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ORIGINAL ARTICLE

The ratio of monocyte frequency to HDL cholesterol
level as a predictor of asymptomatic organ damage
in patients with primary hypertension

Emel Aydinl, Thsan Ates!, Mehmet Fettah Arikan!, Nisbet Yilmaz! and Fatih Dede?

This study aimed to examine the relationship between the ratio of monocyte frequency to high-density lipoprotein (HDL)
cholesterol level (the monocyte/HDL ratio (MHR)) and asymptomatic organ damage (AOD) in primary hypertension (PHT). A total
of 366 participants were enrolled in the study, including 275 cases currently being followed up after a diagnosis of PHT in our
clinic and 91 healthy volunteers. The MHR was higher in patients with PHT than in individuals in the control group. In the

PHT group, the MHR was higher in patients with AOD (AOD+) than in patients without AOD (AOD -). In the correlation analyses
performed in the PHT group, there were positive correlations between the MHR and the following AOD indicators: carotid intima
media thickness, left ventricular mass index, urinary protein levels and urinary albumin levels. In a multivariate linear regression
analysis, the MHR was found to be an independent risk factor associated with these indicators of AOD. In conclusion, our study

shows that MHR is associated with AOD in patients with PHT.
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INTRODUCTION

Primary hypertension (PHT) has become a serious public
health problem all across the world and is a serious condition that
plays a role in the etiopathogenesis of cardiovascular and cerebrovas-
cular diseases.! High blood pressure caused by increased cardiac
output and peripheral vascular resistance causes damage to cardiac
and vascular tissues, and leads to asymptomatic atherosclerosis
and further organ dysfunction.>® Asymptomatic organ damage
(AOD), which does not initially cause functional impairment in the
related tissue, may cause irreversible organ dysfunction when it
reaches a critical level.*® Therefore, it is important to diagnose
hypertension in the AOD stage, and start treatment to mitigate or
prevent damage.

AOD in PHT is associated with the level of damage in the
endothelial tissue in the cardiovascular system; this damage continues
to be asymptomatic if it remains at a level that is insufficient to impair
the functionality of the vascular structure.® In clinical practice, this
damage is indicated by an increased carotid intima media thickness
(CIMT), an increased left ventricular mass index (LVMI), increased
current-induced dilation in the radial artery and increased excretion of
urinary proteins.” However, each of these indicators requires advanced
study and analysis by a specialist. Thus, recent studies have aimed to
search for indicators and indexes for AOD prediction that are simple,
economical and feasible in a clinical setting. The ability of monocyte

frequency and related indexes to predict the presence of AOD has
been investigated in many studies.

Monocyte frequency is known to increase in atherosclerosis and
indicate chronic inflammation. Considering the pathogenesis of
atherosclerosis, monocytes—among other inflammatory cells—are
known to play an active role both in the generation of atheroma
plaques at the vascular level and in endothelial dysfunction. Consistent
with this, the association between increased monocyte frequency
(secondary to chronic inflammation) and many cases of atherosclero-
sis has been demonstrated in several previous studies.®'? As mono-
cytes are only one of many types of inflammatory cell that play
a role in inflammation during the pathogenesis of cardiovascular
diseases, macrophage frequency is considered to be a weak predictor of
atherosclerosis. For this reason, we sought to create an improved
index that included a marker that diminishes in the presence of
atherosclerosis, as well as monocyte frequency, which is known to
increase in this setting. To this end, we created a ratio of monocyte
frequency to high-density lipoprotein (HDL) cholesterol (the mono-
cyte/HDL ratio (MHR)), given that HDL cholesterol is found at low
levels in patients with atherosclerosis. The MHR has previously been
demonstrated to be a useful marker for the identification of coronary
artery disease, slow coronary flow and saphenous vein graft
syndromes.®~!!
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Table 1 Factors associated with target organ damage in patients with primary hypertension

