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Abstract

Background Inflammation, oxidative stress (OS), atherosclerosis and resistant hypertension (RH) are common features
of chronic kidney disease (CKD) leading to a higher risk of death from cardiovascular disease. These effects seem to be
modulated by impaired anti-oxidant, anti-inflammatory and reverse cholesterol transport actions of high-density lipopro-
tein cholesterol (HDL). HDL prevents and reverses monocyte recruitment and activation into the arterial wall and impairs
endothelial adhesion molecule expression. Recently, monocyte count to HDL-cholesterol ratio (MHR) has emerged as a
potential marker of inflammation and OS, demonstrating to be relevant in CKD. Our research was aimed to assess, for the
first time, its reliability in RH.

Methods We performed a retrospective study on 214 patients with CKD and arterial hypertension who were admitted
between January and June 2019 to our Department, 72 of whom were diagnosed with RH.

Results MHR appeared inversely related to eGFR (p=— 0.163; P=0.0172). MHR was significantly higher among RH
patients compared to non-RH ones (12.39 [IQR 10.67-16.05] versus 7.30 [5.49-9.06]; P <0.0001). Moreover, MHR was
significantly different according to the number of anti-hypertensive drugs per patient in the whole study cohort (F'=46.723;
P <0.001) as well as in the non-RH group (F=14.191; P<0.001). Moreover, MHR positively correlates with diabetes
mellitus (p=0.253; P=0.0002), white blood cells (p=0.664; P <0.0001) and C-reactive protein (p=0.563; P <0.0001).
Conclusions MHR may be a reliable biomarker due to the connection between HDL and monocytes. Our study suggests that
MHR is linked with the use of multiple anti-hypertensive therapy and resistant hypertension in CKD patients, and can be a
useful ratio to implement appropriate treatment strategies.

Keywords Monocyte count to high-density lipoprotein cholesterol ratio - Chronic kidney disease - Resistant hypertension -
Oxidative stress - Hypertension marker

Introduction

Investigators all over the world are focused on finding an
economical, fast and reproducible biomarker to quantify the
amount of inflammatory status and oxidative stress (OS) in
daily practice.

Patients affected by chronic kidney disease (CKD) are
known to be more exposed to atherosclerosis injury and,
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consequently, to have a higher risk of premature death from
cardiovascular disease (CVD) [1-3].

These dangerous conditions are clearly associated with a
worsening of arterial hypertension and CKD stage as well as
adverse cardiovascular outcomes, so it appears fundamental
to find a proper strategy to contrast or adequately prevent
them.

The link between CKD and atherosclerosis is guided by
inflammation, OS and lipid accumulation, which are com-
mon features of both conditions. These effects seem to
be modulated by an increased endogenous lipid synthesis
and with a reduced cellular catabolism of fatty acids and
impaired anti-oxidant, anti-inflammatory and reverse choles-
terol transport actions of high-density lipoprotein cholesterol
(HDL) [4].
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HDL has been identified as a protective factor in the set-
ting of atherosclerosis, with additional functional properties
beyond its role in lipid regulation [5]. HDL can remove cho-
lesterol from peripheral stores and transport it to the liver for
excretion in the biliary system; it also inhibits the oxidative
modifications of low-density lipoprotein cholesterol (LDL),
reducing its atherogenicity [6]. Moreover, several studies
affirmed that physiological serum levels of HDL have ben-
eficial effects on platelet function, thrombolytic balance, cel-
lular reparative mechanisms, anti-apoptotic activities, and
normalization of vascular function [7, 8].

Arterial hypertension is a well-known CKD risk factor
leading to hypertensive nephrosclerosis, a renal injury char-
acterized by glomerular damage and arterial sclerosis, infil-
tration of inflammatory cells, interstitial fibrosis and tubular
atrophy [9, 10].

As the renal function declines, there is an upregulation of
the renin—angiotensin—aldosterone system (RAAS), which
stimulates salt and water retention [11].

The insult of persistent hypertension results in renal inter-
stitial fibrosis, renal fibroblasts’ activation and overproduc-
tion of extracellular matrix proteins in both glomeruli and
interstitium [12]. These mechanisms cause a deregulation
of wound-healing response, leading to glomerulosclerosis,
vascular sclerosis, and inflammatory response. Endothelial
and mesangial oxidative stress due to hypertension, causes
and increases mesangial production of transforming growth
factor-p [13], a stimulation of angiotensin II (Ang II) [14],
and a disequilibrium in the generation of glomerular nitric
oxide, reducing its protective effect in the process of glo-
merulosclerosis [15]. Ang II also promotes the synthesis of
plasminogen activator inhibitor-1, kynurenine pathway [16]
and nuclear factor kB, contributing to interstitial nephri-
tis through the recruitment and activation of neutrophils,
macrophages and T-lymphocytes [17]. This inflammatory
mechanism leads to a lesion of the basal membrane and
epithelial-mesenchymal transition, as well as an increased
production of collagen and alteration of blood vessels and
kidney tubules [18].

