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Abstract: Objective: Frailty status is closely related to cerebral infarction, but there is a lack of objective biomarkers 
to determine frailty status in cerebral infarction patients. This study explores frailty status and frailty-related serum 
markers in patients with acute cerebral infarction and determines their diagnostic value for frailty. Methods: A total 
of 146 patients with acute cerebral infarction admitted to Hangzhou Third people’s Hospital from January 2021 to 
December 2023 were enrolled prospectively. The Edmonton scale was used to evaluate the patients in the frailty 
and non-frailty groups. The clinical frailty scale (CFS) was used to divide frailty patients into mild, moderate, and 
severe frailty groups, comparing clinical data and levels of serum markers among different groups, and analyzing 
the risk factors for frailty in cerebral infarction. Results: Among the 146 patients, 70 cases (47.9%) were in the frailty 
group, and 76 cases (52.1%) in the non-frailty group. Compared with patients in the non-frailty group, patients in the 
frailty group had significantly lower levels of hemoglobin, triglycerides, low-density lipoprotein, and albumin (P<0.05 
or 0.01), while levels of C-reactive protein (CRP), D-dimer, and homocysteine (Hcy) were significantly increased 
(P<0.05 or 0.01). Logistic regression analysis found that the levels of hemoglobin and Hcy were independent risk 
factors for frailty in acute cerebral infarction patients, with the ROC curve areas of 0.707 and 0.751, respectively. 
The ROC curve area for predicting frailty by combining hemoglobin and Hcy levels was 0.799. Conclusion: The inci-
dence of frailty in patients with acute cerebral infarction is high, and serum markers of hemoglobin and Hcy have 
certain value in determining frailty in patients with acute cerebral infarction.
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Introduction

Frailty is a clinical syndrome related to aging, 
characterized by increases in the body’s fragili-
ty and decreases in its ability to maintain 
homeostasis. The core characteristic is the 
decrease in the functional reserves of multiple 
physiological systems, which is a preliminary 
manifestation of many chronic diseases. This 
can increase the incidence of clinical adverse 
outcomes such as disability in patients, and 
contributes to various acute events or chronic 
diseases leading to frailty [1]. Research has 
shown that frail patients are prone to stroke, 
and frailty is also an independent risk factor 
affecting the recovery and poor prognosis of 
stroke patients [2-4]. At the same time, stroke 
patients can also have a frailty status which 
can accelerate the decline of their body func-
tions, seriously affecting their quality of life [5, 
6]. Therefore, early assessment of the frailty 

status of acute stroke patients will help clini-
cians to intervene and ameliorate the disability 
rate of patients.

So far, there has been no gold standard for eval-
uating frailty, and the main method for evaluat-
ing frailty is through scales. There are still some 
shortcomings in evaluating frailty status solely 
using scales, mainly due to the subjectivity and 
learning nature of scales. Therefore, clinicians 
need some objective clinical indicators to 
screen and evaluate frailty. At present, some 
scholars use biomarkers to identify frailty in 
elderly people. For example, Ju SY [7] found 
that low levels of 25(OH)D in the blood could be 
a potential target for screening or intervention 
in frailty patients. Zuliani G et al. [8] believed 
that serum albumin and high-density lipopro-
tein cholesterol levels had certain value in 
assessing the frailty of older nursing-home resi-
dents. Some studies found that levels of inflam-
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matory factors could be used as prognostic  
factors for adverse outcomes; such as 
C-reactive protein (CRP), interleukin-6 (IL-6), 
interleukin-1 (IL-1), leukocytes, lymphocytes, 
and tumor necrosis factor α (TNF α), which 
were significantly increased in stroke patients 
complicated with hypertension, diabetes, atrial 
fibrillation and other chronic diseases, thus 
affecting the prognosis of stroke patients [9, 
10]. Gnanenthiran et al. found that a decrease 
in hemoglobin levels was associated with the 
occurrence of frailty syndrome and an increase 
in cardiovascular events [11, 12]. However, 
there were different opinions on selecting spe-
cific biomarkers [13-17], and no single biomark-
er could predict or diagnose frailty [18]. Despite 
the close relationship between frailty and cere-
bral infarction, there is still a lack of serum 
markers for evaluating the frailty status of cere-
bral infarction in clinical practice.

