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Abstract

Transfer of automated laboratory data collected dur-
ing routine clinical care from the laboratory informa-
tion system into a database format that enables
linkage to other administrative (e.g., patient charac-
teristics) or clinical (e.g., medication, diagnoses, pro-
cedures) data provides a valuable tool for clinical
epidemiological research. It allows the investigation
of biochemical characteristics of diseases, therapeutic
effects and diagnostic and/or prognostic markers for
disease with easy access and at relatively low cost.
To this end, the Utrecht Patient Oriented Database
(UPOD), an infrastructure of relational databases com-
prising data on patient characteristics, laboratory test
results, medication orders, hospital discharge diag-
noses and medical procedures for all patients treated
at the University Medical Centre Utrecht since Janu-
ary 2004, was established. Current research within
UPOD is focused on the innovative linkage of labo-
ratory and medication data, which, for example,
makes it possible to assess the quality of pharmaco-
therapy in clinical practice, to investigate interference
between laboratory tests and drugs, to study the risk
of adverse drug reactions, and to develop diagnostic
and prognostic markers or algorithms for adverse
drug reactions. Although recently established, we
believe that UPOD broadens the opportunities for
clinical pharmacoepidemiological research and can
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contribute to patient care from a laboratory perspec-
tive.
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Introduction

Since the introduction of the first computers to proc-
ess and capture laboratory data in the 1960s (1), enor-
mous progress has been made in laboratory
automation. Currently, the majority of biochemical
laboratory tests are performed by fully automated
analysers, and test results are processed and stored
electronically within advanced laboratory information
systems. These automated laboratory data are pri-
marily used in patient care and for management pur-
poses. However, transfer of data from the laboratory
information system into a database format that allows
questioning and linkage to administrative (e.g.,
patient characteristics) or other clinical data (e.g., dis-
ease and medical treatment) would provide a valua-
ble tool for clinical epidemiological research, i.e., the
application of epidemiological principles and meth-
ods to problems encountered in clinical medicine (2).

Until now, most clinical epidemiological research
with laboratory data was only possible after elaborate
gathering of data for a specific research question. A
structurally available data linkage system that pro-
vides complete and well-defined research data that
can be questioned at any time would increase the
possibilities for conducting clinical epidemiological
research with laboratory data. Therefore, the Utrecht
Patient Oriented Database (UPOD), an infrastructure
of relational databases comprising data on patient
characteristics, laboratory test results, medication
orders, hospital discharge diagnoses and medical
procedures for all patients treated at the University
Medical Centre Utrecht (UMC Utrecht) was recently
established. In this paper the structure, current con-
tent and potential applications of UPOD are present-
ed. Because of the innovative character and clinical
relevance of the linkage of laboratory and medication
data, which increases the opportunities to study the
use and effects of drugs in a clinical setting (i.e., clin-
ical pharmacoepidemiological research), this specific
feature is used as an example to illustrate the poten-
tial of UPOD.
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Table 1 Number of data within UPOD from the year 2005.

Type of data Number

Inpatient admissions 28,561
Day-care treatments 15,305
Outpatient visits 333,858
Laboratory test results 3,812,756
Medication orders 289,878
Discharge diagnoses 88,216
Procedures 148,499

Figure 1 UPOD: clinical epidemiological research with a
relational database system comprising patient-oriented clin-
ical and administrative data.

Utrecht Patient Oriented Database: UPOD

Setting

The UMC Utrecht is a 1042-bed academic medical
centre located in the centre of The Netherlands.
Approximately 165,000 patients are treated annually
during more than 28,000 clinical hospitalisations,
15,000 day-care treatments and 333,000 outpatient
visits (Table 1). At UMC Utrecht all administrative and
clinical information on in- and outpatients is regis-
tered and processed electronically and stored at
patient level within systems that are integrated in the
hospital information system.

Research database

UPOD is a relational database infrastructure capturing
complete and detailed data on patient characteristics,
laboratory test results, medication orders, hospital
discharge diagnoses and therapeutic procedures for
all patients treated at UMC Utrecht since January
2004 (Figure 1). Periodically all relevant data are auto-
matically transferred from the specific registration
systems into tables in the management information
system, which is an environment (SQL server) that
allows checking, cleaning, storing, maintaining, ques-
tioning and linking of data (Figure 1). All data contain
a patient identifier and an index date, allowing selec-
tion of unique patients or events and deterministic

linkage between tables comprising different types of
data. Researchers who are granted access to the data
can make data selections in the management infor-
mation system using SQL syntaxes. Subsequently,
data can be downloaded from the management infor-
mation system to the researcher’s personal computer.

