
Hemodialysis – Research Article

Blood Purif

Increased Monocyte/Lymphocyte Ratio as Risk 
Marker for Cardiovascular Events and Infectious 
Disease Hospitalization in Dialysis Patients

Reiko Muto 

a    Sawako Kato 

a    Bengt Lindholm 

b    Abdul Rashid Qureshi 

b    

Takuji Ishimoto 

a    Tomoki Kosugi 

a    Shoichi Maruyama 

a

aDepartment of Nephrology, Nagoya University Graduate School of Medicine, Nagoya, Japan; bBaxter Novum & 
Renal Medicine Karolinska Institutet, Stockholm, Sweden

Received: February 5, 2021
Accepted: August 22, 2021
Published online: November 23, 2021

Correspondence to: 
Sawako Kato, kato07 @ med.nagoya-u.ac.jp

© 2021 The Author(s)
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/bpu

DOI: 10.1159/000519289

Keywords
Monocyte/lymphocyte ratio · Cardiovascular disease · 
Infectious disease · Dialysis

Abstract
Introduction: In dialysis patients, cardiovascular disease 
(CVD) and infectious disease contribute to poor clinical out-
comes. We investigated if a higher monocyte/lymphocyte 
ratio (MLR) is associated with an increased risk of CVD events 
and infectious disease hospitalizations in incident dialysis 
patients. Methods: In an ongoing observational prospective 
cohort study, 132 Japanese dialysis patients (age 58.7 ± 11.7 
years; 70% men) starting dialysis therapy were enrolled and 
followed up for a median of 48.7 months. Laboratory bio-
markers, including white blood cell count and its differential 
count, were determined at baseline. Event-free time and rel-
ative risks (RRs) were calculated using the Kaplan-Meier 
curves and Cox models, respectively. Results: When divided 
into 2 groups according to median MLR (0.35 [range, 0.27–
0.46]), the periods without CVD events were significantly 
shorter in the high MLR group than in the low MLR group 
(log-rank test = 5.60, p = 0.018). The RR of CVD events, after 
adjusting for age, sex, and diabetes, was 2.43 (1.22–4.84) in 
the high MLR group compared to the low MLR group. The 
periods without infections requiring hospitalization were 
also shorter (log-rank test = 4.16, p = 0.041). The RR of infec-
tions requiring hospitalization was 1.98 (1.02–3.83) after the 

same adjustments. The number of CVD events was higher in 
the high MLR group (18.6 events per 100 person-years at risk 
[pyr]) than the low MLR group (11.1 events per 100 pyr). The 
duration of infectious disease hospitalization was longer in 
the high MLR group (6.3 days per pyr) than in the low MLR 
group (2.8 days per pyr). Conclusion: A higher MLR is associ-
ated with increased risks of both CVD events and infectious 
disease hospitalization in dialysis patients.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

The survival rate of patients with chronic kidney dis-
ease stage 5 undergoing dialysis (CKD-5D) has been im-
proving during recent years, but the risks of mortality and 
hospitalization still remain much higher than that in the 
general population [1, 2]. Cardiovascular disease (CVD) 
is the leading cause of death among dialysis patients along 
with a high prevalence of cardiovascular morbidity [3–5]. 
One of the reasons for the difficulty in reducing the bur-
den of CVD in dialysis patients is the increasing propor-
tion of older and diabetic patients starting renal replace-
ment therapy [4, 6].

The high premature mortality in dialysis patients is 
due not only to CVD but also to non-CVD causes of 
death, especially infectious complications. Among pa-
tients starting dialysis, CVD deaths account for about 
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half of the total mortality, while infections account for 
20%, malignancies for 10%, and the rest are due to oth-
er causes [7]. Of note, rates of infection (which is the 
second leading cause of death also among younger pa-
tients [7]) and infectious conditions requiring hospital-
ization have not decreased, despite the decline in cath-
eter use in hemodialysis patients [8]. In Japan, although 
the proportion of hemodialysis patients using catheter 
is relatively low, mortality due to infectious diseases is 
markedly higher in dialysis patients than in the general 
population [9]. Furthermore, CVD and infectious dis-
eases appear to aggravate each other [10], possibly be-
cause they share risk factors and potential causal path-
ways that link CVD with infections and vice versa [11, 
12].

