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Background: Our previous study found that lower lymphocyte-to-monocyte ratio (LMR) is an independent risk factor of clin-
ical outcome of acute ischemic stroke (AIS). However, whether lower LMR is independently associated with ad-
verse prognosis of AlS treated with thrombolysis has not been determined. In this study, we explored the re-
lationship between LMR and prognosis of AIS treated with thrombolysis.

Material/Methods: We retrospectively enrolled 108 patients treated with thrombolysis. LMR was calculated according to lympho-
cyte count and monocyte count on admission. Patients were classified into 3 groups according to LMR val-
ues on admission (group 1 LMR >4.34, group 2 LMR 2.79 to 4.34, group 3 LMR <2.79). Neurologic impairment
was estimated by use of the National Institute of Health Stroke Scale. Clinical prognosis at 3 months was as-
sessed by modified Rankin Scale. The relationship between LMR and neurologic impairment was analyzed by
Spearman rank correlation. Receiver operating characteristic curve (ROC) was used to evaluate the ability of
LMR to predict outcome.

Results: Patients in group 3 had lower lymphocyte counts and LMR values and higher monocyte counts (P<0.001). LMR
value was negatively correlated with the degree of neurologic impairment (r=-0.372, P<0.001). The ROC sug-
gested a moderate sensitivity (71.6%) and specificity (80.5%) of LMR for predicting prognosis with an optimal
cut-off point at 3.48. Higher LMR value was an independent protective factor against adverse prognosis (odds
ratio 0.683, 95% confidence interval 0.490-0.952, P=0.024).

Conclusions: A lower LMR value is an independent predictor of poor prognosis of AlS treated with thrombolytic therapy.
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Background

Stroke is a major cause of disability and death worldwide [1].
In China, stroke has become the leading cause of death, and
the prevalence of stroke in adults aged 40 years or older is
2.21%, with ischemic stroke representing approximately 80%
of all strokes [2]. Current therapy with intravenous (IV) recom-
binant tissue plasminogen activator (rt-PA) is the only treat-
ment approved for acute ischemic stroke (AIS) within 4.5 h
after onset [3]. However, the risk of fatal symptomatic intra-
cranial hemorrhage (sICH) after treatment with rt-PA is a major
threat. Therefore, it is essential to identify the potential risk fac-
tors for sICH and the prognosis of patients with thrombolysis.

Recently, there has been much evidence indicating a causal
link between the inflammatory response and poor outcome of
patients with AIS [4]. A higher monocyte count and increased
neutrophil numbers have been found to be independently as-
sociated with adverse post-stroke prognosis, whereas low lym-
phocyte count suggests this is a cause-effect association [5-7].
In addition, neutrophil-to-lymphocyte ratio (NLR) independent-
ly predicts poor outcome of AIS [8], and high neutrophil counts
and evaluated NLR values before thrombolysis are associated
with worse outcome at 3 months [9].

Recent studies reported that a lower lymphocyte-to-mono-
cyte ratio value (LMR) is independently associated with sever-
ity of coronary artery disease and is related to poor outcome
of various solid tumors [10,11]. Inspired by previous studies,
in the present study we focused on the potential relationship
between LMR and the outcome of AIS and found that lower
LMR on admission is independently correlated with worse out-
come of patients with AIS [12]. However, the considerable in-
fluence of LMR on prognosis before thrombolytic therapy has
not been addressed. Thus, the present study was conducted
to identify the relationship between LMR on admission and
outcome at 3 months after AIS with thrombolytic treatment.

Material and Methods

Study Population

All patients with AIS who received IV rt-PA therapy were hospi-
talized in the Department of Neurology, the Affiliated Hospital
of Chengde Medical University and enrolled from January 2014
to April 2017. Patients were included if they met the guide-
lines modified by the American Heart Association/American
Stroke Association for the early management of AlS regarding
thrombolysis treatment [3]. Exclusion criteria were: (1) history
of infection within 2 weeks before admission; (2) dying or hav-
ing infections during the period of admission; (3) fatal renal or
kidney dysfunction; (4) adverse tumor or immune diseases; (5)
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taking immunosuppressants or steroids; (6) history of AIS with
a modified Rankin Scale (mRS) score 3 to 6; and (7) receiving
endovascular thrombectomy after thrombolysis.

Our institution’s Committee on Medical Ethics gave approval for
this study. All patients or their relatives gave informed consent.