Urine protein Urine albumin LVMI CIMT

Variables r P r P r P r p
Age -0.060 0.318 —-0.055 0.363 0.220 0.0462 0.252 <0.0012
BMI 0.103 0.089 0.032 0.598 0.019 0.753 0.094 0.122
SBP 0.030 0.615 -0.057 0.346 -0.011 0.861 0.091 0.132
DBP 0.063 0.296 —-0.058 0.342 0.038 0.532 0.045 0.457
WBC 0.048 0.432 0.156 0.119 0.049 0.419 -0.085 0.159
Hemoglobulin -0.033 0.583 0.046 0.444 0.079 0.190 0.071 0.243
Platelet 0.073 0.229 0.056 0.354 -0.043 0.481 -0.067 0.271
Monocyte 0.240 0.0202 0.317 <0.0012 0.379 <0.001@ 0.339 <0.0012
T. cholesterol -0.078 0.194 -0.162 0.107 -0.109 0.072 -0.084 0.163
HDL -0.255 0.0102 -0.306 <0.0012 -0.285 0.0022 -0.390 <0.0012
LDL -0.071 0.243 -0.105 0.082 -0.111 0.066 -0.047 0.435
Triglyceride 0.092 0.127 0.075 0.214 0.088 0.145 0.088 0.144
MHR 0.327 <0.0012 0.482 <0.0012 0.396 <0.0014 0.486 <0.0012

Abbreviations: BMI, body mass index; CIMT, carotid intima media thickness; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVMI, left ventricular mass

index; MHR, monocyte/HDL ratio; SBP, systolic blood pressure; WBC, white blood cell.
2P<0.05 was considered statistically significant.

Table 2 Independent predictors for target organ damage

%95 Cl
Variables Bxs.e Lower Upper P
Urine protein
Urine albumin 0.329+0.026 0.278 0.38 <0.0012
MHR 0.110+0.030 0.050 0.170 <0.0012
R?: 0.373; P<0.0012
Urine albumin
Urine protein 1.131+0.089 0.956 1.306 <0.0012
MHR 0.430+0.050 0.330 0.540 <0.0012
R?: 0.372; P<0.0012
LVMmI
CIMT 2.524+0.663 5.828 8.184 <0.0012
MHR 1.576+0.267 1.050 2.101 <0.0012
R? 0.451; P <0.0012
CIMT
LVMI 0.200+0.052 0.096 0.303 <0.0012
MHR 1.814+0.197 1.426 2.202 <0.0012

R?: 0.450; P <0.0012

Abbreviations: CIMT, carotid intima media thickness; LVMI, left ventricular mass index; MHR, monocyte/HDL ratio.

2P<0.05 was considered statistically significant.

We hypothesized that the MHR, which has been shown to be
a good predictor of atherosclerosis, would also be a good predictor
of AOD in patients with PHT. Therefore, we aimed to examine
the association between the MHR and AOD in patients with PHT.

METHODS

This investigation involved a retrospective study that was carried out at Ankara
Numune Training and Research Hospital, Internal Medicine Clinic, from
August 2016 to November 2016.

Study population

The study comprised a total of 366 participants aged over 18 years, and
included 272 individuals who had been diagnosed with PHT and were being
monitored in our clinic, and 91 healthy volunteers. Subjects who visited our
hospital for a check-up did not have a known chronic disease, and were not
taking any medications, were included in the control group.

The following patients were excluded from the study: those who had
secondary hypertension, diabetes mellitus, obesity, acute or chronic kidney
disease, the presence of proteinuria at the nephritic level, documented coronary
artery disease, cardiac failure, peripheral arterial disease, cerebrovascular
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Table 3 The distribution of demographic and laboratory findings on the presence of target organ damage

Primary hypertension

Variables Control (n=91) TOD (=) (n=67) TOD (+) (n=208) P
Gender, n (%)

