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Assessment of the Scientific Basis for Genetic
Testing of Railroad Workers with Carpal
Tunnel Syndrome

Paul A. Schulte, PhD
Geoffrey Lomax, Dr PH

Learning Objectives
• Evaluate the rationale used by those who would recommend genetic testing

of railroad workers engaged in track management who have carpal tunnel
syndrome (CTS).

• Describe the probable respective contributions of physical/environmental
and genetic factors in railroad track workers with CTS.

• Discuss the medical, social, and ethical issues raised by testing railroad
track workers for genetic mutations and deletions.

Abstract
In 2000, approximately 20 railroad track workers who filed injury reports or

compensation claims for carpal tunnel syndrome were tested by their employer for
two genetic traits to determine the work relatedness of the condition. The testing
involved deletions, variants, or mutations in the genetic coding for peripheral
myelin protein (PMP22) and transthyretin (TTR). This article is an assessment of
whether there is a scientific basis for such testing. A review of the scientific
literature indicated that neither the scientific basis nor the population validity of
the PMP22 or TTR tests for carpal tunnel syndrome were adequately established
before use on railroad track workers in 2000. Although ethical and legal issues
may predominate in this case, the absence of a compelling scientific basis
undermines the decision to conduct the tests. (J Occup Environ Med. 2003;45:
592–600)

C arpal tunnel syndrome (CTS) is a
common neurological condition that
occurs in the general population with
an estimated prevalence of 2.1% and
an incidence of 3.46 cases per 1000
person years.1,2 Although the condi-
tion has a multifactorial etiology,3 a
large percentage of cases are work
related.4–6 The costs associated with
CTS are estimated to be more than
$2 billion per year.7,8 CTS accounts
for 3% of all workers’ compensation
claims. This syndrome results in one
of the largest numbers of lost work-
days, and the costs are often higher
than the average claim filed under
workers’ compensation.9

In 2000, a group of railroad track
workers filed workers’ compensation
claims for CTS. They were not in-
formed as part of the medical evalu-
ation that they were tested for a
genetic trait thought by the employer
to explain whether or to what extent
their condition was work related.10,11

The workers performed railroad
track maintenance. In 2001, the US
Equal Employment Opportunity
Commission (EEOC) filed suit
against the employer and ultimately
achieved an agreement that required
the employer to stop further genetic
testing and to refrain from evaluat-
ing, analyzing, or considering any
gene test analysis previously per-
formed on any of its employees. The
basis for the EEOC suit was that the
employer violated the Americans
with Disabilities Act.10–12 No viola-
tion of law was cited as part of the
settlement agreement.
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Although the question of whether
workers were informed of the ge-
netic tests has received considerable
attention, the issues in this regard
remain unclear. Most workers’ com-
pensation statues, including the Fed-
eral Employer’s Liability Act
(FELA), permit medical testing, in-
cluding genetic testing, to ascertain
the medical condition of the claimant
and the potential work-relatedness of
the claim. However, the U.S. Task
Force on Genetic Testing and other
organizations, such as the American
College of Medical Genetics, gener-
ally do not condone genetic testing
without informed consent.13–16

The legal and ethical issues that
arose in the EEOC suit were para-
mount concerns from the standpoint
of occupational health practice but
they are not the focus of this paper.
Rather, it is useful to examine the
scientific issues that arise in this
case. Is there an underlying scientific
rationale for such testing? This is
important to ascertain since a test
that is not scientifically valid is not
likely to be ethically valid regardless
of other ethical protections. Criteria
for evaluating whether a genetic test
was ready for clinical use were de-
veloped in 1998 by the Task Force
on Genetic Testing.13,17 The Task
Force concluded that in regard to
genetic testing, four features are im-
portant:

1. The validity of tests must be as-
sessed before they are used.

2. Formal validation must be sup-
plied for each intended use of a
genetic test.

3. Data must be collected to estab-
lish clinical validity under inves-
tigative protocols.

4. Investigative protocols for valida-
tion of genetic testing need IRB
approval.13,17

In this article, we examine the
scientific rationale for testing work-
ers with CTS for variants (duplica-
tions, deletions, sequence variants)
related to the gene for peripheral
myelin protein (PMP22) and for mu-
tations in the gene for the protein

transthyretin (TTR; Fig. 1). These
proteins are related to neurologic
conditions that sometimes have a
clinical manifestation that includes
CTS.18–24 At issue is whether in
2000, there was sufficient informa-
tion on the predictive value of these
genetic tests for CTS and whether
the genetic components of CTS were
sufficiently understood to be consid-
ered in assessing causation.

CTS is a multifactorial compres-
sion neuropathy of the median nerve
of the wrist.3,21–23 When the cause is
unknown, as it is in many cases, the
condition is referred to as idiopathic
CTS. However, strong evidence ex-
ists of a positive effect of force and
repetition and/or force and posture.22

CTS is also associated with numer-
ous medical conditions such as rheu-
matoid arthritis, thyroid disease, dia-
betes, and late pregnancy.3,23,24

Clearly, associated medical condi-
tions need to be evaluated before
determining work-relatedness of a
disorder.

