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ABSTRACT

Background: Carpal tunnel syndrome (CTS) is the most common entrapment neuropa-

thy in upper limbs. It affects women more frequently than men. CTS can be caused by 

many different systemic diseases and local mechanical conditions and it had signs and 

symptoms due to compression of median nerve at the carpal tunnel in wrist. Objec-

tive:The present study aims to study whether Transthyretin (TTR) gene polymorphisms 

have association with the development of FCTS. Methods: Sixty-four patients suffering 

from CTS were enrolled in this controlled cross sectional study. For all, nerve conduction 

study was performed to prove the diagnosis of CTS and to classify its severity. The mean 

age of all patients was 44.9±7.8 years, 89.1 % were female, 37.5 % had mild type CTS 

and 40.7 % had right side CTS. 3 mL of peripheral blood was collected from all patients 

which is a labeled (EDTA) tube at -20 C° for DNA extraction to identify a particular SNP 

(rs28933979; 148G/A; V50M) that locates at position chr18:31592974 on the exon-2 region 

which is reported to be associated to the Carpal Tunnel Syndrome. Exon-2 of TTR gene 

was amplified using the PCR technique and subjected to be tested for presence of SNP 

by Restriction Fragment Length Polymorphism (RFLP) assay. Results and Conclusion: 

According to genetic variation, the study cannot discover any TTR gene polymorphism 

that back to FCTS.
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1. BACKGROUND
Carpal Tunnel Syndrome (CTS) is 

the most frequent type of compres-
sive syndromes. It is defined by com-
pression and/or traction of the me-
dian nerve at wrist level (Bickel, 2010). 
CTS results in a complex set of symp-
toms due to entrapment of the me-
dian nerve by the transverse carpal 
ligament within the carpal tunnel of 
the wrist. Initially, symptoms include 
sensory disorders in the form of par-
esthesia, numbness, or tingling of the 
fingers. Weakness and atrophy of the 
muscles in the area controlled by me-
dian nerve occur in severe conditions 
(Emril et al., 2019). CTS is believed to 
be present in 3.8–5.8% of the general 
population (1). It is particularly af-
fecting individuals between 40 and 60 
years of age (2).

1.1. Etiology and types of CTS
The great majority of cases, CTS are 

idiopathic. Secondary CTS may be re-

lated to abnormalities of the container 
or content. Additionally, dynamic CTS 
are frequently found under patholog-
ical conditions (3).

Idiopathic type: Gender, age, ge-
netic and anthropometric factors 
(size of the carpal tunnel) is most im-
portant predisposing factors for this 
type of CTS (4).

Secondary type: A/Abnormalities 
of the container (decreased tunnel 
size) (5).

B/Abnormalities of content (in-
crease the content size) (6).

C/Dynamic CTS (7).
Familial type: Familial carpal 

tunnel syndrome (FCTS) is a rare he-
reditary disorder characterized by 
early onset of bilateral disease. When 
CTS is bilateral and family history is 
positive, one should rule out heredi-
tary neuropathies of inborn errors of 
metabolism such as Mucopolysaccha-
ridoses and underlying systemic dis-
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orders such as endcrinopathies, renal disease and amyloi-
dosis. Generally, many disease entities have CTS as one of 
their manifestations, and these must be carefully excluded 
before a diagnosis of FCTS can be reached (8). The majority 
of CTS cases with a positive family history are likely due to 
polygenic factors. Additionally, when the onset of disease 
occurs at an early age in a patient with a strongly positive 
family history and/or bilateral symptoms, or in case of ab-
sence of more common etiologies should then leads to con-
sider the primary hereditary form of the disease, the FCTS 
(9). The FCTS is a rare disorder presenting at an average age 
of 27 years. The symptoms typically begin on one side, but 
ultimately progress to bilateral involvement in 96% of pa-
tients and the clinical features are those of the classic CTS 
(10). Because median neuropathy is usually bilateral in 
FCTS, bilateral electro diagnostic testing should be consid-
ered when the diagnosis of FCTS is suspected, even if one 
side is asymptomatic. This is especially important in chil-
dren, who may not complain of symptoms but have electro 
diagnostic evidence of median nerve damage.

1.2. Diagnosis of CTS
The diagnosis is bases on:
The medical history: The site of such symptoms, 

whether they occur at night or during the day, if certain po-
sitions or repeated movements provoke them and what the 
patient do to relieve his complaint (Preston and Shapiro, 
2021).

