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Background: Malnutrition, frequently indicated by hypoalbuminemia, is preva-
lent post-stroke and associated with adverse functional outcomes. However,
the independent role of serum albumin (ALB) in multidomain functional recov-
ery—encompassing motor, balance, cognitive, and daily living domains—remains
underexplored in Chinese populations. This multicenter study aimed to quantify
the independent association between serum ALB levels and functional impair-
ment in Chinese post-stroke patients.

Methods: In this cross-sectional study, 1,741 patients from rehabilitation cen-
ters across China were enrolled. ALB levels were categorized into quartiles (Q1:
<37.7 g/L; Q2: 37.7-40.0 g/L; Q3: 40.0-42.8 g/L; Q4. >42.8 g/L). Outcomes
included motor function (Fugl-Meyer Assessment), activities of daily living
(Modified Barthel Index), balance (Berg Balance Scale), and cognition (Montreal
Cognitive Assessment). Multivariable linear regression models adjusted for demo-
graphics, comorbidities, lesion characteristics, and illness duration. Subgroup
analyses tested interactions by age, sex, BMI, and lesion topography.

Results: Each 1-g/L ALB increase independently predicted functional gains: FMA
(B =13595%Cl:099-1.72), ADL ( = 1.77,1.44-2.10), BBS (p = 1.02, 0.78-1.26),
MoCA (g = 0.30, 0.21-040) (all p <0.001). Dose-dependent improvements
were observed across quartiles (Q4 vs. Ql: FMA Ap = 15.11 [11.09-19.12]; ADL
Ap = 19.35[15.76-22.93]; P trend < 0.001). Sex significantly modified ALB-FMA
associations (P interaction = 0.017), with females showing stronger effects
(# =1.81[1.12-2.51]) than males (p = 1.15 [0.72-1.58]). Cerebellar lesions dem-
onstrated non-significant trend toward amplified associations (FMA: = 2.16
[0.72-3.59]).

Conclusion: ALB levels are independently and dose-dependently associated with
motor, ADL, balance, and cognitive function in post-stroke patients. Compared
to lower quartiles, patients with ALB >42.8 g/L (highest quartile) exhibit superior
functional outcomes. A sex-specific pattern is observed solely in motor function,
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where the correlation is more pronounced in females. ALB may serve as a bio-
logical indicator for risk stratification during stroke rehabilitation.
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activities of daily living (ADL), Fugl-Meyer assessment (FMA), functional recovery,

serum albumin, stroke rehabilitation

Introduction

Stroke remains a leading cause of long-term disability worldwide,
imposing a substantial socioeconomic burden, particularly in China,
which harbors the highest number of stroke survivors globally (1-3).
Post-stroke functional impairment is multifaceted, spanning deficits
in motor control, balance, activities of daily living, and cognition (4-
6). Malnutrition, prevalent in stroke patients, exacerbates poor out-
comes, with serum albumin (ALB) serving as a widely used,
cost-effective biomarker of nutritional status and systemic inflamma-
tion (7-9).

Current literature consistently links hypoalbuminemia to unfa-
vorable prognoses, such as increased mortality and complications
(10, 11). However, existing research is often fragmented, primarily
focusing on the association between low ALB and single-domain
outcomes like mortality or gross physical disability (11, 12).
Critically, a significant gap remains regarding the comprehensive
impact of ALB status on multidomain functional impairment—spe-
cifically, its simultaneous and independent association with objec-
tive, integrated measures of motor, balance, ADL, and detailed
cognitive function. Addressing this deficiency, the purpose of this

large-scale, multicenter cross-sectional study was to systematically
investigate the independent and dose-dependent association of
serum ALB levels with comprehensive functional impairment
(motor, balance, ADL, and cognition) in Chinese post-stroke
patients.