Therefore, this study intends to prospectively 
select elderly patients with acute cerebral 
infarction and screen for multiple serum mark-
ers that reflect the functional status of the 
body’s multiple systems. The aim is to discover 
the frailty-related serum markers in patients 
with acute cerebral infarction and determine 
their diagnostic value for frailty, in a hope to 
help understand the occurrence and develop-
ment of the relationship between frailty and 
acute cerebral infarction and provide more 
objective basis for the evaluation of frailty.

Materials and methods

Materials

Prospective selection of acute cerebral infarc-
tion patients was made for patients admitted to 
the Hangzhou Third People’s Hospital from 
January 2021 to December 2023. We calculat-
ed the sample size using GPower3.1 software 
[19]. By selecting effect size =0.3, α=0.05 
(two-tails), and Power =0.9, the required sam-
ple size was calculated to be 109 cases. 
Assuming a dropout rate of 20%, the total sam-
ple size was at least 131 cases.

Inclusion criteria: Age ≥18 years; Within 48 
hours of stroke onset; Based on the patient’s 
medical history, clinical symptoms, signs, and 
imaging examination, the diagnosis was con-
firmed to be acute cerebral infarction with the 
first onset. The diagnosis of cerebral infarction 

was based on the diagnostic criteria of the 
2018 Chinese Guidelines for the Diagnosis and 
Treatment of Acute Ischemic Stroke [20], and 
confirmed by cranial magnetic resonance imag-
ing (MRI). The patient had clear consciousness 
and stable vital signs and could cooperate with 
the assessment of frailty.

Exclusion criteria: (1) Patients with transient 
ischemic attacks; (2) Unable to determine 
whether the patient had frailty or not when they 
were admitted; (3) Severe kidney and liver dys-
function; (4) Severe anxiety, depression and 
mental disorders; (5) Patients or family mem-
bers did not agree to join the study.

This research protocol was approved by the 
ethics committee of Hangzhou Third people’s 
Hospital (Number: 2020KA015), and all pa- 
tients signed informed consent forms.

Methods

Clinical data collection: The baseline informa-
tion of the enrolled patients, including their 
age, gender, and risk factors related to cerebral 
infarction (coronary heart disease, atrial fibrilla-
tion, diabetes, hypertension, hyperlipidemia, 
etc.) was collected. Clinical data included the 
Instrumental Activities of Daily Living (IADL) 
score, the National Institutes of Health Stroke 
Scale (NIHSS) score, and the Modified Rankin 
Scale (mRS) score at admission, all collected by 
qualified neurologists.

Detection of biomarkers in peripheral blood: All 
enrolled patients had fasting venous blood 
drawn in the morning of the second day of 
admission. We extracted 2 ml of fasting venous 
blood from each enrolled patient, mixed it  
evenly in an Ethylenediaminetetraacetic acid 
(EDTA) anticoagulant tube, and used a fully 
automated blood cell analyzer (Sysmex 
XN-1000, China’s Mindray) to measure the 
white blood cell count and hemoglobin content 
of each blood sample. We extracted 2 ml of 
venous blood from each enrolled patient into a 
tube anticoagulated with sodium citrate and 
tested the D-dimer levels with turbidimetric 
inhibition immunoassay using an automated 
coagulation analyzer (Sysmex CS-5100). We 
extracted 10 ml of fasting venous blood and 
centrifuged it under a sterile condition at 3000 
r/min for 10 minutes. We took serum samples 
and used a fully automated biochemical ana-
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lyzer (Hitachi 7600-220, Japan) to detect levels 
of CRP, triglycerides, total cholesterol, low-den-
sity lipoprotein, high-density lipoprotein, albu-
min, globulin, total protein, bilirubin, total bile 
acid, urea nitrogen, creatinine, blood glucose, 
blood uric acid, and homocysteine (Hcy). Using 
high-performance liquid chromatography, the 
content of glycated hemoglobin (HBA1C) was 
detected using a fully automated glycated 
hemoglobin biochemical analyzer (ARKRAYHA- 
8180, Japan). The levels of Total Triiodothyronine 
(TT3), Total Thyroxine (TT4), Thyroid Stimulating 
Hormone (TSH), and B-type natriuretic peptide 
(BNP) were detected with a chemiluminescence 
method using a fully automated chemilumines-
cence immunoassay analyzer (Siemens Atellica 
IM 1600, USA). All tests were strictly carried out 
in accordance with the instructions of the test 
kits. The test kits were purchased from Sysmex 
in Japan, Mindray Biotechnology Co. Ltd. in 
China, Beijing Haomai Biotechnology Co. Ltd. in 
China, Wako Pure Chemical in Japan, Sekisui 
Medical Co. Ltd. in Japan and Siemens 
Healthcare Diagnostic Inc. in the United States.

