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Background: Prealbumin is a symbol of protein nutrition and is involved in anti-inflammatory and neuron regeneration, but its 
association with the prognosis of ischemic stroke remains unclear. We aimed to prospectively explore the associations between serum 
prealbumin levels and adverse clinical outcomes after ischemic stroke in a large-scale cohort study.
Methods: We measured serum prealbumin levels among 6609 ischemic stroke patients admitted at Minhang hospital. The primary 
outcome was composite of death and major disability (modified Rankin Scale [mRS] score ≥ 3) at 3 months after stroke onset, and 
secondary outcomes included death and the ordered 7-level categorical score of mRS.
Results: During 3 months of follow-up, a total of 2118 patients developed the primary outcome. After multivariable adjustment, high 
prealbumin levels were associated with a decreased risk of primary outcome (odds ratio, 0.71; 95% CI, 0.59–0.85; Ptrend< 0.0001) 
when 2 extreme quartiles were compared. Each unit increase of log-transformed prealbumin was associated with a 42% (95% CI, 28- 
53%) decreased risk of primary outcome. There was a better shift in the distribution of mRS score at 3 months with higher quartiles of 
serum prealbumin in ischemic stroke patients (Ptrend< 0.0001). Multivariable-adjusted spline regression model showed a linear 
relationship between prealbumin and the risk of primary outcome (P for linearity = 0.0036).
Conclusion: High serum prealbumin level was independently associated with decreased risks of adverse clinical outcomes among 
ischemic stroke patients. Our findings suggested that prealbumin may be a valuable prognostic biomarker and indicated the importance 
of keeping nourished in the daily life.
Keywords: prealbumin, ischemic stroke, prognosis, cohort study

Background
Stroke is the third most common causes of mortality and disability combined globally.1 With the aging population and 
accumulating environmental risk factors, the absolute number of incident strokes increased by 70% in the past three 
decades.1 Consistent with the global trend, stroke is a major public health challenge in China. As estimated by national 
representative surveys, there were about 3.4 million incident stroke cases in 2020,2 causing 2.3 million deaths and about 
12.5% survivors were left disabled.3 More than 85% of stroke cases were ischemic stroke.3 Therefore, it is crucial to 
identify novel blood biomarkers that could aid in a better understanding of the ischemic stroke pathogenesis and provide 
new insights into potential preventive strategies.

Prealbumin, also named transthyretin, is synthesized in liver and serves as the transport protein for thyroxine and 
vitamin A.4 Due to its short half-life (2 to 3 days), prealbumin has been proposed as a sensitive and accurate marker for 
nutritional balance.5 Besides this, previous studies have found that prealbumin is actively involved in multiple biological 

Clinical Epidemiology 2024:16 707–716                                                                         707
© 2024 Shi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Epidemiology                                                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 April 2024
Accepted: 20 September 2024
Published: 9 October 2024

http://orcid.org/0000-0002-5883-0416
http://orcid.org/0000-0003-2973-8386
http://orcid.org/0000-0001-9112-8883
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


processes, including anti-inflammatory response,6,7 cleavage of neuropeptide,8,9 and neuron regeneration after brain 
injury.10,11 These biological features indicated that prealbumin may be implicated in the prognosis of ischemic stroke. 
Prospective studies have reported that high prealbumin levels were associated with good prognosis at discharge12 and 
lower 1-year mortality rate among stroke patients.13 Consistently, lower prealbumin level was related to worse clinical 
outcomes at 3 months in stroke patients treated with thrombolysis or mechanical thrombectomy.14,15 Of note, the existing 
studies were based on relatively small sample sizes and several important prognostic factors (eg stroke subtype, time 
from onset to hospitalization, and personal medical history) were not considered. Therefore, the evidence for the 
association between serum prealbumin and the prognosis of ischemic stroke was limited.

To fill these gaps, well-designed large-scale prospective studies with comprehensive information about potential 
confounders are needed to extend our knowledge on the associations between prealbumin and prognosis of ischemic 
stroke. Herein, we prospectively explore the associations of serum prealbumin levels at admission with death and major 
disability at 3 months among 6609 ischemic stroke patients from Minhang Stroke Cohort.