Methods
Study design and participants

This multicenter cross-sectional study was conducted across 26
tertiary rehabilitation centers in China between January 2023 and
December 2024 (Figure 1). The study protocol was approved by the
Ethics Review Committee of Huashan Hospital, Fudan University
(approval number: HIRB2022-510). The study was registered in the
Chinese  Clinical ~Trial Registry (registration number:
ChiCTR2200063611). Written informed consent was obtained from
all participants or their legal representatives. The study adhered to the
Declaration of Helsinki and STROBE guidelines for observational
studies (13).

after Stroke from Huashan Redcap databases from 2023 to 2024

2551 participants of Serum Albumin Level and Multidomain Function (Motor, Cognition, ADL)

Excluded participants missing the following data:
(N=530)

Included participants
(N=2021)

+ Participants missed data on Serum Albumin Level(n=530)

Excluded participants missing data on each outcome individually

(N=280)
Participants missed data on FMA, ADL, BBS, MoCA(n=280)

Final analytic samples
(N=1741)

!

‘ Outcomel: FMA ‘

Outcome2: ADL

‘ Outcome3: BBS ‘

Outcomed: MoCA

FIGURE 1
Flowchart of participant inclusion.
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Participant recruitment and data
management

A total of 1,741 adults (>18 years) with clinically confirmed isch-
emic or hemorrhagic stroke were enrolled. Patients were excluded
based on clinical conditions that could substantially confound the
assessment of functional recovery or precipitate clinical deterioration
during evaluation, including: (1) Acute Uncontrolled Medical
Conditions: Severe or poorly controlled hypertension, advanced heart
failure, severe active infection (e.g., pneumonia), diabetic ketoacidosis,
uncontrolled or frequent seizures, or other acute medical problems
judged by the treating clinician as likely to worsen during assessment.
(2) Uncontrolled Systemic Disorders: Overt thyroid dysfunction
(hyper- or hypothyroidism), severe hepatic or renal impairment
(including dialysis dependence), active acute rheumatologic disease,
or clinically significant electrolyte imbalances. (3) Data Quality:
Records with missing key covariates or outcomes, implausible values,
or duplicate entries were excluded during the final data cleaning pro-
cess, yielding the final analytic cohort.

All clinical and demographic data were collected and managed
using a secure, electronic data capture platform (REDCap; https://
himedc.huashan.org.cn:5288/) hosted at the Huashan Hospital, Fudan
University coordinating center, ensuring data privacy and quality con-
trol across all participating sites.

Assessment of exposure and outcome
variables

Exposure variable

The primary exposure variable was ALB level (g/L), measured
from venous blood samples collected upon admission or within 48 h
of functional assessment, using standard automated laboratory meth-
ods. For analysis, ALB was treated as a continuous variable (per 1 g/L
increment) and a categorical variable (stratified into quartiles
Q1:<37.7; Q2:37.7-40.0; Q3:40.0-42.8; Q4:>42.8) (14).

Outcome variables

The four primary functional outcome variables were assessed by
trained therapists or neuropsychologists using standardized protocols:
(1) Motor Function: Assessed using the FMA of the paretic upper and
lower extremities (total score, 0-100), where higher scores indicate
better motor recovery (15). (2) Activities of Daily Living (ADL):
Assessed using the Modified Barthel Index (MBI) (total score, 0-100),
where higher scores indicate greater independence. (3) Balance func-
tion: assessed using the Berg Balance Scale (BBS) (total score, 0-56),
where higher scores indicate better balance performance (16). (4)
Cognitive function: assessed using the Montreal Cognitive Assessment
(MoCA) (total score, 0-30), where higher scores indicate better global
cognitive status. Based on established guidelines, MoCA scores were
adjusted for education level (17-19).

