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Summary

 Background: Hypertension is a powerful risk factor for cardiovascular disease and frequently occurs in conjunc-
tion with obesity. Accumulative evidence suggests a link between inflammation and hypertension. 
The aim of study was to evaluate whether blood pressure, obesity and smoking may influence acute-
phase response.

 Material/Methods: Ninety-two patients with essential hypertension and 75 healthy volunteers as a control group were 
studied. In all subjects assessment of hsCRP, a1-acid glycoprotein (AGP), a1-antichymotrypsin, 
transferrin, a1-antitrypsin, and C3 and C4 complement were performed. Evaluation of glycosyl-
ation profile and reactivity coefficient (RC) for AGP was done by means of affinity immunoelec-
trophoresis with concanavalin A as a ligand.

 Results: When compared to the controls, hypertensive subjects presented significantly higher hsCRP con-
centrations and lower transferrin level. Hypertensive patients had elevated AGP-AC. The intensi-
fication of the inflammatory reaction was greater in the subgroup of hypertensive patients smok-
ing cigarettes. In obese hypertensives, elevated serum C3 complement level was found.

 Conclusions: We conclude that arterial hypertension may evoke the acute-phase response in humans. Markers 
of acute-phase response are particularly strongly expressed in smokers. Serum C 3 complement, 
but not other APPs, is elevated in hypertension coexisting with obesity.
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Background

Arterial hypertension is considered to be a major risk fac-
tor for cardiovascular incidents. Pathological mechanisms 
generating these complications are closely connected with 
the increase of systemic vascular resistance as well as with 
structural and functional endothelial damage. Impairment 
of endothelium’s functions leads in turn to initiation of ath-
erogenic lesions, which – according to the most recent the-
ories – are of inflammatory origin [1,2]. In the course of 
these processes numerous substances are released, mainly 
proteins, whose role is to restore the homeostatic balance. 
This is called the acute-phase response and expresses the 
body’s non-specific reaction to tissue injury.

Acute-phase proteins (APPs) form a heterogeneous group 
of proteins, produced mainly in hepatocytes. Expression of 
genes of some APPs can also be observed in other tissues 
and organs (eg, phagocytes in peripheral blood, kidneys, 
spleen, adipose tissue, brain or lungs). The production and 
release of APPs in hepatocytes is regulated by cytokines, par-
ticularly interleukin 1 and 6 and TNFa [3,4]. Earlier stud-
ies have provided evidence for the action of inflammato-
ry agents in the pathogenesis of hypertension and obesity 
[5–7]. Approximately 10% to 35% of the body’s interleu-
kin-6 (IL-6) is produced in adipocytes. Visceral adipose tis-
sue evidently produces significantly more IL-6 than does 
subcutaneous adipose tissue. Adipose tissue may also re-
lease TNFa, which in turn promotes IL-6 secretion. TNFa 
and IL-6 may be the missing links connecting visceral obe-
sity, the acute-phase response and atherosclerosis [8–10]. 
Obesity and arterial hypertension are both components of 
metabolic syndrome; moreover, adipose tissue is considered 
to be a potent hypertensive agent.

The concentration of most APPs increases in response to in-
flammatory stimuli. This group consists of, among others, 
C-reactive protein (CRP), serum amyloid A protein (SAA), 
alpha-1 acid glycoprotein (AGP), alpha-1 antichymotryp-
sin (ACT), fibrinogen, ceruloplasmin and C3 complement. 
Serum level of alpha-1 antitrypsin (AT), albumin, and trans-
ferrin decreases in the course of the inflammatory response, 
which is why these particles are classified as ”negative” APPs.

