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Abstract
Diabetes mellitus is a risk factor for atherosclerosis/cardiovascular diseases. Atherosclerosis in diabetic patients has 
been linked to increased oxidative stress and intima-media thickness is used to detect its presence. Catalase is involved 
in hydrogen peroxide catabolism and is important in defense against oxidative stress, which contributes significantly to 
atherosclerotic processes. 

There are no data on association of catalase gene genotypes of rs769217 polymorphism and carotid artery intima-media 
thickness. Therefore, this study investigated the potential association of catalase rs769217 polymorphism and intima media 
thickness in diabetic patients. Right and left carotid intima-media thickness increased (P≤0.001) in type 1 and type 2 
diabetes when it was compared to those of controls. Blood catalase activities of CC genotypes of rs769217 polymorphism in 
catalase gene were associated with cITT (P<0.043) in type 1 diabetics, type 2 diabetics and in controls. 

This interesting new finding could suggest that diabetics and controls with CC genotype of rs769217 polymorphism may 
have higher carotid intima media thickness and higher risks for cardiovascular events when they blood catalase is high. This 
higher catalase could destroy hydrogen peroxide more effectively thus preventing the signaling action of hydrogen peroxide.
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Introduction
Diabetes mellitus is the most prevalent and independent risk factor 
for atherosclerosis/cardiovascular diseases including coronary artery 
disease. Patients with type 2 diabetes mellitus are predisposed 
to accelerated atherosclerosis and cardiovascular diseases is the 
leading cause of mortality in type 2 diabetics. Atherosclerosis in 
type 2 diabetic patients has been linked to increased oxidative stress.
Intima-media thickness is used to detect the presence of atherosclerotic 
disease in humans and to track the regression, arrest or progression 
of atherosclerosis. Ultrasound intima-media thickness measurements 
were first proposed and validated in vitro by Paolo Pignoli in 1984 
and later publicized [1,2]. 

The use of intima-media thickness as a non-invasive tool to track 
changes in arterial walls has increased substantially since the mid-
1990s. Rundek T. et al. recently reported that traditional vascular 
risk factors explain only a part of the variance in carotid Intima-
media thickness [3]. 

While traditional cardio vascular diseases risk factors, including 
diabetes, hypertension, hyperlipidemia, obesity, physical inactivity, 
may be more prevalent among chronic kidney disease patients, these 

factors seem to underestimate the accelerated cardiovascular disease in 
the chronic kidney disease population. Search for additional biomarkers 
that could explain the enhanced cardio vascular diseases risk in chronic 
kidney disease patients has gained increasing importance. Although 
it is unlikely that any single nontraditional risk factor would fully 
account for the increased cardio vascular diseases risk in individuals 
with chronic kidney disease, oxidative stress appears to play a central 
role in the development and progression of cardio vascular diseases 
and its complications. Catalase is involved in hydrogen peroxide 
catabolism and is important in defense against oxidative stress, which 
contributes significantly to atherosclerotic processes [4].

Catalase reduces toxic concentrations of hydrogen peroxide. For the 
blood the catalase activity is very high in erythrocytes and very low 
in plasma and white blood cells. Deficiency of erythrocyte catalase 
may cause increased hydrogen peroxide concentration which may 
effect the catalase poor and oxidation sensitive pancreatic beta-cells 
[4]. Human inherited catalase deficiency (acatalasemia) is associated 
with increased risk of type 2 diabetes mellitus Carotid artery intima-
media thickness (cITT) correlated with oxidative stress in chronic 
haemodialysis patients with accelerated atherosclerosis [5-7]. Dursum 
et al. detected a significant negative correlation was detected between 



Volume 3 | Issue 1 | 2 of 5Int J Diabetes Metab Disord, 2018

cITT and oxidative stress markers of serum superoxide dismutase 
and catalase in uremic patients (r:-0.65, P<0.001) and in diabetics 
(r: -0.41, P:0.03) [8,9].