We observed in a previous study that a higher neutro-
phil/lymphocyte ratio (NLR) indicated an increased risk 
of CVD in incident dialysis patients [13]. However, recent 
studies suggest that monocyte/lymphocyte ratio (MLR) 
might be a more sensitive predictor of CVD events than 
NLR [14, 15] because monocytes, which are ancestors of 
lipid-laden macrophages, may directly contribute to the 
progression of atherosclerosis [14, 15]. Moreover, as the 
monocyte is essentially a professional immune cell be-
longing to the innate immune system, MLR might be also 
a predictor of infectious complications in dialysis patients 
who are susceptible to symptomatic and asymptomatic 
infections [11]. Therefore, this study aimed to examine 
the association between MLR and risk of CVD events and 
hospitalization due to infectious disease in Japanese 
CKD-5D patients who had recently started dialysis ther-
apy.

Materials and Methods

Study Design and Patients
We enrolled 172 stable incident dialysis patients who were 75 

years old or younger between June 2007 and December 2014 at 
Masuko Memorial Hospital and Meiyo Clinic in the Aichi Prefec-
ture, Japan. This study was part of an ongoing prospective cohort 
study approved by the Ethics Committee of Nagoya University 
Graduate School of Medicine (No. 2012-0241), details of which 
have been described in reports based on this cohort [13, 16–18]. 
Informed consent for participation was obtained from all patients. 
In the present study, we investigated 132 patients having data of 
differential leukocyte count out of 172 patients in the whole co-
hort.

Data Collection, Blood Sampling, and Laboratory Analysis
The procedures were described in our previous reports [13, 

16–18]. In brief, baseline demographic and clinical data were 
collected from the patients’ records and assessed during inter-

views. Blood samples were collected from each subject within 1 
month of the first dialysis session. Blood tests, including com-
plete blood cell count and differential leukocyte count, were per-
formed at the clinical laboratory in each facility using automatic 
analyzer.

Statistical Analysis
Continuous variables are presented as mean ± SD and/or me-

dian and interquartile range (25th–75th percentiles). MLR was cal-
culated for all study participants and those with an MLR greater 
than the median MLR value were grouped in the high MLR group 
and the rest were in the low MLR group. To evaluate baseline char-
acteristics and laboratory biomarkers, comparisons of continuous 
parameters between the high MLR and low MLR groups were per-
formed using the Wilcoxon singed-rank test. Nominal variables 
were tested using the χ2 test. Durations from start of dialysis until 
the first CVD event and hospitalization by infection were analyzed 
using the Kaplan-Meier curve, and differences were examined by 
the log-rank test. The Cox proportional hazard model was used to 
calculate relative risks (RRs) with 95% confidence intervals (CIs) 
of the first CVD event and first hospitalization due to infection 
after the start of dialysis after adjusting for age, sex, and diabetes 
mellitus. A p value of <0.05 was considered statistically significant. 
All statistical analyses were performed using statistical software 
JMP Pro version 15.0.0 (SAS Campus Drive, Cary, NC, USA; 
27513).

Results

Patients Characteristics and Laboratory Biomarkers
Clinical characteristics and laboratory data at baseline 

are summarized in Table 1. In the study cohort of 132 pa-
tients (average age 58.7 ± 11.7 years; 91 [68.9%] men), 
median MLR was 0.35 (range, 0.27–0.46). The baseline 
prevalence of CVD was significantly higher among pa-
tients with higher MLR.

CVD and Infection Outcomes
We followed the patients until death; transfer to an-

other clinic, renal transplantation, or until end of follow-
up, which ended in December 2014. The median follow-
up period was 48.7 months (range, 1–113 months). Dur-
ing follow-up, patients experienced a total of 84 CVD 
events and 87 infection-related hospitalizations. The 
summary of them is shown in Table 2.

