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Abstract

Objective: To construct a set of guidelines for data collection from medical records.

Study Design and Setting: Retrospective analysis of clinical data is often performed by physician-scientists. In such research, the
source of clinical data is the patient’s medical record; however, medical records are intended for patient care and the data are not systematically
recorded for research purposes. We drew on recommendations in the literature and our own experience with a retrospective cohort
study that uses a DNA bank to construct guidelines for data collection from medical records.

Results: The guidelines incorporate a number of strategies for accurate data collection, which are discussed and illustrated by application.

Conclusion: With guidelines for data collection, the quality of research data is enhanced. A well-designed case record form and a
handbook for standardized data collection are essential for training the data collectors and for ensuring fastidious searching of the
record; however, certain kinds of information are not always well documented in patient records. Consequently, it is essential to perform a
pilot study to assess the study design and to use additional questionnaires. Correct interpretation of clinical outcomes documented in the

medical records often necessitates an independent adjudication committee to prevent bias in outcome definition. © 2005 Elsevier Inc.

All rights reserved.
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1. Introduction

During recent years, biobanks of patient materials such
as serum, DNA, and pathology specimens have become a
rich source for scientific research. Such patient materials are
stored in laboratory freezers, pending use with new diagnos-
tic techniques when such become available—and, indeed,
retrospective examination and analysis of biobank materials
and other clinical data are performed increasingly by physi-
cian-scientists and epidemiologists.

In such a retrospective study, the primary source of clini-
cal data is almost always the medical records of the partic-
ipating patients; however, medical records are intended
primarily for patient care and the data are not systematically
recorded for research purposes. Nevertheless, retrospective
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studies using such data should be of high quality, without
incomplete, inappropriately recorded, or missing data. In
analogy, it is expected that data collection in randomized
controlled trials (RCTs) is of the highest quality [1,2] as
their unbiased evaluation of medical treatment has a major
impact on medicine. Observational studies, such as cohort
studies using patient records, likewise have a considerable
impact on medical practice. In fact, such studies are per-
formed even more often than RCTs, because it is relatively
easy to collect the necessary data and the attached costs are
comparatively low [3].

In the process of designing one of our current research
projects, the GIRaFH study (Genetic Identification of Risk
Factors in Familial Hypercholesterolemia), which uses a
large DNA bank, we performed a systematic search of the
published literature for the design, execution, and reporting
of retrospective studies using medical records for data collec-
tion. No comprehensive guidelines were found for the execu-
tion or reporting of such studies. Therefore, we decided to
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develop a set of guidelines, which are presented here. These
guidelines were developed drawing on recommendations
from the published literature and our own experience with
the GIRaFH study. Subsequently, we assessed the contribu-
tion of the constructed guidelines to the quality of the GIRaFH
study and their possible implications for future research.

2. Materials and methods
2.1. Literature

The MEDLINE database for the period January 1966
through May 2004 was searched using the following key
terms: medical record, chart review, retrospective study, ob-
servational study, validation studies, methodology, study
design, peer review, reporting, quality management, bias, and
confounding. In addition to examining several biostatistics
and clinical epidemiology textbooks [4—6], we evaluated major
publications (and their references) on the quality assessment
of clinical research, including papers on randomized controlled
trials, pharmacological studies, meta-analyses, and observa-
tional studies [1-3,7-12]. Furthermore, we evaluated recent
studies using retrospectively collected data and compared their
use of such data to ours [13-16].

2.2. Genetic Ildentification of Risk Factors in Familial
Hypercholesterolemia: The GIRaFH study

Heterozygous familial hypercholesterolemia (FH) is a
common (1:400) hereditary disorder of lipoprotein metabo-
lism. Due to genetic defects in the low-density-lipoprotein
receptor gene, patients suffer from severely elevated low-
density lipoprotein (LDL) cholesterol levels and, as a
consequence, from early atherosclerosis and premature car-
diovascular disease (CVD). Although FH is a monogenic
disorder, variation is observed in the severity and onset
of cardiovascular symptoms. The study objective was to
estimate the contribution of genetic variations to the develop-
ment of CVD in a large cohort of FH patients.