Assessment of frailty status: The patient’s frail-
ty status was evaluated within 24 hours after 
admission using the Edmonton Scale [21], 
which included 9 items: cognition, basic health 
status, independence, social support, medica-
tion use, nutrition, emotions, incontinence, and 
self-reported symptoms. Each item was scored 
0-2 points, with a total score of ≥7 points indi-
cating frailty. The Clinical frailty Scale (CFS) [22] 
was used to assess the severity of frailty in 
patients, and frailty patients were divided into 
mild, moderate, and severe frailty groups based 
on the scores.

Statistics analysis

SPSS 17.0 software was used for data process-
ing and statistical analysis. The Shapiro-Wilk 
test was used to distinguish continuous vari-
ables between normal and abnormal distribu-
tions. The data that conformed to a normal dis-
tribution were expressed as mean ± standard 
deviation. Independent Samples t-test was 
used for comparison between frailty and non-
frailty groups, and one-way analysis of variance 
(ANOVA) was used for comparison between 
mild, moderate, and severe frailty groups, using 
the Bonferroni approach to correct multiple 
comparisons. Abnormally distributed data was 
described using median (interquartile range) 

{M (Q1-Q3)}. The Mann-Whitney U test was used 
for comparison between two groups, and the 
Kruskal-Wallis H test was used for comparison 
between multiple groups. Count data was rep-
resented by frequency, and inter-group com-
parisons were performed using chi square or 
Fisher’s tests. We selected serum markers with 
statistical differences in univariate analysis for 
binary logistic regression analysis, and adjust-
ed them for clinical factors (gender, age, sever-
ity of infarction, etc.) which could possibly 
affect their values [23-25]. We created receiver 
operating characteristic (ROC) curves and area 
under ROC curves for serum indicators related 
to frailty. A difference of P<0.05 was taken as 
statistically significant.

Results

Comparison of general clinical data between 
the frailty and non-frailty groups

During the study period, 157 cases were includ-
ed, and 11 cases with incomplete data were 
excluded. The final number of enrolled cases 
was 146 (See Figure 1). Among the 146 
patients, 96 were males and 50 females, aged 
35-91 years (68.7±14.0 years). According to 
the Edmonton scale score, there were 70 cases 
(47.9%) in the frailty group, including 44 males 
and 26 females, aged 55-91 years (76.8±9.8), 
and 76 cases (52.1%) in the non-frailty group, 
including 52 males and 24 females, aged 
35-84 years (61.2±13.2).

There was no statistically significant difference 
in gender, concomitant coronary heart disease, 
atrial fibrillation, and hyperlipidemia between 
the two groups of patients (P>0.05). Age, con-
comitant diabetes and hypertension, NHISS 
score, mRS score, Edmonton score of the frailty 
group were significantly higher than those of 
the non-frailty group, and IADL score was sig-
nificantly lower than that of the non-frailty group 
(P<0.05, P<0.01) (Table 1).