Methods
Study Participants
The study participants in the present study were from the Minhang Stroke Cohort study, which was a prospective cohort study for 
ischemic stroke patients presenting to Minhang hospital in Shanghai, China. Briefly, from January 2018 to December 2022, 
a total of 7323 consecutive patients aged ≥18 years with a clinical diagnosis of ischemic stroke were enrolled from the 
Department of Neurology at Minhang hospital. Diagnosis of ischemic stroke was made according to World Health 
Organization criteria based on patient history and clinical data, and was confirmed by computed tomography scan or magnetic 
resonance imaging. Additional exclusion criteria were as follows: (1) time from onset to admission over 7 days (n = 263) and (2) 
diagnosis of cancer (n = 168). A total of 6892 eligible patients were enrolled in Minhang Stroke Cohort. For the present study, 283 
patients were further excluded because of lack of serum prealbumin level at baseline, and 6609 patients were finally included.

Data Collection
Baseline data on demographic characteristics, clinical features, medical history, and imaging data were collected at the time 
of enrollment using a standard questionnaire. Information on these factors was obtained through face-to-face interviews by 
a trained interviewer. Stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS) by trained 
neurologists during hospital admission.16 Three blood pressure (BP) measurements were obtained at admission by trained 
nurses using a standard mercury sphygmomanometer according to a standard protocol adapted from procedures recom-
mended by the American Heart Association.17 Based on the TOAST (Trial of ORG 10172 in Acute Stroke Treatment) 
criteria,18 ischemic stroke was classified as large-artery atherosclerosis, cardioembolism, small-vessel occlusion, stroke of 
other determined etiology, and stroke of undetermined etiology according to the symptoms and imaging data of the patients. 
Diabetes was defined as fasting plasma glucose ≥7.0 mmol/L, history of diabetes, or use of glucose-lowering medications.19 

Dyslipidemia was defined as triglyceride ≥2.26 mmol/L, total cholesterol ≥6.22 mmol/L, low-density lipoprotein cholesterol 
≥4.14 mmol/L, high-density lipoprotein cholesterol <1.04 mmol/L, history of dyslipidemia, or use of lipid-lowering 
medications according to Chinese guidelines on the prevention and treatment of dyslipidemia.20

Fasting blood samples were collected after at least 8 hours of fasting within 24 hours of hospital admission. All serum 
and plasma samples were separated and immediately frozen at −80°C until laboratory testing. Routine laboratory 
determinations (blood glucose, blood lipids, etc) were performed for all enrolled patients at Minhang hospital. Serum 
prealbumin concentration at baseline was measured with a Cobas 8000 automatic analyzer (Roche Diagnostics, 
Indianapolis, Indiana). Laboratory technicians who performed these measurements were blind to the clinical character-
istics and outcomes of the study participants.

Outcome Assessment
Participants were followed up in person at 3 months after ischemic stroke by trained neurologists. The primary outcome 
was the composite of death and major disability (modified Rankin Scale [mRS] score, 3–6) at 3 months after ischemic 
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stroke. The secondary outcome was death, and death certificates were obtained for deceased patients. We also included an 
ordered 7-level categorical score of the mRS as a secondary outcome for neurological functional status based on the 
recommendation from the European Stroke Organization Outcomes Working Group.21 All study outcomes were 
reviewed and adjudicated by the outcome assessment committee that was blinded to participants’ clinical characteristics.

Statistical Analysis
Baseline characteristics of the study participants were presented according to the quartiles of baseline serum prealbumin 
levels. Tests for linear trend of baseline characteristics across prealbumin quartiles were performed using the generalized 
linear regression analysis for continuous variables and the Cochran-Armitage trend χ2 test for categorical variables. 
Multivariable logistic regression analyses were used to assess the associations between serum prealbumin and adverse 
outcomes after ischemic stroke. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for higher 
quartiles of prealbumin compared with the lowest quartile and for each SD increment of log-transformed prealbumin. 
Important covariates for adverse outcomes after ischemic stroke were selected based on our prior knowledge. The 
covariates included in the multivariable models were age, sex, smoking, drinking, education, time from onset to 
hospitalization, baseline body mass index, baseline NIHSS score, baseline systolic BP, diabetes, dyslipidemia, history 
of hypertension, family history of stroke, ischemic stroke subtypes, intravenous thrombolysis and mechanical throm-
bectomy. The effects of serum prealbumin on mRS shift were analyzed using multivariable ordinal logistic regression 
model with adjustment for the aforementioned variables.

