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Abstract
Prior studies had reported monocyte to high-density lipoprotein cholesterol ratio (MHR) as a new inflammation marker 
and stroke-associated pneumonia (SAP) is common after stroke. We investigated the predictive value of MHR for SAP in 
patients with acute ischemic stroke (AIS). A total of 803 AIS patients within 72 h after stroke were enrolled from April 2012 
to January 2016 in Zhangjiagang TCM Hospital affiliated to the Nanjing University of Chinese Medicine. MHR measure-
ment within 24 h of hospital admission was divided into quartiles: Q1 (< 0.21), Q2 (0.21–0.30), Q3 (0.30–0.45), and Q4 
(≥ 0.45). Monocyte count was also divided into categories. Clinical outcomes were post-stroke SAP and 3-month mortality. 
121 patients (15.1%) experienced SAP during hospitalization, and 109 patients (13.6%) died from all causes within 3 months 
after AIS. Compared to the lowest quartile, having admission MHR level in the highest quartile was associated with SAP 
[adjusted odds ratio (aOR) 2.79, 95% confidence interval (CI) 1.44–5.42; P trend = 0.003]. Compared with the lowest cat-
egory of monocyte, the highest category was associated with a 2.60-fold increase in the odds of SAP (aOR 2.60, 95% CI 
1.28–5.30; P trend = 0.005). However, there was no significant association between MHR (P trend = 0.514) and monocyte 
count (P trend = 0.684) and all-cause mortality at 3 months. We demonstrated that both higher MHR and higher monocyte 
count at admission predicted SAP in patients with AIS.

Keywords  Monocyte to high-density lipoprotein ratio · Acute ischemic stroke · Monocyte count · Stroke-associated 
pneumonia · Prognosis

Background

Stroke is a major cause of disability and mortality worldwide 
[1]. Pneumonia is one of the most common complications 
of stroke occurring in approximately 9% of all patients, and 
up to 28% in the intensive care patients [2]. Previous stud-
ies showed a strong association between stroke-associated 
pneumonia (SAP) with poor outcome and death [3–5]. Early 
risk assessment of SAP is crucial for identifying patients 
with the highest likelihood of developing SAP and providing 
them with optimal treatment.

Inflammatory response underlies entire pathophysiolog-
ical process of ischemic stroke [6], involving the activa-
tion of vascular endothelium, breakage of the blood brain 
barrier, accumulation of oxidizing agent and inflammatory 
mediator, as well as infiltration of abundant leukocyte and 
platelets. The inflammatory process gradually develops in 
several hours, resulting in post-ischemia damages [7, 8]. 
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In particular, the release of inflammatory cytokines and 
neurotoxins may further worsen neurological function and 
even cause complications, such as SAP. Recently, several 
clinical predictive models were developed for the early 
prediction of SAP, such as A2DS2 score [9], PANTHER-IS 
score [10], and AIS-APS [11]. However, these predictive 
models are based on traditional clinical risk factors, and 
may not be suitable for use in patients with atypical clini-
cal manifestations. Therefore, a more objective and easily 
obtainable predictor is needed.

Monocyte to high-density lipoprotein (HDL) choles-
terol ratio (MHR) has emerged as a novel inflammation 
marker that is closely linked to cardiovascular and cer-
ebrovascular events. Kanbay et al. [12] reported that high 
MHR was related to cardiovascular events in patients with 
chronic renal disease. Canpolat et al. [13] also demon-
strated that elevated MHR was an independent risk factor 
for atrial fibrillation relapse after radiofrequency abla-
tion procedure. In addition, a previous study of 316 acute 
intracerebral hemorrhage (ICH) patients found that higher 
baseline MHR was associated with increased risk of dis-
ability or death at discharge and at 3 months after ICH 
[14]. Moreover, Bolayir et al. [15] reported that high MHR 
was an independent marker for the prediction of 30-day 
mortality in patients with ischemic stroke. However, the 
significance of MHR for prediction of SAP and long-term 
outcome after acute ischemic stroke (AIS) remains uncer-
tain. Thus, we aimed to elucidate the relationship between 
monocyte count and MHR with SAP and 3-month mortal-
ity after AIS.

