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SUMMARY

Objectives: The purpose of this study was to identify personal variables and nonoccupational risk factors for carpal tunnel syndrome and to

analyse the strength of association of these factors.

Methods: We performed a case-control study with 162 cases and 300 controls. We studied consecutive patients with an electrophysiologically
confirmed diagnosis of symptomatic carpal tunnel syndrome. Univariate analysis was performed in the case group and control comparing them
for presence of various risk factors. Multivariate analysis was carried out through logistic regression.

Results: The mean BMI and age were greater in the case group than in the control. Multivariate analysis showed that BMI (OR = 1.05, 95% ClI
=1.01-1.11) and arterial hypertension (OR = 4.63, 95% CI = 2.88-7.44) were the only factors significantly associated with carpal tunnel syndrome.
The age, cigarette smoking and alcohol drinking were at the edge of significance.

Conclusions: Carpal tunnel syndrome is the most common peripheral neuropathy and has been related to occupational activities in some but
not all studies. Clarifying this relationship has important implications for workers’ compensation systems. Based on our findings, BMI and arterial
hypertension are considered to be the most significant risk factors of carpal tunnel syndrome in our study.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common neu-
ropathy affecting the upper extremities, and the most expensive
musculoskeletal disorder in the population. Disease is usually
treated with corticoids locally, and surgically or with combined
infusion therapy (for example with procain, pentoxyphyllin
and magnesium sulphuricum) (1-3). CTS is associated with
high health care costs, absence from work, and changes in job
duties. The economic costs of CTS can rack up to billions of
dollars (4).

People are exposed to the variety of risk factors at work and
working environment. These factors may have a negative im-
pact on their health. Health condition of the worker is the result
of independent influence of the working, nonoccupational and
personal predispositions. This requires a multidisciplinary ap-
proach and a comprehensive assessment of the factors at work
and the working environment. CTS is one of the most common
causes of occupational disabilities. The important factor of CTS
as an occupational disease is the impact of work and the working
environment, which are largely involved in the development of

the disease. On the other hand, the impact of nonoccupational
factors should not be neglected. However, personal risk factors
leading to CTS are still not well known.

Some studies reported that CTS is associated with certain
diseases and /or condition such as diabetes mellitus (DM), higher
body mass index (BMI), cardiovascular and thyroid diseases, use
of hormonal agents, pregnancy, rheumatoid arthritis, injuries, and
work-related factors. In some cases, two or more of these risk
factors may coexist, placing the individual factors at a higher risk
of developing CTS (2, 5-8).

For this reason, the purpose of this study was to examine the
association of personal variables and nonoccupational risk factors
with the prevalence of work-related CTS.

MATERIALS AND METHODS

A case-control study was designed with 162 adult patients (78
males, 84 females) from the Clinic of Occupational Medicine and
Toxicology, Jessenius Faculty of Medicine in Martin, Comenius
University in Bratislava, Slovakia. From January 2018 to Septem-
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ber 2019, we studied consecutive patients with an electrophysi-
ologically confirmed diagnosis of symptomatic CTS including
hand numbness, weakness, paresthesia and mostly the nocturnal
pain. CTS grade was classified according to the severity of nerve
conduction changes into three categories (mild/moderate/severe).
Mild CTS was defined by prolonged sensory median latency
and normal motor latency (<4.5 ms). Patients with symptoms
suggestive of CTS and abnormal comparative studies were also
included in the mild CTS group. Moderate CTS was defined by
prolonged sensory median latency plus prolonged motor latency
(>4.5 ms). Severe CTS was defined by severe abnormal sensory
findings with or without decreased motor amplitude.

At the same period, 300 subjects (138 males, 162 females)
without any known systemic disease or symptoms of CTS were
regarded as a control group. Patients in the control group were
treated at the Clinic of Occupational Medicine and Toxicology,
Slovakia. We obtain a randomly selected control group.