Data on patient characteristics are extracted from
the hospital’s central electronic patient registry and
consist of gender and dates of birth, death, hospita-
lisation and discharge. Laboratory data originate from
the laboratory information system, and include all
tests concerning clinical chemistry, haematology,
endocrinology, immunology and therapeutic drug
monitoring. The records contain information on the
collection date, type of material and the result. Med-
ication data concern drugs that are ordered in the
computerised physician order entry (CPOE) system
for medication. Medication records contain informa-
tion on the start and stop date, duration, prescriber
(type of medical specialty), amount administered,
dosage regimen, and route of administration for each
drug prescription. Drugs are coded with regard to the
different national (generic product code, trade code)
(3) and international (Anatomical Therapeutic Chem-
ical classification, ATC) (4) classification schemes.
Diagnostic data concern the full list of discharge diag-
noses (up to 10 diagnoses per admission) that are
registered primarily for reimbursement purposes. Dis-
charge diagnoses are coded according to the Inter-
national Classification of Diseases, 9th edition Clinical
Modification (ICD-9-CM) (5). Likewise, data on thera-
peutic procedures performed by medical specialists
are registered. Procedures are coded according to the
Classification of Procedures by Medical Specialists,
published by the Dutch CBV Foundation (6).

In addition to the laboratory data described above,
UPOD contains a specific database with haematology
data on automated blood cell analyses performed
with Abbott Cell-Dyn Sapphire automated blood cell
analysers used at UMC Utrecht. A feature of this type
of blood cell analyser is that it not only reports the
parameters requested by the physician, but all hae-
matological parameters that it is capable of measur-
ing (7). For example, when a physician requests a
haemoglobin measurement, the analyser also auto-
matically determines the platelet count. Although this
platelet count is not reported to the clinician, the ana-
lyser stores the data. Periodically, all data captured
within the blood cell analysers are manually down-
loaded to a database format, and are cleaned and
checked for integrity, making the data available for
research. These haematological data include the col-
lection date, type of material and the results, includ-
ing flagging parameters.

Ethical and privacy considerations

The collection, storage and use of administrative and
clinical patient information for scientific research is
subject to ethical and privacy regulations (8, 9). The
establishment and utilisation of UPOD is in accor-
dance with guidance of the Institutional Review Board
(IRB) and privacy board of UMC Utrecht, which allows
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Table 2 Examples of current research projects within UPOD.

Subject Type of epidemiology

Laboratory monitoring for Descriptive In patients at risk for HIT, close monitoring of the platelet
heparin-induced count and an anti-heparin platelet factor 4 antibody
thrombocytopaenia (HIT) test are advised to rule out HIT in case of suspicion (12); it

is investigated if there is a need to intensify laboratory
monitoring within our institution.

Epidemiology of drug-associated Etiologic Blood dyscrasias following exposure to non-cytotoxic
blood dyscrasias drugs are rare; however, the outcome can be severe, espe-

cially since they are often unexpected and are diagnosed
after symptoms occur; thrombocytopenia, agranulocytosis,
and aplastic anaemia are among the most reported and
fatal adverse drug reactions (13), but research into the fre-
quency, risk factors and mechanisms is still scarce (14, 15).

Laboratory markers for early Prognostic Haematological parameters can possibly serve as early
warning of drug-induced blood warning markers of drug-induced blood dyscrasias; some
dyscrasias haematological parameters reflect blood dyscrasias in an

early stage and thus may be useful as indicators for
predicting drug toxicity (16).

the use of clinical data from patients who did not
object to use of their data for scientific purposes, as
long as the patients cannot be identified directly from
the data.

Within UPOD, only data are captured that were ini-
tially registered during routine care and not for
research purposes. Because no extra material, for
example, blood samples, is taken from patients, there
is not a requirement to obtain informed consent from
individual patients or seek IRB approval for every
study protocol.