Materials and methods

Study design and population

From April 2012 to January 2016, we prospectively iden-
tified AIS patients from the Zhangjiagang TCM Hospital 
Affiliated to Nanjing University of Chinese Medicine in 
China. Diagnosis of AIS was made according to World 
Health Organization-defined criteria based on patient 
history, clinical characteristics, and neuroimaging data 
(computed tomography or magnetic resonance imaging). 
A team of investigators, including neurologists, reviewed 
the eligibility of study participants. Additional exclusion 
criteria were as follows: (1) time from onset to admis-
sion over 72 h (n = 116); (2) diagnosis with fatal brain 
stem infarction(n = 5); (3) no serum monocyte count or 
HDL-C data (n = 13); and (4) loss of follow-up at 3 months 
(n = 14); 803 patients with available data were finally 
included in this study. (Flowchart of participants selec-
tion; Fig. 1).

Ethics statement

This study was approved by the Ethics Committee of the 
Zhangjiagang TCM Hospital affiliated to the Nanjing Uni-
versity of Chinese Medicine. Written consent was obtained 
from all study participants or their immediate family 
members.

Data collection

We collected baseline information, including patient demo-
graphics, vascular risk factors, stroke severity (National 
Institutes of Health Stroke Scale, NIHSS; Modified Rankin 
Scale score, mRS), medication use, imaging data, and diag-
nosis-related information. Vascular risk factors included his-
tory of stroke, history of hypertension, history of diabetes 
mellitus, history of atrial fibrillation, history of coronary 
heart disease, current or previous smoking status, and alco-
hol consumption.

Blood samples were collected within 24 h of hospital 
admission. White blood cell (WBC) and monocyte levels 
were measured by the XE-5000 (Mindray, China). Serum 
HDL-C and other biochemical parameters were analyzed 
using Olympus AU5400 automatic biochemical analyzer 
(First chemical CO, LTD, Japan) with commercial reagents. 
The MHR was calculated as the ratio of monocyte count to 
HDL-C level.

Outcomes assessment

In this study, main research outcomes were SAP and 
3-month all-cause mortality. Diagnosis of SAP was adjudi-
cated by doctors from neurology and radiology department. 
Diagnosis mainly referred to the 2015 diagnosis consensus 

Fig. 1   Flowchart of participant selection
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on SAP [16]. Specifically, (1) at least one of the following 
criteria were met: (a) body temperature of > 38 °C for no 
reasons, (b) reduction or increase in WBC count to approxi-
mately < 4 × 109/Land > 11 × 109/L, respectively. (2) At least 
two of following criteria were met: (a) new occurrence of 
purulent sputum, or change in character of sputum over a 
24 h period, or increased respiratory secretions, or increased 
suctioning requirements; (b) new onset or worsening cough, 
or dyspnea, or tachypnea (respiratory rate > 25/min); (c) rale 
or bronchial breathing sound can be heard by lung ausculta-
tion and (d) deterioration of gas exchange, for example, low 
oxygen saturation or increase in oxygen inhalation concen-
tration. (3) Based on the combination of X-ray chest images 
or lung CT anomalies, new occurrence or progressive exuda-
tion, consolidation or cavity was found.

Deaths were reported by family members or work asso-
ciates and/or obtained from death certificates and medical 
records.

Statistical analysis

Patients were divided into quartiles based on admission 
MHR (Q1 < 0.21, Q2 0.21–0.30, Q3 0.30–0.45, Q4 ≥ 0.45) 
and monocyte count (MC) (Q1: < 0.30, 109/L; Q2: 
0.30–0.40, 109/L; Q3: 0.40–0.50, 109/L; Q4: ≥ 0.50, 109/L). 
Continuous variables were expressed as mean ± standard 
deviation (SD) or median [interquartile range (IQR)], and 
were compared using the analysis of variance or Wilcoxon 
rank-sum test. Categorical variables were expressed as fre-
quency (%) and were compared using the Chi-square test.

