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ABSTRACT

OBJECTIVE: We aimed to investigate whether a simple and easily calculated parameter such as monocyte/
HDL ratio (MHR) may be used in predicting non-dipper (NDHT)-dipper HT (DHT) end organ damage.
METHODS: 70 NDHT and 73 DHT patient groups were included in the study according to ambulatory

blood pressure screening results. Basic laboratory parameters and spot urine samples were evaluated.
Transthoracic echocardiography and ophthalmological examination were performed for end-organ damages.
RESULTS: The MHR among the groups was higher in the NDHT group; which was statistically significant
(p=<0.001). In the NDHT group, albumin, creatinine, protein values, protein/creatinine ratio in the spot

urine were significantly higher than in the DHT group (p<0.05). Left ventricular hypertrophy (LVH) and
retinopathy were also more frequently observed in the NDHT group (p<0.001 and p=0.001, respectively).
MHR in patients with LVH and retinopathy was significantly higher than in those without these complications

(p=0.001).

CONCLUSION: Easy to use, non-invasive and simple calculation, MHR can be used to predict end organ
damage in hypertensive cases, and can be also used to distinguish between DHT/NDHT groups. This data
supports the role of inflammation (Tab. 7, Ref. 14). Text in PDF www.elis.sk.
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Introduction

Hypertension (HT) can be defined as the blood pressure ex-
ceeding the normally accepted limits, or an increased risk of
damage to target organs such as: heart, brain, kidney and retina.
HT is a strong risk factor that increases the likelihood of various
cardiovascular diseases (1). HT is responsible for 6 % of adult
deaths worldwide (2). The prevalence of hypertension increases
with age in developed countries, affecting 25 % of adults, and 70
% of individuals after the seventh decade (3). It has been dem-
onstrated that there is no specific threshold blood pressure value
in determining long-term cardiovascular risk, and cardiovascular
risk increases as the blood pressure increases (4).

Recent studies showed that monocyte/HDL ratio (MHR) might
be a new marker of inflammation and oxidative stress, and was
also closely related to the presence and prognosis of some cardio-
vascular diseases (5). Therefore, the present study aimed to inves-
tigate whether a simple and easily calculated parameter such as:
monocyte / HDL ratio can be used to predict non-dipper-dipper
HT end organ damage.
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Methods

The study was approved by the Institutional Review Board.
Informed consent was obtained from all the participants. All pro-
cedures followed the ethical standards of the responsible com-
mittee on human experimentation and the Helsinki Declaration.
Power analysis (80 %) was performed to determine the optimal
sample size for the study.

Patients, who applied to the Internal Medicine Outpatient Clinic
of Adana City Training & Research Hospital, between January
Ist and December 31st 2018, with the complaint of high blood
pressure, and received the diagnosis of non-dipper and dipper HT
based on ambulatory blood pressure results, were included. Two
groups were planned in the study. Group 1 is, according to am-
bulatory blood pressure analysis, patients with a > 10 % drop in
blood pressure at night and diagnosed as dipper HT — 73 patients.
Group 2 is, according to ambulatory blood pressure analysis, pa-
tients diagnosed as non-dipper HT with a < 10 % drop in blood
pressure at night — 70 patients.

The age, sex, comorbid diseases and demographic characteris-
tics of 143 patients included in our study were recorded in detail.
Routine biochemical tests were requested from the patients. Pa-
tients were screened by the same cardiologist for the left ventricu-
lar hypertrophy in terms of complications. Fundus examination
was performed by a single specialist for a possible hypertensive
retinopathy in the ophthalmology clinic. In addition to routine
blood tests, spot protein, creatinine and albumin in the urine were
examined for possible hypertensive nephropathy.
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Exclusion criteria

— Presence of known cardiac history

— Renal dysfunction (Creatinine> 3 mg / dl)

— Chronic liver diseases, rheumatologic, hematological diseases

— Malignancies

— Presence of active infection

— Diabetes mellitus

— Known drug usage or history of chronic disease requiring trans-
fusion.