A retrospective, multicenter cohort study was performed
in 2,400 FH patients from lipid clinics of 27 hospitals
throughout the Netherlands. These patients were randomly
selected from the DNA-bank database of the Department
of Vascular Medicine at the Academic Medical Center in
Amsterdam, which has been appointed as the official molec-
ular diagnostic center for nationwide FH screening in the
Netherlands.

Phenotypical data were acquired by reviewing medical
records by a well-trained team of 13 data collectors. Strict
inclusion and exclusion criteria were applied to ensure the
inclusion of definite FH patients in the study. Data were col-
lected on demographics, classical risk factors, medication
use, physical examinations, laboratory parameters, and ex-
tensive information on CVD. All patients gave informed
consent and the Ethics Institutional Review Board of each
participating hospital approved the protocol.

2.3. Flow of information: The data-collection process

To arrive at the present guidelines, we examined the flow
of information in the data-collection process and designed
strategies for accurate data collection based on the literature
and our own experience. Figure 1 shows the flow of informa-
tion for data gathered from patient to medical record (a),
and from medical record to database (b). The figure also
presents several proposed tools for consistent data collection
(pilot study, case record form, handbook, questionnaire, and
independent adjudication committee) and where they may
play a role, as discussed below.

2.3.1. Information from patient to medical record

A medical record contains information supplied by the
patient to the physician. This information is often not stan-
dardized or complete and is prone to subjectivity. For exam-
ple, the patient may recall information from his or her earlier
medical history incorrectly, or may report symptoms incom-
pletely or inaccurately (e.g., gastroesophageal reflux re-
ported as angina). Furthermore, the physician may take an
incomplete history or may record information incorrectly.
In addition, it must be taken into account that certain kinds
of information (e.g., data on potential confounders) may be
lacking in older records, without the benefit of subsequent
advances in medical knowledge. For instance, homocysteine
has only recently been recognized as a risk factor for CVD
and may not be listed in earlier records.

When researchers refer to a medical record for research
data, the patient and physician are usually not consulted.
Therefore, errors occurring at the patient and physician
levels are difficult to avoid. To evaluate possible errors,
questionnaires may be sent to a random selection of pa-
tients and checks may be performed on the information in the
medical record versus that in the questionnaire. If important
differences are identified, the researchers should send ques-
tionnaires to all participating patients. To reduce possible
errors, the data collector should verify any recorded informa-
tion against the questionnaires in addition to original source
documents such as hospital discharge reports and other phy-
sician’s notes.

| Pilot study

Medical record
a b

Database

| Case record form

| Handbook

| Questionnaire

| Independent adjudication committee

Fig. 1. Data information flows (a) from patient to medical record and (b)
from medical record to database.
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2.3.2. Information from medical record
to database—the medical record

In general, as in a randomized controlled trial, the data
collected in a retrospective cohort study should be standard-
ized for each patient. Standardization of the data is important
for the internal validity of a study, but is also essential for
the reproducibility of the research data. Data collection can
best be standardized by using a case record form (CRF) that
is easy to complete and effective for collecting the required
data. In the literature, we found useful publications on how
to design an effective CRF [17,18]. Another advantage of
using CRFs rather than computerized data collection is that
a CRF is easier to authenticate for later referral [18].

The availability of information from the medical record
is important for answering the research question. We could
not find recommendations about what constitutes adequate
availability. Therefore, we arbitrarily decided on good avail-
ability of data as >80% for clinical and laboratory parame-
ters, and >95% for clinical outcomes. If the availability of
data is not sufficient, the investigator should send a supple-
mentary questionnaire to all participating patients during
definitive data collection.

