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Abstract: YKL-40 has been suggested to be a potential biomarker of inflammation and endothelial dysfunction. The 
present study aimed to investigate the possible association between serum YKL-40 levels and some risk factors 
of cardiovascular diseases (CVD) in essential hypertensive patients in a sample of Saudi essential hypertensive 
patients, compared to controls. Serum YKL-40 levels were quantified in 100 hypertensive patients and 100 age 
and sex-matched healthy volunteers by enzyme-linked immunosorbent assay. High sensitivity C-reactive protein 
(hs-CRP), lipid profile, and homeostasis model assessment index for insulin resistance (HOMA-IR) were also as-
sessed. Serum YKL-40 levels were significantly higher in patients compared to controls [median (quartiles) [1575 
(1354-1814) and 740 (97.2-1022)] pg/mL, respectively] (P < 0.001). When the ROC curve was applied, the AUC was 
0.894 ± 0.023 (95% CI of 0.85-0.93) with 85% sensitivity and 82% specificity at a cutoff value of 1145.1 pg/mL. 
According to univariate analysis, YKL-40 was related to systolic and diastolic blood pressures, hs-CRP, body mass 
index, fasting blood sugar, and low-density lipoprotein cholesterol (r = 0.400, 0.159, 0.406, 0.224, 0.237, 0.211, 
respectively). According to multivariate analysis, the ordination plot showed an obvious demarcation between study 
groups caused by high levels of serum YKL-40. Collectively, YKL-40 was associated with some CVD modifiable risk 
factors in hypertensive patients. Further follow-up studies are recommended to test its applicability in clinic.
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Introduction

Despite corresponding interventions that have 
improved hypertension (HTN) control rates, hy- 
pertension remains an important public health 
challenge. To date, HTN is regarded as one of 
the most important modifiable risk factors for 
cardiovascular disease (CVD). Recently, it has 
been estimated that elevated systolic blood 
pressures (SBP) of 140 mmHg or higher have 
contributed to an increase in the number of 
annual deaths by 51% in 2015 [1].

In developed countries, the prevalence of HTN 
is beginning to stabilize or decrease, thanks to 
prevention and control measures. In contrast, 
in developing regions of the world, HTN and 
CVD rates continue to rise [2]. Al-Nozha et al. 
[3] found in their epidemiological study that 

26% of the adults in the Kingdom of Saudi 
Arabia had HTN.

Development of HTN is a complex process 
involving many factors [4]. It often begins and 
speeds up the progression of macrovascular 
events by increasing arterial wall stiffness. Th- 
is arterial stiffening may be a mechanism by 
which impairment in endothelial function and/
or eliciting an inflammatory process gives rise 
to cardiovascular disease [5].

Low-grade elevation of acute phase reactants, 
proinflammatory cytokines, and cell adhesion 
molecules has been implicated in vascular in- 
flammation, which leads to endothelial dysfunc-
tion [6]. This latter condition is thought to be a 
key event in the development of atherosclero-
sis, which is largely responsible for the develop-
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ment of ischemic heart disease and thrombotic 
strokes [7].

YKL-40 (primary accession number: P36222; 
http://www.uniprot.org/uniprot/P36222), also 
known as chitinase-like protein 1 and human 
cartilage glycoprotein-39, is a 40 kDa heparin- 
and chitin binding glycoprotein that is secreted 
from several inflammatory cell types, such as 
macrophages, activated neutrophils, and vas-
cular smooth muscle cells (VSMCs) [8-11]. It 
has been implied in chemotaxis stimulation, 
cell attachment and migration, reorganization, 
and tissue remodeling as a response to endo-
thelial damage [12, 13], highlighting its role as 
a new marker of inflammation [14], atheroscle-
rosis [15], and endothelial dysfunction [16].

The present study tested the possible relation-
ship of this type of circulating biomarker and 

some CVD risk factors in essential hyperten-
sive patients. Therefore, this study aimed to 
determine serum levels of YKL-40 in patients 
with essential HTN, compared to healthy sub-
jects, and correlate YKL-40 serum levels with 
available risk factors of cardiovascular disease 
in the study population.