Associations between quartiles of MHR, MC and the risk 
of SAP and all-cause mortality at 3 months were estimated 
using crude and multivariable logistic regression models. 
Odds ratios (ORs) and 95% confidence interval (CIs) were 
calculated for each group with the lowest quartiles of MHR 
and MC (Q1) as reference. We adjusted for potential con-
founders including age, sex, time from onset to admission, 
subtype of Oxfordshire Community Stroke Project (OCSP) 
classification, history of hypertension, history of diabetes 
mellitus, history of atrial fibrillation, history of stroke, cur-
rent smoking, current drinking, heart rate, systolic blood 
pressure (SBP), fasting plasma glucose, and baseline NIHSS 
score (< 4 vs. ≥ 4). All P values were two tailed, with < 0.05 
considered statistically significant. All analyses were con-
ducted using the SPSS Version 17.0 statistical software.

Results

Baseline characteristics of study participants

A total of 803 AIS patients (431men and 372 women) 
were included in the main analysis. The median age was 

(69 ± 12.3), and the median NIHSS score was 4.0 (IQR 
3.0–7.0). The baseline characteristics of patients by MHR 
quartiles are shown in Table 1. In comparison to those with 
lower MHR levels, participants with higher MHR levels 
were more likely to be male, tended to be smokers, and were 
more likely to have hypertension. Patients with higher MHR 
level also differed in metabolic profile [higher white blood 
cell (WBC) levels and MC levels but lower total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C) and 
lower HDL-C levels].

Predictive value of MHR and MC on the risk of SAP

A total of 121 patients (15.1%) presented with pneumonia 
during hospitalization. In the unadjusted logistic regression 
model, SAP was significantly higher among study partici-
pants with admission MHR in the highest quartile (≥ 0.45) 
compared with those in the lowest quartile (< 0.21) (OR 
1.73, 95% CI 1.01–2.98, P trend = 0.026). After adjusting 
for age, sex, baseline NIHSS score, and other traditional risk 
factors, the OR (95% CI) for the highest quartile of MHR 
at admission was 2.79 (95% CI 1.44–5.42; P trend = 0.003) 
as compared with the lowest quartile for SAP (Table 2). In 
the unadjusted logistic regression model, SAP was also sig-
nificantly higher among study participants with admission 
MC in the highest quartile (≥ 0.50) compared with those in 
the lowest quartile (< 0.30) (OR 2.77, 95% CI 1.49–5.13, 
P trend < 0.001). The relationship between increased MC 
and SAP was still significant after adjusting for potential 
confounders (OR 2.60, 95% CI 1.28–5.30, P trend = 0.005) 
(Table 2).

Association between MHR and MC with 3‑month 
mortality

A total of 109 patients (13.6%) died from all-cause dur-
ing 3 months follow-up. In the unadjusted logistic regres-
sion model, there was no significant association between 
higher MHR and mortality at 3 months (OR 0.96, 95% 
CI 0.56–1.64, for highest quartile compared with lowest 
quartile, P trend = 0.901). We did not observe a significant 
association between MHR and the 3-month mortality after 
adjusting for age, sex, baseline NIHSS score, and other 
traditional risk factors (P trend = 0.514). In the unadjusted 
logistic regression model, mortality was higher among 
study participants with admission MC in the highest quar-
tile compared with those in the lowest quartile (OR 1.71, 
95% CI 0.96–3.02, P trend = 0.037). However, the relation-
ship between increased MC and 3-month mortality was 
not significant after adjusting for potential confounders (P 
trend = 0.684) (Table 3).
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Discussion

In this study, we demonstrated that having higher admission 
MHR and MC were associated with SAP in patients with 
AIS. However, no significant relationship between MHR and 
MC with 3-month all-cause mortality was found.

