
NEPHROLOGY - ORIGINAL PAPER

Monocyte count/HDL cholesterol ratio and cardiovascular events
in patients with chronic kidney disease

Mehmet Kanbay • Yalcin Solak • Hilmi Umut Unal • Yasemin Gulcan Kurt • Mahmut Gok •

Hakki Cetinkaya • Murat Karaman • Yusuf Oguz • Tayfun Eyileten • Abdulgaffar Vural •

Adrian Covic • David Goldsmith • Osman Turak • Mahmut Ilker Yilmaz

Received: 22 April 2014 / Accepted: 28 April 2014 / Published online: 23 May 2014

� Springer Science+Business Media Dordrecht 2014

Abstract

Background and aim Previous studies showed that renal

dysfunction was associated with both a reduction in serum

high-density lipoprotein (HDL) cholesterol concentration

and increased circulating monocyte count. We aimed to

investigate the effect of circulating monocyte to serum

HDL cholesterol ratio (M/H ratio) on fatal and composite

cardiovascular events, in an observational cohort study of

chronic kidney disease (CKD) patients.

Materials and methods A total of 340 subjects with stage

1–5 CKD were followed for a mean follow-up period of 33

(range 2–44) months and assessed for fatal and nonfatal

CV events. M/H ratio was calculated for all patients. All-

cause mortality and CVE were also analyzed in relation to

M/H ratio.

Results Monocyte/HDL cholesterol ratio was negatively

correlated with estimated glomerular filtration rate (eGFR)

(r = -0.43, P \ 0.001). Notably, both fatal and combined

fatal and nonfatal cardiovascular events were more com-

mon in patients having a M/H ratio in the third tertile was

associated with a hazard ratio of 2.24 and 4.91, respec-

tively, for fatal and composite cardiovascular events

compared to being in the first tertile.

Conclusion Monocyte/HDL cholesterol ratio was

increased with decreasing eGFR in predialytic CKD

patients. Most importantly, we report for the first time that an

increased M/H ratio was cross-sectionally associated with a

worse cardiovascular profile and arose as independent pre-

dictors of major cardiovascular events during follow-up.
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Introduction

Macrophages play a major role in the pathogenesis of ath-

erosclerotic plaque formation. Plaque macrophages account

for the majority of leukocytes in plaques and are believed to

be different from monocytes recruited from circulating blood

[1]. During development of atherosclerotic lesions, blood

monocytes are recruited into the intima and subintimal layers

of the vessel wall, where these cells can take up oxidized

low-density lipoprotein (oxLDL) and other lipids through

their scavenger receptors. Recruited monocytes facing fatty

deposits undergo activation and accumulate as foam cells [2,

3]. It has been shown that the circulating monocyte count is

predictive of new plaque development [4].

High-density lipoprotein (HDL) molecules counteract

the migration of macrophages and remove cholesterol from

these cells. Murphy et al. [5] showed in an experimental

study that HDL and its major protein component—apoli-

poprotein A–I (apo A–I)—exhibit an antiinflammatory

effect on human monocytes by inhibiting activation of

CD11b.

Ganda et al. [6] analyzing data from the Malmö Diet and

Cancer study found that subjects with mild renal dys-

function have elevated monocytes and more severe ath-

erosclerosis. At the same time, individuals with higher

HDL cholesterol levels had a 42 % decreased odds of

being in the top quartile of monocyte count. Overall, renal

dysfunction was associated with both a reduction in serum

HDL cholesterol concentration and increased circulating

monocyte count.

A reduced HDL cholesterol level is one of the hallmarks

of ESRD-related dyslipidemia [7]. Additionally, the uremic

milieu seems to cause monocytosis and monocyte activa-

tion—combination that could account for the accelerated

atherosclerosis present in advanced chronic kidney disease

(CKD). No study to date has evaluated the impact of the

monocyte count/HDL cholesterol ratio on cardiovascular

endpoints, in moderate to severe CKD. Thus, we aimed to

investigate the prognostic impact of circulating monocyte

count to serum HDL cholesterol ratio on fatal and com-

posite cardiovascular events, in an observational cohort

study of CKD patients.

