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Risk factors for carpal tunnel syndrome in a

general population

David L Nordstrom, Robert A Vierkant, Frank DeStefano, Peter M Layde

Abstract
Objective-To determine the individual,
physical, and psychosocial risk factors for
carpal tunnel syndrome in a general
population.
Methods-Population based case-control
study in Marshfield epidemiological study
area in Wisconsin, USA. Cases were men
and women aged 18-69 with newly diag-
nosed carpal tunnel syndrome (n=206
(83.1%) of 248 eligible). Controls were a
random sample of residents of the study
area who had no history ofdiagnosed car-
pal tunnel syndrome (n=211 (81.5%) of 259
eligible). Cases and controls were
matched by age. Telephone interviews and
reviews of medical records obtained
height and weight, medical history, aver-
age daily hours of exposure to selected
physical and organisational work factors,
and self ratings on psychosocial work
scales.
Results-In the final logistic regression
model, five work and three non-work vari-
ables were associated with risk of carpal
tunnel syndrome, after adjusting for age.
For each one unit ofincrease in body mass
index (kglm'), risk increased 8% (odds
ratio (OR) 1.08; 95% confidence interval
(95% CI) 1.03 to 1.14). Having a previous
musculoskeletal condition was positively
associated with carpal tunnel syndrome
(OR 2.54; 95% CI 1.03 to 6.23). People
reporting the least influence at work had
2.86 times the risk (95% CI, 1.10 to 7.14)
than those with the most influence at
work.
Conclusions-Carpal tunnel syndrome is
a work related disease, although some
important measures of occupational ex-
posure, including keyboard use, were not
risk factors in this general population
study. The mechanism whereby a weight
gain ofabout six pounds increases the risk
of disease 8% requires explanation.

(Occup Environ Med 1997;54:734-740)

Keywords: carpal tunnel syndrome; case-control stud-
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There is dispute as to whether occupational
factors increase the risk of occurrence of carpal
tunnel syndrome (CTS), a disabling condition
with a self reported prevalence of 1.55%' and
direct medical costs of more than one billion
dollars each year2 in United States adults.3 4 In
the only report of the incidence of CTS in a

general population,5 cases were not inter-
viewed, and job title was the main occupational
item abstracted from the medical records.6 An
extensive search of published and unpublished
work by investigators of work related physical
factors and musculoskeletal disorders of the
hands7 found only three aetiological studies
that met acceptable validity criteria. The possi-
ble individual, psychosocial, and physical risk
factors for musculoskeletal disorders have not
been studied simultaneously in any scientific
investigation, so it is difficult to infer the true
risk factors from an examination of the current
evidence.8'-0 This paper reports a case-control
study of CTS in a community population in
which both work and non-work exposures were
assessed.

Methods
The Marshfield Epidemiological Study Area is
a catchment area with about 55 000 residents
in 14 contiguous ZIP codes. All physicians in
this area are staff at the Marshfield Clinic and
the adjacent St Joseph's Hospital. The clinic
and hospital share a joint record for each
patient. It has been shown that clinic databases
capture 94% of hospital discharges and 92% of
outpatient visits of residents of the area." The
labour force in the area is 47% white collar,
30% blue collar, 13% service workers, and
10% farmers.
To determine incident events of CTS we

used the Marshfield Clinic computerised diag-
nosis file, which is based on charge sheet infor-
mation and contains diagnoses and procedures
for Marshfield Clinic and St Joseph's Hospital
back to 1960. Based on experience in a study of
the incidence of CTS in 1991-3 in the Marsh-
field area any patient with initial diagnosis of
international classification of diseases (ICD)
code 354.0 (CTS), ICD 04.43 (carpal tunnel
release surgery), current procedural termin-
ology (CPT) 64721 (decompression of median
nerve at carpal tunnel), CPT 29848 (arthros-
copy, wrist, with release of carpal ligament), or
the combination of ICD 356.9 (peripheral
neuropathy) and any CPT code for splint or
nerve conduction (appendix) between May
1994 and October 1995 while living in the
Marshfield area was eligible as a potential case.
Patients with an initial diagnosis between 1979
(the year the ICD ninth revision (ICD-9) was
established) and April 1994 were considered
prevalent cases and thus deemed ineligible for
participation in the study.