RAAS inhibition, is associated not only with the regula-
tion of blood volume and systemic vascular resistance, but
also with a reduction of urinary albumin excretion and renal
function preservation [19].

A proper strategy to prevent vascular damage may be rep-
resented by obtaining both the normalization of BP levels
and an adequate lipid profile. HDL has been demonstrated to
exert favorable effects on inflammatory and oxidative path-
ways, such as inhibition of lipid peroxidation and cytokine-
induced upregulation of pro-inflammatory adhesion mol-
ecule and chemokine expression by endothelial cells. At
the same time, HDL promotes macrophage phenotype
switching from a pro-inflammatory to an anti-inflammatory
form [20-23]. In particular, HDL exerts anti-atherosclerotic
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effects by suppressing the proliferation-differentiation of
monocyte progenitor cells [24] and by suppressing and
reverting the activation of monocytes via a decrease in their
F-actin content, thereby reducing their CD11b expression.
Conversely, HDL decreases the exposure of endothelial
adhesion molecules and actively induces vasodilatation by
increasing the expression of endothelial nitric oxide synthase
[25], thus preventing monocyte recruitment into the arterial
wall [26]. HDL also neutralizes the pro-oxidant effects of
already active macrophages via inhibiting LDL oxidation,
and to maintaining constant efflux of cholesterol from these
cells [27].

The central role of macrophages in the kidney is medi-
ated by the monocyte chemoattractant protein (MCP)-1, a
chemokine produced by mesangial cells and renal tubular
cells that has the responsibility of recruiting macrophages
into the kidney [28].

Recently, monocyte count to high-density lipoprotein
cholesterol ratio (MHR) has been studied as a new marker
of inflammation and OS [24]. Our research aimed to assess,
for the first time, the association of MHR with Resistant
Hypertension (RH), which represents a fearsome risk factor
for CVD and progression to end-stage renal disease (ESRD)
in CKD population.

Materials and methods

Data were retrieved through a retrospective scan of the files
of 214 hypertensive patients, with different stages of CKD,
who were admitted to the Unit of Nephrology and Dialysis
of Policlinic G. Martino in Messina, Italy, between Janu-
ary and June 2019. Of them, 72 patients were diagnosed
with RH, defined as blood pressure (BP) that remains above
140/90 mmHg despite the use of three different classes
of anti-hypertensive medications (one of which must be a
diuretic) at the maximum tolerated doses [29]. Participants
were advised to avoid caffeinated beverages and exercise for
at least 1 h before BP measurement. During the measure-
ment, patients were seated with their arm supported at the
level of the heart. The mean of three BP measurements was
calculated and used in all analyses. eGFR was calculated
according to the CKD-EPI equation [30]. Exclusion criteria
were designed to discard any other secondary cause of RH
or any condition that might influence monocyte count or
HDL serum levels. For these reasons, we excluded: patients
receiving corticosteroids or any other immunosuppressant
therapy and patients affected by active infections, hema-
tological diseases, intracranial mass, malignant tumors or
mental disorders. Written informed consent was obtained
from every participant; if disabled, informed consent was
acquired from participant’s proxies.
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Biochemical assays

After an overnight fast, venous blood samples were collected
between 8:00 AM and 9:00 AM through a polyethylene cath-
eter inserted in a forearm vein using BD Vacutainer tubes.
All serum creatinine (SCr) measurements were performed
at our chemical clinical laboratory using a colorimetric-
kinetic Jaffe reaction with a normal range of 0.5-1.4 mg/
dl. HDL was analyzed enzymatically on an auto-analyzer,
with normal values different for males (>55 mg/dl) and
females (> 65 mg/dl). All the kits’ components were stable
and stored tightly closed at 2—8 °C, protected from light and
contaminations. All laboratory equipment was calibrated
and blinded duplicate samples were used. We calculated
MHR as the ratio of the absolute monocyte count to the
level of HDL.