Materials and methods

Subjects

A case-control study was conducted at the 
Cardiology Center, Arar Central Hospital, Nor- 
thern Border Area of Saudi Arabia. One hun-
dred previously diagnosed essential hyperten-
sive patients attended the outpatient clinics for 
follow-ups. A total of 100 age and sex match- 
ed healthy normotensive volunteers (the con-
trol group) were enrolled in the present study. 

Table 1. Baseline characteristics of the study groups
Variables Controls Patients P values OR (95% CI)
Total number 100 100
Demographic data
    Mean age, years 52.8 ± 8.1 51.5 ± 7.4 0.225
        <40 years 82 (82) 87 (87) 0.435 Reference
        ≥40 years 18 (18) 13 (13) 0.68 (0.31-1.47)
    Gender
        Female 41 (41) 32 (32) 0.240 Reference
        Male 59 (59) 68 (68) 1.47 (0.82-2.63)
    Smoking 
        Non-smoker 76 (76) 73 (73) 0.746 Reference
        Smoker 24 (24) 27 (27) 1.17 (0.62-2.21)
    FH of CVD
        Negative 64 (64) 60 (60) 0.662 Reference
        Positive 36 (36) 40 (40) 1.18 (0.66-2.09)
    BMI, Kg/m2 26.3 ± 4.6 27.1 ± 4.5 0.258
Disease characteristics
    Disease duration, years ---- 5.3 ± 1.4 NA
    Systolic BP, mmHg 113.5 ± 6.0 141.2 ± 22.9 < 0.001
    Diastolic BP, mmHg 81.2 ± 2.4 83.3 ± 14.7 0.160
Laboratory investigations
    hs-CRP, mg/l 0.06 (0.04-0.09) 0.19 (0.14-0.23) < 0.001
    YKL-40, pg/mL 740 (97.2-1022) 1575 (1354-1814) < 0.001
    Insulin, U/mL 14.1 (9.5-19) 12.2 (6.6-19) 0.558
    Fasting blood glucose, mmol/l 4.7 (4.0-5.3) 4.8 (4.0-6.0) 0.182
    HOMA index 2.7 (2.1-3.8) 2.71 (1.4-4.4) 0.768
Data are represented as number (percentage), mean ± SD, or median (quartiles). OR (95% CI); odds ratio (95% confidence 
interval), FH; family history, BMI; body mass index, CVD; cardiovascular disease, BP; blood pressure, hs-CRP; high sensitivity 
C reactive protein, HOMA; homeostatic model assessment used to quantify insulin resistance and beta-cell function. Chi-
squared, Student’s t-test, and Mann-Whitney U-tests were used. Bold values indicate statistical significance at P values < 0.05.
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An informed consent was obtained from each 
patient and healthy subject before taking part. 
The study was conducted in accordance with 
guidelines in the Declaration of Helsinki and 
was approved by the Medical and Bioethics 
Local Committee of Northern Border University.

Essential hypertension was diagnosed accord-
ing to the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evalua- 
tion, and Treatment of High Blood Pressure 
[17]. Patients presenting with any cause of sec-
ondary hypertension [18], concomitant chronic 
disorders, neoplastic disorders, active or chron-
ic infection or inflammatory disorders, hemato-
logical diseases, pregnancy or a recent history 
of acute myocardial infarction, stroke, or occlu-
sive peripheral vascular disease were exclud-
ed. Patient medical data was reviewed from 
their medical records. Patients were on stan-
dard anti-hypertensive treatment, such as “Ra- 
mipril (5 mg/d), Atenolol (50 mg/d), Amlodipine 
(5 mg/d), and Hydrochlorothiazide (25 mg/d)”. 
Control subjects were randomly selected from 
the general population. They had no signs or 
clinical symptoms of chronic disease or neo- 
plasia and they did not take any regular me- 
dicine.

All individuals, including patients and controls, 
were subjected to full history assessment and 

complete clinical examinations by a specialist. 
Cardiovascular risk factors were documented, 
as described previously [17, 19, 20]. Subjects 
were considered smokers if they consumed 
more than five cigarettes per day or non-smok-
ers if they never smoked or had stopped smok-
ing for at least one year before sample collec-
tion. Obesity was defined for BMI values ≥ 30 
kg/m2. Dyslipidemia was considered for plas-
ma values of total cholesterol ≥ 200 mg/dl, tri-
glycerides ≥ 150 mg/dl, LDL ≥ 130 mg/dl, and 
HDL ≤ 40 mg/dl [21].