Physical examination: Physical examination of the pa-
tient’s hand and wrist is an important first step towards the 
diagnosis of CTS and thenar atrophy is seen with severe and 
chronic CTS (11).

Provocative tests: These can be easily done and CTS will 
be suspected if paresthesia develops and\or increases in 
the median nerve distribution within one minute or less of 
practicing any of these tests (12).

Nerve Conduction Studies (NCS): NCS is considered to 
be the gold standard technique for CTS diagnosis, as they 
quantify and stratify the severity of the syndrome (13).

Transthyretin (TTR): It is a homotetramer plasma 
transport protein that carries thyroxin and retinol-binding 
protein. TTR is produced primarily in the liver and in the 
choroid plexus and retinal pigment epithelium, and is se-
creted into the blood, cerebrospinal fluid and eyes, respec-
tively (Mashima et al., 2019).

Human Transthyretin is a homo-tetrameric protein char-
acterized by four identical subunits of 14 KDa. TTR is usu-
ally stable, exception when a single point mutation occurs 
and drastically decreases its stability, thus promoting am-
yloidosis (14). There are over 130 different TTR gene muta-
tions identified worldwide. TTR gene mutations lead to de-
stabilization and dissociation of TTR tetramers into variant 
TTR monomers (15). Transthyretin-associated hereditary 
amyloidosis (ATTR) is an inherited disease in which, variant 
TTR monomers aggregate to form amyloid fibrils that de-
posit in various tissues that eventually leads to organ dys-
function with several non-disease specific symptoms. Of 
those mutations, the replacement of valine with methi-
onine at position 30 (ATTR-FAP Val30Met) is the most com-
monly observed and is the only one found in large number 
of patients, and is associated primarily with neuropathy 

(16). Peripheral and autonomic neuropathy, especially CTS, 
is the most common clinical presentation in TTR amyloi-
dosis (17). The biopsy samples obtained during CTS surgical 
release revealed deposits of amyloid that stained with anti-
human TTR antiserum. Single-strand conformation poly-
morphism analysis and sequence analysis of polymerase 
chain reaction (PCR)-amplified exons of the proband’s TTR 
gene revealed a point mutation resulting in a substitution of 
histidine for tyrosine at position 114. The mutation was con-
firmed by PCR-primer-induced restriction analysis.

2. OBJECTIVE
The aim of the paper is to evaluate the relation of Trans-

thyretin gene mutation with familial carpal tunnel syn-
drome.

3. PATIENTS AND METHOD
This is a case-control study conducted at the Unit of Neu-

rophysiology, Middle Euphrates Neuroscience Center, Al-
Najaf Health directorate, between January 2019 and Feb-
ruary 2020. The exclusion criteria were pregnancy, obe-
sity, diabetes mellitus, thyroid dysfunction, joint problems 
or acromegaly. Furthermore, the patient will be excluded 
if had a history of local wrist, hand or upper limb trauma. 
Considering these exclusion criteria, 78 patients with a 
complaint of hand pain and paresthesia were primarily in-
cluded in this study. From them, only 64 patients who had 
positive findings on nerve conduction study (NCS) were en-
rolled. Only 32 patients suffering Familial carpal tunnel 
syndrome (FCTS) and same number of controls (those suf-
fering from classical CTS) (a total of 64 participants; 7 males 
and 57 females) have agreed to participate. For all partici-
pants, demographic data were collected, medical history 
was asked about and the Visual Analog Scale (VAS–a scale 
use for pain assessment in patients) was calculated. Specific 
clinical examination as (Phalens test and Tinels test), NCS 
and some other tests were also done.

The diagnosis of CTS was based on clinical and electro-
physiological grounds and its severity was classified into 
mild, moderate and severe according to the modified Padua 
Criteria (1):

a) Mild CTS: Prolongation of median distal sensory la-
tency > 3.5 ms.

b) Moderate CTS: in addition to point (1), reduced median 
SNAP amplitude (< 50% compared to unaffected side or < 10 
μV are considered abnormal) or prolonged median motor 
distal > 4.4ms.

c) Severe CTS: in addition to points (1) and (2), reduced me-
dian CMAP amplitude (< 50% compared to unaffected side 
or < 4 mV) and denervation of median innervated muscles 
on needle EMG.

