3-69.9)

65.8%
67.0%
68.8%
68.4%
65.5%
69.3%
70.7%
68.1%

63.8-67.9)
65.0-69.1)
66.6-71.0)
66.1-70.7)
62.8-68.2)
65.8-72.9)
65.6-75.8)
62.9-73.2)
66.4% (61.2-71.7)
72.3% (67.7-76.9)
70.3% (67.7-72.9)

Cl: 95% confidence intervals; COPD: chronic obstructive pulmonary disease; 1BD: inflammatory bowel disease; OR: odds ratio.

?0dds ratios (of having unclassified anaemia vs. classified anaemia according to patient characteristics) were adjusted for age.
PAdjusted percentages were calculated by setting the age at 70-79 years.
“Anaemia severity was defined according to WHO's guidelines: mild anaemia (110 g/L-normal value), moderate anaemia (80-110g/

L), and severe anaemia (<80 g/L).

9A person was categorised as having comorbidity within the specified chronic disease group (e.g. cardiovascular disease) if the per-
son had any of the included diseases (e.g. ischaemic heart disease) listed under the chronic disease group (Supplementary File 1).
The reference group for each of the comorbidities is patients without the specified comorbidity (e.g. the reference group for car-

diovascular disease in patients without cardiovascular disease).

Discussion
Principal findings

This population-based study including more than
62,000 patients revealed that seven to eight out of
ten patients had unclassified anaemia. This suggests
inadequate investigation to identify the underlying
cause. For both sexes, the likelihood of unclassified
anaemia increased with increasing age and increasing
comorbidity. Moreover, for both sexes, severe anaemia
increased the likelihood of classified anaemia.
Nevertheless, half of the men and one-third of the
women with severe anaemia were unclassified. A small
minority of the patients with anaemia (residing in the

Central Denmark Region) received the anaemia
‘laboratory test package’.

Strengths and limitations

This study has several strengths, including the large
dataset on patients with free access to the Danish
healthcare system [12]. The registries hold valid data
of high completeness, which ensures complete follow-
up [12,22]. This limited the risk of both selection and
information bias due to missing data. The high num-
ber of included patients made stratification possible
and ensured high statistical precision. Additionally,
the laboratory information systems comply with
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international standards and relevant quality criteria.
The direct recording of all data into the laboratory
information systems reduced the risk of data loss [10].
The high extent of similarity in healthcare usage
across the five regions suggests that our results are
generalisable to the rest of Denmark [23]. The findings
may also be generalised to similar healthcare systems
based on GP gatekeeping.

A potential limitation is that point-of-care tests
(POCTs) performed by GPs are not recorded in the
laboratory information systems. To classify anaemia
into different subtypes, blood tests must be analysed
at hospital laboratories. Hence, if a GP did not follow
up on POCT-detected anaemia, our estimates of
unclassified anaemia may have been underestimated,
and our estimates of new-onset anaemia may have
been overestimated. Equivalently, a repeated haemo-
globin sample may also be measured by POCTs, and
this holds a potential risk of underestimating the
degree of follow-up.

No standard definition of ‘new-onset anaemia’
exists. Various definitions have been used, including
no anaemia in the previous 12months [24] or
24 months [25]. We defined it as no anaemia in the
previous 15 months (detected in general practice or at
a hospital), excluding, e.g. comorbid patients with
chronic anaemia.

Laboratory tests are commonly performed in gen-
eral practice, and their use has increased over time
[26]. However, we had no information on the indica-
tions for requesting the laboratory tests. Further, infor-
mation on referrals to, e.g. cancer patient pathways or
acute admissions was not included in this study.

Findings in relation to other studies

We identified no other studies exploring whether
patients with new-onset anaemia in general practice
can be classified into different subtypes based on sub-
sequent blood tests. Thus, our findings are currently
unchallenged and should be reassessed in
other studies.

Although complex algorithms for classifying
anaemia based on aetiology exist, we used a simple
algorithm [7,16], which was clinically applicable and
used previously [7,27]. This algorithm includes the two
most common aetiological subtypes: iron deficiency
anaemia and anaemia of inflammation [28].
Furthermore, the algorithm includes ferritin in combin-
ation with CRP. As ferritin is an acute phase reactant,
it may be elevated under inflammatory conditions [6].

