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Abstract

Objective: High monocyte to high-density lipoprotein cholesterol ratio (MHR) is known to be a
risk factor for cardiovascular (CV) complications. We aimed to evaluate the relationship between
MHR and CV outcomes in patients commencing dialysis.

Methods: The medical records of patients who started maintenance dialysis between January
2006 and July 2017 were reviewed. The primary outcomes were all-cause mortality and overall
CV mortality and the secondary outcomes were CV event-free survival and the incidence of CV
complications.

Results: Five hundred ninety-seven patients were enrolled and allocated to low- or high-MHR
groups. All-cause mortality did not differ between the groups during a mean follow-up period
of 3.9 years. In addition, overall CV mortality did not differ between the groups.

'Division of Nephrology, Department of Internal

Medicine, Incheon St. Mary’s Hospital, The Catholic *These authors contributed equally to this work.
University of Korea Corresponding author:

2Department of Internal Medicine, Incheon St. Mary’s Seok Joon Shin, Department of Internal Medicine, Incheon
Hospital, The Catholic University of Korea St. Mary’s Hospital, The Catholic University of Korea,
3Division of Nephrology, Department of Internal 56 Dongsu-ro, Bupyeong-gu, Incheon, 21431, Republic of
Medicine, Eunpyeong St. Mary’s Hospital, The Catholic Korea.

University of Korea Email: imkidney@catholic.ac.kr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-1322-1887
mailto:imkidney@catholic.ac.kr
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211058861
journals.sagepub.com/home/imr

Journal of International Medical Research

However, CV event-free survival was significantly lower in the high-MHR group than in the low-
MHR group (47.5% vs. 59.0%). Multivariate Cox regression analysis showed that high MHR was an
independent predictor of CV events (HR 1.886, 95% CI 1.015-3.505).

Conclusion: High MHR at the time of initiation of dialysis may represent a useful predictor of

CV complications.
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Introduction

Cardiovascular (CV) disease is a leading
cause of mortality in patients with end-
stage kidney disease (ESKD), accounting
for nearly 40% of deaths.' Therefore, a
great deal of research effort is focused on
the identification of simple and accurate
means of predicting CV complications.
Monocytes are an essential component of
the immune system, have a specific role in
the inflammatory response, and are a key
component of the inflammatory process
that develops as part of the pathogenesis
of atherosclerosis.”> In contrast, high-
density lipoprotein (HDL) cholesterol pro-
tects endothelial cells by antagonising the
pro-inflammatory and pro-oxidant effects
of monocytes.® Therefore, a combination
of the monocyte count and the serum
HDL-cholesterol concentration, the mono-
cyte to HDL-cholesterol ratio (MHR), is a
marker of inflammation and atherosclero-
sis, and represents a risk factor for CV com-
plications. Therefore, MHR may represent
an independent predictor of severe coro-
nary artery disease and future CV events
in patients, in the presence or absence of
acute coronary syndrome.“*7 Furthermore,
MHR is associated with resistant hyperten-
sion in patients with chronic kidney disease

(CKD).® Real-world studies have previous-
ly shown associations between mortality,
CV outcomes, and MHR in patients with
ischemic heart disease, diabetes, and/or
CKD.” ' However, the links between
MHR and CV outcomes in patients under-
going dialysis have not been fully investi-
gated. Therefore, in the present study, we
evaluated the relationships between the
MHR and CV outcomes in patients com-
mencing dialysis.

Materials and Methods

Study population and protocol

Clinical data were collected retrospectively
for patients >18 years old who started
maintenance haemodialysis (HD) or perito-
neal dialysis (PD) between January 2006
and July 2017 at Incheon St. Mary’s
Hospital. The participants were followed
until they died, underwent kidney trans-
plantation or until 28 February 2019. The
study was approved by the Institutional
Review Board of the Catholic University
of Korea (OCI9ISOISIO172). Because this
was a retrospective study that used medical
records alone, the requirement for informed
consent was waived. The reporting of this
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study conforms to the STROBE
statement. "

