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ABSTRACT

Objectives: Carpal tunnel syndrome (CTS) is a common complication in maintenance hemodialy-
sis (MHD) patients and leads to disabilities and increased risk of mortality. Hepatitis C virus (HCV)
infection is associated with inflammatory and oxidative stress, and HCV infection can be cured.
This study aimed at evaluating the association of HCV infection with CTS.

Methods: Using a cross-sectional design, anthropometric and laboratory data were collected.
Serum B,-microglobulin, HCV antibody and HCV-RNA were measured. CTS was diagnosed accord-
ing to clinical manifestation, electrophysiological test or ultrasonography. The related factors for
CTS were analyzed by multivariate logistic regression.

Results: This study included 113 participants, of whom 33 (29.2%) patients were positive for
HCV antibody and 18 (15.9%) were positive for HCV antibody and HCV-RNA. Thirty-two (28.3%)
patients were diagnosed with CTS. There were significant differences in the dialysis vintage, age
of onset of MHD, high-sensitivity C-reactive protein, serum B,M, anti-HCV-positive, HCV-RNA-posi-
tive, HCV load values and urine volume category between the CTS group and non-CTS group
(p < 0.05). High-sensitivity C-reactive protein (OR: 1.238, 95% Cl: 1.071-1.431, p =0.004), dialysis
vintage (OR: 1.017, 95% Cl: 1.008-1.026, p < 0.001) and HCV-RNA-positive (OR: 5.929, 95% ClI:
1.295-27.132, p = 0.022) rather than anti-HCV-positive were related factors for CTS.

Conclusions: High-sensitivity C-reactive protein, dialysis vintage and HCV-RNA replication but
not previous HCV-infection were related factors for CTS in MHD patients. Further studies are
needed to clarify whether intervention is beneficial for preventing and delaying the progression
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of CTS in MHD patients with HCV-RNA replication.

Introduction

In healthy individuals, most B,-microglobulin (f,M) is
filtrated by the glomerular membrane and then reab-
sorbed and catabolized in the proximal tubules.
Therefore, the serum levels of B,M are inversely related
to the glomerular filtration rate. In end-stage renal dis-
ease (ESRD) patients, the serum levels of (,M are ele-
vated, especially in maintenance hemodialysis (MHD)
patients. The deposition of B,M amyloid in osteoarticu-
lar sites, particularly synovial membranes, is involved in
the pathologic process of many diseases, such as carpal
tunnel syndrome (CTS), joint osteoarthropathy and
spondyloarthropathy [1]. CTS is the most common type
of dialysis-related amyloidosis [2]. Recently, a study sug-
gested that the incidence of CTS in MHD patients was
8.8% [3] and increased to greater than 50% when the
dialysis vintage was over 10years [4]. The major risk

factors for CTS in MHD patients are age, dialysis vintage,
residual renal function, chronic inflammation, oxidant
stress, advanced glycation end products, and some
genetic factors [4-6]. As CTS may cause severe disability
and effective therapies remain lacking, the early diag-
nosis and prevention of CTS are considered important.
Hepatitis C virus (HCV) infection is common in dialy-
sis patients and is associated with increased morbidity
and mortality. In 2012-2015, HCV prevalence was nearly
10% overall among MHD patients and ranged from
4.1% to 20.1% in the DOPPS [7]. HCV incidence was 1.2
per 100 patient years in 2012-2015 and ranged from 0
to 2.9 [7]. Due to the medicine side effect, treatment of
HCV infection was restricted in past. The ensuing dec-
ade bore witness to remarkable advances in the treat-
ment of HCV infection following the approval of direct-
acting antiviral agents that deliver cure rates routinely
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>95% [8]. 2018 KDIGO Clinical Practice Guideline
Treatment recommended that HCV infection should be
treated with a ribavirin-free DAA-based regimen in
MHD [8].

Recently, numerous studies have shown that HCV
infection causes greater oxidative stress than any other
inflammatory liver disease [9-14]. However, few studies
have focused on the relationship between HCV infec-
tion and CTS in MHD patients [3,4,15]. HCV infection is
a common problem associated with increased risk of
cardiovascular events [16] and lower quality of life in
MHD patients. If HCV infection was related with CTS in
MHD patients, delaying progression of CTS will become
possible. This present study evaluated the associations
among serum B,M, CTS and HCV infection.

