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Objective: This study was designed to determine the association between admission lymphocyte to monocyte ratio (LMR) values and
clinical outcomes in patients with spontaneous intracerebral hemorrhage (ICH).

Methods: We used a prospective and registry-based database, and ICH patients were consecutively recruited in Beijing Tiantan
Hospital between January 2014 and September 2016. All participants were stratified by quartiles of the LMR. Univariable and
multivariable logistic regression analyses were plotted to evaluate the association between LMR levels and functional outcomes.
Kaplan—Meier survival curves and Cox regression analysis were also performed to examine the relevance between different LMR
quartiles and case fatality at follow-up.

Results: Six hundred and forty patients with spontaneous ICH were finally included in this study. Compared with the patients with
LMR values in quartile 1 (Q1), slightly elevated LMR values showed a negative correlation with risks of poor short-term outcomes
(adjusted ORs in Q2 were 0.572 [95% CI: 0.338-0.968] at 1 month, 0.515 [95% CI: 0.305-0.871] at 3 months). Patients with LMR
values in Q1 had the highest cumulative death rate. A slightly elevated LMR was also independently relevant to a deduced mortality
rate compared to that in Q1 (adjusted HRs in Q2 were 0.471 [95% CI: 0.274-0.809] at 1 month, 0.474 [95% CI: 0.283-0.793] at 3
months, 0.575 [95% CI: 0.361-0.917] at 1 year). Additionally, a higher LMR value was associated with a lower risk of in-hospital
infections.

Conclusion: This study suggests that a lower LMR value is associated with higher risks of in-hospital infections, poor functional
outcomes, and follow-up mortality in patients with ICH. However, a slightly elevated LMR value, especially in Q2, relates to
a favorable prognosis, which may reflect an inner balance between inflammation and immunodepression and thus provides a promising
marker for predicting ICH prognosis.
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Introduction

Intracerebral hemorrhage (ICH) is one of the main stroke subtypes, with a disproportionately high mortality rate in the acute
stage and a significant morbidity rate among survivors."” In China, the reported prevalence of ICH was 14.2% among
3,411,168 stroke patients admitted in 1672 tertiary public hospitals, while 82.6% of the population were diagnosed with
ischemic stroke (IS). In China, the incidence and related mortality rates have fallen dramatically in the last 30 years. However,
ICH still processed a noticeably higher proportion of discharges against medical advice (DAMA) or death, more extended
stay, and higher total hospital bill fees than IS. Therefore, it is pivotal to develop new research for emerging treatments to
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improve prognosis and establish a dependable prognostic model to aid decision-making. A reliable prognostic model could
help differentiate the risk of patients with ICH, design individual management, and predict accurate recovery.

Inflammation plays a vital role in the pathophysiological process of ICH.* Once hemorrhagic stroke occurs, blood
flows into the brain parenchyma and then triggers a cascade of inflammatory reactions, including activating inflammatory
cells and releasing inflammatory factors. In the peripheral system, neutrophils and monocytes are rapidly activated and
infiltrate into perihematomal tissue via the broken blood-brain barrier (BBB).> Accumulating evidence has suggested that
leukocyte count is a widely acknowledged biomarker for predicting ICH prognosis.®’ In addition, immune response,
especially immunosuppression, exerts a protective effect on restraining the overwhelming systemic inflammation
characterized by lymphopenia.® Current data also support an increased risk of infections and unfavorable prognosis in
patients with lymphopenia.”'® Several composite prognostic scores based on peripheral leukocyte counts have been
proven to identify patients at high risks of unfavorable outcomes or death, for example, neutrophil to lymphocyte ratio
(NLR) and platelet to lymphocyte count (PLR).""-'*

Recent research has demonstrated that lymphocyte to monocyte ratio (LMR), an index reflecting inflammatory and
immune balance, performs better in predicting prognosis in patients with acute ischemic stroke.'*”'> However, little is
known about the relevance of LMR and ICH prognosis. Thus, this study primarily aimed to determine the association
between LMR values and clinical outcomes in patients with ICH at 1 month and 3 months. Besides, we designed this
study to investigate the predictive value of LMR values for in-hospital infections and long-term prognosis at 1 year.