A patient with incident ESKD was
defined as one that required the initiation
of maintenance HD or PD and continued
this dialysis for >3 months. The informa-
tion that was extracted from medical
records included the baseline clinical and
demographic data (age; sex; body mass
index (BMI); presence of diabetes; cause
of ESKD; previous CV disease; smoking
status; dialysis modality; use of an
erythrocyte-stimulating agent; and details
of any prescribed medications, including
statins, angiotensin II receptor blockers,
angiotensin-converting enzyme inhibitors,
beta-blockers, calcium channel blockers,
calcium-based phosphate-binders, non-
calcium-based phosphate-binders, and vita-
min D analogues), the total and differential
leukocyte count (performed using XN-9000
and XE-9000 analysers; Sysmex Co., Ltd.,
Kobe, Japan), circulating biochemical
parameters (transferrin saturation, ferritin,
calcium, phosphorus; CaxP product,
intact parathyroid hormone [iPTH], albu-
min, high-sensitivity C-reactive protein
[hs-CRP], total cholesterol, triglyceride,
low-density lipoprotein [LDL] cholesterol
and HDL-cholesterol) (measured using a
Beckman Coulter analyser; Brea, CA,
USA), and echocardiographic parameters
determined within 3 months of starting
dialysis. Cardiac morphology and function
were evaluated using two-dimensional
echocardiography (Acuson SC2000;
Siemens, Malvern, PA, USA) on a non-
dialysis day within 1 month of the initiation
of dialysis. The echocardiographic parame-
ters were measured according to the recom-
mendations of the American Society of
Echocardiography. The MHR was calculat-
ed by dividing the absolute circulating
monocyte count by the serum HDL-
cholesterol concentration.'*

We included patients who commenced
maintenance dialysis during the study

period but excluded those (1) for whom
an MHR was not available within
3 months of the start of dialysis, (2) who
had an acute infection at the time of the
MHR measurements, (3) who had hemato-
logic disease or (4) who were followed for
<3 months (Figure 1). We allocated the
patients to a low-MHR group or a high-
MHR group, according to whether their
MHR values were lower or higher than
the median value of 12.3.

The primary outcomes were the all-cause
mortality and overall CV mortality of the
two groups. The secondary outcomes were
the CV event-free survival and the develop-
ment of any CV complication. A “CV
event” was defined as coronary heart
disease (unstable angina, myocardial infarc-
tion or sudden cardiac death), cerebrovas-
cular disease (transient ischemic attack,
cerebral infarction or cerebral haemor-
rhage) and peripheral or pulmonary vascu-
lar disease. Figure 1 consists of a flow chart
that summarises patient enrolment and the
number of CV events that occurred in each
of the groups.

To identify independent risk factors for
CV events, parameters that demonstrated
statistically significant differences between
the groups and were known to affect the
risk of CV complications developing
(MHR, age, presence of diabetes, previous
CV disease, smoking status, BMI, hs-CRP,
left ventricular [LV] ejection fraction, the
ratio of the amplitudes of the E wave
[peak early diastolic flow velocity] to the
A wave [peak late diastolic flow velocity]
[E/A ratio], and the ratio of the peak early
transmitral flow velocity [E] to peak early
diastolic mitral annular velocity [E'] [E/E’
ratio]) were further evaluated using multi-
variate Cox regression analysis.

Statistical analysis

Continuous data are expressed as mean +
standard deviation (SD) and categorical
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Initiation of maintenance dialysis between January 2006 and July 2016, n = 719

v

Number of patients excluded:

- 20 for whom MHR data were unavailable

- 3 developed hematologic disease

- 69 had an acute infection when MHR calculated
- 30 lost to follow-up within 3 months

Final enrolment, n = 597

A

Low-MHR group,
n=299

k. v

v

High-MHR group,
n=298

| CV event, n = 54 | | No CV event

| | CV event, n =77 | |

No CV event

Figure |. Flow chart describing the study. Five hundred and seventy-seven patients with end-stage kidney
disease (ESKD) who were commencing maintenance dialysis were initially enrolled. The patients were
allocated to Low-MHR and High-MHR groups, depending on whether their MHR was below or above the

median value, respectively.