Letonja M. et al. found that the T allele of -262C/T polymorphism of 
catalase gene is associated with lower risk for higher plaque score but 
it did not affect clinical parameters, cIMT and plaque stability [10].

Nivet-Antoine V. et al. examined catalase gene polymorphisms 
of -844GtoA, -89AtoT, -20TtoC and found that CAT2 haplotype 
including heterozygous carriers (-844GA, -89AT, -20TC) appeared 
as an independent risk factor of arterial aging, similarly to previously 
identified factors such as age, systolic blood pressure, male, sex, 
tobacco use, hs-CRP, BMI and diabetes [11].

Lucas et al. examined the oxidative stress markers in patients over 
70 years and less than 70 years submitted to carotid enderactomy. 
They found a higher levels of ROS and NADPH oxidase activity 
in the older group and no change in the activities of antioxidant 
enzymes of catalase and superoxide dismutase [12].

Furthermore, elevated levels of oxidative stress have been reported 
in aneurysmal tissues [13]. Reactive oxygen species (ROS) and 
reactive nitrogen species are upregulated  and decreased antioxidant 
enzyme activity, including decreased neutrophil catalase activity, 
and lower levels of α-tocopherol in the plasma of patients with 
abdominal aortic aneurysms have been described. Ramos-Mozo P. et 
al. suggested that catalase might be a novel biomarker in pathology 
of abdominal aortic aneurysms [14-18].

In their experiments Parastatidis et al. found that that a reduction 
in aortic wall catalase activity can predispose to abdominal aortic 
aneurysms formation. Furthermore, restoration of catalase activity in 
the vascular wall enhances aortic vascular smooth muscle cell survival 
and prevents abdominal aortic aneurysms formation in mouse [19].

The C111T silent polymorphism in exon 9 (+22348C→T, rs769217, 
Asp389Asp) of the catalase gene could be associated with several 
pathologic conditions such as vitiligo, hearing loss, and bone 
mineral density [20-22]. This nucleotide change may cause slower 
transcription from the mutant allele than from the wild allele. For 
several cases recent evidence has indicated that silent (synonymous) 
mutations may effect splicing and/or RNA stability [23,24]. There 
are no data on association of this polymorphism and carotid artery 
intima-media thickness in diabetic patients.

Aims of this study
There are no data on association of catalase gene genotypes of 
rs769217 polymorphism and carotid artery intima-media thickness. 
Therefore, this study investigated the potential association of catalase 
rs769217 polymorphism and intima media thickness in diabetic 
patients. B-mode ultrasonography mediated measurement of carotid 
artery intima-media thickness (cIMT) could contribute to the study 
of subclinical carotid atherosclerosis and patients at high risk for 
cardiovascular diseases can be identified. 

Patients and Methods 
Patients
Type 2 and 1 diabetic patients attending diabetes outpatient clinic 
at the Department of Internal Medicine, University of Debrecen 
were recruited for the study. For these patients an institutional 

ethical clearance and an informed consent were received. Diabetics 
with severe hypoglycemia, hyperglycemia, diabetic ketoacidosis 
within three months prior to sample collection, active infections, 
malignancy and other co-morbid illnesses, pregnant females were 
excluded from the study. Only Caucasians aged greater than/equal 
to 18 and less than/equal to 75 years were included in this study. 
Hypertensive patients (cases and controls) were included only if 
they did not have hypertensive crisis within three months prior to 
sample collection. 122 type 2 diabetics and 92 type 1 diabetics met 
our inclusion criteria and were involved in the study. 

For comparison 36 controls were recruited from healthy employees 
of the University of Debrecen. An informed consent, detailed history 
and socio-demographic details were obtained from all participants. 
Laboratory analysis and measurement of cIMT was carried out by 
personnel blinded to clinical status of the subjects.