Materials and methods

Study design and subjects

This was an observational prospective cohort study in

which data were derived from a larger dataset of a pro-

spectively maintained cohort of CKD patients. The initial

dataset was reassessed after generation of the study

hypothesis. The CKD patient cohort reported in this study

was created between January 2008 and January 2012.

Patients were referred to the Renal Unit of the Gulhane

School of Medicine Medical Center, Ankara, Turkey, for

the first time because of suspected or manifest renal failure.

All patients were diagnosed as having CKD according to

their estimated glomerular filtration rate (eGFR) and the

presence of kidney injury as defined by National Kidney

Foundation K/DQOI Guidelines [8]. None of the patients in

stage 5 CKD were on hemodialysis or peritoneal dialysis at

the time of the inclusion. Stages of CKD were determined

using eGFRs which were calculated via modification of

diet in renal disease (MDRD) equation. Exclusion criteria

including acute infections and unwillingness to participate

in the study were applied (n = 53). One hundred and sixty-

five eligible patients dropped out for the following reasons:

lost to follow-up or transferred to other nephrology unit

(n = 82), viral hepatitis (n = 15), vasculitis (n = 9),

withdrew consent (n = 59). Hypertension was defined as

systolic blood pressure (SBP) C140 mmHg or diastolic

blood pressure (DBP) C90 mmHg on repeated measure-

ments, or the use of antihypertensive drugs.

Laboratory measurements

Blood samples were obtained from patients in the morning,

after 12 h of fasting, for measurement of plasma glucose

(FPG), serum albumin, total serum cholesterol (TC), tri-

glyceride (TG), HDL, and low-density lipoprotein (LDL)

cholesterol, and serum basal insulin for calculation of

insulin resistance score homeostasis model assessment-

insulin resistance (HOMA-IR).

The monocyte count was determined using the Pentra

120 Retic Hematology Analyzer (ABX, Montpellier,

France), as part of the routine hemogram. The reference

value for monocyte in our laboratory is 2–10 %.

Cardiovascular events

All included patients were followed up for time-to-event

analysis until occurrence of fatal or nonfatal cardiovascular

events of this prospectively maintained cohort were regis-

tered via routine outpatient clinic visits and regular telephone

contacts starting from the enrollment date until analysis of

the data. Fatal and nonfatal cardiovascular events including

death, stroke, and myocardial infarction were recorded.

Gulhane School of Medicine local ethical committee

approved the study protocol, and all patients were included in

the study after signing informed consent forms.

Statistical analysis

Analyses were performed using SPSS version 17.0 (SPSS,

Inc., Chicago, Illinois). The study population was assigned
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into tertiles on the basis of monocyte/HDL ratio level. To

test the distribution pattern of variables, the Kolmogorov–

Smirnov test was used. Continuous data are presented as

medians and interquartile ranges or as mean ± SD. Com-

parisons of multiple mean values were carried out using

Kruskal–Wallis tests or analysis of variance (ANOVA) as

appropriate. Categorical variables were summarized as

percentages and compared using Chi square tests. Spear-

man’s correlation coefficient was computed to examine the

association between two continuous variables. Effects of

different variables on fatal and nonfatal events were ana-

lyzed in univariate analysis for each. Variables for which

the unadjusted P values were \0.10 in univariate Cox

regression analysis were identified as potential risk markers

and included in the multivariable Cox regression model. A

P value \0.05 was considered statistically significant, and

the confidence interval was 95 %. The survival curve during

follow-up for according to monocyte/HDL ratio tertiles was

analyzed using the Kaplan–Meier method, and statistical

assessment was performed using the log-rank test. A P value

\0.05 was considered statistically significant.

Results

Demographic, clinical, and biochemical parameters

of study population

A total of 340 patients with stage 1–5 CKD were included

in the study. Mean age of the cohort was 51 ± 12 years.