The genetic testing was part of a
protocol that the railroad company
used to make reporting decisions on
an on-the-job injury or illness report-
ing form required by Federal Rail-
road Administration regulations.10,11

The protocol was also used by the
railroad claims department to make
decisions on apportionment of causa-
tion based on work relatedness. The
protocol included a request to the
claimant to provide medical records
for review, an ergonomic assessment
of the claimant’s individual job data
and, if needed, a comprehensive
medical examination to evaluate the
presence of over 20 conditions
known to be associated with CTS.
The protocol also included a collec-

Fig. 1. Overview of genetic testing of railroad track workers.
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tion of blood specimens and labora-
tory testing for various factors in-
cluding genetic ones.10,11

Although the tests used for the
railroad workers were described by
the laboratory conducting them25 as
tests for CTS, they are not. Rather,
the tests are used to detect two con-
ditions that can present with CTS—
hereditary neuropathy with liability
to pressure palsies (HNPP) and fa-
milial amyloidotic polyneuropathy
(FAP). The tests are described by the
marketing laboratory as ones that
detect duplications, deletions, and
sequence variants of the PMP22
gene involved in HNPP as well as
mutations in transthyretin (TTR) in-
volved in FAP. The tests were de-
scribed in 2001 as follows:

This profile should assist in the differen-
tial diagnosis of idiopathic CTS. It is impor-
tant to distinguish genetic causes of CTS
because they may require different long-term
patient management strategies.25

The railroad company did not spe-
cifically include the TTR test in its
protocol but that test was included in
some test panels provided by the
laboratory conducting the analyses.

Before the use by the railroad
company, there was support in the
medical literature for the contention
that multiple causes of CTS, includ-
ing HNPP, need to be evaluated be-
fore determining their relatedness to
work.3,18 DNA testing for individu-
als with a negative family history for
HNPP had been suggested.26

To assess the scientific basis for
using these assays on workers filing
injury reports or compensation
claims, we will review the relation of
the genes PMP22 and TTR to the
conditions they are associated with,
HNPP and FAP respectively. We
will then consider whether genetic
testing using the PMP22 and FAP
assays is warranted in railroad track
workers by addressing two ques-
tions: (1) Is CTS a multifactorial
disease that involves important ge-
netic factors? (2) Is there a scientific
rationale for testing railroad track
workers for mutations or deletions
involving PMP22 and TTR?

Hereditary Neuropathy with
Liability to Pressure Palsies

CTS is a common manifestation of
HNPP, which generally develops
during adolescence.19 HNPP was
first reported in 1947 in a family
digging potatoes;27 it was also
known as “bulb diggers” palsy. De-
spite case reports, the first popula-
tion-based study of HNPP was not
published until 1997.28 The preva-
lence of HNPP was evaluated in 69
patients from 23 unrelated families
in a population of 435,000 in South-
western Finland. The patients were
diagnosed between 1978 and 1995
through family and medical histories,
documentation of a contiguous gene
deletion (17p11.2), and clinical, neu-
rological and neurophysiological ex-
aminations. The prevalence of HNPP
was estimated to be 16 in 100,000.28

The gene deletion at 17p11.2–12
was first identified in 1993.29 The
frequency of the 17p11.2 deletion in
HNPP cases was found to be 84% in
a study of 156 unrelated patients.30

In that study, 4.6% (6 of 131) had a
de novo deletion. In contrast, other
studies have shown rates for de novo
deletions as high as 26.5%.31,32 The
deletion at 17p11.2 spans approxi-
mately 1.5 mb and includes the gene
for PMP22.19,29,33 The gene for
PMP22 spans approximately 40 kb,
and 27 distinct mutations have been
identified in 35 unrelated patients.34

HNPP usually occurs in the setting
of a family history, indicating an
autosomal-dominant trait; however,
sporadic cases have been de-
scribed.30,35,36 Before 2001, the per-
centage of HNPP cases because of de
novo deletion was not known. In
2001, a study of 14 consecutive,
unrelated index cases found that 3
(21%) were sporadic cases resulting
from a de novo deletion of
17p11.2.31

Familial Amyloidotic
Polyneuropathy

The laboratory marketing the
PMP22 genetic assay also had an
assay for the gene coding for TTR, a

plasma protein associated with neu-
ropathic amyloidosis. The assay was
used on some of the railroad track
workers’ blood specimens. Muta-
tions in this plasma protein are ob-
served in FAP, but the incidence of
TTR amyloidosis is unknown.37

TTR is encoded by a single gene on
chromosome 18 (18q11.2-q12.1), of
which more than 70 autosomal dom-
inantly inherited point mutations (oc-
curring at 51 different sites), have
been described.20,38 Hereditary amy-
loidoses have been classified into
four subtypes, two of which are as-
sociated with CTS: familial amyloid
polyneuropathy types 1 and 2 (FAP1
and FAP2). Amyloidosis occurs in
about 8 per 1 million people.39 In the
United States, the gene frequency for
FAP1 and FAP2 is estimated to be 1
per 1 million to 1 per 100,000.39

Hence, the prevalence of CTS in
people with FAP1 and FAP2 is likely
to be less than the gene frequency,
because not all the people with the
gene develop CTS.