Materials and methods
Patients

This observational cross-sectional study of MHD
patients was conducted at the Department of Blood
Purification, Beijing Chao-Yang Hospital, Capital Medical
University, from July 2017 to September 2017. The
inclusion criteria were (1) duration of dialysis
>3 months, (2) patient older than 18years, and (3)
patient in stable condition and consenting to partici-
pate in the study. The exclusion criteria were (1) active
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infection within the past month, (2) severe malnutrition
(serum albumin <35 g/L), (3) hepatitis virus B infection,
(4) myeloma nephropathy, and (5) data missing.
Figure 1 shows a flow diagram of patient selection.

All enrolled patients underwent hemodialysis 3 times
per week for 4 h per dialysis session. Standard bicarbon-
ate-based ultrapure dialysate was used, the dialysate
flow was 500 mL/min, and the blood flow ranged from
200 to 300 mL/min. The dialysate ingredients were as
follows: sodium, 138-140 mmol/L; potassium, 2.5 mmol/
L; calcium, 1.25mmol/L, and magnesium, 0.5 mmol/L.
Hemodialysis was performed using low-flux membranes
(F7, Fresenius, Germany). Water for hemodialysis and
related therapies meet the People’s Republic of China
pharmaceutical industry standards YY 0572-2015.

The study was approved by the Ethics Committee of
Beijing Chao-Yang Hospital, Capital Medical University,
and written informed consent was obtained from each
patient (Number: 12-ke-41).

Data collection

The recorded demographic data of patients included
gender; age; dialysis vintage; age of onset of MHD;
cause(s) of renal failure; urine volume; vascular access
(arteriovenous fistula or central venous catheterization);
history of smoking; waiting for transplant and

All patients
n=163
Excluded patients (n=10):
dialysis vintage <3 m: n=4
heart failure: n=1 B
declined to participate: n=5
A 4
Enrolled patients
n=153

A

Excluded patients (n=40):
serious infection: n=5
severe malnutrition: n=6

myeloma nephropathy: n=3
hepatitis virus B infection: n=14

data missing: n=12
A

Eventually rec

n=113

ruited patients

y

CTS group
n=32

Figure 1. Flow diagram of recruited patients.
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complications, including hepatitis, diabetes, hyperten-
sion, cardiovascular disease, and cerebrovascular dis-
ease. All patients were divided into two groups by
interdialytic urine volume (<400 mL/d and >400 mL/d).

All laboratory parameters, including serum alanine
aminotransferase (ALT), aspartate transaminase (AST),
alkaline phosphatase (ALP), serum creatine (sCr), uric
acid (UA), albumin (Alb), low-density lipoprotein choles-
terol (LDL), high-sensitivity C-reactive protein (hs-CRP),
and intact parathyroid hormone (iPTH), were measured
by automated and standardized methods before hemo-
dialysis. Blood samples were collected after an over-
night fast.

Serum B,M was measured before hemodialysis by
scattering turbidimetry (Siemens Medical Diagnostic
Products Co., Ltd., Shanghai, China). HCV antibody was
measured by chemiluminescence  microparticle
immunoassay (Architect i2000SR, Abbott Diagnostics,
USA), and HCV-RNA was measured by real-time fluores-
cence quantitative PCR (Daan Gene Co. Ltd,
Guangzhou, China). The cutoff value for HCV-RNA was
10%. Anti-HCV-positive was defined to HCV previous
infection and HCV-RNA-positive was defined HCV pre-
sent infection.

Diagnostic criteria of CTS

CTS was diagnosed according to (1) signs or symptoms
verified by nerve conduction examination; (2) clinical
CTS diagnosis of nocturnal pain, numbness in the
median nerve distribution, and a positive Tinel sign/
Phalen sign; (3) prolonged sensory and/or motor laten-
cies from the wrist to the digits innervated by the
median nerve in the electrophysiological test; or (4) the
median nerve cross-sectional area exceeding 10 mm?® or
compression rate over 20% by ultrasonography [17,18].
Meeting each one of the four criteria supported the
diagnosis of CTS.