Comparison of levels of serum markers be-
tween the frailty and non-frailty groups

Compared with patients in the non-frailty group, 
patients in the frailty group had significantly 
lower levels of hemoglobin, triglycerides, low-
density lipoprotein, and albumin, while levels  
of CRP, D-dimer, and Hcy were significantly 
increased. The differences were statistically 
significant (P<0.05, P<0.01) (Table 2).
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Comparison of levels of serum markers be-
tween different degrees of frailty groups

According to the CFS score, among the 70 frail-
ty patients, there were 26 with mild frailty, 20 
with moderate frailty, and 24 with severe frailty. 

Compared with the mild and moderate frailty 
groups, the severe frailty group showed a sig-
nificant decrease in hemoglobin levels, and a 
significant increase in CRP and Hcy levels 
(P<0.05 and P<0.01, respectively). Compared 
with the mild frailty group, the levels of CRP and 

Figure 1. Study flowchart.

Table 1. Comparison of baseline characteristics between the two groups of patients
Frailty group (n=70) Non-frailty group (n=76) t/x2 P

Age (years) 76.8±9.8 61.2±13.2 8.041 0.001
Gender (cases)
    Male 44 52 0.502 0.479
    Female 26 24
Concomitant diseases (cases)
    Coronary heart disease 10 6 1.525 0.217
    Atrial fibrillation 8 11 0.299 0.585
    Diabetes 16 7 5.113 0.024
    Hypertension 24 13 5.685 0.017
    Hyperlipidemia 7 12 1.079 0.299
NIHSS score 5.9±4.0 4.5±2.6 2.443 0.016
mRS score 1.9±1.0 1.4±0.8 3.335 0.001
IADL score 17.7±4.4 21.2±3.4 5.371 0.001
Edmonton score 10.3±3.2 2.4±1.4 19.500 0.001
Abbreviations: NIHSS, the National Institutes of Health Stroke scale; mRS, Modified Rankin Scale; IADL, Instrumental Activities 
of Daily Living.
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Hcy were significantly increased in the moder-
ate frailty group (P<0.05). There was no statisti-
cally significant difference in the levels of tri-
glycerides, total cholesterol, low-density lipo-
protein, high-density lipoprotein, D-dimer, albu-
min, globulin, and total protein among the 
groups, as shown in Table 3.

Multivariate logistic regression analysis

Using the occurrence of frailty as the depen-
dent variable, a multivariate logistic regression 
analysis was conducted using levels of serum 
markers (hemoglobin, CRP, triglycerides, low-
density lipoprotein, D-dimer, albumin, and Hcy) 
as independent variables (Model 1), which was 
significantly different (P<0.05) between the 
frailty group and the non-frailty group in univari-
ate analysis. The results showed that hemoglo-
bin and Hcy were independent risk factors for 
predicting frailty in patients with cerebral 
infarction. However, CRP, triglycerides, low-den-

sity lipoprotein, D-dimer, albumin were not 
independent risk factors (P>0.05). After adjust-
ing for potential confounding factors such as 
age, gender and severity of infarction (Model 
2), hemoglobin and Hcy remained independent 
risk factors for predicting frailty in patients with 
cerebral infarction (Table 4).

The areas under the ROC curves for hemoglo-
bin and Hcy to predict frailty were 0.707 and 
0.751, respectively with a 95% CI of 0.622-
0.793 and 0.666-0.836, respectively. The area 
under the ROC curve of hemoglobin combined 
with Hcy to determine frailty was 0.799 (95% CI 
0.721-0.878) (Figures 2-4).

Discussion

Frailty is a common syndrome in the elderly 
population, which means there is an accumu-
lated decline of multiple biological system func-
tions which leads to the decrease in reserve 

Table 2. Comparison of levels of serum markers between the frailty and non-frailty groups with acute 
cerebral infarction