Biomarker and genetic testing
The blood samples were taken after overnight fasting. Blood catalase 
activity was measured by a spectrophotometric method based on 
the decrease in its hydrogen peroxide substrate [24]. Its mean and 
sd are 113±16 MU/L what results the reference range of 81-145 
MU/L. Catalase gene rs769217 polymorphism was examined by 
a method of PCR-single strand conformation polymorphism [25]. 

Carotid Intima-Media Thickness (cIMT) measurement
Philips HD 11 XE ultrasound equipment with a 7.5 MHz linear 
transducer was used to measure IMT (mm). Online measurements 
of IMT were performed in the far artery wall of the common carotid 
arteries, 10 mm proximal to the carotid bulb. All measurements 
were performed on frozen, enlarged images at end-diastole, and the 
transducer was in the medio-lateral direction. IMT was measured on 
a 1-cm segment. In each of these 1-cm segments, 10 measurements 
of IMT were performed at 1-mm increments on both sides. The 
mean IMT of the 20 values in each patient was calculated. Carotid 
intima-media thickness above 0.7 mm was regarded as pathologic.

Statistical analysis
Means and standard errors (mean±sd) were calculated for carotid-
intima-media thickness and blood catalase activities. The significance 
of differences in means was analyzed with Student’s t-test.

For comparison of genotype frequencies we used the chi-squared test 
on 2x2 contingency table and 3x3 contingency table for comparison 
to controls. 

P values <0.05 were regarded as significant. Genotype distribution 
was assessed for deviation from Hardy-Weinberg equilibrium by 
chi-squared test, its values bellow 5.991 suggested equilibrium. If 
the data were less than 5 the statistical analyses were not performed. 
It is denoted as A in the (Table 2).

Results
The means of blood catalase activities and either right or left carotid-
intima-media thicknesses did not show significant (p>0.064) differences 
according to the genotypes of catalase gene rs769217 polymorphism 
(Table 1) either in both types of diabetes and in controls.

The genotypes frequencies (P>0.289) and the allele frequencies 
(P>0.337) of diabetics did not show differences when they were 
compared to those of controls.
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The comparison of patients results to those of controls yielded 
significant (P<0.016) changes (Table 1). Blood catalase activities 
decreased in type 1 (101.6±24.3 MU/L, P:0.003) and type 2 
(100.3±27.8 MU/L, P:0.013) compared to controls (116.4±21.4 
MU/L).

Right and left carotid intima-media thickness increased in type 1 
(right 0.605±0.144 mm, P:0.0163, left 0.614±0.166 mm, P:0.001) 
and type 2 (right 0.667±0.184 mm, P<0.001, left 0.691±0.173 mm, 
P:<0.001) diabetes when it was compared to those of controls (right 
0.540±0.105 mm, left 0.525±0.09mm) (Table 1).

Table 1: Blood catalase activities and  carotid intima media  tickness (cINMT) in genotypes of rs 769217 polymorphism of catalase 
gene in diabetics and controls
Genotypes CC CT TT Significance1  All Significance2

Type 1 diabetes 47 41 4 chi: 0.181 92
Blood catalase 
 (MU/L) 104.5±26.5 99.1±22.3 93.7±18.0 P˃0.329 101.6±24.3 0.031*

 Right cIMT  (mm) 0.627±0.145 0.581±0.146 0.605±0.085 P˃0.251 0.605±0.144 0.163
Left cIMT (mm) 0.650±0.177 0.584±0.153 0.523±0.043 P˃0.064 0.614±0.166 0.001*

Type 2 diabetes 71 44 9 chi: 0.358 124
Blood catalase  
(MU/L) 97.4±27.1 99.3±29.5 99.4±27.1 P˃0.281 100.3±27.8 0.013*

 Right  cIMT (mm) 0.681±0.205 0.649±0.164 0.647±0.076 P˃0.349 0.667±0.184 <0.001*
 Left  cIMT (mm) 0.697±0.172 0.682±0.189 0.691±0.101 P˃0.674 0.691±0.173 <0.001*

