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 Background: Poststroke depression (PSD) is a common neuropsychiatric disorder after stroke. The neuroinflammatory re-
sponse exerts a vital effect in the development of PSD. Lymphocyte-to-monocyte ratio (LMR), a systemic in-
flammation biomarker, is associated with poor prognosis of acute ischemic stroke (AIS). The purpose of this 
study was to determine the association between LMR and PSD at 3 months.

 Material/Methods: AIS patients (507) were included in this study. Patients were categorized into 3 tertiles and each tertile con-
tains 169 patients: tertile1 (>4.85), tertile 2 (2.96 to 4.85), and tertile 3 (<2.96), based on LMR values and the 
numbers of patients. PSD was diagnosed with a 17-item Hamilton Depression Scale score of 8 or higher.

 Results: Patients (141; 27.8%) were diagnosed with PSD at 3-month follow-up. Patients in the PSD group presented 
with more severe stroke and lower LMR values (P<0.001). Decreased LMRs were independently associated with 
occurrence of PSD (middle tertile: odds ratio [OR] 1.823, P=0.037; lowest tertile: OR 3.024, P<0.001). A signifi-
cant association of a lower LMR value with PSD severity was found (middle tertile: OR 1.883, P=0.031; lowest 
tertile: OR 2.633, P=0.001). The receiver operating characteristic curve indicates that the optimal threshold of 
LMR as a predictor for PSD was 3.14, which yielded a sensitivity of 72.4% and a specificity of 68.1%.

 Conclusions: Decreased LMR is independently associated with PSD and increased PSD severity.
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Background

Stroke, the major contributor to the global burden of neu-
rological diseases, is the second leading cause of mortality 
and has been associated with the development of physical 
and neuropsychological disorders [1]. Poststroke depression 
(PSD) is the most common emotional disorder, affecting a 
third of survivors after stroke [2]. A recent meta-analysis has 
concluded that PSD predicts poor prognoses such as reduced 
quality of life, cognitive disorders, neurological function im-
pairment, and worse rehabilitation outcomes, and is closely 
related to increased mortality among individuals who have 
had a stroke [3,4]. Consequently, early recognition and iden-
tification of PSD is vital for the recovery of stroke patients.

However, the specific pathophysiological mechanism of PSD 
has not been fully elucidated and may involve biological, be-
havioral, and social factors [5]. Previous findings suggest that 
PSD is associated with biological factors, including the inter-
ruption of monoamine pathways, dysregulation of the hypo-
thalamus-pituitary-adrenal (HPA) axis, inflammation response, 
and alterations in neuroplasticity [6-8]. Elevated levels of pro-
inflammatory cytokines, playing an important role in the neu-
roinflammatory response, have been reported to be involved 
both in the pathophysiologic changes of stroke and the devel-
opment of PSD [9]. Previous studies regarding PSD indicated 
that elevated tumor necrosis factor a (TNF-a), interleukin-6 
(IL-6), IL-10, and interferon-g were associated with PSD at 1 
year [10]. Higher TNF-a and IL-1b levels were reported to be 
key risk factors of PSD at 2 weeks [11].

Lymphocytes and monocytes are crucial cells of the immune 
system and lead to poststroke injury and depression due to 
the dysregulation of their actions in the inflammatory re-
sponse with decreasing anti-inflammatory cytokines and in-
creasing proinflammatory cytokines [12]. As a simple marker 
reflecting systemic inflammation, the lymphocyte-to-mono-
cyte ratio (LMR) is linked to a poor prognosis of hematologic 
and solid malignancies [13,14]. Currently, a low LMR value in-
dependently predicts moderate to severe stroke and has been 
proved to be an independent factor for predicting poor func-
tional outcome of stroke patients treated with thrombolysis or 
routine therapy [15,16]. Furthermore, LMR also is considered 
to be significantly associated with neurological deterioration 
and 3-month mortality in patients with spontaneous intrace-
rebral hemorrhage [17].

Since PSD is susceptible to the inflammatory process after 
stroke onset, we hypothesized that the LMR may be a predic-
tor for PSD. Thus, this study aimed to assess the predictive 
value of LMR for PSD at 3 months after a stroke.