The Time Free of CVD Events after Start of Dialysis 
Therapy
Although detailed causes of sudden deaths are often 

unknown, some may be related to hyperkalemia and/or 
congestive heart failure due to overhydration as well as 
to other CVD-related causes of sudden death, especial-
ly in dialysis patients. Because MLR might contribute to 
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progression of atherosclerosis, we performed 2 calcula-
tions for CVD outcomes, CVD events excluding sud-
den death – these events may represent causes due to 
atherogenic disease – and the total number of CVD 
events. When divided into 2 groups according to me-

dian MLR (0.35 [range, 0.27–0.46]), and excluding 
CVD events caused by sudden deaths, Kaplan-Meier 
curves of the period without CVD event showed that 
the period from the start of dialysis therapy to the first 
such CVD event was significantly shorter in the high 

Table 1. Clinical characteristics and laboratory biomarkers at baseline in 132 incident dialysis patients

Variables Total MLR (median: 0.35) p value

MLR > median MLR < median

Number 132 66 66
Male, n (%) 91 (68.9) 50 (75.8) 41 (62.1) 0.09
Age, year 58.7±11.7 60.5±9.2 56.8±13.6 0.21
Body mass index, kg/m2 22.0±4.0 22.5±4.6 21.8±3.4 0.46
Diabetes mellitus, n (%) 66 (50.0) 33 (50.0) 33 (50.0) 1.00
Smoking, n (%)

Current 25 (19.1) 15 (23.1) 10 (15.2)
0.13

Ex-smokers 44 (33.6) 25 (38.5) 19 (28.8)
Medication, n (%)

ACE-I/ARBs 84 (63.6) 43 (65.2) 41 (62.1) 0.72
Statins 49 (37.4) 21 (32.3) 28 (42.2) 0.23
Vitamin D 72 (55.0) 41 (63.1) 31 (47.0) 0.06
ESA 112 (86.2) 53 (82.8) 59 (89.4) 0.28

Malnutrition, n (%)
SGA category B (mildly moderately) 77 (60.6) 41 (64.1) 36 (57.1)

0.64
SGA category C (severely) 22 (17.3) 11 (17.2) 11 (17.5)

History of CVD 37 (28.0) 26 (39.4) 11 (26.7) 0.003*
Modality of dialysis, n (%)

Hemodialysis 123 (93.2) 60 (90.9) 63 (95.5)
0.30

Peritoneal dialysis 9 (6.8) 6 (9.1) 3 (4.6)
CV catheter usage at initiation (HD), n (%) 19 (15.4) 8 (13.3) 11 (17.4) 0.53
Vascular access (HD), n (%)

AV fistula 111 (92.5) 55 (93.2) 56 (91.8)
0.77

Graft 9 (7.5) 4 (6.8) 5 (8.2)
Hemoglobin, g/dL 9.1±1.4 9.1±1.4 9.0±1.4 0.92
WBC ( × 103/mm3) 6.1±2.2 6.2±2.5 5.9±1.8 0.58

Neutrophils (×103/mm3) 4.2±1.9 4.4±2.2 4.0±1.6 0.22
Lymphocytes (×103/mm3) 1.1±0.4 1.0±0.4 1.3±0.4 <0.0001*
Monocytes (×103/mm3) 0.4±0.2 0.5±0.2 0.3±0.1 <0.0001*
Neutrophils (% of WBC) 67.5±8.4 69.3±8.5 65.8±8.0 0.012*
Lymphocytes (% of WBC) 19.4±6.3 16.0±4.5 22.8±6.1 <0.0001*
Monocytes (% of WBC) 7.0±2.4 8.3±2.4 5.7±1.4 <0.0001*

Platelet (×103/mm4) 20.8±8.2 20.9±9.9 20.7±6.1 0.57
Albumin, g/dL 3.4±0.5 3.4±0.5 3.4±0.6 0.74
Total cholesterol, mg/dL 165.6±43.4 165.6±42.5 165.5±44.9 0.90
HDL cholesterol, mg/dL 46.8±14.9 46.4±15.1 47.1±14.8 0.74
UA, mg/dL 7.8±2.2 8.3±2.4 7.2±1.8 0.008*
Creatinine, mg/dL 9.5±3.3 9.8±3.6 9.1±2.8 0.44
Intact PTH, pg/mL 317.2±238.6 310±260 324±217 0.35
Ferritin, ng/mL 129.5±158.3 156.9±101.4 152±198 0.19
CRP, mg/dL 0.10 (0.04–0.46) 0.11 (0.05–0.70) 0.072 (0.021–0.30) 0.009*

ACE-I/ARBs, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; ESA, erythropoiesis-
stimulating agents; UA, uric acid; PTH, parathyroid hormone; CRP, C-reactive protein; MLR, monocyte/lymphocyte 
ratio; CVD, cardiovascular disease.
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MLR group than in the low MLR group (log-rank  
test = 5.59, p = 0.018) (Fig.  1a). When evaluating all 
CVD events including those caused by sudden deaths, 
Kaplan-Meier curves of the period without any CVD 
event showed that the period was also significantly 
shorter in the high MLR group than in the low MLR 
group (log-rank test = 5.18, p = 0.023) (Fig. 1b).