Frailty group (n=70) Non-frailty group (n=76) t P
White blood cell count (×109/L) 7.0±2.0 7.1±2.1 0.201 0.841
Hemoglobin (g/L) 124.9±19.0 136.6±19.9 3.643 0.001
CRP (mg/L) 4.1 (0.5-13.1) 0.95 (0.5-4.9) 3.379 0.001
Triglycerides (mmol/L) 1.2±0.6 1.5±1.0 2.692 0.008
Total cholesterol (mmol/L) 3.8±0.9 4.1±1.4 1.766 0.080
Low-density lipoprotein (mmol/L) 2.2±0.8 2.6±1.3 2.360 0.019
High-density lipoprotein (mmol/L) 1.2±0.3 1.1±0.2 1.021 0.472
D-dimer (mg/L) 0.45 (0.28-0.96) 0.34 (0.12-0.47) 2.823 0.005
Albumin (g/L) 33.2±3.4 35.2±3.3 3.473 0.001
Globulin (g/L) 27.8±4.7 26.4±3.3 1.418 0.601
Total protein (g/L) 60.8±6.3 60.6±4.8 0.221 0.825
Bilirubin (μmol/L) 12.8±7.3 13.9±7.2 0.884 0.378
Total bile acid (μmol/L) 7.3±5.3 5.2±3.7 1.940 0.055
Urea nitrogen (mmol/L) 4.9±1.9 5.0±1.9 0.240 0.811
Creatinine (μmol/L) 69.5±23.2 77.2±24.5 1.954 0.063
Glucose (mmol/L) 7.1±2.1 6.7±2.6 1.449 0.149
HBA1C (%) 7.2±2.3 6.7±1.8 1.126 0.262

BNP (pg/ml) 243.0 (125.0-871.8) 296.3 (102.0-606.0) 0.802 0.425
Blood uric acid (μmol/L) 300.6±102.1 303.8±79.7 0.207 0.836
Hcy (mmol/L) 21.7±11.4 14.9±7.9 4.073 0.001
TT3 (nmol/L) 1.5±0.3 1.5±0.3 0.168 0.867
TT4 (nmol/L) 107.4±28.8 102.6±24.4 1.162 0.333
TSH (mIu/L) 1.6 (0.9-3.3) 1.8 (1.2-2.9) 0.799 0.425
Abbreviations: CRP, C-reactive protein; HBA1C, glycated hemoglobin; BNP, B-type natriuretic peptide; Hcy, homocysteine; TT3, 
Total Triiodothyronine; TT4, Thyroxine; TSH, Thyroid Stimulating Hormone.



Frailty status and serum markers in acute cerebral infarction patients

6023	 Am J Transl Res 2024;16(10):6018-6028

capacity and stress resistance, and the 
increase in fragility when facing stress, thereby 
increasing the risk of adverse consequences, 
including falls, delirium, disability, cognitive 
decline, etc. [26, 27]. Frailty has become one of 
the major focuses of health and medical 
research. Currently, frailty is mainly screened 
and evaluated through scales such as the 
Tilburg frailty index, Edmonton frailty scale, 
Groningen frailty index (GFI), frailty phenotype, 
frailty scale (FRAIL), frailty index (FI), clinical 
frailty scale (CFS), etc. Each scale has different 
characteristics; for example, the Edmonton 
scale is easy to operate and can be used by 
non-geriatric researchers to quickly identify 
frailty status of patient [21], and CFS belongs to 
the frailty rating scale, which is a comprehen-
sive health assessment of patients, based on 
their activities of daily living (ADL) and disease 
severity. The higher the grading, the more 
severe the frailty. Previous studies have shown 
that both these scales can effectively evaluate 
the frailty status of patients and grade frailty, 

especially in identifying frailty patients in early 
stages. In the past, patients with a history of 
stroke were often excluded from studies relat-
ed to frailty phenotype [28], hence our study 
mainly focused on evaluating frailty in stroke 
patients. Since, the FRAIL and FI scales evolved 
from frailty phenotypes, these scales were not 
used in this study to evaluate the frailty status 
of stroke patients. However, CFS can classify 
clinical frailty levels, which is a characteristic 
that other scales do not possess, therefore, 
this study simultaneously used the Edmonton 
Scale and the CFS to evaluate the frailty status 
of patients with acute cerebral infarction.