Statistical analysis

All statistical tests were carried out using SPSS 22.0 for Win-
dows (SPSS Inc., Chicago, Illinois, USA). Continuous data are
expressed as the mean + standard deviation and categorical data
are expressed as percentages. Kolmogorov—Smirnov test was
used to test the distribution type. Normal distributed variables
were compared with One Way ANOVA test and appropriate post-
hoc analysis. Non-normally distributed variables were compared
with Kruskal-Wallis test. Mann Whitney U test was used for the
post-hoc analysis. The x*-test was used to assess differences in
categorical variables between groups. The relationship between
quantitative variables was tested with the Spearman rank correla-
tion coefficient. The results are expressed as the relative risk and
95 % confidence interval (CI). A p less than 0.05 was considered
statistically significant.

Results

The mean age of the patients in the Group 1(DHT) was 52.06+
11.8 and the mean age of the patients in the Group 2 (NDHT) was
53.10+8.86. Body mass indexes were similar; the mean body
mass index (BMI) of Group 1 was 29.3+4.19 and the mean BMI
of Group 2 was 28.3+3.4. There were 36 male patients and 37

Tab. 1. The demographic properties of groups, mean blood pressure
and laboratory parameters.

Dipper HT Non-dipper HT P
n=73 (Group 1)  n=70 (Group 2)
Age (years) 52.07+11.83 53.10+8.86 0.557
BMI 29.32+4.19 28.32+3.40 0.120
Systolic blood pressure 0.000
(mean) mmHg 144.17+5.83 153.08+12.19 p<0.05*
Diastolic blood pressure o 5,6 3 93.44+8.84  0.192
(mean) mmHg
Hemoglobin(g/dL) 12.90+1.53 13.40+1.77 0.070
0.002
Monocyte(/p) 0.54+0.49 0.94+0.96 p<0.05*
Leukocyte(/p) 7.78+1.64 7.27 £1.70 0.072
Glucose mg/dL) 89.13+9.63 91.98+10.21 0.088
Creatinine (mg/dL) 0.68+0.18 0.74+0.21 0.089
0.000
HDL(mg/dL) 45.57+12.56 35.11+10.29 p<0.05*
LDL(mg/dL) 142.45+46.47 141.52+32.57 0.891
Triglyceride (mg/dL)  222.56+124.84  212.86+102.82  0.251

*p <0.05 is significant, ** Body mass index (BMI). High density lipoprotein(HDL).
Low density lipoprotein(LDL)
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female patients in Group 1. There were 35 male patients and 35
female patients in Group 2. There was no statistically significant
difference between the groups in terms of age, sex and body mass
index (p=0.55,p=0.93 and p=0.12, respectively). The ambulatory
blood pressure values of the patients in Group 1 and Group 2 are
shown in Table 1. The mean systolic blood pressure was signifi-
cantly higher in Group 2 than in Group 1 (p<0.001).

Monocyte levels were significantly lower in the patients in the
Group 1 than the patients in the Group 2 (p=0.03). HDL levels
were significantly lower in the patients in Group 2 than the patients
in Group 1 (p<0.001). There wasn’t any statistically significant
difference found between Group 1 and Group 2 in terms of other
blood parameters shown in Table 1 (p>0.05).

The monocyte / HDL ratio (MHR) between the groups was
higher in the NDHT group as shown in the Table 2 and it was sta-

Tab. 2. Spot urine parameters and Monocyte/HDL ratio between
groups.

Parameters Groups Mean Std. p
deviation
Spot urine albumin DHT (group 1) 1.72 2.73
0.001*
(mg/dl) NDHT (group 2)  9.49 18.6
Spot urine creatinine DHT (group 1) 85.9 79.8
<0.001*
(mg/dl) NDHT (group 2) 146.8 97.6
Spot urine protein DHT (group 1) 8.09 9.9
0.002*
(mg/dl) NDHT (group2) 36.9 74.7
DHT 1 0.10 0.11
Protein/creatinine ratio (group 1) 0.033*
NDHT (group2) 0.24 0.55
DHT 1 0.013  0.015
Monocyte/HDL ratio (group 1) <0.001*
NDHT (group2) 0.029  0.031
* p <0.05 is significant
Tab. 3. End organ damages between groups.
Parameters NDHT DHT TOTAL P
n=70 (group 2) n=73 (groupl) n=143
Retinopathy (%) 31 (44) 14 (23) 45 =0.001*
LVH (%) 49 (70) 16 (22) 65 =<0.001*

* p <0.05 is significant

Tab. 4. The relationship between MHR and end organ damages (LVH
and Retinopathy) between groups.

