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Abstract

Background: We investigated the percentage of patients diagnosed with the correct underlying cause of anaemia

by general practitioners when using an extensive versus a routine laboratory work-up.

Methods: An online survey was distributed among 836 general practitioners. The survey consisted of six cases, selected

from an existing cohort of anaemia patients (n¼ 3325). In three cases, general practitioners were asked to select the

laboratory tests for further diagnostic examination from a list of 14 parameters (i.e. routine work-up). In the other three

cases, general practitioners were presented with all 14 laboratory test results available (i.e. extensive work-up). General

practitioners were asked to determine the underlying cause of anaemia in all six cases based on the test results, and these

answers were compared with the answers of an expert panel.

Results: A total of 139 general practitioners (partly) responded to the survey (17%). The general practitioners were

able to determine the underlying cause of anaemia in 53% of cases based on the routine work-up, whereas 62% of cases

could be diagnosed using an extensive work-up (P¼ 0.007). In addition, the probability of a correct diagnosis decreased

with the patient’s age and was also affected by the underlying cause itself, with anaemia of chronic disease being hardest

to diagnose (P¼ 0.003).

Conclusion: The use of an extensive laboratory work-up in patients with newly diagnosed anaemia is expected to

increase the percentage of correct underlying causes established by general practitioners. Since the underlying cause can

still not be established in 31.3% of anaemia patients, further research is necessary.
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Introduction

Anaemia (i.e. a lowered concentration of haemoglobin)
is a common finding among elderly patients (aged 65
years and older) in general practice. Besides the sign of
an underlying condition, it has long been considered a
benign consequence of aging. However, during the last
decade, many studies have been published detailing the
relevance of anaemia, such as the associations between
anaemia and increased mortality, physical and cogni-
tive decline, cardiovascular events and reduced quality
of life have been found.1,2 The only way to manage
anaemia is through treatment of the underlying cause,
which requires an additional diagnostic work-up. The
most common underlying causes of anaemia in general
practice are iron deficiency anaemia (IDA) (16.3%–
19.0%), anaemia of chronic disease (ACD) (19.7%–
31.4%) and renal anaemia (8.2%–12.9%). In addition,
a considerable proportion of anaemia cases have no
clear cause and are classified as unknown anaemia
(31.3%–44.0%) (see literature,3–6 own data).

Different guidelines are published to help diagnosing
the underlying cause of anaemia. In most of them,
mean corpuscular volume (MCV) occupies a central
position.7,8 However, Oosterhuis et al.9 demonstrated
that when assigning a major role to ferritin concentra-
tion instead of MCV, leads to an increase of the per-
centage of patients diagnosed with an underlying cause
from 48% to 71%. In addition, another study has
shown that the percentage of patients diagnosed with
an underlying cause of anaemia increases from 14%
when general practitioners (GPs) personally order
laboratory analysis to 53% when a standard set of 14
laboratory parameters was offered.10

The high prevalence of anaemia, as well as the need
for establishing the underlying aetiology prior to initi-
ating treatment, demands an optimized diagnostic
approach. We used an online survey among GPs to
establish whether a routine or extensive laboratory
approach is more effective in diagnosing the underlying
cause of anaemia in general practice.

Materials and methods

Study design

The percentage of correct diagnoses of the underlying
cause of anaemia when using an extensive versus a rou-
tine laboratory work-up was investigated through an
online survey using LimeSurvey.11 The survey was dis-
tributed among 836 GPs, operating in different parts of
the Netherlands and was available online for a period
of one month (January 2016). The cases used in this
survey were selected from a large database of GP
patients, included between the 1 February 2007 and 1
February 2015 (n¼ 3325).12 This prospective cohort

study was approved by the internal ethics committee
of the Albert Schweitzer Hospital. The database con-
sisted of patients aged 50 years and older (in order to
exclude a predominance of iron deficiency due to hyper-
menorrhoea), newly diagnosed with anaemia (i.e. no
established diagnosis of anaemia in the previous two
years). Anaemia was defined as haemoglobin below
13.7 g/dL (8.5mmol/L) for males and below 12.1 g/dL
(7.5mmol/L) for females. An extensive laboratory
work-up was performed in all included patients, con-
sisting of haemoglobin (Hb), MCV, C-reactive protein
(CRP) and/or erythrocyte sedimentation rate (ESR),
vitamin B12, creatinine, ferritin, folic acid, lactate
dehydrogenase (LDH), transferrin, reticulocytes, leuko-
cytes, thrombocytes and serum iron. According to the
current guidelines about anaemia diagnostics in general
practice, these 14 parameters cover all underlying causes
of anaemia that can be diagnosed in general practice.7