Incorrect transfer of data from the medical record to the
CREF is a problem in large studies and when multiple data
collectors are involved. To prevent this, random checks of
the CRFs must be performed prior to data entry, comparing the
original records to the information listed in the CRF. This
can be achieved by applying the 100-20 rule: 100% of the
data are checked in 20% of the CRFs, and 20% of the most
essential data are checked in 100% of the CRFs [19]. Further-
more, when data entry from the CRF to the database is done
by paramedical personnel, inconsistencies may be detected
upon data entry and reported in queries to the principal
investigator. In addition, consistency checks run on the data-
base may reveal outlier results. All errors found must be
corrected using the original medical records.

2.3.3. Information from medical record
to database—the data collectors

For a large study, a team of specially trained data collec-
tors may be effective in dealing with a large number of data
in a relatively short period. Splitting such a team into smaller
units for multisite data collection has been shown to be
superior to using on-site data collectors [20].

To avoid bias, information about clinical outcomes should
be obtained in the same way for all patients. Using CRFs
and a handbook of standards minimizes information bias
[4-6,12].

A handbook of standards for completing each CRF item
can be helpful in attaining maximal uniformity of data
records and in avoiding misinterpretation of data. For
example, the handbook can provide lists of stringent criteria
for inclusion and exclusion characteristics of the patients in
addition to other clinical data. General instructions should
include how to deal with incomplete or missing data: for

instance, so-called dummy data reduce the number of incom-
plete data such as dates. Using such a handbook helps train
the data collectors in critically examining the patient infor-
mation, the physician’s notes, and the physician’s thought
processes.

Interobserver variability poses a threat to the quality of
the data collected, but a well-designed CRF and handbook
can reduce this risk. In addition, interobserver discrepancies
should be evaluated during data-collection training. For ex-
ample, each data collector gathers data from 10 medical
records onto CRFs and the principal investigator does the
same. The data entered into the two sets of CRFs are sub-
sequently entered into a data entry program (e.g., SPSS
software; SPSS, Chicago, IL, USA) and compared using a
computer. If necessary, further training sessions are per-
formed. In this manner, interobserver variability can be re-
duced substantially.

2.4. Performing a pilot study

In our opinion, a pilot study performed prior to initiating
the study is essential for reconsidering elements of the study
design: the research question, the study population, the
inclusion and exclusion criteria, the CRF, the accuracy of
the collected data, and the availability of information from the
various data sources. During the pilot study, the entire data-
collection process is scrutinized, as shown in Fig. 1.

2.5. Independent adjudication committee

Consulting an independent adjudication committee is es-
sential when there are no consensus criteria for the definition
of the disease and clinical outcome of interest. In cases
where the clinical outcome in question does not quite fulfill
the criteria, the committee reviews all of the available data
and makes a final decision regarding outcome status.

3. Results
3.1. Guidelines

We developed a set of guidelines that incorporated strate-
gies for accurate data collection (Table 1). To illustrate the
application of the proposed guidelines, we discuss three
essential aspects of the GIRaFH study (inclusion and exclu-
sion criteria, information on smoking, and information on
cardiovascular events) and how these data were retrieved
from the medical records.

3.2. Data collection overall

A team of 13 data collectors was involved in the present
study. Therefore, interobserver variability was a real threat to
the quality of the data collected. After performing the pilot
study, the CRF and handbook for data collection were rede-
signed to reduce this variability. In addition, during the
final study, interobserver discrepancies were evaluated
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Table 1
Guidelines for data collection from medical records

Risks Strategies for inconsistency reduction

a. Information flow from patient to medical record
Patient and/or physician
Incorrect information supplied by the patient
and/or incorrectly recorded information.

Verify information against original source documents and multiple physicians’ notes.

Send additional questionnaires to a random selection of participating patients and perform
checks of medical record information versus questionnaire information.

Diagnostic reports from the
wrong patient

b. Information flow from medical record to database
Medical record

Data from medical record may not be available

if necessary.

Medical record may not be complete

Check whether diagnostic reports correspond to the patient.

Check availability in a pilot study. Send additional questionnaires to all participating patients

Data collectors should cooperate closely with local physicians and other staff, who should

provide other available records or sources of information.