Genetic Testing and CTS
Genetic testing in the workplace

can include at least three functions:
genetic monitoring, genetic screen-
ing, and genetic testing for diag-
noses. Genetic monitoring is the pe-
riodic assessment of DNA damage
resulting from environmental and oc-
cupational exposures. Conceptually,
genetic monitoring mirrors other
forms of successful biological moni-
toring performed in the context of
occupational disease prevention pro-
grams (eg, blood-lead testing and
blood counts). Genetic monitoring
can also detect endogenous DNA
damage. Genetic screening is gener-
ally a one-time appraisal of asymp-
tomatic individuals to assess a pre-
disposition for a condition. Genetic
screening has generally been dis-
cussed in terms of genetic testing to
characterize an individual’s future
risk of disease. From the perspective
of occupational health practice, the
belief underlying all forms of predic-
tive genetic testing is that early iden-
tification of damage or disease pre-
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disposition will lead to reduced
morbidity and mortality through tar-
geted screening, surveillance, treat-
ment, and prevention.40 It should be
emphasized that the clinical validity
and utility of genetic screening re-
lated to workplace exposures re-
mains uncertain, so no genetic tests
have been authoritatively recom-
mended for preventing work-related
diseases.

In the case of the railroad track
workers who filed an injury report or
workers’ compensation claims, a
third use of genetic testing was em-
ployed, that is, genetic testing as part
of obtaining the differential diagno-
sis. The railroad company initiated a
protocol that included genetic testing
for workers who reported an on-the-
job injury. Ultimately, the genetic
testing was applied to approximately
20 (males) of the 125 workers who
filed injury reports or workers’ com-
pensation claims for CTS under
FELA. Testing was used to provide
information about nonwork factors
that may contribute to causing CTS.
The objective was to assist the com-
pany medical officer in determining
whether CTS was related to work or
to some other nonwork factor, in-
cluding a genetic disorder.41 In the
context of a FELA compensation
action, the employer has an eco-
nomic interest in attributing injury to
nonwork factors.

Is CTS a Multifactorial Disease
That Involves An Important
Genetic Risk Factor?

Various risk factors for CTS have
been identified.3,5,22,42,43 These in-
clude acquired, inherited, and sys-
temic factors. CTS often occurs as a
result of a variety of medical condi-
tions.3,23,24 Some cases of CTS are
idiopathic. Nonetheless, in an exten-
sive review of more than 30 epide-
miologic studies in the scientific lit-
erature in 1997, the National Institute
for Occupational Safety and Health22

concluded—and a committee of the
National Academy of Sciences43

subsequently confirmed—that there

is strong evidence that a combination
of workplace physical risk factors is
associated with CTS. These factors
included force and repetition and
force and posture. Literature pub-
lished since 1997 further corrobo-
rates this finding.6,44–49 Many of the
studies finding a statistically signifi-
cant association between individual
or combinations of workplace phys-
ical factors controlled for potential
confounders such as age, sex, smok-
ing, caffeine, alcohol, hobbies, body
mass index, and medical condi-
tions.1,22,47–51 Nationally and inter-
nationally, epidemiologic surveil-
lance has consistently indicated that
the highest rates of CTS occur in
occupations involving job tasks with
high work demands or extensive
manual exertion (such as meat pro-
cessors, poultry processors, and au-
tomobile assembly workers).22 Rail-
road track maintenance can involve
extreme manual exertion—the use of
jackhammers and grinders for long
time periods. The prevalence of di-
agnosed carpal tunnel syndrome has
been estimated at 53 per 10,000 US
workers.4

Familial occurrence of CTS also
has been documented.52–57 When
CTS is inherited, it is often the man-
ifestation of a systemic disease.58

Gossett and Chance57 concluded that
in addition to linkage with FAP and
HNPP, patients may present with a
familial CTS.59 This familial CTS
appears to be a rare but genetically
distinct disorder. In a prospective
study, a positive family history was
predictive of a median nerve abnor-
mality or prior surgery at the carpal
tunnel.56 When confirmed cases (de-
fined by median nerve slowing in the
carpal tunnel or prior CTS surgery)
were compared with cases with no
confirmed CTS, family history ac-
counted for 39.3% in the former
versus 12.3% in the latter. Before
2000, no prospective studies had
been published assessing the risk of
CTS in people with PMP22 or
17p11.2 deletion.

