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Abstract

Aim: The aim of this study was to investigate the correlation of C-reactive protein (CRP),
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and red cell
distribution width (RDW) in patients with idiopathic carpal tunnel syndrome (CTS).

Materials and Methods: One hundred patients with CTS and 60 control subjects
were included in this study. Medical records and laboratory findings of the participants
were analyzed retrospectively between March 2019 and February 2020. Laboratory result
values obtained from the members included in the study were examined.

Results: There was a correlation between CRP and the severity of CTS (p<0.01). There
was also a positive correlation between CRP and symptom severity scale (p<0.01) and
functional status scale (p<<0.01). No statistically significant changes were observed in the
measurements of blood values other than CRP in the patients.

Conclusion: In this study, a relationship was found between CRP, one of the hemato-
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logical parameters, and the presence or severity of CTS.
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Introduction

Carpal tunnel syndrome (CTS) is the most common com-
pression neuropathy of the upper extremity, manifested
by pain and numbness in the hand and arm. CTS, af-
fects approximately 6% to 12% of general population and
with a higher prevalence and severity in female patients as
they age [1]. Although CTS is associated with a multifac-
torial pathophysiology, the increase of pressure in carpal
tunnel plays a key role in the development of the disease
[2]. CTS is caused by compression and retraction of the
median nerve at carpal tunnel level, restricted by carpal
bones, and flexor retinaculum transversely [3]. Physiologi-
cal evidences indicate that pressure increases inside carpal
tunnel (CTS is not caused by combined pressure and re-
traction of median nerve); and addresses the decrease of
function in the median nerve at this level [4]. Furthermore,
such pressure increase in the carpal tunnel may directly in-
jure the median nerve and cause axon damage as well as
median nerve ischemia through compression on the vessels
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at perineurium [5]. The majority of CTS cases are consid-
ered without a nonspecific origin, and defined as idiopathic
cases [6]. Although it has been reported that CTS may be
a chronic inflammatory disease, there are limited studies
on this subject [7,8]. Platelet to lymphocyte ratio (PLR)
and neutrophil to lymphocyte ratio (NLR) are easily cal-
culated from absolute platelet count, absolute lymphocyte
count, and absolute neutrophil count. These tests are sim-
ple, practical, cheap and feasible parameters to evaluate
systemic inflammation [9]. It is emphasized that NLR is a
new potential biomarker for subclinical inflammation [9].
These parameters were reported as key components in im-
munological and inflammatory cases [10]. This evidence
reminds that such inflammation forms may play a role in
CTS. There are studies indicating that PLR is a biomarker
for systemic inflammation like NLR, and more significant
results are obtained when PLR is evaluated with NLR [11].
There are insufficient studies on this subject [12,13]. The
red cell distribution width (RDW), which is included in all
standard hemogram tests. RDW is particularly closely as-
sociated with many chronic inflammatory conditions [14].
There is a single study addressing mean platelet volume
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(MPV) as a predictive marker in chronic inflammatory dis-
eases such as CTS for the individuals over 65v years of
age [15]. A recent meta-analysis on the role of chronic in-
flammation showed a significant associated with C-reactive
protein (CRP) [16].

We aimed to determine whether hemogram parameters are
predictive factors for disease severity, and guiding for di-
agnosis and monitoring in patients that present clinical
signs of CTS and cannot undergo electroneuromyograph-
ically (ENMG). Our results would contribute to medical
literature defining laboratory parameters and inflamma-
tion biomarkers required during neurophysiological CTS
monitoring.

Materials and Methods
Subjects and study design

Our study was executed in Neurology Clinic of Adiyaman
Training and Research Hospital according to Helsinki Dec-
laration between April, 2020 and May, 2020, and approved
by Ethical Committee of Adiyaman University (approval
code: 2020/3-1). For this study, patients who applied to
the ENMG laboratory of our hospital and were diagnosed
with CTS within the last one years were included. First
of all, patient and control groups were included in this
study. Patients with bilateral and idiopathic CTS who
meet the inclusion criteria were enrolled into the study.
Consequently, 100 patients (18 males, 82 females; mean
age of 46.78+£10.74 years; age range, 22 to 66 years, 100
forearm) identify with CTS as claimed by clinical and
nerve conduction velocity findings were inclusive in the
study. The control group be formed of 60 healthy volun-
teers (17 males, 43 females; mean age 43.95+9.57 years;
age range 27 to 65 years; 60 wrists) without chronic or
systemic disease that were referred to the neurology clinic
with varying complaints. The individuals in the control
group were informed about how the study was conducted.
In addition, informed consent forms were obtained from
each individual individually.

