
peroxide have been reported to produce in hyperten-
sives [3], which mainly results from the activation of 
vascular NAD(P)H oxidase. Lower levels of plasma 
antioxidant capacity, plasma vitamin C, GSH/GSSG 
ratio and the expression and activity of various anti-
oxidant enzymes have also been observed in hyper-
tensive patients [4,5]. 

 Although many factors such as age, stress [6], 
obesity [7,8] and unhealthy lifestyles (unhealthy 
dietary habit, cigarette smoking, alcohol intake and 
sedentary) [9 – 11] have been suggested to contribute 
to the elevation of blood pressure, the mainly initial 
mechanisms for hypertension are endothelial activa-
tion, oxidative stress and vascular smooth muscle 
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 Abstract
 To study the role of oxidative stress in hypertension and pre-hypertension, this study analysed plasma levels of reactive car-
bonyl species (RCS) in 1204 Chinese Han adults. Results showed a statistically signifi cant positive correlation ( p   �  0.001) 
between blood pressure and plasma RCS levels with or without being adjusted for covariates. Multivariate-adjusted odds 
ratio (OR) illustrated that, compared with the lowest quartile of plasma RCS levels, the highest quartile subjects had a 59% 
and a 130% increase in the risk for developing pre-hypertension and hypertension, respectively. The multi-interaction analy-
sis manifested that the underlying mechanism of the increase of hypertensive risk or pre-hypertensive risk by overweight 
and unhealthy lifestyles might, at least in part, be through oxidative stress. In conclusion, these fi ndings suggest that oxida-
tive stress, as indicated by plasma RCS levels, are not the necessary consequence of pre-hypertension or hypertension, but 
reliable risk factors for developing pre-hypertension or hypertension in Chinese Han adults.  

  Keywords:   Oxidative stress  ,   reactive carbonyl species (RCS)  ,   hypertension  ,   pre-hypertension  

    Abbreviations: ANOVA  ,   analysis of variance; BMI  ,   body mass index; BP  ,   blood pressure; CAT  ,   catalase; CI  ,   confi dence 
interval; EDTA  ,   ethylene diamine tetra-acetic acid; LSD  ,   least signifi cant difference; MDA  ,   malondialdehyde; OR  ,   odds ratio; 
RCS  ,   reactive carbonyl species; ROS  ,   reactive oxygen species; SD  ,   standard deviation; SOD  ,   superoxide dismutase; TBA  ,  
 thiobarbituric acid; TBARS  ,   thiobarbituric acid reactive substance.   

  Introduction 

 Essential hypertension accounts for 95% of hyperten-
sion. It can increase the risk for developing renal fail-
ure, cardiovascular disease and stroke [1]. According 
to the Seventh Report of the Joint National Commit-
tee on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure [2], blood pressure can 
be classifi ed as normotension, pre-hypertension and 
hypertension, and the pre-hypertension is at high risk 
for developing hypertension. 

 Hypertension is associated with increasing reactive 
oxygen species (ROS) and impairing endogenous anti-
oxidant systems. Compared with normotensive sub-
jects, higher levels of superoxide anion and hydrogen 
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dysfunction [12 – 15]. Considering that excessive 
oxidative stress is involved in impairing endothelium-
dependent vasodilatation [16] and contributes to 
endothelial dysfunction and vascular hypertrophy in 
both animal models and human hypertension 
[12,14,15,17], it is reasonable to believe that oxida-
tive stress may play a pivotal role in the pathogenesis 
of hypertension. 

 Results from the studies of genetic manipulation, 
gene polymorphism and anti-hypertensive drugs all 
confi rm the above hypothesis. Microinjection of 
SOD1, SOD2 or CAT into spontaneously hyperten-
sive rats have shown a long-lasting reduction in arte-
rial pressure along with an increased SOD1, SOD2 
or CAT enzyme activity and reduced superoxide 
anion and hydrogen peroxide levels [18]. Kidney 
androgen-regulated protein transgenic mice are dem-
onstrated by hypertensive phenotype, diminished 
catalase and glutathione peroxidase activity and 
increased markers of oxidative stress [19]. Intrigu-
ingly, results from two separated groups have found 
that endothelial nitric oxide synthase gene haplotypes 
[20] or glutathione S-transferase M1 and T1 gene 
deletion homozygous [21] are potential genetic fac-
tors to predict the development of essential hyperten-
sion. Moreover, anti-hypertensive therapies can 
reduce oxidative stress and increase plasma antioxi-
dant capacity [22]. 

 However, the chronic antioxidants treatment fails 
to prevent or treat hypertension and hypertension-
related cardiovascular diseases, which is contrary to 
the short-term treatment that exhibits some benefi cial 
effects for hypertension [17,23]. Furthermore, the 
correlation of hypertension with oxidative stress bio-
markers is not thoroughly consistent. Some reports 
indicate that the levels of ROS, malondialdehyde 
(MDA) or thiobarbituric acid reactive substances 
(TBARS) and 8-isoprostane do enhance in hyperten-
sive patients compared with normotensives [24 – 26], 
while some reports display that the levels of urinary 
isoprostanes and plasma F 2 -isoprostanes do not 
increase in hypertensives [27,28]. Therefore, some 
researchers surmise that oxidative stress, as indicated 
by lipid peroxidation products, may not be involved 
in the pathogenesis of human essential hypertension, 
at least in the early stages [28]. 

