
29 
Genetic testtng of railroad track workers 
with carpal tunnel syndrome 

Paul A. Schulte and Geoffrey Lomax 

Carpal tunnel syndrome (CTS) is the most common peripheral compression neu­
ropathy with an estimated prevalence of 2.1%. It has a multifactorial etiology in­
volving systemic, anatomic, idiopathic, and ergonomic factors (1-5). Work-related 
activities have been strongly associated with CTS (4--b). Some of the highest rates 
of CTS occur in occupations with high work demand or extensive manual exertion 
such as automobile assembly and meat processing. CTS also occurs in individuals 
with various health conditions such as rheumatoid arthritis, thyroid disease, dia­
betes, late pregnancy, and rapid weight loss. CTS often occurs as a result of two 
hereditary conditions: hereditary neuropathy with liability to pressure palsies 
(HNPP) and familial amyloidotic polyneuropathy (FAP). Occupations and medical 
conditions associated with CTS are shown in Tables 29.1 and 29.2, respectively. 

In 2001, the Burlington Northern Santa Fe Railroad Co. settled Equal Employ­
ment Opportunity Commission (EEOC) and union lawsuits over the company's ge­
netic testing of approximately .20 railroad track workers with CTS on-the-job injury 
reports or compensation claims (7). The testing was performed, without the knowl­
edge and consent of workers, to detect mutations and deletions associated with HNPP 
and FAP. However, the extent to which the railroad company's actions were within. 
the scope and practice of the Federal Employers' Liability Act or other workers' 
compensation statutes or were subject to the Americans with Di_sabilities Act pro- , 
hibitions against medical examinations of current employees was not adjudicated. 
It is not the function of this chapter to address·the ethical and legal issues. Rather, 
beyond the ethical and legal issues two scientific questions arose: are genetic risks 
likely to be important in these cases of CTS; and is there a scientific rationale for 
testing these workers? In this chapter, those questions are addressec,l. 
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. Table 29.1 Some Occupations Associated with Carpal Tunnel Syndrome 
Meat packers 

Sewing· machine operators 

Ski manufacturers 

Poultry processors 

Automobile assembly 

Grinders 

Source: NIOSH, 1997. 

Background 

Platers 

Frozen food factory workers 

Packaging machine workers 

Electrical component assembly 

Rock drillers 

Grocery checkers 

CASE STUDIES 

CTS is a compression neuropathy of the median nerve of the wrist (14). In the United 
States, CTS ,occurs with an estimated prevalence of 2.1 % and an incidence of 3 .46 
cases per 1000 person-years in the general population (8,9). A large percentage of 
these cases are work related (5,10). The costs associated with CTS are estimated to 
be more than $2 billiQn per year (11,12). CTS constitutes 3% of all Workers' Com­
pensation Insurance claims. The costs are often higher than the average claim filed 
under workers' compensation. CTS results in one of the largest numbers of lost 
workdays among occupational conditions (13). 

In many cases, the cause of CTS is unknown, and this is referred to as idiopathic 
CTS. However, there is strong evidence of a positive association between exposure 
to a combination of risk factors (e.g., force and repetition and/or force and posture) 
and CTS (15). CTS has been associated with numerous medical conditions (Table 
29.2) such as rheumatoid arthritis, thyroid disease, diabetes, and late pregnancy (16), 
although many of the studies on which such a list is based did not control for oc­
cupation. CTS is not known to be a predominantly genetic condition; however, two 
hereditary diseases, HNPP and FAP are known to exhibit CTS in some cases. There 
are practically no epiderniologic studies that have assessed both environmental and 
genetic risk factors for CTS in the same study. 

Table 29.2 Medical Condition~ Associated with Carpal Tunnel Syndrome 
Anatomic 

Ganglion 
Neuroma 
Lipoma 
Myeloma 

Neuropathic 
Diabetes 
Alcoholism 
Arnyloidosis 

Source: Adapted from Stembach (1999). 