There were no statistically significant differences among

the different CKD stages with regard to age, gender, BMI,

history of CVD, etiology of CKD and smoking status. The

demographic and clinical characteristics of the study

groups are given in Table 1.

The monocyte/HDL cholesterol (M/H) ratio as a con-

tinuous variable was negatively correlated with eGFR

(r = -0.43, P \ 0.001)—Fig. 1. The whole cohort was

divided into tertiles based on the M/H ratio. Clinico-

Table 1 Demographic and

clinical characteristics of the

study groups according CKD

stages

eGFR (mL/min/1.73 m2) C90

Stage 1

(n = 70)

60–89

Stage 2

(n = 69)

30–59

Stage 3

(n = 65)

15–29

Stage 4

(n = 64)

\15

Stage 5

(n = 72)

Age (years) 48 (26–71) 50 (28–69) 49 (27–69) 54 (32–71) 51 (26–67)

Sex (M/F) 34/36 38/31 33/32 34/30 35/37

BMI (kg/m2) 26.6 ± 2.1 26.0 ± 3.1 25.5 ± 2.5 25.9 ± 2.9 25.4 ± 2.8

History of CVD (n)

Cardiovascular episode 8 5 7 9 18

Stroke 3 1 1 2 4

Peripheral vascular disease 5 1 – 3 2

Aortic aneurysm 3 – – – –

Etiology of CKD (n)

Diabetes 18 21 16 16 18

Glomerulonephritis 12 15 12 14 15

Hypertension 7 16 16 5 16

Polycystic kidney disease 6 3 4 3 2

Reflux nephropathy 5 3 2 5 1

Unknown 22 11 15 21 20

Smoking, current (n) 31 30 29 26 34

CV events (n) 16 26 20 24 36

Fig. 1 The correlation of monocyte/HDL ratio and estimated

glomerular filtration rate (eGFR)
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demographic characteristics of the study population based

on M/H ratio tertiles are shown in Tables 2 and 3. From

tertile 1 with (the lowest M/H ratio) to tertile 3 (with the

highest M/H ratio), eGFR values showed a significant

decrease. The prevalence of smokers and diabetes mellitus

was also significantly increased from the first tertile to the

third tertile.

All-cause mortality and cardiovascular events

according to M/H ratio

Cardiovascular outcomes were determined from the day

of examination onwards, with a mean follow-up period of

33 (range 2–44) months. Forty-one patients died, 35 of

which due to cardiovascular causes, four due to

Table 2 Demographic and

clinical characteristics of the

study groups according to

monocyte/HDL cholesterol ratio

tertiles

Variables Monocytes/HDL ratio tertiles P value

Tertile 1

(n = 113)

Tertile 2

(n = 113)

Tertile 3

(n = 114)

Age (years) 49.8 ± 11.1 50.5 ± 11.4 51.1 ± 12.3 0.704

Male, n (%) 73 (49.7 %) 80 (53 %) 0.566

Body mass index 26.1 ± 2.4 25.9 ± 2.8 25.5 ± 2.9 0.199

History of cardiovascular disease, n (%)

No history 89 (78.8 %) 92 (81.4 %) 86 (76.1 %) 0.103

Stroke 6 (5.3 %) 3 (2.7 %) 2 (1.8 %)

Peripheral vascular disease 4 (3.5 %) 4 (3.5 %) 3 (2.7 %)

Cardiovascular disease 11 (9.7 %) 14 (12.4 %) 22 (19.5 %)

Aortic aneurysm 3 (2.7 %) – –

Current smoker, current, n (%) 36 (31.9 %) 52 (46 %) 62 (54.9 %) 0.001

Diabetes mellitus, n (%) 11 (9.7 %) 29 (25.7 %) 49 (43.4 %) \0.001

Hypertension, n (%) 15 (13.3 %) 21 (18.6 %) 24 (21.2 %) 0.117

Antihypertensive drugs, n (%)