At our institution, patients are informed at the time
of admission that their data can be used for scientific
research purposes. Patients can object to the use of
their data within UPOD according to a general pro-
cedure for objecting to the use of data for scientific
research that is available at UMC Utrecht.

To prohibit the identification of individual patients
within the database, sensitive patient data must be
encoded before they are processed outside the pro-
tective environment of the hospital and management
information systems. For this purpose, the original
patient identification number for UMC Utrecht is
encrypted into a unique UPOD patient identifier within
the database. Decrypting the patient identifier is pos-
sible in case it is essential to retrieve additional infor-
mation from the patient’s medical record. However,
decryption is only possible after approval of the pro-
tocol by the IRB.

Linking laboratory and medication data

Laboratory data are often essential for selection, dos-
ing and monitoring of drug therapy. Currently, many
hospitals implement CPOE systems for ordering pre-
scriptions or laboratory tests that contain decision
support tools involving linkage of laboratory and
pharmacy information at the time of ordering medi-
cation. This so-called real-time linkage of laboratory
and medication information is considered an impor-
tant contribution to reducing prescription errors and
improving patient care (10) since, in the absence of
such computerised support systems, patient safety

hinges on the ability of the physician to recall a par-
ticular warning concerning a specific drug in relation
to the clinical characteristics of the patient (11).

In addition to the benefits of real-time linkage for
clinical practice, laboratory and medication data can
also be linked retrospectively for research purposes
within a database (10), as is done within UPOD. This
innovative technique provides numerous opportuni-
ties to conduct pharmacoepidemiological studies in
which the role of the clinical laboratory is considered.
These include evaluating the quality of pharmacother-
apy with regard to laboratory monitoring, studying
therapeutic and adverse effects of drugs, and inves-
tigating drug-test interference (10).

In the following, examples of pharmacoepidemio-
logical studies concerning the clinical laboratory are
presented to illustrate the relevance of linking labo-
ratory and medication data within a research data-
base. We consider etiological (causality of an
association between exposure and outcome), descrip-
tive (pattern and frequency of the disease), prognostic
(prediction of an outcome from factors that can be
obtained before or at a certain time of treatment) and
diagnostic (development of tests that allow accurate
diagnosis of health status) epidemiological studies.
Table 2 presents examples of pharmacoepidemiolo-
gical studies currently being conducted within UPOD.

Etiological epidemiology: adverse drug reactions

and drug-test interference

Adverse drug reactions Adverse drug reactions are
considered a major threat to patient safety (17).
Depending on the definition, adverse drug reactions
occur in up to 5%–30% of hospitalised patients (18).
Laboratory testing can be helpful in managing the risk
of adverse drug reactions, as it has been shown that
60%–65% of clinically relevant adverse drug reactions
can be detected with a biochemical test (13, 19–21).
Several studies (22–25) have shown that linking lab-
oratory and medication data for large groups of
patients is a powerful tool for studying the association
between adverse events that can be detected with a
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biochemical test and drug exposure. Two recent
examples are the assessment of the incidence of
drug-induced liver injuries based on serum values for
liver enzymes during hospitalisation (26) and the
quantification of the association between hyponatrae-
mia and the use of serotonergic antidepressants in
elderly patients (27). In addition to evidence on the
association between drug exposure and an adverse
event, epidemiological studies can provide knowl-
edge on risk factors for adverse drug reactions. An
example of such a study is the recent identification of
treatment-related risk factors for hospital-acquired
hyponatraemia (28). Knowledge of risk factors is
important for the identification of patients at high risk
of adverse drug reactions (18) to initiate prophylactic
treatment or close monitoring for the development of
adverse drug reactions (29).

Drug-test interference With more than 40,000 drugs
described that affect laboratory test results (30, 31),
drug-test interference is a relevant issue in clinical
chemistry (32). The interference can be due either to
a biological effect, e.g., the increase in serum concen-
tration of the thyroid hormone FT4 by valproic acid
(33), or to analytical interference, e.g., interference by
aminoglycoside in total protein determination in urine
(34). Drug-test interference can lead to misinterpre-
tation of laboratory data, potentially resulting in
unnecessary medical services and costs. Gronroos et
al. extensively evaluated the literature on drug-test
interference and recommended the development of a
database system comprising linked laboratory and
medication data for appropriate investigation of drug-
test interference (35).