Material and Methods

Study Subjects

Hospitalized patients with acute ischemic stroke (AIS) from July 
2016 to July 2019 were recruited in the Department of Neurology, 
Harrison International Peace Hospital. Patients with AIS admit-
ted to the hospital within 72 h of the onset of focal neurological 
deficit symptoms were confirmed by brain computed tomogra-
phy or magnetic resonance imaging. The exclusion criteria were 
the following: (1) infection within 2 weeks before admission; (2) 
hematologic or solid malignancies or autoimmune diseases; (3) 
taking immunosuppressants, antidepressants, or steroids; (4) 
a history of major depression or other psychiatric diseases; (5) 
having severe renal or liver dysfunction; (6) any central nervous 
system disorders such as dementia, Parkinson disease, severe 
cognitive impairment, or hydrocephalus; (7) severe aphasia or 
dysarthria, visual or auditory impairment leading to failure of 
assessment; (8) dying or having infections during hospital ad-
mission; (9) having infections or anti-inflammatory treatments 
during the 3-month follow-up period; (10) receiving intravenous 
thrombolytic therapy or thrombectomy treatment.

This study was carried out in accordance with the Declaration 
of Helsinki. The approval of this study was obtained from the 
Medical Ethics Committee of Harrison International Peace 
Hospital. Informed consent was obtained from all patients or 
their relatives.

Data	Collection

The demographic data and clinical characteristic of subjects 
were collected and included the following: age, sex, years of 
education, marital status, lesion locations, C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), procalcitonin 
(PCT), vascular risk factors (hypertension, coronary heart dis-
ease [CHD]), diabetes mellitus, previous stroke, atrial fibrilla-
tion (AF), hyperlipidemia, smoking, and alcohol drinking. The 
LMR was evaluated by dividing the lymphocyte count by the 
monocyte count on admission. According to the distribution 
of the LMR value and the number of eligible subjects, LMR 
was divided into tertiles to explore the association with PSD.

Assessment

Neurological impairment was assessed using the National 
Institutes of Health Stroke Scale (NIHSS) [18]. A NIHSS score 
³6 represented a diagnosis of moderate to severe stroke. Three 
months after stroke onset, depressive symptoms were screened 
using the 17-item Hamilton Depression Scale (HAMD-17). The 
depression evaluation was performed by experienced psy-
chiatrists who were blinded to the baseline characteristics 
of the patients. A patient with a HAMD score higher than 7 
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was diagnosed with PSD using the Diagnostic and Statistical 
Manual of Mental Disorders, 4th edition. Mild PSD was defined 
as a HAMD score of 8-17. A patient with a HAMD score higher 
than 17 was diagnosed with moderate to severe PSD.

Statistical Analysis

Continuous variables are presented as median (interquartile 
range) or mean ± standard deviation according to the normal-
ity of distribution. Comparisons among groups were made us-
ing the Mann-Whitney U test. Categorical variables were shown 
as frequency and percentage. The chi-square test or Fisher’s ex-
act test was used for comparing qualitative data among groups. 
Spearman rank correlation was used for exploring the correlation 
between occurrence of PSD and LMR. For exploring the potential 
risk factors of PSD, we performed binary logistic regression anal-
ysis. Ordinal multinomial logistic regression was used for exam-
ining the effect of LMR on PSD severity. The predictive value of 
LMR for PSD was evaluated by receiver operating characteris-
tic (ROC) curve analysis. Statistical significance was defined as 
a 2-tailed P value <0.05. The scatter diagram was created using 
Excel 2007. All statistical analysis was performed with SPSS 22.0.

Results

Clinical	and	Demographic	Characteristics	of	Patients	with	
AIS According to LMR Tertiles

A total of 838 patients was hospitalized between July 2016 
and July 2019 in the Department of Neurology. Among them, 
299 patients were excluded because of the exclusion criteria. 