Methods
Study Populations

In this study, we used the data from a prospective and registry-based database that consecutively recruited patients
diagnosed with acute ICH in Beijing Tiantan Hospital between January 2014 and September 2016. The protocol was
approved by the Institutional Review Board (IRB) of Beijing Tiantan Hospital, Capital Medical University (IRB No.
KY2014-023-02). All researchers performed this study in full accordance with the Declaration of Helsinki. Before
participating in this study, each patient or their legal relatives must sign the informed content.

According to WHO standards, this study included ICH patients who arrived at the emergency room within 72 hours
of symptoms onset.'® The exclusion criteria included: (1) age <18 years old; (2) known major comorbidities or late-stage
diseases, such as malignant tumors, heart failure, and liver failure; (3) secondary ICH with causes including arteriove-
nous malformation, trauma, aneurysm, and coagulation disorders; (4) abnormal values of hematoma volumes and blood
cell counts; and (5) missing inflammatory indexes or/and follow-up outcomes at 3 months.

Baseline Clinical and Imaging Characteristics Collection

Study investigators recorded baseline characteristics according to a standardized questionnaire, including age, sex,
medical history, medication history, current smoking and drinking, and other clinical information, as previously
reported.'” Trained researchers assessed and noted conscious status using the Glasgow Coma Scale (GCS) on admission.
Blood pressure and other vital signs were also documented by searching emergency notes.

Before participating in this study, each patient had undergone a non-contrasted computed tomography (NCCT) scan
according to standard parameters. The coordinating center centrally gathered imaging data in uncompressed DICOM formats.
Finally, two experienced investigators analyzed ICH imaging data separately, including hematoma location (supratentorial or
infratentorial hemorrhage), hematoma volume, and intraventricular hemorrhage (IVH). The hematoma volume was calculated
by the ABC/2 method.'® These investigators were blinded to any other clinical data of included patients. ICH Score, a simple
and composite clinical grading scale, was plotted to evaluate ICH severity on admission (Figure 1)."

Laboratory Data and Definition of LMR

Blood samples were taken from the median cubital vein and assayed in qualified laboratories to measure various serum
indices. Blood cell counts, such as WBC counts, neutrophil counts, monocyte counts, lymphocyte counts, and platelet
counts, were evaluated through a blood routine examination. The formula for calculating LMR is as follows: LMR =
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Components ICH Score Point
GCS score
3-4 2
5-12 1
13-15 0

ICH volume, cm3

>30 1

<30 0
IVH

Yes 1

No 0

Infratentorial origin of ICH
Yes 1
No 0

Age (years)

>80 1
<80 0
Total ICH Score 0-6

Figure | Components of ICH Score. Reproduced from Hemphill JC, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The ICH score: a simple, reliable grading scale for
intracerebral hemorrhage. Stroke. 2001;32:891-897. Open Access.'’
Abbreviations: |ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale; IVH, intraventricular hemorrhage.

lymphocyte counts/monocyte counts. In addition to the baseline LMR value obtained within 72 hours (T1), we also
recorded other LMR values assessed during the first week (T2) and the second week (T3).

Follow-Up and Outcomes Assessment

The modified Rankin Scale (mRS) score was used to evaluate the functional status of patients. An unfavorable outcome was
defined as a modified Rankin Scale (mRS) score >4, usually representing a severe physical disability or death following ICH.
At discharge, investigators conducted a face-to-face interview to assess the neurological deficits and functional states. We also
recorded the co-existing infections by a full review of medical notes and discharge reports, which included in-hospital
pneumonia and urinary tract infections that most commonly occurred after stroke and accounted for ~10% of the patients.*
The diagnosis of complicated infections was identified based on previously established criteria.?'** Researchers conducted
telephone interviews to determine their functional status at 1 month, 3 months, and 1 year of ICH onset. All-cause deaths and
corresponding data would be further recorded.
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Statistical Analysis