Baseline information

We recorded the demographic data and clinical characteris-
tics of patients listed below: age, sex, time from onset to hos-
pital admission, hypertension, coronary heart disease (CHD),
atrial fibrillation, diabetes mellitus, stroke history, hyperlipid-
emia, smoking, and alcohol drinking. Laboratory values were
measured on admission before thrombolysis treatment, includ-
ing lymphocyte count, monocyte count, fasting blood glucose
(FBG), serum creatinine, total cholesterol (TC), low-density li-
poprotein cholesterol, triglyceride (TG), and high-density lipo-
protein cholesterol. LMR was evaluated using the lymphocyte
and monocyte count. According to LMR values on admission,
patients were divided into group 1 (LMR >4.34), group 2 (LMR
2.79-4.34), and group 3 (LMR <2.79) and each group con-
tained 36 patients. Stroke subtypes were assorted according
to the TOAST classification, including large-artery atheroscle-
rosis, small-artery occlusion, cardioembolism, stroke of other
determined etiology, and stroke of undetermined etiology [13].

Imaging

On admission, all enrolled patients underwent a CT or MRI
of the head before thrombolysis. All patients underwent the
aforementioned exams again 24 h after IV rt-PA treatment, or
earlier if the neurological symptoms worsened in case of sICH.

Treatment

All patients were treated by IV rt-PA (alteplase) with a standard
dose of 0.9 mg/kg (maximum 90mg). All patients were given
10% of the dose as a bolus within 1 min and the remainder
was infused over 60 min [14].

Definition of neurologic impairment and clinical outcome

Neurologic impairment on admission was evaluated by use of
the National Institute of Health Stroke Scale (NIHSS). Moderate
to severe stroke was defined as an NIHSS score higher than
5 [15]. The 3-month outcome was evaluated by the mRS de-
termined via telephone interview. An mRS score of 3 or higher
at 3 months represented an adverse prognosis [16].
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Statistical analysis

Baseline characteristics were compared among groups using
the Kruskal-Wallis and Mann-Whitney U tests. Baseline char-
acteristics of continuous data are expressed as mean + stan-
dard deviation or median (interquartile range). Categorical data
were compared among groups using the chi-square test. The
Fisher exact test was applied in case the expected frequency
was 5 or less. The relationship between LMR and neurologic
impairment was analyzed by Spearman rank correlation. The
area under the receiver operating characteristic curve (ROC)
was used to assess the ability of LMR in predicting outcome
and calculate the cut-off point. Possible risk factors of neuro-
logic impairment and clinical outcome were performed using
binary logistic regression analysis. A 2-tailed P value less than
0.05 was defined as statistical significance. All analyses were
performed with SPSS 19.0 software (SPSS Inc., Chicago, IL).

Results

Baseline characteristics

This study cohort included 117 patients with AIS treated by
thrombolysis according to the inclusion criteria. Among 117
patients, 5 patients were excluded because of loss to follow-
up and 4 patients underwent endovascular thrombectomy af-
ter IV rt-PA administration. Finally, we enrolled a total of 108
patients in this study. Baseline characteristics of eligible pa-
tients are shown in Table 1. The study population consisted
of 76 males and 32 females, with a median age of 56.0 years
(range, 52.0-69.0 years). According to LMR values on admis-
sion, patients were divided into tertiles and each group con-
tained 36 patients. Age, NIHSS score on admission, monocyte
count, and percentage of atrial fibrillation were higher in pa-
tients who had higher LMR values (P<0.05). TG concentration,
lymphocyte counts, and LMR values in group 3 were signifi-
cantly lower compared with the other 2 groups (P<0.05). The
remainder of baseline data among subgroups showed no sig-
nificant difference (P>0.05).

Stroke severity, incidence of sICH, and 3-month prognosis

As shown in Table 2, patients with lower LMR values in group
3 had more moderate to severe strokes and higher mRS scores
than those in the other 2 groups (P<0.05). Patients with higher
LMR who had either moderate to severe stroke or mild stroke
were more likely to suffer poor outcome (P<0.05). Moreover,
compared with the other 2 groups, incidence of sICH after
thrombolysis in group 3 also was remarkably higher (P=0.027).
LMR value was inversely associated with the degree of neuro-
logic impairment on admission (r=—0.372, P<0.001; Figure 1).
However, a lower LMR was not an independent risk factor of
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stroke severity (P=0.443; Table 3). The ROC curve of LMR values
showed that the area under the curve was 0.767 (95% Cl 0.674-
0.859, P<0.001) and the cut-off point of LMR was 3.48 with a sen-
sitivity of 71.6% and a specificity of 80.5% (Figure 2). An evalu-
ated LMR was independently associated with favorable outcome
at 3 months (OR 0.683, 95% Cl 0.490-0.952, P=0.024; Table 4).

