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Introduction

The relationship between inflammation and hypertension has 
been investigated for many years.1) Experimental studies have 
shown that inflammatory cytokines contribute to hypertension by 
increasing vascular tone and impairing endothelial function. The 

relationships between hypertension and high-sensitivity CRP (hs-
CRP), tumor necrosis factor-α, interleukin (IL)-6, and IL-18 are well 
known,2) but the relationship between IL-18 and left ventricular 
hypertrophy (LVH) is not well studied.  

Inflammatory cells are activated during acute coronary 
syndromes, and some indexes such as the neutrophil to 
lymphocyte ratio3) and the white blood cell (WBC) count to 
mean platelet volume4) ratio are associated with worse prognosis. 
Like inflammatory cells, IL-18 was elevated in acute coronary 
syndromes, and high levels were correlated with worse prognosis.5) 
In addition, the role of IL-18 in carotid intima media thickness 
(a marker of subclinical atherosclerosis) is well established.6) In 
experimental animal studies, there is growing evidence regarding 
the relationship aming IL-18, hypertension, and LVH. IL-18 knockout 
mice subjected to pressure overload developed less hypertrophy, 
but also had worse contractile function.7) Daily administration of IL-
18 in healthy mice induces myocardial hypertrophy and contractile 
dysfunction.8) These results suggest that IL-18 is involved in the 
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hypertrophic response in overload cardiomyopathy. 
In clinical trials, hypertensive patients tend to have higher IL-18 

concentrations than normotensive groups,9)10) but the relationship 
between IL-18 and LVH, which is a marker of end-organ damage, 
is unknown in humans. In this study, we aimed to investigate 
the relationship between IL-18 and left ventricular mass (LVM) in 
apparently healthy subjects with or without hypertension who 
were free of atherosclerotic disease. 

Subjects and Methods 

We performed an observational, cross-sectional study in order 
to examine the relationships between inflammation, hypertension, 
and LVH. The study population was a sample of subjects admitted 
to the cardiology department of our institute and who were 
suspected to have hypertension (n=198). Subjects were eligible to 
participate in the study if they were 20 to 60 years of age, had no 
history of hypertension or cardiovascular (CV) disease (coronary 
artery disease, stroke, peripheral vascular disease), were not using 
antihypertensive medications, were free of any other major systemic 
illnesses, and were not pregnant. We performed electrocardiogram 
and a treadmill test to rule out clinically significant coronary artery 
disease. A positive or non-diagnostic test result according to the 
modified Bruce protocol was considered an exclusion criterion. 
We recruited 198 subjects (102 women, 96 men) who met these 
criteria. The local ethics committee assessed and approved the 
study, and written informed consent for participation in the study 
was obtained from all individuals

Whole blood count, total, high-density lipoprotein, and low-
density cholesterol, triglycerides, glucose, and serum hs-CRP and 
IL-18 concentrations were measured using commercially available 
enzyme-linked immunosorbent assay (Diagnostic Products 
Corporation, Los Angeles, CA, USA). Electrocardiogram and two-
dimensional echocardiography were performed in all of the 
subjects participating in the study. The Sokolow-Lyon index (SLI) 
was calculated as the sum of the amplitudes of V1S and V5R.

Echocardiographic studies were performed using the Acuson 
Sequoia C256 (Siemens Medical Solutions USA Inc., Mountain 
View, CA, USA) or the SONOS 7500 (Phillips, Andover, MA, USA). 
All echocardiographic measurements and the estimation of LV 
mass were performed according to the recommendations of 
the American Society of Echocardiography and the European 
Association of Echocardiography.11)

The 24 hour ambulatory blood pressure (BP) monitoring was 
performed with oscillometric equipment (Tonoport GE, Berlin, 
Germany). The cuff was applied to the non-dominant arm at the 

end of the visit. The device was set to obtain ambulatory BP and 
heart rate readings at 30 minutes intervals for 24 hours, during 
which the subjects were sent home and asked to perform their 
usual activities. The subjects were asked to keep a diary of daily 
activities and the time of sleep and to return to the hospital 24 
hours later. Hypertension was determined based on 24 hour systolic 
and diastolic BP averages; a 130/80 mmHg cut-off value was used. 