Inflammatory 
Tenosynovitis 
Hypertrophic synovium 
Rheumatoid arthritis 
Gout 
Dermatomyositis 
Scleroderma 
Systemic lupus erythematosus 

Alteration of fluid balance 
Pregnancy 
Myxedema 
Obesity 
Long-term hemodialysis 
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Genetic testing for HNPP was part of a protocol that the railroad company used 
to evaluate worketS who reported an on-the-job injury (17,18). The test for FAP in­
volved detection of variants of the protein, transthyretin (ITR), and was added to 
the test battery by the laboratory performing the assays. Ultimately, the protocol 
was applied to approximately 20 workers (males) who had gone on to file injury 
reports--compensation claims for work-related CTS under the Federal Employers 
Liability Act. The company indicated that the testing was performed to assist the 
company medical officer to determine whether CTS was related to work or some 
other nonwork factor including a genetic disorder (19). In 2001, the U.S. Equal Em­
ployment Opportunity Commission filed suit against the employer and ultimately . 
achieved an agreement that required the employer to stop further genetic testing and 
refrain from using any of the testing information obtained (7,18). 

Hereditary Neuropathy with Liability to Pressure Palsi.es 
CTS is a common manifestation of HNPP, which is part of a heterogeneous group 
of demyelinating polyneuropathies. HNPP generally develops during adolescence 
(20). HNPP was first reported in 1947 in a family digging potatoes (21). It was also 
known as "bulb diggers" palsy. Although there have been a number of case reports 
since 1947, the first population-based study of HNPP was not published until 1997 
(22). The prevalence of HNPP was evaluated in 69 patients from 23 unrelated fam­
ilies (diagnosed between 1978 and 1995) in a population of 435,000 in southwest-• 
em Finland through family and medical history, clinical, neurologic, and neuro-
physiologic examinations and with documentation of a gene deletion (17pl 1.2). The 
prevalence of HNPP was estimated to be 16 in 100,000 (22). 

In 1993, the genetic locus for HNPP was mapped to chromosome17pll.2-12, 
where it is often associated with a large 1.5 Mb (megabase pair) DNA deletion 

· (20,23). In a study of 156 unrelated HNPP patients, 84% were found to have the 
17pll.2 deletion and in 4.6% (6/131) of these, the deletion was de novo (24). How­
ever, higher frequencies of de novo deletions (25.6%) have been reported (25,26). 
The deletion of 17p 11.2 appeared to be a reciprocal product of an unequal crossover 
involving Charcot-Marie-Tooth neuropathy type 1 (CMTIA) (23). The deletion at 
17pll.2 includes the gene for peripheral myelin protein-22 (PMP22) (23,27). The 
gene for PMP22 spans approximately 40kb, and 27 distinct mutations have been 
identified in 35 unrelated patients (28). Of the 27 mutations, four were associated 
~ith HNPP phenotypes. Subsequently, ·investigators found deletions of 17pll.2 in 
patients in various countries (27,29-33). 

The onset of HNPP is usually in childhood_ or adolescence. The clinical presen­
tation of HNPP is broad and may range from clinically asymptomatic persons to 
those who present with recurrent palsies (20). HNPP usually occurs in the. setting 
ofa family history, indicating an autosorrial dominant trait; however, sporadic cases 
ha~e been described (24,34,35). Prior to 2001 ,'the percentage of cases due to de 
novo deletion was not known. In 2001, a study of 14 consecutive unrelated index 
cases found that 3 (21 % ) were sporadic cases, due to a de novo deletion of 17p 1 l.2 
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· (25). There appears to be a direct relationship of gene dosage at the PMP22 locus . 
with the phenotype palsies (20), 

Animal models appear to exist for HNPP. Maycox et al. (36) found that trans­
genic mice expressing antisense PMP22 RNA showed modestly reduced levels of 
PMP22 together with a phenotype suggestive of HNPP. A striking movement dis­
order and a slowing of nerve conduction that worsened with age were observed iri 
antisense homozygotes. Histologically, a subset of axons had thickened myelin 
sheaths and tomacula in young adult mice; significant myelin degeneration was ob­
served in older animals (37). Nelis et al. (28) concluded that heterozygous mice cor­
respond to HNPP patients with the 1.5 Mb deletion on 17p1L2. In both human and 
mouse, the myelin tomaculae are present, suggesting that the mice are useful ani-

. mal models for HNPP (28). 