Before 2000, no population studies
have been identified that assess the

relative risk, population-attributable
risk, or attributable fraction for ge-
netic factors for CTS. Also, no pub-
lished data establish the validity of
susceptibility testing for CTS. Spe-
cifically, neither the positive nor the
negative predictive value of the
PMP22 nor the TTR tests were iden-
tified. The population distribution of
PMP22 is not known. The lack of
published data regarding the techni-
cal performance of the test and the
risk associated with a positive result
form a basis for rejecting the use of
genetic testing except in the context
of a research study. Furthermore, in
other examples involving quantifi-
able risk corresponding with a ge-
netic factor and occupational disease,
authors have argued against screen-
ing.60–62

At the time of the railroad work-
ers’ testing, no published data con-
firmed that a genetic factor could
explain the risk of CTS remotely as
well as physical activities. It has
been estimated that as much as 50%
of all medically treated CTS is work-
related.4,6,63 Although it is not pos-
sible to rule out the potential for
gene– environment interactions in
some CTS cases in the general pop-
ulation, the exposure to known CTS
risk factors in railroad track workers
supports the conclusion that CTS
risk in this population is more likely
related to workplace exposure than
to other factors. In 2002, a study of
twin women was published that
found that the strongest risk factor
for CTS was genetic (heritability es-
timate 0.46; 95%CI 0.34 to 0.58)
even after adjusting for age, body
mass index, physical activities, and
hormonal/reproductive factors.64

However, the investigators reported
that the study of may have lacked
power to demonstrate that clerical
and manual employment were risk
factors given the small number of
cases in these groups.

In 2001, a study was published
describing 50 unrelated patients
(aged 18 to 76, with a mean age of
50.5 years) diagnosed with CTS, all
in need of surgical release; none
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were found to have PMP22 dele-
tions.65 Diagnosis of CTS was made
by both clinical evaluation and elec-
trodiagnostic methods. Exclusion
criteria consisted of (1) anatomical
changes decreasing the available vol-
ume within the carpal tunnel; (2)
diagnoses, including amyloidoses,
rheumatoid arthritis, and edema, that
might result in an increased size of
the carpal canal contents; (3) diag-
noses associated with soft tissue im-
pingement (ie, lipomas, hematomas,
or urate crystal deposition); and (4)
other causes of peripheral mononeu-
ropathies, such as diabetes mellitus.
The actual sampling frame from
which case were selected was not
specified nor were the numbers ex-
cluded. On the basis of their findings
of no deletions, the authors calcu-
lated that the upper limit (95% con-
fidence interval) of the prevalence of
PMP22 deletion as a cause of CTS is
approximately 6%.65 This analysis
appears to assume a binomial distri-
bution and uses a one-sided confi-
dence interval that includes all 5% in
the upper bound instead of only
2.5%. These researchers concluded
that the prevalence of HNPP in idio-
pathic CTS is unknown; but using
estimated CTS incidences of 1% to
3.8%1,4,66 and HNPP of 0.04%,67

they calculated that HNPP could be
responsible for 1% to 4% of CTS.65

This analysis appears to assume that
HNPP always causes CTS.

If the PMP22 mutation occurs
with a prevalence similar to HNPP,
which is estimated at 16/100,000,
then proportionally, less than 1 per-
son (0.003) would be found with the
PMP22 deletion in a random sample
of 20 people (X/20 � 16/100,000).
However, the actual population prev-
alence of PMP22 has not been as-
sessed. Clearly in this case, the assay
was not used in a predictive sense in
a random sample but to aid in eval-
uating reports of injury or claims of
workers.

Generally, epidemiological studies
(other than family studies with small
numbers of cases) have not ad-
dressed the possibility of significant

hereditary factors in the occurrence
of CTS.56,64 However, in studies on
worker populations in certain indus-
tries compared with the general pop-
ulation, the prevalence and incidence
rates of CTS were much higher in the
worker populations than in the gen-
eral population.1,2,50,68 The rate of
mutations and subsequent diseases
that present with CTS is much less
than the rate of occurrence of CTS,
especially in working populations.
Although a possibility of gene–
environment interaction may exist,
the strong association between envi-
ronmental risk factors and CTS and
the apparent low prevalence of gene
mutations (for PMP22 and TTR) in
the general population suggests the
contribution of these genetic compo-
nents is low in the population of
railroad CTS claimants.

Is There a Scientific Rationale
for Testing Railroad Track
Workers for Mutations or
Deletions Involving PMP22
and TTR?