Biochemical analysis

Venous blood samples (5 mL) were collected  
in plain tubes after an overnight fast (10-12 
hours). Serum was separated after centrifuga-
tion at 2500 rpm for 15 minutes, then stored 
frozen at -800C until the time of analysis (not 
more than 6 months).

Routine laboratory measurements, including 
fasting blood sugar (FBS) and lipid profiles 
[total cholesterol (TC), high density lipoprotein 
cholesterol (HDL-c), and triacylglycerol (TG)] 
were done using commercially available kits on 
Cobas Integra 400 plus Biochemical analyzer 
(Roche Diagnostics, Basel, Switzerland). Low-
density lipoprotein cholesterol (LDL-c) concen-
trations were calculated by the Friedewald 
equation [22].

hs-CRP high sensitivity C reactive protein was 
measured by DRG® CRP, HS (Enzyme Im- 
munoassay; EIA-3954), according to manufac-
turer protocol. Intra-assay and inter-assay pre-
cisions were 4.1% and 5%, respectively. The 
minimum concentration level detected by assay 
was 0.1 mg/L.

Hormonal assay for insulin was measured by 
enzyme Immunoassay (DRG® Insulin ELISA; 
EIA-2935). The coefficient of variation % of the 
intra- and inter-assay works was 2.6% and 
3.9%, respectively. Insulin resistance was cal-
culated by homeostasis model assessment 
index (HOMA) = Fasting Insulin (µU/ml) × Fast- 
ing glucose (mg/dl) × 0.055/22.5 [23].

Serum YKL-40 levels were determined in dupli-
cate using a commercially available Quanti- 
kine® ELISA kit (Cat # DC3L10, R&D Systems, 
Minneapolis, MN, USA). The assay was per-
formed according to manufacturer instructions. 

Figure 1. Lipid profile and indices of the study popu-
lation.TC: total cholesterol, TG: triglyceride, LDL: low 
density lipoprotein cholesterol, HDL: high density 
lipoprotein cholesterol, VLDL: very low-density lipo-
protein cholesterol, non-HDL: total cholesterol sub-
tracted by HDL. Mann-Whitney U test was used. Bold 
values indicate statistical significance at P values < 
0.05.



YKL-40 and CVD risk factors

1603 Int J Clin Exp Med 2019;12(2):1600-1611

The standard curve was created using the 
lyophilized human Chitinase 3-like 1 (YKL-40) 
standard preparation supplied with the assay. 
Following the colorimetric reaction, optical den-
sity (OD) readings were converted to concentra-
tions in pg/mL based on quantification of the 
OD at 450 nm. The intra and inter-assay coeffi-
cient of variation was 4.3 and 5.8%, respective-
ly. The minimum detection limit was 1.25 pg/
mL. Data were expressed as pg/mL.

Statistical analysis

Statistical analysis was performed using SPSS 
version 22 (Statistical Package for the Social 

Sciences, SPSS Inc., Chicago, Illinois, USA). 
Normally distributed continuous values are 
expressed as mean ± SD and were compared 
using Student’s t-test, while non-normally dis-
tributed values are expressed as median with 
interquartile range (IQR) and were compared by 
Mann-Whitney U-test. Categorical variables are 
presented as percentages and were compared 
by Chi-squared test. Moreover, Spearman’s cor-
relation coefficient was used to test correla-
tions between serum YKL-40 and clinico-labo-
ratory variables. Linear regression analysis was 
also applied. Receiver operating characteris-
tics (ROC) analysis was used to calculate the 
area under the curve (AUC) for YKL-40 and to 