 For these reasons, we test a hypothesis that the 
enhancement of oxidative stress is a direct risk factor 
for the pathogenesis of human pre-hypertension and 
hypertension under controlling for the potential 
effects of covariates, including age, gender and life-
style factors. As a result, the blood pressure and oxi-
dative stress, indicated by the levels of RCS in plasma, 
were measured from the volunteers and the question-
naire and physical examination were administered to 
know and suspect risk factors for pre-hypertension 
and/or hypertension.   

 Materials and methods  

 Chemicals 

 The chemicals 1,1,3,3-tetramethoxypropane and thio-
barbituric acid (TBA) were purchased from Sigma-
Aldrich (St. Louis, MO). Other chemicals (analytical 
grade) were from Sangon Biotech Co. Ltd., (Shanghai, 
China). Water was produced using a Milli-Q Plus 
purifi cation system (Millipore, Bedford, MA).   

 Participants and questionnaire 

 The study was approved by the Institutional Review 
Board of Hunan Normal University. All study volun-
teers signed the informed consent forms before their 
inclusion in the project. 

 The total study subjects consisted of 1204 Chinese 
Han adults of both sex living in Changsha City and its 
surrounding areas in Central China. The basic charac-
teristics of the participants are given in Table I. 

 The questionnaire included demographic informa-
tion (age and gender), detailed medical history and 
lifestyle habits (dietary, smoking history, drinking 
history and physical activity).   

 Blood sampling 

 Blood samples (5 mL) were collected into vacutainer 
tubes containing ethylene diamine tetra-acetic acid 
(EDTA) from the median cubital vein on the inside 
of the elbow according to standard blood collection 
procedures [29,30] and stored at 0 – 4 ° C. All detec-
tions were carried out within 8 h of sampling.   

 Physical examination 

 Stature, body weight and body mass index (BMI) 
were detected by an ultrasonic body scale SK-CK 
(Sonka Electronic Technologies Co. Ltd., Shenzhen, 
China). 

 After the participants were at rest for 30 min, blood 
pressure was measured three times in sitting position, 
at the right arm relaxed and well supported by a table, 
with an angle of 45  °   from the trunk by an auto-
matic electronic sphygmomanometer ken2-BPMSP-1 
(Pengcheng Healthcare Products Co. Ltd., Shenzhen, 
China). According to the suggestion of the American 
Heart Association [2], subjects whose mean systolic/
diastolic blood pressures were greater or equal to 
140 mmHg/90 mmHg or under anti-hypertensive 
medication were classifi ed as hypertensives, blood 
pressure within the range of 120 – 139 mmHg/
80 – 89 mmHg who had never been told that they had 
high blood pressure were defi ned as pre-hypertensives 
and blood pressure within the range of 90 – 119 mmHg/
60 – 79 mmHg were classifi ed as normotensives.   
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  Table I. Basic characteristics of participants.  

Factor All ( n   �  1204)
Normotensive 

( n   �  526)
Pre-hypertensive 

( n   �  444)
Hypertensive 

( n   �  234)

Age, mean (SD), y 44.7 (14.3) 39.8 (11.7) 43.9 (13.8) 57.0 (13.4)
Gender, male, No (%) 830 (68.9) 297 (56.5) 361 (81.3) 172 (73.5)
BMI, mean (SD), kg/m 2 23.9 (3.2) 22.5 (2.9) 24.6 (3.0) 25.8 (3.1)
Blood pressure, mean (SD), mmHg

Systolic 123.9 (15.2) 111.1 (6.8) 128.6 (6.0) 144.9 (13.7)
Diastolic 75.9 (10.9) 67.6 (5.3) 78.7 (6.2) 90.0 (10.9)

RCS, mean (SD),  μ mol/L 3.6 (1.0) 3.5 (1.0) 3.7 (0.9) 3.7 (1.0)
Cigarette smoking, No (%) 489 (40.6) 190 (36.1) 208 (46.8) 91 (38.9)
Current alcohol intake, No (%) 673 (55.9) 264 (50.2) 285 (64.2) 124 (53.0)
Healthy dietary habit, No (%) 645 (53.6) 291 (53.5) 237 (53.4) 117 (50.0)
Sleep quality, well, No (%) 604 (50.2) 256 (48.7) 227 (51.1) 121 (54.7)
Physical activity level,  �  1 h/w, No (%) 359 (29.8) 123 (23.4) 130 (29.3) 106 (45.3)

  Table II. Pearson correlation coeffi cient between blood pressure 
and plasma RCS levels.   

