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Association of baseline plasma 
fibrinogen levels with cognitive and 
affective status at 30 and 90 days 
in individuals with ischemic stroke: 
A prospective study from Nigeria
Adekola B. Ademoyegun1,2, Taofeek O. Awotidebe2, Marufat O. Odetunde2, 
Samuel O. Inaolaji1, Serifat O. Bakare3, Funmilola W. Azeez3, Olanrewaju Olayemi4,5

Abstract:
BACKGROUND: The influence of fibrinogen as a risk factor in developing poststroke 
neuropsychological and cognitive problems is underreported. This study aimed to evaluate the 
relationship between baseline fibrinogen levels and depression, anxiety, and cognition 30‑  and 
90‑day after stroke.
METHODS: This prospective study involved 48 patients with first‑ever mild‑to‑moderate ischemic 
stroke, whose plasma fibrinogen levels were assessed within 24 h of stroke onset. Clinical depression, 
anxiety, and cognitive impairment were evaluated by the Hospital Anxiety and Depression Scale and 
Montreal Cognitive Assessment at 30‑ and 90‑day after stroke.
RESULTS: After adjusting for important covariates, the multiple linear regression models showed that 
baseline plasma fibrinogen was associated with the symptoms of depression, anxiety, and cognitive 
decline at both 30‑ and 90‑day follow‑up (P < 0.05). The receiver operating characteristic curve 
showed that baseline fibrinogen threshold > 409.0 mg/dl (82.4% sensitivity and 71.0% specificity), 
>405.0 mg/dl (80.0% sensitivity and 71.4% specificity), and > 400.0 mg/dl (80.6% sensitivity and 
76.5% specificity) could respectively predict the presence of depression, anxiety, and cognitive 
impairment 90 days after stroke.
CONCLUSIONS: High levels of baseline plasma fibrinogen are associated with the onset and severity 
of symptoms of depression, anxiety, and cognitive decline at 30 and 90 days after stroke. This study 
shows that fibrinogen may be a viable target for monitoring and intervention in the management of 
poststroke neuropsychological and cognitive disorders. Future clinical trials are needed to clarify 
whether defibrinogenation will prevent or reduce the rate and severity of symptoms of depression, 
anxiety, and cognitive decline among patients with ischemic stroke.
TRIAL REGISTRATION: Pan African Clinical Trial Registry (registration number: 
PACTR202406755848901).
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Introduction

Ischemic stroke involves the occlusion 
of cerebral vessels, leading to brain 

ischemia affecting neurons and neuronal 
activities.[1,2] The pathogenesis, progression, 
and resolution of ischemic stroke center 
on many inflammatory cells, including 
fibrinogen.[1‑3] Fibrinogen is a major 
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acute‑phase protein recruited in the event of brain 
ischemia.[4,5] Fibrinogen is essential in the inflammation 
cascade following ischemic stroke, especially as related 
to hemostasis.[6] As a hemostasis‑related function 
in acute ischemic stroke, fibrinogen is involved in 
platelet aggregation, mediation of endothelia‑leukocyte 
interactions, and blood viscosity.[4]

Studies have shown the importance of plasma fibrinogen 
level at the acute stage to clinical outcomes or prognosis. 
Even after adjusting for other important confounders, 
including age, smoking, and hypertension, evidence 
shows a sustained relationship between fibrinogen 
and clinical outcomes in patients with ischemic 
stroke.[5,7] Recently, a review involving 21,473 stroke 
patients from 52 studies by Bao et  al.[8] showed that 
stroke patients with high concentrations of fibrinogen 
were 1.65  times more likely to have a poor clinical 
outcome (modified Ranking Scale score >2), 1.31 times 
more likely to die from stroke, 1.23 times more likely to 
have repeat stroke, 2.38 times more likely to have an early 
worse neurological decline, or 1.43 times more likely to 
have a poststroke cardiac arrest. However, data on the 
predictive value of fibrinogen on neuropsychological and 
cognitive variables post‑stroke are sparse. Post‑stroke 
emotional problems and cognitive impairments are 
highly prevalent and impair rehabilitation outcomes, 
stroke prognosis, and psychosocial life of the patients.[9‑11] 
Thus, the study aimed to investigate the association of 
plasma fibrinogen level at admission with depression, 
anxiety, and cognition at 30‑ and 90‑day follow‑up in 
individuals with mild‑to‑moderate ischemic stroke.