Statistical analysis

Kolmogorov—Smirnov test was used to assess data distri-
bution. Normally distributed continuous variables were
expressed as mean + standard deviation (SD), non-nor-
mally distributed values as median and interquartile range
(IQR), and categorical data as percentage frequency. Dif-
ferences between groups were examined with Student’s
unpaired #-test for normal variables, Mann—Whitney test for

Table 1 Characteristics of the whole study cohort (n=214 patients)

non-normally distributed data, and y° test for categorical
variables. Differences of a variable between the means of
several subgroups were evaluated using One-way analysis
of variance (ANOVA) test. Correlations between normally
distributed variables were determined by assessing Pearson’s
correlation coefficient, correlations between non-normal
variables through Rank correlation and Spearman’s rho (p)
coefficient. Independent relationships were investigated by
multiple regression analysis. Receiver operating characteris-
tics (ROC) analysis was used to calculate the area under the
curve (AUC) for MHR to find the best MHR cut-off value to
identify RH. P-values <0.05 were considered to be statisti-
cally significant. Statistical analysis was conducted employ-
ing MedCalc® (version 12.7.0.0; MedCalc Software bvba,
Belgium) and SPSS® (version 22.0.0.0; IBM Corporation,
Armonk, NY) software.

Results

The two groups significantly differed for monocyte, HDL
and MHR values and for the number of anti-hypertensive
drugs taken whereas differences were not statistically rel-
evant for gender, age and parameters of kidney function.

Demographic, clinical and biochemical parameters of
enrolled patients are reported in Table 1.

Parameter Value Patients with RH Patients without RH P-value
(n=172) (n=142)

Male/female 120/94 42/30 78/64 0.7427
Age, years 73.00 (63.00-82.00) 75.00 (66.00-83.00) 73.00 (60.00-81.00) 0.4067
Creatinine, mg/dl 2.25 (1.40-4.90) 2.85 (1.55-4.95) 2.10 (1.40-4.90) 0.1715
eGFR, ml/min/1.73 m> 23.45 (10.25-41.56) 19.06 (9.52-35.49) 26.26 (10.39-45.26) 0.1558
Monocytes (x 10%)/m? 382.29+119.38 469.44 +£82.95 338.10+110.54 <0.0001
HDL, mg/dl 42.00 (35.00-52.00) 35.50 (30.00-42.00) 46.00 (38.00-56.00) <0.0001
MHR 9.05 (6.35-11.29) 12.39 (10.67-16.05) 7.30 (5.49-9.06) <0.0001
C-reactive protein, mg/dl 0.53 (0.23-1.10) 0.92 (0.47-1.54) 0.41 (0.15-0.86) <0.0001
Diabetes mellitus, n (%) 76 (35.5) 37 (51.39) 39 (27.46) 0.0010
Total cholesterol, mg/dl 166.44 +37.40 162.89+42.29 168.31+34.57 0.3273
Cholesterol lowering therapy, n (%) 69 (32.24%) 26 (36.11) 43 (30.28) 0.5947
White blood, cells/m? 7419.39+1912.81 8427.92+1297.97 6908.03 +1973.86 <0.0001
Number of anti-hypertensive drugs < 0.0001

1,n(%) 21(9.8) 0 21 (14.79)

2,n(%) 62 (29.0) 0 62 (43.66)

3,n(%) 76 (35.5) 17 (23.61) 59 (41.55)

4,n(%) 52 (24.3) 52 (72.22) 0

5,n(%) 3(1.4) 34.17) 0

Data are expressed as mean + standard deviation, median (interquartile range) or percentage as appropriate

eGFR estimated glomerular filtration rate, HDL high-density lipoprotein cholesterol, MHR monocyte-to-high-density lipoprotein cholesterol

ratio, RH resistant hypertension
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Fig. 1 Inverse correlation between MHR (monocyte-to-high-density ) . . . .
Fig.3 MHR (monocyte-to-high-density lipoprotein cholesterol

lipoprotein cholesterol ratio) and eGFR (estimated glomerular filtra-
tion rate) in the whole cohort of patients (n=214) using Spearman’s
rho (p) coefficient

P <0.0001

MHR

No resistant
arterial hypertension

Resistant
arterial hypertension

Fig.2 Difference in MHR (monocyte-to-high-density lipoprotein
cholesterol ratio) values between patients with (n="72) and without
(n=142) resistant arterial hypertension at the Mann—Whitney test.
Data are reported as median and interquartile range

In the whole cohort of patients, MHR did not correlate
with age (p=0.0328; P=0.6334) but it was inversely related
to eGFR (p=-0.163; P=0.0172) (Fig. 1).

Stratifying subjects according to the presence of RH,
MHR values were higher among patients with RH compared
to those who had not (12.39 [IQR 10.67-16.05] versus 7.30
[5.49-9.06]; P<0.0001) (Fig. 2).