Descriptive epidemiology: quality of

pharmacotherapy

In selecting a drug, the patient’s physical condition
can be a contraindication. By linking laboratory and
medication data, it can be investigated whether the
drug is appropriately prescribed to the patient. Using
this approach, Schiff et al. revealed that at their insti-
tutions a large proportion of patients received potas-
sium supplementation while hyperkalaemic (36). By
linking prescription claim data and hospital admission
records, Juurlink et al. showed that publication of the
results of the Randomised Aldactone Evaluation
Study (RALES) was associated with an abrupt
increase in the rate of prescriptions for spironolactone
and in hyperkalaemia-associated morbidity and mor-
tality in heart failure patients also treated with ACE
inhibitors (37).

On the other hand, laboratory measurements can
also reveal conditions that require treatment. Schiff et
al. uncovered patients who were not treated with
levothyroxine after abnormal levels of thyroid-stimu-
lating hormone (TSH) were found (38).

Patient groups with altered drug metabolism, such
as patients with renal insufficiency, often require dose
adjustments of specific drugs. Epidemiological stud-
ies can be used to evaluate the adherence to dosing
instructions with regard to renal insufficiency, as
shown by Chertow et al., who reported that 70% of

medication orders were written for an inappropriately
high dose or frequency (39), increasing the risk of
developing adverse drug reactions.

For a number of drugs, laboratory monitoring for
drug toxicity, e.g., drug-induced liver damage, blood
dyscrasias and nephrotoxicity is warranted (40). In
several cases of adverse drug reactions that have led
to withdrawal of drugs from the market, a lack of
appropriate laboratory monitoring played an impor-
tant role (41). Several recent studies considering lab-
oratory monitoring during drug exposure in out-
patients showed that essential monitoring was per-
formed in only a minority of patients at risk of severe
adverse drug reactions (42–44).

Laboratory monitoring can also be warranted for
efficacy of drug therapy, for example, measuring cho-
lesterol goal attainment in statin treatment. Goettsch
et al. linked outpatient laboratory data to prescription
histories from community pharmacies and found that
the percentage of patients who achieved the choles-
terol level recommended in guidelines was low in
practice (45).

Prognostic and diagnostic epidemiology:

markers for drug effects

Several adverse drug reactions develop unexpectedly
and are diagnosed when symptoms occur, for exam-
ple, drug-induced thrombocytopaenia is often detect-
ed after spontaneous/excessive bleeding occurs (14).
For the patient (irreversible harm) and for society
(increased medical costs), it is relevant to investigate
whether the risk of such adverse drug reactions can
be predicted before initiation of the medication and
hence even guide the choice of medication, or if these
adverse drug reactions can be diagnosed at an early
stage (i.e., before clinical symptoms occur). Labora-
tory parameters could potentially serve as prognostic
or diagnostic markers for adverse drug reactions (46),
for example, the occurrence of the typical drop in
platelet count associated with heparin-induced throm-
bocytopenia (HIT) (47). Epidemiological studies within
databases linking laboratory and medication data can
contribute to the identification of predictive or prog-
nostic markers and/or the development of algorithms
for adverse drug reactions.