Familial Amyloidotic Polyneuropathy 

In addition to testing for PMP22, the laboratory marketing the genetic assay also 
used an assay for transthyretin (TIR), a plasma protein, on railroad track work­
ers' blood specimens (38). Mutations in this plasma protein are observed in FAP. 
TIR is encoded by single gene on chromosome 18 (18qll.2-q12.l), of which 
more than 70 autosomal dominantly inherited point mutations, occurring at 51 dif­
ferent sites, have been described (39-42). The hereditary amyloidoses have been 
classified into four subtypes, two of which, familial amyloid polyneuropathy type 
1 and 2 (FAPl and FAP2) are associated with CTS. The incidence of TTR amy­
loidosis is unknown (43). Amyloidosis occurs in about 8 of 1,000,000 people. At 
diagnosis, FAPl patients often have undergone carpal tunnel surgery. In FAP2 
patients, there is more frequent carpal tunnel manifestation (39). In the United 
States, the gene frequency for FAPl and FAP2 is estimated to be 1 in 1,000,000 
to 1 in 100,000 (44). Hence, the prevalence of CTS in, people with FAPl and 
FAP2 would be less than the gene frequency, because not all the people with the 
gene develop CTS. 

Epidemiologic Findings 

The epidemiology of CTS can be seen to have two focal areas: studies of occupa­
tional risk factors and studies of nonoccupational risk factors (generally involving 
arthritis, obesity, pregnancy, diabetes, thyroid disease, hormone replacement, and 
corticosteroid therapy) (45-50). Genetic factors (other than race and gender) gen­
erally have not been included in epidemiologic studies of CTS (50). However, there · 
have been a few studies of familial occurrence (50,51). 

One issue in the evaluation of epidemiologic studies has been the definition of 
carpal tunnel syndrome. There are differing opinions about what constitutes appro­
priate diagnostic criteria (1 ,52,53). The debate focuses on whether electrodiagnos­
tic study findings alone or with symptoms is the best criterion and, if in the absence 



Carpal tunnel syndrome 515 

of electrodiagnostic studies, specific combinations of symptom characteristics and 
physical examination findings are useful. 

Occupational Studies 

In a comprehensive review of more than 30 epidemiologic studies in the scientific 
literature in 1997, the National Institute for Occupational Safety and Health (15) 
concluded, and a committee of the National Academy of Sciences (54) subsequently 
confirmed, that there is strong evidence that a combination of workplace physical 
risk factors is associated with CTS. These included force and repetition and force 
and posture. Literature published since 1997 further supports . this finding 
(5,45,55-57). Many of the studies in which a statistically significant association 
between individual or combinations of workplace physical factors was found 
controlled for potential confounders, such as age, sex, smoking, caffeine, alcohol, 
hobbies, body mass index (BMl), and medical conditions (8,15,55,58-61): Epi­
demiologic surveillance, nationally and internationally, has consistently indicated 
that the high~st rates of crs occur in occupations and job tasks with high work de­
mands or extensive manual exertion (such as meat processors, poultry processors, 
and automobile assembly workers) (15); see Table 29.1 for some occupations as­
sociated with CTS. The prevalence of diagnosed carpal tunnel syndrome in U.S. 
workers has been estimated to be 53 per 10,000 (4). 

