OXFORD JOURNALS

OXFORD UNNWVERSITY PRESS

Validation of Biologic Markers for Use in Research on Chronic Fatigue Syndrome

Author(s): Paul A. Schulte

Source: Reviews of Infectious Diseases, Vol. 13, Supplement 1. Considerations in the Design of
Studies of Chronic Fatigue Syndrome (Jan. - Feb., 1991), pp. S87-S89

Published by: Oxford University Press

Stable URL: http://www.jstor.org/stable/4455809

Accessed: 10/04/2013 16:14

Y our use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp

JSTOR is anot-for-profit service that helps scholars, researchers, and students discover, use, and build upon awide range of
content in atrusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

Oxford University Press is collaborating with JISTOR to digitize, preserve and extend access to Reviews of
I nfectious Diseases.

http://www.jstor.org

This content downloaded from 158.111.4.51 on Wed, 10 Apr 2013 16:14:26 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/action/showPublisher?publisherCode=oup
http://www.jstor.org/stable/4455809?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp

S87

Validation of Biologic Markers for Use in Research on Chronic

Fatigue Syndrome

Paul A. Schulte

From the National Institute for Occupational Safety and Health,
Centers for Disease Control, Cincinnati, Ohio

Unresolved aspects of chronic fatigue syndrome can be addressed by research involving bio-
logic markers. These may be any molecular, biochemical, physiological, or other biologic param-
eter obtainable from biologic specimens. The use of biologic markers in research requires their
validation as dependent or independent variables. Additionally, other characteristics of markers
such as reliability of assays, background level, confounding factors, interpretations, and legal
and ethical implications should be considered before the use of markers in research. A checklist
is provided for evaluating a biologic marker before its inclusion in research.

It has been said that chronic fatigue syndrome (CFS) is a
disease in search of laboratory confirmation, that it is neces-
sary to identify biologic differences between those who have
the syndrome and those who do not, and that the techniques
of molecular biology should be applied to the evaluation of
potential etiologic agents. All of these objectives require mea-
surements on biologic specimens and, hence, will yield bio-
logic markers. In this paper some of the methodologic issues
involved in the use of biologic markers in epidemiologic re-
search will be discussed, with the hope that such a review
will be of value to those who design research on CFS. This
presentation will highlight some of the important features
reviewed in two previously published articles [1, 2].

The concept of biologic markers is not new. Measurements
of biologic specimens, e.g., antibody titers, have been the
hallmark of research on infectious disease and have been in-
tegral to research on most other diseases. What character-
izes the current generation of biologic markers is the possibility
of detecting smaller amounts of xenobiotic compounds in bio-
logic specimens, of more subtle changes at the molecular or
gene level, and of earlier changes in the natural history of
a disease [1]. Biologic markers are also useful in distinguish-
ing individuals who might develop clinical disease from those
who might not [3, 4]. Biologic markers may be defined as
any measurable molecular, biochemical, physiological, cyto-
logic, morphologic, or other biologic parameter obtainable
from biologic specimens. Hence, a biologic marker is a mea-
surement of a biologic phenomenon and, as such, comprises
two components referred to as “signal” and “noise” or “system-
atic effect” and “random effect” or “true score” and “error” [5].

Accuracy of Biologic Markers

In the measurement of a biologic marker, measurement er-
rors need to be identified and controlled. Control refers to
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the limitation of measurement error. Failure to control these
errors can lead to serious consequences, including the pre-
sentation of misinformation to study participants about their
individual results and a reduction in the probability of detect-
ing true associations between a biologic marker and the out-
come. Reliability is the degree of stability of a measurement
repeated under identical conditions [6]. In addition, failure
to control for unreliability may lead to the following unto-
ward consequences described by Fleiss [5]: need for increased
sample size, systematic bias of correlations in the direction
of underestimating them, and biased selection of cases in case-
control studies.

To control unreliability in measurement, Fleiss recommends
that it be standard practice to conduct a pilot reliability study
before embarking on a major research undertaking in which
measures known to be unreliable are used. Reliability may
be improved by replicating measurement procedures on each
study subject until a prespecified level of reliability is reached.
The calculations of the reliability coefficient, i.e., the reliabil-
ity pertaining to the number of measurements, are described
in the Fleiss analysis [S]. A marker, in addition to being reli-
able, must be valid, i.e., it must represent the phenomenon
being measured. The broader context of the validity question
is whether a marker has a true and reproducible relationship
with a precursor or outcome event. To determine validity, it
is necessary to know that there is an association between a
marker and an exposure or outcome event; the location, shape,
and slope of the exposure or dose-response relationship for
that association; the threshold of “no effect” level; and the posi-
tive predictive value (PPV) of the marker for the exposure
or disease [7].

Often biologic markers will be considered for large-scale
epidemiologic research without strict attention being paid to
these requirements for validation. Such a problem may have
occurred because researchers have not critically evaluated the
initial research on the marker and the milieu in which this
research was carried out [1, 8].

Early research on a marker often is derived from limited
laboratory tests and clinical series of cases in which investi-
gators have not been blind to conditions and in which selec-
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tion biases are likely, a frequent occurrence in research on
tumor markers [8]. Observation bias also is likely if research-
ers look more carefully for markers among people with the
disease than among those without the disease.