Cerebral infarction is a common disease that 
seriously endangers the health of the elderly, 
with high disability and mortality rates [29]. 
Research has shown that frailty increased the 
risk of stroke and was one of the independent 
risk factors for stroke [30]. Compared to non-
frailty stroke patients, frail stroke patients had 
an increased risk of death within 30 days and 1 

Table 3. Comparison of the levels of serum markers between different degrees of frailty groups
Mild frailty group 

(n=26)
Moderate frailty 

group (n=20)
Severe frailty group 

(n=24) F P

White blood cell count (×109/L) 7.1±2.1 6.6±1.3 7.4±2.4 0.790 0.458
Hemoglobin (g/L) 128.9±26.8 129.9±4.5 116.3±13.0**,## 4.103 0.021
CRP (mg/L) 1.7 (0.5-5.4) 4.5 (0.5-13.1)* 8.6 (3.3-53.7)**,## 3.389 0.029
Triglycerides (mmol/L) 1.2±0.5 1.2±0.5 1.2±0.7 0.015 0.985
Total cholesterol (mmol/L) 3.7±1.2 4.0±0.7 3.5±0.7 1.826 0.227
Low-density lipoprotein (mmol/L) 2.2±1.0 2.5±0.7 2.0±0.7 2.701 0.075
High-density lipoprotein (mmol/L) 1.2±0.3 1.3±0.3 1.1±0.2 1.429 0.337
D-dimer (mg/L) 0.4 (0.3-0.9) 0.7 (0.3-1.0) 0.4 (0.2-0.9) 2.297 0.108
Albumin (g/L) 32.6±3.6 33.7±3.5 33.5±3.0 0.688 0.506
Globulin (g/L) 26.1±3.6 28.7±4.9 29.0±5.2 3.042 0.054
Total protein (g/L) 58.7±4.6 62.4±7.3 61.6±6.6 2.385 0.100
Bilirubin (μmol/L) 13.2±8.3 12.4±5.3 12.8±7.8 0.072 0.931
Total bile acid (μmol/L) 8.0±5.1 6.4±5.3 7.3±5.0 0.180 0.836
Urea nitrogen (mmol/L) 4.5±1.3 4.8±2.1 5.5±2.2 1.887 0.160
Creatinine (μmol/L) 62.7±7.8 65.3±17.3 70.3±33.3 1.438 0.216
Glucose (mmol/L) 6.2±2.1 5.9±1.8 6.3±2.4 0.180 0.836
HBA1C (%) 6.3±1.3 6.5±1.3 7.4±2.5 1.978 0.148

BNP (pg/ml) 461.4 (229.3-1388.0) 301.1 (128.7-799.5) 314.2 (199.0-1028.2) 0.217 0.806
Blood uric acid (μmol/L) 278.2±97.7 313.5±138.1 314.2±65.0 0.999 0.374
Hcy (mmol/L) 19.3±9.4 22.1±8.3* 24.7±16.9**,# 8.148 0.001
TT3 (nmol/L) 1.5±0.3 1.7±0.2 1.3±0.3 1.099 0.339
TT4 (nmol/L) 103.9±29.5 119.8±37.6 103.9±20.0 1.717 0.188
TSH (mIu/L) 2.0±1.6 2.9±1.8 2.6±2.3 0.949 0.393
Abbreviations: CRP, C-reactive protein; HBA1C, glycated hemoglobin; BNP, B-type natriuretic peptide; Hcy, homocysteine; TT3, Total Triiodothyro-
nine; TT4, Thyroxine; TSH, Thyroid Stimulating Hormone. Compared with mild frailty group, *P<0.05, **P<0.01; Compared with moderate frailty 
group, #P<0.05, ##P<0.01.
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year [31, 32]. A large-scale prospective multi-
center study conducted by the UK Stroke 
Clinical Network Evaluation Study groups also 
found that severe pre-stroke frailty could pre-
dict mortality within 1 year after stroke [33]. 
Current research suggests that the prognosis 
of cerebral infarction is not only related to the 
development of the disease itself, but also to 
the overall state of the patient. The presence of 
frailty can reflect the overall functional level of 
the patient, thereby affect their prognosis. 