Methods

Study design
This was a prospective cohort study.

Participants
One hundred and one patients with ischemic stroke 
were assessed for eligibility at our hospital between 
May and December 2023. Out of which 50  patients 
participated in the study and ultimately 48 participants 
were able to complete the 3‑month follow‑up. The 
inclusion criteria were having mild‑to‑moderate ischemic 
stroke (National Institute of Health Stroke Scale [NIHSS] 
scores ≤15), having acute ischemic stroke confirmed by 
a radiological technique such as computed tomography 
scan and being admitted within 24 h of onset, and being 
18  years and older. Patients with recurrent stroke, 
who underwent any surgical procedure including 
endovascular therapy, on treatment with recombinant 
tissue plasminogen activator  (rt‑PA), fibrinogen 
concentrate, and defibrinogenating agents, with other 
neurological problems, for example, Parkinson’s 
disease, with major communication problem, with prior 

cognitive impairment, for example, dementia and that 
declined consent were excluded [Figure 1]. According 
to G*Power 3.1.9.4 software, multiple linear regression 
with 0.05 probability error, 0.35 effect size, 80% power, 
and 4 predictors needed a minimum of 40 samples.[12] 
The Ethical Committee of the hospital approved the 
study  (UTH/REC/2023/05/766). Each participant 
signed informed consent.

Variables
The sociodemographics of the participants, including age 
and sex were assessed. Baseline clinical characteristics such 
as body mass index, number of comorbidities (diabetes 
mellitus, high blood pressure, hyperlipidemia, coronary 
heart disease, alcoholism, cigarette smoking, respiratory, 
and urinary tract infection), and stroke severity, which 
was assessed with NIHSS. Within 24 h of stroke onset, 
venous blood samples were obtained inside tubes 
containing 3.2% sodium citrate. The blood was then 
centrifuged at 300 g×  for 10  min. The concentration 
of plasma fibrinogen was assessed with the Clauss 
method using HemosIL® Q.F.A. Thrombin  (Bovine) 
kit. The medical laboratory scientist who performed the 
fibrinogen analysis was blind to the neuropsychological 
and cognitive assessments.

At 30‑  and 90‑day follow‑up, the level of depression, 
anxiety, and cognition of the participants was evaluated 
by one of the authors  (SOI), who was blinded to 
laboratory measures. The level of depression and anxiety 
was evaluated by the Hospital Anxiety and Depression 
Scale  (HADS), whereas the Montreal Cognitive 
Assessment  (MoCA) was employed to evaluate the 
level of cognition. The HADS, developed by Zigmond 
and Snaith,[13] has been validated in the assessment 
of depression and anxiety among stroke survivors.[14] 
The instrument has a total of 14 items, 7 items for each 
subscale (depression‑subscale and anxiety‑subscale), and 
is rated on a 4‑point Likert scale (0–3). The maximum 

Assessed for eligibility (n = 101) Excluded (n = 51)
Severe communication
problem (n = 8)
Recurrent stroke (n = 12)
Late presentation (>24 hrs)
(n = 27)
Other neurological problem
(Parkinson’s disease) (n = 2)
Declined (n = 2)

Included (n = 50)

Lost to follow-up (n = 2)
Death (n = 1)
Relocation (n = 1)

Completed follow-up (n = 48)

Figure 1: Study recruitment chart
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score for each scale is 21 with a higher score indicating 
higher risks of symptoms of depression or anxiety. 
HADS scores of ≥7 were considered having depression 
or anxiety symptoms.[15] The Cronbach’s alpha of the 
culturally adapted HADS to the study setting employed 
in this study was 0.821.