Next, we calculated the RRs of the first CVD event in 
the Cox proportional hazard model (Table  3). In the 
crude analysis, high MLR associated with increased risk 
of CVD events excluding sudden death in binary analysis 
as a rank variable when dividing the patients into 2 
groups according to median MLR (RR 2.21; 95% CI, 
1.13–4.35) and as a continuous variable per unit of 
change (RR 6.03; 95% CI, 1.30–23.66) and change over 
the whole range (RR 7.10; 95% CI, 1.32–31.57) When ad-
justed for age, sex, and diabetes, the risk associated with 
higher MLR remained significant with RR 2.69 (95% CI, 
1.12–7.14) in the binary analysis, RR 6.04 (1.18–26.41) 
when analyzing changes per unit, and RR 7.12 (1.20–
35.60) when analyzing changes over the whole range of 
MLR. Also, high MLR associated with increased risk of 
any type of CVD events (thus including sudden deaths): 

in binary analysis as a rank variable (RR 2.02; 95% CI, 
1.09–3.76), and as a continuous variable per unit of 
change (RR 4.54; 95% CI, 1.03–17.08), and as change 
over the whole range (RR 5.22; 95% CI, 1.03–21.12) in 
the crude analysis. When adjusted for the same param-
eters, the risk associated with higher MLR remained sig-
nificant with RR 2.69 (95% CI, 1.12–7.14) in the binary 
analysis, but it was not significant when analyzing MLR 
changes as a continuous variable. Moreover, because 
smoking habit and CRP could associate with differential 

Table 2. Summary of main underlying causes of CVD events and 
infection-related hospitalizations

CVD events (n = 84)

Diseases n

Angina 29
Peripheral arterial disease 19
Stroke 15
Sudden death 9
Myocardial infarction 7
Transient ischemic attack 3
Heart failure 1

Infection-related hospitalization (n = 87)

Diseases n

Pneumonia 29
Infectious gangrene 11
Enteritis 11
Sepsis 9
Vascular access infection 8
Peritonitis 3
Urinary tract infection 3
Infections related to peritoneal dialysis 3

CVD events and infection-related hospitalization include lethal 
CVD events and lethal infectious diseases, respectively. CVD, cardio-
vascular disease.
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Fig. 1. Kaplan-Meier curves showing the first cardiovascular event 
from the start of dialysis therapy in 132 incident dialysis patients 
divided into 2 groups according to median MLR. The median MLR 
was 0.35 (range 0.27–0.46). a CVD events excluding sudden death. 
b Total CVD events. MLR, monocyte/lymphocyte ratio; CVD, car-
diovascular disease.
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leukocyte count, we checked the RRs of the first CVD 
event in the Cox proportional hazard model adjusted 
with those confounders.

The Time until the First Hospitalization due to 
Infection after Start of Dialysis Therapy
Kaplan-Meier curves revealed that the period without 

infections requiring hospitalization was significantly 
shorter in the high MLR group than in the low MLR 
group (log-rank test 4.16, p = 0.041) (Fig. 2). Kaplan-Mei-
er curves were converging after 7.5 years but not crossing. 
Next, we calculated the RRs of infectious hospitalization 
in the Cox proportional hazard model (Table  4). The 
crude analysis showed that the patients with high MLR 
had increased risk of infectious disease hospitalization in 
binary analysis as a rank variable when dividing the pa-
tients into 2 groups according to median MLR (RR 1.91; 
95% CI, 1.01–3.60). This association remained statistical-
ly significant also when adjusting for age, sex, and diabe-
tes, with RR 2.44 (95% CI, 1.22–4.85) in the binary analy-
sis while the analyses of MLR as a continuous variable did 
not show an increase in the risk of infectious disease hos-
pitalization.