We further used restricted cubic splines to provide more precise estimates and to explore the shapes of the 
associations between serum prealbumin and adverse outcomes after ischemic stroke, with 4 knots defined at the 5th, 
35th, 65th, and 95th percentiles of prealbumin.22 In addition, subgroup analyses were carried out to investigate the effect 
modification of age, sex, smoking, drinking, time from onset to hospitalization, baseline systolic BP, and baseline NIHSS 
score on the associations between serum prealbumin and prognosis of ischemic stroke. Interactions between serum 
prealbumin and subgroup variables on the primary outcome were tested in the models with interaction terms by the 
likelihood ratio test, adjusting for the aforementioned covariates. Two-tailed P<0.05 was considered to be statistically 
significant. All statistical analyses were performed with SAS software version 9.4 (Cary, NC).

Results
Baseline Characteristics
The flow-chart of the current study was shown as Supplementary Figure 1. All baseline characteristics were well 
balanced between participants who were assayed for serum prealbumin and all participants in Minhang Stroke Cohort 
(Supplementary Table 1), indicating that those assayed could represent the total participants of Minhang Stroke Cohort. 
A total of 6609 patients (4200 males and 2409 females) were included in the present study, and the average age was 70 
years. The median serum prealbumin level was 218 mg/L (interquartile range, 180–251 mg/L). Compared with patients 
with lower prealbumin level, patients with higher prealbumin level were more likely to be younger, male, drinker, and 
smoker; have higher education, systolic BP, diastolic BP, total cholesterol, triglyceride, and low-density lipoprotein 
cholesterol; have longer time from onset to hospitalization; have higher prevalence of history of dyslipidemia, family 
history of stroke, large-artery atherosclerosis stroke, small-vessel occlusion stroke, stroke of other determined etiology, 
and intravenous thrombolysis; have lower body mass index, high-density lipoprotein cholesterol and NIHSS score; and 
have lower prevalence of history of diabetes, cardioembolism stroke, and mechanical thrombectomy (Table 1).

Serum Prealbumin Levels and Clinical Outcomes
Within 3 months after ischemic stroke, 474 participants (7.17%) were lost to follow-up. As shown in Supplementary Table 2, 
most of the baseline characteristics were well balanced between participants who had complete follow-up and participants 
who lost to follow-up. Among the remaining 6135 participants, a total of 2118 participants (34.5%) developed the primary 
outcome (671 deaths and 1447 major disabilities) (Table 2). The cumulative incidence rates of primary outcome at 3 months 
from the lowest quartile to the highest quartile of prealbumin were 50.51%, 35.31%, 29.97% and 23.18%, respectively (P < 
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0.0001). After adjusting for age, sex, baseline NIHSS score, and other important prognostic factors, the ORs associated with 
highest quartile of prealbumin were 0.71 (95% CI, 0.59–0.85; Ptrend= 0.0006) for primary outcome and 0.36 (95% CI, 
0.25–0.49; Ptrend<0.0001) for death. On continuous analyses, each unit increase of log-transformed prealbumin was associated 
with a 42% (95% CI, 28–53%) decreased risk of primary outcome and a 74% (95% CI, 65–80%) decreased risk of death. 
Multivariable ordinal logistic regression analyses showed a significantly better shift in the distribution of mRS score at 3 
months with higher quartiles of serum prealbumin in ischemic stroke patients (Ptrend< 0.0001; Figure 1). In addition, 
multivariable-adjusted restricted cubic spline analyses showed linear associations of serum prealbumin with primary outcome 
(P for linearity = 0.0036) and death (P for linearity < 0.0001) (Figure 2).