Among the 146 patients with acute cerebral 
infarction in this study, 70 cases had frailty, 
accounting for 47.9%, which is consistent with 
previous studies that reported 54% prevalence 
of frailty in acute cerebral infarction patients 
[34]. Further evidence suggests that frailty is 
closely related to the occurrence of cerebral 
infarction, and that early identification and cor-
responding intervention are extremely impor-
tant, which can improve the prognosis and 
quality of life of patients.

Table 4. Multivariate logistic regression analysis
Variable β SE Wald OR 95% CI P

Model 1 Hemoglobin -0.032 0.012 7.168 0.969 0.947-0.992 0.007
CRP 0.034 0.019 3.397 1.035 0.998-1.074 0.065
Triglyceride -0.282 0.330 0.727 0.755 0.395-1.441 0.394
Low-density lipoprotein -0.476 0.254 3.521 0.621 0.378-1.021 0.061
D-dimer 0.519 0.402 1.667 1.681 0.764-3.697 0.197
Albumin 0.033 0.076 0.191 1.034 0.890-1.201 0.662
Hcy 0.125 0.033 14.493 1.134 1.063-1.209 0.001

Model 2 Hemoglobin -0.018 0.014 8.805 0.983 0.956-1.010 0.003
CRP 0.045 0.024 3.574 1.046 0.998-1.097 0.059
Triglyceride -0.227 0.443 0.263 1.255 0.526-2.992 0.608
Low-density lipoprotein -0.902 0.304 1.580 0.406 0.224-0.736 0.209
D-dimer 0.093 0.427 0.047 1.097 0.475-2.534 0.828
Albumin 0.150 0.102 2.141 1.162 0.950-1.419 0.143
Hcy 0.128 0.038 11.085 1.137 1.054-1.226 0.001

Note: Model 1 has not been corrected; Model 2 corrects for factors such as age, gender and severity of infarction.

Figure 2. Establishing a predicted frailty ROC curve 
based on hemoglobin levels, with an area under the 
ROC curve of 0.707.

Figure 3. Establishing a predicted frailty ROC curve 
based on Hcy levels, with an area under the ROC 
curve of 0.751.
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At present, there are some shortcomings in the 
assessment of frailty solely using scales by cli-
nicians. The main reason is that the scales 
have a certain degree of subjectivity and learn-
ing ability, which may lead to some deviation in 
the assessment of frailty. Therefore, objective 
indicators are needed for clinicians to screen 
for frailty. This study detected and analyzed the 
levels of serum markers commonly used in clin-
ical practice to reflect the functional status of 
multiple systems. The results showed that 
hemoglobin and homocysteine were indepen-
dent risk factors for frailty in patients with acute 
cerebral infarction. At the same time, there 
were significant differences in hemoglobin and 
homocysteine levels among patients with dif-
ferent degrees of frailty, indicating that hemo-
globin and homocysteine can be used as objec-
tive indicators for evaluating frailty in patients 
with acute cerebral infarction. Landi F et al. 
[35] found that anemia and hemoglobin con-
centration were associated with mortality in 
frail elderly people, while Zara S et al. [36] 
found that hemoglobin concentration was 
closely related to frailty, and the pathogenesis 
may be related to nutritional status and chronic 
inflammation. Anemia can lead to disability, 
decreased mobility, and decreased muscle 
strength in elderly patients [37]. Dynamic 
detection of hemoglobin levels can identify 