Table 3. RRs with 95% CI for MLR and other factors predicting CVD events after initiation of dialysis therapy

Parameter CVD events excluding sudden death All CVD events

RRs (95% CI) p value RRs (95% CI) p value

Unadjusted
Binary analysis; MLR, >median† 2.21 (1.13–4.35) 0.021* 2.02 (1.09–3.76) 0.026*
Analysis as continuous variable; MLR (per unit)†† 6.03 (1.30–23.66) 0.015* 4.54 (1.03–17.08) 0.034*
Analysis as continuous variable; MLR (whole)††† 7.10 (1.32–31.57) 0.015* 5.22 (1.03–21.12) 0.015*

Model 1
MLR, >median† 2.44 (1.22–4.85) 0.011* 2.21 (1.17–4.14) 0.014*
Age, >61 years 2.21 (1.12–4.35) 0.022* 1.82 (0.98–3.38) 0.057
Gender, man 2.55 (1.11–5.91) 0.029* 2.70 (1.23–5.90) 0.013*
Diabetes mellitus, presence 5.83 (2.61–13.0) <0.0001* 4.58 (2.26–9.26) <0.0001*

Model 2
MLR (per unit)†† 6.04 (1.18–26.41) 0.022* 4.35 (0.91–17.88) 0.051
MLR (per whole)††† 7.12 (1.20–35.60) 0.022* 4.98 (0.90–35.60) 0.051
Age, >61 years 2.10 (1.06–4.15) 0.032* 1.77 (0.96–3.30) 0.069
Gender, man 2.33 (0.99–5.48) 0.052 2.51 (1.13–5.56) 0.023*
Diabetes mellitus, presence 5.62 (2.52–12.51) <0.0001* 4.42 (2.19–8.91) <0.0001*

Model 3 (model 2 + smoking habit + CRP)
MLR, >median† 2.37 (1.19–4.72) 0.014* 2.10 (1.12–3.96) 0.022*
MLR (per unit)†† 5.56 (1.05–25.71) 0.028* 3.93 (0.86–17.99) 0.078
MLR (per whole)††† 6.56 (1.12–34.57) 0.028* 4.45 (0.85–23.41) 0.078

RRs, relative risks; MLR, monocyte/lymphocyte ratio; CVD, cardiovascular disease; CI, confidence interval. † RR was calculated by divid-
ing the MLR into 2 groups’ ratio as an ordinal variable. †† By MLR as a continuous variable when changing by 1 unit. ††† By MLR as a con-
tinuous variable when changing by whole range. * p < 0.05.
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Fig. 2. Kaplan-Meier curves showing the first hospitalization due 
to infection from the start of dialysis therapy in 132 incident dialy-
sis patients divided into 2 groups according to median MLR. The 
median MLR was 0.35 (range 0.27–0.46). MLR, monocyte/lym-
phocyte ratio.
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The Cumulative CVD Events and the Duration of 
Infectious Disease Hospitalization during the Total 
Observation Period
Forty-three patients experienced CVD events during 

the observation period: a single event occurred in 24 pa-
tients, 9 patients experienced 2 events, 6 patients had 3 
events, 4–6 events occurred in each 1 patient, and 1 pa-
tient had repeated 9 events. Therefore, a total number of 
84 CVD events were recorded during the observation pe-
riod. The number of CVD events per year was higher in 
patients with high MLR (18.6 events per 100 person-
years) than in patients with low MLR (11.1 events per 100 
person-years) (Fig. 3). The duration of infectious hospi-

talization per year was longer in patients with high MLR 
(6.3 days per person-years) than in patients with low MLR 
(2.8 days per person-years) (Fig. 3).

Discussion

In this study on the prognostic value of MLR as a bio-
marker for cardiovascular and infectious complications 
in Japanese incident dialysis patients, the main finding 
is that a higher baseline MLR was associated with an in-
creased risk of future CVD events and infectious disease 
hospitalizations. The CVD event-free period and the pe-

Parameter Hazard ratio (95% CI) p value

Unadjusted
Binary analysis; MLR, >median† 1.91 (1.01–3.60) 0.045*
Analysis as continuous variable; MLR (per unit)†† 2.42 (0.45–10.77) 0.289
Analysis as continuous variable; MLR (per whole)††† 2.62 (0.42–13.38) 0.273