MHR, monocyte count to high-density lipoprotein cholesterol concentration ratio; CV, cardiovascular.

data are expressed as number (%).
Differences between the two groups
were identified wusing Student’s z-test.
Categorical datasets were compared
using the chi-square test. Kaplan—Meier
curves and log-rank tests were used to
compare the survival of participants in
each group with respect to all-cause
mortality, overall CV mortality and CV
event-free survival. Independent risk
factors for CV events were identified
using multivariate Cox regression analysis,

which was performed using variables
that showed statistically significant differ-
ences between the groups in univariate
analysis as covariates. All descriptive and
multivariate analyses were conducted
using SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA). The estimated stan-
dard error of the coefficient was used to
calculate the confidence interval (CI) of
the hazard ratio (HR) for each potential
risk factor. Statistical significance was
accepted when P < 0.05.
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Results

Characteristics of the participants

Five hundred ninety-seven patients were
recruited, of whom 299 were in the Low-
MHR group and 298 were in the High-
MHR group. The recruited patients were
followed for a mean 3.9 years. The mean
age of the participants was 58.6 years
(range, 21 to 91 years) and the mean dura-
tion of follow up was 3.9 years (range, 0.3
to 12.3 years). Three hundred thirty-five
patients were male (56.1%), 347 had diabe-
tes (58.1%) and 129 had a history of CV
disease (21.6%). The median MHR was
12.3 (interquartile range, 8.1 to 19.7).

The High-MHR group contained more
men, smokers and more participants with
diabetes, and the mean BMI of this group
was higher than that of the Low-MHR
group (Table 1). The haemoglobin concen-
tration, leukocyte count, monocyte count,
platelet count, serum hs-CRP and serum
triglyceride concentration were significantly
higher in the High-MHR group than in the
Low-MHR group. In contrast, the intact
parathyroid hormone (iPTH), total
cholesterol, LDL-cholesterol and HDL-
cholesterol concentrations were significant-
ly lower in the High-MHR group than in
the Low-MHR group. However, none of
the echocardiographic parameters signifi-
cantly differed between the two groups
(Table 2).

All-cause mortality and overall CV
mortality

One hundred thirty-three participants died
during the study. Thirty-three participants
died as a result of CV complications
(24.8%), of which 15 were in the Low-
MHR group (45.5%) and 18 were in the
High-MHR group (54.5%). Of these
deaths, 14 occurred because of myocardial
infarction, two were sudden cardiac deaths,

11 occurred because of cerebral haemor-
rhage, and six occurred because of cerebral
infarction. The remaining 100 deaths were
not CV-related (75.2%); 48 of these partic-
ipants were in the Low-MHR group
(48.0%) and 52 were in the High-MHR
group (52.0%). The principal causes of
non-CV death were infection (n=252,
52.0%), malignancy (n =6, 6%) and gastro-
intestinal bleeding (n =38, 8%). Neither all-
cause mortality nor overall CV mortality
differed between the two groups during
the study period (Figure 2).

Overall CV event-free survival rate

During the follow-up period, 131 partici-
pants experienced a CV event, of whom
54 (41.2%) were in the low-MHR group
and 77 (58.8%) were in the high-MHR
group. The CV events that occurred were
the development of ischemic heart disease
(n=76, 58.0%), sudden cardiac death
(n=3, 2.3%), transient ischemic attack
(n=2, 1.5%), cerebral infarction (n=22,
16.8%), cerebral haemorrhage (n=2I,
16.0%) and the development of peripheral
or pulmonary vascular disease (n=7,
5.3%). CV event-free survival was signifi-
cantly lower in the high-MHR group than
in the low-MHR group (47.5% vs. 59.0%,
P=0.006; Figure 3).

Assessment of MHR as a risk factor for
adverse cardiovascular outcomes

To identify independent risk factors for CV
events, the parameters that showed signifi-
cant differences between the groups and
were thought to be likely to influence the
development of CV complications were
analysed using Cox regression. These were
MHR, age, the presence of diabetes, previ-
ous CV disecase, smoking status, BMI, hs-
CRP concentration, LV ejection fraction,
E/A ratio and E/E’ ratio. Univariate Cox
regression analysis showed that MHR,
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Table |. Baseline characteristics and laboratory parameters of the participants.