    RCS RCS ∗ RCS ∗∗   

BP  r 0.157 0.191 0.169
 p -value 0.000 0.000 0.000
df 1191 1188 1181

DBP  r 0.178 0.197 0.176
 p -value 0.000 0.000 0.000
df 1191 1188 1181

   SBP, systolic blood pressure; DBP, diastolic blood pressure; RCS: 
Reactive carbonyl species.   
∗   Adjusted for age.   
  ∗∗   Adjusted for gender, age, BMI, dietary habit, alcohol intake, cigarette 
smoking, sleep quality, average physical activity levels, BMI.   

 RCS assay 

 A modifi ed TBA method [31] was used to deter-
mine the concentration of RCS in plasma. The 
concentration of RCS was expressed as TBARS 
and determined by a LS-50B spectrofl uorometer 
(Perkin-Elmer Corp., Norwalk, CT, USA). Data 
were presented as means.   

 Statistics 

 Results were expressed as mean  �  standard deviation 
(SD). Statistical analysis of data was done using 
predictive analytics software (PASW) statistics18.0 
(SPSS Inc., Chicago, IL). The outliers were expunged 
from the dataset based on Grubbs ’  test at   α    �  0.05 
[32]. As data showed a normal distribution, paramet-
ric statistical methods were used. For comparison of 
the groups, one-way analysis of variance (one-way 
ANOVA) was performed. To assess signifi cant  F -
ratios obtained by analysis of variance, the least sig-
nifi cant difference (LSD) post-hoc test was used. The 
associations between blood pressure and plasma 
RCS levels were analysed by Pearson partial correla-
tion after adjusting for age and other factors. Quartiles 
of plasma RCS levels were created based on the 
distribution of RCS levels. The hypertension – , 
pre-hypertension – normotension differences were 
examined using multinomial logistic regression [33] 
adjusting for the potential confounding effects of age 
and other covariates. Other covariates that were con-
sidered as possible confounders include those that 
have been associated with hypertension and may also 
infl uence oxidative stress, including average physical 
activity levels, dietary habit, average lifetime alcohol 
intake, sleep quality, cigarette smoking and BMI. To 
examine effect modifi cation on a multiplicative scale, 
the associations between hypertension and plasma 
RCS levels were stratifi ed by sub-groups. To evaluate 
the effects of different covariates on plasma RCS levels, 
mean and SD were computed and independent-
samples  T -test was used to compare the levels of 
plasma RCS between sub-groups of gender, age, BMI, 

dietary habit, alcohol intake, cigarette smoking, sleep 
quality and average physical activity levels. A  p -value 
less than 0.05 was considered statistically signifi cant.    

 Results 

 Statistically signifi cant corrections in systolic blood 
pressure or diastolic blood pressure with plasma RCS 
levels were observed ( p   �  0.001) (Table II), although 
there were some differences in the correlation coef-
fi cients between with and without adjusted for age 
and/or other covariates (Table II). The trend of pre-
hypertensive risk was positively associated with 
increasing quartile of plasma RCS levels (multivariate-
adjusted OR  �  1.26, 95% CI  �  0.86 – 1.84; OR  �  1.75, 
95% CI  �  1.19 – 2.56; OR  �  1.59, 95% CI  �  1.08 –
 2.34, for the 2 nd , 3 rd  and 4 th  quartile vs the lowest 
quartile, respectively,  p  for trend  �  0.019) and so do 
as the trend of hypertensive risk (multivariate-
adjusted OR  �  1.16, 95% CI  �  0.68 – 1.99; OR  �  2.14, 
95% CI  �  1.27 – 3.61; OR  �  2.30, 95% CI  �  1.37 –
 3.84, for the 2 nd , 3 rd  and 4 th  quartile vs the lowest 
quartile, respectively,  p  for trend  �  0.001) (Table III). 
With or without adjusting for age, BMI, gender, 
dietary habit, alcohol intake, cigarette smoking, sleep 
quality and average physical activity levels results did 
not substantially change (Table III). 
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  Table III. The OR and adjusted OR for hypertension and pre-hypertension associated with plasma RCS levels.  

RCS ( μ mol/L) OR (95% CI) OR ∗  (95% CI) OR∗∗     (95% CI)

Pre-hypertension   �  3.04 1.00 1.00 1.00
3.04 – 3.62 1.33 (0.93 – 1.90) 1.41 (0.98 – 2.03) 1.26 (0.86 – 1.84)

  �  3.62 – 4.23 1.75 (1.22 – 2.52) 1.93 (1.33 – 2.79) 1.75 (1.19 – 2.56)
  �  4.23 1.76 (1.22 – 2.54) 1.88 (1.30 – 2.73) 1.59 (1.08 – 2.34)

 p   �  0.003  p  �    0.001  p   �  0.019
Hypertension   �  3.04 1.00 1.00 1.00

3.04 – 3.62 0.91 (0.58 – 1.43) 1.29 (0.78 – 2.15) 1.16 (0.68 – 1.99)
  �  3.62 – 4.23 1.46 (0.95 – 2.26) 2.19 (1.33 – 3.60) 2.14 (1.27 – 3.61)
  �  4.23 1.75 (1.14 – 2.70) 2.44 (1.49 – 3.98) 2.30 (1.37 – 3.84)

 p   �  0.010  p  �    0.000  p   �  0.000
N  $  526/444/234 526/444/234 526/444/234

    ∗ Adjusted for age.   
  ∗∗   Adjusted for gender, age, BMI, dietary habit, alcohol intake, cigarette smoking, sleep quality, average physical activity levels.   
 OR: odds ratio; CI: confi dence interval; N  $    �  normatensive/pre-hypertensive/hypertensive.   