In addition, 32 patients failed to finish the 3-month follow-up 
and among them 8 patients (25%) died. Finally, a total of 507 
eligible patients (Figure 1), consisting of 338 men (66.7%) and 
169 (33.3%) women, was included. On the basis of tertiles of 
LMR values (tertile 1 >4.85; tertile 2 2.96-4.85; tertile 3 <2.96) 
on admission and the number of patients enrolled in the study, 
all the eligible patients were divided into 3 subgroups, each 
containing 169 patients. Baseline characteristics of the study 
population are presented in Table 1. The patients in the low-
est tertile were more likely to be elderly and had higher NIHSS 
and HAMD scores (P<0.001 for all, Table 1). No statistically sig-
nificant difference among the 3 tertiles was found in the re-
maining data (P>0.05 for all, Table 1).

Neurology Data of Patients in Each Tertile

A total of 185 AIS patients had moderate to severe stroke, 
whereas 141 patients experienced PSD (Table 2). We ob-
served that patients with lower LMR more often presented 
with moderate to severe stroke and PSD (P<0.001 for both). 
Furthermore, the proportion of patients with moderate to se-
vere stroke developing PSD in tertile 3 was higher than that 
in the 2 higher tertiles (28.6% vs 40.9% vs 54.0%, P=0.035, 
Table 2). Meanwhile, the proportion of patients with mild stroke 
developing PSD in tertile 3 also was higher than that in the 2 
higher tertiles (11.3% vs 19.2% vs 25.0%, P=0.045, Table 2).

Clinical	and	Demographic	Characteristics	of	Patients	with	
PSD and without PSD

A total of 141 patients (27.8%) with AIS developed PSD at 
3-month follow-up (Table 3). Among them, 117 patients had 

838 patients with AIS

539 patients with acute ischemic stroke

Patients lost to follow-up (n=32)

507 patients were included
141 patients with PSD
366 patients without PSD

299 patients were excluded
1) history of infection within 2 weeks before AIS (n=35)
2) having hematologic and/or solid malignancies or autoimmune
     diseases (n=8)
3) taking immunosuppressants, antidepressants or steroids (n=15)
4) A history of major depression or other psychiatric diseases (n=13)
5) su�erring from severe renal or liver dysfunction (n=21)
6) A history of any central nervous system diorders (n=56)
7) aphasia or dysarthria, visual or auditory impairment (n=62)
8) dying or having infections during hospital admission (n=33)
9) having infections or anti-in�ammatory treatments during the
     3-month follow up period (n=25)
10) receiving intravenous thrombolytic therapy or thrombectomy
     treatment (n=31)

Figure 1. Flow chart of study population 
selection.
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Variables Total

LMR values on admission

p-ValueTertile 1 (n=169)
LMR >4.85

Tertile 2 (n=169)
LMR 2.96-4.85

Tertile 3 (n=169)
LMR <2.96 

Demographic data

Age(years), median (IQR)  61.0 (55.0-74.0)  59.0 (54.0-66.0)  60.0 (52.5-70.0)  71.0 (60.0-78.5) <0.001

Gender (Male), n (%)  338 (66.7)  107 (63.3)  122 (72.2)  109 (64.5) 0.171

Marital status (married), n(%)  500 (98.6)  165 (97.6)  167 (98.8)  168 (99.4) 0.363

Admission to hospital (hours), 
median (IQR)

 15.0 (5.0-39.0)  16.0 (6.0-24.0)  13.0 (5.0-35.0)  18.0 (5.0-48.0) 0.336

Education (years), median (IQR)  8.0 (7.0-11.0)  8.0 (6.5-11.0)  8.0 (7.0-11.0)  8.0 (7.0-11.0) 0.965