Statistical analyses

The SPSS 17.0 statistics package for Windows was used
for statistical analysis. Normally distributed continuous
variables were expressed as the mean +standard devi-
ation (SD) and were compared between two groups
using Student’s t-tests. Non-normally distributed varia-
bles are expressed as the median (interquartile range)
and were compared between two groups by
Mann-Whitney U-tests. Categorical variables are
expressed as numbers and percentages, and chi-square
tests were used for analysis. Spearman analysis was
used to examine the univariate correlations between

serum B,M and other variables. Binary logistic multivari-
ate regression analysis was used to identify related fac-
tors of CTS. p<0.05 was considered statistically
significant.

Results
Patient characteristics

One hundred and thirteen patients were included in
this study, comprising 70 males and 43 females. The
mean age (SD) was 58.5 (15.4) years, and median (inter-
quartile range) dialysis vintage was 92 (31,136.5)
months. The primary diseases of these MHD patients
were as follows: chronic glomerulonephritis, 53 (46.9%);
diabetic renal disease, 24 (21.2%); hypertensive-related
nephropathy, 16 (14.2%); chronic interstitial nephritis, 6
(5.3%); and other, 14 (12.4%). Thirty-three (29.2%)
patients were anti-HCV-positive, and 18 (15.9%) patients
were positive for both HCV antibody and HCV-RNA.
None of patients was negative for HCV antibody but
positive for HCV-RNA. The range of viral load values
detected was 1.16 x 10° to 9 x 107 in HCV-RNA-positive
patients. There were 103 patients using arteriovenous
fistula, and 10 patients using central venous catheter-
ization. Due to various reasons, such as age, complica-
tions, insufficient kidney donors, and so on, twenty-
seven patients were on wait list for the transplant in
this study. Table 1 presents the demographic character-
istics of the participants.

Table 1. The demographic characteristics of all
pants (n=113).

partici-

Mean + SD/median (IQR)

70 (61.9)
585+154
92 (31,136.5)

Characteristics

Male gender, n (%)

Age (years)

Dialysis vintage (months)
Primary disease, n (%)

Chronic glomerulonephritis 53 (46.9)
Diabetic nephropathy 24 (21.2)
Hypertensive nephropathy 16 (14.2)
Interstitial nephritis 6 (5.3)
Other 14 (12.4)
Previous history, n (%)
Diabetes 41 (36.2)
Hypertension 85 (75.2)
Cardiovascular disease 52 (46.0)
Cerebrovascular disease 25 (22.1)
Smoking, n (%) 32 (283)
Hepatitis C virus, n (%)
Anti-HCV (+) 33 (29.2)
Anti-HCV (+) and HCV-RNA (+) 18 (15.9)
Anti-HCV (—) and HCV-RNA (+) 0 (0)
Vascular access, n (%)

Arteriovenous fistula 103 (91.2)
Central venous catheterization 10 (8.8)
Transplant candidate, n (%) 27 (23.9)

Urine volume, n (%)
<400 mL 92 (81.4
>400 mL 21 (18.6)

HCV: hepatitis C virus; IQR: interquartile range.



Serum fB,M and associated variables

The level of serum B,M was approximately normally dis-
tributed, and the mean was 46.2mg/L (normal range:
1.09-2.53 mg/L). Serum B,M was positively related to
age (r=0.233, p=0.004), dialysis vintage (r=0.255,
p=0.006) and age of onset of MHD (r=0.196,
p=0.038) and negatively related to urine volume cat-
egory (r=-0.224, p=0.017). However, there was no
relationship between serum B,M and gender, vascular
access, ALT, AST, ALP, sCr, UA, Alb, LDL, or hs-CRP
(p>0.05). The serum B,M level in anti-HCV-positive
patients was higher than that in anti-HCV-negative
patients, but the difference was not statistically signifi-
cant (48.13£12.79 vs. 45.42+9.99, t =1.208, p = 0.230).
However, there was difference between the HCV-RNA-
positive and HCV-RNA-negative patients (51.59 + 13.68
vs. 45.19+£10.05, t=2.329, p=0.022). Among the anti-
HCV-positive patients, serum B,M was higher in the
HCV-RNA-positive patients than in the HCV-RNA-nega-
tive patients, but the difference was not statistically
significant (51.59+13.68 vs. 43.99+10.64, t=1.754,
p =10.089).