Covariates

Potential confounding variables were collected to ensure compre-
hensive adjustment in the multiple linear regression models. These
covariates included Demographic and Lifestyle Factors (Sex, Age,
Education level, Body Mass Index [BMI], Smoking status, and Alcohol
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status), Comorbidities (History of Hypertension, Coronary Artery
Disease [CAD], Diabetes Mellitus [DM], and Previous stroke history),
and Stroke Characteristics. The detailed stroke characteristics encom-
passed Day_of_illness (time span in days from stroke onset to func-
tional assessment), Stroke diagnosis (Ischemic vs. Hemorrhagic), and
Lesion location (lesions involving the Basal Ganglia[BG],
Brainstem[BS], and Cerebellum[CB]) as confirmed by neuroimaging
reports.

Statistical analyses

Participants were stratified into quartiles based on ALB levels: Q1
(<37.7¢g/L), Q2 (37.7-40.0g/L), Q3 (40.0-42.8 g/L), and Q4
(>42.8 g/L). Descriptive statistics are presented as mean + standard
deviation (SD) for normally distributed continuous variables, median
(interquartile range) for skewed data, and frequency (%) for categori-
cal variables. Group comparisons were performed using ANOVA or
Kruskal-Wallis tests for continuous variables and y tests for categori-
cal variables, as appropriate. Statistical significance was set at p < 0.05
(two-tailed).

Multivariable linear regression models assessed associations
between ALB levels and functional outcomes (FMA, ADL, BBS,
MoCA). Three models were constructed: Model 1 Unadjusted; Model
2: Adjusted for sex, age, education, smoking, alcohol status, BMI,
hypertension diabetes mellitus (DM), coronary artery disease (CAD),
and previous stroke; Model 3: Further adjusted for Model 2 covariates
plus illness duration (days) and lesion locations (BG, BS, CB). ALB
was analyzed continuously (per 1-g/L increase) and categorically
(quartiles: <37.7 g/L [reference], 37.7-40.0 g/L, 40.0-42.8 g/L,
>42.8 g/L). Results are presented as regression coefficients (f) with
95% confidence intervals (CI). Linear trend tests across quartiles were
performed. Significance was defined as p < 0.05.

Subgroup analyses were conducted using stratified multivariable
linear regression models to assess the heterogeneity of associations
between ALB and functional outcomes (FMA, ADL, BBS, MoCA)
across prespecified subgroups. Subgroups included age (<60 vs.
>60 years), sex (male vs. female), BMI (<24 vs. >24 kg/m?), and lesion
locations (BG, BS, CB). Interaction terms (ALB x subgroup) were
tested, with significance defined as p < 0.05. Results are presented as
P-coefficients per 1-g/L ALB increase with 95% confidence inter-
vals (CI).

Results

Baseline characteristics of study
participants

The baseline characteristics of the 1,741 post-stroke patients, cat-
egorized by quartiles of ALB (Q1: < 37.7 g/L to Q4: >42.8 g/L), are
presented in Table 1. Significant differences across the albumin quar-
tiles were observed for Sex (p < 0.001), with males constituting a larger
proportion in the highest quartile (77%). Continuous variables,
including Age (p < 0.001), BMI (p < 0.001), and ALB itself (p < 0.001),
also differed significantly across the groups. Notably, the mean age
(65.7 £ 11.2 years) to Q4
(57.0 £ 13.2 years). Significant differences were also found in the prev-
alence of Hypertension (p=0.04) and Diabetes Mellitus (DM)

decreased progressively from Ql
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TABLE 1 Baseline characteristics of study participants.