Epidemiologic studies consistently link CTS to job tasks that involve a combi­
nation of risk factors (e.g., force and repetition, force and posture) (15). Railroad 
track maintenance is physically demanding and involves extreme manual exertion­
the use of jackhammers and grinders, in some cases, for up to 14 hours a day. In 
one report, arising from tort litigation, that conflicts with much of the other litera­
ture, 900 railroad workers were randomly selected from a pool of 2500 Federal Em­
ployers' Liability Act (FELA) claimants, and their jobs were characterized into four 
categories previously described by Silverstein· et al. (62). Jobs were classified into 
the following categories: I (low forcenow repetition), 18.8%; category II (low 
force/high repetition), 20.7%; category ill (high forcenow repetition), 59.8%; cate­
gory IV (high force/high repetition), 0.7% (14). The percentage of positive or bor­
derline cases of CTS among all workers in each category ( determined by an elec­
trodiagnostic method of comparing median minus ulnar nerve digital latency 
differential) was as-follows: category I, 47.9%; category II, 40.0%; category ill, 
43.4% and category IV, 50% (14). The report showed no association between oc­
cupational classification and CTS, but the i_nvestigators indicated that the small num­
ber of individuals in the inost extreme job classification category IV (0.7%) may 
have obscured an occupational association. In other studies, it has been estimated 
that as much as 50% of all medically treated CTS is work-related (4,5;63). There 
is no published research that shows what portion of CTS is attributable to genetic · 
factors. It is possible that gene-environment interactions are involved iil the etiol~ 
ogy of some CTS cases ill the general population, but there are no data on this_. 

,'. . . .· .. 



CASE STUDIES 

Nonoccupational Studies 

Table 29.2 shows various medical conditions that have been associated with CTS. 
Additionally, oldc:;r age and female gender have been identified as risk factors. 
Women in the general population have approximately three times the risk as men; 
men (8) and women in the same occupation appear to have similar risks (64). The 
strongest risk factor in one study of women was previous history of another mus-

· culoskeletal complaint for which consultation had been sought OR 1.98 (95% CI, 
1.61-2.42). Autonomic disturbances have also been found in one study of CTS with 
increasing severity ofelectrophysiologic findings (65). 

Familial CTS 

Familial occurrence of CTS also has been documented (51,66-69). When carpal 
tunnel syndrome is inherited, it is often the manifestation of a systemic disease (70). 
Gossett and Chance (69) concluded that, in addition to linkage wiih familial amy­
loidosis and HNPP, patients may present with a familial CTS (McKusick number 
115,430) (71). This familial CTS appears to be a rare but genetically distinct dis­
order. In a prospective study, a positive family history was predictive in 39.3% of 
cases with surgery for CTS who had median nerve slowing versus 13.3% of cases 
without these characteristics (51). 

Risk Attributable to Genetic Factors 

At the time of the testing, there were no published population data identified that 
confinned that a genetic factor could explain the risk of CTS better than physical 
activities. In 2001, a study was published that examined 50 unrelated patients (age 
18-76, mean age 50.5 years) diagnosed with CTS, all in need of surgical release, 
and none were found to have PMP22 deletions (72). Diagnosis of CTS was made 
by both clinical evaluation and electrodiagnostic methods. Exclusion criteria con­
sisted of those with anatomic changes decreasing the available volume within the 
carpal tunnel; diagnoses that may result in the increased size of the carpal canal 
contents (including amyloidoses, rheumatoid arthritis, or edema); those diagnoses 
associated with soft tissue impingement (i.e., lipomas, hematomas, or urate crystal 
deposition); and other causes of peripheral mononeuropathies, such as diabetes mel­
litus. The authors calculated, based on their findings of no deletions, that the upper 
limit (95% confidence interval) of the prevalence of PMP22 deletion as a cause of 
CTS is approximately 6% (72). This analysis appears to assume a binomial distri­
bution and uses a one-sided confidence interval that includes all 5% in the upper 
bound instead of 2.5%. The authors (72) concluded that the prevalence of HNPP in 
idiopathic CTS is unknown, but using estimated CTS incidences of 1 % to 3.8% 
(8,10,73) and HNPP (0.04%) (74), they calculated that HNPP could be responsible 
for 1 % to 4% of CTS. DNA-based testing for individuals with a negative family 
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history for HNPP had been suggested (75,76) prior to the testing ofrailroad work­
. ers in 2000. The r:ailroad company relied Qn the medical literature (e.g., 3,75) to 
support the contention that multiple causes of CTS, including HNPP,. needed to be 
evaluated before determining work-relatedness. 