Verification of case status required docu-
mentation in the medical record of: either (a)
diagnosis of carpal tunnel syndrome by a phy-
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Risk factors for carpal tunnel syndrome in a general population

Table 1 Non-work risk factors for carpal tunnel syndrome in working and non-working participants combinedfrom
bivariate analysis

Cases (n=206) Controls (n=211)
Risk factor Level (O%) (O) OR* (95% CI) P valued

(missing=O) (missing=o)
Musculoskeletal condition No 84.0 89.6 1.00 control 0.03

Yes 16.0 10.4 1.92 (1.04to 3.54)
(missing=0) (missing=o)

Play sports at least 3 months at least No 79.6 70.1 1.00 control 0.01
3 hours a week Yes 20.4 29.9 0.55 (0.35 to 0.87)

(missing=0) (missing=0)
Have home typewriter No 52.4 42.2 1.00 control 0.06

Yes 47.6 57.8 0.69 (0.47 to 1.02)
(missing=9) (missing=5)

Body mass index (kg/m2) Slender 8.1 5.8 1.00 control < 0.001
Normal 43.1 61.7 0.63 (0.28 to 1.45)
Overweight 26.9 20.4 1.29 (0.53 to 3.14)
Obese 21.8 12.1 1.86 (0.72 to 4.80)

(missing=9) (missing=9)
Parent, child, or sibling had carpal No 71.6 84.2 1.00 control 0.003

tunnel syndrome Yes 28.4 15.8 2.09 (1.28 to 3.41)
(missing=23) (missing=26)

Income below poverty limit No 88.0 93.0 1.00 control 0.14
Yes 12.0 7.0 1.72 (0.82to 3.59)

* Adjusted for age.
t Determined by the likelihood ratio test.

sician; or (b) any explicit treatment for CTS;
and (c) numbness, tingling, pain, or paraesthe-
sia in the hand, wrist, arm, or forearm within
one month of the date of diagnosis of CTS.
Diagnoses by all specialties were eligible. Cases
also had to be aged 18-69 at diagnosis.
Electrophysical nerve conduction study, an
invasive test performed in some patients
diagnosed with CTS,`2 was not required as the
history is usually pathognomonic3 1 and such
testing has not reached the stage of sensitivity
or specificity required for aetiological research
on CTS.'5 Control participants were people in
the Marshfield area who had no history of
diagnosed CTS in the medical record or in
interviews conducted for this study. Controls
had to be aged 18-69 at the time they were
randomly sampled and were frequency
matched to cases based on five age strata:
18-29, 30-39, 40-49, 50-59, and 60-69.
We examined a wide range of potential

aetiological factors because no single behaviour
or characteristic seemed to be a necessary and
sufficient cause of CTS." Information on risk
factors for cases and controls was collected
from two sources: the patient's medical record
and a telephone interview of about 35 minutes.
(Data collection forms are available from the
authors.) We gave preference to medical
records to define participants' history of
chronic diseases. With approval of the Marsh-
field Clinic Institutional Review Board, we
obtained informed consent by telephone.
Cases were interviewed after verification of
case status through review of medical records,
whereas potential controls were interviewed
before medical records were reviewed. About
half ofthe questions in the interview came from
previous occupational studies by the United
States Centers for Disease Control and
Prevention.""'8 The job stress scales had
acceptable reliability (Cronbach a) coefficients
ranging from 0.65-0.90 (mean 0.81).'9 For
many questions about exposure to risk factors,
respondents answered for a 12 month period
before a reference date. For cases, the reference
date was the date of diagnosis of their CTS; for