Low-MHR group High-MHR group

(n=299) (n=298) P-value
Age (years) 58.0+ 14.1 59.1+13.4 0.345
Men (%) 152 (50.8%) 183 (61.4%) 0.011
BMI (kg/m?) 23.1+3.6 243+£42 <0.001
Presence of diabetes (%) 155 (51.8%) 192 (64.4%) 0.002
Cause of ESKD (%) 0.102
Diabetes 159 (53.2%) 186 (62.4%)
Hypertension 88 (29.4%) 69 (23.2%)
CGN 22 (7.4%) 14 (4.7%)
Others 30 (10.0%) 29 (9.7%)
Previous CV disease (%) 55 (18.4%) 74 (24.8%) 0.059
Smoker (%) 62 (20.9%) 85 (28.8%) 0.029
Dialysis modality, HD (%) 200 (66.9%) 205 (68.8%) 0.661
Haemoglobin (g/dL) 86+£20 9.0£ 1.6 0.008
Leukocyte count (103/mms) 7.1+£29 9.43+ 4.1 <0.001
Monocyte count (103/mm3) 53+24 80+27 <0.001
Platelet count (103/mm3) 199.0£81.2 225.0+88.0 <0.001
Transferrin saturation (%) 315+ 184 333+214 0.467
Ferritin (nmol/L) 621.3+871.5 685.2 +1,021.8 0.437
Calcium (mmol/L) 1.95+0.27 1.95+0.32 0.643
Phosphorus (mmol/L) 1.87+0.71 1.81 £0.77 0.346
Calcium x phosphorus product 14.29 +4.58 13.74+4.84 0.156
iPTH (pmol/L) 32.54+26.16 26.55+20.17 0.003
Albumin (umol/L) 527 +90 512+90 0.217
hs-CRP (nmol/L) 134 +£325 210+38l 0.011
Total cholesterol (mmol/L) 470+ 1.51 4.15+1.34 <0.001
Triglyceride (mmol/L) 1.61 +£1.27 1.94+1.19 0.001
LDL-cholesterol (mmol/L) 289+ 1.16 2.654+0.98 0.011
HDL-cholesterol (mmol/L) 1.19+0.41 0.83+0.28 <0.001
ESA (%) 288 (96.3%) 279 (93.6%) 0.139
Iron replacement therapy (%) 257 (86.0%) 262 (87.9%) 0.544
Statin therapy (%) 144 (48.2%) 156 (52.3%) 0.326
ARB or ACEi therapy (%) 229 (76.6%) 229 (76.8%) 1.000
Beta-blocker therapy (%) 199 (66.6%) 200 (67.1%) 0.931
Calcium channel blocker therapy (%) 226 (75.6%) 216 (72.5%) 0.402
Calcium-based phosphate-binder therapy (%) 190 (63.5%) 189 (63.4%) 1.000
Non-calcium-based phosphate-binder therapy (%) 63 (21.1%) 68 (22.8%) 0.622
Vitamin D analogue therapy (%) 87 (29.1%) 80 (26.8%) 0.585

Continuous data are expressed as mean =+ standard deviation (SD) and categorical data are expressed as number (%).
Differences between the two groups were identified using Student’s t-test or the chi-square test, as appropriate.

MHR, monocyte count to serum high-density lipoprotein cholesterol concentration ratio; BMI, body mass index; ESKD,
end-stage kidney disease; CGN, chronic glomerular nephritis; CV, cardiovascular; HD, haemodialysis; iPTH, intact para-
thyroid hormone; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
ESA, erythropoiesis-stimulating agent; ARB, angiotensin receptor blocker; ACEi, angiotensin-converting enzyme inhibitor.
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Table 2. Echocardiographic parameters for the study population.