Statistical calculations were performed using SPSS 15 for 
Windows (SPSS Inc, Chicago, IL, USA). Continuous and normally 
distributed variables are presented as mean±standard deviation, 
and non-normally distributed variables are presented as median 
(min-max). Categorical data is presented as frequency and 
percentage. Continuous variables were compared among the 
groups of patients with student’s t-test for normally distributed 
data and the Kruskal–Wallis test for non-normally distributed data. 
The Chi-square test was used for comparing categorical variables 
among groups. The Pearson test for normally distributed data and 
the Spearman test for non-normally distributed data were used for 
bivariate correlations. Logistic and linear regression was used for 
multivariate analysis. All tests were two-tailed, and a p<0.05 was 
considered significant. 

Results

The study population was composed of 102 women and 96 
men between the ages of 20-60 years. Patients were divided into 
hypertensive (n=76) and normotensive (n=120) groups according 
to average 24 hour BP value.  

The 24 hour systolic and diastolic BP averages and day and 
night systolic and diastolic BP averages were significantly higher 
in the hypertensive group. Gender and age were similar between 
groups. The frequency of type 2 diabetes was very low in the study 
population (2.5%) and was not statistically different between 
groups. Average body mass index was higher in the hypertensive 
group than the normotensive group. LVM, left ventricular mass 
index (LVMI), SLI, WBC count, hs-CRP, and IL-18 were higher in the 
hypertensive group than in the normotensive group (Table 1).  

Day, night, and 24 hour systolic and diastolic blood pressure 
averages were all correlated with IL-18 level in the total study 
population. We also found positive correlations between IL-18 and 
body mass index (BMI) LVM, LVMI, triglyceride, and hs-CRP and a 
negative correlation between IL-18 and high-density lipoprotein 
(Table 2). The correlation between IL-18 and 24 hour systolic BP are 
shown in Fig. 1, and the correlation between IL-18 and LVMI is shown 
in Fig. 2.

In the hypertensive group, only night systolic BP average and 
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LVM were correlated with IL-18 level (Table 3). In the normotensive 
group, no significant correlations were found between BP averages 
and IL-18; however, BMI, LVM, and hs-CRP level were all positively 

correlated with IL-18 (Table 4).  
In multivariate analysis, the correlations between IL-18, LVMI, 

and hs-CRP remained statistically significant in the entire study 

Table 1. Comparison between hypertensive and normotensive groups

Hypertensive Normotensive            p

Patient, n (%) 78 (40) 120 (60)

Age (years) 41.15±11.80 39.16±12.14 0.39

BMI (kg/m²) 28.55±9.94 24.89±4.27 0.008

Gender (female:male) 50:38 52:68 0.055

Type 2 DM (absent/present) 76:2 117:3 0.97

24 hour systolic BP average (mmHg) 131.94±10.49 114.04±6.42 0.002

24 hour diastolic BP average (mmHg) 87.72±6.76 73.91±4.15 <0.0001

Day systolic BP average (mmHg) 133.08±11.96 116.60±6.54 <0.0001

Day diastolic BP average (mmHg) 89.56±8.57 76.89±5.23 <0.0001

Night systolic BP average (mmHg) 121.50±15.02 103.67±7.05 <0.0001

Night diastolic BP average (mmHg) 77.75±7.67 63.22±4.21 <0.0001

LVM (gr) 176.34±42.08 145.98±36.69 <0.0001

LVMI (gr/m²) 91.05±25.31 77.84±23.60 0.001

Sokolow-Lyon index (mm) 23.46±7.60 20.90±6.08 0.024

WBC (count/mm3) 7267±1691 6789±1529 0.045

hs-CRP (mg/L) 1.60 (0.09-22.51) 0.4 (0.09-18.9) 0.004

IL-18 (pg/mL) 73.80 (0-947.2) 42.5 (2.08-256) 0.017

Values are presented as mean±standard deviation or number (%). Student’s t-test and Kruskal Wallis tests were used. BMI: body mass index, DM: diabetes 
mellitus, BP: blood pressure, LVM: left ventricular mass, LVMI: left ventricular mass index, WBC: white blood cell, hs-CRP: high sensitivity C-reactive protein, 
IL-18: interleukin-18