SAS software (Version 9.4; SAS Institute, Cary, NC, USA) was used for statistical analysis in this study. All continuous variables
were shown as medians (interquartile range [IQR]). These factors did not coincide with normal distribution and were compared
by the Kruskal-Wallis test to determine intergroup differences. Categorical variables were presented as counts (percentage [%o]),
and the Chi-square test was used to compare groups. We conducted a univariable and multivariable-adjusted logistic regression
analysis to analyze the association between different quartiles of LMR and composite ICH prognosis. Model 1 was adjusted for
baseline epidemiological factors: age and sex. Model 2 was adjusted for age, sex, and other variables with statistical significance
(p values <0.05) in the univariable analysis, including admission hematoma volume, GCS score, and IVH. Given ICH score is
a composite index for ICH severity which contains GCS score, hematoma volume, hematoma location, and [VH, model 3 was
adjusted for age, sex, and ICH score. Results are presented as odds ratio [OR], adjusted OR [aOR], and 95% confidence interval
[CI]. The receiver operating characteristics (ROC) curve was plotted to test the discriminatory ability of LMR and ICH Score,
combined or separately, to predict infections or unfavorable outcomes by calculating C-statistics (areas under ROC curves).
Kaplan—Meier (K-M) survival analysis was also performed to analyze the association between different quartiles of LMR and
mortality rate at 3 months. Cox regression analysis was also used to analyze the relevance between LMR and follow-up death
rate. A two-tailed p-value <0.05 was considered statistically significant.

Results

A total of 640 patients were finally included in the study after excluding 593 patients according to the abovementioned criteria
(Figure 2). The cohort was median 56.0 (48.0-64.0) years old, and 71.4% (457) were male patients. LMR’s median (IQR) value
was 3.22 (2.17-4.39). All participants had a median ICH Score of 1.0 (0-2.0). Baseline characteristics among groups are

1233 ICH patients
in Beijing Tiantan Hospital
between January 2014 and
September 2016

Excluded:

(1) 2 patients < 18years old;

(2) 27 ICH patients not within 72 hours;
(3) 112 patients diagnosed with secondary
ICH

y

1092 spontaneous ICH
patients within 72 hours

of symptoms onset

Excluded:

(1) 240 patients without admission blood
cell counts;

(2) 101 patients with abnormal value;
(3) 111 patients with missing outcomes

A

640 spontaneous ICH

patients in this study

Figure 2 The flowchart of this study.
Abbreviation: ICH, intracerebral hemorrhage.
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summarized in Table 1. All patients were divided into four groups by the quartiles of LMR values. Among the four groups, there
was a significant difference in the distribution of age and sex (p values <0.05). Regarding baseline ICH characteristics, there were
larger hematoma volumes, higher proportions of IVH, and more severe ICH conditions in patients with LMR values in quartile 1
(Q1, all p values <0.05). Accordingly, leukocyte counts also showed a significant difference among four quartiles of patients (p
values <0.05).

We also observed the time course of LMR values in patients with ICH (Figure 3). It was notably lower within the first
week in patients with an ICH Score >3 (p values <0.05). Patients with in-hospital infections had a continuously decreased
LMR value within two weeks after the onset of ICH symptoms (all p values <0.05). When stratifying patients by 1-month
mRS score, we got a similar tendency to infections (all p values <0.05).

During the hospitalization, 219 (34.2%) patients were diagnosed with pneumonia or/and urinary infection. During
a 1-month follow-up period, there were 353 (55.2%) patients with an mRS score >4, while the number was 266
(41.6%) at 3 months. In the univariable logistic regression analysis, higher LMR values were associated with
a decreased risk of poor outcomes when LMR in Q1 was taken for reference. In model 1, we found similar results to
the crude model. In model 2, no association was observed between higher LMR values and poor outcomes. After
adjusting age, sex, and ICH Score in model 3, slightly elevated LMR values were independent predictors for
reduced risks of unfavorable ICH prognosis (at 1 month: aOR [95% CI] in Q2, 0.572 [0.338-0.968]; at 3 months:
aOR [95% CI] in Q2, 0.515 [0.305-0.871], aOR [95% CI] in Q3, 0.576[0.338-0.980]). However, this relevance was
not found at 1 year. Compared with the LMR in Q1, higher LMR values were associated with a decreased risk of
complicated infections, whether in the crude model or adjusted models (Model 3: aOR [95% CI] in Q2, 0.518