An expert panel, consisting of an experienced GP,
internist and clinical chemist, determined the underly-
ing cause of anaemia for each patient based on 10 pre-
defined causes (i.e. IDA, anaemia of chronic disease
[ACD], renal anaemia, possible bone marrow disease,
possible haemolysis, haemoglobinopathy, vitamin B12

deficiency, folic acid deficiency, other and unknown)
(supplemental data 1). Patients with multiple aetiolo-
gies were excluded from the study (n¼ 293), since those
cases were considered too complex for the design of this
study. In addition, patients with missing laboratory
values were also excluded (n¼ 643). The remaining
patients from the prospective database (n¼ 2389)
were divided into four subgroups: IDA (n¼ 389,
16.3%), ACD (n¼ 751, 31.4%), renal anaemia
(n¼ 307, 12.9%) and other (including anaemia with
an unknown cause) (n¼ 942, 39.4%). Based on the
prevalence of each of the underlying causes of anaemia,
201 cases were selected from the database and used in
the online survey. By selecting 201 cases, three equal-
sized pools (each consisting of 67 cases) could be used
for randomization. For the subgroups IDA, ACD and
renal anaemia, stratified randomization was used for
selection of cases to ensure that the percentage of
included cases of each of those underlying causes was
representative of its occurrence in the database.13 In the
fourth subgroup (i.e. other causes including unknown
causes), cases of anaemia with an unknown cause were
also selected through stratified randomization. The
remaining other causes were selected manually by max-
imum variation sampling (based on patients’ age,
gender and the underlying cause of anaemia), which
was necessary due to the small numbers of cases per
cause.14 The distribution of underlying causes of anae-
mia within the four subgroups (i.e. IDA, ACD, renal
anaemia and other), before and after randomization is
shown in Table 1.
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Structure of online survey

For each participating GP, the survey included six
patient cases which were randomly selected by
LimeSurvey from the set of 201 available cases. For
each case, GPs were provided with the age and
gender of the patient and were informed that the
patient presented with suspicion of anaemia. While fill-
ing in the survey, respondents were invited to use guide-
lines or other tools they also use in daily practice. For
the first three cases, respondents were asked to choose
the laboratory tests they considered necessary from the
predefined list of 14 parameters. This was referred to as
the ‘routine work-up’. The respondents were then pre-
sented with the results of the selected laboratory tests
and were invited to determine the underlying cause of
anaemia when possible. In cases where they responded
that additional information was required, they were
given one opportunity to request additional tests from
the same list of 14 tests. No limit was set on the number
of laboratory tests that could be selected per analysis,
but the same test could not be ordered twice. For the
second set of three cases, respondents were presented
with the results of all 14 tests, and they did not have the
ability to request additional tests. This was referred to
as the ‘extensive work-up’. Again, respondents were
asked to determine the underlying cause of anaemia.
The survey ended with several personal questions
regarding the GPs’ gender, age, years active as GP,
zip code, daily use of guidelines for the diagnosis/
treatment of anaemia patients and whether the GP

had any special affinity with the subject of anaemia.
The diagnoses of the respondents were compared with
the diagnoses of the expert panel. For the cases with
IDA, ACD and renal anaemia as underlying cause,
the diagnoses had to be in accordance with the diagnoses
of the expert panel. For all other underlying causes (i.e.
vitamin B12 deficiency, unknown cause, et cetera), the
diagnosis was considered correct if the option IDA,
ACD or renal anaemia had not been chosen by the
respondent. This classification is a commonly used
method in literature and was considered appropriate as
diagnosing or excluding of the three most prevalent
underlying causes is clinically the most relevant.3–6

A sample of the survey is shown in supplemental
data 2. The percentage of correct underlying causes of
anaemia as established by GPs was defined as ‘effect-
iveness’ and is referred to as such throughout this
manuscript.