Scientific Issues of Concern 

. The critical factors for evaluating predictive genetic tests are sensitivity, specificity, 
and predictive value (77) (see also Chapter 11). Other factors such as number 
needed to screen (NNS) and number needed to treat (NNT) are also useful. To as­
sess these parameters, it is necessary to know the CTS risk for people with and 
without the genetic variant and particular exposure profiles. Prior to the testing of 
railroad track workers, no prospective studies' have been published that assess the 
risk of CTS in people with 17pll.2 deletion, or TTR mutation. Until 2002, there 
were no population studies that assessed the relative risk or population attributable 
risk for genetic factors for CTS. In 2002, a study of twin women from the U.K. 
Adult Twin Registry (50) determined the relative genetic and environmental con­
tributions to CTS. The genetic contribution was assessed using the variance com­
ponent and regression methods and the heritability was adjusted for environmen­
tal confounders. The modeling resulted in a heritability estimate of 0.46 (95% CI, 
0.34--0.58). The investigators reported that the study may have lacked the power 
to demonstrate that occupation in clerical and manual employment was a risk fac­
tor, since there were a small number of cases in these groups (50). There are no 
published data to establish the validity of susceptibility testing for CTS. Specifi­
cally, neither the positive nor negative predictive value has been established. The 
lack of data regarding the technical performance of the test and risk associated with 
a positive result would be a basis for rejecting the use of genetic testing except in 
the context of a research study. Further, in other examples where there is quan­
tifiable risk corresponding with a genetic factor and occupational disease, authors 
have argued against screening on the basis of inadequate validation and poor pre­
dictive value (77-79). 

For retrospective testing, this question then becomes analogous to the questions 
asked in historical cohort studies or in case-control studies. Like all cohort studies, 
historical· cohort studies involve following groups with and .without an exposure 
characteristic forward to determine if the risk for a health outcome is different in 
the two groups. The difference with historical -cohort studies is that the start date of 
the s~udy is in the past and determined retrospectively. In the case of the railroad 
workers, the question would be whether those with the 17p 11.2 deletion or the TTR 

· variant have a greater risk than those who do. not. In a historical cohort study this 
would be assessed by the risk ratio. In a case-control study, cases of ~S and se­
lected individuals without CTS would be cross-classified on the basfa' of the 17p 11.2 
deletion or TTR mutation. The association between the genetic variant and the dis­
ease would be assessed by using the odds ratio. 
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' A search of the scientific -lit~; t ttire prior to 2000 did not identify any studies o( 
the risk ratio or odds ratio of 17pll.2 deletions or transthyretin mutations. The test­
ing of approximately 20 railroad workers was not conducted as part of a case­
control or prospective study, so there was no opportunity to calculate risk or odds 
ratios. The application of genetic tests to some cases; but not others, apparently was 
not defined in any identified research protocol or experimental design. The ratio­
nale provided by the company was· that a case management protocol of CTS cases 

was developed and it included genetic testing of some workers. The prevalence of 
HNPP and FAPI and FAP2 are believed to be relatively rare on a population ba­
sis, so the likelihood of finding a genetic variant in 20, or even 150 workers is very 
low. It is not known whether a person with either of these conditions would be likely 
to be long-term railroad track worker. The extensive physical demands of the job 
could lead workers who were subject to self-limited episodes of peripheral neu­
ropathy to seek other employment. However, people with HNPP can have mild 
or no symptoms, and thus their condition could have little effect on their ability to 
work (25). 

Potential Contribution of Genetic Information to 
Improved Health Outcomes 

In the railroad case, the use of genetic testing was not for the purpose of improv­
ing health outcomes but for clarifying the contributing factors to CTS in workers' 
compensation claimants. Medical tests, including genetic tests, may provide perti­
nent information about nonwork factors that may contribute to causing CTS. Em­
ployers have a legal right to identify work and nonwork factors that contribute to 
CTS and thereby attempt to apportion causation. Under workers' compensation 
statutes, this can be done in some states without informed consent about the spe­
cific tests. In contrast, the conduct of genetic tests without informed consent is not 
condoned in any guidelines for genetic testing and, in fact, conflicts with the Guide­
lines of the Task Force on Genetic Testing (80) discussed later. The example, de­
scribed in this paper; where workers were not informed that they were tested, rein­
forces concerns that genetic testing will be used to discriminate against or otherwise 
disadvantage workers. 