Parameters MHR (mean) p
LVH with (n=65) 0.029+0.033 0.001*
without (n=78) 0.014+0.014
. with (n=45) 0.040+0.038 <0.001*
Retinopathy without (n=98) 0.0120.007
*p<0.05 is significant
Tab. 5. The stage of retinopathy.
DHT NDHT
(n=14) (0=31) Total
Stage 1 6 10 16
Retinopathy Stage 2 7 10 17
(n=45) Stage 3 1
Stage 4 0 3 3
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Tab. 6. MHR and stage of retinopathy.

Retinopathy Stage >2 (n=29)
MHR 0.05040.045
*p <0.05 is significant

Stage 1 (n=16) p
0.022+0.009 0.021*

Tab. 7. Linear regression analysis of the study parameters patients
with all three complications (retinopathy. nefropathy and LVH) of
groups (n=14).

B-regression t- test statistical

Parameters
value value

Age -0.002 -0.935 0.351

BMI 0.010 1.657 0.100

Mean blood pressure 0.007 2.743 0.007*
Hemoglobin 0.025 1.726 0.087

Glucose -0.002 -0.861 0.391

LDL 0.000 0.778 0.438

Monocyte/HDL ratio 2.163 2.057 0.042*

*p <0.05 is significant, ** Body mass index (BMI). High density lipoprotein (HDL),
Low density lipoprotein(LDL)

tistically significant (p<0.001). Spot urine albumin, creatinine,
protein values and protein/creatinine ratio were significantly higher
in the patients in Group 2 compared to the patients in Group 1,
shown in the Table 2 (p<0.05).

As shown in the Table 3, left ventricle hypertrophy (LVH)
was found in 70 % (n=49) of the patients diagnosed with NDHT,
and retinopathy was found in 44.3 % (n=31) of the patients dia-
gnosed with NDHT. LVH was detected in 21.9 % (n=16) of the
patients diagnosed with DHT and retinopathy was detected in
19.2 % (n=14) of the patients diagnosed with DHT. LVH and
retinopathy were significantly higher in favor of Group 2, between
Group 1 and Group 2, in terms of end organ damage (p<0.001
and p=0.001, respectively).

Among 65 patients with LVH and 78 patients without this
complication; MHR was significantly higher in the group with
LVH (p=0.001). MHR was significantly higher in 45 patients dia-
gnosed with retinopathy than in the group without retinopathy
(p=0.001). This is summarized in the Table 4.

Retinopathy was observed in 14 patients in the DHT group
and in 31 patients in the NDHT group. The stages of retinopathy
are shown in the Table 5. The mean MHR of patients with stage 1
and stage 2—3—4 retinopathy are shown in the Table 6. There was
a statistically significant difference in MHR between retinopathy
stage 1 and other stages (p=0.021).

There were positive correlations with the mean systolic blood
pressure, the mean pulse pressure, fasting blood glucose and spot
albumin; in the correlation analysis between MHR and study pa-
rameters (p<0.001, 0.020, <0.001; respectively). There wasn’t
any correlation with other values in the study. The results of the
linear regression analysis of the study parameters, and all three
complications are shown in the Table 7. The study included 143
patients, and there were 14 patients with all three complications
of end organ damage; including nephropathy, retinopathy and
LVH (13 patients in NDHT group and 1 patient in DHT group).
When the study parameters were taken into the linear regression

model, the MHR and the mean systolic blood pressure were found
to be associated with all three complications (p=0.042, p=0.007;
respectively).

Discussion

The incidence of hypertension (HT) increases by age. High
blood pressure should be treated because it increases the risk of
cardiovascular disease and mortality. HT is directly associated
with left ventricular hypertrophy, heart failure, peripheral arterial
disease, carotid atherosclerosis, and kidney disease (6—7). Dip-
ping and non-dipping patterns are also important in hypertensive
patients. End-organ damage is more common in the NDHT group,
which does not show a decrease in blood pressure by more than
10% during sleep; and it is especially associated with left ven-
tricular hypertrophy (LVH), congestive heart failure (CHF) and
myocardial infarction, stroke and kidney damage (albuminuria
and end renal failure) (8).

Yukihito et al conducted a study to evaluate the relationship
between circadian rhythm and endothelial function in 18 patients
diagnosed with essential HT. They found that in the NDHT group,
endothelial-dependent vasodilation after intra-arterial acetylcho-
line infusion was more impaired than it was in the DHT group.
In addition, they observed that nitric oxide production was lower
in NDHT patients (9).