Variables Total Q1377<g/L Q2 37.7- Q3 42— Q4 >4284g/L
(N = 1741) (N = 435) 40.0 g/L 42.8 g/L (N = 439)
(N = 414) (N = 454)
Sex, 1 (%) <0.001
Male 1,210 (69.5) 286 (65.7) 271 (65.6) 315 (69.4) 338 (77)
Female 531 (30.5) 149 (34.3) 142 (34.4) 139 (30.6) 101 (23)
Age, years 61.5+12.5 65.7 £ 11.2 635+11.7 60.0+11.9 57.0£13.2 <0.001
BMI, kg/m* 239+3.1 234+32 239+3.0 242+3.1 243 +3.0 <0.001
Education, n (%) 0.302
Below high school 1,147 (65.9) 294 (67.6) 280 (67.8) 302 (66.5) 271 (61.7)
High school graduate 337 (19.4) 78 (17.9) 83 (20.1) 86 (18.9) 90 (20.5)
College or above 257 (14.8) 63 (14.5) 50 (12.1) 66 (14.5) 78 (17.8)
Smoke, 1 (%) 0.229
No 1,216 (69.8) 314 (72.2) 298 (72.2) 309 (68.1) 295 (67.2)
Yes 525 (30.2) 121 (27.8) 115 (27.8) 145 (31.9) 144 (32.8)
Drink, n (%) 0.171
No 1,451 (83.3) 365 (83.9) 357 (86.4) 373 (82.2) 356 (81.1)
Yes 290 (16.7) 70 (16.1) 56 (13.6) 81(17.8) 83 (18.9)
Hypertension, 1 (%) 0.04
No 642 (36.9) 182 (41.8) 157 (38) 157 (34.6) 146 (33.3)
Yes 1,099 (63.1) 253 (58.2) 256 (62) 297 (65.4) 293 (66.7)
CAD, n (%) 0.148
No 1,659 (95.3) 406 (93.3) 394 (95.4) 437 (96.3) 422 (96.1)
Yes 82 (4.7) 29 (6.7) 19 (4.6) 17 (3.7) 17 (3.9)
Previous stroke, 7 (%) 0.845
No 1,610 (92.5) 398 (91.5) 383 (92.7) 421 (92.7) 408 (92.9)
Yes 131 (7.5) 37 (8.5) 30(7.3) 33(7.3) 31(7.1)
DM, n (%) 0.012
No 1,567 (90.0) 394 (90.6) 382(92.5) 413 (91) 378 (86.1)
Yes 174 (10.0) 41 (9.4) 31(7.5) 41(9) 61 (13.9)
Day_of_illness, days 30.4 (15.0, 70.0) 36.0 (16.3, 75.5) 30.0 (15.0, 66.4) 31.7 (15.0, 72.0) 23.0 (11.0, 60.8) <0.001
BG, (%) 0.728
No 769 (44.2) 200 (46) 186 (45) 194 (42.7) 189 (43.1)
Yes 972 (55.8) 235 (54) 227 (55) 260 (57.3) 250 (56.9)
BS, n (%) 0.442
No 1,509 (86.7) 384 (88.3) 353 (85.5) 387 (85.2) 385 (87.7)
Yes 232 (13.3) 51 (11.7) 60 (14.5) 67 (14.8) 54 (12.3)
CB, n (%) 0.373
No 1,662 (95.5) 414 (95.2) 391 (94.7) 440 (96.9) 417 (95)
Yes 79 (4.5) 21 (4.8) 22 (5.3) 14 (3.1) 22(5)
Ischemic stroke, 1 (%) 0.734
No 501 (28.8) 134 (30.8) 115 (27.8) 126 (27.8) 126 (28.7)
Yes 1,240 (71.2) 301 (69.2) 298 (72.2) 328 (72.2) 313 (71.3)
ALB (g/L) 40.1 +£39 352+21 38.8+0.6 41.1£0.8 45.1+2.1 <0.001
FMA 54.5+30.9 47.5+30.2 54.0 £30.8 549 +30.4 61.3 £31.0 <0.001
ADL 58.0 £27.4 47.3+269 56.2+27.0 60.8 +25.0 67.4 +26.7 <0.001
(Continued)
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TABLE 1 (Continued)
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Variables Total Q137.7<g/L Q2 37.7- Q3 42- Q4 >4284g/L
(N =1741) (N = 435) 40.0 g/L 42.8 g/L (N = 439)
(N = 414) (N = 454)
BBS 23.0 (5.0, 43.0) 10.0 (2.5,32.5) 21.0 (5.0, 42.0) 27.0 (6.0, 43.8) 35.0 (9.0, 48.5) <0.001
MoCA 19.4+8.1 172+ 8.4 18.8+8.1 202£7.1 212480 <0.001

CAD, Coronary heart disease; DM, Diabetes mellitus; BG, Basal ganglia; BS, Brainstem; CB, Cerebellum; FMA, Fugl-Meyer Assessment of Motor Function; ADL, Activities of Daily Living;

BBS, Berg Balance Scale; MoCA, Montreal Cognitive Assessment.