We further conducted subgroup analyses to examine potential modified effect of age, sex, smoking, drinking, time 
from onset to hospitalization, baseline systolic BP, and baseline NIHSS score on the association between serum 
prealbumin and primary outcome. In subgroup analyses, we found that high serum prealbumin level was significantly 

Table 1 Baseline Characteristics of the Study Participants According to the Quartiles of Serum Prealbumin

Characteristics* Prealbumin (mg/L) Ptrend

<180 180–217 218–251 ≥252

No. of patients 1627 1673 1610 1699

Demographics
Age, y 78.66 (10.58) 71.98 (11.61) 67.49 (11.16) 62.47 (11.76) <0.0001

Male 830 (51.01) 973 (58.16) 1081 (67.14) 1316 (77.46) <0.0001

Drinking 57 (3.50) 103 (6.16) 165 (10.25) 322 (18.95) <0.0001

Smoking 142 (8.73) 279 (16.68) 398 (24.72) 520 (30.61) <0.0001

Education

Less than high school 1157 (71.11) 1137 (67.96) 1013 (62.92) 1059 (62.33) <0.0001

High school graduate 305 (18.75) 329 (19.67) 376 (23.35) 389 (22.90) 0.0003

College graduate or higher 165 (10.14) 207 (12.37) 221 (13.73) 251 (14.77) <0.0001

Medical history
History of diabetes 520 (31.93) 545 (32.58) 484 (30.06) 496 (29.19) 0.0323

History of hypertension 1052 (64.66) 1104 (65.99) 1061 (65.90) 1118 (65.80) 0.5280

History of dyslipidemia 7 (0.43) 10 (0.60) 10 (0.62) 28 (1.65) 0.0002

Family history of stroke 12 (0.74) 14 (0.84) 23(1.43) 28 (1.65) 0.0048

Clinical features
Time from onset to hospitalization, h 6.50 (2.17–25.75) 7.92 (2.20–26.37) 8.15 (2.17–28.50) 9.58 (2.50–29.05) 0.0002

BMI, kg/m2 23.51 (3.78) 24.25 (3.58) 24.54 (3.45) 24.94 (3.48) <0.0001

Systolic BP, mm Hg 142.63 (21.81) 143.69 (21.57) 143.43 (19.61) 144.69(20.74) 0.0101

Diastolic BP, mm Hg 79.77 (11.55) 81.55 (11.57) 82.06 (11.15) 84.08 (11.80) <0.0001

FPG, mmol/L 5.80 (4.90–7.60) 5.70 (4.90–7.70) 5.60 (4.90–7.26) 5.60 (5.00–7.10) 0.1861

Total cholesterol, mmol/L 3.78 (3.12–4.41) 4.16 (3.46–4.84) 4.28 (3.68–4.97) 4.49 (3.87–5.19) <0.0001

Triglyceride, mmol/L 1.07 (0.83–1.38) 1.27 (0.97–1.68) 1.47 (1.13–1.97) 1.78 (1.34–2.47) <0.0001

LDL-C, mmol/L 2.37 (1.82–3.00) 2.77 (2.15–3.37) 2.86 (2.29–3.54) 2.99 (2.40–3.64) <0.0001

HDL-C, mmol/L 1.09 (0.90–1.30) 1.06 (0.90–1.28) 1.03 (0.88–1.24) 1.03 (0.88–1.22) <0.0001

NIHSS score 4.00 (2.00–10.00) 3.00 (1.00–5.00) 3.00 (1.00–5.00) 2.00 (1.00–4.00) <0.0001

Stroke subtype
Large-artery atherosclerosis 866 (53.23) 1025 (61.27) 1011(62.80) 1062 (62.51) <0.0001

Cardioembolism 398 (24.46) 241 (14.41) 160 (9.94) 84 (4.94) <0.0001

Small-vessel occlusion 322 (19.79) 380 (22.71) 398 (24.72) 598 (29.31) <0.0001

Stroke of other determined etiology 4 (0.25) 5 (0.30) 8 (0.50) 11 (0.65) 0.0485

Stroke of undetermined etiology 37 (2.27) 22 (1.32) 33 (2.05) 44 (2.59) 0.2648

Endovascular treatment
Intravenous thrombolysis 132 (8.11) 159 (9.50) 170 (10.56) 179 (10.54) 0.0109

Mechanical thrombectomy 109 (6.70) 92 (5.50) 80 (4.97) 56 (3.30) <0.0001

Notes: *Continuous variables are expressed as mean ± SD or as median (interquartile range). Categorical variables are expressed as frequency (%). 
Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; NIHSS, NIH Stroke Scale.
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associated with a decreased risk of primary outcome in most subgroups (Table 3). There was no significant interaction 
between serum prealbumin levels and these subgroup factors in the risk of primary outcome (all Pinteraction> 0.05).