Data collectors
Incorrect interpretation of data in medical record

Data collectors must have a paramedical educational background.

Consult an independent adjucation committee on definitions of disease and clinical outcome.

Perform an interobserver study as part of data collection training.

Supply handbook of written guidelines to data collectors defining consensus criteria for medical
conditions and other rules for data collection.

Nonstandardized data collection

Create a case record form (CRF).

Use handbook of data collection guidelines.

Unauthenticated data collection

Retain CRF as authenticated data.

Save completed and checked CRFs as original data for later referral.

Uncertain endpoints

Illegible physician’s handwriting

Inconsistencies in multicenter study with
on-site data collection

Form an independent adjudication committee.
Ask different data collectors to judge the same handwriting.
Employ one team of data collectors across the different study sites.

Perform an interobserver study between team members to control interobserver variability.

Biased data collectors
Uninformed data collectors

Blind the data collectors.
Organize regular meetings between data collectors to discuss data collected

and interpretation thereof.

Incorrect transfer of data from
medical record to CRF

Perform a random check of completed CRFs against original
medical records.

Perform a consistency check of final database to reveal outlier results.

For information flow, (a) and (b) refer to the matching flowchart @ and b in Fig. 1.

during data-collection training. Each new data collector gath-
ered data from 10 medical records onto CRFs and the princi-
pal investigator did the same. The data entered into the two
sets of CRFs were subsequently entered into the SPSS data
entry program (version 11.0) and compared using a com-
puter. On average, 10% of the data differed between the new
data collector and the principal investigator. Further training
sessions were performed for all new data collectors, leading to
a reduction in variability of <1%.

3.3. Inclusion and exclusion criteria

DNA samples of patients with clinically suspected FH
are regularly sent to our DNA laboratory from lipid clinics
throughout the Netherlands for analysis of the LDL receptor
gene. For the GIRaFH study, 4,000 potential patients were
randomly selected from this database. Inclusion and exclu-
sion criteria were carefully defined in the handbook as an
aid to the data collectors and to avoid selection bias. Patients
without FH and/or with secondary hypercholesterolemia

were excluded. After these criteria were applied, a total of
2,400 patients were included in the study.

3.4. Smoking

Smoking is an important risk factor for cardiovascular
disease. In the pilot study, smoking status could be retrieved
from only 56% of the records. When we then adapted the
final CRF to contain more specific information on lifetime
smoking status, the availability increased to 68%. To
achieve maximal smoking status information, questionnaires
were sent to all participating patients; this further increased
the information availability percentage to 88%.

The handbook contained tables useful for standardizing
recorded numbers of cigarettes. For example, if the doctor
recorded that the patient “only smoked at parties,” the data
collector standardized this into 0.5 cigarette a day. Such
items were discussed by members of the study team and
standardized definitions were decided by consensus.
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3.5. Cardiovascular events

One of the goals of the pilot study was to assess whether
the selected study population would be representative of the
FH patient population at large (FH patients who are seen in
outpatient clinics) and would therefore be appropriate for
answering the research question. One of the important indi-
cators was therefore the cardiovascular event rate. The pilot
study population demonstrated an event rate during the
observation period that was consistent with the literature on
cardiovascular disease in FH patients (32% of patients had
clinically manifest cardiovascular disease) [21]. The final
study data exhibited similar event rates [22].

Cardiovascular events were scored using the handbook
which listed recent consensus criteria for these events. Inde-
pendent sources such as the physician’s notes on patient
symptoms, the physician’s notes on possible clinical diagno-
ses, and the diagnostic reports were reviewed by the data
collectors. This information was combined to evaluate
whether or not the event fulfilled the criteria.

In case the events did not quite fulfill the criteria or if
any suspect histories, symptoms, or diagnostic evaluations
were discovered in the record, the case was presented to an
independent adjudication committee consisting of a cardiol-
ogist, a neurologist, and a vascular surgeon, using anony-
mous copies of the necessary documents from the medical
record. In retrospect, we proved to have interpreted nearly
all events correctly prior to consulting the committee.