  Table IV. Hypertensive risk associated with plasma RCS levels stratifi ed by gender, age, BMI, dietary habit, alcohol intake, cigarette 
smoking, sleep quality and average physical activity levels.  

OR ∗  (95% CI)

  Factor Sub-group N  $   �  3.04 3.04 – 3.62  �  3.62 – 4.23  �  4.23

Hypertension Gender male 172/297 1.00 1.16 (0.63 – 2.14) 1.84 (0.99 – 3.41) 1.96 (1.08 – 3.55)
female 62/229 1.00 1.38 (0.41 – 4.60) 3.08 (1.05 – 9.02) 2.78 (0.94 – 8.26)

Age (years)  �  50 65/429 1.00 0.97 (0.43 – 2.20) 1.82 (0.84 – 3.94) 2.00 (0.94 – 4.26)
 �  50 169/97 1.00 1.21 (0.55 – 2.64) 2.60 (1.17 – 5.77) 2.36 (1.07 – 5.20)

BMI (kg/m 2 )  �  25 92/430 1.00 1.06 (0.50 – 2.64) 1.89 (0.93 – 3.87) 1.66 (0.80 – 3.46)
 �  25 128/95 1.00 1.08 (0.44 – 2.69) 1.82 (0.74 – 4.44) 2.19 (0.92 – 5.24)

Dietary habit healthy diet 117/291 1.00 2.13 (0.99 – 4.59) 4.07 (1.89 – 8.79) 2.83 (1.33 – 6.02)
unhealthy diet 97/152 1.00 0.49 (0.18 – 1.33) 0.61 (0.25 – 1.49) 1.45 (0.60 – 3.51)

Alcohol intake no 73/172 1.00 1.31 (0.45 – 3.82) 2.64 (0.92 – 7.55) 2.43 (0.95 – 6.23)
yes 124/264 1.00 1.11 (0.53 – 2.31) 1.91 (0.95 – 3.87) 2.29 (1.14 – 4.61)

Cigarette smoking no 110/254 1.00 0.76 (0.31 – 1.84) 1.24 (0.55 – 2.80) 1.84 (0.82 – 4.14)
yes 91/190 1.00 1.94 (0.81 – 4.66) 3.63 (1.51 – 8.73) 3.22 (1.36 – 7.66)

Sleep quality well 121/256 1.00 1.05 (0.48 – 2.29) 1.72 (0.82 – 3.65) 2.31 (1.10 – 4.83)
not too well 94/194 1.00 1.10 (0.45 – 2.71) 2.00 (0.82 – 4.87) 2.03 (0.89 – 4.65)

Physical activity level  �  1 h/w 103/321 1.00 0.66 (0.29 – 1.52) 1.38 (0.65 – 2.95) 1.13 (0.52 – 2.48)
 �  1 h/w 106/123 1.00 1.65 (0.66 – 4.10) 3.13 (1.25 – 7.85) 3.79 (1.64 – 8.77)

    ∗ Adjusted for gender, age, BMI, dietary habit, alcohol intake, cigarette smoking, sleep quality, average physical activity levels.   
 OR: odds ratio; CI: confi dence interval; N  $    �  hypertensives/normotensives.   

 Tables IV and V show hypertension risk and pre-
hypertension risk associated with plasma RCS levels 
stratifi ed by different covariates, respectively. All val-
ues were adjusted for gender, age, BMI, dietary habit, 
alcohol intake, cigarette smoking, sleep quality and 
average physical activity levels. As for the ratio (N  $  ) 
of hypertensives/normotensives or pre-hypertensives/
normotensives, the trend across sub-groups was sim-
ilar, there was an obvious risk increase in the sub-
groups of male, age  �  50 years, BMI  �  25, unhealthy 
dietary habit, current alcohol intake, cigarette smok-
ing, sleep not too well and higher physical activity 
levels as compared to the corresponding sub-group, 
respectively (Tables IV and V). As for the adjusted 
OR of hypertensive or pre-hypertensive risk across 
sub-group, signifi cant hypertension risk increase only 
occurred in the sub-groups of female (4 th  quartile vs 
lowest quartile OR  �  2.78, 95% CI  �  0.94 – 8.26), 