The critical factors for evaluating
predictive and diagnostic genetic
tests are sensitivity, specificity, and
predictive value.13,17 To assess these
parameters, it is necessary to know
the CTS risk for persons with and
without the genetic variant and par-
ticular exposure profiles. For retro-
spective testing, this question then
becomes analogous to the questions
asked in historical prospective epide-
miologic studies or in case–control
studies. Like all prospective studies,
historical prospective studies involve
the following forward in time of
groups with and without an exposure
characteristic to determine whether
the risk for a health outcome is dif-
ferent in the two groups. The differ-
ence with historical prospective stud-
ies is that the start date of the study is
in the past and determined retrospec-
tively. In the case of the railroad
track workers, the question would be
whether those who have the 17p11.2
deletion or the TTR variant are at a
greater risk than those who do not. In

a historical prospective epidemio-
logic study, this risk would be as-
sessed by the risk ratio. In a case–
control study, cases of CTS and
selected subjects without CTS would
be cross-classified on the basis of the
17p11.2 (or PMP22) deletion or TTR
mutation. The association between
the genetic variant and the disease
would be assessed using the odds
ratio.

No studies of the risk ratio or odds
ratio of 17p11.2 (or PMP22) dele-
tions or TTR mutations were found
in the literature before 2000. The
testing of approximately 20 railroad
track workers was not conducted as
part of a case–control or prospective
study, so there was no opportunity to
develop risk or odds ratios. The ap-
plication of genetic tests to some
cases but not to others apparently
was not defined in any identified
research protocol or experimental
design. The rationale provided by the
company was that a case manage-
ment protocol of CTS cases was
developed, and it included genetic
testing of some workers. Had testing
occurred with informed consent in
the context of a reviewed and ap-
proved study intended to evaluate the
potential benefit of testing, the ap-
parent ethical issues would be
greatly diminished. Although genetic
testing has been used diagnostically
in some cases of HNPP and
FAP,31,69 the prevalence of HNPP
and FAP1 and FAP 2 appear to be
rare (see Table 1), so the likelihood
of finding a genetic variant in 20
workers is very low. It is not known
whether a person with those condi-
tions would be a long-term railroad
track worker in a job involving ex-
tensive physical demands, because
the vulnerability of such a worker to
self-limited episodes of peripheral
neuropathy could lead him or her to
seek other types of work. However,
people with HNPP can have mild or
no symptoms that may not cause
them to stop working.31 In conclu-
sion, the absence of a knowledge
base on important aspects of the
prevalence, attributable risk, relative
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risks, and predictive value of PMP22
and TTR related to CTS indicates
that in 2000 these tests were not
appropriate for use on railroad claim-
ants with CTS.

Discussion
There are a number of scientific

issues in this case that are arguable.
First is the issue of whether genetic
testing is useful in assessing the
work-relatedness of musculoskeletal
disorders. Apart from any ethical or
legal issues is the fact that the value
of genetic testing will be affected by
the state of the science. Increasingly,
more genetics tests are becoming
important tools in the differential
diagnosis of individual diseases. As
research is conducted and informa-
tion obtained, tests that may be pre-
dictive in asymptomatic workers
may be diagnostic or contribute to
making the differential diagnosis in
workers or patients with signs and
symptoms. In assessing the work-
relatedness of a disease there is a
need to have not only a complete
description of work factors, but also
an assessment of non-work factors
that might be important. However, to
actually use genetic information re-
quires appropriate assessment of the
prevalence, predictive value, rela-
tive, and attributable risks in weigh-

ing the importance of the informa-
tion. It is also important to consider a
plausible mechanism of action or
interaction between genetic, work
and other risk factors. Merely identi-
fying a genetic factor in a particular
person is not sufficient to assess
causality.

A second issue is whether genetic
information is of a unique nature that
it should be treated distinctly from
other medical information. This has
been referred to as “genetic excep-
tionalism.”70 As applied to the case
of railroad workers, is it appropriate
to obtain genetic information on a
person filing an on-the-job injury
report or a claim for compensation of
an injury allegedly caused by work?
Clearly, genetic information in med-
ical records has long been used in
medical assessment of workers and
patients. Why would information ob-
tained from a genetic test be treated
differently? If not enough is known
about a test, that is, if it is not
validated on a population basis, it is
not useful. However, if it is validated
in that way, the question becomes
one of how society weighs the role of
genetic factors compared with work
factors in a disease “obtained” by
working. Should nonwork factors,
including genetic factors, be used to
apportion causation? Routinely,

some nonwork factors, such as med-
ical conditions, are used to apportion
causation. Are genetic factors ob-
tained through valid testing any less
informative? Genetic factors could
be at least as informative as other
predisposing factors, but whether
and how to use that information to
apportion causation is still a debated
subject in need of ethical review and
methodological development.71,72

Separate from the science is
whether society will sanction the use
of genetic characteristics, over which
a worker has no control, as predis-
posing factors in assessing a work-
related injury. Such a practice would
appear to be contrary to US occupa-
tional safety and health practices as
defined in the Occupational Safety
and Health Act (PL 91–596), but not
necessarily excluded under various
workers’ compensation practices and
state laws.73,74 States such as Iowa,
New York, New Hampshire, and
Wisconsin allow consensual genetic
testing for purposes of investigating
workers’ compensation claims.
Moreover, workers’ compensation
statutes routinely allow independent
medical examinations including
medical and genetic tests. Given the
rapid development of genetic tests,
thoughtful deliberation should be ap-
plied to the appropriate role of such
testing in the context of occupational
health policy and workers’ compen-
sation.