Table | Baseline Characteristics of All Study Patients Stratified by the Quartiles of LMR

Baseline Characteristics Study Patients Ql (n=160) Q2 (n=160) Q3 (n=160) Q4 (n=160) P value
(n=640) <2.17 2.17- 3.22- > 4.39

Age, years 56.0 (48.0-64.0) 56.0 (50.0-65.0) 57.0 (50.0-65.0) 54.0 (44.0-62.0) 56.0 (50.0-64.0) 0.0070
Male sex, n (%) 457 (71.4%) 122 (76.3%) 118 (73.8%) 117 (73.1%) 100 (62.5%) 0.0333
Current smoking, n (%) 240 (37.5%) 61 (38.1%) 58 (36.3%) 63 (39.4%) 58 (36.3%) 0.9929
Current drinking, n (%) 312 (48.8%) 79 (49.4%) 76 (47.5%) 83 (51.9%) 74 (46.3%) 0.9232
Hypertension, n (%) 478 (75.4%) 114 (72.2%) 120 (75.5%) 116 (73.4%) 128 (80.5%) 0.3252
Diabetes mellitus, n (%) 87 (13.6%) 18 (11.3%) 23 (14.4%) 25 (15.6%) 21 (13.1%) 0.7001
Ischemic stroke, n (%) 106 (32.6%) 29 (18.1%) 28 (17.5%) 23 (14.4%) 26 (16.3%) 0.8134
Dyslipidemia, n (%) 84 (13.1%) 19 (11.9%) 18 (11.2%) 20 (12.5%) 27 (16.9%) 0.4334
Antiplatelet drug use, n (%) 115 (18.0%) 31 (19.4%) 28 (17.5%) 24 (15.0%) 32 (20.0%) 0.4704
Anticoagulant drug use, n (%) 4 (0.6%) 1 (0.6%) 0 1 (0.6%) 2 (1.3%) 0.2297
Pre-mRS score 2 1, n (%) 60 (9.4%) 20 (12.5%) 15 (9.4%) 13 (8.1%) 12 (7.5%) 0.4243
ICH data at admission
SBP, mmHg 168.0 (150.0-186.0) | 167.0 (146.0-184.0) | 168.0 (150.0-185.0) | 164.0 (148.0-185.0) | 171.0 (152.0-190.0) | 0.2793
DBP, mmHg 98.0 (85.0-110.0) 96.5 (82.0-108.0) 100.0 (87.0-110.0) 98.0 (85.0-110.0) 98.0 (86.0-108.0) 0.7617
GCS 14.0 (8.5-15.0) 12.0 (6.0-15.0) 14.0 (9.0-15.0) 14.0 (11.0-15.0) 14.0 (9.0-15.0) <0.0001
Hematoma volume, mL 18.5 (7.9-46.9) 34.1 (13.1-58.6) 23.8 (9.5-44.0) 14.1 (6.6-33.9) 12.0 (5.6-41.5) <0.0001
Hematoma location, n (%) 0.3103

Supratentorial 574 (89.7%) 144 (90.0%) 142 (88.8%) 139 (86.7%) 149 (93.1%)

Infratentorial 66 (10.3%) 16 (10.0%) 18 (11.3%) 21 (13.1%) 11 (6.9%)
Breaking into ventricle, n (%) 225 (42.2%) 81 (60.5%) 51 (39.2%) 45 (31.9%) 48 (37.5%) <0.0001
ICH score 1.0 (0-2.0) 2.0 (1.0-2.0) 1.0 (0-2.0) 1.0 (0-1.0) 1.0 (0-2.0) <0.0001
Blood cell counts at admission
WBC (x 10%/L) 10.4 (7.8-13.2) 12.9 (10.9-15.6) 10.4 (8.0-13.2) 9.3 (7.1-11.3) 8.6 (6.9-11.5) <0.0001
Lymphocyte (x 10%/L) 1.2 (0.8-1.7) 0.8 (0.6—1.1) 1.1 (0.8-1.4) 1.4 (1.0-1.8) 1.8 (1.3-2.7) <0.0001
Monocyte (x 10%/L) 0.4 (0.3-0.5) 0.5 (0.4-0.7) 0.4 (0.3-0.5) 0.4 (0.3-0.5) 0.3 (0.2-0.4) <0.0001
Neutrophil (x 10°/L) 8.5 (5.7-11.6) 11.6 (9.3-14.0) 8.7 (6.5-11.9) 7.1 (5.1-9.7) 6.2 (4.1-8.9) <0.0001
Platelet (x 10'%/L) 216.0 (181.5-257.0) | 257.4 (196.3-363.7) | 213.0 (179.0-257.5) | 215.5 (183.0-249.5) | 229.0 (187.0-266.0) | 0.1545