Statistical analysis

The patient population was described by standard
descriptive statistics. An additional analysis was per-
formed to confirm that the choice of laboratory
test(s) requested by the GP was in accordance with
the diagnosis established by the same GP. The effects
of the characteristics of both the patient case and the
responding GP on the probability of a correct diagnosis
were analysed using generalized linear mixed models
with a logistic link function and a binomial error dis-
tribution (i.e. logistic regression analyses with random
effects).15 These models take into account the correl-
ations between observations due to repeated measure-
ments for both cases and respondents and can handle
data with missing observations in the outcome. In the
analysis of the effectiveness of the routine versus the
extensive laboratory work-up, the dependent variable
was a dichotomous variable, indicating whether the
case had been diagnosed correctly, and the independent
variables were type of work-up (i.e. routine or exten-
sive), age and gender of the case and the cause of anae-
mia as established by the expert panel. This model was
also used for the analysis of the effect of GP character-
istics on correct diagnoses, but with the following vari-
ables added as independent variables: number of years
of working experience as GP, use of guidelines, and
whether the respondent had specific affinity with anae-
mia. GPs with missing information on any of these GP
characteristics were excluded from the latter analysis
(n¼ 16 [11.5%]). To take into account correlations
due to repeated measurements, the relevance of includ-
ing random effects of both cases and respondents was
determined with the Akaike information criterion.
Based on this criterion, only random effects of cases
were included in the final model. The data were

Table 1. Distribution of underlying cause of anaemia.

Underlying cause

of anaemia

Number of

cases before

randomization

(%)

Number of

cases after

randomization

(%)

Iron deficiency anaemia 389 (16.3) 33 (16.4)

Anaemia of chronic disease 751 (31.4) 63 (31.3)

Renal anaemia 307 (12.9) 26 (12.9)

Other 942 (39.4) 79 (39.3)

- Unknown 748 (79.4) 63 (79.7)

- Haemoglobinopathy 16 (1.7) 1 (1.3)

- Haemolysis 9 (1.0) 1 (1.3)

- Possible bone

marrow disease

40 (4.2) 3 (3.8)

- Vitamin B12 deficiency 64 (6.8) 5 (6.3)

- Folic acid deficiency 8 (0.8) 1 (1.3)

- Other 57 (6.1) 5 (6.3)

Total 2389 201

Note: The distribution of the underlying causes of anaemia in the larger

data-set of newly diagnosed anaemia patients was used to randomly

select 201 cases with a similar distribution.
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analysed using IBM SPSS Statistics, version 24 and R
version 3.3.1 with the NLME package.16,17 All statis-
tical tests were two-sided, and P-values lower than 0.05
were considered significant.

Results

Respondents’ online survey

A total of 125 respondents (15%) completed the survey,
resulting in 375 complete cases for both the routine and
extensive work-up. In addition, 14 respondents (1.7%)
filled in only part of the survey, resulting in an add-
itional 29 cases in the routine work-up (total 404 cases)
and three cases in the extensive work-up (total 378
cases) (Figure 1).

Of all 139 respondents, 123 (89.5%) answered the
questions regarding personal characteristics. According
to the NIVEL institute (Netherlands Institute for Health
Services Research), the proportion of males participating
in this survey as compared with the overall population
of GPs (55.6% versus 55.0%), as well as the median age
(48 years versus a median age category of 45–49 years)
did not show major differences, suggesting that the
respondents are a representative sample of the overall
GP population in the Netherlands.18

Effect of diagnostic work-up on correctly diagnosing
anaemia

Of the 404 cases assessed with a routine work-up,
laboratory tests were ordered once in 216 cases
(53.5%) and twice in 183 cases (45.3%). No tests
were ordered in the remaining five cases (1.2%). The
median number of tests ordered during the first and
second laboratory analyses was five (IQR: 3–8) and
four (IQR: 2–6), respectively. A detailed overview of
the frequency at which each laboratory analysis was
requested by GPs in the routine work-up is shown in
Table 2.