Female 61 (67.0) 45 (67.2) 146 (70.2) 0.798
Age (year) 50.2+11.5 48.8+10.2 53.7+12.3 0.0032
BMI (kg m~2) 29.9+5.5 29.1+5 29.7+4.5 0.511
SBP (mm Hg) 135.5+13.8 159.5+12.6 160.5+12.8 <0.0012
DBP (mm Hg) 80.2+10.4 98.0+11.5 98.2+9.6 <0.0012
WBC (x103 pl=1) 75+2.1 7.1+2.1 72422 0.465
Hemoglobin (g dI=1) 13.9+1.7 13.9+16 13.8+1.7 0.963
Platelet (x103 pl‘l) 271.3+87.1 283.6+70.4 282.1+74.4 0.482
Monocyte (pl) 306.4+111 449.9+83 604.6+168.8 <0.0012
T. cholestrol (mg diI~1) 215.2+45 212.1+37.7 205.2+52.2 0.213
HDL (mgdi—1) 67.9+58.8 55.9+10.1 45.1+11 <0.0012
LDL (mgdi-1) 128.8+37.8 128.4+34.1 126.5+41.1 0.87
Triglyceride (mg dI—1) 113 (38-315) 122 (55-272) 145.5 (20.4-1951) 0.0022
MHR 49+1.7 8.1+05 14.1+5.4 <0.0012
Urine protein (g 24 h=1) 78.5 (2-290) 89.3 (6-2523) 101.8 (13.9-474.7) <0.0012
Urine albumin (g 24 h~1) 5.0 (0.2-33) 7.8 (1.1-247.5) 18.1 (0.9-329) <0.0012
LVMI (g m~2) 72.5+13.5 82.3+16.0 95.5+23.4 <0.0012
CIMT (mm) 0.6+0.1 0.7+0.2 0.9+0.2 <0.0012

Abbreviations: BMI, body mass index; CIMT, carotid intima media thickness; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVMI, left ventricular mass

index; MHR, monocyte/HDL ratio; WBC, white blood cell.

2P<0.05 is considered significant for statistical analyses. Categorical variables were shown in numbers and percentage; numerical variables were shown as mean +s.d. or median (min-max).

disease, malignancy, liver diseases, rheumatic diseases, or active or chronic
infection; those who were taking antioxidant substances or lipid-reducing
medicines; and those who smoked, consumed alcohol or took vitamin tablets.

The following parameters were considered to be indicators of AOD: urinary
albumin excretion >30 mg per day or proteinuria > 150 mg per day, LVMI
>95gm™ in females and >115gm™ in males, CIMT >0.9 mm or the
presence of a plaque (or plaques) in the carotid arteries.!® Patients who lacked
all of these indicators were classified as AOD-negative (AOD - ); those who
had one AOD indicator as AOD grade I; those who had two indicators as
AOD grade II; those who had three indicators as AOD grade III; and those who
had four indicators as AOD grade IV.

Body mass index (BMI) was calculated by dividing an individual’s body
weight by the square of their height in meters (BMI=kg m™2).

The study was approved by the local ethics board.

Biochemical parameters
Fasting laboratory parameters were measured when patients were diagnosed
with PHT upon their admission to hospital and values were recorded in the
patients’ electronic medical records. For these laboratory parameters, the
measurement tools and methods used in the biochemistry department of our
hospital are described below.

The triglyceride and total cholesterol levels were measured using the
enzymatic colorimetric method, HDL cholesterol was measured using the
homogeneous enzymatic colorimetric method, and urinary protein levels at
24h were measured using the microalbumin turbidimetric method and
analyzed using a Hitachi Modular P800 autoanalyzer (Roche Diagnostics,
Indianapolis, IN, USA). Low-density lipoprotein cholesterol was calculated
using the Friedewald formula.'* Erythrocyte and thrombocyte frequencies were
measured using the impedance (resistance) method, leukocyte frequency was
quantified by optic laser scatter and other hemogram parameters were
measured using a Sysmex XE 2100 hematology analyzer (Roche Diagnostic).
Hemoglobin levels were measured photometrically.

Blood pressure measurement
After 5 min of rest after admission to hospital, participants were subjected to
three different blood pressure measurements at 5-min intervals. The mean
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value of the three measurements was recorded as the final measurement. An
Omron M3 automatic sphygmomanometer (Omron Healthcare, Tokyo, Japan)
that was calibrated according to the European Society of Hypertension
International Protocol 2002 and 2010'° was used for blood pressure
measurements.

Echocardiographic examination
Echocardiography was performed by a cardiologist who did not have knowl-
edge of the study. A standard echocardiography machine (2.5 MHz transducer,
Vivid 7; GE-Vingmed Ultrasound AS, Horten, Norway) was used for
echocardiography measurements. Left-ventricle mass was calculated using
two-dimensional echocardiographic measurements and the Devereux formula.
The Devereux formula was indexed to: LVM = 1.04 x [(IVST+PWT+LVDd)
3—(LVDd)3]-13.6 and body surface area. LVMI values of >95 g m™2 in females
and >115gm™ in males were considered to be indicators of left-ventricle
hypertrophy.