Controls (35) 16 15 4   chi: 0.253
Blood catalase  
(MU/L) 112.7±20.8 117.3±19.5 102.5±8.7 P˃0.171 116.4±21.4

 Right  cIMT (mm) 0.527±0.145 0.581±0.146 0.605±0.085 P˃0.187 0.540±0.105
Left  cIMT (mm) 0.550±0.177 0.584±0.153 0.523±0.043 P˃0.221 0.525±0.097

12X2 contingency table
2compared to controls

Blood catalase activities of CC genotypes of rs769217 polymorphism 
in catalase gene were associated with cITT (Table 2). For type 1 
diabetics it was 0.0434 for the right cITT and 0.030 for the left cITT. 
Similar results were received for type 2 diabetics (right cITT: 0.021, 
left cITT: 0.042) and for controls (right cITT: 0.041, left cITT: 0.022). 

For CT (P>0.1584) and TT (P>0.2456) genotypes of either diabetics 
or controls did not yield significant association with carotid intima-
media thickness (Table 2).

Table 2: Association between  genotypes of rs769217 catalase 
gene polymorphism  and carotid intima-media thickness (cITT)
Catalase         vs right  cITT            vs left cITT                            

CC CT TT CC CT TT
   Type 1
      n 46 40 4 46 40 4
      P 0.043* 0.235 A 0.030* 0.178 A
  Type 2
     n 71 49 10 71 49 10
     P 0.021* -0.371 0.245 0.042* -0.257 0.301
 Controls
    n 16 15 4 16 15 4
    P 0.041* -0.427 A 0.022* -0.158 A

* P<0.05 and  A: n<5

Discussion
Diabetes mellitus is an independent risk factor for atherosclerosis 
and these patients are predisposed to accelerated atherosclerosis and 
cardiovascular diseases. Intima-media thickness is used to detect 
the presence of atherosclerotic disease in humans. 

Atherosclerosis has been linked to increased oxidative stress via 
overproduction of reactive oxygen species and hydrogen peroxide. 
Enzyme catalase plays a role in controlling hydrogen peroxide 
concentration which could contribute to the pathology of diabetes 
[4,5].

Blood catalase activities were decereased (p<0.031) in both types 
of diabetes (101.6±24.3 MU/L for type 1 and 100.3±27.8 MU/L for 
type 2) when they were compared to that of controls (116.4±21.4 
MU/L). These results are similar to those of our earlier reports 
[6,7]. The decreased blood catalase may contribute to the increased 
concentration of hydrogen peroxide which could damage the 
oxidation sensitive beta cells of pancreas [5-7]. 

The genotypes of rs769217 catalase gene polymorphism did yield 
significant differences (p˃0.171) in blood catalase activities neither 
in diabetes nor in controls. The papers on examination of this 
polymorphism did not report for blood catalase activities of these 
genotypes [11-13]. Our previous report on the blood catalase activities 
of these genotypes also yielded also no (p>0.2894) change [26-28]. 

The left form of carotid intima-media thickness in type 1 diabetes 
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(0.614±0.166 mm) and both forms in type 2 diabetes (right: 
0.667±0.184 mm, left: 0.691±0.173 mm) yielded significant (0.001) 
increase when compared to that of the controls (right: 0.540±0.105 
mm, left: 0.525±0.097 mm). Similar increases for carotid intima-
media thickness were reported in both types of diabetes [29-31]. 
Rodriquez et al. and the Diabetes Control and Complication Trial 
suggested that diabetes is associated with higher cIMT. While the 
results from Lorenz et al. do not support the use of cIMT progression 
as a surrogate end point for diabetics [29-31].

Examination of other catalase gene polymorphisms of -844GtoA, 
-89AtoT, -20TtoC Nivet-Antoine V. et al. found that CAT2 haplotype 
seems to be an independent risk factor of arterial aging [11]. Letonja, 
et al. found an association of the -262C/T polymorphism in the 
catalase gene promoter with carotid atherosclerosis in Slovenian 
patients with type 2 diabetes [10].