The MoCA was introduced by Nasreddine et al.[16] for 
the evaluation of cognitive functions in individuals 
with mild cognitive problems. MoCA is a 30‑point 
test administration that evaluates many areas of 
cognitive function, with a higher score indicating better 
cognition.[15,17,18] MoCA has been translated into many 
languages and has good psychometric properties among 
stroke survivors.[15,17,18] The MoCA was administered to 
the participants, filled, and rated and stroke patients 
with MoCA scores of ≤19 out of possible 30 scores were 
considered having cognitive decline.[19] The Cronbach’s 
alpha of the translated version of MoCA to the study 
setting employed in the present study was 0.827.

Data analysis
Data were summarized using mean, standard deviation, 
frequency, and percentage. Independent t‑test was used to 
assess the difference in baseline fibrinogen concentration 
between patients with or without any neuropsychological 
problem. Pearson’s correlation coefficients were applied 
to assess correlations among clinical, demographics, and 
baseline fibrinogen. Furthermore, baseline fibrinogen 
tertiles were calculated and its correlation with 30‑ and 
90‑day depression, anxiety, and cognitive parameters was 
undertaken with Spearman rho correlation coefficients. 
Separate models of multiple linear regressions were 
performed to investigate the associations of the 30‑ and 
90‑day depression, anxiety, and cognitive assessments 
with baseline plasma fibrinogen. Each model was 
adjusted for age, number of comorbidities, and NIHSS 
scores. The receiver operating characteristic  (ROC) 
curve and Youden’s index were employed to determine 
the baseline fibrinogen optimum values in predicting 
depression, anxiety, and cognitive impairment at both 
follow‑up times. The alpha level was set at P < 0.05. All 
statistical analyses were performed using the SPSS (IBM 
Corp., Armonk, N.Y., USA) version 21.

Results

The mean age of the participants was 64.2 ± 9.36 years. Out 
of 48 patients included, 27 (56.3%) were male. The rate of 
depression improves from 62.5% at 30 days to 35.4% at 
90 days of follow‑up. The mean baseline fibrinogen was 
417.3 ± 76.3 mg/dl. There was no significant difference 
in the baseline fibrinogen between the included patients 
and those lost to follow‑up (P > 0.05). Table 1 shows 
the general and clinical features of the participants. 
The differences in baseline fibrinogen about 30‑  and 

90‑day neuropsychological and cognitive parameters 
of the participants are presented in Table 2. At 30‑day 
follow‑up, the depressed, anxious, and cognitively 
declined group had significantly higher baseline plasma 
fibrinogen  (438.2  ±  69.4  mg/dl vs. 382.5  ±  76.4  mg/
dl, P  =  0.013, Cohen’s d  =  0.76; 431.9  ±  71.8  mg/dl 
vs. 385.3  ±  78.6  mg/dl, P  =  0.049, Cohen’s d = 0.61; 
440.8 ± 67.9 mg/dl vs. 365.7 ± 69.7 mg/dl, P < 0.01, 
Cohen’s d  =  1.09). Similarly, participants with 
depression, anxiety, and cognitive decline at 90‑day 
follow‑up had significantly higher baseline plasma 
fibrinogen  (464.7  ±  62.7  mg/dl vs. 391.4  ±  71.2  mg/
dl, P < 0.01, Cohen’s d = 1.09; 455.6 ± 70.9 mg/dl vs. 
389.9  ±  68.8  mg/dl, P  <  0.01, Cohen’s d  =  0.94; and 
440.1 ± 69.4 mg/dl vs. 375.8 ± 72.2 mg/dl, P < 0.01, 
Cohen’s d = 0.91).

