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Abstract
Objectives: To inform researchers of central considerations and limitations when applying biochemical laboratory-generated registry
data in clinical and public health research.

Study Design and Setting: After review of literature on registry-based studies and the utilization of clinical laboratory registry data,
relevant paragraphs and their applicability toward the creation of considerations for the use of biochemical registry data in research were
evaluated. This led to the creation of an initial ten considerations. These were elaborated, edited, and merged after several read-throughs by
all authors and discussed thoroughly under influence by the authors’ personal experiences with laboratory databases and research registries
in Denmark, leading to the formulation of five central considerations with corresponding items and illustrative examples.

Results: We recommend that the following considerations should be addressed in studies relying on biochemical laboratory-generated
registry data: why are biochemical laboratory data relevant to examine the hypothesis, and how were the variable(s) utilized in the study?
What were the primary indications for specimen collection in the study population of interest? Were there any pre-analytical circumstances
that could influence the test results? Are data comparable between producing laboratories and within the single laboratory over time? Is the
database representative in terms of completeness of study populations and key variables?

Conclusion: It is crucial to address key errors in laboratory registry data and acknowledge potential limitations. � 2024 The Au-
thor(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Laboratory data covera wide variety of measurements
and observations including biochemical test results, micro-
biological culture outcomes, histopathological findings, and
radiological imaging reports. The ongoing automation of a
wide variety of equipment and analyses has facilitated the
laboratory production and thereby vastly increased the pro-
duction of test results. This has led to storage of large
amounts of laboratory-generated data in health-care regis-
tries with enormous potential in research settings.
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Although reporting guidelines for randomized controlled
trials, observational research, and diagnostic accuracy studies
have been developed, no guidelines address the potential and
important limitationswhen utilizing laboratory-generated reg-
istry data in research. It is therefore crucial to address these
limitations as use of pre-existing laboratory-generated data is
expanding rapidly, also among nonlaboratory researchers [1].

This commentary highlights the most common pitfalls
when using biochemical laboratory-generated registry data
in clinical and public health research and introduces five
considerations for researchers to consult to improve quality,
accuracy, and transparency of their studies.
2. Generation of laboratory data

Laboratory data are generated constantly during the
daily practice at hospitals and general practitioners. Upon
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What is new?

Key findings
� Laboratory registry data represent unique data re-

sources for research; However, without sufficient
knowledge of inconsistencies in laboratory regis-
tries, studies utilizing these data may produce
biased results and misleading conclusions.

What this adds to what is known?
� Although reporting guidelines for randomized

controlled trials, observational research, and diag-
nostic accuracy studies have been developed, no
guidelines address the potential and important lim-
itations when utilizing laboratory-generated regis-
try data in research.

� We introduce five central considerations for re-
searchers who extract and analyze routine
biochemical laboratory-generated data from regis-
ters, with the aim of improving the quality, accu-
racy, and transparency of future studies.

What is the implication and what should change
now?
� We encourage researchers to consult the consider-

ations in the planning phase of studies involving
laboratory-generated data to ensure that the
research question can be examined with high-qual-
ity data and with high internal validity. Further, we
hope that journal editors and reviewers can use the
considerations as a guide when evaluating papers
relying on routine biochemical laboratory-gener-
ated data.
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request from medical doctors, biological specimens are ob-
tained and undergo analyses. Test results are reported
through laboratory information systems for physicians to
access and use. In some countries, these test results are
transferred directly into research registries [1e4]. To ensure
accurate biochemical laboratory test results, several internal
and external quality control systems have been imple-
mented in laboratories [5]. Thus, the overall quality of
biochemical data must be considered high.

The generation of laboratory data can be divided into
three phases: a preanalytical phase (patient preparation,
specimen collection, transportation, and sample process-
ing), an analytical phase (specimen testing), and a posta-
nalytical phase (reporting and storage of test results) [6].
Each phase consists of multiple steps, and each step
may introduce test-specific errors leading to a biased test
result.
3. Considerations for biochemical laboratory-
generated registry data in research

To identify relevant considerations and limitations when
applying biochemical laboratory-generated registry data in
clinical and public health research, the ‘European Medi-
cines Agency’s Guideline on Registry-based Studies
‘(2021b, European Medicines Agency/426390/2021) and
the ‘Danish Manual for Using Clinical Laboratory Informa-
tion System Research Databases for Research Projects’
were reviewed for inspiration. Relevant paragraphs and
their applicability toward the creation of considerations
for the utilization of biochemical registry data were evalu-
ated by L.M.O., K.A.D., and M.N., leading to the creation
of an initial ten considerations. These were elaborated, edi-
ted, and merged after several read-throughs by all authors
and discussed thoroughly under influence by the authors’
personal experiences with laboratory databases and
research registries in Denmark, leading to the formulation
of the presented five central considerations. Comments
and relevant examples are provided for each consideration
followed by summary key points.