Carotid ultrasonography

CIMT was measured when the patients lay on their back and put two hands
under their head. Measurements were performed by a radiologist who did not
know about the clinical condition of patients using a high-resolution B-mode
device (Logic 7; GE Med., Chicago, IL, USA). Measurements were taken from
the right and left main carotid arteries using a linear probe and an automatic
system. Measurements were taken at three locations: 2 cm away from the site at
which the left carotid artery branches from the aorta, 2 cm away from the site at
which the right carotid artery branches from the brachiocephalic trunk and at
the bifurcation of the internal carotid arteries. Longitudinal measurements
were made at the distance defined as the vein lumen echogenicity and media-
adventitia echogenicity. Intima media thickness was measured by ultrasound as
the distance between the sites at which echogenicity was detected for the vein
lumen and for the media-adventitia border.

Statistical analysis

Statistical analysis was performed using the Statistical Package for Social
Sciences (SPSS) for Windows 20 (IBM SPSS, Chicago, IL, USA). The extent
to which the data followed a normal distribution was evaluated using the
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Variables TOD (=) (h=91) Grade | (n= 56) Grade Il (n=57) Grade 11l (n=56) Grade IV (h=39) P
Gender, n (%)

Female 45 (67.2) 42 (75.0) 37 (64.9) 38 (67.9) 29 (74.4) 0.736
Age (year) 48.8+10.2 52.1+12.1 52.3+11 54.6+12.5 56.9+13.8 0.0052
BMI (kg m~2) 29.1+5 29.7+4.9 30.1+£3.9 29.1+4 30.3+5.4 0.542
SBP (mm Hg) 159.56+12.6 159.8+12.7 160.9+11.5 161.7+15.7 159.2+10.3 0.843
DBP (mm Hg) 98+11.5 97.1+8 99.5+4.6 98.8+14.5 96.9+8.3 0.66
WBC (x103 pl-1) 7.1x2.1 75+2.1 6.7+2 6.9+1.8 7.8+2.7 0.113
Hemoglobin (g dI~1) 139+1.6 13.8+1.6 13.9+1.7 13.8+1.6 14+2.1 0.981
Platelet (x103 pl=1) 283.6+70.4 286.3+69.1 262.7+67.8 299.7+78.6 279.1+80.6 0.111
Monocyte (pl) 449.9+83 504.3+107.6 540.2+92.1 673+176.1 744.4+181.7 <0.0012
T. cholestrol (mg dl—1) 212.1+37.7 215.9+46.3 208.9+60.1 202.7+54.5 187.8+40.1 0.057
HDL (mgdi—1) 55.9+10.1 50.9+9.5 45.7+9 44.8+11.3 36.2+9.5 <0.0012
LDL (mgdl—1) 128.4+34.1 135.4+39.4 127.3+£43.2 125.3+44.8 114.1+31.9 0.142
Triglyceride (mg dI~1) 122 (55-272) 139.5 (20.4-360) 132 (34-1951) 158 (77-686) 147 (70-544) 0.227
MHR 8.1+0.5 9.9+1.2 11.9+1.2 15.2+2.3 219+7.1 <0.0012
Urine protein (g 24 h-1) 89.3 (6-2523) 90.8 (13.9-337.2) 95.5 (18.4-257.8) 99.6 (32.1-466.2) 144.2 (59.9-474.7) <0.0012
Urine albumin (g 24 h—1) 7.8 (1.1-247.5) 8.5(1.1-194.1) 9.6 (0.9-182) 18.8 (1-329) 49 (3.9-304.8) <0.0012
LVMI (g m=2) 82.3+16.0 83.4+15.9 88.1+18.5 102.3+£28.3 113.7+15.2 <0.0012
CIMT (mm) 0.7+0.2 0.8+0.2 0.9+0.2 1.0+0.1 1.1+0.1 <0.0012

Abbreviations: BMI, body mass index; CIMT, carotid intima media thickness; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVMI, left ventricular mass

index; MHR, monocyte/HDL ratio; SBP, systolic blood pressure;
WBC, white blood cell.

2P<0.05 is considered significant for statistical analyses. Categorical variables were shown in numbers and percentage; numerical variables were shown as mean +s.d. or median (min-max).