The correlation coefficients showed a positive correlation 
between baseline fibrinogen and depression and anxiety 
and a negative correlation with cognition at both time 
points  (P  <  0.05)  [Table  3]. The baseline fibrinogen 
tertiles are shown in Table 4. Fibrinogen levels in the 
lowest, middle, and highest tertiles were < 381.6 mg/dl, 
381.6–458.1 mg/dl, and >458.1 mg/dl, respectively. The 
baseline fibrinogen tertiles were similarly positively 
correlated with depression and anxiety and negatively 
correlated with cognition at both time points (P < 0.05). 
Findings from linear regression models show a 
significant positive association of baseline plasma 
fibrinogen with both 30‑ and 90‑day depressive (30‑day: 
β =0.426, P  =  0.006; 90‑day: β =0.500, P  =  0.001) and 
anxiety (30‑day: β =0.421, P = 0.007; 90‑day: β =0.510, 

Table 1: General and clinical characteristics of the 
participants  (n=48)
Variable Mean±SD/n (%)
Age (years) 64.2±9.36
Sex, male 27 (56.3)
Number of comorbidities 1.94±0.60
BMI (kg/m2) 25.9±2.66
Baseline NIHSS 7.13±2.90
Baseline fibrinogen (mg/dl) 417.3±76.3
30‑day HADS‑D score 7.77±3.59
30‑day HADS‑D score ≥7 30 (62.5)
90‑day HADS‑D score 5.50±3.47
90‑day HADS‑D score ≥7 17 (35.4)
30‑day HADS‑A score 7.95±3.05
30‑day HADS‑A score ≥7 33 (68.8)
90‑day HADS‑A score 5.88±3.15
90‑day HADS‑A score ≥7 20 (41.7)
30‑day MoCA score 16.6±6.02
30‑day MoCA score ≤19 33 (68.8)
90‑day MoCA score 18.1±6.08
90‑day MoCA score ≤19 31 (64.6)
SD: Standard deviation, NIHSS: National Institute of Health Stroke Scale, 
HADS‑D: Hospital Anxiety and Depression Scale‑Depression Sub‑Scale, 
HADS‑A: Hospital Anxiety and Depression Scale‑Anxiety Subscale, 
MoCA: Montreal Cognitive Assessment, BMI: Body mass index
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P  =  0.001) symptoms. Furthermore, baseline plasma 
fibrinogen was negatively associated with cognition at 
30 days (β = −0.321, P = 0.010) and 90 days (β = −0.288, 
P = 0.019) of follow‑up [Table 5].

The results of ROC analysis providing the baseline 
fibrinogen cutoff points for the presence of symptoms 
of depression, anxiety, and cognitive impairment at 
30‑  and 90‑day follow‑up are presented in Table  6. 
A significant area under the curve (AUC) was observed 
for baseline fibrinogen in predicting symptoms of 
depression, anxiety, and cognitive impairment at both 
follow‑up times, except in predicting the presence of 
anxiety symptoms at 30‑day follow‑up (AUC = 0.671; 
P  =  0.060). Meanwhile, Youden Index showed that 
baseline fibrinogen values  >409.0  mg/dl  (82.4% 
sensitivity and 71.0% specificity), >405.0 mg/dl (80.0% 

sensitivity; 71.4% specificity), and > 400.0 mg/dl (80.6% 
sensitivity and 76.5% specificity) were associated with 
90‑day symptoms of depression, anxiety, and cognitive 
impairment, respectively. The ROC curves between 
baseline fibrinogen and the presence of depression, 
anxiety, and cognitive impairment are illustrated in 
Supplementary Figure 1.