controls, it was the date of their interview.
Methods to minimise information bias20 in-
cluded concealment of the study hypotheses
from data collectors and study participants,
careful interviewer training for even handed
probing, asking the same structured questions
for cases and controls, interviewing cases as
soon as feasible after diagnosis, and asking
cases and controls to recall information about
times of similar duration before the interview.
Cases had to report on a period about eight
months further back than controls when
providing information on exposure. Every 10th
interview was tape recorded for review by the
interviewers' supervisor, and a random sample
of 10% of interviews and abstracts were
independently re-entered by a statistical assist-
ant to uncover data entry errors.
The main goal of this study was to find

physical work factors associated with the risk of
CTS. Based on clinical knowledge and suitable
data quality, we chose a parsimonious list of
variables for the risk factor analysis.2' The
hours of exposure were ascertained for physical
factors at work. Of the 40 variables chosen, 23
were work factors and 17 were non-work
factors. Some variables were multi-item
scales-for example, job control was measured
by a set of seven questions from the National
Institute for Occupational Safety and Health,
with answers ranging from 1 very little to 5 very
much. 7 Visual aids-such as hand bending
diagrams and some answer choices-were
posted to potential study participants before
the interview. Sex was not included as a poten-
tial risk factor because susceptibility to work
related CTS among women does not seem to
increase after controlling for exposure.8 Sex
was included instead in the final multivariable
models to assess confounding and modification
of effect.
We used unconditional logistic regression22

for all analyses. All P values were calculated
with the likelihood ratio test.2' Variables were
initially screened bivariately controlling only
for age (the design variable). All such variables
with a P value i 0.10 were included in a multi-
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Table 2 Work risk factors for carpal tunnel syndrome in working participants only, from bivariate analysis

Cases Controls
(n=182) (n=188)

Risk factor Level (M) (%) OR- (95% CI) P valuet

(missing=3) (missing=3)
Mean workday use of power tools 0 61.5 67.6 1.00 control 0.08

or machinery (h) 0.08-0.75 5.6 10.8 0.60 (0.27 to 1.36)
1-2 8.9 7.0 1.43 (0.66 to 3.13)
2.5-5.5 10.1 9.2 1.20 (0.59 to 2.45)
6-11 14.0 5.4 2.52 (1.13 to 5.62)

(missing=7) (missing=7)
Mean workday bend or twist hands (h) 0 32.0 48.6 1.00 control 0.01

0.25-1.75 9.7 11.0 1.34 (0.64 to 2.80)
2-3 10.3 11.6 1.23 (0.60 to 2.53)
3.5-6 20.6 12.7 2.33 (1.24to4.36)
7-16 27.4 16.0 2.47 (1.38 to 4.43)

(missing=7) (missing= 12)
Mean workday work with solvents (h) 0 64.0 63.1 1.00 control 0.07

0.08-0.75 16.0 23.9 0.63 (0.37 to 1.10)
1-11 20.0 13.1 1.43 (0.79 to 2.59)

(missing= 1) (missing=3)
Employee health important to Strongly agree 49.7 62.2 1.00 control 0.01

employer Slightly agree 23.2 18.4 1.52 (0.89 to 2.60)
Slightly disagree 12.2 5.4 2.63 (1.18 to 5.88)
Strongly disagree 7.7 2.2 4.17 (1.31 to 13.29)
No such person 7.2 11.9 0.78 (0.37 to 1.67)

(missing=2) (missing= 1)
Trade union member No 81.1 87.2 1.00 control 0.10

Yes 18.9 12.8 1.61 (0.91 to 2.87)
(missing=o) (missing=o)

Job control (low=little control) 1-2.7 31.3 19.7 1.00 control 0.01
2.8-3.4 26.9 19.7 0.80 (0.44 to 1.47)
3.6-3.8 11.5 18.6 0.36 (0.18 to 0.71)
4-4.4 17.6 22.9 0.46 (0.24 to 0.86)
4.6-4.8 12.6 19.1 0.42 (0.21 to 0.83)

(missing= 1) (missing= 1)
Primary job cumulative hours 0-2954 27.6 19.8 1.00 control < 0.001

sinceJanuary 1993 3048-4857 42.5 21.9 1.51 (0.84 to 2.70)
4880-5383 11.6 19.3 0.46 (0.23 to 0.93)
5464-6507 9.9 19.3 0.41 (0.20 to 0.85)
6647-15510 8.3 19.8 0.34 (0.16 to 0.71)