DNA analysis for detecting TTR mutations
The Transthyretin gene (TTR) of Homo sapiens consists 

of four exons (1-4). In this study, Approximately 3 mL of 
peripheral blood was collected from all patients which is 
a labeled Ethylenediaminetetraacetic acid (EDTA) tube at 
-20 C° for DNA extraction, we tried to identify a partic-
ular SNP (rs28933979; 148G/A; V50M) that locates at posi-
tion chr18:31592974 on the exon-2 region which is reported 
to be associated to the Carpal Tunnel Syndrome. Exon-2 of 
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TTR gene was amplified using the PCR technique and sub-
jected to be tested for presence of SNP by Restriction Frag-
ment Length Polymorphism (RFLP) assay in the Middle Eu-
phrates unit for cancer research, Faculty of Medicine, Uni-

versity of Kufa. All statistical analyses were performed by 
using statistical package of social science software (SPSS) 
computer program (Version 22, SPSS Inc., Chicago, IL, USA). 
Categorical variables were expressed as absolute number 
and percentage (%) and were analyzed by Chi-square test 
to assess the significance. Continuous variables were ex-
pressed as means + SD and were analyzed by t-test when 
comparison between two groups. Otherwise, ANOVA test 
was used to test the level of significance for continuous vari-
ables when more than two groups were assessed. A p-value 
equal to or less than 0.05 and 0.001 were considered to be 
significant and highly significant, respectively.

4. RESULTS
The mean age of the 64 patients with CTS was 44.9±7.8 

and they were divided into 3 age groups. Also, the patients 
are divided according to the severity into another 3 groups. 
Females had constituted 89.1% of patients enrolled in this 
study and which side is affected were also listed (Table 1).

Molecular assays
There was no definite abnormality in the genes of the pa-

tients participating in this study (Table 2).

Variant Groups No. Percentage

Age group

20-34 years 33 51.5%

35-49 years 21 32.8%

50-65 years 10 15.6%

Total 64 100%

Gender

Male 7 10.9%

Female 57 89.1%

Total 64 100%

Affected limb

Left hand 13 20.3%

Right hand 26 40.7%

Bilateral 25 39%

Total 64 100%

Severity of CTS

Mild 24 37.5%

Moderate 18 28.1%

Severe 22 34.4%

Total 64 100%

Table 1. Patients demographic data

SNP SNP

rs28933979G/C rs28933979G/C

Sample U Gene ID GG GC CC Sample U gene ID GG GC CC

1 EW01 GG 33 EW33 GG

2 EW02 GG 34 EW34 GG

3 EW03 GG 35 EW35 GG

4 EW04 GG 36 EW36 GG

5 EW05 GG 37 EW37 GG

6 EW06 GG 38 EW38 GG

7 EW07 GG 39 EW39 GG

8 EW08 GG 40 EW40 GG

9 EW09 GG 41 EW41 GG

10 EW10 GG 42 EW42 GG

11 EW11 GG 43 EW43 GG

12 EW12 GG 44 EW44 GG

13 EW13 GG 45 EW45 GG

14 EW14 GG 46 EW46 GG

15 EW15 GG 47 EW47 GG

16 EW16 GG 48 EW48 GG

17 EW17 GG 49 EW49 GG

18 EW18 GG 50 EW50 GG

19 EW19 GG 51 EW51 GG

20 EW20 GG 52 EW52 GG

21 EW21 GG 53 EW53 GG

22 EW22 GG 54 EW54 GG

23 EW23 GG 55 EW55 GG

24 EW24 GG 56 EW56 GG

25 EW25 GG 57 EW57 GG

26 EW26 GG 58 EW58 GG

27 EW27 GG 59 EW59 GG

28 EW28 GG 60 EW60 GG

29 EW29 GG 61 EW61 GG

30 EW30 GG 62 EW62 GG

31 EW31 GG 63 EW63 GG

32 EW32 GG 64 EW64 GG

Table 2. Genotype distribution of Transthyretin (TTR) gene polymorphisms in FCTS and classical CTS GG: Wild-type genotype (the mutation is not existed 
in exon 2 of the TTR gene). GC: The two alleles G and C are existed in the exon 2 of the TTR gene. CC: The SNP rs28933979 (G/C, V>M) is detected in the 
exon 2 of the TTR gene.
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5. DISCUSSION
Most of our patients were middle aged (Table 1) and this 