Discussion

This study assessed the association of baseline plasma 
fibrinogen with depression, anxiety, and cognition at 
30‑  and 90‑day follow‑up. In the present study, the 
neuropsychological and cognitive functioning improves 
from 30‑  to 90‑day follow‑up. From the 30‑  to 90‑day 
assessment, the prevalence of depression, anxiety, and 
cognitive decline improved from 62.5%, 68.8%, and 68.8%, 

Table 3: Correlation matrix among baseline plasma fibrinogen, 30‑  and 90‑day depression, anxiety, cognition, 
and other factors in patients with ischemic stroke

1 2 3 4 5 6 7 8 9 10
Baseline fibrinogen 1
HADS‑D‡ 0.424* 1
HADS‑D§ 0.494* 0.907* 1
HADS‑A‡ 0.396* 0.651* 0.789* 1
HADS‑A§ 0.464* 0.726* 0.852* 0.930* 1
MoCA‡ −0.475* −0.357† −0.411* −0.340† −0.366† 1
MoCA§ −0.458* −0.379* −0.447* −0.415* −0.379* 0.975* 1
Baseline NIHSS 0.262 0.209 0.279 0.198 0.162 −0.619* −0.634* 1
Number of comorbidity 0.350† 0.053 0.026 −0.025 −0.016 −0.244 −0.273 0.176 1
Age 0.215 0.156 0.187 0.167 0.152 −0.190 −0.174 0.153 0.325† 1
*Correlation at P<0.001, †Correlation at P<0.05, §90‑day assessment, ‡30‑day assessment. HADS‑D: Hospital Anxiety and Depression Scale‑Depression Subscale, 
HADS‑A: Hospital Anxiety and Depression Scale‑Anxiety Sub‑Scale, MoCA: Montreal Cognitive Assessment, NIHSS: National Institute of Health Stroke Scale

Table 2: Comparison of baseline plasma fibrinogen about 30‑  and 90‑day neuropsychological and cognitive 
functions in patients with ischemic stroke
Variable n Mean±SD 

(mg/dl)
t Df P Mean difference 

(mg/dl)
SE 

difference
95% CI of 

difference ‑ LLCI–ULCI
Cohen’s 

d
30‑day HADS‑D

≥7 score 30 438.2±69.4 2.594 46 0.013* 55.7 21.5 12.5–98.9 0.76
<7 score 18 382.5±76.4

90‑day HADS‑D
≥7 score 17 464.7±62.7 3.557 46 0.001* 73.4 20.6 31.8–114.9 1.09
<7 score 31 391.4±71.2

30‑day HADS‑A
≥7 score 33 431.9±71.8 2.026 46 0.049* 46.6 23.0 0.30–92.9 0.61
<7 score 15 385.3±78.6

90‑day HADS‑A
≥7 score 20 455.6±70.9 3.219 46 0.002* 65.7 20.4 24.6–106.8 0.94
<7 score 28 389.9±68.8

30‑day MoCA
≤19 score 33 440.8±67.9 3.525 46 0.001* 75.2 21.3 32.2–118.1 1.09
≥20 score 15 365.7±69.7

90‑day MoCA
≤19 score 31 440.1±69.4 3.027 46 0.004* 64.4 21.3 21.6–107.2 0.91
≥20 score 17 375.8±72.2

*Significant difference at P<0.05. CI: Confidence interval, SD: Standard deviation, HADS‑D: Hospital Anxiety and Depression Scale‑Depression Sub‑Scale, 
HADS‑A: Hospital Anxiety and Depression Scale‑Anxiety Subscale, MoCA: Montreal Cognitive Assessment, LLCI/ULCI: Lower/upper limit CI, SE: Standard error
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respectively, to 35.4%, 41.67%, and 64.6%. The gradual 
improvement of neuropsychological and cognitive 
functioning  (depression, anxiety, and cognition) from 
stroke onset to 3 months has been mentioned previously 
in the literature.[11,20,21] This is more so as the recruited 
patients in this study were with mild‑to‑moderate 
ischaemic stroke. Although the rates of depression, 
anxiety, and cognitive decline vary based on many 
factors, including time and scale or method of assessment 
and sociodemographics,[10,11] the rates obtained in this 
study are in line with what is reported for stroke patients 
in the first 90 days of stroke incidence.[9‑11,20]