4. Discussion

The GIRaFH study, by nature of its design, is prone
to bias [4-6,12]. By using guidelines for consistent data
collection, however, we believe we have enhanced the qual-
ity of the research data.

Defining clear inclusion and exclusion criteria is essential
in any research project; neglecting to do so may result in a
heterogeneous patient population in which potential con-
founders abound. In a study using medical records as the
primary data source, these criteria must be especially clear
to all data collectors and must be sought for in all source
documents. A clear CRF and a handbook for standardized
data collection are essential for training the data collectors
to apply the criteria and to stimulate fastidious searching
of the record; however, certain kinds of information are not
always well documented in patient records. In our experi-
ence, it is helpful to perform a pilot study. Particularly when
a project is dependent solely on data from medical records, a
pilot study helps to assess the availability of the necessary
information, the feasibility of the project, and the quality of
the CRF. Standardized data collection is further enhanced
by data-collection training of data collectors to reduce inter-
observer variability.

Despite the fact that smoking is an important predictor
of cardiovascular disease, it is often poorly documented in
medical records. Underreporting of smoking could lead to

incorrect estimation of the relative risk of a certain candidate
gene associated with increased cardiovascular risk. It was
therefore important to assess the availability of the smoking
status from the medical records. During the pilot study,
smoking status was available in only half of the records.
Adaptation of the CRF and handbook according to recom-
mendations made after the pilot study, as well as use of
questionnaires, increased the information on smoking status;
however, we must take into account that some smokers failed
to return the questionnaire (nonrespondent bias), which
could still lead to an incorrect estimation of the relative risk.
Fortunately, the response rate was high (70%), and we there-
fore considered this type of bias to be minimal.

In the present study, the genetic make up of FH patients
with and without cardiovascular events was compared. It
was therefore important to define which patients had experi-
enced a cardiovascular event. We hoped that by consulting
an independent adjudication committee, we could avoid mis-
interpreting events recorded in the medical records. In the
event, the number of misinterpreted events proved to be in-
significant. We believe that the meticulous definition and
application of cardiovascular event criteria led to this result.
Consulting an independent committee did not add to the
quality of the GIRaFH study but an independent adjudication
committee may be important when explicit definitions of
disease and clinical outcome are not available. The definition
of a myocardial infarction and consequently the consistent
interpretation of clinical findings and laboratory results to
define the occurrence of myocardial infarction are better
developed than the criteria for pancreatitis. Consulting the
independent adjudication committee did, however, give an
indirect indication of the quality of our data collection for
our interpretation of nearly all events proved to be correct
prior to consulting the committee.

The uniqueness of our guidelines becomes apparent when
one reviews the available literature on retrospectively col-
lected data from medical records. First, recent studies using
such data evaluate the use of administrative or electronic
databases and not medical records per se [13—16]. Second,
the quality of the data is indeed questioned in these studies,
but not the quality of data collection as such. The quality
of the latter is questioned in the textbooks we referred to;
however, no comprehensive practical solutions for quality
management of this type of data collection are provided [4—
6]. Third, we have created general guidelines, rather than
specific guidelines for a particular type of study design.
General guidelines could be referred to as a gold standard
by almost any study using this type of data, thereby ensuring
a certain degree of quality. Moreover, we believe that today’s
physician-scientist will refer more readily to a simple, easily
accessible document.

It is widely recommended that research projects undergo
quality review. As yet, however, there are no comprehensive
guidelines for performing retrospective cohort studies using
medical records—even though this type of design is increas-
ingly used, due to the availability of large collections of
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patient materials. The recommendations here are based on
our own experience with the difficulties we encountered.
The results do not give a definitive solution for minimizing
bias during data collection from medical records, but are
suggestions for quality management of data collection.
We believe that attention paid to the methodology of such
studies will stimulate adequate reporting. We expect that
this will ultimately lead to the creation of effective checklists
that are easy to use by physician-scientists.
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