We found out the gender, age, dominant and the affected
hand. The age of the patient was defined as the age at the time of
the diagnosis of CTS. Gender was determined from the hospital
records. Authors considered the possible relationship of CTS
with abusus (e.g. alcohol, smoking) both in the case and control
group. The item asked patients to identify their status related to
smoking on a three-point scale. Current smokers had smoked at
least 100 cigarettes in their lifetime and had smoked a cigarette
in the past 7 days, former smokers had not smoked a cigarette in
the past 7 days but had smoked a cigarette in the past 2 years, and
non-smokers. We used a five-response category format of alcohol
drinking (daily, once a week or more, once a month or more, less
than once a month, never).

Initially, we explored the associations of CTS release with
BMI index, DM, and arterial hypertension. Patients passed the
anthropometric measurements both in the case and control group.
The BMI was used to measure obesity according to classifica-
tion of the World Health Organization, with weight expressed in
kilograms and height in meters — BMI = weight (kg)/height (m?).
Patients were categorized as not overweight persons if BMI was
less than 25 (18.5-25), overweight ones if BMI was 25 or more
but less than 30, obese if BMI was 30 or more but less than 40,
and extremely obese if BMI was 40 or more.

Diseases were categorized according to the International Clas-
sification of Diseases (ICD 10). The presence of DM was estab-
lished by the diagnosis code. We considered arterial hypertension
from hospital records by diagnosis code, too.

Statistical Analysis

Univariate analysis was performed in both groups (case and
control) comparing them for presence of various risk factors.
Student’s t-test was used for comparison between two means for
quantitative variables. For the analysis of categorical risk factors
for CTS, odds ratio (OR) was calculated, with a 95% confidence
interval (95% CI) and evaluated using chi-square test. Multivariate
analysis was carried out through logistic regression. Multivariate
logistic regression was performed using CTS as the dependent
variable to examine the contributions of the following inde-
pendent variables: age, gender, BMI, cigarette smoking, alcohol
drinking, DM, and arterial hypertension. Strength of association
was represented with the OR and 95% CI. Software Epi Info 7

was used for statistical analysis. Results are given as mean and
standard deviations (SD). The significance was considered at p
=0.05 or less.

RESULTS

The sample size included 162 cases and 300 controls, structure
is shown in Table 1.

There were 162 adult patients, 78 males (48.1%), 84 (51.9%)
females, with an electrophysiologically confirmed diagnosis of
symptomatic CTS, including hand numbness, weakness, paresthe-
sia, and nocturnal pain. CTS was identified in 243 hands (155
right, 88 left) and CTS grade being mild in 109, moderate in 96,
and severe in 38 hands.

The mean age of persons in the case group was 52.5 (SD=5.9,
range 27-63) and a median of 52 years, and the mean age of
controls was 49.6 (SD=9.4, range 21-63) and a median of 51
years (p<0.001). BMI in the case group varied from 19.1 to 42.2
with a median of 27.4 kg/m?, and BMI in the control group varied
from 17.8 to 39.2 with a median of 27.4 kg/m?. The mean BMI
was greater in the case (mean = 28.8, SD=4.6) than in the control
group (mean = 26.8, SD=4.6) (p<0.001) (Table 2).

Of 162 patients, 81 (50%) suffered from the bilateral CTS, 74
(45.7%) of them had CTS only on the right side, and 7 (4.3%)
on the left side.

Of the patients with CTS, 79% have mentioned their arterial
hypertension and 22.8% DM.

The results of univariate analysis examining the relationship
of qualitative variables to CTS are shown in Table 2. Cigarette
smoking (OR=2.11, 95% CI=1.42-3.14), alcohol drinking (OR
=1.6,95% CI=1.03-2.49), arterial hypertension (OR = 6.14, 95%
CI=3.94-9.58), and DM (OR=3.26, 95% CI=1.88-5.64) were
significant predictors of CTS (Table 3).

When we performed multivariate logistic regression analysis,
BMI (OR=1.05, 95% CI=1.01-1.11) and arterial hypertension
(OR=4.63, 95% CI=2.88-7.44) were the only factors sig-
nificantly associated with CTS. Other factors did not approach
conventional levels of statistical significance. However, the age,
cigarette smoking and alcohol drinking were at the border of
significance (Table 4).