When using a routine work-up, the correct under-
lying cause of anaemia was established in 214 of 404
cases (53.0%), and with the extensive laboratory work-
up, 234 of 378 cases (61.9%) were correctly diagnosed
(Table 3). The increase in probability of a successful
diagnosis due the extensive laboratory work-up was
statistically significant in the multivariate analysis
(OR¼ 1.56 [95% CI: 1.12–2.17]) (Table 4). In addition,
patients aged 65 years or older seemed more difficult to
diagnose correctly compared with patients aged 50–64
years (65–74 years, OR: 0.48 [95% CI: 0.25–0.90], 75–
84 years, OR: 0.45 [95% CI: 0.25–0.83], 85þ years, OR:
0.47 [95% CI: 0.25–0.87]). Finally, the underlying cause
itself affects the probability of a correct diagnosis, with
ACD being the most difficult to diagnose compared to
IDA, OR¼ 0.37 (95% CI: 0.19–0.73). When running
the analysis again including the GP characteristics
(i.e. excluding GPs with missing data in their charac-
teristics), none of the analysed GP characteristics
showed a significant association with the probability
of diagnosing the correct underlying cause of anaemia
(Table 5).

Discussion

When diagnosing the underlying aetiology of anaemia,
laboratory tests can be selected by the GP (i.e. routine
work-up) or a standard set of tests may be offered by

Table 2. Routine requested laboratory analysis of GPs.

Parameter

First round

(n¼ 399)

(%)

Second round

(n¼ 183)

(%)

Total

(n¼ 404)

(%)

Haemoglobin 394 (98) 0 (0) 394 (98)

MCV 370 (92) 4 (1) 374 (93)

Reticulocytes 85 (21) 65 (16) 150 (37)

Leukocytes 160 (40) 57 (14) 217 (54)

Thrombocytes 133 (33) 48 (12) 181 (45)

CRP and/or BSE [AQ6] 267 (66) 65 (16) 332 (82)

Creatinine 235 (58) 68 (17) 303 (75)

Ferritin 184 (46) 72 (18) 256 (63)

Vitamin B12 126 (31) 74 (18) 200 (50)

Folic acid 110 (27) 67 (17) 177 (44)

LDH 47 (12) 63 (16) 110 (27)

Transferrin 50 (12) 70 (17) 120 (30)

Serum iron 70 (17) 75 (19) 145 (36)

No laboratory analysis 5 (1) 221 (55) 5 (1)

Note: Of the 404 cases assessed with a routine work-up, laboratory tests

were ordered once in 216 cases (53.5%) and twice in 183 cases (45.3%).

The requested tests are shown as number (percentage).

LDH: lactate dehydrogenase; CRP: C-reactive protein; BSE: #; MCV:

mean corpuscular volume; GP: general practitioner.

Figure 1. A flow diagram showing the general practitioners

who responded to the survey [AQ5].
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the laboratory (i.e. an extensive work-up). To deter-
mine which work-up would be more effective in sup-
porting the GP to diagnose the correct underlying cause
of anaemia, we compared both approaches using an
online survey among GPs. Our study included 14
widely available laboratory tests, which are all recom-
mended by the current Dutch anaemia guideline. This
extensive laboratory work-up was shown to be more
effective than a routine work-up, in which GPs could

order laboratory tests twice (from this predefined set of
14 tests). Patient characteristics (aged 65 years and
older) and the underlying cause itself (i.e. ACD) may
negatively affect the probability of a correct diagnosis.

For many years, anaemia diagnosis was directed by
MCV, which divided cases into microcytic, normocytic
and macrocytic, with each category including a set list
of causes. In recent years, several studies have shown
that MCV should not be granted such a central role
(Stouten K. (2017). Relevance of mean corpuscular
volume for the evaluation of anaemia in general prac-
tice. Manuscript submitted for publication).19,20 [AQ1]

Table 3. Diagnosis of underlying cause of anaemia using a routine or extensive work-up.

Diagnosis expert panel

Diagnosis GP IDA ACD

Renal

anaemia

Other (including

unknown)

Routine

IDA 45 (69.2) 13 (10.3) 2 (3.8) 14 (8.8)

ACD 5 (7.7) 56 (44.4) 17 (32.1) 51 (31.9)

Renal anaemia 0 (0) 4 (3.2) 28 (52.8) 10 (6.3)

Other (including unknown) 15 (23.1) 53 (42.1) 6 (11.3) 85 (53.1)

Total 65 126 53 160

Extensive

IDA 47 (70.1) 19 (14.4) 0 (0) 11 (8.3)

ACD 6 (9.0) 72 (54.5) 10 (21.7) 28 (21.1)

Renal anaemia 4 (6.0) 8 (6.1) 30 (65.2) 9 (6.8)

Other (including unknown) 10 (14.9) 33 (25.0) 6 (13.0) 85 (63.9)

Total 67 132 46 133

Note: The diagnosis set by the GPs is showed against the diagnosis set by the expert panel for both routine and

extensive work-up. The bold values are the correct diagnoses.