Kolmogorov—Smirnov test. Among numeric variables, those that followed a
normal distribution are provided as means +s.d., and those that did not follow
a normal distribution are provided as medians (along with the range).
Categorical variables are provided as numbers and percentages. T-tests
(for numeric variables that followed a normal distribution) and Mann—Whitney
U-tests (for numeric variables that did not follow normal distribution) were
used in independent samples for the identification of factors associated with
two-category risk groups. ANOVA (for numeric variables that followed
a normal distribution) and the Kruskal-Wallis H-test (for numeric variables
that did not follow a normal distribution) were used in the identification of
factors associated with three-category risk groups. The 4> test and Fisher's exact
1 test were used to compare categorical data. The correlation between numeric
variables was examined with Pearson and Spearman correlation analyses.
Stepwise multivariate linear regression analysis was used to identify indepen-
dent predictors of the indicators of atherosclerosis. Stepwise multivariate
logistic regression analysis was used to predict AOD. Stepwise multivariate
multinomial logistic regression analysis was used to predict the grades of AOD.
Numeric prediction values generated by independent researchers were
examined using receiver operating characteristic curve analysis according to
the Youden index method. P<0.05 was considered to be significant in
statistical analyses.

RESULTS

The study population comprised 366 individuals, including
275 patients with PHT and 91 healthy controls. The gender ratio,
mean age and mean BMI did not differ between the PHT group and
the control group (P>0.05). The mean monocyte frequency in the
PHT group was higher than that in the control group (306.4 +111 vs.
566.9 +166.2 pl; P<0.001). Considering the lipid levels, the mean
HDL cholesterol levels were lower (67.9 +58.8 vs. 47.7 +11.7 mg dl™ 1,
P<0.001) and the median triglyceride levels were higher (113 wvs.
142 mgdl™!; P<0.001) in the PHT group than in the control group.
The mean MHR was higher in the PHT group than in the control
group (4.9 + 1.7 vs. 12.6 +5.4; P<0.001). The median urinary protein

levels, median urinary albumin level, mean LVMI and mean CIMT
values were higher in the PHT group than in the control group.

In patients with PHT, the urinary protein levels positively correlated
with the monocyte frequency (r=0.240; P=0.020) and with the
MHR (r=0.327; P<0.001), and negatively correlated with the
HDL cholesterol levels (r=-0.255; P=0.010). In addition,
the urinary albumin levels positively correlated with the monocyte
frequency (r=0.317; P=0.001) and with the MHR (r=0.482;
P<0.001), and negatively correlated with the HDL cholesterol levels
(r=-0.306; P=0.001). In patients with PHT, the LVMI positively
correlated with age (r=0.220; P=0.046), with the monocyte
frequency (r=0.379; P<0.001), and with the MHR (r=0.396;
P<0.001), and negatively correlated with the HDL cholesterol levels
(r=-0.285; P=0.002). The CIMT values positively correlated with
age (r=0.252; P<0.001), with monocyte frequency (r=0.339;
P<0.001), and with the MHR (r=0.486; P<0.001), and negatively
correlated with the HDL cholesterol levels (r=-0.390; P<0.001)
(Table 1).

Independent predictors of AOD

Variables related to AOD are provided in Table 1. Accordingly, these
variables were included in a multivariate linear regression analysis.
As urinary protein and urinary albumin levels did not demonstrate
normal distributions, these data were converted into normal distribu-
tions by logarithmic conversion.

The log(urinary albumin) (non-standardized regression number + s.e.
(B+s.e.)=0.329+0.026; P<0.001) and the MHR (B+se.=
0.110 £0.030; P<0.001) were found to be independent predictors of
the log(urinary protein). The log(urinary protein) (B+s.e =
1.131 £0.089; P<0.001) and the MHR (Bzs.e.=0.4300.050;
P<0.001) were found to be independent predictors of the
log(urinary albumin). The CIMT values (Bz+s.e.=2.5240.663;
P<0.001) and the MHR (B+s.e.=1.576+0.267; P<0.001) were
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Table 5 Independent predictors of presence and severity of target
organ damage