Discussion

Mounting evidence shows that IV rt-PA administration for AIS
within the treatment time window improves neurological defi-
cits and prognosis [17,18]. Given the increasing incidence and
mortality of AIS and the heavier economic burden in China,
clinical physicians and the government have paid great atten-
tion to these issues. The thrombolytic therapy for AIS was ap-
proved by the State Food and Drug Administration of China in
2001. However, only about 20% to 25% of patients with AIS
were admitted to hospital within therapeutic window, and
only about 2% of them agreed to be treated with thromboly-
sis, with a rate much lower than in developed countries [19].
Furthermore, considering the 6% fatality rate of patients with
sICH after thrombolysis, some eligible patients might refuse
thrombolytic therapy [20]. Therefore, it is of great importance
to investigate the risk factors affecting the outcome of patients
with AIS who received rt-PA administration.

Our study suggests that lower LMR is an independent risk fac-
tor for poor outcome of patients with AIS who underwent IV rt-
PA administration. In addition, LMR values of 3.48 or lower are
good predictors of poor prognosis. Our results show that LMR
is an original marker to predict outcome after rt-PA treatment.

The post-stroke inflammatory reaction has been widely rec-
ognized to be involved in infarct evolution and to exacerbate
the clinical outcome of patients with AIS [21]. As 2 major
participants in the inflammation response, lymphocytes and
monocytes have been considered to aggravate a complicat-
ed situation that results in secondary brain lesion after stroke
onset [22]. Based on the difference in process of immune re-
sponse, lymphocytes are classified into B lymphocytes and T
lymphocytes, and T cells rather than B cells are supposed to be
pernicious in the evolvement of post-stroke brain injury [23].
The helper T (Th) cells are renowned as a main subtype of T
cells and the function of Th1 cells and Th2 cells, subsets of Th
cells, have been well defined [24]. Th1 cells play an stimulat-
ing inflammatory response role following stroke, with secret-
ing pro-inflammatory cytokines including interferon-y (IFN-y),
and tumor necrosis factor (TNF)-B, whereas Th2 cells have an
inhibitory effect on inflammation response via producing an-
ti-inflammatory cytokines like interleukin (IL)- 4, IL-5, IL-10,
and IL-13 [25]. The information described above resolves the
controversial issue of whether a lower lymphocyte count is
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Table 1. Baseline characteristics of the study population.

LMR on admission

LMR higher than 4.34 LMR 2.79-4.34  LMR lower than 2.79 P value

(36, 33.3%) (36, 33.3%) (36, 33.3%)

Age(y) 56.0 (52.0-69.0) 56.7+9.5 58.1+12.7 67.0 (53.3-74.8) 0.030*
Malen 76 (04 26 (22 27 (7500 23 (639 0561
 Admission to hospital (), n 2.5 (20-3.0) 23 (2029) 25 (20-30) 30 (2039 0208
Hypertension,n 70 (648 24 (667) 21 (583) 25 (694) 0590
Diabetes,n 20 (@85 6 (67 5 (139 9 (250 0450
Hyperlipidemian 41 (380) 18  (500) 13 (361 10  (7.8) 0146
CAER 3 @20 2 (56 2 (56 9 (250 0025
CcDn 20 (85 5 (139 7 (194 8 (222 0651
stroke history,n 19 (76 6 (67 8 (22 5 (139 0639
smokingn ¢ 62 (574 22 (6L 23 (639) 17 (472 0309
Alcohol drinking,n ! 52 @81 20  (56) 18 (500) 14  (481) 0354
Ongoing oral anticoagulant . . . oo "

drugs 6 (5.6) 3 (8.3) 1 (2.8) 2 (5.6) 0.869
 Anti-platelet therapy 16 (148 6 (67 5 (139 5 (139 0929
 Anti-hypertension therapy 0 @8 9 25 11 (306) 10 (7.8 0871
stroke etiologic subtypes
s 50 @63 16 (@4d) 17 @412 17 @2
so0 37 (43 14 (389 12 (333 11 (305)
e 3 (120 3 @3 4 (A1) 6 (167 0969

LMR 3.5  (2.5-5.4) 6.0 (5.3-7.6) 3.5 (3.0-4.0) 22 (1.8-2.5) <0.001*

AF — atrial fibrillation; CE — cardioembolism; CHD — coronary heart disease; FBG — fasting blood glucose; HDL — high-density lipoprotein;
LAA — large-artery atherosclerosis; LDL — low-density lipoproteins; LMR — lymphocyte to monocyte ratio; NIHSS — National Institutes

of Health Stroke Scale; SAO — small-artery occlusion; SCr — serum creatinine; SOE — stroke of other determined etiology; SUE — stroke
of undetermined etiology; TC — total cholesterol; TG — triglyceride. * Indicates statistically significant difference of P<0.05; ** indicates
Fisher exact test. Numbers in parentheses represent percentages or ranges.
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Table 2. Comparison of outcomes among subgroups based on LMR.