Related factors for CTS

Among the 113 MHD patients, the prevalence of CTS
was 28.3% (32 cases). Among the 33 anti-HCV-positive
patients, the prevalence of CTS was 54.5% (18 cases),

Table 2. Patients’ characteristics between CTS and non-CTS.
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which was significantly higher than that in the anti-
HCV-negative patients (x°=8.621, p=0.004). Table 2
lists the anthropometric and laboratory data for the CTS
and non-CTS groups. There were significant differences
in dialysis vintage, age of onset of MHD, hs-CRP, serum
BoM and urine volume category between the CTS group
and non-CTS group (p < 0.05, Table 2). The patients in
the CTS group were more likely to be positive for HCV
antibody and HCV-RNA than were those in the non-CTS
group (p < 0.001, Table 2). There were no significant dif-
ferences in gender, age, previous history, vascular
access pattern, smoking, AST, ALT, ALP, sCr, UA, Alb,
LDL, and iPTH between these two groups (p > 0.05).

We used a binary logistic multivariate regression
model for analysis. CTS group was included as the
dependent variable, and dialysis vintage, age of onset
of MHD, hs-CRP, serum B,M, urine volume category,
HCV antibody status and HCV-RNA replication were
included as independent variables. These independent
variables were included because they were found to
differ significantly between the two groups in the

Table 3. Binary classification logistic multivariate regression
model of CTS.

OR 95% Cl P
HCV-RNA (+) 5.929 1.295-27.132 0.022
hs-CRP, 1 mmol/L 1.238 1.071-1.431 0.004
Dialysis vintage, 1 month 1.017 1.008-1.026 <0.001

HCV: hepatitis C virus; hs-CRP: high-sensitivity C-reactive protein; OR: odds
ratio; 95%Cl: 95% confidence interval.

Characteristics CTS (n=32) Non-CTS (n=281) t/Z/ xz p
Male gender, n (%) 19 (59.4) 51 (62.9) 0.125 0.442
Age (years) 59.36 + 16.39 56.22 +12.65 0.974 0.332
Dialysis vintage (months) 141 (112,212) 59 (20,111) 5.357 <0.001*
Age of onset of HD (years) 5244 +17.34 41.59+14.16 3.147 0.002*
Previous history, n (%)

Diabetes 5(21.7) 24 (40.7) 2.597 0.086

Hypertension 14 (60.9) 45 (76.3) 1.945 0.132

Cardiovascular disease 8 (34.8) 31 (52.5) 2.093 0.115

Cerebrovascular disease 5(21.7) 14 (23.7) 0.037 0.549
Vascular access (AVF), n (%) 31 (96.9) 72 (88.9) 1.814 0.165
Smoking, n (%) 7 (21.9) 25 (30.9) 0.913 0.237
Viral hepatitis, n (%)

Anti-HCV (+) 18 (56.3) 15 (18.5) 15.795 <0.001*

Anti-HCV (4) and HCV-RNA (+) 14 (43.8) 4 (4.9) 25.801 <0.001*
Viral load values (><104 1U/mL) 938(110.95,3025) 85.3(13.85,242.25) —2.018 0.044*
Urine volume <400 mL, n (%) 31 (96.9) 61 (75.3) 7.051 0.005*
BoM (mg/L) 49.62+12.28 4486 +10.06 2.123 0.036*
ALT (U/L) 14 (11, 20) 14 (11, 19) —0.470 0.638
AST (U/L) 12 (10, 18) 12 (10, 17) —0.183 0.855
ALP (U/L) 82.72+36.33 85.23 +£34.16 —0.346 0.730
sCr (umol/L) 891.54+181.57 889.26 +249.16 0.047 0.963
UA (umol/L) 436.50 + 84.94 409.79+79.39 1.580 0.117
ALB (g/L) 39.50+3.16 40.22+3.34 —1.040 0.301
LDL (mmol/L) 2.15+0.75 2.14+0.62 0.118 0.907
iPTH (ng/dl) 204.75 (60.20, 377.88) 224.20 (119.9, 352.33) —0.770 0.441
hs-CRP (mg/L) 5.75 (3.68,11.62) 2.77 (1.64,4.67) —4.034 <0.001*