Model 1
MLR, >median† 2.44 (1.22–4.85) 0.026*
Age, >61 years 2.21 (1.12–4.35) 0.187
Gender, man 2.56 (1.10–5.92) 0.014*
Diabetes mellitus, presence 5.83 (2.61–13.03) 0.003*

Model 3 (model 2 + smoking habit + CRP)
MLR, >median† 1.99 (1.01–3.92) 0.046*

RR, relative risk; MLR, monocyte/lymphocyte ratio; CI, confidence interval. † RR was cal-
culated by dividing the MLR into 2 groups’ ratio as an ordinal variable, †† By MLR as a con-
tinuous variable when changing by 1 unit. ††† By MLR as a continuous variable when chang-
ing by whole range. * p < 0.05.

Table 4. RR and 95% CI for factors 
predicting the infectious disease 
hospitalization after initiation of dialysis 
therapy
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Fig. 3. a The cumulative number of cardio-
vascular events in relation to median MLR. 
Cardiovascular events increased in patients 
with high MLR. b Total infection-related 
hospital stays during the entire observation 
period in relation to median MLR. Infec-
tion-related hospital stays were longer in 
patients with high MLR. The median MLR 
was 0.35 (range 0.27–0.4). MLR, mono-
cyte/lymphocyte ratio; CVD, cardiovascu-
lar disease.
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riod without hospitalization for infections were signifi-
cantly shorter in the high MLR group than in the low 
MLR group. The RRs of first CVD event and first infec-
tious hospitalization, respectively, were increased in the 
high MLR group compared to the low MLR group. Fur-
thermore, the cumulative number of CVD events was 
higher, and the duration of infectious hospitalizations 
was longer in patients with high versus low baseline 
MLR.

In dialysis patients, one of the main reasons why CVD 
remains the leading cause of mortality is premature ac-
celerated atherosclerosis, which involves persistent low-
grade inflammation [19]. Atherosclerosis plaques are 
characterized by lipid-rich chronic inflammation of the 
arterial wall, and inflammatory macrophages originating 
from circulatory monocytes are the most abundant im-
mune cells within plaques [20]. This may explain why an 
increased blood monocyte count was reported to associ-
ate with poor clinical outcomes in patients with chronic 
kidney disease (CKD). In a study from Japan of 333 prev-
alent hemodialysis patients, a high monocyte count was 
associated with CVD-related mortality (accounting for 
58.2% of all deaths) and total long-term mortality [21]. 
And a large cohort study from the USA found a signifi-
cant association between higher monocyte count and risk 
of incident CKD and progression to end-stage renal dis-
ease [22]. On the other hand, it is well known that a low 
lymphocyte count is associated with CVD [23] and over-
all mortality [24]. Thus, it seems plausible to assume that 
MLR, that is, the ratio of monocyte count to lymphocyte 
count, could be more a sensitive predictor than the abso-
lute number of monocyte or lymphocyte counts used sep-
arately. Indeed, high MLR has been reported to predict 
presence of coronary artery disease and its severity in pa-
tients undergoing coronary angiography [25], CVD mor-
tality in peritoneal dialysis patients in a retrospective co-
hort study [15], and overall and CVD mortality in preva-
lent maintenance hemodialysis patients [14]. To the best 
of our knowledge, the present study is the first to demon-
strate that high MLR is associated with increased risk of 
CVD events in incident dialysis patients in a long-term 
prospective cohort.

In a previous study, we found that a higher NLR indi-
cated an increased risk of CVD in incident dialysis pa-
tients [13]. Likewise, NLR was found to be a biomarker 
for CVD in studies of large sample size [26] as confirmed 
also by meta-analysis [27] of studies in CKD populations. 
However, no such association was observed when analyz-
ing the dataset of the present study (data not shown). We 
also did not find an association between high NLR and 

