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Abstract
In this article we provide an overview of the different data collection approaches that are
commonly utilized in carrying out clinical, public health, and translational research. We discuss
several of the factors researchers need to consider in using data collected in questionnaire surveys,
from proxy informants, through the review of medical records, and in the collection of biologic
samples. We hope that the points raised in this overview will lead to the collection of rich and high
quality data in observational studies and randomized controlled trials.
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Collecting Meaningful Data in a Clinical Research Study
In a recent editorial, we described the different types of observational studies and
randomized controlled trial designs that investigators often utilize in carrying out clinical
and public health research1. Although two of the most important steps in successfully
carrying out a research project are the clear formulation of key testable hypotheses and
careful selection of a cost-efficient, rigorous study design, less information is available for
researchers with respect to contemporary methods of high quality and reliable data
collection. With increasing attention being paid to patient-reported outcomes in
observational, comparative effectiveness, and clinical trials research, data collection
approaches that combine medical record abstraction, patient interviews, and administrative
data will be more commonly utilized in the future.

In the present editorial, we discuss a number of issues that pertain to the collection of high-
quality data in the conduct of clinical, translational, and epidemiologic research projects and
ways to enhance the collection of reliable and meaningful data. We also discuss issues
related to the accuracy of these data, and factors to consider in the possible independent
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confirmation of information collected from different data sources. The data collection
instruments reviewed include questionnaire surveys and patient self-reported data; use of
proxy/informant information; hospital and ambulatory medical records; and analysis of
biologic materials.

1. Questionnaire Surveys and Patient Reported Data
Much of the information collected in observational epidemiologic studies is collected in the
form of patient/participant self-reports on standardized questionnaires which are either self
or interviewer administered in person, by phone, or via mail or the internet. The factors on
which information is routinely collected in these studies include socio-demographic
characteristics, lifestyle practices, medical history, and use of prescribed and/or over the
counter medications. Questions are also often asked about participant’s knowledge and
attitudes toward various lifestyle and disease predisposing factors. With increasing attention
being paid to patient reported outcomes by funding agencies such as the National Institutes
of Health (NIH), Agency for Healthcare Research and Quality (AHRQ), and the newly
formed Patient-Centered Outcomes Research Institute (PCORI), measures of patient-
centered factors such as Quality of Life (QoL), depression, anxiety, cognitive, and
functional status are increasingly included in these surveys. The CONSORT (consolidated
standards of reporting trials) Statement was recently updated to include standards for
reporting patient reported outcomes in randomized controlled trials, highlighting the
increasing awareness of the inclusion of such measures as key outcomes of these rigorous
investigations2.

Patient reported outcomes are ideally measured using standardized, validated instruments to
promote the collection of high-quality data and allow for meaningful comparisons across
observational studies or randomized trials. Use of standardized assessments also facilitates
pooling of data across studies with the goal of establishing clinically relevant cut-points or
clinically meaningful change in important patient related outcomes in response to a lifestyle
intervention or medical treatment. Recent federally funded initiatives, such as the NIH
Toolbox (www.nihtoolbox.org) and Patient Reported Outcomes Measurement Information
System (PROMISE) (www.nihpromis.org), have highlighted the importance of
harmonization of patient reported outcomes data collection instruments.

Surveyed individuals are typically asked to respond to these questions in either a yes/no
manner, on a Likert type scale (e.g., very often - not at all often), or with open-ended
responses. The choice of responses is dictated by the investigator, and, by of course, the
standardized instrument (if one is used). The selection of the type of response desired is
often made on the basis of the difficulty of the question asked and the depth of knowledge
and level of precision the investigator would like to have about a particular factor.

Standardized instruments often have different forms that vary in length, so an investigator
can decide whether a ‘long’ (e.g. SF-36)3,4 or ‘short’ (SF-12) version is best suited for their
study. Tests with multiple length versions typically have published psychometric properties
(e.g., sensitivity and specificity of screening tests) which guide investigators in choosing a
test version. For example, a consenting study participant might be asked a series of
questions about their level of physical activity, either in the present or during a recent period
of pertinent exposure. The number and depth of these questions would be determined, in
part, by how this variable would be used in subsequent analyses and presented in peer
reviewed publications. If the factor of physical activity was to be simply used as a
controlling variable in either stratified or multivariable adjusted regression analyses, then a
briefer assessment of physical activity might be more acceptable with the added benefit of
reduced respondent burden. On the other hand, if an investigator is particularly interested in
the role of type of aerobic activity, level of exercise intensity, or duration of physical
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activity, then a more extensive battery of questions might be asked about this factor with
objective validation of self-reported activity carried out or a standardized instrument used.