Values are expressed as mean + standard deviations or medians (interquartile ranges), as appropriate. HD: hemodialysis; AVF: arteriovenous fistula; HCV:
hepatitis C virus; B,M: B,-microglobulins; ALT: alanine aminotransferase; AST: aspartate transaminase; ALP: alkaline phosphatase; sCr: serum creatine; UA:
uric acid; ALB: albumin; LDL: low density lipoprotein; iPTH: intact parathyroid hormone; hs-CRP: high-sensitivity C-reactive protein.

*p < 0.05.
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univariate analyses. We found that HCV-RNA replication,
hs-CRP, and dialysis vintage were related factors for CTS
(p < 0.05, Table 3).

Discussion

Our single-center, observational, cross-sectional study
of 113 MHD patients indicated that being positive for
HCV-RNA, rather than for HCV antibody, was a related
factor for CTS. Evidence-based data in the relation of
HCV infection and CTS were limited [3,4,15], with most
studies investigating the correlation of HCV antibody
and CTS [19-21]. Since HCV-RNA replication can be
inhibited now, it's possible to delay to CTS if CTS is
related to HCV present infection. Therefore, it is import-
ant to investigate the relationship between HCV-RNA
replication and CTS.

CTS is a common complication of DRA (dialysis-
related amyloidosis), and it is recognized as the most
evident marker of DRA development in MHD patients.
CTS could lead to disability (thenar eminence muscles
atrophy and finger dysfunction) and reduced the qual-
ity of life (hand pain, numbness and sleeping disorder)
in MHD patients [22,23]. The incidence of CTS in MHD
patients is 8-32% [4,6]. In our research, the incidence of
CTS was 28.3%. However, in previous work, the inci-
dence of DRA after 15 years of dialysis was found to be
more than 95% in the US, and 100% of patients in a
European study were found to have DRA after 13 years
of dialysis [24]. The incidence in the present study is
significantly lower than these previous estimates.
Possible reasons for this difference are as follows: (1)
CTS is a kind of DRA, which includes bilateral shoulder
pain, bone cysts and so on; (2) the proportion of
patients with dialysis vintage <5years was higher in
our study than in the previous studies; and (3) the diag-
nosis and treatment of CTS were later in our study than
in the previous studies.

To further investigate the influences of clinical fea-
tures on CTS in MHD patients, multivariate binary logis-
tic regression analysis was performed. The identified
related factors for CTS were HCV-RNA replication, hs-
CRP, and dialysis vintage. The effect of an elevated con-
centration of circulating f,M on CTS remains unclear,
and the precise mechanism of pathogenesis of CTS has
yet to be fully elucidated. Although marked elevation
of serum B,M was identified previously as a prerequisite
for the formation of B,M fibrils [25,26], the K/DOQI clin-
ical guidelines suggest that there is no direct correl-
ation between serum B,M level and the onset of CTS.
Furthermore, a study of more than 290,000 Japanese
MHD patients reported that neither pretreatment serum

BoM level nor B,M clearance was associated with the
risk of CTS [5]. CTS is characterized by the deposition of
amyloid fibrils, principally composed of B2M, in the
osteoarticular structures [27]. The process of amyloid
deposition “in a target tissue requires that the fibrillo-
genic protein attains the amyloidogenic conformation
at the right site, at the right time, and at the right con-
centration” [28]. Although urine volume category was
negatively correlated with the level of B,M and was a
related factor of CTS in univariate analyses, it was not
statistically significant in multivariate analysis. Increased
serum [B,M, due to decreased urine volume, key to
developing CTS, but elevation of circulating f2M levels
may not be the only cause of B2M derived amyloid [28].
Other factors have been clearly incriminated such as
longer dialysis vintage [29]. Therefore, urine volume cat-
egory and serum [,M were not related factors for CTS
in this study.