* Adjusted for age.
t Determined by the likelihood ratio test.

variable regression analysis. Variables with P
values >0.10 required additional evidence of
importance for instance, significance or evi-
dence of confounding in a previous study of
CTS before inclusion in the multivariable
analysis. We constructed two multivariable
models. Firstly, all bivariately significant non-

work variables were placed in a model along
with age to assess significance in the general
population. A backward elimination technique
was used to select this final non-work model.
Secondly, all bivariately significant work vari-

ables and all variables in the final non-work
multivariable model were placed in a model
along with age to assess significance in partici-
pants working at a job or business, again with a

backward elimination technique. As in the
bivariate analysis, we set the cut-off point for
significance in multivariable analysis at a P
value S 0. 10. We first categorised each variable
according to the cut-off points (tables 1 and 2).
We categorised continuous exposure variables
by examining their distribution among control
subjects in our study. We chose cut-off points
so that each level of exposure would contain
reasonable numbers of cases and controls or

because of initial considerations such as

recognising the discontinuity between 0 (no
exposure) and 1 (some exposure). The only
exception to this was body mass index (BMI),
which we defined as weight (kg)/height squared
(M2) and categorised according to the criteria
of the National Center for Health Statistics.'4
For slender men and women BMI is <20; for
normal men 20-27.79 and for normal women

20-27.29; for overweight men 27.8-31.09 and
for overweight women 27.3-32.29; and for
obese men >31.1 and for obese women >32.3.
Each k level variable was represented in the
model as k-1 indicator variables. The P values
in tables 1-4 correspond to a likelihood ratio
test of whether these k-1 indicator variables
simultaneously contribute significantly to the
overall model. For each significant categorical
variable, we also assessed the dose-response
effects on risk of CTS by redefining the
variable as continuous, replacing the indicator
variables with the original data values, and
testing for quadratic, and if not significant, lin-
ear effects. We assessed modification of effect
for a few preselected variables. Three diagnos-
tic statistics were measured,2' and the Hosmer-
Lemeshow test was applied to assess overall
model fit. All analyses were carried out with
SAS, Version 6.11 (SAS Institute, Cary, NC).
We performed an informal sensitivity analy-

sis with three alternative models. Two of these
alternatives were (a) using only the subset of
people who in our study reported their usual
source of care is Marshfield Clinic (96% of
cases and 89% of controls) and (b) using all
people in the main model but replacing usual
hours by peak hours per day for work with
power tools, bending wrist, and solvents.
Another alternative model was (c) using the
subset of cases with positive median nerve con-
duction test (44.2% of cases) with all controls.
For all three alternative models, results were
similar to those in the main model.
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Table 3 Final multivariable logistic regression model of non-working risk factors for carpal
tunnel syndrome in working and non-working participants combined

Risk factor OR (95% CI) P value

Musculoskeletal condition 2.41 (1.24 to 4.67) 0.009
Play sport at least 3 months at least 3 hours a week 0.57 (0.35 to 0.95) 0.031
Have home typewriter 0.71 (0.46 to 1.09) 0.117
Body mass index (kg/m2), per unit 1.06 (1.02 to 1.11) 0.002*
Parent, child, or sibling had CTS 2.00 (1.18 to 3.37) 0.009

* Significant linear dose-response effect (P < 0.05).
t Determined by the likelihood ratio test.
t Based on final model controlling for other factors listed and for the design variable, age.