infection events in the previous dataset or in the present 
study (data not shown). As to possible reasons for the lack 
of a relationship between NLR and CVD events in the 
current study, and instead appearance of a relationship 
between MLR and CVD events, this difference may be 
related to the larger sample size (n = 132 vs. 86 patients) 
and longer observation period (median 48.7 months vs. 
38.7 months) in the current study than our previous study 
[13]. In addition, the fundamentally functional differenc-
es between neutrophils and monocytes might also con-
tribute. Although both cell types originate from hemato-
poietic stem cells and progenitor cells in the bone mar-
row, the main function of neutrophils is as a first-line 
defense cell under acute inflammation while macro-
phages have complex roles in homeostasis, tissue repair, 
and immunity, acting in various tissues [28]. Macro-
phages have important roles in chronic diseases, includ-
ing atherosclerosis, asthma, inflammatory bowel disease, 
rheumatoid arthritis, and fibrosis, and their contribu-
tions vary in different disease stages, being controlled by 
many factors [29]. Thus, one may speculate that this dis-
crepancy could be due to the longer follow-up period in 
the current study as monocytes conceivably are more in-
fluenced by a state of chronic inflammation at baseline 
than neutrophils.

Next, as regards to the relation of MLR with infection 
events, a recent systematic review of the clinical utility of 
different peripheral blood leukocyte ratios as biomarkers 
of diagnosis or prognosis in bacterial and viral infections, 
malaria, and critical illness due to sepsis showed that 
while NLR associates both with bacterial infections, in-
cluding pneumonia, urinary tract infection, diabetic foot 
infection and sepsis, and with viral infections, MLR was 
only associated with viral infections, especially influenza 
[30]. However, both MLR and NLR were reported to be 
useful diagnostic tools to identify bacterial infections in 
patients with fever [31]. Thus, one may speculate that 
high MLR might associate with asymptomatic inflamma-
tion while high NLR might associate with inflammation 
caused by current illness including acute infections. The 
observation in the present study of an association in di-
alysis patients between MLR and long-term risk of future 
infection events – together with an association between 
MLR and future CVD events – is a novel finding.

Our observations may reflect the plausible relation-
ship in dialysis patients between CVD and infections, 2 
conditions that share many risk factors, including a 
chronic inflammatory state and the uremic milieu, in 
patients who in general are immunocompromised [12]. 
A link between CVD and infections could be expected 
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due to the immune dysfunction in uremia where the 
underlying conditions, on the one hand, induce im-
mune suppression resulting in increased susceptibility 
to infections and, on the other hand, drive immune ac-
tivation resulting in inflammation and atherosclerosis 
[11]. This is supported by studies in clinical settings 
showing that infection and CVD may induce subse-
quent CVD and infection events, and vice versa. One 
study showed that the risks of second CVD events in-
creased after infections in patients with a history of 
CVD in a large database study in the UK [32]. In 2 com-
munity-based cohorts in the USA, hospitalization for 
pneumonia increased the risk of CVD [33]. Infectious 
hospitalization increased the subsequent risk of cardio-
vascular events in older dialysis patients [34]. More-
over, as an atherosclerotic plaque lesion is composed of 
activated macrophages originating from monocytes, 
innate immune activation is a central process in the 
pathogenesis of atherosclerosis [35]. In this process, in-
fectious agents, such as bacterial fragments, are strong 
stimulants via toll-like receptor signaling [36, 37]. Al-
though we did not investigate a cause-and-effect se-
quence between CVD and infection in this study, MLR 
could be a candidate for a link between them.

Some limitations of this study should be acknowl-
edged. First, the number of patients and events are lim-
ited, and many potential cofounders could not be taken 
into account. Second, due to the observational design of 
the study, we cannot conclude on causality. Third, we 
checked MLR only once – close to the start of dialysis – 
while serial measurements would have been more infor-
mative. Finally, it is a limitation that the study was not 
powered to analyze possible association of MLR with 
mortality in a meaningful way due to the age limitation at 
enrollment and the good prognosis of Japanese HD pa-
tients with relatively few deaths. Strengths of the study 
include the long-term follow-up and careful registration 
of outcome measures in incident dialysis patients with no 
patient lost to follow-up and the novel finding that an in-
creased MLR is a risk marker that may link cardiovascular 
and infectious complications in dialysis patients.

Conclusion

This study demonstrated that a higher MLR was asso-
ciated with an increased risk of both CVD events and in-
fectious disease hospitalization in incident dialysis pa-
tients. Further studies are however needed to confirm 
these results and clarify discrepancies and inconsistencies 

with previous results, and to explore whether the ob-
served associations may reflect potential causal pathways. 
Nevertheless, our findings may suggest that MLR might 
be a useful biomarker – readily available in routine clini-
cal practice – for predicting the risk of future CVD events 
and infections in dialysis patients.
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