Notes: Continuous variables are expressed as medians (IQR) as appropriate, and categorical variables are presented as n (%).
Abbreviations: LMR, lymphocyte to monocyte ratio; mRS, modified Rankin Scale; ICH, intracerebral hemorrhage; SBP, systolic blood pressure; DBP, diastolic blood
pressure; GCS, Glasgow Coma Scale; WBC, white blood cell.
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Figure 3 Comparisons of LMR values on admission, day 3-7, and day 7-14. (A) ICH Score <3 vs ICH Score 23; (B) With infections vs No infections; (C) mRS 4-6 vs mRS
0-3 at | month. Statistical significance: *p < 0.05, **p < 0.0, ***p < 0.001.
Abbreviations: LMR, lymphocyte to monocyte ratio; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale.

[0.319-0.842]; aOR [95% CI] in Q3, 0.398 [0.239-0.664]; aOR [95% CI] in Q4, 0.435 [0.264-0.718]. Table 2).
Then, ROC curves were further used to compare the predictive ability of combined LMR and ICH Score, LMR, or

ICH Score alone in predicting endpoint events (Supplementary Figure 1). C-statistic was significantly higher for the
combined effect of LMR and ICH Score than LMR or ICH Score alone for in-hospital infections (all p values
<0.05). We also observed a higher prognostic utility of combined LMR and ICH Score for poor outcomes at 1

month and 3 months, but these results were not statistically significant.
At 1 month of ICH onset, 120 (18.8%) patients died from all causes, increasing to 128 (20.0%) at 3 months.
K-M curves indicated the highest death rate in patients with lower LMR values at 1 month and 3 months, compared

to other quartiles (all p values <0.001, Figure 4). In the univariable Cox regression analysis, mildly higher LMR

Table 2 Univariable and Multivariable-Adjusted and/or 95% CI for Clinical Outcomes According to the Quartiles of LMR

Level of LMR QI (n=160) | Q2 (n=160) Q3 (n=160) Q4 (n=160) P for Trend
<217 2.17- 3.22- >4.39

In-hospital infections, n (%) 86 (53.8%) 52 (32.5%) 38 (23.8%) 43 (26.9%) <0.0001
Crude | (Ref) 0.414 (0.263-0.652) | 0.268 (0.166—-0.433) | 0.316 (0.198-0.505) | <0.0001
Model | | (Ref) 0.410 (0.260-0.646) | 0.283 (0.175-0.459) | 0.323 (0.201-0.517) | <0.0001
Model 2 | (Ref) 0.555 (0.323-0.955) | 0.330 (0.186—0.584) | 0.343 (0.193-0.608) | 0.0002
Model 3 | (Ref) 0.518 (0.319-0.842) | 0.398 (0.239-0.664) | 0.435 (0.264-0.718) | 0.0009
Poor outcomes at | month, n (%) 115 (71.9%) 81 (50.6%) 76 (47.5%) 81 (50.6%) <0.0001
Crude I (Ref) 0.401 (0.252-0.638) | 0.354 (0.223-0.563) | 0.401 (0.252-0.638) | <0.0001
Model | | (Ref) 0.395 (0.248-0.629) | 0.369 (0.231-0.588) | 0.394 (0.247-0.630) | <0.0001
Model 2 | (Ref) 0.635 (0.349-1.157) | 0.729 (0.400-1.327) | 0.667 (0.363—1.228) | 0.4649
Model 3 | (Ref) 0.572 (0.338-0.968) | 0.646 (0.380-1.097) | 0.662 (0.389-1.127) | 0.1930
Poor outcomes at 3 months, n (%) | 97 (60.6%) 59 (36.9%) 52 (32.5%) 58 (36.3%) <0.0001
Crude I (Ref) 0.379 (0.242-0.596) | 0.313 (0.198-0.495) | 0.369 (0.235-0.580) | <0.0001
Model | | (Ref) 0.369 (0.234-0.583) | 0.333 (0.210-0.529) | 0.365 (0.231-0.578) | <0.0001
Model 2 I (Ref) 0.563 (0.312-1.015) | 0.565 (0.310-1.015) | 0.530 (0.288-0.976) | 0.1232
Model 3 | (Ref) 0.515 (0.305-0.871) | 0.576 (0.338-0.980) | 0.593 (0.349-1.006) | 0.0605
Poor outcomes at | year, n (%) 70 (45.5%) 45 (29.0%) 40 (26.3%) 45 (29.6%) 0.0012
Crude | (Ref) 0.491 (0.307-0.785) | 0.429 (0.265-0.693) | 0.505 (0.315-0.808) | 0.0014
Model | I (Ref) 0.461 (0.285-0.746) | 0.468 (0.287-0.765) | 0.499 (0.308-0.808) | <0.0001
Model 2 | (Ref) 0.777 (0.414—1.459) | 0.758 (0.393-1.463) | 0.702 (0.364—1.353) | 0.7221
Model 3 | (Ref) 0.688 (0.395-1.198) | 0.894 (0.508-1.573) | 0.856 (0.491-1.490) | 0.6161