Moreover, MHR was significantly different according
to the number of anti-hypertensive drugs taken both in the
whole study cohort (F'=46.723; P <0.001) (Fig. 3) and in
the group of patients not suffering from RH (F=14.191;
P <0.001) (Fig. 4), whereas the difference among patients
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ratio) values according to the number of anti-hypertensive drugs in
the whole cohort of patients (n=214) at the ANOVA test. Data are
expressed as median and interquartile range

Patients without resistant arterial hypertension

12 5 F = 14.191; P < 0.001

MHR
a
|

0 T T T
1 2 3

Number of anti-hypertensive drugs

Fig.4 MHR (monocyte-to-high-density lipoprotein cholesterol ratio)
values according to the number of anti-hypertensive drugs in the
group of patients without resistant arterial hypertension (n=142) at
the ANOVA test. Data are reported as median and interquartile range

with RH was not statistically significant (F=2.350;
P=0.103).

At multiple regression analysis, RH and the number of
anti-hypertensive drugs resulted to be independent correlates
of MHR (Table 2).

ROC analysis considering RH as status variable showed
an AUC for MHR of 0.937 (95% confidence interval [CI],
0.895-0.965). The best MHR cut-off value to predict
RH was > 10.11 with a sensitivity of 87.50% (95% ClI,
77.6-94.1) and a specificity of 88.03% (95% CI, 81.5-92.9)
(Fig. 5).
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Table 2 Multiple regression Independent variables Non-standardized coef- Standardized ¢ P
analyms of MHR (rnonocAyte— ficients coefficients
to-high-density lipoprotein
cholesterol ratio) in the study T Standard error ~ Beta
cohort (n=214)
(Constant) —-0.570
eGFR —0.009 0.009 —0.048 —1.021 0.309
RH (yes=1,n0o=0) 2.617 0.678 0.276 3.858 0.0002
Number of anti-hypertensive drugs 1.157 0.326 0.248 3.542 0.0005
Gender (male =1, female=0) 0.651 0.414 0.072 1.574 0.1173
C-reactive protein 1.129  0.286 0.201 3.942 0.0001
Diabetes mellitus (yes=1, no=0) 1.061 0.446 0.113 2.383 0.0182
White blood cells 0.001  0.000 0.264 5.159 <0.0001
Dependent variable: MHR
eGFR estimated glomerular filtration rate, RH resistant hypertension
IAEES 29 P = 0.0463
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Fig.5 ROC curve of MHR (monocyte-to-high-density lipoprotein
cholesterol ratio) considering RH (resistant hypertension) as status
variable. The area under the curve (AUC) for MHR was 0.937 (95%
confidence interval [CI], 0.895-0.965). The best MHR cut-off value
was>10.11 with a sensitivity of 87.50% (95% CI, 77.6-94.1) and a
specificity of 88.03% (95% CI, 81.5-92.9)

Lastly, MHR values significantly differed according to
gender, being higher among males compared to females
(9.41 [6.75-12.07] versus 8.02 [5.94-10.57] respectively;
P=0.0463) (Fig. 6).

We analyzed patients according to anti-hypertensive
drugs class using Mann—Whitney test. In patients with RH
(P=0.7319) and in patients without RH (P =0.4365) there
was no difference for RAAS versus other anti-hypertensive
drugs and MHR.

Moreover, MHR positively correlates with diabetes elli-
tus (p=0.253; P=0.0002), white blood cells (p=0.664;
P <0.0001) and C-reactive protein (p=0.563; P <0.0001)
(Fig. 7).

ratio) values stratifying patients according to gender (males n=120,
females n=94) at the Mann—Whitney test. Data are reported as
median and interquartile range
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Fig.7 MHR positively correlates with C-reactive protein (p=0.563;
P <0.0001), using Spearman’s rho (p) coefficient
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Excluding dialysis patients from statistical analysis, all
results were confirmed and remained significant except
for the difference in MHR value according to gender
(P=0.0888). Conversely, in the group of dialysis patients
the only variable independently related to MHR at the mul-
tiple regression analysis was C-reactive protein (P =0.0028)
and the independent relationships with RH and the num-
ber of anti-hypertensive drugs were lost (P=0.1369 and
P=0.3075 respectively).

Discussion

The present study shows how MHR value is significantly
linked to the number of anti-hypertensive drugs needed in
CKD patients and how it is associated with the tendency to
develop RH. At multiple regression analysis, RH and the
number of anti-hypertensive medication resulted in being
independent correlated to MHR.