Thus, ferritin should be interpreted in conjunction
with CRP [6,7].

The few existing studies evaluating anaemia in gen-
eral practice were flawed by including only an elderly
population [9], using a small sample size [8], and
reporting no inclusion criteria for new-onset anaemia
[8,9]. Nevertheless, in line with our findings, they
reported that most patients had insufficient laboratory
testing performed and that patients with severe
anaemia were more likely to undergo further labora-
tory testing [8,9].

We found a large amount of mild anaemia in men
(93.3%) compared to women (60.4%). This may be due
to the differences in haemoglobin threshold for defin-
ing anaemia in men and women [15], as the thresh-
olds for mild, moderate and severe anaemia do not
differ across the sexes [19].

We identified no other studies exploring whether
unclassified anaemia is associated with sociodemo-
graphic and clinical factors (except for anaemia sever-
ity). However, a previous study revealed that the
distribution of diagnostic delay is affected by social
inequality, specifically low socioeconomic status, low
educational level, and living alone [29]. Likewise, our
results revealed that women with a high educational
level and women living with a partner less often had
unclassified anaemia compared to women with a low
educational level and women living alone. In contrast,
men with a high income more often had unclassified
anaemia compared to men with a low income. The
reasons for this finding are unclear and warrant fur-
ther investigation.

The increasing association between increasing age
and unclassified anaemia is noteworthy. The risk of a
serious cause of anaemia, such as cancer, increases
with age. Thus, this paradox might lead to less investi-
gation among those with the highest risk of develop-
ing a serious disease, such as cancer.

Meaning of the study

Aetiological classification of anaemia is essential to
ensure relevant investigation and timely diagnosis of
potentially severe disease [6,7]. Our results indicate
that the majority of new-onset anaemia was not classi-
fied, although such classification could have served as
important information in the further diagnostic pro-
cess. When a haemoglobin test is requested, compul-
sory use of the ‘laboratory test package’ could ensure
that several relevant blood parameters are investi-
gated. Such automated laboratory testing is also likely



to reduce the number of GP visits and diagnostic
delays [30].

Our results illustrate the importance of careful
evaluation of patients with anaemia. Future interven-
tions are called for to increase the awareness of
patients with anaemia and to ensure adequate labora-
tory testing and follow-up of these patients.
Additional research is required to examine the diag-
nostic workup of patients with anaemia (e.g. referrals
in cancer diagnostic pathways) and to determine the
clinical outcomes of patients with unclassi-
fied anaemia.

Acknowledgements

The authors wish to thank laboratory technicians Uffe Lund
Lystbaek and Simon Lykkeboe for retrieving laboratory data
from the laboratory information systems, data manager
Kaare Rud Flarup for data retrieval from the Danish national
registries, and Lone Niedziella for proofreading.

Ethical approval

This project is registered in the Record of Processing
Activities at the Research Unit of General Practice in Aarhus
by the provisions of the General Data Protection Regulation
(GDPR). The study required no approval from the Committee
on Health Research Ethics in the Central Denmark Region as
no biological intervention was performed.

Disclosure statement

The authors declare that they have no competing interests.

Funding

This research was supported by Aarhus University, the
Danish General Practice Fund (Fonden for Almen Praksis),
and the  General Practice  Research Foundation
(Praksisforskningsfonden) of the Central Denmark Region.
This research arises from the CanTest Collaborative, which is
funded by Cancer Research UK (ref: C8640/A23385). The fun-
ders had no influence on any aspects of the study.

References

[11  Martinsson A, Andersson C, Andell P, et al. Anemia in
the general population: prevalence, clinical correlates
and prognostic impact. Eur J Epidemiol. 2014;29(7):
489-498.

[2] Cavill I, Auerbach M, Bailie GR, et al. lron and the
anaemia of chronic disease: a review and strategic
recommendations. Curr Med Res Opin. 2006;22(4):
731-737.

[31 Powell DJ, Achebe MO. Anemia for the primary care
physician. Prim Care. 2016;43(4):527-542.