Notes: Model | was adjusted by age and sex; Model 2 was adjusted by Model | plus GCS, IVH, and admission hematoma volume; Model 3 was adjusted by Model | plus.
Abbreviations: ICH-score. OR, odds ratio; Cl, confidence interval; LMR, lymphocyte to monocyte ratio.
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Figure 4 Cumulative incidence of follow-up mortality among ICH patients stratified by quartiles of LMR. (A) at | month; (B) at 3 months.
Abbreviation: LMR, lymphocyte to monocyte ratio.

values in Q2 and Q3 were related to a declining mortality rate in contrast to Q1. There remained this relationship in

model 1. In model 2, patients with LMR values in Q2 had a smaller proportion of death, only at 1 month (aHR
[95% CI], 0.501 [0.256—-0.979]). In model 3, we also found an independent association between LMR values in Q2
and a dropped fatality rate (at 1 month: aHR [95% CI], 0.471 [0.274-0.809]; at 3 months: aHR [95% CI], 0.474
[0.283-0.793]; at 1 year: aHR [95% CIJ, 0.575 [0.361-0.917]. Table 3).

Discussion

In this study, we found that (1) patients with lower LMR values had a more severe ICH condition on admission and

a larger proportion of poor outcomes at follow-up; (2) a higher LMR value was associated with a reduced risk of

infections during hospitalization; (3) a slightly elevated LMR value in Q2 was an independent predictor for favorable

Table 3 Univariable and Multivariable-Adjusted HR and 95% ClI for Deaths According to the Quartiles of LMR