The results of this study showed that elevated baseline 
plasma fibrinogen predicts worse symptoms of 

depression, anxiety, and cognitive decline at both 30 
and 90‑day after an ischemic stroke event. There is a 
dearth of data investigating the longitudinal association 
of fibrinogen with depression, anxiety, and cognition.[8] 
To our knowledge, only two studies have attempted 
to relate baseline fibrinogen levels with long‑term 
neuropsychological and cognitive variables among stroke 
survivors.[22,23] Liu et al.[22] reported a negative relationship 
between baseline plasma fibrinogen and cognitive 
decline, measured by Mental State Examination, 3 months 
after stroke. Furthermore, Luan et al.[23] showed that stroke 
patients with higher baseline fibrinogen  (≥3.64  g/L) 
are about twice more likely to present with poststroke 
emotional incontinence 1 month poststroke.

Table 4: Correlation of baseline fibrinogen tertiles with 30‑  and 90‑day depression, anxiety, and cognition in 
patients with ischaemic stroke
Variable Fibrinogen lowest 

tertile (n=18)
Fibrinogen middle 

tertile (n=14)
Fibrinogen highest 

tertile (n=16)
rs P

Fibrinogen (mg/dl) <381.6 381.6–458.1 >458.1 ‑ ‑
30‑day HADS‑D score, x̅±SD 5.89±2.14 8.64±3.25 9.13±4.38 0.361 0.012*
90‑day HADS‑D score, x̅±SD 3.39±1.97 6.07±3.02 7.38±3.40 0.459 0.001*
30‑day HADS‑A score, x̅±SD 6.33±2.97 8.57±2.34 9.25±3.00 0.420 0.003*
90‑day HADS‑A score, x̅±SD 4.00±2.61 6.50±2.13 7.44±3.50 0.451 0.001*
30‑day MoCA score, x̅±SD 20.3±5.54 15.0±4.77 13.8±5.65 −0.458 0.001*
90‑day MoCA score, x̅±SD 21.9±5.94 16.3±4.84 15.5±5.27 −0.435 0.002*
*Significant correlation. rs: Spearman rho correlation coefficients. HADS‑D: Hospital Anxiety and Depression Scale‑Depression Subscale, HADS‑A: Hospital 
Anxiety and Depression Scale‑Anxiety Subscale, MoCA: Montreal Cognitive Assessment, SD: Standard deviation

Table 6: The receiver operating characteristics of baseline fibrinogen levels with 30‑  and 90‑day symptoms of 
depression, anxiety, and cognitive impairment in patients with ischemic stroke
Variable Baseline fibrinogen 

cut‑off value (mg/dl)
Sensitivity 

(%)
Specificity 

(%)
AUC (95% CI) P

Presence of depressive symptoms at 30‑day follow‑up 365.5 83.3 56.0 0.739 (0.590–0.888) 0.006*
Presence of depressive symptoms at 90‑day follow‑up 409.0 82.4 71.0 0.794 (0.660–0.928) 0.001*
Presence of anxiety symptoms at 30‑day follow‑up 370.0 78.8 60.0 0.671 (0.492–849) 0.060
Presence of anxiety symptoms at 90‑day follow‑up 405.0 80.0 71.4 0.759 (0.615–0.903) 0.002*
Presence of cognitive impairment at 30‑day follow‑up 370.5 84.8 73.3 0.794 (0.639–0.949) 0.001*
Presence of cognitive impairment at 90‑day follow‑up 400.0 80.6 76.5 0.750 (0.594–0.907) 0.004*
*AUC at P<0.05. CI: Confidence interval, AUC: Area under curve

Table 5: Association of baseline plasma fibrinogen with 30‑  and 90‑day depression, anxiety, and cognition in 
stroke patients
Variable† HADS‑D scores at 30‑day follow‑up HADS‑D scores at 90‑day follow‑up

B (95% CI) SE Beta t P B (95% CI) SE Beta t P
Baseline 
fibrinogen

0.020 (0.006–0.034) 0.007 0.426 2.861 0.006* 0.023 (0.010–0.035) 0.006 0.500 3.597 0.001*
F=2.862; R=0.459; R2=0.210 F=4.868; R=0.558; R2=0.312