Although the use of validated, standardized instruments is preferred, these data collection
tools are not always available. If standardized instruments do not exist for a specific
construct to be measured, investigators will often create ‘home-grown’ scales. It is
extremely important to carefully design these home-grown instruments, ideally with the
input of a psychometrician, and to pilot test all measures before using them in a formal
research study. Ideally, these pilot efforts would involve validation of the instrument against
a ‘gold-standard’ (e.g., clinical diagnosis) or important study outcome. One needs to
carefully balance the need for independent validation of participant responses, and the
attendant costs and logistical issues associated with such, versus simply discussing the lack
of validation of certain variables as a study limitation. These decisions should be discussed
with a senior, experienced mentor who has been involved in observational clinical research
studies or randomized trials for many years. The advantages and disadvantages of
questionnaire data are summarized in Table 1.

2. Proxy/Informant Data
The collection of information about study participants through the use of proxy respondents
can be one of the more challenging tasks for an investigator. Moreover, the accuracy/validity
of the proxy’s responses, and their extent of knowledge about various health related aspects
of the study participant needs to be thoughtfully considered in determining the type and
quantity of information to be elicited from the proxy respondent. On the other hand,
especially in observational studies where the cases or controls in a retrospective study may
have died or may not be capable of/competent to provide their own responses, information
from proxies may be the only source of data available. In some situations, informant
perspectives are important data elements, even if different from that of the patient. For
instance, family member reports of the type and amount of assistance a patient requires with
activities of daily living may be qualitatively different, but equally important, as that
reported by the patient.

Informal caregivers are increasingly being recognized as ‘stakeholders’ in many research
studies, particularly those that focus on patient reported outcomes such as quality of life. In
cases of questionable mental status, or non-communicative state of a patient, informants can
be very helpful and important in providing information to help establish a ‘baseline’ for a
patient. In these situations, informants can report on the patient’s level of cognitive and
physical function as well as level of independence, important outcomes in many
contemporary clinical research studies. For some domains, validated informant
questionnaires exist. For instance, the Informant Questionnaire on Cognitive Decline in the
Elderly is an informant measure of cognitive function and informant responses on the SF-36
and activities of daily living5 and these scales have been used as assessments of health
related quality of life and functional status with varying results6,7.

3. Review of Ambulatory or Hospital Medical Records
Due to its ubiquity, and the abundance of high-quality data embedded within it, a commonly
used source of information in clinical research studies is the medical record. Information
contained in hospital or ambulatory care records may be used either as the sole source of
data, or complementary to other instruments used to elicit information. Decisions about the
adequacy of using the medical record as the sole or main source of data for a given study
hinges on the investigator’s hypotheses, study sample size, budget and timeline, as well as
the extent and type of data available in a given record system. Medical records can be
important sources of information that can reliably document participants’ medical history,
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clinical, laboratory, or physiologic profile at varying time points in a cost-efficient manner.
On the other hand, the data contained in medical records can be frustrating to use and, in
some cases, conflicting or of questionable accuracy, due to the non-standardized manner in
which this information is collected, recorded, and/or abstracted by various health care
professionals and members of research teams. The increasing use of electronic medical
records and their merger with administrative data has eased data abstraction efforts and, with
increasing use of standardized data entry sets, reduced data heterogeneity.

One major limitation of using the medical record as a primary data source is that potentially
important patient reported information is often lacking, which is typically limited to the
reporting of a “chief complaint” or symptoms directly related to the present complaint. If
clinical information is stigmatized (e.g., sexual history, alcohol or drug use), or difficult to
systematically assess in primary care settings (e.g., cognitive status, depression), it is often
under-reported in the medical record. It is also important to note that factors (e.g.,
medication use) are defined by clinicians, not by trained study staff or study participants,
and certain variables may not be accurately coded. Moreover, the extent of documentation
about key medical history or clinical variables can vary widely between providers (including
conflicting data) and health care systems. Heterogeneity can create considerable difficulties
in either the construction of key study variables or in their use.