Discussion
In this large-scale prospective study, we found linear dose–response associations between serum prealbumin and adverse 
outcomes after ischemic stroke. Ischemic stroke patients in the highest quartile of serum prealbumin level at baseline was 
associated with a 29% decreased risk of the composite outcome of death and major disability at 3 months compared with 
those in the lowest quartile. This linear dose–response relationship was independent of traditional prognostic factors for 
ischemic stroke, and subgroup analyses further confirmed these findings. These findings suggested that serum prealbumin 
might play an important role in the prognosis of ischemic stroke.

Table 2 Associations Between Serum Prealbumin Level and Adverse Outcomes at 3 Months After Ischemic Stroke

Prealbumin (mg/L) Ptrend Each Unit Increase 
In Log-Prealbumin

<180 180–217 218–251 ≥252

Primary outcome: death or  
majordisability (mRS score 3–6)

Cases, N (%) 747 (50.51) 549 (35.31) 455 (29.97) 367 (23.18) 2118 (34.52)

Unadjusted OR 1.00 (reference) 0.54 (0.46, 0.62) 0.42 (0.36, 0.49) 0.30 (0.25, 0.35) <0.0001 0.20 (0.17, 0.25)

Multiple-adjusted OR* 1.00 (reference) 0.81 (0.69, 0.95) 0.81 (0.69, 0.96) 0.71 (0.59, 0.85) 0.0006 0.58 (0.47, 0.72)

Secondary outcomes
Death

Cases, N (%) 363 (24.54) 164 (10.35) 82 (6.06) 55 (3.47) 671 (10.94)

Unadjusted OR 1.00 (reference) 0.36 (0.29, 0.43) 0.20 (0.16, 0.25) 0.11 (0.08, 0.15) <0.0001 0.09 (0.07, 0.11)

Multiple-adjusted OR* 1.00 (reference) 0.58 (0.46, 0.72) 0.45 (0.34, 0.59) 0.36 (0.25, 0.49) <0.0001 0.26 (0.20, 0.35)

Modified Rankin Scale score
Unadjusted OR† 1.00 (reference) 0.50 (0.44, 0.57) 0.38 (0.33, 0.43) 0.32 (0.28, 0.36) <0.0001 0.20 (0.17, 0.23)

Multiple-adjusted OR*† 1.00 (reference) 0.77 (0.67, 0.87) 0.72 (0.63, 0.83) 0.75 (0.65, 0.87) 0.0003 0.56 (0.47, 0.66)

Notes: *Adjusted for age, sex, smoking, drinking, education, time from onset to hospitalization, baseline body mass index, baseline NIHSS score, baseline systolic blood 
pressure, diabetes, dyslipidemia, history of hypertension, family history of stroke, ischemic stroke subtype, intravenous thrombolysis and mechanical thrombectomy. † Odds 
of 1-unit higher modified Rankin Scale score.

Figure 1 Distribution of 3-month mRS score according to prealbumin quartiles in ischemic stroke patients. Multivariable-adjusted odds ratio of ordinal logistic regression 
analysis was 0.71 (95% CI, 0.59, 0.85) for patients in the highest quartile of serum prealbumin compared with the patients in the lowest quartile (P for trend < 0.0001). 
Multivariable model adjusted for age, sex, smoking, drinking, education, time from onset to hospitalization, baseline body mass index, baseline NIHSS score, baseline systolic 
blood pressure, diabetes, dyslipidemia, history of hypertension, family history of stroke, ischemic stroke subtype, intravenous thrombolysis and mechanical thrombectomy.
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To date, there is limited research on the role of serum prealbumin in ischemic stroke prognosis. In an analysis based 
on the 585 young cerebral infarction patients, serum prealbumin at baseline was an independent predictor of good 
functional outcome at discharge.12 One study explored the association between prealbumin and long-term prognosis 

