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ABSTRACT
Objectives: In this study, it was aimed to assess relationship of disease severity with sleep quality, depression
and anxiety in patients with carpal tunnel syndrome (CTS) and to compare findings with healthy controls. 
Methods: The study included 35 patients diagnosed as CTS and 20 healthy individuals. In CTS patients,
symptom severity and functional disorders were assessed using Boston Carpal Tunnel Questionnaire (BTCQ).
The sleep quality was assessed using Pittsburg Sleep Quality Index (PSQI) in CTS patients and healthy controls.
The Beck Anxiety Inventory (BAI) and Beck Depression Inventory (BDI) were used to evaluate depression
and anxiety accompanying to CTS and sleep disorder. 
Results: In the assessment of general sleep quality, it was found that PSQI scores were significantly higher in
CTS group when compared to healthy controls (p < 0.0001). Again, the BDI and BAI scores were also
significantly higher in CTS group than control group (p < 0.0001 and p < 0.003, respectively). There was a
strong, positive correlation between BTCQ symptom severity scale (SSS) and PSQI (r = 0.774; p < 0.0001).
A significant, positive correlation was observed between Boston SSS and BDI scores (r = 0.666; p < 0.001).
When assessed correlation between anxiety scores and Boston SSS and functional state scale (FSS), it was
found that anxiety was increased by increasing severity of CTS, indicating a positive, moderate correlation (r
= 0.469, p < 0.0001 and r = 0.464, p < 0.0001). 
Conclusions: The pain in patients with CTS can impair sleep quality, which, in turn, may increase risk for
depression and anxiety. Thus, comorbid psychiatric symptoms and signs should be considered in the treatment
of patients with CTS.
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The carpal tunnel syndrome (CTS) is the most
commonly seen entrapment neuropathy which re-

sults from compression of median nerve at level of
wrist as it travels through carpal tunnel [1, 2]. Pares-
thesia at dermatome of median nerve is typical in CTS.
It is often seen in middle-aged women and its preva-
lence confirmed by clinical examination and elec-

troneuromyography (ENMG) is 2.7% in general pop-
ulation. It is seen that pain and paresthesia (numbness,
tingling) are classically enhanced at night time in 80%
of patients and that these complaints are relieved by
repositioning or shaking hands [3-5]. 
Although the diagnosis is supported by Tinel's test and
Phalen's test, the definitive diagnosis is made using
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electrophysiological methods [6-8]. Since CTS symp-
toms are aggravated during night, it often causes sleep
problems. Patients generally awake due to pain and
paresthesia and attempt to relieve pain by shaking
hands. 
      Sleep disorders can cause complaints such as con-
centration difficulty, mood disorder and increased
pain, evolving to an important problem that negatively
affects daily life of individual. The relationship be-
tween diseases and sleep has been investigated in
many studies and it was shown that disorders charac-
terized by pain affect sleep quality [9, 10]. 
      In this study, it was aimed to compare depression,
anxiety and sleep quality in patients diagnosed as CTS
using ENMG with healthy controls and to identify
severity of nerve injury on ENMG and depression,
anxiety and sleep quality.

METHODS

Study Population 
      The study included 35 patients (aged 18-50 years)
who presented to neurology outpatient clinic of Bursa
Yuksek Ihtisas Training and Research Hospital and di-
agnosed as CTS with clinical findings and ENMG re-
sults according to American Association of
Electrodiagnostic Medicine (AANEM) criteria be-
tween 2018 and December, 2019. In addition, 20
healthy controls were included to the study. 
      American Academy of Neurology criteria were
used [11]. These criteria include: 1) Pain and pares-
thesia in the symptomatic hand at nights; 2) Sensa-
tional complaints during flexion and extension
movements of wrist; 3) Pain and paresthesia in the
morning; 4) Phalen's test positivity, 5) Sensation loss
in median nerve innervation area; 6) Atrophy and
weakness in median nerve innervated muscles. The
patient was accepted to have CTS in the presence of
at least one criterion. 
      The patients with systemic disease, B12 defi-
ciency, cervical radiculopathy or rheumatoid disease,
those with history of hand-wrist trauma or surgery, and
those underwent corticosteroid injection to carpal tun-
nel area within prior 6 months were excluded. The
study was approved by Ethics Committee of Bursa
Yuksek Ihtisas Training and Research Hospital (ap-
proval#: 13.02.3030-E1-20-155). All patients and con-

trols gave written informed consent. In all patients in-
cluded, detailed history was taken and physical and
neurological examinations were performed. 