GP: general practitioner; ACD: anaemia of chronic disease; IDA: iron deficiency anaemia.

Table 4. Multivariate analysis of the efficacy of extensive versus

routine laboratory work-up.

Odds ratio (95% CI) P

Extensive work-up 1.56 (1.12–2.17) 0.007

Age of patient

� 50–64 Years Reference category

� 65–74 Years 0.48 (0.25–0.90) 0.022

� 75–84 Years 0.45 (0.25–0.83) 0.010

� 85þ Years 0.47 (0.25–0.83) 0.016

Gender of patient (female) 1.28 (0.83–1.97) 0.258

Underlying cause

� IDA Reference category

� ACD 0.37 (0.19–0.72) 0.003

� Renal anaemia 0.69 (0.31–1.56) 0.376

� Other incl. unknown 0.58 (0.31–1.10) 0.097

Note: Multivariate analysis using a generalized linear mixed model

showed a significant influence of the laboratory work-up, age of patient

and the underlying cause of anaemia itself on the correct diagnosis of the

underlying cause of anaemia.

Table 5. Multivariate analysis of the effect of GPs characteris-

tics on the correct diagnosis of the underlying cause of anaemia.

Value

Odds ratio

(95% CI) P

Work experience in

years (median

[IQR])

16 (9–25) 1.01 (0.99–1.02) 0.512

Use national GP

guideline

58.5% regular

41.5% never

1.21 (0.84–1.74)

Reference category

0.306

Affinity with anaemia 25.2% yes

74.8% no

1.18 (0.78–1.80)

Reference category

0.437

Note: Results based on a generalized linear mixed model that also

included work-up type (i.e. routine or extensive), age and gender of

the case, and the cause of anaemia as established by the expert panel

as independent variables. Of all 139 respondents, 123 (89.5%) answered

the questions regarding personal characteristics. None of the analysed

characteristics showed a significant effect on the probability of diagnosing

the correct underlying cause of anaemia.
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However, in this study, MCV was still the second most
often requested test during the first round of the routine
work-up (93%), suggesting that GPs still follow the old
classification system. This approach may lead to missed
causes since, for example, a microcytic anaemia will
lead to the exclusion of vitamin B12 deficiency as a pos-
sible cause according to the old classification system,
while in fact, this deficiency may still be present and
contributing to the anaemia.19 In addition to MCV,
the most requested tests during the first round of the
routine work-up are CRP/ESR (67%), creatinine
(59%) and ferritin (46%). These three tests allow for
the exclusion of the three most common causes of anae-
mia, namely ACD (CRP and ferritin), renal anaemia
(creatinine) and IDA (ferritin). This suggests that GPs,
when ordering tests, first aim to diagnose or exclude the
three most common causes of anaemia.

This study also demonstrated that increased
age (65 years and older), decreases the likelihood of
establishing the correct underlying cause of anaemia
independently from the laboratory work-up. This may
be due to the fact that older patients more often display
slightly increased infection parameters.21,22 This abnor-
mality in the laboratory results, in combination with
consensus-based definitions of underlying causes,
might confuse GPs when determining the underlying
cause of anaemia. In addition, it is important to realize
that the elderly often have multiple diseases or
co-morbidities and each of those may (individually)
contribute to anaemia. Especially in these patients,
the laboratory results might be of less relevance and
the clinical presentation (i.e. health condition) would
be the guiding principle for treatment. This may have
created complications for GPs while attempting to
establish the cause in this study, since the survey
relied entirely on laboratory results and did not include
health condition or co-morbidities of the patient.
However, there was no increase in the percentage of
cases that were diagnosed as ‘unknown’ by GPs
among the elderly (data not shown). Finally, since the
elderly often have multiple diseases or co-morbidities,
GPs may be reluctant to commit to an extensive diag-
nostic process and therefore only perform limited
laboratory analyses in this group of patients.