The examination of rs769217 polymorphism and diseases was 
examined in several diseases. Some authors reported on its association 
with vitiligo, hearing loss, and bone mineral density [19-21]. Our 
earlier data showed a weak association of this polymorphism 
and blood catalase in female vitiligo patients [27]. Liu’s findings 
suggested that the catalase rs769217 T allele is associated with 
increased risk of chronic hepatitis B, hepatitis B virus related liver 
cirrhosis and hepato cellular liver carcinoma in Guangxi population 
[32]. Other authors reported on no association of this polymorphism 
and vitiligo [33,34]. Dursum et al. found a negative correlation 
between cIMT and catalase in uremic (r = -0.65, P < 0.001) and in 
diabetic patients (r=-0.41, P=.003) while van Zyl et al. detected no 
association of catalase and carotid intima media thickness [8,9,35]. 

Contrary to these findings, our results showed a positive correlation 
of carotid intima media thickness and blood catalase for type 1 
(p<0.043), type 2 diabetes (p<0.042) and for controls (p<0.041) in 
the CC genotypes of this polymorphism. For the mutant CT and TT 
genotypes there is no association blood catalase and carotid intima 
media thickness. This interesting new finding could suggest that 
diabetics and controls with CC genotype of rs769217 polymorphism 
may have higher carotid intima media thickness and higher risks 
for cardiovascular events when they blood catalase is high. The 
lower thickness was associated with lower blood catalase. For 
explanation of this finding we may suppose that the wild genotype 
of this polymorphism requires higher blood catalase. This higher 
catalase could destroy hydrogen peroxide more effectively thus 
preventing the signaling action of hydrogen peroxide. The low and 
physiologic concentration of H2O2 in mammalian cells has been 
shown to stimulate biological responses and to activate specific 
biochemical pathways in these cells [36, 37]. Furthermore, H2O2 
modulates gene expression at all steps from transcription to protein 
synthesis [38]. The low concentration of hydrogen peroxide due to 
the high catalase may decrease those biochemical pathways which 
could prevent the increase in carotid intima media thickness. The 
factors and pathways which contribute to the increased carotid intima 
media thickness via hydrogen peroxide require further examinations.

References
1.	 Pignoli P (1984) "Ultrasound B-mode imaging for arterial wall 

thickness measurement". Atheroscler Revs 12: 177-184.
2.	 Pignoli P, Tremoli E, Poli A, Oreste PL, Paoletti R (1986) Intima 

plus media thickness of the arterial wall: a direct measurement 
with ultrasound imaging. Circul 74: 1399-1495.

3.	 Kuo F, Gardener H, Dong C, Cabra D, Della-Morte D, et al. (2012) 
Traditional cardiovascular risk factors explain the minority of the 
variability in carotid plaque. Stroke 43: 1755-1760.

4.	 Goth L, Nagy T (2013) Inherited catalase deficiency: is it 
benign or a factor in various age related disorders? Mutat. Res 
753: 147-154.

5.	 Goth L, Eaton WA (2000) Hereditary catalase deficiencies and 
increased risk of diabetes. Lancet 356: 1820-1851.

6.	 Goth L (2008) Catalase deficiency and type 2 diabetes mellitus  
Diab Care 31: e93.

7.	 Goth L, NagyT (2012) Acatalasemia and diabetes mellitus. 
Arch. Biochem. Biophys 525: 195-200.

8.	 Dursun B, Dursun E, Suleymanlar G, Ozben B, Capraz I, et 
al. (2008) Carotid artery intima-media thickness correlates 
with oxidative stress in chronic haemodialysis patients with 
accelerated atherosclerosis. Nephrol. Dial. Transplant 23: 1697-
1703.