Electroneurophysiological Assessment 
      All electroneurophysiological evaluations were
performed by a single researcher and ENMG results
were recorded. CTS staging was performed using
Nihon Kohden Neuropack-S1 electromyography sys-
tem (Tokyo, Japan) according to AANEM criteria
[12]. 
      Both hands were evaluated in all patients. Based
on electroneurophysiological assessment, the patients
were classified as follows: 
      Mild CTS: Prolonged distal sensory nerve conduc-
tion velocity and/or sensory nerve action potential am-
plitude below normal in median nerve. 
Moderate CTS: Prolonged distal motor nerve action
potential latency in median nerve in addition to above. 
Severe CTS: Lack of sensory nerve action potential
and decreased amplitude or delayed latency of motor
response. 

Boston Carpal Tunnel Questionnaire 
      The Boston Carpal Tunnel Questionnaire (BTCQ)
was used to assess symptom severity and functional
disorders in the patients. The BTCQ was used to as-
sess symptoms inn CTS patients, which includes 11
items and maximum score of 55 points. The BTCQ
Turkish validity and reliability were proven [13].
There are two sub-domains in the questionnaire. The
symptom severity scale includes 11 items rated by 5-
points scale. Mean score was calculated by dividing
total score into number of questions (mean score: 1-5
points). The functional status scale included 8 items
rated by 5-points scale. Again, mean score was calcu-
lated by dividing total score into number of questions
(n = 8). In both scale, maximum score was 5. Higher
scores indicate higher severity of symptoms and dis-
ability. 

Pittsburgh Sleep Quality Index 
      The sleep quality was assessed using Pittsburgh
Sleep Quality Index (PSQI) in CTS patients and con-
trols. The PSQI provides a quantitative measure of
sleep quality which differentiates good and poor sleep.
The Turkish validity and reliability were studied by
Agargun et al. [15] in 1996. It includes 24 items ad 7
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sub-domains: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleep medication, and daytime dysfunc-
tion. Each item was rated by 0-3 points scale. Total
score of 7 sub-domains provides PSQI score (range:
0-21). Higher total PSQI score indicates poorer sleep
quality. PSQI score ≥ 5 indicates poor sleep quality
[16]. 

Beck Depression Inventory 
      The Beck Depression Inventory (BDI) was devel-
oped to assess depression by Beck et al. [17]. The BDI
aims to measure depressive measures and higher total
scores indicate severity of depression level. It included
21 self-rated items and maximum total point is 63. The
Turkish validity and reliability were proven, and cut-
off point was identified as 17. In our study, 0-9 points
indicates minimal depression, 10-16 points mild de-
pression, 17-29 points moderate depression and 30-63
points severe depression [18]. 

Beck Anxiety Inventory 
      The Beck Anxiety Inventory (BAI) was developed
to anxiety symptoms by Beck et al. [19] and Turkish
validity and reliability study was performed by Ulusoy
et al. [20]. It is a self-rated questionnaire. It is used to
determine frequency of anxiety symptoms experi-
enced. There are 4 choices in 21 items. Each item is
rated by 0-3 points. Higher scores indicate severity of

anxiety. 

Statistical Analysis 
      The statistical analyses were performed using
SPSS (Statistical Package for Social Sciences) for
Windows version 20. The normal distribution was as-
sessed using Shapiro-Wilk test. For continuous vari-
ables, descriptive statistics are presented as mean,
standard deviation, minimum and maximum. For data
with skewed distribution, Mann Whitney U test was
used to compare continuous variables while Chi-
square test was used to compare discrete variables.
Coefficient of correlation was used to assess relation-
ships between data with skewed variables or ordinal
variables and statistical significant was calculated
using Spearman's test. A p value < 0.05 was consid-
ered as statistically significant. 

RESULTS

      In our study, mean age was found as 46.1 ± 11.4
years in the CTS group and 40.6 ± 10.5 years in the
control group. There was no significant difference in
age between groups (p = 0.073). There were 27
women (77.1%) and 8 men (22.9%) in the CTS group
while 17 women (85.0%) and 3 men (15.0%) in the
control group (Table 1). 
      Mean CTS severity was calculated as 29.71 ± 6.84
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for Boston SSS whereas 17.60 ± 7.62 for Boston FSS. 
According to electrodiagnostic evaluation, 8 patients
diagnosed as severe CTS while 16 patient as moderate
CTS and 11 patients as mild CTS. In the CTS group,
mean symptom duration was 13.09 ± 10.8 months.
There was unilateral involvement in 16 patients
(45.7%) whereas bilateral in 19 patients (54.3%). In
patients with CTS, most common symptom was
numbness detected in 14 patients (40.0%) while prick-
ing-tingling in one patient (2.9%) (Table 2). 
      In the assessment of sleep quality, PSQI scores
were found to be significantly poorer in patients with
CTS compared to controls (p < 0.0001). Again, BDI
and BAI scores were also significantly higher in CTS
patients compared to controls (p < 0.001 and p <
0.003, respectively) (Table 3). 
      There was a significant strong, positive correlation
between Boston SSS and PSQI (r = 0.774; p <
0.0001). In addition, there was a significant strong,
positive correlation between Boston FSS and PSQI (r
= 0.666; p < 0.0001). It was found that there was sig-
nificant, moderate, positive correlation between