Outcomes

Moderate to severe

stroke(NIHSS score 62 (57.4) 16 (44.4)
>5) (%)

Poor outcome(mRS

score 23) (%) 41 (38.0) 5 (13.9)
Moderate to severe

stroke with poor 33 (30.6) 3 (8.3)
outcome (%)

Mild stroke with poor

outcome (%) 8 (7.4) 2 (5.6
sICH after 11 (10.2) 1 (2.8

thrombolysis (%)

LMR higher than 4.34
(36, 33.3%)
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LMR on admis

LMR lower than 2.79 P value

(36, 33.3%)

LMR 2.79-4.34
(36, 33.3%)

18 (20.7) 28 (77.8) 0.009*
””””””””” wess  men oo

12 (33.3) 18 (54.5) 0.004*
 see saiy oo
260 s@ma oo

ICH — intracranial hemorrhage; LMR — lymphocyte-to-monocyte ratio; mRS — modified Rankin Scale; NIHSS — National Institutes of
Health Stroke Scale. * P<0.05. Numbers in parentheses represent percentages.

r=-0.372, P<0.001
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Figure 1. Correlation between lymphocyte-to-monocyte ratio
(LMR) and NIHSS score. LMR — lymphocyte-to-
monocyte ratio; NIHSS — National Institutes of Health
Stroke Scale.

independently associated with poor outcome at 3 months [7,26].
Following stroke, patients may have lymphopenia or a reduc-
tion in absolute lymphocyte count, a phenomenon of immu-
nodepression, which might due to activation of the hypotha-
lamic-pituitary-adrenal system, sympathetic nervous system,
and parasympathetic nervous system, with the secretion and
release of cortisol, catecholamines, and acetylcholine, contrib-
uting to lymphocyte apoptosis [27]. Our study found that pa-
tients in group 3 with decreased lymphocyte count were more
likely to have poor outcome, which suggests that a lower lym-
phocyte count is correlated with adverse prognosis of patients
undergoing IV rt-PA administration.

Monocytes, another important immunoregulator driving the
post-ischemia inflammatory response, infiltrate the infarction
zone and aggravate brain damage [28]. Traditionally, monocytes
are classified into 3 subpopulations in humans according to
the expressions of cell-surface markers CD14 and CD16 [29].
CD14"e"CD16~ monocytes, defined as classical monocytes,
mainly secret TNF-q, IL-6, and IL-1P to exert a pro-inflammato-
ry effect on brain lesions after stroke onset [30]. Recent stud-
ies demonstrated that classical monocytes were increased in
the acute phase of stroke and are independently associated
with poor outcome of AIS [31,32]. CD14"8"CD16* monocytes,
regarded as intermediate monocytes, also grew and were re-
ported to up-regulate the expression of inducible nitric oxide
synthase, leading to secondary brain damage [31]. On the con-
trary, CD149mCD16* monocytes, also known as non-classical
monocytes, decreased with the low expression of IL-10, and play
an pivotal role in the development of anti-inflammation [33]. In
view of these findings, a higher monocyte count might be as-
sociated with adverse prognosis of AIS, which was confirmed
by a recent study [5]. In agreement with these previous find-
ing, univariate analysis performed in the present study shows
that patients with higher monocyte counts treated by throm-
bolytic therapy are more likely to have a poor outcome.

Therefore, a lower LMR value may be regarded as a novel
hallmark to predict the clinical outcome of AIS treated with
rt-PA administration. The ROC curve indicated that the area
under the ROC curve was 0.767, and LMR lower than the cut-
off value of 3.48 had a sensitivity of 71.6% and a specifici-
ty of 80.5%, which indicates ideal accuracy for prediction of
outcome. In addition, although univariate analysis and the
Spearman rank correlation suggested LMR values developed
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Table 3. Binary logistic regression analysis predicting the stroke severity.