Molecular genetics provide impor-
tant tools that can be used in support
of occupational disease preven-
tion.75–77 However, retrospective
testing, outside a research study, has
limited potential for morbidity or
mortality reduction. This limited po-
tential is in sharp contrast to the
potential benefits of mechanistic as-
sessments, prospective genetic
screening of asymptomatic workers
and ongoing monitoring of workers
exposed to a putative hazard. Con-
ceivably, retrospective testing could
provide an injured worker with infor-
mation about a chemical sensitivity
(eg, toluene diisocyanate) that could
help prevent future exposures. In the

TABLE 1
Available Frequency Estimates for Conditions and Genes Involved in Railroad
Track Worker Testing

Condition or Gene Estimated Frequency

Prevalence of CTS (general population)* 2,100/100,000†
Prevalence of work-related CTS 530/100,000 workers‡
Prevalence of HNPP 16/100,00028

Prevalence of all amyloidoses 0.8/100,000�

Gene frequency FAP 0.1–1/100,000
Prevalence of PMP22 deletion 16/100,000¶
Prevalence of PMP22 in 50 unrelated people

with CTS
0/5065

Frequency of 17p11.2 del in 156 unrelated
people with HNPP

84%30

* CTS, carpal tunnel syndrome; HNPP,
† Reported as 2.1%.1

‡ Reported as 53 per 10,000 U.S. workers.4

§ Reported as 8 per 1,000,000 people.39

� Reported as 1 per 1 million to 1 per 100,000.39

¶ Assumed prevalence of PMP22 deletion is similar to prevalence of HNPP.
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specific case described in this article,
the genetic tests were not used to
foster health benefits but to aid in the
apportionment of causation. The fact
that claimants were not informed of
genetic tests as part of the medical
examination does not appear to be
illegal, but the conduct of genetic
tests without informed consent is not
condoned in any guidelines for ge-
netic testing and in fact conflicts
with the guidelines of the Task Force
on Genetic Testing13 discussed ear-
lier. The example described here re-
inforces concerns that genetic testing
will be used to discriminate against
or otherwise disadvantage workers.

This case illustrates a concern
about differential applications of ge-
netic information depending on so-
cial activity.78 In the context of a
FELA claim, the question is whether
ad hoc data derived in a nonscientific
manner may be used to apportion
causation of an injury. In larger
terms, can genetic testing serve the
socially sanctioned practice of ap-
portionment when compensation is
based on the percentage of injury
attributed to work as opposed to
other life factors? The role of genetic
and environmental factors in CTS
has not been adequately established
to support the conclusion that the
finding of a genetic mutation, related
to PMP22 or TTR, in an “exposed”
worker diminished a work-related-
ness claim.

Conclusion
Neither the scientific basis nor the

population validity of the PMP22 or
TTR assay for CTS was adequately
established before its use on railroad
workers in 2000. Few data exist on
the frequency of the variant geno-
types in the population. The plan to
use testing for these traits when eval-
uating workers with CTS is striking
given the absence of evidence re-
quired to assess the use of the test in
a workplace setting—that is, the ab-
sence of a strong database to identify
the role of genetic factors in CTS. No
information indicated that equally
exposed workers, with or without

various genotypes, have different
risks of CTS. The available data
suggest that genetic factors (genes
for PMP22 or TTR) play a very
minor role. Additionally, there is a
lack of information on a mechanism
by which these genetic factors and
environmental factors could interact.

The utility of genetic information
as an indicator of pre-existing condi-
tions in workers’ compensation has
not been widely examined. Past prac-
tice has been that work-related dis-
ability can be generally compensated
even when the source of the pre-
existing condition is not work relat-
ed.79 Because the predictive value of
PMP22 and TTR for CTS has not
been demonstrated, these genotypes
are not useful for retrospective as-
sessment of causality in occupational
populations. Before PMP22 and TTR
variants can be viewed as pre-
existing conditions and contributory
for CTS, extensive information is
needed. This information includes
(1) the frequency of the variants; (2)
the absolute and relative risk of the
association of the variants with
HNPP and FAP, respectively; (3) the
frequency (and attributable fraction)
with which HNPP and FAP are re-
lated to CTS; (4) the predictive value
of the tests; (5) the interaction be-
tween work-related factors, and ge-
netic factors in the risk for CTS; and
(6) the factors influencing the pen-
etrance of the genetic factors in
HNPP and FAP. Nearly all of this
information is lacking. In the in-
terim, guidance is available from the
Task Force on Genetic Testing.13,17

The mere existence of genetic
characteristics in claimants is not an
indication of its role in multifactorial
diseases such as CTS. In most in-
stances, technological advances in
genotype detection have outrun the
ability to interpret and use the infor-
mation obtained. Until appropriate
interpretive research is conducted,
the use of genetic tests (for PMP22
and TTR) to impute causality in rail-
road workers with CTS claims is not
warranted.