Smoking, n (%)  252 (49.7)  84 (49.7)  82 (48.5)  86 (50.9) 0.910

Alcohol drinking, n (%)  224 (44.2)  78 (46.2)  71 (42.0)  75 (44.4) 0.744

Comorbidities

Hypertension, n (%)  391 (77.1)  129 (76.3)  132 (78.1)  130 (76.9) 0.925

Diabetes, n (%)  125 (24.7)  40 (23.7)  41 (24.3)  44 (26.0) 0.871

Hyperlipidemia, n (%)  186 (36.7)  66 (39.1)  65 (38.5)  55 (32.5) 0.390

AF, n (%)  46 (9.1)  13 (7.7)  12 (7.1)  21 (12.4) 0.175

CHD, n (%)  126 (24.9)  37 (21.9)  37 (21.9)  52 (30.8) 0.093

Stroke history, n (%)  173 (34.1)  50 (29.6)  55 (32.5)  68 (40.2) 0.103

Lesion location

Frontal lobe, n (%)  89 (17.6)  30 (17.8)  28 (16.6)  31 (18.3) 0.909

Parietal lobe, n (%)  44 (8.7)  15 (8.9)  13 (7.7)  16 (9.5) 0.840

Temporal lobe, n (%)  34 (6.7)  10 (5.9)  11 (6.5)  13 (7.7) 0.802

Occipital lobe, n (%)  26 (5.1)  9 (5.3)  10 (5.9)  7 (4.1) 0.753

Basal ganglia, n (%)  211 (41.6)  70 (41.4)  68 (40.2)  73 (43.2) 0.857

Midbrain, n (%)  40 (7.9)  11 (6.5)  13 (7.7)  16 (9.5) 0.597

Pons, n (%)  50 (9.9)  17 (10.1)  15 (8.9)  18 (10.7) 0.856

Medulla, n (%)  44 (8.7)  15 (8.9)  13 (7.7)  16 (9.5) 0.840

Cerebellum, n (%)  51 (10.1)  20 (11.8)  16 (9.5)  15 (8.9) 0.633

Clinical characteristics

CRP (mg/L) 10.45±2.26 10.02±1.35 10.55±2.10 10.78±1.63 0.865

ESR (mm/h) 12.66±3.25 12.39±2.56 12.86±3.51 13.43±2.28 0.129

PCT (ng/ml) 1.35±0.31 1.21±0.16 1.46±0.11 1.52±0.41 0.086

NIHSS score, median (IQR)  4.0 (2.0-8.0)  2.0 (1.0-4.5)  3.0 (2.0-6.0)  8.0 (4.0-10.0) <0.001

HAMD score, median (IQR)  2 (1.0--8.0)  2.0 (1.0-4.5)  1.0 (0-7.5)  5.0 (1.0-12.0) <0.001

Table 1.  Clinical and demographic characteristics of patients with acute ischemic stroke (AIS) according to lymphocyte-to-monocyte 
ratio (LMR) tertiles.

n – number of patients; AF – atrial fibrillation; CHD – coronary heart disease; CRP – C-reactive protein; ESR – erythrocyte sedimentation 
rate; PCT – procalcitonin; NIHSS – National Institutes of Health Stroke Scale; HAMD – Hamilton Depression Scale; LMR – lymphocyte-
to-monocyte ratio.
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mild PSD and 24 patients developed moderate to severe PSD. 
Compared with the non-PSD group, patients with PSD present-
ed with higher NIHSS and HAMD scores and lower LMR values 
(P<0.001 for all). PSD patients were more likely to be women 
(P=0.040). The incidence of frontal lobe, temporal lobe, and 
basal ganglia infarctions was higher in PSD patients compared 
with non-PSD subjects (P<0.05 for all, Table 3).

Association of LMR Value and PSD

As shown in Table 3, the proportion of patients in tertile 1 
(>4.85) was significantly lower in the moderate to severe PSD 
group (P<0.001), whereas the proportion of the patients in ter-
tile 3 (<2.96) was significantly higher in the moderate to se-
vere PSD group (P<0.001). In addition, there existed a negative 
correlation between LMR value and HAMD score at 3 months 
(r=-0.358, P<0.001; Figure 2). Moreover, taking the incidence of 
PSD as the dependent variable and the highest tertile (>4.85) 
as the reference, binary logistic regression analysis without 
adjustment showed that the middle tertile of LMR (odds ratio 
[OR]=1.998, 95% confidence interval [CI]=1.147-3.481, P=0.015) 
and the lowest tertile of LMR (OR=4.820, 95% CI=2.843-6.172, 
P<0.001) were the independent risk factors for PSD. After ad-
justing for variables, including sex, marital status, time of ad-
mission to hospital, education years, smoking, alcohol drinking, 
CRP, ESR, PCT, comorbidities (hypertension, diabetes, hyperlip-
idemia, AF, CHD, stroke history), age, and NIHSS score on ad-
mission, the middle tertile of LMR (OR=1.823, 95% CI=1.037-
3.207, P=0.037) and the lowest tertile of LMR (OR=3.024, 95% 
CI=1.822-5.632, P<0.001) remained independently associated 
with the occurrence of PSD (Table 4). The ROC curve analy-
sis of LMR showed that the area under the curve (AUC) was 
0.800 and the critical threshold value was 3.14, with sensi-
tivity of 72.4% and specificity of 68.1% (95% CI=0.756-0.844, 
P<0.001) (Figure 3).