(p = 0.012), with the highest prevalence of DM (13.9%) recorded in
Q4. Furthermore, Day_of_illness differed significantly (p < 0.001),
showing the longest median duration in Q1 (36.0 days) and the short-
est in Q4 (23.0 days). Education, smoking, alcohol use, and comorbidi-
ties (CAD, stroke history, ischemic stroke) did not differ significantly
among groups. All four primary functional outcome scores—FMA,
ADL, BBS, and MoCA—showed significant differences across the
quartiles (p < 0.001 for all), with mean or median scores consistently
increasing from the lowest albumin quartile (Q1) to the highest (Q4).

Association between ALB levels and
functional outcomes

Table 2 summarizes the results of the multiple linear regression
analysis examining the association of ALB with FMA, ADL, BBS, and
MoCA scores. The analysis included three models, with Model 3 being
maximally adjusted for sex, age, education, smoking, drinking, BMI,
hypertension, DM, CAD, previous stroke, Day_of_illness, and lesion
locations (BG, BS, and CB). ALB levels exhibited significant positive
associations with all functional outcomes across incremental adjust-
ment models (Table 2). In the fully adjusted Model 3, ALB, analyzed as
a continuous variable (per 1 g/L increase), was significantly associated
with higher scores in FMA (f = 1.35, 95% CI: 0.99 ~ 1.72, p < 0.001),
ADL (f=1.77,95% CI: 1.44 ~ 2.1, p < 0.001), BBS (f = 1.02, 95% CI:
0.78 ~ 1.26, p < 0.001), and MoCA (p =0.30, 95% CI: 0.21 ~ 0.40,
P <0.001). When ALB was analyzed categorically (quartiles), a signifi-
cant dose-dependent relationship was observed for all outcomes.
Patients in the highest ALB quartile (>42.8 g/L) exhibited markedly
higher FMA (f = 15.11, 95% CI: 11.09-19.12), ADL (B = 19.35, 95%
CI: 15.76-22.93), BBS (f = 11.61, 95% CI: 9.00-14.22), and MoCA
scores (f = 3.12, 95% CI: 2.07-4.17) compared to the lowest quartile
(all p < 0.001). Trend tests confirmed progressively stronger functional
improvements across ascending ALB quartiles (all p <0.001).
Associations remained robust after adjusting for demographics and
clinical covariates.

The figure displays the coefficients () and 95% confidence inter-
vals (95% CI) representing the change in functional score per 1 g/L
increase in serum ALB, stratified by predefined baseline character-
istics. Each subgroup analysis was conducted using a multiple linear
regression model (similar to Model 3) where the association between
ALB and the outcome was assessed within each stratum. The models
were comprehensively adjusted for all covariates, excluding the
stratification factor itself.

Subgroup analysis of the association
between ALB levels and functional outcome

The stability of the independent association between ALB (ana-
lyzed as a continuous variable per 1 g/L increase) and the four

Frontiers in Neurology

functional outcomes (FMA, ADL, BBS, and MoCA) was evaluated
across predefined clinical subgroups, with the results presented in
Figure 2.