9.	 Dursun E, Suleymantar B, Ozben B, Capraz I, Apaydin A, et al. 
(2009)The effect of hemodialysis on accelerated atherosclerosis 
in diabetic patients: correlation of carotid artery intima-media 
thickness with oxidative stress. J. Diab. Compls 23: 257-264.

10.	 Letonja M, Nikolajević-Starčević J, Šantl Letonja, M (2011) 
Association of the -262C/T polymorphism in the catalase gene 
promoter with carotid atherosclerosis in Slovenian patients with 
type 2 diabetes. Cent.Eur. J .Med 6: 463-469.

11.	 Nivet-Antoine V, Labat C, El Shamieh S, Dulcire X, Cottart 
CH, et al. (2013) Relationship between catalase haplotype and 
arterial aging. Atheroscl 227: 100-105.

12.	 Lucas ML, Carraro CC, Belló-Klein A, Kalil AN, Aerts N 
(2016) Oxidative stress in carotid arteries of patients submitted 
to carotid endarterectomy. The role of aging process. Acta Chir.
Bra 31: 564-568.

13.	 Miller FJ Jr, Sharp WJ, Fang X, Oberley LW, Oberley TD, et al. 
(2002) Oxidative stress in human abdominal aortic aneurysms: 
a potential mediator of aneurysmal remodeling. Arterioscler. 
Thromb. Vasc. Biol 22: 560-565.

14.	 Zhang J, Schmidt J, Ryschich E, Mueller-Schilling M, 
Schumacher H, et al. (2003) Inducible nitric oxide synthase 
is present in human abdominal aortic aneurysm and promotes 
oxidative vascular injury. J. Vasc. Surg 38: 360-367.

15.	 Dubick MA, Keen CL, DiSilvestro RA, Eskelson CD, Ireton J, 
et al. (1999) Antioxidant enzyme activity in human abdominal 
aortic aneurysmal and occlusive disease. Proc. Soc. Exp. Biol. 
Med 220: 39-45.

16.	 Ramos-Mozo P, Madrigal-Matute J, Martinez-Pinna R, Blanco-
Colio LM, Lopez JA, et al. (2011) Proteomic analysis of 
polymorphonuclear neutrophils identifies catalase as a novel 
biomarker of abdominal aortic aneurysm: potential implication 
of oxidative stress in abdominal aortic aneurysm progression. 
Arterioscler. Thromb. Vasc. Biol 31: 3011-3019.

17.	 Sakalihasan N, Pincemail J, Defraigne JO, Nusgens B, Lapiere 
C,et al. (1996) Decrease of plasma vitamin E (alpha-tocopherol) 
levels in patients with abdominal aortic aneurysm. Ann. N Y. 
Acad. Sci 800: 278-282.

18.	 Parastaditis I, Weiss D, Joseph G, Taylor WR (2013) 
Overexpression of catalase in vascular smooth muscle cells 
prevents the formation of abdominal aortic aneurysms. 
Arterioscler. Thromb. Vas. Biol 33: 2389-2396.

19.	 Park HH, Ha E, Uhm YK, Chung JH, Lee MH (2006) 
Association study between catalase gene polymorphisms and the 
susceptibility to vitiligo in Korean population. Exper Dermatol 



Copyright: ©2018 Laszlo Goth, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

Int J Diabetes Metab Disord, 2018 Volume 3 | Issue 1 | 5 of 5

15: 377-380.
20.	 Konings A, Van Lear L, Pawelczyk M, Carlsson PI, Bondenson 

ML, et al. (2007) Association between variations in CAT and 
noise-induced hearing loss in two independent noise-exposed 
populations. Hum. Mol. Genet 16: 1872-1883.

21.	 Oh B, Kim SY, Kim DY, Lee YJ, Kimm K, et al. (2007)
Association of catalase gene polymorphisms with bone mineral 
density and bone turnover marker sin postmenopausal women. 
J. Med. Genet 44: e62

22.	 Hurt LD. (2011) The sound of silence. Nature 471: 582-583.
23.	 Charmary JV, Parmley JL, Hurst LD. (2006) Hearing silence: 

non-neutral evolution at synonymous sits in mammals. Nature 
Rev. Genet7: 98-108.