In general, when a potentially significant bias is
observed and the discrepancy cannot be explained using
already available information and data, the specific labora-
tory producing the data should be identified and contacted
for clarification. Also, a research group utilizing laboratory
registry data could often benefit from the knowledge of a
clinical biochemist in the planning phase of a study.
3.1. Consideration 1: why are biochemical laboratory
data relevant to examine the hypothesis, and how were
the variable(s) used in the study?

Biochemical laboratory registry data can be used in
various ways in research, for example, to validate certain
discharge diagnosis codes [7], to define a study population
[8], for risk-stratification [9], as an exposure or covariate
variable [10], or as an outcome parameter [11]. Laboratory
test results can also be used to elucidate a trend in usage of
a given test, which may provide important knowledge for
health-care decision makers and department chairs, for
example, to provide guidance for health-care resource plan-
ning, to optimize co-ordering patterns of analyses profiles,
or to evaluate retesting intervals between analysis of
different biomarkers [12,13].

In the planning phase of a research project, it should be
assessed whether appropriate data are available to test a
given hypothesis or to address a specific research question.
Data acquired from laboratory-generated registers rarely
come with a detailed description of the indication and
how data were collected, analyzed, and recorded. When
deciding if biochemical laboratory registry data should be
used in a study, relevant considerations include whether
the available data are the most suitable, or if other acces-
sible data should be preferred depending on the intended
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use and overall research question. As an example, instead
of using biomarker data as surrogate or proxy markers for
medical treatment or to define specific diagnoses, it may
be more accurate to rely on redeemed prescriptions or vali-
dated diagnosis codes.

When deciding how to use the laboratory registry data, it
is important to consider challenges associated with the spe-
cific applied methodological approach. As an example, if a
study population of interest is stratified according to a
certain biomarker level, the most extreme observations
are likely to become less extreme upon subsequent mea-
surements, that is, the biomarker levels will be expected
to regress toward the mean of the background population
[14]. If regression toward the mean is not accounted for
in the statistical analyses, for example, through covariance
analysis, the decrease/increase of the biomarker could be
wrongfully recognized as solely due to the investigated
intervention. Also, if the researcher chose to dichotomize
the variable, it is typically on the expense of doses-
response analyses. Another consideration is defining the
study’s starting point; if relevant patients are excluded
due to death caused by the investigated disease prior to
the starting point, or if the outcome of interest cannot occur
at the beginning of the study period, the study may be sus-
ceptible to immortal time bias [15].

Therefore, it is essential to clearly communicate to the
reader how the laboratory test data was employed in the
study, for what purpose(s), what time windows were used,
and thoroughly discuss potential limitations. Similar as
for other design considerations, the use of proper diagrams
to convey the applied study design is recommended [16].

3.1.1. Key Points #1
When deciding if biochemical laboratory registry data

should be applied in a study, relevant considerations
include whether the available data are the most suitable
or if other accessible data should be preferred. If laboratory
registry data are utilized, it is crucial to consider challenges
associated with the applied methodological approach, and it
should be evident to the reader how and for what purpose(s)
the laboratory data were used in the study.

3.2. Consideration 2: what were the primary indications
for specimen collection in the study population of
interest?

The underlying clinical reasoning for requesting the an-
alyses of interest in the study population should be evalu-
ated carefully: was the biomarker measured as part of
routine testing, to monitor a patient in an acute or chronical
setting, or as part of a diagnostic procedure? When extract-
ing laboratory registry data for research purposes, the
researcher risks to encounter confounding by indication,
that is, the potential observed association between a given
intervention and outcome is misleading due to the presence
of an underlying factor related to the indication for
specimen collection [17]. For example, most newly diag-
nosed cancer patients have platelet counts measured, but
during the course of their disease, platelet counts are likely
to be measured only if the patient is treated with chemo-
therapy, if a bleeding or thrombosis episode occurs, or if
an oncology department measures platelet counts as part
of its routine outpatient program. Platelet counts measured
at these different scenarios represent different indications
for sample collection and would in most cases not be com-
parable. Thus, to identify potential confounding by indica-
tion, it is important to consider possible trajectories of
measurements in relation to the underlying reason for spec-
imen collection in regard to the research question addressed
e not to be confused with confounding by severity or selec-
tion bias [18].