age  �  50 years (4 th  quartile vs lowest quartile OR  �  2.36, 
95% CI  �  1.07 – 5.20), overweight (4 th  quartile vs lowest 
quartile OR  �  2.19, 95% CI  �  0.92 – 5.24), healthy 
dietary habit (4 th  quartile vs lowest quartile OR  �  2.83, 
95% CI  �  1.33-6.02), with lifetime cigarette smoking 
(4 th  quartile vs lowest quartile OR  �  3.22, 95% 
CI  �  1.36 – 7.66) and higher physical activity levels (4 th  
quartile vs lowest quartile OR  �  3.79, 95% CI  �  1.64 –
 8.77) (Table IV), while more evident pre-hypertensive 
risk just took place in the sub-groups of age  �  50 years 
(4 th  quartile vs lowest quartile OR  �  2.33, 95% 
CI  �  1.06 – 5.15) and unhealthy dietary habit (4 th  
quartile vs lowest quartile OR  �  2.44, 95% CI  �  1.14 –
 5.20) (Table V). Similarly, as for the adjusted OR 
of hypertensive or pre-hypertensive risk by quartile of 
plasma RCS levels, the overall trend was the risk of 
developing pre-hypertension and hypertension enhanced 
along with the increase of plasma RCS levels. 
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  Table VI. Mean  �  SD of plasma RCS levels within strata of gender, 
age, BMI, dietary habit, alcohol intake, cigarette smoking, sleep 
quality and average physical activity levels.  

Factor Sub-group  n 
RCS 

(mean  �  SD)  p -value ∗ 

Gender male 830 3.71  �  0.96
female 374 3.52  �  0.96 0.002

Age (years)  �  50 802 3.66  �  0.91
 �  50 402 3.62  �  1.06 0.519

BMI (kg/m 2 )  �  25 772 3.58  �  0.97
 �  25 417 3.81  �  0.94 0.000

Dietary habit healthy 645 3.63  �  0.94
unhealthy 404 3.73  �  0.99 0.104

Alcohol intake no 337 3.60  �  1.02
yes 673 3.70  �  0.92 0.130

Cigarette smoking no 538 3.57  �  0.95
yes 489 3.76  �  0.96 0.002

Sleep quality well 604 3.68  �  0.92
not too well 451 3.66  �  1.01 0.741

Average physical 
activity levels 
(h/week)  

 �  1 h/w 682 3.69  �  0.91

 �  1 h/w 359 3.63  �  1.05 0.415

    ∗ Comparing differences between mean values by sub-group.   

  Table V. Pre-hypertension risk associated with plasma RCS levels stratifi ed by gender, age, BMI, dietary habit, alcohol intake, cigarette 
smoking, sleep quality and average physical activity levels.  

OR∗   (95% CI)

  Factor Sub-group N  $    �  3.04 3.04 – 3.62   �  3.62 – 4.23   �  4.23

Prehypertension Gender male 361/297 1.00 1.28 (0.82 – 1.99) 1.62 (1.03 – 2.55) 1.50 (0.96 – 2.36)
female 83/229 1.00 1.24 (0.57 – 2.68) 1.92 (0.91 – 4.03) 1.47 (0.65 – 3.30)

Age (years)  �  50 308/429 1.00 1.23 (0.79 – 1.91) 1.49 (0.96 – 2.34) 1.33 (0.84 – 2.10)
 �  50 136/97 1.00 1.44 (0.67 – 3.07) 2.56 (1.16 – 5.67) 2.33 (1.06 – 5.15)

BMI (kg/m 2 )  �  25 250/430 1.00 1.22 (0.77 – 1.94) 1.78 (1.11 – 2.85) 1.53 (0.95 – 2.47)
 �  25 194/95 1.00 1.25 (0.59 – 2.62) 1.39 (0.66 – 2.93) 1.50 (0.70 – 3.18)

Dietary habit healthy diet 237/291 1.00 1.14 (0.69 – 1.89) 1.99 (1.17 – 3.38) 1.36 (0.81 – 2.28)
unhealthy diet 155/152 1.00 1.62 (0.77 – 3.40) 1.60 (0.78 – 3.30) 2.44 (1.14 – 5.20)

Alcohol intake no 92/172 1.00 0.61 (0.25 – 1.44) 2.48 (1.13 – 5.45) 1.70 (0.80 – 3.60)
yes 285/264 1.00 1.48 (0.90 – 2.43) 1.65 (1.00 – 2.73) 1.63 (0.97 – 2.73)

Cigarette smoking no 174/254 1.00 1.15 (0.62 – 2.13) 1.87 (1.03 – 3.41) 1.79 (0.97 – 3.31)
yes 208/190 1.00 1.22 (0.68 – 2.20) 1.38 (0.75 – 2.56) 1.47 (0.81 – 2.69)

Sleep quality well 227/256 1.00 1.25 (0.72 – 2.18) 1.84 (1.06 – 3.18) 1.64 (0.93 – 2.88)
not too well 163/194 1.00 1.22 (0.66 – 2.27) 1.40 (0.72 – 2.71) 1.63 (0.87 – 3.04)

Physical activity level  �  1 h/w 258/321 1.00 1.22 (0.72 – 2.07) 1.37 (0.81 – 2.32) 1.51 (0.89 – 2.58)
 �  1 h/w 130/123 1.00 1.10 (0.55 – 2.23) 2.33 (1.10 – 4.99) 1.40 (0.69 – 2.83)

    ∗ Adjusted for gender, age, BMI, dietary habit, alcohol intake, cigarette smoking, sleep quality, average physical activity levels.   
 OR: odds ratio; CI: confi dence interval; N  $    �  pre-hypertensives/normotensives.   