Figure 2. YKL-40 protein expression profile. A. Serum levels of YKL-40 in hypertension patients compared to controls 
(P < 0.001). Values are presented as medians of cycle thresholds. The box defines upper and lower quartiles (25% 
and 75%, respectively) and the error bars indicate upper and lower adjacent limits. Green and pink boxes represent 
controls and patients, respectively. Mann-Whitney U test was used. P values < 0.05 are considered statistically 
significant. B. ROC curve analysis to evaluate the diagnostic performance of YKL-40 in hypertension. AUC = area 
under the curve, SE = sensitivity, SP = specificity. Green and blue values represent YKL-40 and hs-CRP, respectively 
(P < 0.001). C. Serum levels of YKL-40 stratified by age and gender in hypertension patients compared to controls.
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find the best cutoff values to identify patients 
with essential hypertension. Results with P < 
0.05 are considered statistically significant. 
Finally, for clustering the study participants 
according to the interaction of clinico-laborato-
ry variables, PC-ORD version 5.0 was employed 
to run multivariate analysis. Bray-Curtis ordina-
tion and two-way hierarchical cluster analyses 
were employed to identify combinations of vari-
ables that could discriminate between patient 
and control groups. After examination of cur-
rent data profiles, no outliers were detect- 
ed. No transformation was required. Ordination 
was run to visualize data of participants along 
the axis according to their resemblance. So- 
rensen coefficient, Euclidean residual distan- 
ce, and variance-regression endpoint selection 

0.939), with 85% sensitivity (SE) and 82% spec-
ificity (SP) at a cutoff value of 1145.1 pg/mL (P 
< 0.001), whereas that of hs-CRP was 0.8839 
± 0.030 (95% CI of 0.779-0.898), with 79% SE 
and 84% SP at a cutoff value of 0.126 mg/l (P 
< 0.001) (Figure 2).

Association of serum YKL-40 levels with clini-
cal characteristics

Correlation analysis showed a moderate posi-
tive association between YKL-40 levels and 
systolic blood pressure (SBP) (r = 0.400, P = < 
0.001) and hs-CRP (r = 0.406, P < 0.001), along 
with a weak correlation with diastolic blood 
pressure (DBP) (r= 0.159, P = 0.025), body 
mass index (r = 0.224, P = 0.001), FBS (r = 

Table 2. Correlation analysis between serum YKL-40 
levels and clinico-laboratory parameters in the study 
populations

Overall Controls Patients
R P value R P value R P value

Age 0.024 0.731 0.033 0.743 0.083 0.410
Gender 0.086 0.227 0.100 0.324 0.035 0.733
Smoking 0.008 0.912 0.006 0.952 0.001 0.991
FH of CVD 0.022 0.759 0.026 0.795 0.078 0.442
BMI 0.224 0.001 0.114 0.258 0.446 < 0.001
Duration 0.015 0.886 NA NA 0.015 0.886
SBP 0.400 < 0.001 0.168 0.094 0.528 < 0.001
DBP 0.159 0.025 0.324 0.001 0.058 0.564
hs-CRP 0.406 < 0.001 0.074 0.462 0.132 0.191
INSULIN 0.077 0.281 0.035 0.731 0.105 0.298
FBS 0.237 0.001 0.423 < 0.001 0.039 0.697
HOMA 0.060 0.398 0.243 0.015 0.139 0.167
TC 0.027 0.709 0.113 0.264 0.124 0.221
TG 0.062 0.379 0.096 0.343 0.005 0.959
LDL 0.211 0.003 0.266 0.007 0.066 0.514
HDL 0.006 0.935 0.000 0.998 0.151 0.133
VLDL 0.062 0.379 0.096 0.343 0.005 0.959
Non-HDL 0.030 0.676 0.142 0.160 0.021 0.833
TC/HDL 0.052 0.466 0.119 0.238 0.111 0.272
TG/HDL 0.025 0.724 0.108 0.285 0.084 0.405
Data are presented as coefficient correlation (P values). Spear-
man’s correlation was used. FH; family history, CVD; cardiovascular 
disease, BMI; body mass index, SBP; systolic blood pressure, DBP; 
diastolic blood pressure, hs-CRP; high sensitivity C reactive protein, 
FBS; fasting blood sugar, HOMA; homeostatic model assessment, 
TC; total cholesterol, TG; triglyceride, LDL; low density lipoprotein 
cholesterol, HDL; high density lipoprotein cholesterol, VLDL; very 
low-density lipoprotein cholesterol, non-HDL; total cholesterol 
subtracted by HDL. Bold values indicate statistical significance at P 
values < 0.05.

methods were adjusted to calculate scor- 
es for factors by weighted averaging. In 
cluster analysis, flexible beta linkage me- 
thod at -0.75 and Sorensen distance mea-
sures were selected [24].