(4]

(5]

(6]

(7]

(8l

[l

(10l

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

SCANDINAVIAN JOURNAL OF PRIMARY HEALTH CARE . 371

Gaskell H, Derry S, Andrew Moore R, et al. Prevalence
of anaemia in older persons: systematic review. BMC
Geriatr. 2008;8:1.

Grann AF, Erichsen R, Nielsen AG, et al. Existing data
sources for clinical epidemiology: the clinical laboratory
information system (LABKA) research database at Aarhus
University, Denmark. Clin Epidemiol. 2011;3:133-138.
Bouri S, Martin J. Investigation of iron deficiency
anaemia. Clin Med. 2018;18(3):242-244.

Dahlerup JF, Eivindson M, Jacobsen BA, et al.
Diagnosis and treatment of unexplained anemia with
iron deficiency without overt bleeding. Dan Med J.
2015;62(4):C5072.

Gandhi SJ, Hagans |, Nathan K, et al. Prevalence,
comorbidity and investigation of anemia in the pri-
mary care office. J Clin Med Res. 2017;9(12):970-980.
McCartney D, Shine B, Hay D, Lasserson DS. The
evaluation of anaemia in an older primary care popu-
lation: retrospective population-based study. BJGP
Open. 2018;1(4):bjgpopen17X101157.

Arendt JFH, Hansen AT, Ladefoged SA, et al. Existing
data sources in clinical epidemiology: laboratory infor-
mation system databases in Denmark. Clin Epidemiol.
2020;12:469-475.

Lynge E, Sandegaard JL, Rebolj M. The Danish
National Patient Register. Scand J Public Health. 2011;
39(7 Suppl):30-33.

Schmidt M, Pedersen L, Sorensen HT. The Danish Civil
Registration System as a tool in epidemiology. Eur J
Epidemiol. 2014;29(8):541-549.

Schmidt M, Schmidt SAJ, Adelborg K, et al. The
Danish health care system and epidemiological
research: from health care contacts to database
records. Clin Epidemiol. 2019;11:563-591.

Pedersen KM, Andersen JS, Sgndergaard J. General
practice and primary health care in Denmark. J Am
Board Fam Med. 2012;25(Suppl 1):534-S8.

Aarhus University Hospital. Reference interval for
haemoglobin [Reference intervals for haemoglobin]
[Internet]. 2020 [cited 2020 Nov 15]. Available from:
https://www.auh.dk/om-auh/afdelinger/blodprover-og-
biokemi/Til-fagfolk/analysefortegnelsen/primarsektor/
Dahlerup JF, Jacobsen BA, Jensen NM, et al.
Diagnostik af uforklaret anaemi med jernmangel
[Diagnostic algorithm of unexplained anaemia with
iron deficiency anaemia] [Internet]. 2014 [cited 2020
Oct 22]. Available from: https://www.dsgh.dk/index.
php/andre/jernmangel-anaemia

Aarhus University Hospital. Reference interval for
microcytaer-, normocytaer- and macrocytaer anaemia
[Reference interval for microcytic, normocytic- and
macrocytic anaemia] [Internet]. 2020 [cited 2020 Aug
10]. Available from: https://www.auh.dk/om-auh/afde-
linger/blodprover-og-biokemi/Til-fagfolk/analysefor-
tegnelsen/primarsektor/

Aarhus University Hospital. Laboratorie algoritme for
anaemiudredning [Laboratory algorithm for anaemia
diagnostics] [Internet]. 2020 [cited 2020 Jan 15].
Available from: https://e-dok.rm.dk/edok/Admin/GUI.
nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/
edok/enduser/portal.nsf/Main.html?open&unid=
X351BCAC163BDB32AC1257BC200404F48&level=


https://www.auh.dk/om-auh/afdelinger/blodprover-og-biokemi/Til-fagfolk/analysefortegnelsen/primarsektor/
https://www.auh.dk/om-auh/afdelinger/blodprover-og-biokemi/Til-fagfolk/analysefortegnelsen/primarsektor/
https://www.dsgh.dk/index.php/andre/jernmangel-anaemia
https://www.dsgh.dk/index.php/andre/jernmangel-anaemia
https://www.auh.dk/om-auh/afdelinger/blodprover-og-biokemi/Til-fagfolk/analysefortegnelsen/primarsektor/
https://www.auh.dk/om-auh/afdelinger/blodprover-og-biokemi/Til-fagfolk/analysefortegnelsen/primarsektor/
https://www.auh.dk/om-auh/afdelinger/blodprover-og-biokemi/Til-fagfolk/analysefortegnelsen/primarsektor/
https://e-dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=X351BCAC163BDB32AC1257BC200404F48&level=AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g
https://e-dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=X351BCAC163BDB32AC1257BC200404F48&level=AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g
https://e-dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=X351BCAC163BDB32AC1257BC200404F48&level=AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g
https://e-dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=X351BCAC163BDB32AC1257BC200404F48&level=AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g

