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Obijective: Valid data on anemia caused by bleeding are needed for epidemiological research
and monitoring health care. The Danish National Registry of Patients (DNRP) is a nationwide
medical database with information on all Danish residents’ hospital history. We aimed to assess
the positive predictive value (PPV) of the diagnostic coding of anemia caused by bleeding in
the DNRP.

Methods: In the DNRP, we identified all patients with International Classification of Disease,
10th edition codes for anemia caused by bleeding (acute: D50.0; chronic: D62.6) at three Danish
hospitals from 2000 through 2009. For these patients we computed the PPV using hemoglobin
level data, from Aarhus University laboratory database, as reference standard. Anemia was defined
by a hemoglobin level less than 7.0 mmol/L for women and less than 8.0 mmol/L for men.
Results: We identified 3391 patients in the DNRP with a diagnosis of anemia caused by bleeding.
The overall PPV was 95.4% (95% confidence interval [CI]: 94.6%-96.0%). The PPV was 97.6%
(95% CI: 96.6%—98.3%) for men and 94.0% (95% CI: 92.9%-94.9%) for women, and the PPV
increased with age at diagnosis. The PPV varied according to type of discharging departments,
from 89.2% (95% CI: 83.4%-93.4%) in gynecology to 96.8% (95% CI: 94.9%-98.2%) in
surgery, and was lower for outpatients compared with inpatients.

Conclusion: We found a high PPV of the coding for anemia caused by bleeding in the DNRP.
The registry is a valid source of data on anemia caused by bleeding for various purposes including
research and monitoring health care.

Keywords: anemia, Danish National Registry of Patients, International Classification of
Diseases, predictive value, laboratory database, validation

Introduction

The World Health Organization estimates that anemia affects 1.6 billion people, or
nearly one quarter of the world’s population, at some time during their life.! Anemia
is defined by a hemoglobin level below a threshold value that varies with age and sex?
and it is usually diagnosed by a complete blood cell count. The three main causes of
anemia are hemolysis, bleeding, and iron deficiency. However, iron deficiency anemia is
more often due to excess iron loss from long-lasting bleeding than an insufficient iron
supply.® Anemia caused by bleeding is most frequently associated with gastrointestinal
conditions, but is also related to a variety of other conditions including gynecological
conditions.** Depending on severity, anemia can cause severe morbidity and ultimately
death if sufficient treatment is not provided.®’
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Valid data is a prerequisite for quality monitoring and
for research on prevention, treatment, and prognostic impact
of this condition. The Danish National Registry of Patients
(DNRP) might be a source of population-based nationwide
data on the occurrence of anemia caused by bleeding, but
the quality of the recording is unknown. We thus aimed to
assess the positive predictive value (PPV) of the International
Classification of Disease, 10th edition (ICD-10) codes of
anemia caused by bleeding in the DNRP using data from
the Aarhus University laboratory database (the LABKA
database) as the reference standard.

Materials and methods
Study period and setting

This validation study was based on data obtained from
January 1st 2000 to December 31st 2009 at three hospitals
in Denmark: two university hospitals (Aarhus and Aalborg)
and one regional hospital (Randers). We used the unique Civil
Registration (CPR) number assigned to all Danish residents
since 1968 to link the databases.®

Data sources
The DNRP includes data on all nonpsychiatric hospital
admissions in Denmark since 1977 and outpatient clinic and
emergency room visits since 1995. The registry contains
updated information on each patient’s medical history and
includes data on date of admissions and discharges, surgical
procedures performed, major treatments, and up to 20
diagnoses. Diagnoses in the DNRP are classified according
to the ICD-10 since 1994.°

The LABKA database contains laboratory test results
from inpatient stays, outpatient hospital visits, and general
practitioners in the catchment area of the three hospitals
included in this study.'® The information is recorded in a
uniform way according to the international Nomenclature,
Properties and Units (NPU) coding system and by use of
Danish analysis codes.!

Study population

We identified all patients with an inpatient or outpatient
diagnosis of anemia caused by acute or chronic bleeding
[ICD-10 codes: D62.9 (acute post-hemorrhagic anemia)
and D50.0 (iron deficiency anemia secondary to blood
loss (chronic))] in the DNRP. Date of diagnosis was
defined as the date of hospital admission or outpatient
visit associated with anemia caused by bleeding. Hos-
pitalizations separated by a day or less were considered
as one.