For example, in studying a purported association between macular degeneration and a
number of different dietary components, it would be important to document the presence of
various medical history conditions which may affect an individual’s dietary practices as well
as the development of macular degeneration. In this example, we would be particularly
interested in ascertaining the presence of a history of type 2 diabetes mellitus based on
information contained in medical records. Inasmuch, one needs to consider how this
condition and related chronic medical conditions would be classified based on information
contained in medical records. For example, is diabetes considered present if there is a simple
notation of this condition in the patient’s medical history by a sole provider? On the other
hand, might there be a need for the documentation of various key elements of each condition
to be noted in the medical records (e.g., multiple elevated serum glucose levels obtained
under fasting conditions) before a diagnosis of diabetes can be accepted? For several
relatively common conditions, such as heart failure and stroke, independently and
extensively validated algorithms have been developed to ascertain the presence of these
important chronic diseases8–10.

Depending on the major research questions under study, resources available, and amount of
variability/precision willing to be accepted in documenting the presence (or equally
importantly absence) of each of these comorbid conditions, rules of acceptance and rejection
can be applied in the consideration of these factors. Similarly, the investigator might also
decide to simply ask the survey participant whether or not diabetes had been ever diagnosed
in their past. This should be a very simple thing to do but the investigator needs to have
considered beforehand how they will analyze the data if personal responses are not
consistent with their medical record findings. Table 2 summarizes the advantages and
disadvantages of using medical records.

4. Collection of Biologic Material
An increasing number and array of contemporary clinical and translational research
investigations involve the collection of biologic samples from study participants. These
include personal factors such as hair, saliva, urine, and serum. Biologic samples are
increasingly being used to profile participants metabolic, proteomic, or genomic status and,
thereby, better understand their underlying pathophysiology or their response to a treatment
or disease. Although it is beyond the scope of the present manuscript, the ethical
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implications of genetic research warrant special thought and consideration. Furthermore,
various imaging modalities (e.g., computed tomographic or magnetic resonance imaging,
nuclear scans, ultrasonography) are being used to obtain deeper insights into underlying
anatomic, pathologic, and biologic mechanisms involved in the development of disease, its
prognosis, or response to treatment and suggest areas of future research endeavor.

Despite the important information these biologic samples provide into disease, its various
causes, and natural history, there are a number of factors to consider in the collection of
biologic materials (Table 3). One important factor to consider when obtaining biologic
samples is the frequency of collection (often a balance between participant burden and
pathophysiologic insights gained from the ability to assess change in a factor over time),
timing of specimen collection (especially when this biologic variable has been shown to
exhibit circadian variation), cost (both to the participant and investigator in terms of
invasiveness and complexity, respectively), variability in test measurement (often presented
as a coefficient of variation), and careful need for standardization of test methods and their
interpretation (e.g., referencing vs. a “gold-standard”).

For example, an investigator may be contemplating carrying out a prospective study of
racial differences in serum biomarkers and echocardiographic determinants of atrial
fibrillation. In addition to the collection of clinical and demographic historical information, a
baseline echocardiogram and serum levels of various biomarkers, such as B-type natriuretic
peptide, are to be assessed. Investigators need to balance the need for further information
with regards to changes in each of these parameters leading to atrial fibrillation with
participant burden.

Based on the current literature and existing clinical knowledge, the investigators in this
study would need to know how much echocardiographic atrial size and B-type natriuretic
peptides change over key periods of time in patients with, or at risk for, atrial fibrillation.
These concerns need to be built into data collection efforts and need for systematic
assessment of serial changes in these factors. Depending on the degree of change in these
parameters, this might entail the collection of serial echocardiograms every 2 years, every 4
years, or more often, such as every 3 months, depending on the extent of change in left atrial
size that might predispose an individual to the development of atrial fibrillation. On the
other hand, since there may be more volatility and/or change in the serum biomarkers being
examined, more frequent blood assays may be required and balanced with participant’s
willingness to return to the clinic and associated discomfort/burden. Inasmuch, compromises
in the intensity of data collection efforts need to be balanced with patient related concerns
and the importance of keeping high rates of retention in a long-term longitudinal study.