372 A. BOENNELYKKE ET AL.

[19]

[20]

[21]

[22]

(23]

[24]

AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&window-
width=1100&windowheight=600&windowtitle=S%F8g
WHO. Haemoglobin concentrations for the diagnosis
of anaemia and assessment of severity [Internet].
2020 [cited 2020 Oct 20]. Available from: https://
www.who.int/vmnis/indicators/haemoglobin.pdf
Diederichs C, Berger K, Bartels DB. The measurement
of multiple chronic diseases-a systematic review on
existing multimorbidity indices. J Gerontol A Biol Sci
Med Sci. 2011;66(3):301-311.

Jensen LF, Pedersen AF, Andersen B, et al. Non-par-
ticipation in breast cancer screening for women with
chronic diseases and multimorbidity: a population-
based cohort study. BMC Cancer. 2015;15:798.
Schmidt M, Schmidt SA, Sandegaard JL, et al. The
Danish National Patient Registry: a review of content,
data quality, and research potential. Clin Epidemiol.
2015;7:449-490.

Henriksen DP, Rasmussen L, Hansen MR, et al.
Comparison of the five Danish regions regarding
demographic characteristics, healthcare utilization,
and medication use-a descriptive cross-sectional
study. PLOS One. 2015;10(10):e0140197.

Logan EC, Yates JM, Stewart RM, et al. Investigation
and management of iron deficiency anaemia in

[25]

[26]

[27]

[28]

[29]

[30]

general practice: a cluster randomised controlled trial
of a simple management prompt. Postgrad Med J.
2002;78(923):533-537.

Schop A, Stouten K, Riedl J, et al. Long-term out-
comes in patients newly diagnosed with iron defi-
ciency anaemia in general practice: a retrospective
cohort study. BMJ Open. 2019;9(11):e032930.
O'Sullivan JW, Stevens S, Hobbs FDR, et al. Temporal
trends in use of tests in UK primary care, 2000-15:
retrospective analysis of 250 million tests. BMJ. 2018;
363:k4666.

Naeser E, Mgller H, Fredberg U, et al. Routine blood
tests and probability of cancer in patients referred
with non-specific serious symptoms: a cohort study.
BMC Cancer. 2017;17(1):817.

Ganz T. Anemia of inflammation. N Engl J Med. 2019;
381(12):1148-1157.

Hansen RP, Olesen F, Sgrensen HT, et al.
Socioeconomic patient characteristics predict delay in
cancer diagnosis: a Danish cohort study. BMC Health
Serv Res. 2008;8:49.

Froom P, Neck A, Shir M, et al. Automatic laboratory-
initiated reflex testing to identify patients with auto-
immune hemolytic anemia. Am J Clin Pathol. 2005;
124(1):129-132.


https://e-dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=X351BCAC163BDB32AC1257BC200404F48&level=AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g
https://e-dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=X351BCAC163BDB32AC1257BC200404F48&level=AAUHKE&dbpath=/edok/editor/AAUHKE.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g
https://www.who.int/vmnis/indicators/haemoglobin.pdf
https://www.who.int/vmnis/indicators/haemoglobin.pdf

	Abstract
	Introduction
	Materials and methods
	Setting
	Study population
	Exposure, outcome, and covariates
	Exposure
	Outcome
	Covariates

	Statistical analysis

	Results
	Anaemia classification
	Laboratory tests
	Associations between unclassified anaemia and patient characteristics

	Discussion
	Principal findings
	Strengths and limitations
	Findings in relation to other studies
	Meaning of the study

	Acknowledgements
	Ethical approval
	Disclosure statement
	Funding
	References