Subgroup analyses revealed significant effect modification by sex
for FMA (p = 0.017), with a stronger albumin-FMA association in
females (f = 1.81, 95% CI: 1.12-2.51) than males (p = 1.15, 0.72-1.58).
Overall, the positive association between higher ALB levels and better
functional outcomes remained consistent (f > 0) across most sub-
groups defined by Age (< 60 vs. age >60 years), BMI (< 24 vs. >24 kg/
m?), stroke onset time and lesion location (Basal Ganglion, Brainstem,
and Cerebellum presence). No Significant Interaction for Other
Subgroups. The association of ALB with FMA, ADL, BBS, and MoCA
scores did not differ significantly by age, BMI, stroke onset time or the
presence of lesions in the basal ganglion, brainstem, or cerebellum.

Discussion

The current multicenter cross-sectional study systematically
investigated the independent association between ALB levels and
comprehensive functional deficits in a large cohort of 1,741 Chinese
post-stroke patients. Our primary findings demonstrate a robust,
independent, and dose-dependent positive association between higher
serum ALB levels and better functional outcomes across all four criti-
cal domains: motor recovery (FMA), independence in daily activities
(ADL), balance function (BBS), and cognitive status (MoCA). In the
maximally adjusted Model 3, Each 1-g/L ALB increment in ALB was
independently associated with significant improvements in functional
gains (FMA: = 1.35; ADL: § = 1.77; BBS: p = 1.02; MoCA: f = 0.3;
all p < 0.001). Furthermore, patients in the highest ALB quartile (Q4,
>42.8 g/L) achieved significantly higher scores across all outcomes
compared to those in the lowest quartile (Q1, <37.7 g/L). Sex-specific
effect modification was observed, with females showing a 57% stron-
ger ALB-FMA association than males (f = 1.81 vs. 1.15; P interac-
tion = 0.017), though no sex interaction was observed for other
domains. This suggests potential biological or physiological differ-
ences in how nutritional status, inflammation, and stroke recovery
interact between genders (20). Possible explanations include differ-
ences in body composition (e.g., lower lean muscle mass in females
making them more susceptible to nutritional deficits), differential
inflammatory responses, or variations in estrogen-mediated neuro-
protection. This finding warrants further investigation through longi-
tudinal studies.

The positive association between higher serum ALB levels and
better functional outcomes was found to be robust and consistent
across all tested subgroups defined by age (< 60 vs. > 60 years), BMI
(< 24 vs. > 24 kg/m?), stroke onset time and primary lesion locations
(BG, BS, and CB). Although not statistically significant, there was a
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TABLE 2 Multiple linear regression analysis of factors associated with ALB and functional outcomes (FMA, ADL, BBS, and MoCA).