Figure 2 Associations between serum prealbumin at baseline and adverse outcomes at 3 months among patients with ischemic stroke. Adjusted odds ratios and 95% CIs 
derived from restricted cubic spline regression, with knots placed at the 5th, 35th, 65th, and 95th percentiles of serum prealbumin levels. Odds ratios were adjusted for age, sex, 
smoking, drinking, education, time from onset to hospitalization, baseline body mass index, baseline NIHSS score, baseline systolic blood pressure, diabetes, dyslipidemia, history 
of hypertension, family history of stroke, ischemic stroke subtype, intravenous thrombolysis and mechanical thrombectomy. (A) Death or major disability; (B) death.

Table 3 Subgroup Analyses of the Association Between Serum Prealbumin and the Primary Outcome

Subgroup No. of  
Outcomes/Patients 

(%)

Prealbumin (mg/L) Pinteraction

<180 180–217 218–251 ≥252

Age, y
<65 366/1856 (19.72) Ref. 1.00 (0.61, 1.64) 0.84 (0.52, 1.36) 0.69 (0.43, 1.11) 0.5578

≥65 1752/4279 (40.94) Ref. 0.68 (0.58, 0.81) 0.66 (0.55, 0.79) 0.55 (0.45, 0.67)

Sex
Female 919/2236 (41.10) Ref. 0.91 (0.72, 1.16) 0.91 (0.70, 1.19) 0.87 (0.64, 1.18) 0.5929

Male 1199/3899 (30.75) Ref. 0.74 (0.60, 0.92) 0.76 (0.61, 0.96) 0.64 (0.50, 0.81)

Smoking
No 1834/4876 (37.61) Ref. 0.81 (0.69, 0.96) 0.85 (0.70, 1.02) 0.73 (0.60, 0.90) 0.3338

Yes 284/1259 (22.56) Ref. 0.72 (0.44, 1.18) 0.65 (0.40, 1.06) 0.58 (0.35, 0.97)

Drinking
No 1972/5528 (35.67) Ref. 0.81 (0.69, 0.95) 0.80 (0.68, 0.96) 0.71 (0.58, 0.86) 0.6394

Yes 146/607 (24.05) Ref. 0.37 (0.16, 0.82) 0.42 (0.19, 0.90) 0.35 (0.17, 0.74)

Time from onset to 
hospitalization, h

<12 1282/3526 (36.36) Ref. 0.89 (0.72, 1.10) 0.88 (0.71, 1.10) 0.73 (0.57, 0.93) 0.0577

≥12 836/2609 (32.04) Ref. 0.68 (0.53, 0.88) 0.70 (0.54, 0.92) 0.68 (0.51, 0.90)
Baseline systolic BP, mm Hg

<160 1543/4712 (32.75) Ref. 0.77 (0.64, 0.92) 0.80 (0.66, 0.97) 0.69 (0.56, 0.86) 0.3335
≥160 575/1423 (40.41) Ref. 0.97 (0.69, 1.35) 0.92 (0.64, 1.33) 0.80 (0.55, 1.16)

Baseline NIHSS score
<4 925/3293 (25.74) Ref. 0.94 (0.75, 1.17) 0.87 (0.69, 1.11) 0.75 (0.58, 0.97) 0.8456
≥4 1193/2542 (47.93) Ref. 0.63 (0.51, 0.79) 0.67 (0.53, 0.86) 0.59 (0.45, 0.77)

Notes: Adjusted for age, sex, smoking, drinking, education, time from onset to hospitalization, baseline body mass index, baseline NIHSS score, baseline systolic blood 
pressure, diabetes, dyslipidemia, history of hypertension, family history of stroke, ischemic stroke subtype, intravenous thrombolysis and mechanical thrombectomy, unless 
the variable was used as a subgroup variable.
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among 81 ischemic stroke patients and Kaplan–Meier survival analysis revealed that patients with higher baseline 
prealbumin had lower 1-year mortality rate.13 Another study of 234 ischemic stroke patients undergoing intravenous 
thrombolysis showed that higher globulin-to-prealbumin ratio was associated with worse functional outcome at 3 
months.14 Similarly, in another cohort of 319 stroke patients treated with mechanical thrombectomy, low prealbumin 
levels were independently associated with higher risk of death at 3 months.15 In addition, Ye et al analyzed the data of 
104 consecutive ischemic stroke patients and suggested that lower serum prealbumin level was associated with a higher 
rate of infection after stroke.23 Meanwhile, He et al recruited 637 ischemic stroke patients and found that prealbumin 
levels were inversely associated with intracranial atherosclerotic stenosis lesions.24