Changes in APPs’ structure are an interesting new issue. When 
compared to quantitative changes, they present quite a com-
plex problem [11,12]. Some of them are glycoproteins with 
a specific type of carbohydrate residues forming antennary 
structures. Depending on the method of glycosylation and 
the number of carbohydrate terminal chains (2 to 4), bianten-
nary, triantennary and tetra-antennary chains are discerned, 
respectively. To evaluate the glycosylation profile of APPs, 
column affinity chromatography or affinity immunoelectro-
phoresis with lectins is commonly used. Lectins are proteins 
specifically binding single mono- or oligosaccharides. Among 
all tested lectins, best results were obtained using concana-
valin A (ConA). Depending on the intensity of reaction with 
ConA, 4 variants of glycosylation can be discerned. In case of 
glycosylated APP, the reactivity coefficient (RC) is calculated; 
it is the sum of the area enclosed by conA – reactive variants 
divided by the area enclosed by conA – non-reactive variants.

The objective of this study was to determine the influence 
of hypertension, obesity and nicotine abuse on quantitative 

and qualitative changes in acute-phase response, and to eval-
uate lipid profile and fasting serum glucose in patients with 
essential hypertension.

Material and Methods

Participants

Previously untreated patients with newly diagnosed grade 1 
or 2 essential hypertension (systolic BP ≥140 and <180 mm 
Hg, and/or diastolic BP ≥90 and <110 mm Hg) [13], and 
with no signs of clinical cardiovascular disease, were eligi-
ble for inclusion in the study at the outpatient clinic of the 
Department of Internal Medicine, Metabolic Disorders and 
Hypertension, University of Poznan. As a control, normoten-
sive healthy volunteers (office BP <140/90 mmHg) matched 
for demographic characteristics were used (Table 1).

The exclusion criteria were as follows: secondary hyperten-
sion, diabetes, chronic diseases (eg, renal failure), pulmonary 
disease, liver dysfunction, arteriosclerotic obliterans, sleep ap-
nea syndrome, symptomatic cerebrovascular disease, abnor-
mal thyroid function, and current use of any medication, in-
cluding dietary supplements. Based on the patients’ history, 
physical examination and laboratory findings, acute and/or 
chronic inflammatory process was excluded. We ruled out 
an inflammatory pathology within the respiratory, digestive 
and genitourinary tracts, as well as in the oral cavity, pharynx 
and paranasal sinuses. In the month preceding the study, pa-
tients from the studied groups showed no signs of infection.

The study was Approved by the Human Subjects Oversight 
Committee, University of Medical Sciences, Poznan, no. 
938/01, and all participants provided informed consent.

Anthropometric and blood pressure measurements

Anthropometric measurements of individuals, wearing 
light clothing and no shoes, were conducted. Weight was 
measured to the nearest 0.1 kg and height was measured 
to the nearest 0.1 cm. BMI was calculated as weight divid-
ed by height squared (kg/m2). Obesity was defined as BMI 
≥30 kg/m2. Waist circumference (cm) was measured at the 
level of the iliac crest at the end of normal expiration. Waist 
circumference was measured to the nearest 0.5 cm.

Resting seated blood pressure was measured 3 times and 
an average value was calculated according to guidelines of 
European Society of Hypertension [13]. Regular or large 
adult cuffs were used, depending on a patient’s arm circum-
ference. Hypertension was defined by measurement of ar-
terial blood pressure as the average of 3 measurements ob-
tained after 10 min of physical resting by the patients (2 
times at 2 different visits within 1 month).

Laboratory measurements

Blood samples were taken after an overnight fast and after 
30 minutes in the supine position. Serum levels of lipids, 
including total cholesterol (TCH), high-density lipopro-
tein cholesterol (HDL-C), and triglyceride were assayed in 
the central laboratory of the Poznan University Hospital by 
routine enzymatic method. Low-density lipoprotein choles-
terol (LDL-C) was calculated from Friedewald’s formula. 
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Levels of blood glucose were determined by routine enzy-
matic method.

The following APPs were determined: high- sensitivi-
ty C-reactive protein, á1- acid glycoprotein (AGP), AGP 
conA-reactive variants (AGP-R), AGP conA-nonreactive vari-
ants (AGP-NR), a1-antichymotrypsin (ACT), a1-antitrypsin 
(AT), transferrin, C3 and C4 complement.