This study identified dialysis vintage and hs-CRP as
related factors of the onset of CTS, which is consistent
with previous reports [5,15,30,31]. However, few studies
have examined the relationship between HCV infection
and CTS. Incidence of CTS was statistically significantly
higher in patients with anti-HCV-positive or HCV infec-
tion by univariate analysis [3,4,15,21,32]. However, after
adjustment for dialysis vintage by multivariate logistic
regression, this association disappeared [3,15,32], which
is inconsistent with our findings. In our multivariate
logistic regression analysis, unexpectedly, HCV-RNA rep-
lication was related to CTS, whereas anti-HCV-positive
was not. We speculate that this result might reflect the
fact that the appearance of anti-HCV is not evidence of
present infection; it is regularly used in preliminary
screening of HCV infection as an indicator of previous
HCV infection. After the moment of the HCV infection,
the serological tests allow for anti-HCV antibodies
detection on 7-8 weeks [33]. Anti-HCV antibodies may
persist indefinitely in chronic infection patients.

The mechanisms underlying the correlation between
HCV present infection and CTS are unclear; however,
the correlation may be due to micro-inflammation and
oxidative stress induced by HCV present infection,
which are related factors for CTS [34]. The core nucleo-
capsid protein of HCV is the main contributor to the
increased oxidative stress in the liver. Additionally, pre-
vious work has suggested that HCV infection itself
causes greater inflammation and oxidative stress than
do other inflammatory liver diseases [35]. It can be
speculated that the inflammatory process induces cyto-
kine production and complement activation in the liver.
The released cytokines, including interleukin-1, tumor
necrosis factor-o and interleukin-6, stimulate the



synthesis and release of B,M by macrophages and/or
augment the expression of MHC class | antigens and
oM. These processes play pivotal roles in the patho-
genesis of CTS. Furthermore, the antioxidant capacity in
liver and blood is reduced in chronic hepatitis C
patients. In addition, the generation of reactive oxygen
species is increased in chronic hepatitis C patients [10]
due to the production of viral protein by HCV
[13,36-39]. HCV-infected patients have been shown to
exhibit increased lipid hydroperoxide levels and
advanced oxidation protein products (AOPP) levels [40].
AOPP are derived from oxidation-modified albumin,
fibrinogen and lipoproteins during oxidative stress
induced by the action of chloraminated oxidants, which
are produced by myeloperoxidase in activated neutro-
phils [41]. AOPP are similar to advanced glycation end-
products (AGEs) in structure and biological activities,
that is, the induction of proinflammatory cytokines and
adhesion molecules [41]. The presence of ,M modified
by AGEs or AOPP lead to an inflammatory response and
the recruitment of inflammatory cells around amyloid
deposits. The above processes may compose the key
mechanism underlying the higher incidence of CTS in
MHD patients with HCV-RNA replication than in those
without.

Some limitations of this study merit consideration.
One limitation is that our study had a small sample size
and employed a cross-sectional design, which might
have introduced some bias and hampered inference of
cause and effect. The effects of viral therapy on inflam-
mation, oxidative stress and the symptoms of CTS will
be studied in our future work. Another limitation is that
because CTS is clinically silent in the early period, most
of the studied patients were diagnosed with CTS after
obvious symptoms and signs appeared. The develop-
ment of noninvasive methods for screening to facilitate
early diagnosis is needed. In addition, we measured hs-
CRP but did not consider other inflammatory and oxida-
tive stress markers, such as interleukin-6 and AGEs.
Despite these limitations, this study is informative for
CTS prevention and treatment.

Conclusions

CTS, a serious long-term complication of MHD, caused
disability and reduced the quality of life. Although pre-
viously traditional related factors, such as age, dialysis
vintage, genetic factors and so on, were naturally
unchangeable, in this study, we also identified a rela-
tionship between CTS and HCV-RNA replication. Given
the advent of effective direct-acting antiviral regimens,
research is needed to determine whether treatment of
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HCV, in addition to combating hepatitis, can delay the
occurrence and development of CTS in MHD patients
with HCV-RNA replication.
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