Results

Characteristics of study groups

Baseline characteristics of the hyperten-
sive patients and controls are demonstr- 
ated in Table 1. No significant differences 
between patient and control groups were 
observed regarding history of smoking, 
family history of cardiovascular diseases, 
or body mass indexes. Lipid profiling sh- 
owed differential serum levels among the 
study groups. Higher levels of triglycerides 
(mean ± SD; 133.5 ± 61.0 vs. 118.0 ± 
71.7), LDL (298.6 ± 125.4 vs. 104.1 ± 
32.0), VLDL (26.7 ± 12.2 vs. 23.6 ± 14.2), 
and TG/HDL ratios (3.2 ± 2.1 vs. 2.98 ± 
2.7) were significantly noticeable for pa- 
tient group vs. controls, respectively (Fi- 
gure 1).

Serum YKL-40 profile

Serum YKL-40 levels were significantly 
higher in hypertensive patients, compared 
to controls (P < 0.001). Stratified analysis 
by age and gender presented a similar 
trend (P < 0.001). ROC analysis confirmed 
the high diagnostic performance of YKL-
40 levels for the study’s hypertensive 
patients. The AUC of YKL-40 biomarker 
was 0.894 ± 0.023 (95% CI of 0.849-
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0.237, P = 0.001), and LDL (r = 0.211, P = 
0.003) (Table 2). Regression lines and patterns 
of patient/control distribution regarding signifi-
cant correlations are detailed in Figure 3.

Multivariate analysis

Stepwise regression analysis showed that sys-
tolic and diastolic blood pressure could be inde-
pendent predictors for YKL-40 levels (Adjusted 
R2 = 26.8%), as shown in Table 3. In multivari-
ate analysis, the ordination plot showed an 
obvious demarcation between the study groups 
caused by higher levels of YKL-40 among 

patients. However, some control individuals 
were mixed with the patient group. Two-way 
cluster analysis also demonstrated clustering 
of patients and controls into separate groups, 
with only 7% of individuals swabbed to the 
other group, Figure 4.

Discussion

Endothelial dysfunction and inflammation are 
key elements in hypertension pathophysiology 
[25]. The current study demonstrated that 
serum YKL-40 levels were significantly elevated 
in Saudi essential hypertensive patients, com-

Figure 3. Significant correlation (P < 0.05) of serum YKL-40 levels with clinical characteristics of the study essential 
hypertensive patients (n = 100).

Table 3. Predictors for hypertension by regression analysis

Model R Adjusted R2

Unstandardized 
Coefficients

Standardized 
Coefficients

t Sig.
95% CI for B

B SE Beta Lower 
Bound

Upper 
Bound

1 (Constant) 0.449 0.193 406.9 229.9 1.770 0.080 -49.41 863.9
SBP 7.984 1.607 0.449 4.969 < 0.001 4.795 11.173

2 (Constant) 0.532 0.268 718.4 238.1 3.017 0.003 245.8 1191.1
SBP 11.39 1.842 0.640 6.188 < 0.001 7.742 15.054
DBP -9.530 2.863 -0.344 -3.328 0.001 -15.21 -3.847

Predictors: (Constant), SBP; systolic blood pressure, DBP; diastolic blood pressure, SE; standard error, Sig.; significance, CI; 
confidence interval. Dependent variable: YKL-40. Bold values indicate statistical significance at P values < 0.05.
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pared to controls, with no gender differences 
as supported by others [12, 26] and with a  
high discriminating performance proven by 
ROC curve and multivariate analyses. In many 
clinical studies, it has been observed that ele-
vated YKL-40 levels could be associated with 
various cardiovascular conditions, such as my- 
ocardial infarction, atrial fibrillation, and all-
cause mortality [27-29]. Additionally, Przybyło- 
wski et al. [30] reported that serum YKL-40 
could reflect “the scale of coronary atheroscle-
rosis or contribute to identifying a high-risk ath-
erosclerosis phenotype with ongoing inflamma-
tory process and atherosclerotic plaque forma-
tion prevalence”.