This close connection between HDL and monocyte has
been confirmed in many studies which affirmed that the
increased number of monocytes and HDL reduction may
contribute to a major risk of plaque formation, progression
of atherosclerosis [31, 32] and a consequently increased
CVD risk [33-36].

Sarov-Blat et al. [37] indicated an activated pro-inflam-
matory state of both monocytes and monocyte-derived mac-
rophages in low HDL subjects that may constitute a novel
parameter of risk associated with HDL deficiency. Their
study enlightened how several inflammatory cytokine genes
including interleukin-1beta, interleukin-8 and tumor necro-
sis factor-alpha were highly expressed in low HDL sub-
jects. A previous study conducted in dipper and non-dipper
hypertensive patients underlined that MHR was significantly
higher in the non-dipper hypertension group compared
with control (P <0.001) and dipper hypertension groups
(P=0.03) [38]. In line with these results, in our study, we
found out a strong connection between arterial hypertension
and MHR and, in particular, an impressive increase of MHR
values in patients with RH compared with the remaining
cohort. The number of anti-hypertensive drugs was directly
proportional to MHR values in the whole study cohort and
in the group of patients without RH. Moreover, RH and the
number of anti-hypertensive drugs independently correlated
with MHR. MHR could thus represent a valid tool to evalu-
ate the efficacy of anti-hypertensive therapy administered in
CKD patients by monitoring its trend during follow-up, to
improve a tailored therapeutic approach.

MHR may also represent an efficient indicator of hyper-
tensive complications as demonstrated by Aydin et al.
[39], who underlined the connection between this ratio
and asymptomatic organ damage in patients affected by
primary arterial hypertension in terms of increased carotid
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intima-media thickness, left ventricular mass index, and uri-
nary protein and albumin levels. In this setting, a high MHR
value can predict the risk of adverse cardiovascular out-
comes, as previously reported by Kanbay et al. [40]. Impor-
tantly, we found that MHR can identify patients with RH
with high sensibility and specificity. MHR was also inversely
related to eGFR in the whole cohort of patients, as previ-
ously demonstrated by a large cross-sectional study showing
that MHR was independently associated with reduced renal
function [41]. In this study, the value of MHR, in patients
with normal renal function, was 0.40+0.24.

Moreover, individuals with CKD had low level of apoli-
poprotein A-I (apoA-I), which exerts a fundamental role in
the HDL homeostasis, making HDL more susceptible to
catabolism [42].

A higher absolute count of monocytes is linked with a
worsening in the biology of kidney disease progression [43],
while lower HDL levels could be related to an increased risk
for CKD onset and/or its progression [44—46].

In our cohort, MHR also positively correlated to C-Reac-
tive Protein, emerging as a potential biomarker of inflam-
mation. This finding confirms that this ratio can reflect the
endothelial disfunction and OS at the basis of hypertension.

Furthermore, MHR values were higher in male popula-
tion with lower levels in female patients. These findings are
in line with the results of a study on the sex-specific associa-
tion of MHR with SYNTAX score in patients with suspected
stable coronary artery disease: male population showed
a significantly higher MHR (12.2 [8.9-15.5] versus 9.3
[6.2-12.1], P <0.001) accompanied by a higher prevalence
of coronary artery disease (68.1% versus 53.4%, P <0.001)
[47]. This difference between genders could be partially
explained by the variability of HDL status in males and
females [48]. Gender difference in HDL is partly explained
by more elevated estrogen levels that impair macrophages
metabolic activity by lipid accumulation, while testosterone
promotes it [49].

Conclusions

Our study has some limitations that need to be mentioned
to interpret our results accurately. First, the present study is
a retrospective, single-center study, including a relatively
small number of patients. Secondly, our sample is quite
homogeneous, consisting of only Caucasian adults, and then
it is unknown whether our findings are also applicable to
other racial or ethnic populations.

eGFR in this study is very low, which may reflect the
specific pathophysiology of renal failure. Further studies
must be performed to verify if the results will be similar to
different kind of population. We underlined that a higher
need of anti-hypertensive drugs is linked with a major value
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of MHR: a possibility that must be taken into consideration,
is that the higher amounts of drugs can influence the HDL,
monocytes and/or MHR status.

Hypertension is the most common chronic disease in
the world and a significant cause of CKD progression. Our
study suggests that MHR may be a useful and immediate
tool to evaluate OS and inflammatory status in CKD patients
affected by RH, to adopt more appropriate treatment strate-
gies. A more efficient control of lipid status and the use of
MHR as a predictor of efficacy of anti-hypertensive therapy
may show their significant benefits in long-term follow-up
trials, but prospective studies are needed to confirm our
results.
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