Variable† HADS‑A scores at 30‑day follow‑up HADS‑A scores at 90‑day follow‑up
B (95% CI) SE Beta t P B (95% CI) SE Beta t P

Baseline 
fibrinogen

0.017 (0.005–0.029) 0.006 0.421 2.837 0.007* 0.021 (0.009–0.033) 0.006 0.510 3.554 0.001*
F=2.972; R=0.465; R2=0.217 F=3.901; R=0.516; R2=0.266

Variable† MoCA scores at 30‑day follow‑up MoCA scores at 90‑day follow‑up
B (95% CI) SE Beta t P B (95% CI) SE Beta t P

Baseline 
fibrinogen

−0.025 (−0.044–−0.006) 0.009 −0.321 −2.684 0.010* −0.023 (−0.042–−0.004) 0.009 −0.288 −2.430 0.019*
F=10.344; R=0.700; R2=0.490 F=10.706; R=0.706; R2=0.499

*Significant association, †Each model is adjusted for age, baseline stroke severity, and number of comorbidity. HADS‑D: Hospital Anxiety and Depression 
Scale‑Depression Subscale, HADS‑A: Hospital Anxiety and Depression Scale‑Anxiety Subscale, MoCA: Montreal Cognitive Assessment, SE: Standard error, 
CI: Confidence interval
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The link between fibrinogen concentration and cognitive 
decline has been attributed to blood–brain barrier (BBB) 
dysfunction.[8] Similar to the observation in patients 
with Alzheimer’s disease, the disruption of BBB 
after stroke enables the fibrinogen  (in fibrin form) to 
penetrate and infiltrate the brain parenchyma and the 
eventual cognitive decline.[8,24] This mechanism has been 
noted to be mediated by the binding of fibrin to Aβ42, 
activation of microglia and astrocytes, and the resultant 
neurodegeneration.[22] Thus, it is not unreasonable to 
infer that higher baseline fibrinogen levels after ischaemic 
stroke will cause higher fibrin deposits in brain tissues 
and more long‑term cognitive decline. The mechanism 
by which fibrinogen induces cognitive decline can also 
be adduced for symptoms of depression and anxiety. 
Depression, anxiety, and cognitive decline share similar 
neuropsychological pathways.[25,26] In this study, there are 
bidirectional correlations among depression, anxiety, and 
cognitive decline. Further, stroke patients with higher 
baseline inflammatory factors such as interleukin‑6 
present with higher clinical depression, anxiety, and 
impaired cognition;[22,23] thus, it is not surprising that 
fibrinogen, as a main inflammatory marker in acute 
ischemic stroke, could serve as an independent predictor 
of depression, anxiety, and cognitive decline.

Since fibrinogen levels at admission can be objectively 
monitored and reproduced, the findings of this study 
revealed that stroke patients with higher baseline 
fibrinogen levels should be closely monitored for 
psychological problems and cognitive decline from the 
time of admission. A cutoff point for baseline fibrinogen 
levels that could predict neuropsychological and 
cognitive problems is also desirable. In the present study, 
baseline fibrinogen levels > 365.5 mg/dl, >370.0 mg/dl, 
and > 370.5 mg/dl, respectively, predict the presence 
of symptoms of depression, anxiety, and cognitive 
impairment 30‑day post ischemic stroke. A similar finding 
has shown that stroke patients with baseline fibrinogen 
levels ≥ 364.0 mg/dl showed symptoms of poststroke 
emotional incontinence 1 month after stroke.[23] Previous 
research has shown that baseline fibrinogen levels above 
350 mg/dl could serve as a prognostic value for stroke 
severity, prognosis, and outcome.[27,28] Conversely, the 
presence of affective disorders and cognitive decline 
90  days after stroke was predicted in this study by 
higher levels of baseline fibrinogen levels. Specifically, 
baseline fibrinogen levels  >409  mg/dl, >405  mg/dl, 
and >400 mg/dl were obtained in this study as criterion 
values for the presence of 90‑day post‑stroke depression, 
anxiety, and cognitive impairment, respectively. 
This suggests that patients with baseline fibrinogen 
values ≥400 mg/dl may have persistent symptoms of 
depression, anxiety, and cognitive decline up to 3 months 
after stroke. Studies have previously reported worse 
long‑term clinical outcomes for stroke patients with 