Level of LMR Ql (n=160) | Q2 (n=160) Q3 (n=160) Q4 (n=160) P for Trend
<217 2.17- 3.22- >4.39
Deaths at | month, n (%) 47 (39.4%) 20 (12.5%) 22 (13.8%) 31 (19.4%) 0.0003
Crude | (Ref) 0381 (0.224-0.650) | 0.454 (0.273-0.754) | 0.660 (0.419-1.041) | 0.0008
Model | | (Ref) 0382 (0.224-0.652) | 0.454 (0.272-0.759) | 0.694 (0.438-1.098) | 0.0008
Model 2 | (Ref) 0501 (0.256-0.979) | 0.756 (0.390-1.465) 1032 (0.579-1.838) | 0.1811
Model 3 | (Ref) 0471 (0.274-0.809) | 0.848 (0.506—1.423) 1.248 (0.785-1.983) | 0.0105
Deaths at 3 months, n (%) | 49 (30.6%) 23 (14.4%) 24 (15.0%) 32 (20.0%) 0.0007
Crude | (Ref) 0.401 (0.241-0.665) | 0.440 (0.269-0.717) | 0.629 (0.403-0.982) | 0.0005
Model | | (Ref) 0401 (0.241-0.666) | 0.449 (0.274-0.736) | 0.657 (0.420-1.029) | 0.0007
Model 2 | (Ref) 0.549 (0.293-1.030) | 0.717 (0.384-1.339) | 0.920 (0.518-1.634) | 0.267I
Model 3 | (Ref) 0.474 (0.283-0.793) | 0.805 (0.490-1.323) 1168 (0.743-1.836) | 0.0111
Deaths at | year, n (%) 52 (33.8%) 30 (19.4%) 26 (17.1%) 37 (24.3%) 0.0030
Crude | (Ref) 0.482 (0.305-0.764) | 0.442 (0274-0712) | 0.687 (0.449-1.051) | 0.0013
Model | | (Ref) 0.482 (0.304-0.763) | 0.463 (0.286-0.749) | 0.714 (0.446-1.095) | 0.002I
Model 2 | (Ref) 0.683 (0.391-1.195) | 0.740 (0.403-1.358) 1160 (0.671-2.003) | 0.2754
Model 3 | (Ref) 0.575 (0.361-0917) | 0.798 (0.491-1.297) 1194 (0.775-1.841) | 0.0293

Notes: Model | was adjusted by age and sex; Model 2 was adjusted by Model | plus GCS, IVH, and admission hematoma volume; Model 3 was adjusted by Model | plus

ICH-Score.

Abbreviations: HR, hazards ratio; Cl, confidence interval; LMR, lymphocyte to monocyte ratio.
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outcomes, compared to that in Q1; (4) K-M curves showed a higher cumulative incidence of death in patients with lower
LMR values in Q1, whereas a lowest cumulative death rate in patients with a slightly elevated LMR value in Q2. These
results showed an independent association between slightly LMR values and favorable outcomes in patients with ICH.
Therefore, there is a potential for LMR to be used as a prognostic biomarker for ICH prognosis.

LMR, a composite index containing lymphocyte and monocyte count, has been wildly acknowledged as a reliable
predictor for post-stroke prognosis. In a retrospective study of 121 patients undergoing mechanical thrombectomy (MT)
after acute ischemic stroke (AIS), a lower LMR value at 24h post-MT was significantly associated with unfavorable
outcomes.'> Gong reported an association between LMR and early neurological deterioration (END) in 1060 patients
treated by intravenous thrombolysis.”> Admission LMR also performed well in predicting hemorrhagic transformation in
AIS patients."® In addition, the monocyte to lymphocyte ratio, a reverse ratio of LMR, was indicated to have a prognostic
ability for stroke-associated pneumonia (SAP).?* However, limited research investigated the predictive value of LMR for
ICH prognosis. A small-sample and retrospective study showed LMR as a predictor for ND and 90-day mortality.”> Our
results are partly consistent with previous studies. This study observed a promising association between favorable
outcomes and slightly elevated LMR value. It might represent an inner balance between immunosuppression and
inflammation in the pathophysiological process of the disease.*

ICH is caused by the ruptured blood vessel bursting in the brain parenchyma and ensuing hematoma formation, then
activating innate immunity. Various innate immune cells are stimulated and release large amounts of cell factors,
contributing to harmful inflammatory effects of hemorrhagic injury after stroke. Many peripheral blood cell subtypes
exert an extremely vital role in brain injury and functional recovery after ICH.?® Adaptive immune system is initiated to
maintain homeostasis against post-stroke inflammation, including stroke-induced immunosuppression (SIIS).>” One of
the main characteristics is a shift of lymphocyte phenotypes from T-helper (Th) 1 to a Th2, contributing to SIIS marked
from a pro-inflammatory reaction to an anti-inflammatory response. Another trait of SIIS is splenic impairment, mainly
including lymphocytopenia in blood, spleen, and lymph nodes.”® Therefore, stroke patients are more susceptible to
stroke-associated infections, especially with certain clinical factors like dysphagia and being bedridden.?*?® In patients
with ICH, the percentage of lymphocytes was lower than in healthy controls.>® Clinical evidence has demonstrated an
association between admission lymphopenia and increased risks of infectious complications or poor outcomes in patients
with ICH.>"°