The actual underlying cause of anaemia may also
affect the probability of a correct diagnosis by GPs,
with ACD being the most difficult to diagnose. The
interpretation of laboratory values can be challenging
when ACD is present, especially in multiple causes, for
example when an ACD co-exists with an iron defi-
ciency. This combination was not present in the cases
selected in our study. However, the cases in this study
were classified by an expert panel according to

pre-determined definitions of underlying causes of
anaemia. These definitions were based both on existing
guidelines and on the opinion of this expert panel.23 As
a result, we used a strict cut-off value of ferritin (i.e.
>100�g/L) in the diagnosis of ACD. A participating
GP may have used a different cut-off value or a differ-
ent definition of ACD, based on his or her own experi-
ence. For the purpose of this study, the answer of these
GPs may thus have been classified as incorrect and the
number of correct diagnoses would, in fact, be higher.
Furthermore, some causes have a very low prevalence
in general practice. Being less familiar with these causes
and their current definitions may make diagnosing
them more challenging.

This study showed that the percentage of correct
diagnoses of the underlying cause of anaemia increased
from 53.0% when using a routine laboratory work-up
to 61.9% when using an extensive laboratory work-up.
Taking into consideration that annually 57,000 patients
aged 550 years present with a new anaemia in Dutch
general practice, this modest absolute difference of
almost 9% will benefit a large number of patients
(approximately 5130 patients) in whom the underlying
aetiology of anaemia can be established.24,25 Moreover,
the extensive laboratory work-up is also expected to be
cost-effective compared with the routine work-up, as is
shown by the accompanying article by our group, pub-
lished elsewhere in this journal.

Strengths and limitations

This study aimed to investigate which type of diagnos-
tic work-up (i.e. extensive versus routine) results in
the most correct diagnoses of the underlying cause of
anaemia. To achieve this, we used real-life patient data
from a large transmural project. The participating GPs
showed no differences in age and gender compared with
the overall population of GPs in the Netherlands, sug-
gesting that the participating GPs are an appropriate
representative sample of the Dutch GP population.
A possible limitation of this study is the lack of clinical
information in the cases of the survey, besides age,
gender and the suspicion of anaemia. This clinical
information may be of considerable importance in the
diagnosis of the underlying cause of anaemia. Addition
of this information may have allowed for a higher
percentage of correct diagnosis. However, neither
approach (routine and extensive work-up) contained
this information and thereby this drawback did not
affect the difference in percentage of correct diagnoses
between both approaches. In addition, the cases
were randomly assigned to the GPs, which mean that
there was a small chance that the same cause could have
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been the result for all six of the cases presented to a GP.
This may cause the GP to perform better or worse,
as this study has shown that the underlying cause
itself has an effect on correctly diagnosing. However,
since this scenario is also possible in daily practice, the
survey reflects a real-word situation. In addition, five
cases in whom the GP requested no laboratory test(s)
were included in the final analysis because it was
deemed a conscious choice of the GPs. In this study,
we excluded anaemia with multiple aetiologies, since
this is not addressed in the Dutch anaemia guideline
and in order to avoid statistical complexity (i.e. more
power would be needed against lower prevalence). In
the routine laboratory work-up, multiple aetiologies
might be missed if additional laboratory tests are with-
held once an underlying cause is established. Therefore,
it is to be expected that the extensive laboratory work-
up performs better in the diagnosis of multiple aetiol-
ogies than the routine work-up, since all additional
laboratory are simultaneously performed, making mul-
tiple aetiologies immediately apparent. Finally, each
survey started with three cases for the routine work-
up followed with three cases for the extensive work-
up. This might have led to an overestimation of the
effectiveness of the extensive work-up, since GPs have
practiced and possibly learned from the previous cases
and apply this to the following cases. However, to
ensure that GPs chose the routine laboratory analysis
based on their own experience, it was not possible to
first show the cases of the extensive laboratory work-
up, as this would have led to a larger bias.

Conclusion

An extensive laboratory work-up in patients with newly
diagnosed anaemia is more effective in finding the
underlying aetiology than a routine laboratory work-
up selected by GPs. Nevertheless, the percentage of
incorrect diagnoses remains significant, which should
take into account the fact that stand alone laboratory
diagnostics is not the gold standard for anaemia diag-
nostics. Further studies should focus on an extensive
laboratory work-up and the added value of multidiscip-
linary diagnostic approaches in patients with anaemia.
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