Currently, many prediction models have been devel-
oped for the prediction of SAP based on clinical symptoms. 
First, a study from Germany [9] reported that the A2DS2 
score including age, history of atrial fibrillation, dysphagia, 
male sex, and NIHSS score as risk factors could effectively 

predict post-stroke pneumonia, especially in high-risk 
patients. Another study from China [11] showed that the 
acute ischemic stroke-associated pneumonia score (AIS-
APS, accounting for age, history of atrial fibrillation, his-
tory of congestive heart failure, history of chronic obstruc-
tive pulmonary disease, smoking, stroke history, dysphagia, 
admission NIHSS score and Glasgow Coma Scale score, 
stroke subtype, and blood glucose), could also effectively 
predict SAP. Subsequently, a British study using sizable data 
also reported that ISAN [17] score (including stroke history, 
gender, age, and NIHSS score as risk factors) was a simple 

Table1   Baseline characteristics of 803 acute ischemic stroke patients according to MHR quartiles

Continuous variables are expressed as mean ± standard deviation or as median (interquartile range). Categorical variables are expressed as fre-
quency (percent)
BP blood pressure, WBC white blood cell, MC monocyte count, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-
density lipoprotein cholesterol, FPG fasting plasma glucose, NIHSS National Institute of Health Stroke Scale, CHD coronary heart disease, 
OCSP Oxfordshire Community Stroke Project, TACI total anterior circulation infarct, PACI partial anterior circulation infarct, POCI posterior 
circulation infarct, LACI lacunar circulation infarct

Characteristics Monocyte to HDL ratio (MHR) P value

Q1 < 0.21 Q2 0.21–0.30 Q3 0.30–0.45 Q4 ≥ 0.45

Number of subjects 196 204 200 203
Age, years 70.1 ± 12.6 69.0 ± 11.6 69.6 ± 12.3 68.3 ± 12.6 0.507
Male (%) 79 (40.3) 91 (44.6) 116 (58.0) 145 (71.4) < 0.001
Current smoking (%) 41 (20.9) 52 (25.5) 57 (28.5) 68 (33.5) 0.038
Current drinking (%) 31 (15.8) 47 (23.0) 47 (23.5) 46 (22.7) 0.196
Clinical features
 Time from onset to admission, h 9.0 (3.5–48.0) 14.0 (4.0–24.0) 9.5 (3.0–24.0) 13.0 (3.0–46.5) 0.473
 Length of stay, day 11.0 (9.0–14.0) 11.0 (8.0–14.0) 11.0 (8.0–14.0) 12.0 (9.0–14.0) 0.768
 Systolic BP, mmHg 155.9 ± 24.4 152.7 ± 23.2 153.0 ± 22.8 153.8 ± 25.4 0.535
 Diastolic BP, mmHg 88.9 ± 12.8 87.2 ± 12.2 87.7 ± 13.1 89.0 ± 13.8 0.427
 Heart rate (times/min) 74.6 ± 10.3 75.3 ± 10.5 74.8 ± 10.9 76.1 ± 12.6 0.504
 WBC count (× 109/L) 5.9 ± 2.2 6.3 ± 1.9 7.1 ± 2.2 8.8 ± 6.9 < 0.001
 MC (× 109/L) 0.26 ± 0.09 0.35 ± 0.07 0.44 ± 0.10 0.61 ± 0.20 < 0.001
 TC mmol/L 4.7 (4.1–5.3) 4.7 (3.9–5.3) 4.5 (3.8–5.0) 4.2 (3.6–4.9) < 0.001
 LDL-C mmol/L 2.7 (2.1–3.4) 2.7 (2.2–3.4) 2.7 (2.1–3.2) 2.5 (2.0–3.1) 0.008
 HDL-C mmol/L 1.6 (1.4–1.9) 1.4 (1.2–1.5) 1.2 (1.0–1.3) 1.0 (0.8–1.2) < 0.001
 FPG mmol/L 5.6 (4.9–6.7) 5.4 (5.0–6.4) 5.6 (4.8–7.4) 5.5 (5.0–6.7) 0.826
 Baseline NIHSS score 4.0 (3.0–7.0) 4.0 (3.0–7.0) 4.0 (3.0–7.0) 5.0 (3.0–8.0) 0.556