%95 Cl
Variables OR Lower Upper P
TOD (+) (ref: TOD(-))
LVMI 1.30 1.13 1.48 0.0012
CIMT 1.51 1.33 1.69 <0.0012
MHR 1.83 1.42 2.35 <0.0012
Nagelkerke RZ=0.920; P <0.0012
Grade | (ref: TOD(-))
MHR 1.72 1.36 2.17 <0.0012
Nagelkerke R?=0.538; P <0.0012
Grade Il (ref: Grade 1))
LVMI 1.26 1.02 1.5 0.0352
CIMT 1.47 1.22 1.72 <0.0012
MHR 3.24 2.08 5.03 <0.0012
Nagelkerke ”RZ2=0.551; P <0.0012
Grade Il (ref: Grade 11))
Urine albumin 1.05 1.02 1.08 0.001°
LVMI 1.08 1.03 1.13 0.0012
CIMT 1.11 1.05 1.18 <0.0012
MHR 3.6 2.09 6.2 <0.0012
Nagelkerke RZ=0.777; P <0.0012
Grade |V (ref: Grade I11))
Urine albumin 1.02 1.01 1.03 0.0062
LVMI 1.03 1.01 0.06 0.0192
MHR 1.71 1.31 2.23 <0.0012

Nagelkerke RZ=0.783; P <0.0012

Abbreviations: CIMT, carotid intima media thickness; LVMI, left ventricular mass index; MHR,
monocyte/HDL ratio; TOD, target organ damage.
2P<0.05 is considered significant for statistical analyses.

found to be independent predictors of the LVMI. The LVMI (B+s.e.=
0.200 +£0.052; P<0.001) and the MHR (B+s.e.=1.814+0.197;
P<0.001) were found to be independent predictors of the CIMT
(Table 2).

Demographic and laboratory findings in the presence and absence
of AOD

AOD was identified in 75.6% of patients with PHT. Demographic
and laboratory findings for the control group, and the AOD - and
AOD+ groups are provided in Table 3. In AOD+ patients, the
gender ratio was similar to that of both the control group and the
AQOD - group; similarly, the BMI, systolic blood pressure and diastolic
blood pressure did not differ among groups. The mean age was
higher in the AOD+ group than in the AOD - and control groups
(control: 50.2+11.5 years vs. AOD—: 48.84+10.2 years vs. AOD+:
53.7 +12.3 years; P=0.003).

In the AOD+ group, the mean monocyte frequency was higher and
the mean HDL cholesterol levels were lower than in the other groups.
The mean MHR was higher in the AOD+ group than in the other
groups (4.9+1.7 vs. 8.1+0.5 vs. 14.1+5.4; P<0.001) (Table 3).

When individuals in the PHT group were classified according to
the severity of AOD, the mean monocyte frequency and the
MHR increased, and the mean HDL cholesterol level decreased, as
the severity of AOD severity increased from grade I to IV (Table 4).
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Independent predictors of the presence and grade of AOD

When AOD was graded according to the number of organs involved
(grade I-1V), a stepwise multivariate logistic regression analysis
showed that the MHR was an independent predictor of all grades of
AOD (Table 5).

An MHR value higher than 9.06 with 94.2% sensitivity and 100%
specificity was found to be a predictor of AOD (area under the
curve +s.e.=0.993 +0.002; P<0.001). According to the area under
the curve, the MHR had the highest diagnostic discrimination relative
to the other AOD indicators in the prediction of the presence of
AOD (Figure la). The diagnostic discrimination of the MHR in
predicting the AOD grade is shown in Figure 1b.

DISCUSSION

This study is the first to report that the MHR is higher in patients
with PHT than in healthy controls. In the PHT group, the MHR was
higher in AOD+ patients than in AOD - patients. When the
AOD severity was classified according to the number of organs
involved (grade I-IV), the MHR was found to increase with increasing
AOD severity. In the correlation analyses of the PHT group, positive
correlations were found between the MHR and the following
AOD indicators: CIMT, LVMI, urinary protein levels and urinary
albumin levels. In the multivariate linear regression analysis, the
MHR was found to be an independent risk factor for increased
CIMT, LVMI, urinary protein levels and urinary albumin levels.