Despite the fact that potential specific mecha-
nisms underlying increased serum YKL-40 in 
patients with essential HTN have not been fully 
uncovered, several evidences have supported 
the mutual relationship between this circulat-
ing biomarker and inflammatory cells like acti-
vated macrophages (especially CD16 positive 
cells) and neutrophils within inflamed tissues 
[31], as well as differentiated vascular smooth 
muscle cells (VSMCs) [32]. These cells were 
reported to be implied in YKL-40 secretion [33, 
34]. In turn, this biomarker could enhance ath-
erosclerosis and endothelial dysfunction (the 
two hallmarks of hypertensive cardiovascular 
disease) by promoting VSMCs adhesion, sp- 
reading, and directional migration in the former 
process [13], as well as by stimulating mono-
cyte differentiation, macrophage activation, ce- 
ll migration, and tissue remodeling as part of 
the latter process [9]. Hence, “it seems to be of 
pathogenic importance in the low-grade inflam-
mation that precedes the development of car-
diovascular disease”, as reported by Rathcke et 
al. [35].

Several in vitro studies have confirmed the role 
of YKL-40 in atherosclerotic plaque formation 
and progression, as it induces VSMCs migra-
tion through the intima in response to exoge-
nous signals and promotes branching tubules 
biogenesis by modulating the vascular endo-

thelial cell morphology [36, 37]. These studies 
were supported by in vivo detection of YKL-40 
protein and mRNA expression in human VSMCs 
and macrophages in atherosclerotic plaques. 
These are inevitable lesions associated with 
shear forces of hypertension that contribute to 
cardiovascular disease development despite 
appropriate antihypertensive therapy [38, 39].

At cellular levels, YKL-40 has been speculated 
to mediate its mitogenic action specifically in 
fibroblasts via extracellular signal-regulated 
kinase-1 and 2 (ERK1/ERK2) and protein kin- 
ase B (AKT) phosphorylation, which stimulate 
mitogen-activated protein kinase (MAPK) and 
phosphoinoside-3 kinase (PI3K) signaling pa- 
thways, respectively. Activation of these path-
ways has been reported to be essential for 
connective-tissue cell mitosis and growth [40]. 
Furthermore, besides the YKL-40 function as a 
growth factor, it has been reported to modulate 
p38 and stress activated protein kinase/Jun 
N-terminal kinase (SAPK/JNK) MAPKs path-
ways via PI3K, only in cases of TNFα and IL-1 
elevated levels to counteract their inflammato-
ry responses. This supports its role as an “anti-
inflammatory counteract” [41].

In line with present findings, Ma et al. [5] and 
Bakirci et al. [42] reported significantly higher 
levels of serum YKL-40, compared to healthy 
controls, either in non-microalbuminuric or mi- 
croalbuminuric hypertensive patients and in 
nondipper hypertension, respectively. In addi-
tion, recently, Xu et al. [43] reported that high 
levels of YKL-40 at baseline could predict 
hypertension incidence in men. This predictive 
property was independent of baseline conven-
tional CVD risk factors and improved the dis-
crimination between cases and controls beyond 
these factors. However, they confirmed that it is 
difficult to determine whether YKL-40 elevation 
preceded or was a result of blood pressure ele-
vation due to the non-prospective nature of the 
study design used. In addition, the limited sam-
ple size could have affected the potential appli-
cation of YKL-40 as a predictive marker for CVD 

Figure 4. Multivariate analysis of the study participants. A. Bray-Curtis Ordination. The following options were se-
lected: distance measure by Sorensen (Bray-Curtis), an endpoint selection method using variance-regression, axis 
projection geometry and calculation of residuals by Euclidean. The run was employed on 200 strands and 21 fac-
tors. 3D-Ordination plot shows the separation between patients (red) and controls (blue) along axis 1 and 2. YKL-40 
was a potential factor responsible for group separation at a cutoff R2 value for the joint plot at 0.400, with most 
controls at the positive direction of axis 1, whereas, almost all patients with some control individuals towards the 
negative direction of axis 1. B. Two-way Hierarchical Cluster Analysis. Dendrogram shows remarkable cut between 
patients (red) and controls (blue) with 93% separation.
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risk in the general population. Hence, “the de- 
tected association between YKL-40 and blood 
pressure could be applied to the total popula-
tion or certain prespecified subgroup remains 
to be further elucidated in large-scale and dif-
ferent population studies” [43].