Medical history
 History of hypertension 120 (61.2) 139 (68.1) 157 (78.5) 149 (73.4) 0.001
 History of diabetes mellitus 41 (20.9) 45 (22.1) 54 (27.0) 50 (24.6) 0.485
 History of CHD 12 (6.1) 7 (3.4) 8 (4.0) 15 (7.4) 0.244
 History of atrial fibrillation 28 (14.3) 29 (14.2) 23 (11.5) 36 (17.7) 0.363
 History of stroke 48 (24.5) 52 (25.5) 48 (24.0) 48 (23.6) 0.976
 Intravenous thrombolysis 8 (4.1) 8 (3.9) 7 (3.5) 6 (3.0) 0.932

Subtype of OCSP
 TACI 12 (6.1) 7 (3.4) 11 (5.5) 10 (4.9) 0.631
 PACI 77 (39.3) 88 (43.1) 81 (40.5) 80 (39.4)
 POCI 35 (17.9) 24 (11.8) 37 (18.5) 37 (18.2)
 LACI 72 (36.7) 85 (41.7) 71 (35.5) 76 (37.4)
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tool for predicting SAP in patients with ischemic stroke or 
ICH. ISAN score was equal to A2DS2 score in prediction 
performance. Nevertheless, these studies mainly predicted 
SAP based on clinical symptoms in patients with ischemic 
stroke.

As a strong relationship exists between inflammatory 
reaction and SAP, some inflammatory markers were reported 
to predict SAP, such as C-reactive protein [18–20]. Recently, 
some new inflammatory markers had been evaluated in stud-
ies of general diseases, including neutrophil to lymphocyte 
ratio (NLR) and MHR. These inflammatory biomarker val-
ues could be obtained from basic laboratory tests and eas-
ily calculated. Several studies had indicated that both high 

NLR and MHR were associated with poor outcome after 
stroke. Nam et al. [21] reported that having high NLR level 
at admission was closely related with occurrence and sever-
ity of SAP. To the best of our knowledge, no study has inves-
tigated the prognostic role of MHR and MC in a large cohort 
of AIS patients with regard to SAP risk. In our study, we 
found MHR and MC were independent predictors of SAP.

There are several possible explanations for the associa-
tion between high MHR and MC with SAP. First, animal 
studies showed that increased monocyte turnover was asso-
ciated with klebsiella pneumonia clearance and pulmonary 
tissue damage [22, 23]. Moreover, a growing body of stud-
ies suggested that monocytes can develop into terminally 

Table 2   Multivariate analysis 
of the association of MHR and 
MC with SAP among acute 
ischemic stroke patients

MC monocyte count, MHR monocyte to HDL ratio, OR odds ratio
Model 1: adjusted for age and sex
Model 2: adjusted for age, sex, time from onset to admission, subtype of OCSP, history of hypertension, 
history of diabetes mellitus, history of atrial fibrillation, history of stroke, current smoking, current drink-
ing, heart rate, SBP, fasting plasma glucose, and baseline NIHSS score (< 4 vs. ≥ 4)

Cases (%) Unadjusted Model 1 Model 2

OR (95% CI) P trend OR (95% CI) P trend OR (95% CI) P trend

MC, 109/L
 < 0.30 15 (8.8) 1.00 (reference) < 0.001 1.00 (reference) 0.001 1.00 (reference) 0.005
 0.30–0.40 29 (12.7) 1.50 (0.78–2.89) 1.54 (0.77–3.05) 1.59 (0.75–3.34)
 0.40–0.50 28 (16.3) 2.01 (1.03–3.91) 2.01 (1.00–4.06) 2.33 (1.09–4.98)
 ≥ 0.50 49 (21.1) 2.77 (1.49–5.13) 2.81 (1.46–5.41) 2.60 (1.28–5.30)

MHR
 < 0.21 25 (12.8) 1.00 (reference) 0.026 1.00 (reference) 0.003 1.00 (reference) 0.003
 0.21–0.30 25 (12.3) 0.96 (0.53–1.73) 1.10 (0.59–2.05) 1.34 (0.68–2.67)
 0.30–0.45 30 (15.0) 1.21 (0.68–2.14) 1.37 (0.75–2.53) 1.48 (0.75–2.90)
 ≥ 0.45 41 (20.2) 1.73 (1.01–2.98) 2.39 (1.32–4.32) 2.79 (1.44–5.42)