Another major consideration with respect to the use of biologic data is when such samples
are obtained relative to the definition of key study variables and outcomes (e.g., are they
concurrent or separated by considerable time). The importance of timing of the collection of
various descriptive or risk factors is illustrated by the following example. An investigator
wants to perform metabolomic profiling to examine differences between hepatic and
circulating levels of a certain factor. In order to obtain in vivo hepatic tissue samples, he/she
performs the investigation using patients undergoing a hepatic biopsy. However, he/she
obtains blood samples in the pre-surgical holding area at the time of IV placement in order
to minimize participant inconvenience. This study could be undermined, however, should
the metabolomic profile of the liver be influenced by medications administered for
procedural sedation, thereby confounding any comparisons between hepatic and circulating
levels of factors of primary interest.
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Storage of biologic samples, as well as technical factors relating to their measurement, also
warrant special consideration when interpreting or performing studies involving biologic
specimens.

Summary and Overview
There are a number of factors to consider in deciding which data, and amount of data, are to
be collected in any clinical research investigation. Investigators often believe that “more is
better”, and that it is important to collect information on as many scientifically “interesting”
factors as possible. This premise may be misguided and place an unnecessary burden on
study participants as well as lead to the collection of considerable data that would never be
utilized, analyzed, or presented in a scientific publication.

It is often very useful and time well spent to identify those data elements that are essential
from those that are academically “interesting”, but may not be considered central to the key
study hypothesis; this will greatly assist in narrowing down one’s study questions and
collecting data in as timely and rigorous a manner as possible. Moreover, it helps to create a
list of the 5–10 major papers that might result from one’s proposed research study and create
an analysis plan for each manuscript. By doing so, you will be able to separate the “data
wheat” from the “data chaff” and hone in on those questions of key relevance and the data
elements that comprise these variables.

One needs to also carefully think about the independent validation of any self-reported
responses and how intrusive, costly, and potentially burdensome this process may be.
Validation of one’s data, while important, can be a tricky and cumbersome route to follow
with its attendant logistical and staffing complexities.
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Table 1

Advantages and Disadvantages of Questionnaire Survey Data

Advantages Disadvantages

• Can collect personal and/or risk factor data not
typically contained in hospital/ambulatory care
records

• Can elicit information in an analytically desirable
and standardized manner

• Can maintain high survey response rates through
various financial or other incentives

• Validating individual survey responses can be difficult,
burdensome, costly, and of questionable utility

• If response rates are less than desirable, one may question the
representativeness of the study sample and its generalizability

• Responses might differ if questions are asked in-person vs. by
phone vs. by mail/internet
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Table 2

Advantages and Disadvantages of Hospital/Ambulatory Care Records

Advantages Disadvantages

• Readily available and contain much useful
demographic and clinical information

• Can be linked to other follow-up information
sources

• Can be used to characterize the medical history and
clinical course of hospitalized and outpatient
individuals

• Can provide data on medication intensity and
duration

• Often times data contained in medical records are
nonstandardized and inconsistently collected and recorded

• Information is often incomplete and/or missing

• Independent checks on validity and/or reliability are atypically
performed

• Information on etiologic or prognostic factors of importance is
often either not obtained or asked about or recorded in a
standardized manner
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Table 3

Advantages and Disadvantages of Biologic Data

Advantages Disadvantages

• May provide novel insights into underlying disease
pathophysiologic processes

• Can serve as an important endpoint of relevance

• Can be linked to other sociodemographic, medical
history, and clinical data to obtain insights into disease
occurrence and prognosis

• Need to be collected under standardized conditions with
considerable attention to detail

• Ongoing quality control procedures needed

• Need to consider impact of possible biologic circadian
variation for purposes of timing and frequency of data
collection efforts

• May need collection of multiple measures at baseline to
adequately profile subsequent changes

Am J Med. Author manuscript; available in PMC 2014 November 01.