10.3389/fneur.2026.1763978

Variable ALB N total Model 1 Model 2 Model 3
(g/L)
Coefficient p value Coefficient p value Coefficient p value
(95%Cl) (95%Cl) (95%Cl)
ALB (g/L) 1741 1.24 (0.88 ~ 1.61) <0.001 1.37 (0.99 ~ 1.76) <0.001 1.35(0.99 ~ 1.72) <0.001
<37.7g/L 435 0(Ref) 0(Ref) 0(Ref)
37.7-40 g/L 413 6.59 (2.47 ~ 10.71) 0.002 7.05 (2.96 ~ 11.15) 0.001 6.89 (2.96 ~ 10.82) 0.001
EMA 40-42.8 g/L 454 7.41 (3.39 ~ 11.43) <0.001 8.50 (4.4 ~ 12.56) <0.001 8.84 (4.94 ~ 12.74) <0.001
>428g/L 439 13.90 (9.84 ~ 17.95) <0.001 1302 <0.001 15.11 (11.09 ~ 19.12) <0.001
(10.84 ~ 19.20)
P for trend <0.001 <0.001 <0.001
ALB (g/L) 1741 1.86 (1.54 ~ 2.17) <0.001 1.75 (1.42 ~ 2.08) <0.001 1.77 (1.4 ~ 2.10) <0.001
<377 g/L 435 0(Ref) O(Ref) 0(Ref)
37.7-40 g/L 413 8.87 (5.31 ~ 12.43) <0.001 8.66 (5.10 ~ 12.22) <0.001 8.90 (5.39 ~ 12.41) <0.001
ADL 40-42.8 g/L 454 13.52 (10.04 ~ 16.99) <0.001 12.95 (9.42 ~ 16.47) <0.001 13.36 (9.88 ~ 16.84) <0.001
>42.8g/L 439 20.07 (16.56 ~ 23.57) <0.001 1883 <0.001 19.35 (15.76 ~ 22.93) <0.001
(15.22 ~ 22.48)
P for trend <0.001 <0.001 6.26 (5.12 ~ 7.40) <0.001
ALB (g/L) 1741 1.13 (0.9 ~ 1.36) <0.001 1(0.76 ~ 1.24) <0.001 1.02 (0.78 ~ 1.26) <0.001
<37.7g/L 435 0(Ref) 0(Ref) 0(Ref)
37.7-40 g/L 413 5.86 (3.28 ~ 8.45) <0.001 5,69 (3.1 ~ 8.26) <0.001 5.85 (3.29 ~ 8.40) <0.001
oS 40-42.8 g/L 454 8.52 (5.99 ~ 11.04) <0.001 7.95 (5.39 ~ 10.50) <0.001 8.17 (5.63 ~ 10.70) <0.001
>428g/L 439 12.56 (10.02 ~ 15.11) <0.001 11.28 (8.65 ~ 13.91) <0.001 11.61 (9.00 ~ 14.22) <0.001
P for trend <0.001 <0.001 <0.001
ALB (g/L) 1741 0.39 (0.29 ~ 0.48) <0.001 0.30 (0.21 ~ 0.40) <0.001 0.30 (0.21 ~ 0.40) <0.001
<37.7g/L 435 O(Ref) O(Ref) O(Ref)
37.7-40 g/L 413 1.64 (0.57 ~2.7) 0.003 1.58 (0.55 ~ 2.61) 0.003 1.52 (0.49 ~ 2.54) 0.004
MoCA 40-42.8 g/L 454 3.00 (1.96 ~ 4.04) <0.001 2.64 (1.63 ~ 3.66) <0.001 2.61 (1.59 ~ 3.62) <0.001
>42.8¢g/L 439 4.00 (2.95 ~ 5.05) <0.001 3.15 (2.1 ~ 4.20) <0.001 3.12 (2.07 ~ 4.17) <0.001
P for trend <0.001 <0.001 <0.001

Model 1: unadjusted. Model 2: adjusted for sex, age, education, smoke, drink, BMI, hypertension, DM, CAD, Previous stroke. Model 3: adjusted for all covariates in model 2 plus Day_of.

illness, BG, basal ganglia; BS, brainstem; CB, cerebellum.

trend toward an amplified effect of ALB on functional outcomes in
patients with cerebellar lesions. While further longitudinal data are
required to confirm this finding, it suggests that greater attention
should be paid to rehabilitation and nutritional strategies for patients
with cerebellar lesions. These results underscore the potential of ALB
as a crucial and readily available biomarker for predicting the full
spectrum of post-stroke functional impairment.

The observed association aligns with and significantly extends
existing literature, which predominantly focused on single, often less
objective, outcomes. The finding that hypoalbuminemia is detri-
mental to overall recovery is consistent with studies linking low ALB
to poor functional prognosis, typically assessed by the modified
Rankin Scale (mRS) or mortality (10-12, 21). While previous
reports have suggested a link between low ALB and poor motor
function or cognitive decline, our study provides the first large-scale
evidence confirming this link simultaneously across four distinct,
validated functional domains in an Asian cohort, after rigorous
adjustment for key confounders. Notably, the association with ADL
(#=1.77) and FMA (P = 1.35) showed the largest coefficients,
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indicating ALB status exerts a substantial influence on physical
independence.