Boston SSS and depression scores (r = 0.514; p <
0.0001). When assessing correlation between anxiety
scores and Boston SSS and FSS scores, it was found
that anxiety was increased by enhancing CTS severity,
indicating a significant, moderate, positive correlation
(r = 0.469, p < 0.0001; r=0.464, p < 0.0001). The
numbness was the most common symptom in CTS pa-
tients. Mean PSQI score was 13.7 ± 4.02 in CTS pa-
tients with numbness whereas 16.6 ± 2.6 in CTS
patients without numbness. A significant difference
was fund in PSQI scores between CTS patients with
or without numbness (p < 0.045) (Table 4).

DISCUSSION

      Our results demonstrate that sleep quality is sig-
nificantly impaired in patients with CTS. In our study,
we found that CTS symptom severity significantly af-
fected sleep quality and that there was a significant
correlation between symptom severity and scores of
depression and anxiety as well. 
      In the CTS, most important feature is pain and
paresthesia which awake patient from sleep. To relieve
these symptoms, the patients are awakening at night
and shake or flail their hands which are distinctive for
CTS [21]. In previous studies, it was shown that sleep
was disturbed more commonly in CTS patients com-
pared to healthy individuals and that paresthesia is the
major factor for disturbed sleep [22, 23]. 
      In CTS, the increased pain at night triggers sleep
disturbance in the patient, affecting sleep quality. Im-
paired sleep quality has direct effects on daily living
activities and emotional status [24, 25]. Thus, quality
of life is affected by both pain itself and resultant im-
pairments in sleep quality and emotional status in the
patients [26]. In addition, it was found that sleep qual-
ity is further impaired by increasing CTS severity in
our study, as similar to the study by Geoghegan et al.
[27]. 
      In a similar study using Brief Pain Inventory to
evaluate pain, Nicholson and Verma reported that
severity of pain was correlated to sleep disturbance
[28]. Thus, it is important to question pain upon pres-
entation in these patients. It is also important to deter-
mine severity of pain and treat pain in CTS patients. 
      In previous studies, it was found that depression
and anxiety prevalence were higher in CTS patients
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compared to general population [29, 30]. In agreement
with literature, anxiety and depression scores were
found to be higher in patients with high CTS symptom
severity score in our study. In another study, it was
shown that there was a correlation between pain and
anxiety levels regardless of pain severity [31]. It has
been thought that impaired sleep quality and accom-
panying findings such as numbness, tingling, pain,
muscle cramps and burning sensation predispose to
anxiety. The finding that there was a positive correla-
tion between impaired sleep quality by increasing
sleep quality and scores of anxiety and depression in
ENMG results also supports this concept. The previ-
ous studies showed that depression is most common
psychiatric disorder accompanying to neuropathic
pain. In addition, pain and depression may trigger each
other. The pain predisposes to depression while result-
ant depression lowers pain threshold and pain toler-
ance [32]. It has been suggested that the likelihood for
exaggerated symptoms and seeking behavior for med-
ical attention and   altered pain perception in the pres-
ence of comorbid psychiatric disorders such as
depression and anxiety is higher and that these patient
have less flexibility to cope these diseases [33-35]. 
      In diseases such as CTS where pain and paresthe-
sia is prominent, the management generally focuses
on treatment of pain. In most instances, comorbid

sleep disorders, depression and anxiety aren't taken
into consideration. The treatment of comorbid psychi-
atric disorders using short and simple scales such as
BDI or BAI will improve success of pain management
and quality of life in the patient. Adopting a wider per-
ception before onset of vicious cycle including pain,
sleep and psychiatric complaints and chronic disease
will improve success of clinician and allow selecting
appropriate treatment in the patient. 

Limitations 
      This study has some limitations including lack of
structured psychiatric interview to determine whether
patient has any psychiatric diagnosis, failure to use ob-
jective sleep assessment tools and relatively smaller
sample size. 

Strengths
      The strengths of study include assessment of psy-
chological and physical factors together and presence
of healthy control group. 

CONCLUSION

      In conclusion, the risk for impaired sleep quality,
depression and anxiety accompanying to pain is found
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to be higher in CTS patients compared to healthy in-
dividuals. There is ease to used scales to detected co-
morbid condition in the management of CTS patients.
The use of such scales in routine practice will improve
treatment success and quality of life in the patients.
There is a need for further studies using objective
sleep assessment techniques and more detailed psy-
chiatric interviews. 
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