The inclusion criteria of the patient group were as follows:
an evident CTS case presenting typical medical history,
symptoms and findings (i.e. intermittent, especially at
nights, numbness, tingling or burning sense in the first four
fingers; positive tinnel and phalen tests), and individuals
presenting similar findings with CTS through ENMG tests.

The exclusion criteria of the patient group were as fol-
lows: individuals below 18 years of age and above 65
years of age; the individuals with occupying lesions on the
wrist area; motor neuron disease; radiculopathy; plexopa-
thy; polyneuropathy; pregnancy; wrist injury or history
of wrist surgery; arthritis; cancer; vasculitis, and blood
disease that will affect nerve conduction work.

Clinical evaluation

All of the participants included in the study had a neu-
rological examination. Control subjects also underwent
equally extensive neurophysiological evaluations. Tinel’s
sign and Phalen’s test were noted as positive or negative.
Functional and clinical statuses of patients were evaluated
by Boston Questionnaire (BQ) [17,18]. In addition, those
with hemogram parameters, NLR, and PLR values were
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included in the study and these values were calculated.
The data obtained were compared according to the sever-
ity of the disease in patients with CTS. A control group
consisted of voluntary individuals that had normal ENMG
results. There were 60 healthy individuals (120 hands, 60
right /60 left) under 65 years of age in the control group
who had no known risk factors for neuropathy and no neu-
rological abnormality. Age, CRP, hemogram parameters,
NLR and PLR values and BQ assessments of healthy con-
trols were recorded.

Electrophysiological studies

Each subject was treated as a single observation for sta-
tistical analysis. In bilateral cases the severity of their
CTS was taken as being that of the more severely affected
hand, or the right hand if both were equally affected. CTS
was diagnosed according to American Academy of Neurol-
ogy criteria [19]. A Medelec Synergy (Oxford Instruments
Medical, Inc, UK) ENMG device was used for all works.
All studies were performed in the ENMG unit at normal
room temperature. Nerve conduction studies and CTS
grading were done with reference to the study values of
Stevens et al. [20]. The severity of CTS was graded as
follows: Grade 1, mild CTS (SNCV slowing [<50 m/s]);
Grade 2, moderate CTS (SNCV slowing [<50 m/s] and
delayed MNDL [>4.5 ms]); and Grade 3, severe CTS (no
SNAP) [20]. The study included patients with mild, mod-
erate and severe CTS based on the above grading system.

Biochemical assessments

Venous blood samples of all participants were studied on
the CELL-DYN 3700 SL analyzer (Abbott Diagnostics,
Chicago, USA). CRP levels were measured by rate neph-
elometry (IMAGE, Backman, USA) method.

Statistical analyses

The data obtained from the study were uploaded to SPSS
program (version 22.0). Mean, standard deviation, me-
dian, lowest, and highest frequency values and ratios were
estimated as descriptive statistics of the data. The dis-
tribution of variables was measured by the Kolmogorov
Smirnov test. Comparisons between groups were made
using the Tukey test, Kruskal-Wallis tests, or the Mann-
Whitney U test. A p value less than 0.05 was considered
statistically significant.

Results

The current study included 100 patients with CTS (29 pa-
tients with mild CTS; 47 patients with moderate CTS, and
24 patients with severe CTS), and 60 individuals without
CTS. The age average of the patient group including 82
females (82%) and 18 males (18%) was 46.78+10.74 (min-
max: 20-66) years. The age average of the control group
including 43 females (78.3%) and 17 males (21.7%) was
43.95+9.57 (min-max: 27-65) years. There was not any
significant difference for age and gender distribution in the
patient and control groups (p=0.095 and p=0.356, respec-
tively) as a result of statistical analyses. SSS and FSS
values of all patients with CTS were significantly higher
(P<0.01). Furthermore, there was a significant association
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Table 1. Demographic characteristics of subjects.
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Case

Control Non-CTS Mild CTS (meantSD)

Moderate CTS

Severe CTS (meantSD)  Total (mean+SD)