seems reasonable because more of consultant clinic visitor 
were middle age worker. The working age population has 
raised the chance of getting CTS than the general popula-
tion and this may be due to the degenerative changes events 
from repetitive activity in the hand (18). Such finding was 
also recorded by other study (Al-Shami, 2019). Females had 
constituted 89.1% of patients enrolled in this study and this 
high percentage may be due to the fact that carpal tunnel is 
much smaller in females than males. In addition, female’s 
daily activity at home may aggravate the disease. More-
over, female hormonal changes like that during the men-
strual cycle and pregnancy had been proven to play a role 
(19). Many previous studies had recorded same results (20). 
According to affected hand most of our participants had 
demonstrated right hand affection, while those with bilat-
eral hand affection represent only 39% (Table 1). This can be 
explained by the usual unilateral hand activity load by most 
of the people until complaint started, possibly due to the in-
creased liability to trauma, then the patient starts to use the 
other hand ending with bilateral disease (Taylor et al., 2017). 
The authors in (19) had suggested the presence of inheritable 
variations in the carpal tunnel size or contents, which would 
usually manifest themselves bilaterally. This was consis-
tent with the findings of other researcher (19). Our study 
revealed that the majority of the patients had mild disease. 
This may be due to good patients’ awareness to the symp-
toms resulting in early seeking of medical consultation, 
in addition to the availability and feasibility of the electro 
diagnostic tests that can detect the disease at early stages. 
According to genotype distribution of Transthyretin (TTR) 
gene polymorphisms many studies have been conducted to 
estimate the association between different gene polymor-
phisms and the development of FCTS (3). To our knowledge, 
the present study might be the first study concerned with 
the role of TTR gene polymorphism in the development of 
FCTS among Iraqi patients. According to genetic variation, 
the study cannot discover any TTR gene polymorphism that 
back to disease. Burger and his coworkers at 2016 showed 
the results of genetic studies on a self-reported Colored 
South African population group of women with clinically 
and electro physiologically confirmed CTS and healthy vol-
unteers without any history of CTS symptoms were gen-
otyped for 4 MMP gene variants: MMP10 rs486055 (C/T), 
MMP1 rs1799750 (G/GG), MMP3 rs679620 (A/G), and MMP12 
rs2276109 (A/G). The results of this genotyping showed no 
association between these gene variants and FCTS (negative 
outcome). The direct causes of idiopathic carpal tunnel syn-
drome remain obscure. Three mechanisms are suspected to 
be involved in genetic predisposition to carpal tunnel syn-
drome: collagen synthesis, collagen degradation, and pro-
tection against oxidative stress affected in connective tissue 
(3). Several gene groups are involved in the regulation and 
modulation of these mechanisms, and results from the pre-
sented studies have shown their possible effect on the de-
velopment of carpal tunnel syndrome. Variants within the 
COL1A1, COL5A1 and COL11A1 genes encoding synthesis of 
minor collagen subtypes may be potentially involved, as 
they alter the mechanical properties of tendons and other 

connective tissue structures within the carpal tunnel. The 
collagen within connective tissue structures is also remod-
eled by matrix metalloproteinase (MMPs) and variants of 
these genes have also been investigated for their possible 
role in the risk of CTS development. Next, the variants of 
genes encoding glutathione S-transferase synthesis were 
found to be involved in CTS etiology. These mechanisms 
may play a potential role as genetic risk factors in carpal 
tunnel syndrome and in its familial occurrence. A recent 
genome-wide association study (GWAS) of CTS identified a 
couple of CTS-associated variants within genes implicated 
in growth and extracellular matrix architecture, although 
the causative link has not been established. Sporadic and 
idiopathic CTS, particularly with early onset and/or bilat-
eral symptoms, may result from combined effects of genetic 
susceptibility and environmental factors. Interestingly, a 
quantitative analysis of published scientific evidence re-
garding the etiology of CTS found that the major risk fac-
tors for CTS are more likely to be genetic and biological than 
environmental or occupational.

6. CONCLUSION
The study cannot discover any TTR gene polymorphism 

that back to FCTS. To study TTR gene polymorphisms as-
sociated with familial carpal tunnel syndrome on the other 
exons; b) To study larger sample size of patients with FCTS.
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