In order to establish serum APP levels, rocket immunoelec-
trophoresis according to Laurell was performed (DAKO, 
Denmark). High sensitivity C-reactive protein was assayed 
by particle-enhanced immunonephelometry with reagents 
from Dade-Behring. Qualitative assessment of APPs (gly-
cosylation profile) was done by means of affinity immuno-
electrophoresis (according to Bøg-Hansen) with ConA as a 
ligand (Sigma, USA). C3 and C4 complement were deter-
mined using radial immunodiffusion according to Mancini 
(DAKO, Denmark). In case of AGP and ACT, the reactivi-
ty coefficient was calculated as a sum of the area enclosed 
by ConA – reactive variants divided by the area enclosed 
by ConA – non-reactive variants. Evaluation of serum IL-6 
was performed by means of immunoenzymatic assay (R&D 
System Europe, Ltd.).

Statistical analysis

Detailed statistical analysis was performed by means of 
Statistica for Windows. Normality of the variables’ distribu-
tion was verified using the Shapiro-Wilks test of normality. 
CRP was logarithmically transformed for statistical testing 
to improve its skewness. Mean values, standard deviation 

and median were calculated. Significance of differences for 
independent samples was estimated with use of the Mann-
Whitney method. To evaluate relations between variables, 
Pearson’s correlation index and Spearman R were used. 
The result of each statistical test was considered as reliable 
when the P-value was below 0.05.

results

Ninety-two patients with hypertension and 75 healthy vol-
unteers of comparable age were analyzed. There were no 
differences in BMI, waist circumference and smoking sta-
tus. Characteristics of the hypertensive and control groups 
are shown in Table 1. Total cholesterol and fasting glucose 
concentration did not differ between groups (Table 2).

LDL cholesterol and triglycerides revealed significant ele-
vation in the study group compared to the control group. 
HDL cholesterol showed significant reduction in the studied 
group compared to the control group (Table 2). Comparing 
APP serum levels between the study group and the control 
group, statistically significant differences in 4 quantities 
were found (Table 3). In serum levels of a1-antitrypsin and 
transferrin, a decrease in the group of hypertensive patients 
were found (p<0.05 and p<0.01, respectively). An increase 
was observed in hsCRP levels, (2.56±3.59 vs. 0.89±2.83 mg/l; 
p<0.01). Multivariable regression analysis showed that these 
correlations were independent of age, sex, smoking status, 
BMI, waist circumference, total cholesterol, LDL cholester-
ol, HDL cholesterol, triglycerides concentration and fast-
ing glucose level. Moreover, the study group presented val-
ues of AGP-RC higher than in the control group (p<0.05); 

Parameter Study group Control group P

N 92 75

Sex (male/female) 53/39 44/31 NS

Age (years)  42.3±12.3  40.1±9.9 NS

Number of smokers 43 34 NS

BMI (kg/m2)  28.0±3.9  26.8±4.2 NS

Waist circumference (cm)  92.4±11.1  88.8±12.3 NS

Table 1. Anthropometric and clinical characteristics of the participants.

BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; NS – not significant.

Parameter Study group Control group P

TCH (mmol/L)  5.3±0.6  5.1±0.7 NS

LDL (mmol/L)  3.5±1.0  2.7±0.9 p=0.007

HDL (mmol/L)  1.1±0.3  1.7±0.3 p=0.001

TG (mmol/L)  1.9±0.9  1.1±0.9 p=0.005

Glucose (mmol/L)  5.3±0.6  5.0±0.7 NS

Table 2. Fasting plasma glucose and lipids profile in the study group and the control.

TCH – total cholesterol concentration; LDL – LDL cholesterol concentration; HDL – HDL cholesterol concentration; TG – triglycerides; NS – not 
significant.
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it was estimated as 1.62 and its increase was similar to that 
found in an acute inflammatory state. No associations be-
tween APPs and BMI, waist circumference or lipid param-
eters were found.