In the current study, YKL-40 was significantly 
correlated with one of the inflammatory mark-
ers, hs-CRP. Despite an increase in CRP values 
that are non-specific, its measurement using 
high-sensitivity assays may add to the predic-
tive value of other cardiac markers which are 
used to assess the risk of cardiovascular dis-
ease [44-46]. This significant correlation could 
reflect ongoing subclinical inflammation, which 
underlies the atherosclerotic process in the 
studied cohort. Several previous studies either 
have not found or have found a weak correla-
tion between YKL-40 and hsCRP in patients 
with diabetes, obesity, or atrial fibrillation [15, 
47-49], whereas a positive correlation has been 
supported by studies on manifest CAD patients 
[28, 50]. However, it has not been found that 
hsCRP levels influence the predictive value of 
YKL-40 in terms of overall or cardiovascular 
mortality [47].

YKL-40 showed weak to moderate correlation 
with BMI in the current total population and in 
the hypertensive patient subgroup (r = 0.224;  
P = 0.001, and r = 0.446, P < 0.0001, respec- 
tively). Well-known adipose tissue macrophage 
infiltration could be responsible for the low-
grade inflammatory status of morbid obesity 
[51], inflammatory cytokine production [52], 
and increased risk of CVD [53]. These signifi-
cant results were in line with Ma et al. [5] and 
supported by the work of Hempen et al., [48] in 
which YKL-40 levels in morbidly obese patients 
were declined after weight loss. However, oth-
ers failed to demonstrate this type of correla-
tion [15, 48, 54]. This discrepancy could be due 
to differences in the study methodology, ethnic 
heterogeneity, and sample size limitation, whi- 
ch warrant further large-scale studies to con-
firm this finding.

Consistent with results of previous studies [15, 
54], YKL-40 showed positive correlation with 
fasting blood sugar and LDL levels in both total 
study participants and controls, as well as with 
HOMA indexes in the control subgroup.

Multivariate and clustering analyses confirmed 
the role of YKL-40 as a putative biomarker that 

could be used with other conventional modifi-
able CVD risk factors for a clear demarcation 
between patients with essential hypertension 
versus controls. In addition, SBP and DBP were 
proven to be independent predictors for YKL-40 
levels in the present study cohort, according to 
stepwise regression analysis. Recently, a popu-
lation-based nested case-control study con-
ducted on a Chinese cohort highlighted the 
positive association of YKL-40 with hyperten-
sion incidence among pre-hypertensive sub-
jects [55]. They suggested YKL-40 to be a novel 
biomarker for predicting hypertension and that 
lowering its levels may be beneficial in slowing 
down the development from pre-hypertension 
to hypertension.

There were some limitations to the present 
study, including the relatively small sample 
size, cross-sectional design, and the fact that  
it did not include serial measurements of YKL-
40 to assess response to proper managements 
of the study cohort, including adequate control 
of the modifiable CVD-risk factors. Hence, it is 
highly recommended that YKL-40 be validated 
in well-characterized larger scale cohorts with 
longitudinal follow-ups and assessment of its 
response to proper management in a clinical 
setting.

In conclusion, the present study found that 
serum YKL-40 levels are associated with some 
modifiable CVD risk factors in essential hyper-
tensive patients. It could have a role in essen-
tial hypertension, but the design of the current 
study could not prove a cause-effect relation-
ship. Further larger longitudinal studies are  
recommended to investigate its implication, in 
combination with other conventional biomark-
ers, for early identification of hypertensive pa- 
tients at risk for CVD, aiming to improve early 
implementation of the preventive measurem- 
ents and application of early and personalized 
targeted therapy.
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