Table 2. Bivariate correlations with IL-18 level in the entire study population 

Correlation 
coefficient -r² p

24 hour systolic BP average (mmHg) 0.170 0.016

24 hour diastolic BP average (mmHg) 0.182 0.010

Day systolic BP average (mmHg) 0.164 0.021

Day diastolic BP average (mmHg) 0.185 0.009

Night systolic BP average (mmHg) 0.183 0.010

Night diastolic BP average (mmHg) 0.171 0.016

BMI (kg/m²) 0.192 0.007

HDL cholesterol (mg/dL) -0.166 0.021

Triglyceride (mg/dL) 0.141 0.049

LVM (gr) 0.275 <0.001

LVMI (gr/m²) 0.174 0.014

hs-CRP (mg/L) 0.151 0.035

Pearson and spearman correlation tests were used. IL-18: interleukin-18, 
BP: blood pressure, BMI: body mass index, HDL: high-density lipoprotein, 
LVM: left ventricular mass, LVMI: left ventricular mass index, hs-CRP: high 
sensitivity C-reactive protein

Table 3. Bivariate correlations with IL-18 level in the hypertensive group 

Correlation 
coefficient -r² p

24 hour systolic BP average (mmHg) 0.118 0.200

24 hour diastolic BP average (mmHg) 0.095 0.301

Day systolic BP average (mmHg) 0.057 0.537

Day diastolic BP average (mmHg) 0.044 0.635

Night systolic BP average (mmHg) 0.197 0.031

Night diastolic BP average (mmHg) 0.168 0.066

BMI (kg/m²) 0.091 0.320

HDL cholesterol (mg/dL) -0.146 0.116

Triglyceride (mg/dL) 0.103 0.267

LVM (gr) 0.209 0.022

LVMI (gr/m²) 0.148 0.106

hs-CRP (mg/L) 0.070 0.449

Pearson and spearman correlation tests were used. IL-18: interleukin-18, 
BP: blood pressure, BMI: body mass index, HDL: high-density lipoprotein, 
LVM: left ventricular mass, LVMI: left ventricular mass index, hs-CRP: high 
sensitivity C-reactive protein
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population. Similar relationships were found in the hypertensive 
group. In contrast to these findings, we did not find any independent 
relationships in normotensive patients. On multivariate analysis, there 
were no statistically significant relationships between IL-18 level and 
BP parameters (Table 5). Therefore, IL-18 level was independently 
associated with LVMI and hs-CRP level in the whole study 
population and in newly diagnosed hypertensive patients.  

Discussion

We found that hypertensive patients had higher IL-18 serum 
level than normotensive subjects. BP averages were also positively 
correlated with serum IL-18 level in the entire study population. IL-
18 level was independently associated with LVMI and hs-CRP level 
in the whole study population and in newly diagnosed hypertensive 
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Fig. 1. Correlation between interleukin-18 and 24-hour systolic blood 
pressure. BP: blood pressure.

Fig. 2. Correlation between interleukin-18 and left ventricular mass index.