Ersoylu et al found that left ventricular diastolic dysfunction,
LVH and arrhythmia frequency were higher in the NDHT group
(10). In our study, LVH was more frequent in the NDHT group in
accordance with literature. Among the groups with LVH (n=65),
and non-LVH (n=78), the MHR in the group with LVH was higher
than it has been previously reported in literature, which is one of
the important results of our study.

Proteinuria is an independent risk factor that may cause renal
damage, although it is a symptom of the underlying disease. It
was found that protein/creatinine (P/C) ratio pre-determined the
decrease in renal function in patients with non-diabetic chronic
kidney disease (11). The protein/creatinine ratio in spot urine given
at any time of the day can be used as an easy and reliable method
for measuring proteinuria. In our study, creatinine, albumin and
protein were measured in spot urine. The protein/creatinine ratio
in spot urine was 0.10+0.11 in the DHT group and 0.24+0.55 in
the NDHT group. Proteinuria being higher in the NDHT group, as
well as other complications, is consistent with literature.

One of the most important indicators of organ damage due to
HT is retinopathy. Retinopathy caused by an uncontrolled hyper-
tension is also an important parameter indicating the severity and
prognosis of HT (12). Therefore, the examination of the retinal
structure is important for the diagnosis and follow-up of HT. Dun-
can et al reported that low-grade hypertensive retinopathy might
be also an indicator of morbidity and death due to cardiovascular
diseases (12). In our study, hypertensive retinopathy was detected
in 14 patients in the DHT group and in 31 patients in the NDHT
group. Retinopathy being higher in the NDHT group, as well as
other complications, is consistent with literature. The difference
in MHR between the groups with stage 1 and stage >2 retinopathy
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as a hypertensive complication has not been previously reported
in literature, which is one of the important results of our study.

Comparing 45 patients with retinopathy and 98 patients with-
out retinopathy in all patient groups, MHR was significantly higher
in the retinopathy group (p<0.001). According to the analysis,
retinopathy stage increases as the MHR increases. The develop-
ment of retinopathy is an inflammatory process, which has not
been discussed in literature before and is one of the results that
makes this study valuable.

In our study, 143 patients were included, and retinopathy,
nephropathy and left ventricular hypertrophy were evaluated as
a complication of HT. 13 of the 14 patients with all three com-
plications were in the NDHT group. Complications were more
common in the NDHT group, regarding all complications. It is
clear that all these possible complications are the result of inflam-
matory processes. Recent studies showed that the MHR may be
a new marker of inflammation and oxidative stress and coronary
slow flow and C reactive protein (CRP) levels were found to be
correlated with MHR.(5). The MHR is shown to be an indepen-
dent predictor of increased cardiovascular events in patients with
chronic renal failure, and to be associated with a poor prognosis
for cardiovascular mortality (13). In addition to this, it was shown
that MHR is closely related to stent thrombosis in patients, who
underwent coronary stent implantation with primary percutane-
ous intervention (14).

In our study, MHR was significantly higher in the NDHT group
(p<0.001). This parameter has not been examined in literature be-
fore. According to our findings, MHR was found to be higher in
the group of patients with complications (LVH, proteinuria and
retinopathy). MHR and the mean systolic blood pressure were
found to be significant in the linear regression analysis performed
in patients with all three complications. It is known in literature
that complications of HT correlate with an increased mean sys-
tolic blood pressure.

HT complications seem to be predictable with a simple cal-
culation of MHR. These data suggest that increased inflammation
is a factor facilitating the development of HT complications. Our
study showed that MHR, which is one of the indirect indicators
of inflammation in hypertensive cases, may predict the complica-
tions of hypertension.

Conclusion

In the light of our data, monocyte/HDL ratio was found to be
high in NDHT group. MHR was significantly higher in the groups
with hypertensive end organ damage (left ventricular hypertrophy,

retinopathy and proteinuria). MHR, which is an easy to use, non-
-invasive and simple calculation, can be used to predict end organ
damage in hypertensive patients and can be used to differentiate be-
tween DHT/NDHT patient groups. There is not enough knowledge
about this subject, and many questions are unanswered, therefore
new studies are needed.
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