None 101 (89.4 %) 96 (85 %) 92 (81.4 %) 0.090

Calcium channel blockers 8 (7.1 %) 12 (10.6 %) 14 (12.4 %)

b-blockers 2 (1.8 %) 5 (4.4 %) 2 (1.8 %)

Loop diuretics 2 (1.8 %) – 5 (4.4 %)

Fatal events, n (%) 3 (2.7 %) 11 (9.7 %) 27 (23.9 %) \0.001

Fatal and nonfatal events, n (%) 12 (10.6 %) 36 (31.9 %) 74 (65.5 %) \0.001

Table 3 Biochemical

parameters of the study groups

according to monocyte/HDL

cholesterol ratio tertiles

Variables Monocytes/HDL ratio tertiles P value

Tertile 1

(n = 113)

Tertile 2

(n = 113)

Tertile 3

(n = 114)

Systolic BP (mmHg) 133 (129–139) 133 (124–139) 135 (131–140) 0.05

Diastolic BP (mmHg) 83 (81–86) 83 (81–86) 84 (81–89) 0.225

Serum albumin (g/dL) 4.0. (3.8–4.3) 4.0 (3.6–4.2) 4.0 (3.8–4.3) 0.203

Total cholesterol (mg/dL) 205 (194–217) 205 (193–217) 207 (193–220) 0.568

Triglycerides (mg/dL) 157 (145–167) 157 (144–168) 149 (140–168) 0.830

LDL (mg/dL) 131 (116–143) 134 (123–145) 129 (119–138) 0.078

HDL (mg/dL) 49 (46–51) 46 (51–49) 41 (36–46) \0.001

Hemoglobin 12 (10.5–13.5) 12 (10.5–13.6) 12 (10.5–13.9) 0.686

Total WBC (109/L) 7.1 (6.4–8.9) 7.3 (6.7–9.2) 6.8 (6.1–8.0) 0.018

Monocytes (109/L) 0.44 (0.39–0.48) 0.56 (0.50–0.60) 0.78 (0.62–0.88) \0.001

HOMA-IR index 1.44 (1.23–2.04) 1.45 (1.28–1.75) 1.55 (1.31–2.29) 0.044

Glucose (mg/dL) 88 (80–99) 90 (80–100) 92 (81–105) 0.116

24-h proteinuria (g/day) 1.57 (1.01–1.85) 1.65 (1.19–2.11) 1.57 (1.07–1.92) 0.142

eGFR (mL/min) 87 (39–96) 40 (16–78) 18 (11–49) \0.001
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malignancies, and two due to infection. Cardiovascular

mortality (n = 35) was defined as death due to coronary

heart disease (n = 18), sudden death (n = 10), stroke

(n = 4), or complicated peripheral vascular disease

(n = 3).

In addition to the 35 cardiovascular deaths, 87 nonfatal

cardiovascular events were registered during the follow-up

as follows: stroke (n = 19); myocardial infarction

(n = 59); peripheral vascular disease (n = 6); and aortic

aneurysm (n = 3).

The predictors for time-to-cardiovascular event

(n = 122, including a composite of fatal and nonfatal)

were studied by multiple regression analysis. We con-

structed three models for the multiple regression analysis.

Model 1 represents the unadjusted analysis. Model 2 is

adjusting for age and gender, whereas in model 3, we made

additional adjustments for other well-known established

cardiovascular risk factors including diabetes mellitus,

hypertension, eGFR, and smoking status. Having an M/H

ratio in the third tertile was associated with a hazard ratio

of 2.24 and 4.91, respectively, for fatal and composite

cardiovascular events compared to being in the first tertile

(Tables 4, 5; for further see Supplementary Tables 1 and

2). Kaplan–Meier analysis showed a significant survival

advantage for the lowest M/H ratio in both fatal (Fig. 2)

and nonfatal–fatal events (Fig. 3).

Discussion

The salient finding of this predialytic CKD cohort was that

the M/H ratio increases in parallel with decreasing eGFR.