Endothelial dysfunction is identified through the measurement of
indirect indicators in clinical practice and in most studies in the
literature.!® These indicators include CIMT, which is measured by
carotid doppler ultrasonography;'” LVMI, which can be evaluated by
echocardiography; current-induced dilation, which can be measured
from the radial artery; and protein and albumin excretion from the
kidney.!® However, each of these indicators requires advanced study
and analysis by a specialist. Therefore, researchers have begun to
search for methods and applications that could be used in clinical
practice to examine endothelial dysfunction and that are economical
and easy to perform by everyone at any place. While some studies have
examined the importance of some indicators as markers of endothelial
dysfunction, others have examined certain laboratory parameters and
the importance of indexes generated by the proportioning of these
parameters. We examined the importance of the MHR, which is
calculated by proportioning two different laboratory parameters
that have a close relationship to endothelial dysfunction. The
HDL cholesterol level is a lipid parameter that decreases in the
presence of endothelial dysfunction and atherosclerosis, and monocyte
frequency is a hematological parameter that increases during inflam-
mation. Therefore, theoretically, HDL cholesterol levels decrease while
monocyte frequency increases in cases of endothelial dysfunction;
thus, the MHR value increases.

Many recent studies have assessed the MHR. Most of these studies
focused on the diagnosis, prognosis and severity of acute coronary
syndrome.»'%23 These studies demonstrated that the MHR was
closely related to atherosclerosis and ischemic findings. In addition,
an increase in the MHR was correlated with the increased severity of
ischemia and atherosclerosis. Therefore, many authors have suggested
that the MHR could be a good indicator of disease in patients
admitted to hospital with acute coronary syndrome.

Other studies have examined the role of the MHR in chronic kidney
failure and contrast nephropathy.®?* An increased MHR was shown to
be associated with a reduced glomerular filtration rate in patients with
chronic kidney failure and the MHR was found to be a predictor of
poor cardiovascular outcomes in patients with chronic kidney failure.
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Figure 1 (a) The receiver operating characteristic curve analysis of the MHR and indicators of AOD in the prediction of the presence of AOD.

(b) The diagnostic discrimination of the MHR in predicting the AOD grade.

The MHR was also found to be a good indicator of whether contrast
nephropathy will develop after percutaneous coronary intervention in
patients with ST-elevation myocardial infarction.

Furthermore, the MHR has been highlighted as a good predictor of
whether atrial fibrillation will recur after interventional surgery in
patients with atrial fibrillation.?

In our literature review, we did not encounter any study that
examined the role of the MHR in patients with PHT. However, it is
not known how this index varies in cases of subclinical atherosclerosis
induced by PHT. The variability of this index after the development of
cardiovascular disease is indeed an expected finding because, as
mentioned previously, atherosclerosis is a chronic inflammatory
process. In atherosclerosis, monocyte frequency is expected to
increase as a result of the secretion of inflammatory mediators, and
HDL cholesterol levels are known to decrease in atherosclerosis.

Consistent with the fact that PHT is an atherosclerotic and chronic
inflammatory condition, we observed a higher MHR in patients with
PHT than in control individuals. In the PHT group, the MHR was
higher in AOD+ patients than in AOD - patients. We found that
the MHR increased as the AOD grade increased. Our data reveal
a decrease in HDL cholesterol levels and a concomitant increase
in monocyte frequency in patients with subclinical atherosclerosis.
We conclude that the pathophysiological event in the pathogenesis of
this condition is directly related to endothelial dysfunction, which
occurs as a result of mechanical or shear stress in PHT, because the
level of inflammation increases in this setting, and lipid parameters
fluctuate as atherosclerosis is triggered.>?® The findings that the
studied indicators of AOD are correlated with the MHR and that
the MHR is an independent predictor of AOD in our regression
analysis suggest that the MHR can be used as an indicator of AOD that
develops as a result of PHT.

The biggest limitation of this study is the cross-sectional design.
Another limitation is that we did not study high-sensitivity inflam-
matory indicators to demonstrate chronic inflammation.

In conclusion, our study found that the MHR is an independent
predictor of AOD that occurs secondary to PHT. For this index to be
used as an indicator of AOD in clinical practice, the MHR needs to be
evaluated after the application of preventive and mitigating treatments

in patients with AOD. If the findings of such studies are consistent
with those of this study, the MHR may be a good indicator for
the diagnosis and monitoring of AOD; however, this requires further
research.
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