Discussion

Application of UPOD for clinical epidemiological

research

Transfer of automated laboratory data from the lab-
oratory information system into a relational database
infrastructure makes laboratory data available for
clinical epidemiological research. Linking laboratory
data to other clinical data provides numerous oppor-
tunities to study the biochemical characteristics of
diseased populations, the effects of medical therapy
that can be detected with laboratory tests and con-
tribute to the development of predictive and diagnos-
tic markers and/or algorithms for disease.
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The application of automated database systems
comprising observational data on patient character-
istics, diagnoses, disease and therapy is already an
established and widely used approach in the study of
the effects of drugs in clinical settings (48), in partic-
ular with regard to the detection, verification and
quantification of adverse drug reactions (49). The link-
age of laboratory and medication data is especially
innovative for database systems comprising data on
in-hospital patients, such as UPOD. With regard to the
general population, laboratory data have recently
become available within some of the automated data-
base systems used in pharmacoepidemiological
research, for example the insurance-based Kaiser Per-
manente database (40, 43) and the Dutch population-
based PHARMO Record Linkage System (45).
However, until recently, most database systems used
to study drug use in populations comprised drug his-
tories from community pharmacies or hospitals linked
to registrations of morbidity or hospital-discharge
diagnoses (48), but lacked laboratory data, thereby
limiting the possibilities for conducting studies on
adverse drug reactions that can be detected biochem-
ically, as illustrated in a recent study carried out by
our group (50). It was found that the underlying dis-
ease overshadows many clinical conditions and that
comorbidity is seldom registered in the case of severe
illness. This could result in underestimation of the
number of cases and potential bias when using
hospital discharge diagnoses only in (pharma-
co)epidemiological research. Because laboratory data
allow more sensitive detection of the outcome and
thereby increase the study power, the potential of
investigations regarding, for example, the association
between drug exposure and hyponatraemia would be
increased if cases were sampled from laboratory data
(50). Taking this into account and considering the ele-
vated risk of adverse drug reactions in hospitalised
patients, the importance of laboratory information in
drug therapy and the continuing introduction of new
drugs with innovative mechanisms of action, a
research platform that allows the linkage of labora-
tory and medication data for hospitalised patients
promises to be a valuable tool for clinical epidemio-
logical studies aimed at investigating the (adverse)
effects of drugs.

Quality and data management

The use of database systems such as UPOD for clin-
ical epidemiological research has several advantages.
In contrast to ad hoc data collection, database sys-
tems allow the study of complete and validated data
on a patient level for a large population over a pro-
longed period of time with relatively easy access and
at low cost (51). Furthermore, the collection of data
using electronic registration systems and by auto-
mated transfer can be considered less prone to mis-
takes and less expensive compared to manual data
collection. In addition, the real-life setting makes the
population representative of patients actually being
treated in clinical practice (51).

Although the potential advantages of a database
comprising clinical data are numerous, potential

threats to epidemiological research using observa-
tional data should be considered, for example, miss-
ing data and misclassification that are to a certain
extent inherent to the use of retrospectively gathered
data (52). To ensure maximum completeness and
integrity, the data within UPOD are collected auto-
matically and are extensively checked by data pro-
cessing experts, administrative personnel and
researchers. Furthermore, a data dictionary in which
the database content is described in detail is available
for researchers.

UPOD was established after the introduction of a
CPOE system for ordering medication in our hospital
and currently comprises complete data for a period of
2 years for one institution. This may possibly limit the
study of rare outcomes in the short term and the
extrapolation of findings to other hospitals. However,
the population covered will increase rapidly over time
(Table 1), and cooperation with other hospitals will
extend the possibilities.

We believe that the institutional basis of the data-
base has several advantages. The setting within a
large academic hospital guarantees optimal synergy
between clinical and both diagnostic and basic
research laboratories. In this way, the translation of
research findings to clinical practice and the experi-
mental laboratory becomes relatively easy and effi-
cient. For example, when novel associations between
drug exposure and abnormal blood-cell parameters
reflecting damage to blood cells are found in epi-
demiological research, mechanistic hypotheses can
be further investigated within the experimental labo-
ratory setting using blood cell-specific in vitro sys-
tems (53). In addition, the institutional basis makes it
possible to validate data relatively easily or gather
additional data, for example, by retrieving informa-
tion that is currently not available within UPOD, such
as radiology reports or electrocardiograms, from the
original patient chart or by contacting the patient
through his or her physician.

UPOD can be further expanded with data on extra-
mural patient care, e.g., medication histories from
community pharmacies or visits to general practition-
ers, and potentially other important types of clinical
information such as pathology and genetic data. With
regard to the latter, worldwide initiatives are currently
undertaken to collect genetic data within population
databases to study gene-disease relationships to cha-
racterise individual patients with regard to disease
subtype based on their genetic profile (54). Adding
genetic data to UPOD will provide interesting
research possibilities such as pharmacogenetics, i.e.,
investigating the role of genetic variation in the
patient’s response to pharmacotherapy (55).

Conclusions

Facilitating the linkage of laboratory data collected
during routine clinical care within a database system
to other patient-oriented records broadens the oppor-
tunities for clinical pharmacoepidemiological
research. Although recently established, UPOD prom-
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ises to be invaluable for this type of research and
should be exploited fully.
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