The ultimate criterion for a valid marker is whether it has
a strong PPV. The PPV is the proportion of those with the
marker who have the outcome of interest. The PPV of a marker
for predicting an event has been described by Griffith et al.
[9], Arezzo et al. [10], and Khoury et al. [11}: PPV = [I/([1
+ (1—a)(1—p))/bp), where a = specificity, b = sensitivity,
and p = disease frequency. As adapted from Khoury et al.
[11], sensitivity (b) of the marker with respect to the disease
is the conditional probability of the marker being carried given
the presence of the disease, and specificity (a) is the condi-
tional probability of the marker not being carried given the
absence of disease.

With low disease frequency the PPV is highly responsive
to changes in the specificity of the marker and less respon-
sive to changes in the other parameters; e.g., in population
studies of CFS, in which prevalence is low, the specificity of
a marker will weigh heavily in determining the PPV. In studies
of subjects among whom the prevalence of a biologic marker
is high (i.e., 0.5), such as in a clinical series of patients al-
ready diagnosed with CFS, sensitivity becomes the more im-
portant operating characteristic.

The interrelationships among the parameters used for cal-
culating the PPV are described by the equation m = bp +
(1—a) (1-p). Hence, Griffith et al. [9] suggest that it is desir-
able for each estimate of marker sensitivity, specificity, and
frequency and disease frequency to be based on independent
samples from the population being studied. The use of bio-
logic markers in general and for research on CFS in particu-
lar requires collaboration across disciplines. This is evident
in the range of expertise required to evaluate a marker from
its introductory research in the laboratory to its utilization
in the field. Different disciplinary groups must understand
the need for collaboration and learn language that will permit
effective communication so that the strengths and limitations
of each discipline are known to collaborators. This is espe-
cially true when epidemiologic studies using biologic mark-
ers are designed. Although a marker may appear to be a
validated candidate for use in the field, attention to study de-
sign, statistical power, choice of dependent and independent
variables, the distributional form of the data, type of analy-
sis, and clinical significance of findings are still necessary.
The epidemiologist and the biostatistician are integral to ad-
dressing these questions.

It is tempting to believe that markers identified with tech-
nologies or laboratory tests are inherently valid and that re-
searchers may use them in subsequent investigations without
much pretesting or forethought. To avoid this temptation, it
may be useful for researchers to consider the following fea-
tures when assessing a candidate marker for study of CFS
or any other condition.

RID 1991;13 (Suppl 1)

Checklist for Evaluating a Biologic Marker

(1) What evidence is there that the marker is valid? (a) Was
the initial research adequate? (b) What is the reliability of the
marker? (c) What are the marker’s sensitivity, specificity, and
predictive value in the population to be evaluated?

(2) What type of marker will be used? Is it a surrogate,
a predictor, or a correlate of the event of concern? (a) What
is the natural history of the marker? (b) What influences intra-
and interindividual variability? (c) What are the normal back-
ground and reference levels?

(3) What conditions are necessary for use of the marker?
(a) Does specimen collection require invasive procedures? (b)
What are the optimal specimen collection time, amount of
specimen, and handling requirements? (c) How stable is the
marker in storage?

(4) How will a marker be influenced by (or influence) study
design and analyses? (a) Will the marker be used as a depen-
dent or independent variable? (b) How will quantitative and
categorical data be combined in multivariate analyses? (c) Will
marker collection result in time-series data? (d) How will mul-
tiple markers be handled? How can they be combined into
a useful index?

(5) What is the impact on the subject and on society of the
use of a marker in a study? (a) How will the limitations and
results be interpreted by the subjects? (b) How will they be
communicated both in the informed consent document and
in the dissemination of the findings? (c) What ethical and le-
gal implications might result from the use of the markers?

If investigators can review this checklist before initiating
research, it is likely that many of the problems that might arise
with the use of biologic markers will be anticipated and
prevented or ameliorated.

To evaluate how well a marker is validated, it would be useful
to have a scale on which to rank it. One such qualitative rat-
ing scale for the validity of biologic markers can be adapted
from the work of Busch et al., who reviewed tests for muta-
gens [12]. Eight levels, increasing in validity, have been
delineated as follows: (1) the marker is “totally experimental”

- with complete uncertainty about health or exposure signifi-

cance of results; (2) the marker is experimental, but theoreti-
cal reasons exist that suggest the marker will correlate with
exposure or disease; (3) the marker may be found to corre-
late with exposure or disease, but significance of the data is
still uncertain; (4) the marker probably correlates well with
exposure or disease but conclusive data are not available; (5)
the marker has been extensively studied and has been vali-
dated as a useful tool for monitoring exposure or diseases
but gives an unexpected, positive response in 10% of people
screened; (6) the marker has been extensively studied and has
been validated as a useful tool for monitoring exposure or
disease but gives an unexpected, negative response in 10%
of people screened who have a history of chronic abnormal
exposure; (7) the marker has been extensively studied and
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has been validated as a useful tool for monitoring exposure
or disease with no or rare false-positive and false-negative
results; and (8) the marker has been validated and is com-
pletely predictive of exposure or disease.

Biologic markers may be quite useful in defining CFS, in
determining its etiology and natural history, and in subse-
quently indicating the effectiveness of preventative or ther-
apeutic actions. However, if such markers are to be used, they
need to be valid indicators or their use can lead to inaccurate
conclusions.

Biologic markers should not be considered a panacea in
the quest for the identification and control of CFS or any other
medical malady. Rather, they are merely additional tools that
need to be added to the collection of tools and techniques
already in use. It would be a mistake to shift emphasis to-
ward the identification of biologic markers only and fail to
utilize the descriptive, categorical, and phenomenologic in-
formation that historically has yielded successful leads in the
study of many diseases.
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