Most importantly, we report for the first time that an

Table 4 Hazard ratios (HR) for fatal events according to the tertiles of monocyte/HDL ratio

Model 1 Model 2 Model 3

HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P

Tertile 1 M/H ratio 1.0 (reference) – 1.0 (reference) – 1.0 (reference) –

Tertile 2 M/H ratio 1.15 (1.02–1.29) 0.041 1.16 (1.03–1.29) 0.040 1.04 (0.98–1.10) 0.512

Tertile 3 M/H ratio 2.24 (1.85–2.39) \0.001 2.57 (1.93–3.15) \0.001 1.59 (1.44–1.75) 0.001

Model 1 unadjusted

Model 2 adjusted for age and gender

Model 3 in addition adjusted for risk factors (diabetes mellitus, hypertension, eGFR, smoking)

M/H ratio monocyte/HDL ratio

Table 5 Hazard ratios (HR) for fatal and nonfatal events according to the tertiles of monocyte/HDL ratio

Model 1 Model 2 Model 3

HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P

Tertile 1 M/H ratio 1.0 (referent) – 1.0 (referent) – 1.0 (referent) –

Tertile 2 M/H ratio 2.59 (1.80–3.38) \0.001 2.55 (1.82–3.30) \0.001 2.11 (1.07–4.17) \0.001

Tertile 3 M/H ratio 4.91 (2.88–6.94) \0.001 4.76 (2.65–6.88) \0.001 3.16 (1.61–6.20) \0.001

Model 1 unadjusted

Model 2 adjusted for age and gender

Model 3 in addition adjusted for risk factors (diabetes mellitus, hypertension, eGFR, smoking)

M/H ratio monocyte/HDL ratio

Fig. 2 Kaplan–Meier analysis for fatal events according to tertiles of

monocyte/HDL cholesterol ratio
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increased M/H ratio is an independent predictor for both

fatal and composite cardiovascular events in CKD patients.

Patients with CKD suffer from high cardiovascular

morbidity and mortality, disproportionately increased to

their classical CV risk profile. A number of nontraditional

risk factors have been proposed to account for this dis-

crepancy. Atherosclerosis is mainly fueled by increased

inflammation, and CKD is considered as an inflammatory

state. Several previous studies showed various abnormali-

ties in monocyte count and function in patients with CKD

[5, 6, 9–11]. Dysregulated monocytes are present in

patients with renal insufficiency, further supporting the

hypothesis of a significant detrimental contribution of

monocytes in the excessive atherosclerotic burden typically

seen in CKD. CD14?CD16? monocytes are a subset of

activated monocytes that are found in greater numbers in

the peripheral blood of CKD patients [9]. This subset of

monocytes—unlike the CD14?CD16- monocytes found

in healthy subjects—show a high level of expression of

chemokines, favoring their migration to the vascular wall

and subsequent endothelial injury. In a small case–control

study, Pereira et al. [10] found that compared to control

subjects, HD patients presented a significant decrease in

CXCR1 neutrophil expression, and in CD14 monocyte

expression, accompanied by a significant increase in HLA-

DR monocyte expression. The authors concluded that

neutrophils and monocytes are activated in CKD patients

and this may be related to erythropoietin resistance.

Recently, Al-Chaqmaqchi et al. [11] described in stage 4–5

CKD patients a different monocyte gene profile, with a

significant activation of the Wnt/b-catenin pathway—

linked to dysregulation of monocyte adhesion, migration,

and inflammatory status.