(mean=SD) (mean=SD)
Age 43.95+9.57 45.13+10.20 47.97+10.67 46.41£11.64 46.78+10.74
N (%) N (%) N (%) N (%) N (%)
F o 43(78.3) 21 (72.4) 41(87.2) 20 (83.3) 129 (80.6)
Gender
M 17 (21.7) 8 (27.6) 6 (12.8) 4(16.7) 31(19.4)
wWC 93.00+£10.63 91.24+8.89 94.64+8.05 96.63+12.89 94.13+9.76
HC 110.68+11.55 105.14+14.15 106.96+8.06 111.50+£16.22 107.52+12.40
WHR 0.84+0.7 0.88+0.06 0.88+0.47 0.87+0.49 0.86+0.06
BMI 28.55%5.21 27.48+4.45 27.93+4.95 30.39£5.61 28.39+5.06
SSS 11.00+0.00 29.10+7.06 30.94+4.95 36.16x7.04 31.66+6.64
FSS 8.00+0.00 23.58+5.32 25.97+4.98 28.21+6.93 25.82+5.79

Abbreviations: F, female; M, male; WC, waist circumference; HC, hip circumference WHR, waist-hip ratio; BMI, body mass index; SSS,

symptom severity scale; FSS, functional status scale; SD, standard deviation.

Table 2. Comparison of laboratory parameters with patients and controls.

Case
Control Non-CTS Mild CTS (meantSD) Moderate CTS Severe CTS (meantSD)  p value®
(meantSD) (meantSD)
WBC (103/U|) 8.12+1.63 7.99+2.32 8.64+2.43 9.01+£2.38 0.360
CRP (mg/dL) 0.13+£0.65 0.21+£0.09 0.36+0.08 0.47+0.04 0.000
RDW (%) 12.19+£1.18 12.62+1.43 12.71+£1.57 12.31+£0.99 0.625
MPV (fL) 7.80+1.32 8.79+£1.22 8.58+1.17 9.49+1.16 0.058
Neutrophile (X106/uL) 4.68+1.30 4.54+1.69 5.25+£2.15 5.65£2.69 0.236
Lymphocyte (X103/u L) 2.68+0.71 2.54+0.70 2.67+0.80 2.81+0.83 0.373
Platelet (X]OQ/UL) 263.51+56.41 253.01+48.89 284.80+56.54 260.75+78.94 0.217
NLR 1.37£1.03 2.33+£1.37 1.92+1.02 2.09+1.05 0.120
PLR 92.02£19.50 106.13+23.86 99.01+24.28 95.55+26.33 0.105
*Kruskal Wallis Test.
Table 3. Correlation between severity of carpal tunnel syndrome with age and hematological parameters.
Age MPV RDW CRP NLR PLR
Severity of R 0.067 0.222 -0.050 0.799 -0.085 -0.179
CTS p-value 0.510 0.027 0.624 0.000 0.402 0.074

with disease severity and SSS and FSS values (P<0.01)
(Table 1).

In the CTS group; the CRP level was 0.3440.12, white
blood cell (WBC) level was 8.54+2.39, PLT level was
269.814+61.80; neutrophile level was 5.14+2.19, and lym-
phocyte level was 2.67+0.78.  Moreover, NLR and
PLR levels of the patient group were 2.094+1.15 and
100.25424.75, respectively. NLR and PLR levels of the
control group were 1.37£1.03 and 92.024+19.50, respec-
tively. The association between CTS subgroups and WBC,
RDW, neutrophil, and CRP revealed a significant associ-
ation between subgroups and CRP (p<0.01). There was
no significant association between CTS, NLR, and PLR
(p>0.05). However, a significant association exists be-
tween moderate and severe CTS and MPV (p>0.05) (Ta-
ble 2).

A correlation analysis was performed between CTS sever-
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ity and age, CRP, MPV, RDW, NLR, and PLR (Table 3).
A significant (positive) correlation was observed between
CTS severity and CRP, MPV.