This case illustrates the inappro-
priate use of a test based on the
faulty assumption that the test would
be informative about the relative role
of genetic factors in the causation of
CTS. To enhance the utility of ge-
netic tests, it would be helpful if
those marketing such tests would
provide information about the prev-
alence of the genetic trait, the predic-
tive value, and other information
about validity of the test. This infor-
mation would enhance transparency
and contribute to a more complete
scientific evaluation of a particular
test.
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36. Verhalle D, Löfgren A, Nelis E, et al.
Deletion in the CMT1A locus on chro-
mosome 17p11.2 in hereditary neuropa-
thy with liability to pressure palsies. Ann
Neurol. 1994;35:704–708.

37. Falk RH, Comenzo RL, and Skinner M.
The systemic amyloidoses. N Engl
J Med. 1997;337:898–909.

38. Buxbaum JW, Tagoe CE. The genetics of
the amyloidoses. Annu Rev Med. 2000;
51:543–569.

39. Benson MD. Amyloidosis. In: Scriver
CR, Beaudet AL, Sly WS, Valle D, eds.
The Metabolic and Molecular Basis of
Inherited Disease. New York: McGraw-
Hill; 1995;4159–4191.

40. Evans JP, Skrzynia C, Burke W. The
complexities of predictive genetic test-
ing. BMJ. 2001;322:1052–1056.

41. Rose M. Letter to all employees from
BNSF President and CEP Matt Rose.
BNSF Today. http://www.bnsf.com/
media/articles/2001/03/2001– 03-01-
a.html?index�/media/articles/bnsf
today archive.html. Accessed August
22, 2001.

42. Choudhary S, Krishna H, Mohan D. Less
common causes of carpal tunnel syn-
drome. Ann Plast Surg. 1997;39:552–
554.

43. NAS. Work-related musculoskeletal dis-
orders. Report, workshop, summary, and
workshop papers. Washington, DC: Na-
tional Academy of Sciences, National
Research Council. 1999. [OSHA Exhibit
No. 26–37].

44. Giersiepen K, Eberle A, Pohlabein H.
Gender differences in carpal tunnel syn-
drome? Occupational and non-occupa-
tional risk factors in a population-based
case-control study. Ann Epidemiol. 2000;
10:481.

45. Lalumandier JA, McPhee SD. Prevalence
and risk factors of hand problems and
carpal tunnel syndrome among dental
hygienists. J Dent Hyg. 2001;75:130–
134.

JOEM • Volume 45, Number 6, June 2003 599



46. Yagev Y, Carel RS, Yagev K. Assess-
ment of work-related risks for carpal
tunnel syndrome. Isr Med Assoc J. 2001;
3:569–571.

47. Frost P, Anderson JH, Nielson VK. Oc-
currence of carpal tunnel syndrome
among slaughterhouse workers. Scand J
Work Environ Health. 1998;24:4:285–
292.

48. Latko WA, Armstrong TJ, Franzblau A,
Ulin SS, Werner RA, Albers JW. Cross-
sectional study of the relationship be-
tween repetitive work and the prevalence
of upper limb musculoskeletal disorders.
Am J Ind Med. 1999;36:248–259.

49. Leclerc A, Franchi P, Cristofari MF, et al.
Carpal tunnel syndrome and work organi-
sation in repetitive work: a cross-
sectional study in France. Occup Environ
Med. 1998;55:180–187.

50. Rossignol M, Stock S, Patry L, Arm-
strong B. Carpal tunnel syndrome: what
is attributable to work? The Montreal
study. Occup Environ Med. 1997;54:
519–523.

51. Silverstein BA; Fine LJ, Armstrong TJ.
Occupational factors in carpal tunnel syn-
drome. Am Ind Hyg Assoc J. 1987;11:
343–358.

52. Lambird PA, Hartman WH. Hereditary
amyloidosis, the flex or retinaculum and
the carpal tunnel syndrome. Am J Clin
Pathol. 1969;52:714–719.

53. Danta G. Familial carpal tunnel syn-
drome with onset in childhood. J Neurol
Neurosurg Psychiatr. 1975;38:350–355.

54. Gray RS, Popp MJ, Gottlieb NL. Primary
familial bilateral carpal tunnel syndrome.
Ann Intern Med. 1979;91:37–40.

55. Sparkes RS, Spence MA, Gottlieb NL, et
al. Genetic linkage analysis of the carpal
tunnel syndrome. Hum Hered. 1985;35:
5:288–291.

56. Radecki P. The familial occurrence of
carpal tunnel syndrome. Muscle Nerve.
1994;17:325–330.

57. Gossett JG, Chance PF. Is there a familial
carpal tunnel syndrome? An evaluation
and literary review. Muscle Nerve. 1998;
21:1533–1536.