The observed robust association between ALB levels and multido-
main functional recovery is supported by several plausible and multifac-
torial biological mechanisms. Firstly, low ALB serves as a primary
marker of nutritional deficit and protein-energy wasting, which acceler-
ates muscle catabolism and precipitates sarcopenia. This systemic wast-
ing directly impedes physical recovery, negatively affecting motor
function (FMA) and overall physical performance (ADL/BBS) (12).
Secondly, albumin functions as a potent negative acute-phase reactant
and antioxidant (22). Consequently, hypoalbuminemia reflects height-
ened systemic inflammation following a stroke. This chronic inflamma-
tory state is detrimental, known to impair essential neuroplasticity and
recovery processes, thereby contributing to poorer outcomes across all
functional domains, including cognition. Finally, ALB plays a critical role
in maintaining plasma oncotic pressure. Severe hypoalbuminemia may
thus compromise blood-brain barrier integrity and potentially exacer-
bate cerebral edema, which collectively contribute to negative impacts
on brain tissue recovery and long-term function (11, 21).
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FIGURE 2
Subgroup analysis of the association between ALB and comprehensive functional outcomes (FMA, ADL, BBS, and MoCA).

Our findings indicate that ALB may serve as a valuable hemato-
logical biomarker that can assist rehabilitation physicians and thera-
pists in comprehensively assessing patients and implementing targeted
interventions following a stroke. This assertion is further corroborated
by evidence suggesting that low serum ALB levels are significantly
associated with long-term depressive symptoms in older stroke survi-
vors (23). Considering the substantial burden of post-stroke func-
tional impairment in China, which severely impacts patients” quality
of life (24), our results point toward a critical need for early identifica-
tion and intervention. By prioritizing the monitoring of ALB levels,
clinicians can proactively identify nutritional risk and implement
rehabilitation interventions sooner. This strategy represents a para-
digm shift, achieving a “front-loading” of risk identification via labora-
tory indicators. We emphasize that future research should focus on
integrating standardized nutritional assessments with functional out-
comes to maximize benefits for the stroke population.

Strengths and limitations

The major strengths of this study include the large sample size
(N =1741) drawn from multiple centers, enhancing the external
validity of our findings. Crucially, we employed highly specific, vali-
dated measures for each functional domain (FMA, BBS, MoCA,
ADL), moving beyond single gross disability scores. Furthermore,
the inclusion of a comprehensive set of covariates, including lesion
location (BG, BS, CB) and Day_of_illness, allowed us to establish the
independent association of ALB, minimizing residual confounding.
The demonstration of a robust dose-dependent relationship across
ALB quartiles strengthens the causal inference. Despite its strengths,
this study has several limitations inherent to its cross-sectional
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design. First, the cross-sectional nature precludes the establishment
of temporal or causal relationships; while we adjusted for time since
stroke, reverse causality (i.e., severe disability leading to poor nutri-
tional intake and low ALB) cannot be entirely excluded. Second,
ALB levels reflect both nutritional status and inflammation; we did
not adjust for specific inflammatory markers (e.g., CRP), which
could introduce residual confounding. Third, the cohort was derived
from rehabilitation centers, which may introduce selection bias
towards patients eligible and stable enough for intensive
rehabilitation.

Conclusion

In summary, this study provides evidence that serum ALB levels
are independently and dose-dependently associated with multido-
main functional status—including motor, ADL, balance, and cognitive
function—within a Chinese post-stroke rehabilitation cohort. Our
analysis indicates that higher ALB levels, particularly within the high-
est quartile (>42.8 g/L), correlate with superior functional outcomes,
whereas lower levels (specifically < 37.7 g/L) are linked to poorer per-
formance. Furthermore, the correlation between ALB and motor
recovery exhibits sex-specific patterns, appearing more pronounced
in female patients. These findings highlight the potential of ALB as an
objective biological indicator for risk stratification and the assessment
of rehabilitation potential. Future longitudinal studies and random-
ized controlled trials are warranted to further investigate these asso-
ciations and determine whether maintaining optimal ALB levels can
improve functional recovery after stroke.
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