 To evaluate the effects of different covariates on 
oxidative stress biomarkers, the plasma RCS levels 
were compared within sub-groups of gender, age, 
BMI, dietary habit, alcohol intake, cigarette smoking, 
sleep quality and average physical activity levels. The 
increased trend of plasma RCS levels was obvious for 
overweight or unhealthy lifestyles, while only gender 
( p   �  0.002), BMI ( p   �  0.001) and cigarette smoking 
( p   �  0.002) resulted in statistically signifi cant changes 
(Table VI).   

 Discussion 

 Plasma MDA levels are widely used as biomarkers of 
oxidative stress owing to the characteristics of being 
relative stable and easy to be detected [34,35]. As the 
TBA method is not specifi c for MDA [36], the TBARS 
levels rather than MDA levels have been suggested as 
an index of lipid peroxidation in some studies [37]. 
However, based on the chemical mechanism of TBA 
reaction, we believe that the RCS levels may serve as 
a more precise term. 

 The primary fi nding from this study is a signifi -
cantly positive relation between the plasma RCS 
levels and change in blood pressures (Table II). 
Multivariate-adjusted OR illustrated that, compared 
with the lowest quartile of plasma RCS level, the high-
est quartile subjects had a 59% and 130% increased 
risk for developing pre-hypertension and hyperten-
sion, respectively (Table III). This fi nding seems log-
ical and is in agreement with most results from 
hypertensive studies, but is not the results from iso-
prostanes which show that lipid peroxidation is not 
increased in hypertension [27,28], especially in the 
early stages of hypertension [28]. The discrepancy 

might be explained by several possibilities. First, the 
normotensive and pre-hypertensive were lumped into 
one category and the sample numbers were relatively 
small in the early studies [27,28]. Secondly, different 
methods used for the assessment of oxidative stress 
might have some infl uences. Finally, the underlying 
relationships between pre-hypertension or hyperten-
sion and RCS levels were overlooked by the relatively 
simple statistical methods used. As illustrated in Table 
I, there was no strong association between pre-hyper-
tension or hypertension and RCS levels just from the 
mean  �  SD of RCS levels. However, the data (Table I) 
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only indicated that higher blood pressure did not nec-
essarily lead to dramatic increase of RCS levels, but 
did not prove that higher RCS levels had nothing to 
do with the risk of hypertension or pre-hypertension 
and further multinomial logistic regression had proven 
that higher RCS levels were hazardous risk for pre-
hypertension or hypertension (Table III). 

 It has been reported that the increase in risk of devel-
oping higher blood pressure may be associated with 
many factors, including sedentary lifestyle [6], over-
weight or obesity [7,38], alcohol intake [11] and even 
ageing [39]. Inconsistent with these previous results, 
we found that overweight and unhealthy lifestyles 
(unhealthy dietary habit, alcohol intake and cigarette 
smoking) showed a similar increase in trend for pre-
hypertensive risk (Table V), hypertensive risk (Table 
IV) and plasma RCS levels (Table VI). Together with 
the multivariate-adjusted OR of Table III, it is reason-
able to consider that the underlying mechanism of the 
risk increase by overweight and unhealthy lifestyles 
may, at least in part, be through oxidative stress. 

 As for the gender difference, the risk of hyperten-
sion or pre-hypertension was signifi cantly higher in 
males than in females. We thought that it might result 
from the higher levels of alcohol intake and cigarette 
smoking in men compared with women or result from 
the effects of oestrogen. 

 In summary, the most striking fi nding of our study 
is that higher levels of plasma RCS are not the neces-
sary consequence of pre-hypertension or hypertension, 
but markers of risk factors for developing pre-
hypertension or hypertension in Chinese Han adults.          

 Acknowledgements 

 We are very grateful to Ms Stephani Cramer for her 
critical reading of this paper. 

  Declaration of interest  

This work has been supported by National 863 
Grants of China (2008AA02Z411), National Natural 
Science Funds of China (30800207, and Scientifi c 
Research Funds of Hunan Provincial Education 
Department.  The authors report no confl icts of inter-
est. The authors alone are responsible for the content 
and writing of the paper.   

 References 

  Messerli FH, Williams B, Ritz E. Essential hypertension. [1] 
Lancet 2007;370:591 – 603.  
  Chobanian AV, Bakris GL, Black HR, Cushman WC, Green [2] 
LA, Izzo JL, Jr., Jones DW, Materson BJ, Oparil S, Wright JT, 
Jr., Roccella EJ. (2003). The seventh report of the Joint 
National Committee on prevention, detection, evaluation, and 
treatment of high blood pressure: the JNC 7 report. JAMA 
2003;289:2560 – 2572.  