As for monocytes in the peripheral system, their activation is one of the most prominent characteristics after
ICH. Monocyte response is complex and heterogeneous: it regulates inflammatory pathways and is associated with
the repair.> However, the traditional blood routine test could not identify the monocyte subtypes in the clinical
laboratories. Monocyte-derived macrophages carry out a phagocytic function in the subacute stage and contribute to
endogenous blood clearance at a later time window.>*! A recent study using bioinformatics approaches also showed
a decreased proportion of T lymphocytes while the percentage of monocytes increased in the early stage after ICH.”
Data from Walsh have supported that higher admission monocyte count was independently associated with 30-day
case-fatality.” A preclinical study also demonstrated that CCR2" Ly6C(hi) inflammatory monocyte recruitment
exacerbated acute disability following ICH.>? In our present study, there were the lowest lymphocyte count and
the highest monocyte count in patients with lower LMR values in Q1. LMR integrates lymphocyte and monocyte,
reflecting a composite status on monocyte-related inflammation and lymphopenia-related immunodepression.
Patients with lower LMR values showed a larger proportion of in-hospital infections, poor outcomes, and death
during the follow-up periods.

We also found an association between higher LMR values and a decreased risk of infections during hospitalization,
which is in line with previous studies.**** These findings provide a surrogate biomarker of the immune response induced
by local cerebral hematoma and systemic inflammation, reflecting the likelihood of secondary brain injury and vulner-
ability to post-stroke infections. Accordingly, the early decrease of LMR values is driven by lymphocyte reduction and/or
monocyte rise, which can enhance the reliable prediction of the risks of complicated infections, short-term mortality, and
adverse functional outcomes. As a parameter integrating the innate and adaptive immunity compartments, a slightly
elevated LMR value might represent a reasonable balance of the inner immune system, which restrains overwhelming
proinflammatory injury and reduces immunosuppression-induced infections.
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Besides, this study indicated a continuously lower LMR value in patients with infections or poor outcomes. Previous
research has pointed out that ICH patients with permanent lymphocytopenia showed an even worse outcome, whereas
lymphocyte counts returned to normal within 24 hours.’ In this respect, LMR may serve as an effective index for
reflecting and synthesizing the inflammatory response related to the ICH course.

One of the key strengths of this study is its relatively large sample and prospective study design. Other strengths
include a long-term follow-up period. We used clinical data to determine the prognostic value of LMR on admission,
a serum index calculated by total blood cell counts based on standard laboratory measurements. It is routinely evaluated
and easily obtained in the clinical setting, reflecting an inner balance between inflammation and immunodepression in the
peripheral blood system. We also found an association between LMR values and risks of in-hospital infections after ICH,
which few reports have clarified. Besides, we observed and compared the time course of the LMR at different endpoints,
reflecting a dynamic concentration of blood cells and immune status.

However, our study has several limitations that we must admit. Firstly, the study used clinical data from a single
center; this design may lead to a selection bias, although the hospital is a tertiary medical institution with mounting ICH
patients. Secondly, our research showed an association between LMR and ICH prognosis, which is easily affected by
numerous factors, such as the time to draw blood, current comorbidities, and drug usage. Thirdly, this study recruited
ICH patients within 72 hours of symptoms onset, causing an omission of patients with severe hemorrhage, especially for
ICH in the ultra-acute stage. Thus, it is worth noticing that the conclusion is more applied to populations with mild to
moderate ICH when interpreting the results of this study.

Conclusion

In summary, this study suggests an independent association between admission LMR and short-term outcomes in
patients with ICH, especially for mild to moderate ICH. A lower level of LMR value was associated with more
severe ICH conditions on admission and an increased risk of case fatality at follow-up. In contrast, a slightly higher
LMR value was an independent predictor for favorable short-term outcomes and decreased rates of in-hospital
infections. As a readily obtained laboratory parameter, LMR is easily available and cost-effective, and it is widely
acknowledged and usually used in routine medical practice. Thus, LMR has the potential to serve as a promising
marker for predicting ICH prognosis, aiding early prognosis prediction, and making related decisions to improve

outcomes in future clinical practice.
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