In some situations, prospective genetic testing for PMP22 or TTR could benefit 
workers by providing them information with which to make employment decisions. 

· However, at present the lack of information on predictive value and attributable risk 
does not support such use. 

Conclusions 

A review of this case indicates that neither the scientific basis nor"validity of the 
PMP22 or TTR assay for CTS were adequately established before their use on rail­
road workers in 2000. The prevalences of HNPP and FAP are exceajingly low and 
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unlikely to be a major contributory cause of work-related CTS. There are few data 
on the frequency of these variant genotypes in the population. The plan to use test­
ing for these traits in the evaluation of railroad track workers with CTS is striking 
given the absence of evidence required to assess the use of the test in a workplace 
setting (e.g., absence of a database) to identify the role of genetic factors in CTS. 
There is no information indicating that equally exposed workers, with and without 
various genotypes, are at different risks of CTS. What data are available suggest 
that genetic factors play a very minor role, if any, in male railroad track workers. 
Ultimately, some genetic factors may be found that contribute along with occupa­
tional factors to CTS, but such information is not available at this time. 

· The role of genetic information in workers' compensation is an evolving ques­
tion. Past practice has been that work-related disability could be generally com­
pensated even when the source of the preexisting condition is not work related (81). 
There is no consistent record that demonstrates that the existence of genetic vari­
ants alone serve as pre-existing conditions; however, genetic information has been 
used in workers' compensation cases (82,83). State laws governing workers·· com­
pensation inay provide an incentive for employers to use genetic screening tests. 
Iowa, New Hampshire, New York, and Wisconsin allow for consensual genetic test­
ing for purposes of investigating workers' compensation claims. However, since the 
predictive value of PMP22 and TTR for CTS has not been demonstrated, these geno­
types are not useful for retrospective assessment of causality in occupational pop­
ulations. Before PMP22 and TTR variants could be viewed as pre-existing condi­
tions for CTS, extensive information would be needed. This includes: (J) the 
frequency of the variants, (2) the absolute and relative risk of the association of vari­
ants of HNPP and FAP, respectively, (3) the frequency with which HNPP and FAP 
are related to CTS, ( 4) the predictive value of the tests, (5) the interaction between 
work related factors and genetic factors in the risk for CTS, and (6) the factors in­
fluencing the penetrance of the genetic factors in HNPP and F AP. Almost all of this 
information is lacking. In the interim, guidance is available from the Task Force on 
Genetic Testing (84). The Task Force concluded that in regard to genetic testing, 

. four features are important: 

• Assessment of validity of test is necessary before use. 
• Formal validation is needed for each intended use of a genetic test. 
• Data to establish clinical validity must be collected under investigative protocols. 
• Investigative protocols for validation of genetic tests need IRB approval (80). 

Without the validation information, the mere existence of genetic characteristic 
is not an indication of the nature of its role in multifactorial diseases such as CTS. 
Technologic advances in detection have outrun the ability to interpret and use the 
information obtained. Until appropriate interpretive research is conducted, use of 
genetic tests (for PMP 22 deletion and TTR mutations) to impute causality in rail­

road track workers with CTS claims is not warranted. 
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The pressure to use genetic tests without population validation appears to be in­
creasing. In the case described here, premature testing was based on a presumption 
of informativeness of the test that was unsupported by data (85). In order to en­
hance the utility of genetic tests, it would be helpful if those conducting such tests 
would provide information on the prevalence of the genetic trait, the predictive value, 
and other information about the test's validity. When information on any of these 
test properties is lacking, the eviden.ce gap should be disclosed. This information 

· could be useful to decisionmakers considering genetic testing. Such testing efforts 
still require; as prerequisite, attention to the ethical, social, and legal protections that 
have been advanced by the Task Force on Genetic Testing and various professional 
organizations (86,87). 
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