Researchers are strongly encouraged to explore reasons
for both having and not having a biomarker measured, and
the interpretation of the research study should include such
considerations. If the researcher encounters confounding by
indication, proper matching between cases and controls,
propensity score analysis, adjustment for relevant con-
founders, and sensitivity analyses, amongst others, are
highly relevant to assure valid results.

3.2.1. Key points #2
To account for possible confounding by indication, it is

important to consider possible trajectories of measurements
in relation to the underlying clinical reason for specimen
collection in the study population of interest. Researchers
are strongly encouraged to explore reasons for having a
biomarker measured, and the interpretation of the research
study should include such considerations.

3.3. Consideration 3: were there any preanalytical
circumstances that could influence the test results?

The researcher should consider if the biomarker in ques-
tion could be affected by improper preanalytical conditions.
Some biomarkers are more likely to be prone to preanalyt-
ical uncertainties than others.

Fasting (absence of food, physical exercise, and medica-
tion) prior to sample collection is indicated for several an-
alyses, but unfortunately, fasting is in general poorly
defined [19]. When relevant, a researcher should ensure that
(any necessary) patient preparation was defined correctly. If
information regarding preceding fasting is not provided,
data must be evaluated carefully. Although separate nomen-
clature, properties, and units (NPUs, elaborated under
consideration #4) codes exist for fasting measurements, ac-
cess to medical records is often necessary to ensure fasting,
which in most cases is not feasible. As an example, baseline
prolactin values are regularly required prior to treatment
with certain antipsychotic medications. As physiological
parameters (including exercise and stress) can cause hyper-
prolactinemia, the patient should not perform heavy exer-
cise (physical fasting) before sample collection.
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Moreover, patients suspected of having drug-induced hy-
perprolactinemia should discontinue the medication for
3 days before retesting the prolactin level (medication fast-
ing). However, based on pre-existing laboratory data, it is
difficult to ensure that these demands were complied with.

Another important consideration is the time of specimen
collection, especially considering drug monitoring. Time as
a variable (hours; minutes; seconds) is frequently available
in laboratory register data [1]. As an example, treatment with
low molecular weight heparin is often monitored by anti-Xa
measurements, but if the blood sample is not drawn 4 hours
after administration, the recommended therapeutic indices
cannot be applied. Additionally, some biomarker levels vary
significantly depending on the time of the day for specimen
collection, for example, growth hormone and cortisol levels
peak during nighttime and in the morning, respectively.
Thus, to evaluate and compare a given biomarker among pa-
tients included in a study, time of specimen collection may
be of importance. When relevant for a specific biomarker,
such considerations should be addressed and taken into ac-
count in the statistical analysis and interpretation of the re-
sults. In studies relying on drug monitoring, it should often
be acknowledged as a limitation if the time from medication
to specimen collection is not available.

Lastly, sample stability is crucial for many analytes and
can be hampered by temperature, agitation, and time. Most
laboratories have strict control of temperature and duration
from sampling to analysis, but also sample transportation is
a potentially relevant factor due to the increasing use of
pneumatic tubes systems, which can cause hemolysis in
the blood samples [20]. Some patient populations have
higher risk of misleading test results caused by improper
transportation, for example, pseudo-hyperkalemia in
leukemic patients. Hence, if the biomarker of interest is
fragile or if the laboratory data is derived from a patient
population where misleading test results could be of signif-
icance, it should be considered if storage and transportation
from patient to laboratory could influence test results.

3.3.1. Key points #3
Consider if the biomarker in question could be affected by

improper pre-analytical circumstances including inadequate
patient preparation, time from medication to specimen collec-
tion, normal physiological variance of the biomarker level
during the day, and inappropriate sample transportation.

3.4. Consideration 4: are data comparable between
producing laboratories and within the single laboratory
over time?

Biochemical data can be recorded as text, continuous,
dichotomous, or categorical variables. Typically, laboratory
data registers include NPU codes [21]. The NPU system
was established in 1960 and represents a standardized termi-
nology when reporting laboratory test results. These codes
are often used in research settings to identify relevant test
results in a register. Most biochemical analyses are assigned
a specific NPU code, but few biomarkers are still reported
with unique national or local codes. In countries not oper-
ating with the NPU system codes, the Logical Observation
Identifiers Names and Codes are typically implemented. In
addition to NPU codes, laboratory data registers typically
include patient, laboratory, and requester identification co-
des, specimen type (blood, urine, cerebrospinal fluid), time
of sampling, components measured in the sample, and
numeric and/or text results including reference values [1,22].