Association between LMR Value and PSD Severity

Considering the severity of PSD as the dependent variable and 
highest tertile (>4.85) as the reference, ordinal multinomial 
logistic regression without adjustment showed that the mid-
dle tertile of LMR (OR=2.026, 95% CI=1.164-3.525, P=0.013) 
and the lowest tertile of LMR (OR=4.899, 95% CI=2.899-8.265, 
P<0.001) were both independent risk factors of PSD severity. 
After adjusting for variables, including age, sex, marital sta-
tus, time of admission to hospital, education years, smok-
ing, alcohol drinking, CRP, ESR, PCT, comorbidities (hyperlip-
idemia, AF, CHD, stroke history), hypertension, diabetes, and 
NIHSS score on admission, the middle tertile of LMR (OR=1.883, 
95% CI=1.059-3.350, P=0.031) and the lowest tertile of LMR 
(OR=2.633, 95% CI=1.484-4.655, P=0.001) were still indepen-
dently associated with PSD severity (Table 5).

Discussion

To our best knowledge this is the first research to explore the 
relationship of LMR value on admission in patients with AIS 
to the development of depressive impairment after stroke at 3 
months. This study indicated that decreased LMR values were 
independently associated with occurrence of PSD and PSD se-
verity. Thus, our results showed that the LMR value might be 
considered as a simple and available biomarker for predicting 
PSD and be helpful for clinical practice.

PSD has been widely considered to be related to adverse stroke 
recovery and increased disability and mortality [19,20]. In this 
study, we observed that 27.8% of patients with AIS developed to 
PSD, which is in agreement with the frequency in previous find-
ings [2,21]. The relationship between stroke severity and PSD has 
been well identified [22], and the present study suggested that 
patients with PSD had more serious stroke severity compared 
with non-PSD patients. Meanwhile, univariate analysis showed 

Variables Total

LMR values on admission

p-ValueTertile 1 (n=169)
LMR >4.85

Tertile 2 (n=169)
LMR 2.96-4.85

Tertile 3 (n=169)
LMR <2.96 

Moderate to severe stroke 
(NIHSS score >5), n (%)

 185 (36.5)  28 (16.6)  44 (26.0)  113 (66.9) <0.001

PSD (HAMD score >7), n (%)  141 (27.8)  24 (14.2)  42 (24.9)  75 (54.6) <0.001

Moderate to severe stroke with 
PSD, n (%)

 87 (47.0)  8 (28.6)  18 (40.9)  61 (54.0) 0.035

Mild stroke with PSD, n (%)  54 (16.8)  16 (11.3)  24 (19.2)  14 (25.0) 0.045

Table 2. Comparison of neurology data of the patients in each tertile.

n – number of patients; NIHSS – National Institutes of Health Stroke Scale; PSD – post-stroke depression; LMR – lymphocyte-to-
monocyte ratio.
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Table 3. Clinical and demographic characteristics of patients with poststroke depression (PSD) and without PSD.

PSD – post-stroke depression; n – number of patients; AF – atrial fibrillation; CHD – coronary heart disease; CRP – C-reactive protein; 
ESR – erythrocyte sedimentation rate; PCT – procalcitonin; NIHSS – National Institutes of Health Stroke Scale; HAMD – Hamilton 
Depression Scale; LMR – lymphocyte-to-monocyte ratio.