Table 4. Bivariate correlations with IL-18 level in the normotensive group

Correlation coefficient -r² p

24-hour systolic BP average (mmHg) -0.055 0.635

24-hour diastolic BP average (mmHg) 0.011 0.922

Day systolic BP average (mmHg) 0.056 0.626

Day diastolic BP average (mmHg) 0.169 0.138

Night systolic BP average (mmHg) -0.131 0.254

Night diastolic BP average (mmHg) -0.124 0.281

BMI (kg/m²) 0.271 0.016

HDL cholesterol (mg/dL) -0.172 0.134

Triglyceride (mg/dL) 0.120 0.297

LVM (gr) 0.266 0.019

LVMI (gr/m²) 0.144 0.209

hs-CRP (mg/L) 0.255 0.024

Pearson and spearman correlation tests were used. IL-18: interleukin-18, BP: blood pressure, BMI: body mass index, HDL: high-density lipoprotein, LVM: 
left ventricular mass, LVMI: left ventricular mass index, hs-CRP: high sensitivity C-reactive protein
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patients. We did not find any independent relationships between 
IL-18 and LVMI in normotensive subjects. Normotensive subjects 
do not have clinically significant CV disease or hypertension, both 
of which are known to alter LVMI and IL-18 level. Therefore, the 
absence of these diseases may explain the lack of any relationship 
between these parameters in this group. We hypothesize that the 
independent relationships seen in the general population were 
mainly due to the hypertensive subjects.

To our knowledge, our study is the first to show an independent 
relationship between LVMI and IL-18 level in humans. In most 
previous studies, hypertensive subjects had higher IL-18 level than 
normotensive subjects, and IL-18 level was positively correlated 
with office BP.9)10) These findings are consistent with our study 
findings. However, unlike out study, the PRIME study (n=1005) 
did not find a statistically significant difference in IL-18 level 
between hypertensive and normotensive groups.12) In that study, all 
participants were males between 50-59 years of age, and interleukin 
level was measured in plasma rather than serum. The narrow range 
of age and gender might have obscured the relationship between 
IL-18 and hypertension. 

We used ambulatory blood pressure readings, which are more 
accurate and have different diagnostic criteria than office 
measurements.13) Several studies have shown that LVH and other 

markers of organ damage correlate with ambulatory BP more closely 
than with office BP in hypertensive patients.14) Evidence from meta-
analyses of published observational studies and pooled individual data 
has shown that ambulatory BP is a more sensitive risk predictor of 
clinical CV outcomes, such as coronary morbid or fatal events and 
stroke, than office BP.15) The superiority of ambulatory BP has been 
shown in the general population, in hypertensive patients, in patients 
at high risk, and in patients with CV disease.16)17) These factors make 
our findings more valuable.

Left ventricular hypertrophy, especially of the concentric 
type, is associated with a CV disease risk higher than 20% in 
10 years.18) In hypertensive patients with LVH, a therapeutically-
induced reduction of LVM was significantly associated with CV 
event reduction.19) Antihypertensive treatment decreases the CV 
events associated with hypertension; however, despite successful 
treatment, risk remains higher than in the general population.20) 

This finding suggests that hypertension-related CV risk is 
associated with factors other than high BP. One of these factors 
might be inflammation; if so, hypertension treatments targeted to 
inflammation may result in additional risk reduction.

There are several mechanisms which may explain the relationship 
between inflammatory cytokines and hypertension. Increased 
vascular oxidative stress is one of the postulated unifying 