Independent variable Adjusted OR 95% CI P value

Age 1.040 0.996-1.086 0.072
"""" Mae  oe7 0166293 o063
"""" Admission to hospital  12% 06672293 o0so1
"""" Hypertension 198 07155414 o010
"""" Diabetes 117 o170 o087
"""" Hyperlipidemia 0427 013135 ol8
"""" A 1 o3s-t0612 o448
"""" 0  osst o215 o037
"""" Stroke history 2004  osle7;21 0313
"""" Smokng  os& 0173196 0383
"""" Acohol drinking 1280 03734393 0695
"""" MR oe3  o7zsaist o043
"""" G 13  osas22% o018
"""" © s 06023509 o405
"""" < o7 o3l o5
"""" o o040  o0s171 0109
"""" L  oe4  om3zs 06w
"""" s« 107 o104 oesd

AF — atrial fibrillation; CHD — coronary heart disease; Cl — confidence interval; FBG — fasting blood glucose; HDL — high-density
lipoprotein; LDL — low-density lipoproteins; LMR — lymphocyte-to-monocyte ratio; NIHSS — National Institutes of Health Stroke Scale;
OR - odds ratio; TC — total cholesterol; TG — triglyceride; SCr — serum creatinine.

10 , a negative correlation with stroke severity, a lower LMR was
7 ’ not an independent risk factor for neurologic impairment, in-
’ consistent with our previous finding, which probably was due
0.8 / to a small study sample size.

Surprisingly, univariate analysis showed that patients with
decreased LMR had increasing incidence of sICH after throm-
p bolysis. Hemorrhagic transformation (HT) after IV rt-PA ad-
0.4 ra ministration is mainly due to breakdown of the blood-brain
: barrier (BBB) [34]. Several pro-inflammatory cytokines, such
AUC=0.767 (0.674-0.859) as TNF-a, IL-6, and IL-1B, secreted by classical monocytes, had
(ut-off=3.48 been identified as risk factors for BBB disruption [35]. Among
Sensitivity=71.6% these cytokines, TNF-oe was viewed as a vital regulator stimu-
0.0 : : Specl|ﬁc|ty=80.5l% lating the expression of the matrix metalloproteinases (MMPs),
0.0 0.2 0.4 0.6 0.8 10.00 which are associated with BBB disruption [35]. IFN-y also had
1-Specificity been reported to damage the tight junction with relocaliza-

tion of zonula occludens protein-1 and occluding protein [36].
Figure 2. The receiver operating characteristic (ROC) curve of the TNF-B, another major pro-inflammatory cytokine produced by
lymphocyte-to-monocyte ratio (LMR) predicting values Th1 cells, was recently reported to be involved in down-regu-

of 3-month functional outcome. AUC - area under the lating N-cadherin expression and extracellular matrix remod-

curve; Cl — confidence interval. eling, which resulted in HT [37]. However, given the reduction
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Table 4. Binary logistic regression analysis predicting outcome.
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Independent variable Adjusted OR 95% Cl P value
Age 1.019 0.967-1.074 0.481
"""" NHSS 128 los-1470 000
"""" Mae  onms o142 03
"""" Admission to hospital 1236 06672293 06%6
"""" Hypertension o089 o226 o070
"""" Diabetes  os74  oldsies 082
"""" Hyperlpidemia  o4ss  oiz2162 035
"""" A 140 o0155-1429% 0730
"""" ¢  oes8  oisa30m o064
"""" Stokehistoy 2257 osseeis2 0255
"""" Smoking  03%  oos-les o175
"""" Acoholdrinking 389 o7»-0759  oi4
"""" MR oess  oa%0-952  oosr
"""" G o9  osg-1s2 0793
"""" c 208  omses  ous
"""" < 11 oel42009 o5
"""" o oaa om0 o
"""" wL  os%  oi93047 o056
"""" s«  oe  oselo:s8 039

AF — atrial fibrillation; CHD — coronary heart disease; Cl — confidence interval; FBG — fasting blood glucose; HDL — high-density
lipoprotein; LDL — low-density lipoproteins; LMR — lymphocyte-to-monocyte ratio; NIHSS — National Institutes of Health Stroke Scale;
OR - odds ratio; TC — total cholesterol; TG — triglyceride; SCr — serum creatinine. * P<0.05.

in lymphocytes after stroke, sICH following thrombolytic treat-
ment might be mainly attributed to a higher monocyte count
and the relevant cytokines.

The present study has some limitations. First, it is a retrospec-
tive study conducted at a single center, the sample size was
small, and we did not set up a control group for investigating
the possible difference in the association between presence
and absence of treatment with rt-PA. Second, not all patients

Conclusions

The present study is the first to show that a decreased LMR
value is an independent predictor of poor prognosis of AIS
with thrombolytic treatment. Further studies with larger co-
horts are required to verify our findings.
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