In comparing subgroups of obese and non-obese hyperten-
sive individuals, only serum levels of C3 complement were 
significantly higher in obese individuals (p<0.05) (Table 4). 
When other parameters were taken into consideration, obese 

Parameter Study group
n=92

Control group
n=75 P

hsCRP (mg/l)  2.56±3.59  0.89±2.83 <0.01

AGP (mg/l)  776±204  758±258 NS

AGP-R (mg/l)  469±125  449±152 NS

AGP-NR (mg/l)  307±106  302±115 NS

AGP-RC  1.62±0.46  1.43±0.31 <0.05

ACT (mg/l)  317±73  303±81 NS

α1-antitrypsin (mg/l)  1876±475  2135±728 <0.05

Transferrin (mg/l)  2328±623  3034±1028 <0.01

C3 complement (mg/l)  1300±273  1256±318 NS

C4 complement (mg/l)  252±77  264±86 NS

Table 3. Concentrations of serum acute phase proteins in the study group and the cotrol group.

hsCRP – C-reactive protein; AGP – α1-acid glycoprotein; AGP-R – conA–reactive variants; AGP-NR – conA-nonreactive variants; AGP-RC – reactivity 
coefficient of AGP; ACT – α1-antichymotrypsin.

Parameter Obese subjects
n=51

Non-obese subjects
n=41 P

Age (years)  41.6±12.3  43.1±12.4 NS

Number of smokers 23 20 NS

BMI (kg/m2)  31.1±0.9  24.3±2.7 <0.0001

Waist circumference (cm)  100.1±6.5  83.1±7.8 <0.0001

SBP (mmHg)  153.7±7.2  150.8±7.7 NS

DBP (mmHg)  93.0±7.2  90.8±7.4 NS

hsCRP (mg/l)  3.10±3.96  1.99±3.12 NS

AGP (mg/l)  757±194  801±217 NS

AGP-R (mg/l)  448±145  485±120 NS

AGP-NR (mg/l)  300±70  316±118 NS

AGP-RC  1.65±0.42  1.53±0.49 NS

ACT (mg/l)  320 ± 70  315±81 NS

α1-antitrypsin (mg/l)  1857±509  1923±417 NS

Transferrin (mg/l)  2339±623  2304±644 NS

C3 complement (mg/l)  1361±264  1053±261 <0.05

C4 complement (mg/l)  255±80  248±78 NS

Table 4. Concentrations of serum acute phase proteins in subgroups of obese and non-obese hypertensive patients.

BMI – body mass index; SBP – systolic blood pressure; DBP – distolic blood pressure; hsCRP – C-reactive protein; AGP– α1-acid glycoprotein; 
AGP-R – conA–reactive variants; AGP-NR – conA-nonreactive variants; AGP-RC – reactivity coefficient of AGP; ACT – α1-antichymotrypsin.
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hypertensive individuals were found to have higher LDL cho-
lesterol (3.7±0.9 mmol/L vs. 3.2±1.0 mol/L) and triglycer-
ides concentration (2.4±1.4 mmol/L vs. 1.8±0.9 mmol/L).

Furthermore, smoking hypertensive subjects, when com-
pared to non-smokers, presented raised levels of AGP 
(p<0.05) as well as ConA-reactive variants of this protein 
(p<0.05) (Table 5). AGP-RC value was also significantly 
higher (p<0.05) and above normal range in this group, 
amounting to 1.64. Smokers showed statistically signifi-
cant elevated levels of total cholesterol (5.9±1.1 mmol/L 
vs. 5.3±1.1 mmol/L) and triglycerides (2.4±1.2 mmol/L vs. 
1.8±1.3 mmol/L) when compared to non-smokers.

discussion

It has been widely known that damage to the endothelium 
and vascular wall contribute to the development of com-
plications observed in arterial hypertension. This evokes 
acute-phase response and consequently causes generalized 
atherosclerotic lesions [14]. In this context, assessment of 
APPs in patients with hypertension yields new approach-
es to understanding its pathogenesis, natural history and 
complications. Statistically significant quantitative changes 
of APPs that we observed in hypertensive patients seem to 
confirm the hypothesis that inflammatory processes are as-
sociated with blood pressure level. We showed that, as with 
any other non-specific inflammatory process, this chronic 
pathological state evokes acute-phase response, thus lead-
ing to an increase of positive and decrease of negative APPs.