58. Stoll C, Maitrot D. Autosomal dominant

carpal tunnel syndrome. Clin Genet.
1998;54:345–348.

59. McKusick VA. Mendelian Inheritance in
Man: A Catalog of Human Genes and
Genetic Disorders. 12th ed. Baltimore,
MD: Johns Hopkins University Press,
1998.

60. Holtzman NA. Medical and Ethical Is-
sues in Genetic Screening—an Academic
view. Environ Health Perspect. 1996;
104S5:987–990.

61. Vineis P, Schulte P, McMichael AJ. Mis-
conceptions about the use of genetic tests
in populations. Lancet. 2001;357:709–
712.

62. Peto J and Houlston RS. Genetics and the
common cancers. Eur J Cancer. 2001;
37S8:S88–S96.

63. Cummings K, Maizlish N, Rudolph L,
Dervin K, Ervin A. Occupational disease
surveillance: carpal tunnel syndrome.
MMWR, 1989;38:28:485–489.

64. Hakim AS, Cherkas L, El Zayat S,
MacGregor AJ, Spector TD. The genetic
contribution to carpal tunnel syndrome in
women: a twin study. Arthritis Rheuma-
tism. 2002;47:275–279.

65. Stockton DW, Meade RA, Netscher DT,
Epstein MJ, Shenaq SM, Shaffer LG, et
al. Hereditary neuropathy with liability to
pressure palsies is not a major cause of
idiopathic carpal tunnel syndrome. Arch
Neurol. 2001;58:1635–1637.

66. Stevens JC, Sun S, Beard CM, O’Fallon
WM, Kurland LT. Carpal tunnel syn-
drome in Rochester, Minnesota, 1961–
1980. Neurology. 1988;38:134–138.

67. Skre H. Genetic and clinical aspects of
Charcot-Marie-Tooths disease. Clin
Genet. 1974;6:98–118.

68. Gorsche RG, Wiley JP, Renger RF, Brant
RF, Gemer TY, Sasyniuk TM. Preva-
lence and incidence of carpal tunnel syn-
drome in a meat packing plant. Occup
Environ Med. 1999;56:417–422.

69. Izumoto S, Younger D, Hays AP, Mar-
tone RL, Smith RT, Herbert J Familial
amyloidotic polyneuropathy presenting
with carpal tunnel syndrome and a new
transthyretin mutation, asparagine 70.
Neurology. 1992;42:11:2094–2102.

70. Murray TH. Genetic exceptionalism and
“future diaries”: Is genetic information
different from other medical information.
In: Rothstein MA, ed. Genetic Secrets:
Protecting Privacy and Confidentiality in
the Genetic Era. New Haven, CT: Yale
University Press: 1997:60–73.

71. Cranor CF. Genetic Causation. In: Carl F
Cranor, ed. Are Genes Us?: The Social
Consequences of the New Genetics. New
Brunswick, NJ: Rutgers University Press;
1994.

72. Poulter SR. Genetic testing in toxic in-
jury litigation: the path to scientific cer-
tainty or blind alley? Jurimetrics. 2001;
41:211–239.

73. Employee’s Compensation Appeals
Board Decision/ECAB Table of Cases-
Volume 48/Lambert Robert K 95–1002.
http://nt5.scbbs.com/cgi-bin/om isapi.
dll? Accessed November 30, 2001.

74. Employee’s Compensation Appeals
Board Decisions/ECAB Table of Cases-
Volume 49/Kreeger, Kim S 960142.
http://nt5.scbbs.com/cgi-bin/om is-
api.dll? Accessed November 30, 2001.

75. Hirose T, Kondo K, Takahashi Y, Ish-
ikura H, Fujino H, Tsuyuguchi M, et al.
Frequent microsatellite instability in lung
cancer from chromate-exposed workers.
Mol Carcinog. 2002;33:3:172–180.

76. Saltini C, Richeldi L, Losi M, Amico-
sante M, Voorter C, van den Berg-
Loonen E, et al. Major histocompatibility
locus genetic markers of beryllium sen-
sitization and disease. Eur Respir J.
2001;18:4:677–684.

77. Borm PJ, Schins RP. Genotype and phe-
notype in susceptibility to coal workers’
pneumoconiosis: the use of cytokines in
perspective. Eur Respir J. 2001;
32(Suppl):127s–133s.

78. Schulte PA, Lomax GP, Ward EM, Col-
ligan MJ. Ethical issues in the use of
genetic markers in occupational epidemi-
ologic research. J Occup Environ Med.
1999;41:639–646.

79. Barth PS, Hunt HA. Workers’ Compen-
sation and Work-Related Illnesses and
Diseases. Cambridge, MA: MIT; 1980.

600 Genetic Testing for Carpal Tunnel Syndrome ● Schulte and Lomax