Table 1. Structure of cases and controls

Variable Cases (n =162) Controls (n = 300)
Age (years), mean (SD) 52.5(5.9) 49.6 (9.4)
Gender
Male n (%) 78 (48.1) 138 (46)
Female n (%) 84 (51.9) 162 (54)

Table 2. Comparison of quantitative variables in case and
control group (Student’s t-test)

Variable Case Control p-value
Age (years), mean (SD) 52.5(5.9) 49.6 (9.4) <0.001
BMI (kg/m?), mean (SD) 28.8 (4.6) 26.8 (4.6) <0.001

SD - standard deviation
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Table 3. Univariate analysis of potential risk factors (qualitative variables) in case and control group

Variable Case: ((',‘/) 162) C°“t’°ris(o(/"")= 300) OR (95% CI) p-value
Gender

Male 78 (48.1) 138 (46)

0.92 (0.63-1.35) 0.59

Female 84 (51.9) 162 (54)
Cigarette smoking 77 (47.5) 90 (30) 211 (1.42-3.14) <0.001
Alcohol drinking 126 (77.8) 206 (68.7) 1.6 (1.03-2.49) 0.038
Arterial hypertension 128 (79) 114 (38) 6.14 (3.94-9.58) <0.001
Diabetes mellitus 37(22.8) 25(8.3) 3.26 (1.88-5.64) <0.001

95% Cl — 95% confidence interval; OR — odds ratio

Table 4. Multivariate logistic regression analysis

Variable OR (95% CI) p-value
Age 1.03 (1.0-1.07) 0.051
Gender (male/female) 1.31(0.83-2.06) 0.249
BMI 1.05 (1.01-1.11) 0.031
Cigarette smoking 1.51(0.94-2.42) 0.088
Alcohol drinking 1.58 (0.95-2.64) 0.076
Avrterial hypertension 4.63 (2.88-7.44) <0.001
Diabetes mellitus 1.36 (0.733-2.51) 0.330

95% Cl — 95% confidence interval, OR — odds ratio

DISCUSSION

CTS is the most common peripheral neuropathy related to
occupational activities in some but not all studies. Clarifying this
relationship has important implications for workers’ compensa-
tion systems around the world. The findings of our study confirm
that age, BMI, arterial hypertension, DM, cigarette smoking, and
alcohol drinking are the risk factors for CTS, as they have been
described by other authors (2, 6, 9-12).

Maghsoudipour et al. (13) suggested that male gender is a pos-
sible risk factor for CTS. Other studies suggested female gender
as a possible risk factor for CTS (2, 6, 9). Buchancova (14) stated
that the differences between men and women may vary according
to the character of the work performed during the life and also the
menopause of women can play a significant role in the develop-
ment of CTS. On the other hand, female reproductive hormonal
profiles over the course of the menstrual cycle have significant in-
fluences on thermoregulatory and volume regulatory physiology.
Mainly, the luteal phase is characterized by high concentrations
ofboth estrogen and progesterone in circulation. These hormones
have been associated with variation in body fluid regulation
and may have independent impacts on hydration and body fluid
balance (15). Hormonal fluctuations, fluid accumulation with
tendency to oedemas and nerve hypersensitivity are factors that
predispose women to the development of CTS symptoms (16).

Most studies reported that the risk period for CTS increased
with increasing age (17—19). According to our results the gender
reached the borderline level of statistical significance (p=0.051)
with OR greater than 1. The mean age was greater in case than in
control group (p<0.001).

The estimated prevalence rates for CTS have been 1-5% in
the general population (20). The study of Maghsoudipour et al.
(13) showed that 11.9% of industrial workers with manual work
were diagnosed with CTS. In the following long-term study lasting
11 years, authors reported about 13% of CTS among industrial
workers (21).