Low MHR (n=299) High MHR (n=298) P-value
LV mass index (g/m;7) 80.8+27.5 78.1 £22.4 0.503
LVID in diastole (mm) 50.1 6.6 488+74 0.056
LVID in systole (mm) 344475 335+72 0.239
PW thickness at the end of diastole (mm) 11.8£1.98 11.7+£24 0.763
PW thickness at the end of systole (mm) 154+22 15.2+2.4 0.459
LV end-diastolic volume (mmj3) 104.8 +39.2 106.4 +56.5 0.743
LV end-systolic volume (mmj) 49.7 +£28.0 47.2+257 0.340
IVST at the end of diastole (mm) 1224+2.0 12.24+3.0 0.982
IVST at the end of systole (mm) 154+£25 152+£33 0.537
LA diameter (mm?) 414+6.2 41.3+6.0 0.846
LV ejection fraction (%) 562+ 114 568+ 11.6 0.577
E/A ratio 09+0.7 1.0£0.6 0.563
E/E' ratio 14.1 £6.7 13.8+£49 0.683

Continuous data are expressed as mean =+ standard deviation (SD) and differences between the two groups were iden-

tified using Student’s t-test.

MHR, monocyte to high-density lipoprotein ratio; LV, left ventricular; LVID, left ventricular internal dimension; PW,
posterior wall; IVST, interventricular septal thickness; LA, left atrium; E/A ratio, ratio of the amplitudes of the E wave (peak
early diastolic flow velocity) to the A wave (peak late diastolic flow velocity); E/E’ ratio, ratio of the peak early transmitral
flow velocity (E) to peak early diastolic mitral annular velocity (E').

age, the presence of diabetes, previous CV
disease, hs-CRP and LV ejection fraction
were associated with subsequent CV
events. The multivariate analysis showed
that high MHR was an independent predic-
tor of CV events (HR 1.886, 95% CI 1.015—
3.505), as was age (HR 1.031, 95% CI
1.007-1.056) and LV ejection fraction (HR
0.971 95% CI 0.948-0.995), even after
adjustment for MHR, age, the presence of
diabetes, previous CV disease, smoking
status, BMI, hs-CRP concentration, hae-
moglobin concentration, total cholesterol,
triglyceride, LDL-cholesterol, HDL-choles-
terol, LV ejection fraction, E/A ratio and
E/E’ ratio (Table 3).

Discussion

The most important finding of the present
study is that MHR may be a useful predic-
tor of CV complications in patients with
incident ESKD. CV event-free survival
was significantly shorter in the High-
MHR group than in the Low-MHR

group, and MHR was shown to be an inde-
pendent predictor of CV complications in
patients with ESKD in multivariate Cox
regression analysis. Therefore, patients
commencing dialysis who have a high
MHR should undergo regular monitoring
for CV events.

MHR has been shown to be associated
with mortality in patients with other dis-
eases'™ and to be associated with CV
events in  retrospective  studies.'®!’
However, neither all-cause mortality nor
overall CV mortality differed between the
two groups in the present study. These
unexpected results may be explained by
the numerous patients who were excluded
from the study. Many of the 30 patients
who were transferred to other institutes
within 3 months of commencing dialysis
had MHR values below the median.
Therefore, the patients who were lost to
follow up may explain the lack of signifi-
cant differences in survival outcomes.
Nevertheless, the study has demonstrated
the predictive value of MHR for CV
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Figure 2. Comparison of all-cause mortality and overall cardiovascular mortality in the Low-MHR and
High-MHR groups. (A) All-cause mortality (P=0.371) and (B) overall cardiovascular mortality (P=0.615)

did not significantly differ between the two groups.