  Tai MH, Wang LL, Wu KL, Chan JY. Increased superoxide [3] 
anion in rostral ventrolateral medulla contributes to hyperten-
sion in spontaneously hypertensive rats via interactions with 
nitric oxide. Free Radic Biol Med 2005;38:450 – 462.  
  Zhou L, Xiang W, Potts J, Floyd M, Sharan C, Yang H, [4] 
Ross J, Nyanda AM, Guo Z. Reduction in extracellular super-
oxide dismutase activity in African-American patients with 
hypertension. Free Radic Biol Med 2006;41:1384 – 1391.  
  Rodrigo R, Prat H, Passalacqua W, Araya J, Guichard C, [5] 
Bachler JP. Relationship between oxidative stress and essential 
hypertension. Hypertens Res 2007;30:1159 – 1167.  
  Kyrou I, Chrousos GP, Tsigos C. Stress, visceral obesity, [6] 
and metabolic complications. Ann N Y Acad Sci 2006;1083:
77 – 110.  
  Haslam DW, James WP. Obesity. Lancet 2005;366:1197 – 1209.  [7] 
  Wofford MR, Hall JE. Pathophysiology and treatment of obes-[8] 
ity hypertension. Curr Pharm Des 2004;10:3621 – 3637.  
  Djousse L, Mukamal KJ. Alcohol consumption and risk of [9] 
hypertension: does the type of beverage or drinking pattern 
matter? Rev Esp Cardiol 2009;62:603 – 605.  
  Lackland DT, Egan BM. Dietary salt restriction and blood pres-[10] 
sure in clinical trials. Curr Hypertens Rep 2007;9:314 – 319.  
  Taylor B, Irving HM, Baliunas D, Roerecke M, Patra J, [11] 
Mohapatra S, Rehm J. Alcohol and hypertension: gender 
differences in dose-response relationships determined through 
systematic review and meta-analysis. Addiction 2009;10:
1981 – 1990.  
  Didion SP, Chrissobolis S, Faraci FM. Oxidative stress in [12] 
hypertension. In: Miwa S, Beckman KB, Muller F, editors. 
Oxidative stress in aging: from model systems to human dis-
eases. Totowa, NJ: Humana Press; 2008. p. 229 – 251.  
  Houston MC. Nutrition and nutraceutical supplements in the [13] 
treatment of hypertension. Expert Rev Cardiovasc Ther 
2010;8:821 – 833.  
  Touyz RM, Schiffrin EL. Oxidative stress and hypertension. [14] 
In: Holtzman JL, editor. Atherosclerosis and oxidant stress: a 
new perspective. New York: Springer; 2007. p. 51 – 78.  
  Wong WT, Wong SL, Tian XY, Huang Y. Endothelial dysfunc-[15] 
tion: the common consequence in diabetes and hypertension. 
J Cardiovasc Pharmacol 2010;55:300 – 307.  
  Higashi Y, Sasaki S, Nakagawa K, Matsuura H, Oshima T, [16] 
Chayama K. Endothelial function and oxidative stress in ren-
ovascular hypertension. N Engl J Med 2002;346:1954 – 1962.  
  Harrison DG, Gongora MC. Oxidative stress and hyperten-[17] 
sion. Med Clin North Am 2009;93:621 – 635.  
  Chan SH, Tai MH, Li CY, Chan JY. Reduction in molecular [18] 
synthesis or enzyme activity of superoxide dismutases and 
catalase contributes to oxidative stress and neurogenic hyper-
tension in spontaneously hypertensive rats. Free Radic Biol 
Med 2006;4:2028 – 2039.  
  Tornavaca O, Pascual G, Barreiro ML, Grande MT, Carretero [19] 
A, Riera M, Garcia-Arumi E, Bardaji B, Gonzalez-Nunez M, 
Montero MA, Lopez-Novoa JM, Meseguer A. (2009). Kidney 
androgen-regulated protein transgenic mice show hyperten-
sion and renal alterations mediated by oxidative stress. Circu-
lation 2009;119:1908 – 1917.  
  Nejatizadeh A, Kumar R, Stobdan T, Goyal AK, Sikdar S, [20] 
Gupta M, Javed S, Pasha MA. Endothelial nitric oxide syn-
thase gene haplotypes and circulating nitric oxide levels sig-
nifi cantly associate with risk of essential hypertension. Free 
Radic Biol Med 2008;44:1912 – 1918.  
  Bessa SS, Ali EM, Hamdy SM. The role of glutathione S- [21] 
transferase M1 and T1 gene polymorphisms and oxidative 
stress-related parameters in Egyptian patients with essential 
hypertension. Eur J Intern Med 2009;20:625 – 630.  
  Ghiadoni L, Magagna A, Versari D, Kardasz I, Huang Y, [22] 
Taddei S, Salvetti A. Different effect of antihypertensive drugs 
on conduit artery endothelial function. Hypertension 2003;41:
1281 – 1286.  