C-reactive protein is probably the best-known acute-phase 
protein. Many recent experimental and clinical studies have 
demonstrated that elevated CRP is a marker of increased 
risk of atherothrombotic clinical events [15–17] and it pro-
vides laboratory evidence of the role of low-grade inflamma-
tory process in pathogenesis of atherosclerosis. According 
to the literature, levels of CRP above 2.1 mg/l in Apparently 
healthy subjects correspond with high relative risk of CAD 
[18]. In our study, mean level of hsCRP in hypertensive pa-
tients was 2.56±3.59 mg/l and was significantly higher com-
pared to the healthy controls independent of age, sex, smok-
ing status, BMI, waist circumference, total cholesterol, LDL 
cholesterol, HDL cholesterol, triglycerides concentration 
and fasting glucose level. Measurement of CRP seems to be 
of great importance in primary prevention of CAD. Its rel-
evant prognostic value results from the fact that CRP mea-
surement is independent of other cardiovascular risk factors 
[19,20]. Recent studies have suggested that suppression of 
IL-6 release may inhibit acute-phase reaction and CRP pro-
duction, and therefore decrease the risk of CAD. Such ac-
tion is attributed to i.a pentoxifylline, a-linolenic acid and 
other polyunsaturated fatty acids (PUFA), estrogens, statins 
and moderate consumption of ethanol [21–23].

Along with APPs, quantitative changes in inflammatory pro-
cesses, changes in their glycosylation profile, dependent on 
stimulus evoking acute-phase response, have also been ob-
served. The reactivity coefficient of AGP is 1.28 in normal 
conditions (normal range 1.03–1.53), is decreased in chronic 
inflammations, and increased in acute inflammatory states 

Parameter Smoking subjects
n=43

Non-smoking subjects
n=49 p

Age (years)  40.7±12.3  43.7±12.3 NS

BMI (kg/m2)  28.1±3.9  28.0±4.0 NS

Waist circumference (cm)  92.8±10.8  92.0.1±11.4 NS

SBP (mmHg)  152.3±7.8  152.4±7.5 NS

DBP (mmHg)  90.7±8.3  93.2±6.2 NS

hsCRP (mg/l)  2.35±4.66  2.64±4.36 NS

AGP (mg/l)  808±145  676±222 <0.05

AGP-R (mg/l)  486±93  382±134 <0.05

AGP-NR (mg/l)  321±95  294±105 NS

AGP-RC  1.64±0.45  1.56±0.29 <0.05

ACT (mg/l)  328±81  303±73 NS

α1-antitrypsin (mg/l)  1992±476  1808±640 NS

Transferrin (mg/l)  2201±341  2386±722 NS

C3 complement (mg/l)  1388±188  1398±200 NS

C4 complement (mg/l)  262±55  280±87 NS

Table 5. Concentrations of serum acute phase proteins in subgroups of smoking and non-smoking hypertensive patients.

BMI – body mass index; SBP – systolic blood pressure; DBP – distolic blood pressure; AGP – α1-acid glycoprotein; AGP-R – conA-reactive variants; 
AGP-NR – conA-nonreactive variants; AGP-RC – reactivity coefficient of AGP; ACT – α1-antichymotrypsin.
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(eg, myocardial infarction, bacterial infections, and acute 
pancreatitis) [11]. In our study, serum concentration of AGP 
ConA-reacting variants suggests that hypertension is a state 
provoking acute inflammatory reaction. Therefore, it seems 
probable that despite its obviously chronic character, arteri-
al hypertension leads to an acute inflammatory state, prob-
ably due to a leap deformation of the vascular wall during 
an abrupt increase of blood pressure.