When merging biochemical data for research purposes,
analyses principles, units, and report format of test results
must be consistent and comparable over time, both within
and between laboratories. It is important to note that
NPU codes do not account for differences in equipment
used or analyses principles. These are very likely to differ
when data are extracted from more than one laboratory,
but also within the same laboratory over time. As an
example, various methods are used to estimate low-
density lipoprotein cholesterol levels encompassing direct
measurement and computation using the Friedewald or
other equations. However, it is well documented that low-
density lipoprotein levels vary significantly between these
different methods [23,24]. Hence, the researcher should
be careful when merging data from producing laboratories
utilizing different analysis principles. Of note, food-fasting
before low-density lipoprotein cholesterol level estimation
are likely to differ significantly between fasting and non-
fasting patients (Consideration #2) [25].

To assure comparability between laboratories and over
time, it is essential to perform thorough preliminary data
assessments focusing on differences in analyses results
(mean/median), units, reference values, and outliers/clus-
ters stratified by proper time intervals and by each labo-
ratory from where data were obtained. When relevant,
results from external quality control programs of the
participating accredited laboratories could be evaluated
to ensure that the analysis of interest remains comparable
over time.

3.4.1. Key points #4
Analysis principles, units, and report format of test re-

sults must be consistent and comparable over time, both
within a single laboratory and between all producing labo-
ratories. It is crucial to perform thorough preliminary data
assessments focusing on differences in analysis results,
units, reference values, and outliers/clusters stratified by
proper time intervals and by each laboratory from which
data has been obtained.

3.5. Consideration 5: is the database representative in
terms of completeness of study populations and key
variables?

Information on key data must be recorded for the major-
ity of the population enrolled in a study. Based on clinical
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and epidemiological knowledge, the researcher should
attempt to quantify how many individuals are expected to
have a specific biomarker of interest measured within the
study’s duration. If significantly fewer individuals were
identified than expected, potential explanations may
comprise use of wrong NPU codes for a required
biomarker, differences in coding policies between labora-
tories, chronologically and/or geographically incomplete
databases, or presentation of data as text with no quantita-
tive results. In cases of incomplete laboratory registry data,
the study may be left truncated, that is, individuals who
have encountered the specific exposure or event of interest
at the beginning of the study-period are not certain to be
included in the registry [22].

It is equally important to be aware of inherent missing
laboratory registry data. For example, measurements from
point-of-care tests performed at the general practitioners
(such as blood glucose, hemoglobin, and C-reactive protein)
are rarely reported to registries and could therefore skew the
eligible data in the laboratory registers due to a selected pa-
tient population with more severe disease, that is, those with
measurements performed during hospitalization.

The above-mentioned pitfalls should be evaluated for
potential impact on results from the study and included in
the interpretation of the data. If the register is deemed
incomplete, it is equally important to reconsider consider-
ation number 2; why are the biomarkers of interest only
available for some individuals.

3.5.1. Key points #5
Missing information on key laboratory registry variables

must be held to a minimum in the target population. Poten-
tial biases include use of wrong identification codes or dif-
ferences in coding policies between laboratories,
chronologically and/or geographically incomplete data-
bases, or presentation of data as text with no quantitative
results in the registry. Also, inherent missing laboratory
registry data should be considered.
4. Discussion

Biochemical laboratory data represent unique data re-
sources for clinical and public health research. The five
considerations introduced include items that are essential
to address in studies relying on biochemical laboratory-
generated registry data to ensure that study findings are pre-
sented in a transparent way. This will provide the reader
with information allowing assessment of whether conclu-
sions are supported by the data and methods applied.
Although this report focuses on biochemical laboratory reg-
istry data, the listed considerations are likely to be appli-
cable to studies utilizing any kind of laboratory data.

We encourage researchers to consult the considerations in
the planning phase of studies involving laboratory-generated
data to ensure that the research question can be examined
with high-quality data and with high internal validity.
Further, we hope that journal editors and reviewers can use
the considerations as a guide when evaluating papers relying
on routine biochemical laboratory-generated data.
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