For each hospital contact associated with anemia caused
by bleeding, all hemoglobin measurements in the laboratory
database from 30 days before hospital contact to date of
discharge were examined for lowest hemoglobin level
(NPU codes 02319, 02321, and 21690; Danish analysis
codes AAA00359, AAA93003, AAB00012,ASS00126, and
ASS00996). A low hemoglobin level, diagnosed as early
as 30 days before admission, may have been the reason for
current hospital contact and for assigning the diagnosis
code of anemia. Anemia was defined as hemoglobin levels
below 7 mmol/L for women and 8 mmol/L for men.? History
of anemia was defined as any diagnosis of anemia in the 5
years before the hospitalization in question. In addition, we
classified anemia into three severity levels: severe (hemo-
globin < 5 mmol/L), moderate (hemoglobin 5-5.9 mmol/L),
and light (hemoglobin 6 mmol/L — 7.0/8.0 mmol/L).

Statistical analysis

The PPV of the ICD-10 codes of anemia caused by bleeding
in the DNRP was computed as the proportion that also had
anemia according to the laboratory database (our reference
standard). The corresponding 95% confidence interval (CI)
for the PPVs was estimated using Jeffrey’s method."

We stratified the analyses by sex, age at diagnosis, hospi-
tal, year of diagnosis (2000-2005 and 2006—2009), primary/
secondary diagnosis, hospital department (internal medicine,
surgical, gynecology, or several departments referring to
patients admitted to both internal medicine and either surgi-
cal or gynecology departments during the same hospitaliza-
tion), inpatient stay/outpatient hospital visit, and by acute or
chronic anemia. Since a history of anemia may influence the
present coding, we also stratified by history of anemia.

Results

We identified 3391 patients in the DNRP with a diagnosis
of anemia caused by bleeding. The median age at diagnosis
was 76.0 years and 61% (n = 2071) were females. We were
able to confirm anemia in 3234 patients; 1614 had severe
anemia (hemoglobin < 5 mmol/L), 1126 had moderate ane-
mia (hemoglobin 5-5.9 mmol/L), and 494 had light anemia
(hemoglobin 6 mmol/L — 7.0/8.0 mmol/L).

The overall PPV of the ICD-10 codes for anemia caused by
bleeding was 95.4% (95% CI: 94.6%—-96.0%) and was virtu-
ally similar for acute and chronic anemia caused by bleeding,
with 95.5% (95% CI: 94.6%-96.3%) and 95.1% (95% CI:
93.7%-96.3%), respectively. The PPV was higher for men at
97.6% (95% CI: 96.6%—-98.3%) than women at 94.0% (95%
CI: 92.9%-94.9%), and for inpatients with 97.5% (95% CI:

submit your manuscript

328

Dove

Clinical Epidemiology 2012:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Accuracy of anemia coding

“[EAID3UI 92UDPYUOD ‘| BN[eA 2ARDIPaJd dARISOd ‘Add ‘UORIPD Y3Q| ‘DSBaSI JO UOREBILISSE|D [BUORBUIAIU] ‘0 |-D] SUOIIBIASIQQY
‘uonezijeaidsoy swes ay3 Surinp syuswiedsp A80j0duAS o [e213uNS SIS pUB SUIDIPSW [BUISIUI Y30q O3 PaRIWpE sjusned 03 U9jed sjuswiiedop [BI9ASS, (930N

(0°001-8°€6) 0001 6 00 0 00 0 0001 6€ «SuaunJedap [esoAsS
('e6-+'€8) T68 i 0¢ 3 8'8 €l 768 (43 A8oj023uhkD
(T86-646) 896 1 60 % €T ol 896 [Ty [e218.ng
(1'96-9%6) 56 €911 €1 S€ €€ 6 ¥'S6 9€9T aupIpaw [euJalu|

juawaedag
(096—++6) £56 0£LT 0l 8T L€ ] €56 6£9C [eadsoy Aussaaun
(TL6-06) 856 179 €T 1 6l 4 8'56 565 [eadsoy [euoiday
a2d£3 rejidsoH
(€£'96-L+6) 556 14T ol LT S€ 6 956 619 oN
(T96-£76) 9¥6 059 €T Sl I (174 9¥6 S19 soA
elwaue jo sisoudelp Jolid
(1'96-0+6) TS6 9TsS| 90 6 £y 99 Ts6 1434} Asepuodag
(+'96-5+6) 556 998I gl €€ LT 0S §'S6 8.1 Arewig
sisouSelp A1epuodas 4o Arewiid
(£'66-896) v'86 98¢ S0 4 ol 4 ¥'86 08¢ pauiquod
(9°06—€98) 988 6€8 61 9l S6 08 9'88 324 usiA [eudsoy usneding
(1'86-L'96) S'L6 91T Il ¥T ¥l 1€ S'L6 e Aers usnedu)
32€3u0D [ejidsoy jo odA |
(Te6-T1L) 626 1 'L | 00 0 676 €l yrog
(€'96-£€6) 1'56 6¥01 Al 8l I’ €€ 1'S6 866 duouyd
(£'96-9%6) 556 8T€T ol x4 S€ 8 §°56 €T a0y
elwaue jo adA |
('s6-T€6) ¥¥6 0zLl 9l 8T 0¥ 69 V6 €091 6007-900C
(TL67¥56) +'96 1291 80 1 8T 9% ¥'96 1191 S007-000T
w_mO:Mﬂ_v jJo Jes )\
(£'26-856) 696 68T1 90 8 ST 143 696 6¥TI +08
(9°96-€+6) 5756 STl dl 8l I'€ 6€ $°S6 81Tl 6.-09
(0's6-606) T€6 8¢ 1T 4! 8y 8 T S¥S 65—0F
(Lv6+18) 916 91T gl 4 99 Sl 916 10T 6€-1¢
('66—€¥1) 8°€6 9l 00 0 €9 I 8'¢6 Sl 0z-81
sisouselp je a8y
(€'86-996) 9°L6 0zl Il Sl €l L1 9°L6 887| e
(6v6-626) 0¥6 120T €l 1T L'y 86 06 961 Seway
X3
(096-9+6) 56 16€€ 4l [4% ve Sl ¥'S6 43 [|ZENNe)