baseline fibrinogen values upward of 400 mg/dl.[2,7,29] 
Our results corroborated these findings by showing that 
this category of patients may not only present with worse 
neurological problems but also with persistent emotional 
and cognitive dysfunctions.

Furthermore, the capability of baseline fibrinogen 
concentrations to predict symptoms of depression, 
anxiety, and cognitive decline in this study indicated 
that efforts should be made to modify higher fibrinogen 
concentrations early after a stroke incident. Evidence has 
shown that fibrinogen could be targeted for intervention 
in stroke management. A  previous study showed an 
inconclusive finding on the effect of administering a 
defibrinogenating agent 6 h after an ischemic event on 
clinical outcomes.[30] Further interventional studies and 
clinical trials on the direct and indirect mechanisms 
between fibrinogen concentration and stroke outcomes 
have been advocated.[6] Meanwhile, the results of this 
study show that fibrinogen values early after stroke can 
serve as prognostic factors for depression, anxiety, and 
cognitive decline in ischemic stroke. Identifying higher 
baseline fibrinogen concentration as a risk factor for 
developing depression, anxiety, and cognitive decline 
poststroke could help to reduce their prevalence, 
severity, and associated burden.

Limitations
The findings of this study have some limitations. First, 
we recruited only mild‑to‑moderate ischemic stroke 
patients, thus limiting the generalizability of our 
findings. Future studies should include hemorrhagic and 
more severe stroke survivors. Second, the small sample 
of patients recruited out of those assessed for eligibility 
may have introduced selection bias. Third, we employed 
self‑report in the assessment of depression, anxiety, and 
cognitive function, which may have introduced report 
and recall bias. Fourth, although patients on rt‑PA, 
fibrinogen concentrate, or defibrinogenating agents were 
not included in this study, the possible effects of other 
acute and subacute interventions and other personal and 
environmental factors (e.g., level of social support) on the 
patient’s outcome variables were not considered. Fifth, 
the fibrinogen levels were only assessed once within 
24 h of stroke onset, but not at 1st and 3rd month of the 
ischemic event, thus, the possible changes in fibrinogen 
concentration after the initial baseline assessment 
might also affect the neuropsychological and cognitive 
functions. These factors should be considered in future 
studies. Furthermore, future studies should consider the 
use of more objective and real‑world neuropsychological 
assessments. For instance, the use of mobile cognitive 
assessment may provide data on real‑world cognitive 
function.[31] Finally, as a result of the small sample size, 
we could not control for all co‑founding variables, thus, 
more patients should be employed in future studies.
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Conclusions

The baseline plasma fibrinogen levels independently 
predict 30‑  and 90‑day symptoms of depression, 
anxiety, and cognitive decline in individuals with 
mild‑to‑moderate ischemic stroke. This result showed 
that fibrinogen is a viable target for monitoring and 
intervention in managing depression, anxiety, and 
cognitive function after a stroke episode.
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Supplementary Figure 1: (a) Receiver operating characteristic curve between baseline fibrinogen and presence of depressive symptoms among patients with ischaemic 
stroke at 30-day (left) and 90-day (right) follow-up. (b) Receiver operating characteristic curve between baseline fibrinogen and presence of anxiety symptoms among 

patients with ischemic stroke at 30-day (left) and 90-day (right) follow-up. (c) Receiver operating characteristic curve between baseline fibrinogen and presence of cognitive 
impairment among patients with ischaemic stroke at 30-day (left) and 90-day (right) follow-up
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