Different from the existing literatures, the current study was based on Minhang Stroke Cohort, a prospective study with 
over 6000 ischemic stroke patients. The large sample size guaranteed the statistical power of the analyses. Furthermore, the 
restricted cubic spline analyses confirmed the inverse linear association between baseline prealbumin and poor prognosis. 
Standardized protocols and rigid quality control procedures were also used for data collection and outcome assessment. Thus, 
comprehensive information about potential confounders was collected and controlled for in the multivariable models to 
ensure the independence of the observed associations. Additionally, the subgroup analysis proved the robustness of the 
results. In a word, the method used in this study was appropriate and rigorous, and our study will provide a more valid 
appraisal of the association between serum prealbumin and adverse outcomes among ischemic stroke patients.

Low prealbumin level was closely related to malnutrition and was a useful indicator of lean body mass among elderly 
subjects.25,26 As a symbol of nutrition status and frailty, low prealbumin levels have been reported to be associated with poor 
prognosis of multiple diseases.27–30 In real life, malnutrition is a common and unrecognized problem among elder 
population.31,32 As estimated by the Third China National Stroke Registry, the prevalence of malnutrition risk ranged 
from 16% to 58% among Chinese ischemic stroke patients.33 Consistently, our results also found that serum prealbumin 
levels were significantly lower in ischemic stroke patients with older ages, especially among female patients. Despite the 
importance of maintaining adequate nutrition, randomized control trials studies have found that neither albumin supple-
mentation alone34,35 nor composite nutritional therapies36 after disease could successfully improve clinical outcomes among 
severely ill patients. On the other side, these disappointing results might indicate the importance of keeping nourished in the 
daily life and highlighted the importance of routine evaluation of nutrition status among elder population.

Additionally, previous studies have suggested that serum prealbumin is actively involved in the anti-inflammation 
responses via cytokine network.6,7 Data from animal studies also indicated that prealbumin could reduce the risk of 
cardiovascular diseases through the cleavage of neuropeptide Y, a neuropeptide that involved in the increased platelet 
aggregation and macrophage activation.8,9,37 Furthermore, animal models of middle cerebral artery occlusion (MCAO) 
proved that serum prealbumin was directly involved in nerve regeneration and could repair the function of injured 
neurons.38,39 Finally, thyroxine can enhance recovery of lost neurological functions after ischemic stroke,40,41 and 
vitamin A has properties of anti-oxidation and anti-inflammation.42,43 As the transport protein for thyroxine and vitamin 
A, prealbumin level may inhibit oxidative stress and inflammation, and thus improve neurological impairment. These 
biological mechanisms supported the observed protective effect of prealbumin, and prealbumin might serve as 
a biomarker to help early select ischemic stroke patients at high risk of poor prognosis.

Our study has several limitations that need to be considered. First, although multiple important confounders have 
been controlled in the multivariable analysis, there is also a possibility of residual confounding in our observational 
study. Second, serum prealbumin level was only measured once at admission, so we were unable to investigate the 
influence of thrombolysis or mechanical thrombectomy on prealbumin, and we could not explore the effect of prealbumin 
changes on ischemic stroke prognosis. Further studies are needed to investigate this issue. Third, we only followed up 
participants once at 3 months after stroke, so we could not assess the association of baseline prealbumin with the long- 
term prognosis of stroke. Fourth, all patients in the current study were Chinese, so prospective studies conducted among 
different populations are needed to replicate our findings.
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Conclusion
High serum prealbumin level was independently associated with decreased risks of adverse clinical outcomes among 
ischemic stroke patients. Our findings suggested that serum prealbumin may be a useful prognostic biomarker for 
ischemic stroke and avoiding undernourished may be a valuable preventive strategy among elder population.
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