A growing body of evidence shows that obesity is associated 
with oxidative stress and chronic, low grade inflammatory 
responses. Data from recent studies show that adipocytes 
may be functioning as endocrine cells – they not only serve 
as a regular fat storage, but also secrete a variety of bioac-
tive substances known as adipocytokines (eg, interleukin 6 
[IL-6] and tumor necrosis factor alpha [TNF-a]), which cre-
ates an inflammatory environment [24,25]. Furthermore, ac-
cumulating evidence suggests that obesity influences acute-
phase protein (APP) production [26,27]. Present research 
showed that C3 complement was the only APP whose con-
centration increased in the subgroup of obese hyperten-
sive compared to non-obese individuals. It is a recognized 
regulator of humoral immune response and B-cell prolif-
eration and it is also strongly involved in the control of lip-
id and glucose metabolism. In particular, C3a-des-Arg – the 
acylation-stimulating protein – was found to be the most 
potent recognized stimulant of triglyceride synthesis in ad-
ipose tissue [28]. Moreover, serum C3 is one of the most 
powerful independent predictors of myocardial infarction 
[29]. Studies have shown its presence in the human arte-
rial wall, along with immunoglobulins, complement com-
ponents C1q, C9, fibrinogen, CRP and other acute-phase 
reactants [30,31]. Levels of C3 complement correlate posi-
tively with the degree of atherosclerotic lesions. An alterna-
tive hypothesis concerning pathogenesis of atherosclerosis 
has been proposed, stating that atherosclerosis is a conse-
quence of C3 complement elevation in the human arteri-
al wall [32]. In our study, higher levels of C3 complement 
demonstrated in obese hypertensive individuals might con-
firm higher relative risk of coronary events in these patients.

The mechanism linking smoking and atherogenesis is com-
plex and not fully understood. Proposed potential pathways 
by which smoking increases the risk of cardiovascular pa-
thology include: endothelial dysfunction, systemic coagu-
lation disturbances, lipid abnormalities, and induction of 
low-grade systemic inflammation. We proved that smoking 
is equivalent to acute inflammatory reaction, which is re-
flected by elevated values of AGP-RC. When compared to 
other APPs, CRP levels rise rapidly and to the largest extent 
when stimulated by nicotine. Tracy et al. [33] described a 
positive correlation between CRP and pack-years of smok-
ing; this association was independent of cessation, suggest-
ing that some smoking-related damage might be irreversible. 
They have also reported that smoking itself affects relations 
between CRP and other CAD risk factors. A large prospec-
tive study with 18-year follow-up revealed that all measured 
APP levels (fibrinogen, a1-antitrypsin, haptoglobin, a1-ac-
id glycoprotein, and ceruloplasmin) increased significantly 
with increasing cigarette consumption in healthy men, inde-
pendent of other known cardiovascular risk factors [34]. It 
was shown that there is an association between carotid wall 
thickness evaluated by ultrasound scan and lifetime expo-
sure to cigarette smoke [35]. A dose-response relationship 

between total tar consumption per day and myocardial in-
farction has also been observed [36]. Cigarette smoking can 
also promote oxidative stress, which plays an important role 
in coronary heart disease [37]. The role of smoking in in-
ducing and maintaining an acute inflammatory condition 
in the body has been well established [38].

conclusions

Arterial hypertension may evoke the acute-phase response 
in the human body. Quantitative and qualitative changes in 
acute-phase proteins that we observe in hypertension suggest 
that hypertension itself is an acute inflammatory condition. 
Markers of acute-phase response are particularly strongly 
expressed in smokers. Serum C3 complement, but not oth-
er APPs, is elevated in hypertension coexisting with obesity.