Variables
Non-PSD patients 

(n=366)
Mild PSD patients 

(n=117)
Moderate to severe 
PSD patients (n=24)

p-Value

Demographic data

Age(years), median (IQR)  60.0 (54.0-70.3)  68.0 (56.0-77.0)  71.0 (60.0-80.3) 0.285

Gender (Male), n (%)  255 (69.7)  71 (60.7)  12 (50.0) 0.040

Marital status (married), n(%)  363 (99.2)  115 (98.3)  22 (91.7) 0.134

Admission to hospital (hours), median (IQR)  15.8 (5.0-41.0)  14.0 (6.0-42.5)  12.0 (4.5-24.8) 0.763

Education (years), median (IQR)  8.0 (6.0-11.0)  8.0 (7.0-11.0)  8.5 (6.3-10.8) 0.973

LMR, median (IQR)  4.46 (2.90-5.68)  2.65 (1.43-4.04)  1.07 (0.92-2.98) <0.001

Tertile 1 (>4.85), n (%)  145 (39.6)  22 (18.8)  2 (8.3) <0.001

Tertile 2 (2.96-4.85), n (%)  127 (34.7)  35 (29.9)  7 (29.2) 0.574

Tertile 3 (<2.96), n (%)  94 (25.7)  60 (51.3)  15 (62.5) <0.001

Smoking, n (%)  190 (51.9)  56 (47.9)  6 (25.0) 0.035

Alcohol drinking, n (%)  168 (45.9)  48 (41.0)  8 (33.3) 0.358

Comorbidities

Hypertension, n (%)  289 (79.0)  83 (70.9)  19 (79.2) 0.193

Diabetes, n (%)  95 (26.0)  27 (23.1)  3 (12.5) 0.301

Hyperlipidemia, n (%)  135 (36.9)  43 (36.8)  8 (33.3) 0.941

AF, n (%)  31 (8.5)  13 (11.1)  2 (8.3) 0.693

CHD, n (%)  86 (23.5)  34 (29.1)  6 (25.0) 0.480

Stroke history, n (%)  117 (32.0)  46 (39.3)  10 (41.7) 0.251

Lesion location

Frontal lobe, n (%)  39 (10.7)  43 (36.8)  7 (29.2) <0.001

Parietal lobe, n (%)  34 (9.3)  7 (6.0)  3 (12.5) 0.430

Temporal lobe, n (%)  15 (4.1)  11 (9.4)  8 (33.3) <0.001

Occipital lobe, n (%)  19 (5.2)  5 (4.3)  2 (8.3) 0.710

Basal ganglia, n (%)  135 (36.9)  66 (56.4)  10 (41.7) 0.001

Midbrain, n (%)  29 (7.9)  8 (6.8)  3 (12.5) 0.584

Pons, n (%)  37 (10.1)  9 (7.7)  4 (16.7) 0.366

Medulla, n (%)  31 (8.5)  10 (8.5)  3 (12.5) 0.671

Cerebellum, n (%)  34 (9.3)  12 (10.3)  5 (20.8) 0.170

Clinical characteristics

CRP (mg/L)  10.21±2.12  10.52±1.86  10.83±3.10 0.510

ESR (mm/h)  12.51±1.98  12.76±3.28  13.66±2.95 0.189

PCT (ng/ml)  1.26±0.36  1.42±0.41  1.66±0.33 0.141

NIHSS score, median (IQR)  3.0 (1.0-5.0)  8.0 (5.0-11.5)  10.0 (7.5-12.8) <0.001

HAMD score, median (IQR)  1.0 (0-3.0)  12.0 (9.0-15.0)  19.0 (18.0-20.0) <0.001
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that increased stroke severity was strongly associated with PSD 
severity. Age has been well identified as a risk for PSD [23], and 
the present study also clarified this association by using univariate 
analysis. Numerous studies have demonstrated that PSD was as-
sociated with infarct lesions in the frontal lobe, temporal lobe, and 
basal ganglia, which was in accordance with our results [24-26]. 
Subsequently, some studies further clarified the association be-
tween the damage of the limbic-cortical-striatal-pallidal-thalamic 
circuit and depression, which could explain the relationship be-
tween infarct lesions and the presence of PSD [27,28].