The protective role of serum HDL cholesterol levels in

the general population has been described by numerous

studies [12]. The anti-atherosclerotic properties of HDL

have been mainly attributed to its role in the reverse cho-

lesterol transport. A different profile is apparent in

advanced CKD. Yamamoto et al. [13] investigated the

cellular cholesterol efflux and inflammatory response of

macrophages exposed to HDL, in patients on hemodialysis

treatment, compared to healthy controls. HDL in hemodi-

alysis patients had reduced anti-chemotactic ability and

elicited increased macrophage cytokine response. The

same authors also found that HDL from HD patients was

significantly less effective in accepting cholesterol from

macrophages [13]. The uremic milieu also causes some

functional alterations in HDL particles. In the presence of

excessive metabolic and oxidative stress (such as in ure-

mia), HDL might lose its protective effect and may behave

as a pro-inflammatory molecule [12]. In apparently healthy

subjects, it has been shown that measurement of HDL

inflammatory/anti-inflammatory properties could differen-

tiate better the population with atherosclerotic cardiovas-

cular disease than the classic measurement of HDL

cholesterol levels. Inflammatory/anti-inflammatory prop-

erties of HDL also distinguish better patients that are

favorably affected by simvastatin treatment [14]. Kalantar-

Zadeh et al. [15] calculated the HDL proinflammatory

index in 189 maintenance HD patients followed for

30 months and found that patients with a higher HDL

proinflammatory index had a higher adjusted hazard ratio

for death. Finally, Speer et al. [16] showed that symmetric

dimethyl arginine (SDMA) could modify the HDL particle

to mimic a damage-associated molecular pattern that acti-

vates toll-like receptor-2, linking abnormal HDL to innate

immunity, endothelial dysfunction, and hypertension.

Recently Ganda et al. [6] investigated the association of

mild renal dysfunction with monocytosis and HDL cho-

lesterol levels in 4,757 patients stratified by Cystatin C

quintiles. Lower levels of renal function were accompanied

by higher monocyte counts that were independently asso-

ciated with carotid intima-media thickness. Low levels of

HDL cholesterol were independently associated with a

22 % increased risk of being in the top quartile of mono-

cyte count.

Our results showed a significant trend of decreasing

HDL and increasing monocyte count along with decreasing

eGFR values. Consequently, the M/H ratio showed sig-

nificant increase with decreasing kidney function. M/H

ratio appeared as an independent predictor of fatal and

composite CV events in our CKD patients.

In sum, the presence of renal dysfunction causes mon-

ocytosis and monocyte activation. On the other hand,

Fig. 3 Kaplan–Meier analysis for fatal and nonfatal events according

to tertiles of monocyte/HDL cholesterol ratio

1624 Int Urol Nephrol (2014) 46:1619–1625

123



uremia leads to both qualitative and quantitative changes in

HDL particles. Moreover, it also renders HDL particles

more proinflammatory and less anti-atherosclerotic. M/H

ratio combines these two detrimental processes with impact

on atherosclerosis. Although this ratio only takes into

account quantitative changes in both parameters, it could

nevertheless predict adverse clinical cardiovascular events

in our CKD cohort. It is plausible to think that not only

mere numeric changes in monocyte counts and HDL cho-

lesterol level in blood but also monocyte activation and

molecular changes in HDL cholesterol particles might have

contributed to the predictive ability of this novel ratio in

our study. Moreover, one may also argue that reduction in

serum levels of so-called anomalous HDL particles in

advanced uremia may counteract its untoward effects to

some extent. It would be more detrimental in case of high

concentrations of these dysfunctional HDL molecules were

abounding in the bloods of the uremic patients. Thus,

uremia, in addition to many other pathophysiologic path-

ways through novel CV risk factors, may render traditional

risk factors more atherogenic.

A few limitations of the study deserve mentioning.

Serum concentration of HDL cholesterol and percentage of

monocytes in complete blood count are subject to change

with time in a given subject, hence, relying only on one

measurement may not completely reflect the real trend of

the studied parameters. Several measurements at multiple

points in time would be better. Owing to the observational

nature of the study, some unknown or unincluded factors

might have had an impact on the cardiovascular endpoints.

The findings of our study are novel as such for the first

time, we showed that high circulating monocyte count and

reduced HDL concentration jointly may predict adverse

clinical cardiovascular events in patients with CKD. Our

study added a new observation on top of previous clinical

studies that monocyte count to HDL cholesterol ratio is

relevant also in prediction of hard CV events in a CKD

patient cohort and much more laboratory and clinical

research now needs to be undertaken in order better to

understand these findings.
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