Table 3   Multivariate analysis 
of the association of MHR and 
MC with 3-month all-cause 
mortality among acute ischemic 
stroke patients

MC monocyte count, MHR monocyte to HDL ratio, OR odds ratio
Model 1: adjusted for age and sex
Model 2: adjusted for age, sex, time from onset to admission, subtype of OCSP, history of hypertension, 
history of diabetes mellitus, history of atrial fibrillation, history of stroke, current smoking, current drink-
ing, heart rate, SBP, fasting plasma glucose, and baseline NIHSS score (< 4 vs. ≥ 4)

Cases (%) Unadjusted Model 1 Model 2

OR (95% CI) P trend OR (95% CI) P trend OR (95% CI) P trend

MC,109/L
 < 0.30 20 (11.8) 1.00 (reference) 0.037 1.00 (reference) 0.072 1.00 (reference) 0.684
 0.30–0.40 26 (11.4) 0.96 (0.52–1.79) 0.96 (0.49–1.89) 0.82 (0.37–1.85)
 0.40–0.50 20 (11.6) 0.99 (0.51–1.91) 0.92 (0.45–1.90) 0.91 (0.39–2.13)

  ≥ 0.50 43 (18.5) 1.71 (0.96–3.02) 1.71 (0.90–3.25) 1.09 (0.50–2.34)
MHR
  < 0.21 32 (16.3) 1.00 (reference) 0.901 1.00 (reference) 0.268 1.00 (reference) 0.514
 0.21–0.30 20 (9.8) 0.56 (0.31–1.01) 0.62 (0.32–1.18) 0.64 (0.29–1.40)
 0.30–0.45 25 (12.5) 0.73 (0.42–1.29) 0.81 (0.43–1.53) 0.67 (0.31–1.44)

  ≥ 0.45 32 (15.8) 0.96 (0.56–1.64) 1.38 (0.74–2.55) 1.35 (0.63–2.92)
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differentiated cells to perform versatile functions during 
infection. It has been reported that monocyte polarize to an 
M2b phenotype, contributing to the susceptibility of alco-
holics to lung infection [24]. Another study [25] found that 
monocyte chemoattractant protein-1 has displayed good 
predictive power for community-acquired pneumonia. Fur-
thermore, the MHR has been shown to be associated with 
many metabolic diseases, such as obstructive sleep apnea 
syndrome and diabetes, which are also known risk factors 
for SAP [26, 27].

A study of 466 AIS patients from Turkey showed that a 
high MHR was an independent predictor of 30-day mortal-
ity [15]. However, in this study, the relationship of MHR 
and MC with 3-month mortality was not significant. The 
conflicting finding may be partially due to differences in the 
confounders in the multivariable logistic regression model, 
the duration of mortality, the ethnicity, and sample size. The 
baseline NIHSS score and OCSP stroke classification were 
confounders in multivariable logistic regression in present 
study but not in Bolayir et al. study [15], which were the 
significant factors associated with mortality after AIS. In 
our study, we included 803 AIS patients and investigated 
the association between MHR and 3 months mortality, while 
Behrouz et al. study only enrolled 466 patients and reported 
1-month mortality.

We recognize that this study has some limitations. First, 
our study is a single-center retrospective study. Although 
some possible confounders were accounted for in our mul-
tivariable analysis, residual confounding may still exist. 
Second, this study is based on a relatively small Chinese 
population and thus our findings may not be generalizable 
to other populations. Third, the mRS score at 3 months was 
not measured; therefore, we could not evaluate the relation-
ship between MHR, MC, and major disability. Moreover, a 
proportion of patients were excluded due to missing data, 
which may lead to selection bias. Additionally, only patients 
admitted to hospital 72 h after stroke were selected, and 
thus the peak MC was not able to be evaluated accurately. 
Therefore, future prospective studies with larger population 
and longer period of follow-up are required to validate the 
current study findings.

Conclusions

High admission MHR and MC are both associated with SAP 
among patients with acute ischemic stroke, but not all-cause 
mortality at 3 months. This result may assist in early iden-
tification of high-risk patients to provide timely therapeutic 
intervention, thus reducing the rate of SAP.
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