Global brain inflammation has been reported to be involved in 
the pathophysiology after stroke onset and affects the occur-
rence and development of additional clinical sequelae, such as 
subsequent PSD [29,30]. Recent studies found that higher neu-
trophil-to-lymphocyte ratios (NLRs) could predict the mortality 
and poor functional outcome of AIS and hemorrhagic stroke, 
and also was related to health problems such as pneumo-
nia [31,32]. LMR is an easily estimated systemic inflammation 
biomarker, as is NLR, and appears to be associated with the 
occurrence of depression. After a stroke, lymphocytes infiltrate 
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Tertile OR* 95%	CI p-Value

Unadjusted
Middle 1.998 1.147-3.481 0.015

Lowest 4.820 2.843-6.172 <0.001

Model 1a
Middle 1.946 1.083-3.499 0.026

Lowest 3.105 1.689-5.709 <0.001

Model 2b
Middle 1.791 1.016-3.156 0.044

Lowest 2.738 1.531-4.896 0.001

Model 3c
Middle 1.823 1.037-3.207 0.037

Lowest 3.024 1.822-5.632 <0.001

Table 4.  Binary logistic regression analysis for the association between lymphocyte-to-monocyte ratio (LMR) and poststroke depression 
(PSD).

OR – odds radio; CI – confidence interval; LMR – lymphocyte-to-monocyte ratio; PSD – post-stroke depression. * Reference OR 
(1.000) is the highest tertile of LMR for PSD; a Model 1: adjusted for gender, marital status, admission to hospital, education years, 
smoking, alcohol drinking, C-reactive protein, erythrocyte sedimentation rate, procalcitonin and comorbidities (hypertension, diabetes, 
hyperlipidemia, atrial fibrillation, cornary heart disease, stroke history); b Model 2: adjusted for covariates from Model 1 and further 
adjusted for age; c Model 3: adjusted for covariates from Model 2 and further adjusted for NIHSS score on admission.
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the ischemic locations, which participate in the pathophysiolog-
ical process of secondary brain injury via production of proin-
flammatory or anti-inflammatory cytokines [33]. Lymphocytes, 
representing the pathophysiological stress of individuals, play 
a significant role in protective and regulating effects during 
the course of inflammation. Some subtypes of lymphocytes, 
such as regulatory T cells and CD4+ TH2 cells, have a posi-
tive effect through synthesizing and secreting anti-inflamma-
tory cytokines, including IL-4, IL-5, IL-10, and IL-13, and trans-
forming growth factor b, which help improve the prognosis of 
AIS and exert beneficial effects on major depressive disorder 
(MDD) [34-37]. Earlier studies have revealed a phenomenon 
after stroke onset, namely, stroke-induced immunodepression, 
related to decreased lymphocyte numbers, which contributes 
to an adverse prognosis [38,39]. The possible mechanism of 
lymphopenia might be activation of the HPA axis, accompa-
nied by elevated values of cortisol, inducing lymphocyte apop-
tosis [40]. The vast majority of studies revealed that the pres-
ence of MDD is attributed to the dysregulation of the HPA axis 
with higher cortisol levels [40,41]. We also found that PSD was 
more frequent in female patients, consistent with a systematic 
review of PSD [42], the possible mechanism of which was as-
cribed to the elevated cortisol levels of female subjects [43]. 
A meta-analytic review demonstrates that MDD patients tend 
to exhibit lymphopenia [44].