Table 4 Final multivariable logistic regression model ofwork and non-work risk factors for
carpal tunnel syndrome in working participants only

Risk factor ORV (95% CI) P value

Musculoskeletal condition 2.54 (1.03 to 6.23) 0.04
Body mass index (kg/m2), per unit 1.08 (1.03 to 1.14) 0.001*
Parent, child, or sibling had CTS 1.87 (0.97 to 3.60) 0.06
Power tools or machinery (mean h/day)
0 1.00 control 0.llt
0.08-0.75 0.53 (0.17 to 1.64)
1-2 1.43 (0.52 to 3.90)
2.5-5.5 1.58 (0.63 to 4.00)
6-11 3.30 (1.11 to 9.80)
Bending or twisting hands or wrists (mean h/day)
0 1.00 control 0.07t
0.25-1.75 2.42 (0.88 to 6.62)
2-3 1.27 (0.50 to 3.26)
3.5-6 2.65 (1.83 to 5.92)
7-16 2.11 (0.98 to 4.52)
Contact with solvents (mean h/day)
0 1.00 control 0.08
0.08-0.75 0.44 (0.21 to 0.90)
1-11 0.80 (0.36 to 1.79)
Job control (low=little control)
1-2.7 1.00 control 0.02*
2.8-3.4 1.05 (0.48 to 2.27)
3.6-3.8 0.34 (0.14 to 0.82)
4-4.4 0.64 (0.29 to 1.42)
4.6-4.8 0.35 (0.14 to 0.91)
Cumulative hours in primary job since January 1993
0-2954 1.00 control < 0.001*
3048-4857 1.54 (0.74 to 3.20)
4880-5383 0.29 (0.12 to 0.72)
5464-6507 0.43 (0.18 to 1.05)
6647-15510 0.29 (0.10 to 0.78)

* Significant linear dose-response effect (P < 0.05).
t Significant quadratic dose-response effect (P < 0.05).
t Determined by the likelihood ratio test.
§ Based on final model controlling for other factors listed and for the design variable, age.

Results
Overall, 378 potential cases and 325 potential
controls were initially identified. Of the 248
verified eligible cases, 206 (83.1%) agreed to
be interviewed. Also, 213 of 259 (82.2%) eligi-
ble controls agreed to be interviewed, and 211
of these were verified not to have CTS through
review of records. All but one of the 206 cases
was selected because of an ICD code of 354.0,
the specific rubric for CTS. Cases had CTS
diagnosed by one or more specialties. Most
often cases were diagnosed by neurology (114,
57.6%), internal medicine (59, 29.8%), or
family practice (44, 22.2%).

BIVARIATE ANALYSES
A previous diagnosis of a musculoskeletal con-
dition (lupus, disk disease, osteoarthritis, rheu-
matoid arthritis, or other arthritis), non-
participation in sports, obesity, and having a
first degree relative with CTS each had about
twice the relative risk as the control group
(table 1). Among potential work risk factors,
perception of employer's attention to occupa-
tional health and safety was strongly associated
with CTS; cumulative hours in primary job,
use of power tools or machinery, bending or

twisting of the hand or wrist, and job control
were moderately associated with CTS; and
trade union membership, and contact with sol-
vents were weakly associated with CTS (table
2). Forty seven subjects who were eligible for
the overall analysis were not included in the
work analysis because they had not worked at a
job or business since 1993.
Of the 40 risk factors analysed, 27 were not

significantly associated with the risk of CTS
(data not shown). These included (a) the non-
work exposures of metabolic conditions (in-
cluding diabetes, hypothyroidism, Grave's dis-
ease, gout, or anaemia), stress perception,
children under age 4 in household, share of
housework, exercise at least 20 minutes, play
musical instrument, make arts or crafts, home
computer, home computer pointer device,
smoke or chew tobacco, and number of
cigarettes per day; and (b) the work exposures
of work for wages versus commissions, lift
objects >2 pounds, use electronic scanner, use
computer keyboard, use computer pointer
device, use typewriter, work on assembly line,
twist forearm, pinch grip, wear gloves or
mittens, work in cold temperatures, labour
management safety committee, workers' com-
pensation coverage, job satisfaction, quantita-
tive workload, and mental demands.