24.	 Vitai M, Goth L. (1997) Reference ranges of normal blood 
catalase activity and levels in familial hypocatalasemia in 
Hungary. Clin. Chim. Acta 261: 35-42.

25.	 Nagy T. Csordas M, Kosa Zs, Goth L (2012) A simple method 
for examination of polymorphisms of catalase exon 9:rs769217 
in Hungarian microcytic anemia and beta-thalassemia patients. 
Arch. Biochem. Biophys 525: 201-206.

26.	 Tarnai I, Csordas M, Sükei E, Shemirani AH, Kaplar M, et al. 
(2007) Effect of C111T polymorphism in exon 9 of the catalase 
on blood catalase activity in different types of diabetes mellitus. 
Free Rad. Res 41: 806-811.

27.	 Goth L, Csordas M, Kosa Z, Simics E (2010) A weak association 
of blood catalase activity and +22348C-T polymorphism of 
the catalase gene in Hungarian female vitiligo patients. Clin. 
Exper. Med  4: 1-7.

28.	 Goth L, Nagy T, Kosa Z, Fejes Z, Bhattoa HP (2012) Effect of 
rs769217 and rs1001179 polymorphisms of catalase gene on 
blood catalase, carbohydrate and lipid biomarkers in diabetes 
mellitus. Free Radic. Res 46: 1249-1257.

29.	 Rodriguez RR, Gomez-Diaz R, Haj JT. et al. (2007) Carotid 
intima-media thickness in pediatric type 1 diabetic patient. Diab 
Care 30: 2599-2602.

30.	 Nathan DM, Lachin J, Cleary P, Orchard T, Brillon DJ, et 
al. (2003) the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications 
Research Group. Intensive diabetes therapy and carotid intima-
media thickness in type 1 diabetes mellitus. N. Engl. J. Med 
348: 2294-2303.

31.	 Lorentz MW, Price JF, Robertson C (2015) Carotid intima-media 
thickness progression and risk of vascular events in people with 
diabetes: Results from the PROG-IMT collaboration. Diab 
Care 38: 1921-1929.

32.	 Liu Y, Xie L, Zhao J, Huang X, Song L, et al. (2015) Association 
between catalase gene polymorphisms and risk of chronic 
hepatitis B, hepatitis B virus-related liver cirrhosis and 
hepatocellular carcinoma in Guangxi population: a case-control 
study. Medicine (Baltimore) 94: e702.

33.	 He J, Li X, Li Y, Ren B, Sun J, et al. (2015) Lack of association 
between the 389C>T polymorphism (rs769217) in the catalase 
(CAT) gene and the risk of vitiligo: an update by meta-analysis. 
Australas J. Dermatol 56: 180-185.

34.	 Akbas H, Dertlioglu SB, Dilmec F, Balkan M (2013) No 
association between catalase (CAT) gene polymorphisms and 
susceptibility to vitiligo in a Turkish population Clin Ter 164: 
e173-e177.

35.	 VanZyl C, Hugo W Huisman HW, Mels CMC (2016)Antioxidant 
enzyme activity is associated with blood pressure and carotid 
intima media thickness in black men and women: The SABPA 
study. Atheroscler 248: 91-96. 

36.	 Veal EA, Day AM, Morgan BA (2007) Hydroge peroxide 
sensing and signaling. Mol. Cell 26: 1-14.

37.	 Stone JR, Yang S (2006) Hydrogen peroxide: a signaling 
messenger. Antiox Redo Signal 8: 243-270.

38.	 Marinho HS, Real C, Cyrne L, Soares H, Antunes F (2014) 
Hydrogen peroxide sensing, signaling and regulation of 
transcription factors. Redox Biol 2: 535-562.