Monocytes, another major inflammatory regulator, play a piv-
otal role in stimulating the development of postischemia in-
jury [45]. Classical monocytes exacerbate ischemic lesions by 
producing IL-1b, IL-6, and TNF-a, which are related to the pres-
ence of depression [46-48]. Similarly, intermediate monocytes 
also play a proinflammatory role in the development of MDD 
by secreting IL-1b and IL-6 [49]. More intriguing, nonclassical 

monocytes play a dual role in the inflammatory process in MDD, 
releasing IL-10 to promote recovery of MDD patients and by se-
creting IL-6 and IL-12 to aggravate the progression of depres-
sion [50,51]. It has been well established that the 3 subpopu-
lations of monocytes circulate in dynamic equilibrium and only 
1% of the classical subset become intermediate monocytes 
and then mature to the nonclassical subset under stable con-
ditions [52]. Furthermore, different types of disease affect the 
frequency of each subset. Previous studies have reported that 
monocytes are increased at 48-72 h after AIS, and the propor-
tions of classical and intermediate monocytes were higher than 
that of nonclassical monocytes, which mainly produce anti-in-
flammatory cytokine IL-10 during the acute stage of stroke [53]. 
Nevertheless, an increased proportion of nonclassical mono-
cytes, accompanied by higher levels of IL-12 and IL-6, was as-
sociated with chronic progressive disease such as MDD [51]. 
Additionally, a recent study has indicated that increased im-
mune cell counts, especially monocytes, are related to depres-
sion [54]. Considering the previous findings, we hypothesized 
that monocyte subpopulations shift over time after stroke and 
are fully engaged in the onset and progression of depression.

Given the crucial roles of lymphocytes and monocytes, LMR, a 
systemic inflammation index, may be considered as an easily 
available predictor for the occurrence of PSD. Since decreased 
lymphocyte and increased monocyte counts are both found 
in AIS patients and MDD subjects, this study clarified that AIS 
patients with lower LMR values were inclined to have PSD. 
Moreover, decreased LMR was independently associated with 
PSD and PSD severity. The LMR AUC showed that LMR was a 
good prognostic marker for PSD, with sensitivity of 72.4% and 
specificity of 68.1%. Consequently, LMR could be used to pre-
dict the development and aggravation of PSD.

Tertile OR* 95%	CI p-Value

Unadjusted
Middle 2.026 1.164-3.525 0.013

Lowest 4.899 2.899-8.265 <0.001

Model 1a
Middle 2.030 1.127-3.658 0.018

Lowest 2.782 1.514-5.109 0.001

Model 2b
Middle 1.944 1.089-3.473 0.025

Lowest 2.620 1.468-4.674 0.001

Model 3c
Middle 1.883 1.059-3.350 0.031

Lowest 2.633 1.484-4.665 0.001

Table 5.  Ordinal multinomial logistic regression analysis for the association between lymphocyte-to-monocyte ratio (LMR) values and 
poststroke depression (PSD) severity.

OR – odds radio; CI – confidence interval; LMR – lymphocyte-to-monocyte ratio; PSD – post-stroke depression. * Reference OR (1.000) 
is the highest tertile of LMR for PSD severity; a Model 1: adjusted for age, gender, marital status, admission to hospital, education 
years, smoking, alcohol drinking, hyperlipidemia, atrial fibrillation, cornary heart disease, C-reactive protein, erythrocyte sedimentation 
rate, procalcitonin and stroke history; b Model 2: adjusted for covariates from Model 1 and further adjusted for hypertension and 
diabetes; c Model 3: adjusted for covariates from Model 2 and further adjusted for NIHSS score on admission.
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However, several limitations existed in this study. First, we 
merely collected the LMR at admission, and it is necessary to 
determine the possible relationship of the dynamic changes of 
LMR over time to PSD. Second, previous studies showed that 
depression symptoms start in the first month [20,25]. In the 
present study, the depression scale was screened at 3-month 
follow-up. When the depression evaluation period is extend-
ed, it may lead to increase in the number of losses of follow-
ups or deaths, which can affect the PSD rates. Third, since it 
is a single-center study based on the native population, mul-
tiregional and multiethnic studies are required to assess what 
was found. Finally, we did not measure the cortisol level and 
inflammatory cytokines, and further studies will be required to 
detect changes in the acute phase of inflammation after AIS.

Conclusions

Low LMR value was independently associated with the devel-
opment of PSD, and also was related to increased PSD sever-
ity. In summary, LMR could help clinicians to recognize and 
take measures for treatment in the early stage.
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