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



574      K. Chen et al.  

  Pechanova O, Simko F. Chronic antioxidant therapy fails [23] 
to ameliorate hypertension: potential mechanisms behind. 
J Hypertens 2007;(Suppl)27:32 – 36.  
  Salim S, Asghar M, Chugh G, Taneja M, Xia Z, Saha K. [24] 
Oxidative stress: a potential recipe for anxiety, hypertension 
and insulin resistance. Brain Res 2010;1359:178 – 185.  
  Dominguez LJ, Galioto A, Pineo A, Ferlisi A, Ciaccio M, [25] 
Putignano E, Belvedere M, Costanza G, Barbagallo M. 
Age, homocysteine, and oxidative stress: relation to hyper-
tension and type 2 diabetes mellitus. J Am Coll Nutr 
2010;29:1 – 6.  
  Redon J, Oliva MR, Tormos C, Giner V, Chaves J, Iradi A, Saez [26] 
GT. Antioxidant activities and oxidative stress byproducts in 
human hypertension. Hypertension 2003;41:1096 – 1101.  
  Ward NC, Hodgson JM, Puddey IB, Mori TA, Beilin LJ, [27] 
Croft KD. Oxidative stress in human hypertension: associa-
tion with antihypertensive treatment, gender, nutrition, and 
lifestyle. Free Radic Biol Med 2004;36:226 – 232.  
  Cracowski JL, Baguet JP, Ormezzano O, Bessard J, Stanke-[28] 
Labesque F, Bessard G, Mallion JM. Lipid peroxidation is not 
increased in patients with untreated mild-to-moderate hyper-
tension. Hypertension 2003;41:286 – 288.  
  Turgeon ML. Principles of blood collection. In: Turgeon ML, [29] 
editor. Clinical hematology: theory and procedures. Philadel-
phia, PA: Lippincott Williams  &  Wilkins; 2004. p. 18 – 40.  
  Baskurt OK, Boynard M, Cokelet GC, Connes P, Cooke BM, [30] 
Forconi S, Liao F, Hardeman MR, Jung F, Meiselman HJ, Nash 
G, Nemeth N, Neu B, Sandhagen B, Shin S, Thurston G, 
Wautier JL. (2009). New guidelines for hemorheological labora-
tory techniques. Clin Hemorheol Microcirc 2009;42:75 – 97.  
  Li G, He H, Yan H, Zhao Q, Yin D. Does carbonyl stress cause [31] 
increased blood viscosity during storage? Clin Hemorheol 
Microcirc 2010;44:145 – 154.  

  Grubbs F. Procedures for detecting outlying observations in [32] 
samples. Technometrics 1969;11:1 – 21.  
  Hosmer DW, Lemeshow S. Applied logistic regression. New [33] 
York: Wiley; 2000.  
  Gil L, Siems W, Mazurek B, Gross J, Schroeder P, Voss P, Grune [34] 
T. Age-associated analysis of oxidative stress parameters in human 
plasma and erythrocytes. Free Radic Res 2006;4:495 – 505.  
  Kadiiska MB, Gladen BC, Baird DD, Germolec D, Graham [35] 
LB, Parker CE, Nyska A, Wachsman JT, Ames BN, Basu S, 
Brot N, FitzGerald GA, Floyd RA, George M, Heinecke JW, 
Hatch GE, Hensley K, Lawson JA, Marnett LJ, Morrow JD, 
Murray DM, Plastaras J, Roberts LJ, Rokach J, Shigenaga 
MK, Sohal RS, Sun J, Tice RR, Van Thiel DH, Wellner D, 
Walter PB, Tomer KB, Mason RP, Barrett JC. (2005). Biomar-
kers of oxidative stress study II. Are oxidation products of 
lipids, proteins, and DNA markers of CCl4 poisoning? Free 
Radic Biol Med 2005;38:698 – 710.  
  Janero DR. Malondialdehyde and thiobarbituric acid-reactivity [36] 
as diagnostic indices of lipid peroxidation and peroxidative 
tissue injury. Free Radic Biol Med 1990;9:515 – 540.  
  Yao EH, Fukuda N, Matsumoto T, Kobayashi N, Katakawa [37] 
M, Yamamoto C, Tsunemi A, Suzuki R, Ueno T, Matsumoto 
K. Losartan improves the impaired function of endothelial 
progenitor cells in hypertension via an antioxidant effect. 
Hypertens Res 2007;30:1119 – 1128.  
  Yao XG, Frommlet F, Zhou L, Zu F, Wang HM, Yan ZT, [38] 
Luo WL, Hong J, Wang XL, Li NF. The prevalence of hyper-
tension, obesity and dyslipidemia in individuals of over 
30 years of age belonging to minorities from the pasture area 
of Xinjiang. BMC Public Health 2010;10:91.  
  Kosugi T, Nakagawa T, Kamath D, Johnson RJ. Uric acid and [39] 
hypertension: an age-related relationship? J Hum Hypertens 
2009;23:75 – 76.    

This paper was fi rst published online on Early Online on 23 
February 2011.

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