MULTIVARIABLE ANALYSIS
Six risk factor variables (musculoskeletal con-
ditions, sports participation, possession of a
home typewriter, body mass index (BMI),
family history of CTS, and poverty income)
were entered into the initial non-work
regression model along with age. Table 3 shows
the results of the final non-work model. Having
another musculoskeletal condition increased
the risk of CTS 2.4 times (95% confidence
interval (95% CI) 1.24 to 4.67). There was
evidence of a linear dose-response relation
between BMI and risk of CTS. Each unit
increase in BMI (weight (kg)/height squared
(m 2)) increased the risk of CTS by 6% (OR
1.06; 95% CI 1.02 to 1.11). Tests for inter-
actions between sex and musculoskeletal con-
ditions (P=0.35) and between sex and BMI
(P=0. 17) showed no modified effect. Also,
when sex was included as a possible con-
founder, it did not alter any of the other odds
ratios (ORs) by more than 10%. Regression
diagnostic statistics and the Hosmer-
Lemeshow test (P=0.89) provided no evidence
of lack of fit.

Seven risk factor variables (perception of
employer's attention to occupational health
and safety, cumulative hours in primary job,
use of power tools or machinery, bending or
twisting the hand or wrist, job control, trade
union membership, and use of solvents) were
entered into the initial work regression model
along with age and the variables from the final
non-work model. Table 4 shows the results of
the final work model. For each unit increase in
BMI, risk of CTS increased 8% (OR 1.08,95%
CI 1.03 to 1.14). Having a previous musculo-
skeletal condition was again positively associ-
ated with CTS (OR 2.54; 95% CI 1.03 to
6.23). People reporting the least influence over
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their work had 2.86 times the risk (95% CI
1. 10 to 7.14) of those with the most influence
at work. Power tools and bending of the hands
each had evidence of a quadratic (upside down
J) dose-response relation (P=0.01 and 0.03,
respectively), and job control and cumulative
hours in the primary job had linear dose-
response relations (P=0.02 and 0.03) with risk
of CTS, but these variables remained in the
model as categorical for reasons of
interpretation. Tests for interactions between
job control and bending hands (P=0.26) and
between sex and bending of hands (P=0.46)
showed no modified effect. Sex was again
included as a possible confounder and did not
alter any of the other ORs by more than 10%.
Regression diagnostic statistics and the
Hosmer-Lemeshow test (P=0.97) provided no
evidence of lack of fit.

Discussion
In a study that simultaneously assessed the role
of a broad range of putative CTS risk factors
for the first time in a general population, we
found associations between CTS and eight
personal, medical, and occupational factors. In
particular, a weight gain of about six pounds
was found to increase the risk of disease by 8%,
and keyboard use was not found to be
associated with CTS.

STRENGTHS AND LIMITATIONS
In comparison with earlier work on CTS, this
study has major strengths. Study cases and
controls may be considered as a representative
sample of all residents of the area. The high
and nearly equal response rates among cases
and controls reduce the likelihood of bias in
responses. The full scope of potential work and
non-work risk factors for CTS was included in
exposure assessment. Restriction of cases to
newly diagnosed CTS and interview usually
within a few months of diagnosis helped to
insure that recorded exposure occurred before
diagnosis of disease.

Perhaps the main limitation in this study is
that most exposures were measured only as an
average during one year. The typical occupa-
tional exposure situation is that of variation in
intensity over time.2' The maximum mean
daily exposure in the current study exceeded
the typical mean daily exposure by 44 minutes
for hand bending, 33 minutes for use of power
tools or machinery, and 15 minutes for contact
with solvents. Few studies have been done that
assess the validity of quantitative self reported
data on work postures and manual handling of
materials, and the findings are inconsistent.26

STUDY FINDINGS
The relation between BMI and CTS is very
strong. For each increase of one unit of BMI,
which for an average sized adult is about six
pounds, risk of CTS increases by 8%. The
finding of a positive association between BMI
and CTS is consistent with other case-control
studies27-29 as well as evidence from cross
sectional30"' and cohort3" studies. Possible
explanations for this relation include (a) design
of workstations and tools for the build of aver-

age sized people; (b) a separate association
between BMI and arthritis; (c) the relation
between measures of height and weight and
measures of strength and endurance;8 or (d) a
direct effect of adiposity on CTS, perhaps due
to reduction in volume in the carpal tunnel or
increased pressure on nerves within the carpal
tunnel.3'