MHR, monocyte count to high-density lipoprotein cholesterol concentration ratio; CV, cardiovascular.

complications in patients with ESKD, as
shown in previous studies."® The present
study has also shown that a high MHR is
associated with high levels of inflammation-
related parameters, including leukocyte
count, monocyte count, and hs-CRP, rela-
tive to patients with a low MHR. Several
previous studies have generated contrasting
results regarding the relationship between
MHR and lipid profile. A previous study
by Canpolat er al. showed that HDL
decreased substantially as the MHR
increased, whereas the total cholesterol,
LDL-cholesterol and triglyceride concen-
trations did not change significantly.” In
another study, only triglyceride concentra-
tion negatively correlated with MHR.?® In
the present study, the total cholesterol,
LDL-cholesterol and HDL-cholesterol

concentrations were significantly lower in
the High-MHR group, whereas the triglyc-
eride concentration was higher. It may be
that although statin use did not significant-
ly differ between the two groups, statins
were more likely to be used in the High-
MHR group, which might have affected
the lipid concentrations. In addition,
because the High-MHR group had a
higher prevalence of a history of prior CV
disease, it is possible that the participants
had improved their lifestyles.

Although we found no associations
between high MHR and all-cause or CV
mortality, high MHR was associated with
CV complications (HR 1.886, 95% CI
1.015-3.505, P =0.045). The present results
suggest that MHR may represent a simple
and useful method for the prediction of CV
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Figure 3. Comparison of cardiovascular event-free survival in the Low-MHR and High-MHR groups. The
cardiovascular event-free survival of the High-MHR group was significantly lower than that of the Low-MHR
group (P=0.017).

MHR, monocyte count to high-density lipoprotein cholesterol concentration ratio; CVE, cardiovascular
event.

complications in dialysis patients. A previ- of the participants experienced a CV event
ous study of 880 dialysis patients from over a 2.2-year period and high MHR was
China showed that MHR is an independent associated with 1.97-fold higher incidence
risk factor for CV events in patients who of cardiovascular complication versus par-
are undergoing PD. In this study, 15.8% ticipants with low MHR (HR 1.97, 95% CI
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Table 3. Cox regression analysis of potential predictors of cardiovascular events.

Unadjusted

HR (95% Cl)

High MHR

Age

Presence of diabetes
Previous CV disease
Smoking status

BMI

Hb

Total cholesterol
Triglyceride
LDL-cholesterol
HDL-cholesterol
hs-CRP

LV ejection fraction
E/A ratio

E/E' ratio

1.623 (1.145-2.300)
1,037 (1.023-1.051)
1.926 (1.327-2.797)
2.699 (1.869-3.898)
1.103 (0.749-1.626)
1,000 (0.957—1.044)
0.920 (0.866-0.977)
1.001 (0.999—1.004)
1,001 (1.000—1.003)
1,000 (0.9961.005)
0.988 (0.976-1.000)
1,005 (1.002—1.009)
0.976 (0.962-0.991)
0.702 (0.422-1.167)
1.014 (0.982-1.047)

Adjusted

P-value HR (95% Cl) P-value
0.007 1.886 (1.015-3.505) 0.045

<0.001 1.031 (1.007—1.056) 0.01
0.001 1.764 (0.957-3.249) 0.069

<0.001 1.630 (0.904-2.938) 0.104
0.619 1.349 (0.697-2.610) 0.374
0.987 0.969 (0.907-1.035) 0.345
0.006 0.960 (0.828-1.115) 0.595
0.315 1.007 (0.991-1.022) 0.399
0.132 1.001 (0.998-1.004) 0.367
0.977 0.990 (0.972-1.009) 0.99
0.05 1.003 (0.979-1.027) 0.8lI1
0.006 0.999 (0.990-1.007) 0.752
0.001 0.971 (0.948-0.995) 0.018
0.173 0.739 (0.397-1.373) 0.338
0.402 0.969 (0.907-1.035) 0.970

Independent risk factors for CV events were identified using multivariate Cox regression analysis.

HR, hazard ratio; Cl, confidence interval; MHR, monocyte count to high-density lipoprotein cholesterol concentration
ratio; BMI, body mass index; Hb, haemoglobin; LDL, low-density lipoprotein; HDL, high-density lipoprotein; hs-CRP, high-
sensitivity C-reactive protein; CV, cardiovascular; LV, left ventricular; E/A ratio, ratio of E wave (peak early diastolic flow
velocity) and A wave (peak late diastolic flow velocity); E/E’, ratio of peak early transmitral flow velocity (E) to peak early

diastolic mitral annular velocity (E').