Discussion

In this study, a data analysis was performed for the as-
sociation between complete blood count parameters com-
monly ordered for the patients with idiopathic CTS and
electrophysiological disease severity. CTS is a multifacto-
rial disease with an etiopathogenesis of pressure increase
in the carpal tunnel [2]. Histological studies conducted
on flexor then synovium on the wrist indicate ischemic
changes rather than inflammation in the carpal tunnel
[21]. Intravascular infections may result with a local in-
flammatory stimulus, which accelerated atherogenesis [22].
Pathophysiological mechanism of CTS was not yet clari-
fied [23]. There are limited number of studies suggesting
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that NLR indicates subclinic chronic systemic inflamma-
tion [11,12]. As far as we have searched, NLR, PLR, RDW,
and MPV, which are inflammatory markers for CTS, were
not evaluated together in any previous study. From this
point of view, we investigated the role of ischemia and
systemic inflammation using these parameters in this dis-
ease of limited etiopathogenesis understanding. Our find-
ings revealed a significant difference on high WBC, neu-
trophil, MPV, and CRP between idiopathic CTS patients
and healthy controls. These results are simple and cheap
systemic biomarkers that indicate the damage associated
with prognosis in different diseases. WBC, neutrophil,
and platelet counts were not different between two groups.
This finding did not show NLR and PLR as more sensi-
tive and significant than neutrophil and platelet counts.
To the best of our knowledge, ENMG, WBC and CRP
are most common tests used for routine clinical setting for
CTS patients. However, there are rare studies suggesting
this finding [12,13]. Two studies investigated NLR and
PLR values in idiopathic CTS only up to date [12,13]. We
consider that the common deficiency in each study was the
lack of review of the association between disease severity
and RDW and MPV. CRP and platelet values were de-
tected significantly higher in the patients diagnosed with
CTS in the first study. There was not any significant dif-
ference in NLR and PLR values between two groups. The
patients with CTS were classified as mild, moderate, and
severe. CRP levels of each group were found significantly
higher than the control group [12]. Another study reported
that higher NLR and PLR values were caused by the de-
crease in lymphocyte count and the increase in neutrophil
and platelet counts. The aforementioned study also sug-
gested that CRP may be a useful predictor for systemic
inflammation in idiopathic CTS patients [13]. High leuko-
cytes including neutrophils affect systemic inflammation
and contribute to native and adaptive immune responses
[15]. Our results showed that neutrophil count increased in
idiopathic CTS with similar findings. Similar results from
recent studies are consistent with our finding in this study.
CRP levels were detected higher in the patient group when
compared with the control group. Such outcomes reveal
the role of inflammation in etiopathogenesis of CTS.

Chronic compression may depend on long term pressure on
the median nerve bearing and first inflammatory reaction
of idiopathic CTS [5,7,8]. There are studies addressing
that MPV and RDW are associated with many diseases
and chronic inflammation as inflammation markers [14].
Furthermore, the role of RDW and MPV on chronic in-
flammation conditions such as ankylosing spondylitis were
stressed out [16]. However, no study on the role of RDW
and MPV in the patients with CTS has been documented.
High MPV levels were detected in moderate and severe
CTS patients in the present study.

Moreover, SSS and FSS values of the patient group were
significantly higher in the patient group than the control
group. Among patient subgroups which were determined
by electro-diagnostic means, SSS level of the patients with
severe CTS were found higher than mild and moderate
CTS. However, no significant difference for FSS levels in
patient subgroups were found. Different results were ob-
tained in the studies investigating the association between
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electro-diagnostic findings and SSS and FSS. Some stud-
ies have not detected any significant association between
symptoms and functional scale scores, and disease severity,
which was determined electrophysiologically [25]. How-
ever, a strong association was detected in some studies [7].
Another study detected a higher functional restriction in
severe CTS patients whereas no association was detected
between SSS and disease severity [26]. However; an op-
posite outcome was obtained in a recent study [27]. The
cause for different outcomes obtained in the studies may
due to first scales used depending on subjective findings.

Conclusion

We assumed in the present study that RDW, MPV, NLR,
PLR, and CRP may be used as a predictive marker to de-
cide on mild, moderate or severe CTS. But our study re-
sults did not confirm this. However, our study results only
confirmed an association between CTS and CRP. Such a
biomarker has some advantages such as being routinely
available, non-invasive, and low cost. In this study, a rela-
tionship was found between CRP, one of the hematological
parameters, and the presence or severity of CTS.

Limitations

A retrospective case control design was used with the pa-
tients diagnosed with idiopathic CTS and healthy controls.
Our findings should not be generalized due to limited num-
ber of patients enrolled into the study. Rather, further
studies including sufficient number of patients are needed.
Other limitations of the present study are retrospective
and single-centered design.

Ethics approval

Adiyaman University, Ethics Commite. Date: 21,/04,/2020.
Number of decisions: 2020/3-1.
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