Conflict of interest

The authors indicate no potential conflicts of interest.

references:

 1. Ross R: Atherosclerosis – an inflammatory disease. N Eng J Med, 1999; 
340: 115–26

 2. Sprague AH, Khalil RA: Inflammatory cytokines in vascular dysfunction 
and vascular disease. Biochem Pharmacol, 2009; 78(6): 539–52

 3. Koj A: Termination of acute-phase response: role of some cytokines and 
anti-inflammatory drugs. Gen Pharmacol, 1998; 31: 9–18

 4. Hansson GK, Libby P, Schonbeck U, Yan ZQ: Innate and adaptive immu-
nity in the pathogenesis of atherosclerosis. Circ Res, 2002; 91: 281–91

 5. Fernández-Sánchez A, Madrigal-Santillán E, Bautista M et al: 
Inflammation, oxidative stress, and obesity. Int J Mol Sci, 2011; 12: 
3117–32

 6. Nishimura S, Manabe I, Nagai R: Adipose tissue inflammation in obe-
sity and metabolic syndrome. Discov Med, 2009; 8(41): 55–60

 7. Vallianou NG, Evangelopoulos AA, Panagiotakos DB et al: Associations 
of acute-phase reactants with metabolic syndrome in middle-aged over-
weight or obese people. Med Sci Monit, 2010; 16(2): CR56–60

 8. Eder K, Baffy N, Falus A, Fulop AK: The major inflammatory mediator 
interleukin-6 and obesity. Inflamm Res, 2009; 58: 727–36

 9. Cao YL, Hu CZ, Meng X et al: Expression of TNF-alpha protein in omen-
tal and subcutaneous adipose tissue in obesity. Diabetes Res Clin Pract, 
2008; 79(2): 214–19

 10. Rocha VZ, Libby P: Obesity, inflammation, and atherosclerosis. Nat Rev 
Cardiol, 2009; 6(6): 399–409

 11. Brunetti ND, Padalino R, De Gennaro L et al: Acute phase proteins ac-
tivation in subjects with coronary atherosclerosis and micro-vessel cor-
onary circulation impairment. J Thromb Thrombolysis, 2009; 28: 50–56

 12. Lonnberg M, Carlsson J: Membrane assisted isoform immunoassay. A 
rapid method for the separation and determination of protein isoforms 
in an integrated immunoassay. J Immunol Methods, 2000; 246: 25–36

 13. Mancia G, Laurent S, Agabiti-Rosei E et al: Reappraisal of European 
guidelines on hypertension management: a European Society of 
Hypertension Task Force document. Blood Press, 2009; 18: 308–47

 14. Mizuno Y, Jacob RF, Mason RP: Inflammation and the development of 
atherosclerosis.J Atheroscler Thromb, 2011; 18: 351–58

 15. Ridker PM, Hennekens CH, Buring JE, Rifai N: C-reactive protein and 
other markers of inflammation in the prediction of cardiovascular dis-
ease in women. New Eng J Med, 2000; 342: 836–43

 16. Alizadeh Dehnavi R, de Roos A et al: Elevated CRP levels are associat-
ed with increased carotid atherosclerosis independent of visceral obe-
sity. Atherosclerosis, 2008; 200(2): 417–23

 17. Ridker PM: Clinical Application of C-reactive protein for cardiovascu-
lar disease detection and prevention. Circulation, 2003; 107: 363–69

 18. Kones R: The Jupiter study, CRP screening, and aggressive statin ther-
apy-implications for the primary prevention of cardiovascular disease. 
Ther Adv Cardiovasc Dis, 2009; 3(4): 309–15

Med Sci Monit, 2012; 18(5): CR330-336 Cymerys M et al – Acute-phase proteins in hypertension

CR335

CR



 19. Muscari A, Bastagli L, Poggiopollini G et al: Different associations of 
C-reactive protein, fibrinogen and C3 with traditional risk factors in 
middle-aged men. Int J Cardiol, 2002; 83: 63–71

 20. May A, Wang TJ: Evaluating the role of biomarkers for cardiovascular 
risk prediction: focus on CRP, BNP and urinary microalbumin. Expert 
Rev Mol Diagn, 2007; 7(6): 793–804