Vibrating hand tools have been found to be
associated with CTS in three previous case
control studies.33... Vibration may cause direct
injury to peripheral nerves, resulting in the
numbness of fingers, or decreased sensation of
the hand may be secondary to constriction of
the blood vessels, causing loss of blood supply
to the peripheral nerves.8 36 In the current
study, 40% of those using power tools or
machinery at work reported the tool to be a
drill or saw, but many different tools and
machines were reported, and they did not show
clear differences between cases and controls.
Perhaps exposure to vibration needs to exceed
a daily threshold before it is hazardous. The
few study participants reporting use of lasers or
other electronic scanners may have prevented
the finding of an association with the risk of
CTS.

Previous case-control studies that found an
association between repetitive hand motion
and CTS29 33-35 37 38 measured hand bending as
a dichotomous variable. The opportunity to
find a dose-response effect of self reported
hours of hand bending in this study occurred
because the hours were collected as continuous
data. This study's results indicate that either
hand motion alone is not a sufficient cause of
CTS or the induction period of the disease
exceeds 12 months. In agreement with findings
of a cross sectional study of industrial
workers,39 we found high repetition to be a
greater risk factor for CTS than high force. The
association between keyboard use and
musculoskeletal disorders that has been re-
ported in cross sectional studies40 was not con-
firmed in this study.
Although there are almost no studies of the

relation between genetically determined tissue
type and work related musculoskeletal
disorders,' family history has been reported in
two previous case-control studies to be a risk
factor for CTS.34 41 Delgrosso and Boillat
ascertained antitrypsin phenotypes from blood
samples, but their study was too small to enable
any conclusion on the association ofphenotype
with CTS. Anecdotal evidence suggests a pos-
sible role for inheritance in the manifestation of
CTS, but only in terms of very rare underlying
conditions.'4 The association found in our
study could have occurred if CTS cases were
more likely to be aware of the syndrome in
family members or were from larger families
than controls or if people who were aware of
CTS because of a family history were likely to
seek medical care for their symptoms. An alter-
native explanation is that jobs run in families,
thus work hazards for CTS affect families
through work exposures.

This is the first reported finding of an
association between job control and CTS. A
cross sectional study among telecommunica-
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tions workers found seven psychosocial vari-
ables, including routine work lacking decision
making opportunities, associated with
musculoskeletal disorders of various body
regions.42 In an experiment, a low self reported
level of decision latitude at work and a high
degree of sleep disturbance were associated
with a low pain threshold.43 Conversely, several
other potential factors related to job stress,
including perceived stress, job satisfaction,
quantitative workload, time on an assembly
line, union membership, type of earnings
(wages v commissions), workers' compensa-
tion insurance coverage, labour management
safety and health committee, employee percep-
tion of importance of occupational safety and
health to employer, and mental demands, were
not related to CTS in our study. Although
some of these factors showed little variability in
the study population-for example, assembly
line work and workers' compensation
coverage-it is surprising that neither quanti-
tative workload nor employee perception of
importance of occupational safety and health
to employer were risk factors in the final
model.

Conclusions
In conclusion, this study presents uncon-
founded estimates of relative risk of CTS in a
general population. Of the eight risk factors
identified in this study, the factors which seem
to have a causal relation to CTS, based on the
statistical and biological evidence from this
study and others, are BMI, use of power tools
or machinery, and repetitive hand bending.

Appendix: List of other codes searched
for cases ofCTS

ICD-9 CPT Description

Diagnosis:
356.9 Peripheral neuropathy, unspecified

Procedures:
95900 Nerve conduction - motor
95904 Nerve conduction - sensory
95869 Needle electromyography
69965 Cock-up wrist splint
97157 Flexor tendon repair splint
43766 Galveston splint
68022 Safety pin splint
76057 Wrist and forearm splint (Richards)
68049 Wire foam safety splint
69965 Zimmer elastic wrist brace

04.43 Carpal tunnel release
64721 Carpal tunnel release
29848 Arthroscopy with release of carpal

ligament
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