Pourmemari and Shiri (8) via meta-analysis have suggested
DM is a risk factor for CTS. The magnitude of the association is
modest, and does not differ between type 1 and type 2 DM. Pan-
dey et al. (22) found that the hand disorders were present in two
third of the patients with type 2 DM, and the prevalence of hand
disorder increases with duration of DM. In our study, the results
of univariate regression analysis established DM (OR =3.26, 95%
CI=1.88-5.64) (p<0.001) as one predictor of CTS. On the other
hand, our results from multivariate analysis did not reach the con-
ventional level of statistical significance. The observed association
between DM and CTS may partly attribute to confounding factors.
The adverse effects of DM on peripheral nerves have been studied
extensively, but the mechanism how DM may increase the risk of
CTS is still not clear. Median nerve neuropathy is a complication
of DM. A reduction in myelinated nerve fibre and endoneurial
capillary densities was found in patients with DM who were not
exposed to nerve compression. A low axonal density may lead to
median nerve neuropathy (23). Moreover, in patients with DM
the advanced glycation end-products can increase a production
of circulating inflammatory cytokines and vascular endothelial
growth factor, which in turn may cause impaired microvascular
circulation and result in demyelination and axonal degeneration
of the median nerve (24, 25).

In the case of BMI, its relationship to CTS has been well
known. Our findings were consistent with the results of most
published studies. The association between obesity (BMI > 30)
and CTS can be explained either by the accumulation of fat tis-
sue inside the carpal tunnel or by swelling caused by an increase
of hydrostatic pressure within the canal, exerting a compressive
effect on the median nerve. However, in agreement with the
findings of Werner et al. (9), obesity was shown to be a stronger
risk. Our study confirmed that BMI was statistically significant
(p=0.031), OR=1.05, like it was reported by other authors in their
meta-analysis (26), where each unit rise in BMI had increased
the risk of CTS by 7.4% (adjusted OR=1.074). Also some stud-
ies have reported that obesity (BMI >30) is associated with an
increased risk of CTS (27, 28). On the other hand, CTS is often
accompanied by pain, which can cause limited mobility or sick
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leaves. These factors can be considered as one of the causes of
overweight to obesity in CTS patients.

The meta-analysis showed an association between current
smoking and CTS (11). However, the case-control and cohort
studies showed no association between current smoking and CTS
(11). In general, there is a relationship between smoking and arte-
rial hypertension as well as between the cigarette smoking and
drinking of alcohol.

However, the results of the association between arterial hy-
pertension and CTS cannot be considered unambiguous. There
are few studies that clearly confirm this relationship. In this case,
other comprehensive studies with larger sample should aim to
investigate the biological plausibility of the association between
arterial hypertension and CTS. We are in line with the results of
author who reported that persons suffering from arterial hyperten-
sion were at increased risk of CTS (29). Our results of univari-
ate (OR=6.14, 95% CI1=3.94-9.58, p<0.001) and multivariate
regression analyses (OR=4.63, 95% CI=2.88-7.44, p<0.001)
have proved the arterial hypertension as significant risk factor
for CTS. CTS may result from any factor leading to deformity
in the size of the carpal tunnel or swelling of its contents. One of
the plausible reasons is that the median nerve may be injured by
direct mechanical pressure, and/or its function may be impaired
by venous congestion, oedema and arterial insufficiency (30).
Another explanation is that some drugs, including statins and
fibrates, widely used in treatment of the arterial hypertension are
supposed to cause a peripheral neuropathy. Treatment indications
with statins are hypercholesterolemia and prevention of cardio-
vascular diseases that can lead to the reduction of morbidity and
mortality (31). According to Corrao et al. (31) the study estimates
that users of lipid lowering drugs are at 1.3-fold increased risk for
the development of peripheral neuropathy. Further evidence that
treatment with statins is associated with increased risk of periph-
eral neuropathy was also provided. With regard to the findings of
other studies, we can hypothesize that statin consumption may
cause changes in the peripheral nerves and may result in axonal
damage (31, 32).

CONCLUSIONS

Although CTS causes considerable disability for patients,
many of risk factors are still poorly defined. CTS is multifacto-
rial disease, therefore, one factor cannot be considered alone as
the cause of the disease. The multifactorial actiology of CTS is
poorly understood, and there are several risk factors commonly
believed to be associated with increased risk for this ailment.
In our study arterial hypertension and BMI were possible
independent risk factors for development of CTS. However,
other comprehensive studies with larger sample should aim to
investigate these and other risk factors in order to create a better
understanding of the role of these factors in actiology of CTS. Our
study requires further research and expansion of the cases and
controls in order to further determine the relationship between
the monitored variables.
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