Table 5. Regression analysis of IL-18 level

Beta coefficient  p

Regression analysis of  the entire study population

BMI (kg/m2) 0.028 0.701

HDL cholesterol (mg/dL) -0.080 0.308

Triglycerides (mg/dL) 0.026 0.740

LVMI (gr/m²) 0.154 0.033

hs-CRP (mg/L) 0.149 0.040

Regression analysis in the hypertensive patient group

BMI (kg/m2) 0.028 0.692

HDL cholesterol (mg/dL) -0.90 0.256

Triglycerides (mg/dL) 0.029 0.716

LVMI (gr/m²) 0.151 0.036

hs-CRP (mg/L) 0.155 0.032

Regression analysis in the normotensive patient group

BMI (kg/m2) 0.165 0.196

HDL cholesterol (mg/dL) -0.106 0.404

Triglycerides (mg/dL) -0.011 0.936

LVMI (gr/m²) 0.096 0.418

hs-CRP (mg/L) 0.050 0.678

Linear regression analysis was used. IL-18: interleukin-18, BMI: body mass index, HDL: high-density lipoprotein, LVMI: left ventricular mass index, hs-CRP: 
high sensitivity C-reactive protein
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pathways that leads to hypertension. Vasoactive hormones that 
play an important role in the pathogenesis of hypertension (e.g., 
angiotensin II, endothelin I), growth factors (e.g., platelet-derived 
growth factor, transforming growth factor-β), and mechanical 
stimuli (e.g., shear stress and stretch) activate nicotinamide adenine 
dinucleotide phospate  and result in increased levels of reactive 
oxygen species.21) Increased reactive oxygen species damage the 
vascular wall and impair vasodilation by inactivation of nitric oxide.22) 
Angiotensin II enhances the expression of IL-18 receptor in vascular 
smooth muscle cells.23) Angiotensin II, along with aldosterone and 
endothelin-1, increases IL-18 messenger ribonucleic acid (mRNA)  
and protein expression in cardiomyocytes.24)

The sympathetic nervous system plays an important role in the 
pathophysiology of hypertension, and evidence supports increased 
release of epinephrine from the hearts of patients with essential 
hypertension.25) Stimulation of the β2-adrenergic receptor activates 
IL-18 promoter activity, upregulates IL-18 mRNA, and increases IL-18 
mRNA stability and IL-18 protein expression in endothelial cells.26) 

Two strategies have been used to counter the effects of IL-18: 
IL-18 binding protein (IL-18BP), a naturally occurring protein, and a 
neutralizing IL-18 antibody. Recombinant human IL-18BP has been 
investigated in clinical trials and was found to be safe in healthy and 
obese volunteers27) and in patients with psoriasis and rheumatoid 
arthritis.28) Evidence from clinical and experimental data suggests that 
IL-18 may be a therapeutic target in acute myocardial infarction,29) but 
no trials have tested this hypothesis in acute myocardial infarction 
or HF. Likewise, no trials have investigated IL-18 blockade, LVH, and 
hypertension.

However, we showed that the relationship between IL-18 and 
LVMI is quite weak. Based on the scope of the accumulated data in 
the literature regarding IL-18 blockage as a therapeutic intervention, 
we hypothesize that  therapies directed against the inflammatory 
system may eventually be an option.

Our study has several limitations including a relatively small 
sample size. Furthermore, the cross-sectional and observational 
nature of our study does not allow us to determine cause and 
effect relationships. The elimination half-life of IL-18 in vivo is 
approximately six hours.30) Blood samples were drawn early in 
the morning, so our measurements did not represent the entire 
day and might have missed any diurnal variations. This makes it 
difficult to interpret the relationship between IL-18 concentration 
and BP variation, particularly that occurring at times other than 
that at which the blood samples were drawn. For instance, BP 
variations occurring in the afternoon might have changed IL-18 
level significantly, but we likely did not detect this effect due to 
the relatively short elimination half-life. Because of this study’s 
observational and cross sectional design, we cannot make any 

suggestions about patient follow up or treatment strategies. 
Further studies with more participants should be performed to 
clarify these matters. 

Conclusion
Our study showed that elevated level of IL-18 is associated with 

hypertension in newly diagnosed hypertensive patients and in the 
general population. We also found that LVMI was independently 
associated with IL-18 in both hypertensive patients and in the 
general population. These findings comprise a rationale for 
further larger scale studies that could reveal a cause and effect 
relationship among IL-18, hypertension, and related left ventricular 
hypertrophy. However, based on our results, it is too early to 
suggest any therapeutic interventions targeting IL-18 for treatment 
of hypertension and LVH. Stronger relaionships supported by future 
studies may lead to innovations in the treatment of hypertension 
and LVH in the coming decades.
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