% u % u % u % u

(p4039. Aioyesoqe| oN) (noww ¢°g/0°L = uiqojSowdH) (Noww ¢°g/0°L > uiqojSowa)

(1D %S6) Add esoy paw.yuod JoN BILISUE PaWLIUOD

sjealdsoy ysiue 994y3 wouy eyep 3uisn paepuels

9oUa.I9a. se aseqeiep AJoledoge| sy Suisn sausneyd Jo AnsiSay [euoneN ysiueq sy ul 3ulpas|q Aq pasned elWSUE Jo sapod sisouselp 0]- D] JO anjeA 2AndIpaJd sAnisod sy | sjqeL

329

submit your manuscript

Clinical Epidemiology 2012:4

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zalfani et al

Dove

96.7%-98.1%) compared to outpatients with 88.6% (95%
CI: 86.3%-90.6%). The PPV increased slightly with age
at diagnosis and was highest in the time period 2000-2005
(Table 1). In addition, the PPVs were almost similar for
primary and secondary diagnoses and for hospital type, but
were slightly lower for those with a prior diagnosis of anemia
compared to those with no prior diagnosis (Table 1).

Among departments, the PPVs ranged from 89.2% (95%
CI: 83.4%-93.4%) in the gynecology department to 96.8%
(95% CI: 94.9%-98.2%) in the surgical department.

Discussion

In this validation study, we found that the overall PPV for the
ICD-10 codes for anemia caused by bleeding in the DNRP
was high using the laboratory database as reference standard.
The PPVs were all above 88% regardless of diagnostic sub-
codes, patient characteristics, time periods, and hospital and
department characteristics.

Despite the overall high PPVs, we still observed some
differences in PPV by certain patient characteristics. It is
widely known that anemia is more prevalent among the
elderly''* which may be the reason for the particularly high
PPV among patients over 60 years of age in our study."
However, for females and particularly those recorded with
bleeding anemia at a gynecology department, we find it likely
that the relatively low PPV might have been a result of the
anemia codes being used for heavy menstruation periods
even without the presence of actual anemia. In addition, the
slightly lower PPV among patients with prior anemic admis-
sions may reflect that physicians continue to consider and
record these patients as anemic despite the fact that they are
well treated and have normal blood tests as the result.

No previous studies have investigated the PPV of anemia
caused by bleeding. However, several other studies have
investigated the PPV for a number of other diseases recorded
in the DNRP and have found similarly high values.'¢*

The strengths of this study include the population-based
lifelong follow-up of patients in Danish databases.”’ We
compared two large databases, which enabled us to do a
large-scale validation study. In addition, we validated the
coding at two university hospitals and one regional hospital.
The generalizability of our findings may be questioned, but
since the definition and diagnosis of bleeding anemia are
clear, we do not consider this a major issue. Furthermore, the
PPVs did not vary between regional and university hospitals
(Table 1). It is important to stress that the DNRP only cov-
ers hospital-treated patients, and not outpatients diagnosed
at general practitioner clinics. Our validation approach also

had further limitations. By using the laboratory database as
reference standard, we were only able to confirm the presence
of anemia (ie, low hemoglobin levels), and not the underlying
cause (ie, bleeding). Furthermore, we were not able to estimate
completeness/sensitivity of the coding of anemia caused by
bleeding since the true prevalence of anemia was unknown.
In addition, some hemoglobin measurements may not be
transferred to the laboratory database, for instance those from
arterial blood gas analyzers in intensive care units and those
from hemoglobin detection kits at general practitioners. This
would have caused us to underestimate the PPV.

Conclusion

In conclusion, our study demonstrated high PPVs of the ICD-
10 codes for anemia caused by bleeding in the DNRP. Hence,
this database is valuable for epidemiological research and for
quality monitoring concerning anemia caused by bleeding.
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