1.19-3.28, P=0.009)."® Another recent
study conducted in China showed that
high MHR is an independent risk factor
for all-cause and CV mortality in patients
undergoing PD, with HRs of 1.43 (95% CI
1.06-1.93, P=0.019) and 1.54 (95%
CI 1.01-2.35, P=0.046), respectively.’!
However, these studies were conducted
only in patients who were undergoing PD,
whereas large numbers of patients undergo
both HD and PD worldwide,”*>* and
patients who were undergoing both types
of dialysis were included in the present
study. Another consideration is whether a
3.9-year follow-up period is sufficient to
obtain significant survival data in patients
undergoing dialysis. A previous study of
data from the Korean Health Insurance
Review and Assessment Service database
regarding 30,279 patients who were under-
going dialysis recorded 11,053 (36.5%) CV

events during a 1.8-year period and cumu-
lative incidences of CV events of 21.1%,
32.3% and 40.5% over 1, 2 and 3 years,
respectively.?® The incidences of CV events
identified in this study were similar to that
measured in the previous Korean study.
Therefore, the results of the present study
imply that MHR may represent a useful
means of predicting CV outcomes in
patients with ESKD, whether they undergo
HD or PD.

Monocytes play an essential role in
chronic inflammation and CV disease.
Furthermore, they differentiate into macro-
phages and induce inflammation as part of
the progression of atherosclerosis.” When
the vascular endothelium is injured, mono-
cytes migrate to the subendothelium and
mature into macrophages. Macrophages
take up LDL-cholesterol, differentiate into
foam cells, and release pro-inflammatory,
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pro-oxidant cytokines. In contrast, HDL-
cholesterol protects endothelial cells by
antagonising the pro-inflammatory and
pro-oxidant activities of monocytes.*®
Therefore, a high MHR is likely to be asso-
ciated with atherosclerosis, which predis-
poses toward CV events. High MHR is
associated with high serum hs-CRP concen-
tration and inflammation, which plays a
major role in endothelial dysfunction and
atherosclerosis, including thrombotic com-
plications.”'”-*” In addition, high MHR has
previously been shown to be an indepen-
dent risk factor for CV complica-
tions.>!%12272% Considering that the most
common cause of mortality in patients
with ESKD is CV complications, appropri-
ate screening of high-risk groups for CV
complications should be the first step in a
strategy aimed at reducing patient mortali-
ty. To date, a number of potential predic-
tors of CV events have been evaluated, but
their widespread clinical use is limited by
cost and time factors.?’>! However, mono-
cyte count and HDL-cholesterol concentra-
tion are commonly included in the basic
laboratory assessment of patients with
ESKD, and therefore MHR can be casily
calculated by clinicians, without incurring
additional cost or time. In the present
study, we have shown that MHR is an inde-
pendent risk factor, along with hs-CRP,
which predicts CV complications in
patients who are commencing dialysis.
Furthermore, in multivariate cox regres-
sion, high MHR was found to be more
strongly associated with CV complications
than hs-CRP, with a higher HR. Therefore,
both may be useful predictors of CV com-
plications. The use of such a cost-effective,
time-efficient means of predicting CV out-
comes may assist with the identification of
patients who are at high risk of CV compli-
cations and enable regular surveillance.
Thus, the results of the present study sug-
gest that MHR is a risk factor for CV
events in patients commencing dialysis.

There were some limitations to the pre-
sent study. First, it was conducted retro-
spectively. Second, MHR was only
calculated at the initiation of dialysis.
Third, because an appropriate cut-off
value for MHR was not determined, the
median value was used. Nonectheless, a
high MHR at the initiation of dialysis pre-
dicted CV outcomes in patients with ESKD
over a 3.9-year period, consistent with the
findings of previous studies. Prospective
studies should be conducted in the future
to confirm the relationships of serial
MHR measurements with patient survival
and CV outcomes in patients undergoing
dialysis, and to calculate an appropriate
MHR cut-off value for the purpose of
predicting such events. In conclusion, high
MHR at the time of initiation of
dialysis may represent a useful predictor
of CV complications, but this should be
confirmed in carefully designed prospective
studies.
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