 21. Jiménez-Gómez Y, López-Miranda J, Blanco-Colio LM et al: Olive oil 
and walnut breakfasts reduce the postprandial inflammatory response 
in mononuclear cells compared with a butter breakfast in healthy men. 
Atherosclerosis, 2009; 204(2): 70–76

 22. Stumpf C, Hilgers KF: C-reactive protein: more than just a marker of 
inflammation? J Hypertens, 2009; 27: 1748–49

 23. Basu A, Devaraj S, Jialal I: Dietary factors that promote or retard inflam-
mation. Arterioscler Thromb Vasc Biol, 2006; 26(5): 995–1001

 24. Das A, Mukhopadhyay S: The evil axis of obesity, inflammation and 
type-2 diabetes. Endocr Metab Immune Disord Drug Targets, 2011; 11: 
23–31

 25. Park HS, Park JY, Yu R: Relationship of obesity and visceral adiposity 
with serum concentrations of CRP, TNF-alpha and IL-6. Diabetes Res 
Clin Pract, 2005; 69(1): 29–35

 26. Yang RZ, Lee MJ, Hu H: Acute-phase serum amyloid A: an inflammato-
ry adipokine and potential link between obesity and its metabolic com-
plications. PLoS Med, 2006; 3: 287

 27. Bogdanski P, Pupek-Musialik D, Dytfeld J et al: Plasma homocysteine is 
a determinant of tissue necrosis factor-alpha in hypertensive patients. 
Biomed Pharmacother, 2008; 62: 360–65

 28. MacLaren R, Cui W, Cianflone K: Adipokines and the immune system: 
an adipocentric view. Adv Exp Med Biol, 2008; 632: 1–21

 29. Carter AM, Prasad UK, Grant PJ: Complement C3 and C-reactive pro-
tein in male survivors of myocardial infarction. Atherosclerosis, 2009; 
203: 538–43

 30. Széplaki G, Varga L, Füst G, Prohászka Z: Role of complement in the 
pathomechanism of atherosclerotic vascular diseases. Mol Immunol, 
2009; 46(14): 2784–93

 31. Niculescu F, Hugo P, Rus HG et al: Quantitative evaluation of the ter-
minal C5b-9 complement complex by ELISA in human arteriosclerot-
ic arteries. Clin Exp Immunol, 1987; 69: 477–83

 32. Haskard DO, Boyle JJ, Mason JC: The role of complement in athero-
sclerosis. Curr Opin Lipidol, 2008; 19(5): 478–82

 33. Tracy RP, Psaty BM, Macy E et al: Lifetime smoking exposure affects the 
association of C-reactive protein with cardiovascular disease risk factors 
and subclinical disease in healthy elderly subjects. Arterioscler Tromb 
Vasc Biol, 1997; 17: 2167–76

 34. Lind P, Engstrom G, Stavenow L et al: Risk of myocardial infaction and 
stroke in smokers is related to plasma levels of inflammation-sensitive 
proteins. Arterioscler Tromb Vasc Biol, 2004; 24: 577–82

 35. Howard G, Wagenknecht L, Burke G et al: Cigarette smoking and pro-
gression of atherosclerosis. The Atherosclerosis Risk In Communities 
(ARIC) Study. JAMA, 1998; 279: 119–24

 36. Sauer WH, Berlin JA, Strom BL et al: Cigarette yield and the risk of 
myocardial infarction in smokers. Arch Intern Med, 2002; 162: 300–6

 37. Ueno T, Watanabe H, Fukuda N et al: Influence of genetic polymor-
phisms in oxidative stress related genes and smoking on plasma MDA-
LDL, soluble CD40 ligand, E-selectin and soluble ICAM1 levels in patients 
with coronary artery disease. Med Sci Monit, 2009; 15(7): CR341–48

 38. Yanbaeva DG, Dentener MA, Creutzberg EC et al: Systemic effects of 
smoking. Chest 2007; 131: 1557–66

Clinical Research Med Sci Monit, 2012; 18(5): CR330-336

CR336