frailty group is significantly higher. Ma et al. 
found that high homocysteine was also a bio-
marker for predicting frailty in high-risk elderly 
people [38]. Early intervention is needed for 
elderly people with high homocysteine to pre-
vent frailty. Previous studies have also found 
that homocysteine levels gradually increased in 
the non-frailty group, pre-frailty group, and frail-
ty group. The pathogenesis of this may  
be through inducing inflammation, increasing 
muscle protein hydrolysis, and reducing muscle 
regeneration ability, leading to muscle atrophy, 
decreased physical function, and ultimately 
frailty [39], Therefore, monitoring homocyste-
ine levels in patients with acute cerebral infarc-
tion is equally important for early assessment 
of frailty. Further analysis of the ROC curve 
reveals that the combined detection levels of 
hemoglobin and homocysteine has a higher 
predictive value for acute cerebral infarction 
with frailty, with the area under the ROC curve 
of 0.799. Therefore, regular detection of the 
levels of hemoglobin and homocysteine is cru-
cial for monitoring frailty patients with acute 
cerebral infarction. Although the ROC curve in 
this study suggested that CRP, Low-density 
lipoprotein, Albumin, and D-dimer were not 
independent risk factors for frailty, there were 
significant differences between patients in the 
frailty group and those in the non-frailty group. 

Figure 4. The ROC curve for predicting frailty was established by combining 
hemoglobin and Hcy levels, with an area under the ROC curve of 0.799.

physiological decline in early 
disease course and is also a 
sensitive indicator for early 
identification of frailty. Im- 
proving the nutritional status 
of patients early in the dis-
ease course may have a posi-
tive effect on improving the 
prognosis of frail patients and 
reducing their mortality rate. 
Homocysteine is a risk factor 
for cardio-cerebrovascular di- 
seases, and its metabolic 
pathways are closely related 
to folate, vitamin B12, and 
vitamin B6. The results of this 
study suggest that the levels 
of homocysteine in the frailty 
group is higher than that in the 
non-frailty group. Compared 
with the mild and moderate 
frailty groups, the levels of 
homocysteine in the severe 
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It is suggested that inflammation, metabolic 
markers, hyperfibrinolysis and malnutrition 
have important effects on the occurrence and 
development of frailties, which is consistent 
with the conclusions of other studies [40].

Currently, the impact of frailty on secondary 
prevention after stroke has received little atten-
tion. Frailty may be an intervention target for 
stroke prognosis, and improving the risk factors 
of frailty may reduce the adverse outcomes 
after stroke [41]. This study found that high Hcy 
and low hemoglobin levels are independent risk 
factors for frailty in acute stroke patients. 
Therefore, early intervention in Hcy and hemo-
globin levels in stroke patients may improve 
their prognosis. In the meantime, the value of 
these two serum markers in predicting the 
prognosis of stroke patients can be explored 
further in the future.

This is a small sample size and a single center 
study. In the future, the sample size should be 
expanded and multi-center joint studies should 
be conducted to reduce bias of patient selec-
tion. The lack of baseline data on nutritional 
status, cognitive function, body mass index, 
and other factors that may affect patient’s frail-
ty may have some impact on the results. 
Meanwhile, the serum markers of patients 
were not dynamically observed, and no follow-
up was conducted on patients. Patients with 
severe anxiety, depression and mental disor-
ders were excluded in our study, mainly based 
on the following factors. Firstly, many studies 
have shown that depression/anxiety/mental 
disorders were closely related to frailty, and the 
probability of frailty in individuals with depres-
sion/anxiety/mental disorders was significantly 
higher than in the normal population [42-44]. 
Hence, in order to better align with clinical  
practice and prevent selection bias among 
included patients, this study excluded those 
patients with severe anxiety, depression, and 
mental disorders. Secondly, in this study, the 
Edmonton/CFS scales were chosen to assess 
the frailty status of patients. The measurement 
of the scales has a certain degree of subjectiv-
ity, and the accuracy of the scale may be insuf-
ficient when evaluating individuals with depres-
sion/anxiety/mental disorders, which may lead 
to bias in the accuracy of the assessment.

In conclusion, the incidence of frailty in pati- 
ents with acute cerebral infarction is high. 

Hemoglobin and homocysteine are indepen-
dent risk factors to predict frailty. The decreased 
levels of hemoglobin and the increased levels 
of homocysteine can identify the frailty status 
of acute cerebral infarction early at the disease 
course, and can be used as biological markers 
for early identification of frailty. Clinicians 
should pay close attention to the dynamic  
monitoring of the levels of hemoglobin and 
homocysteine.
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