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Background: Balance impairment following stroke is a leading cause of 
disability and falls. Hemoglobin (Hb) affects systemic and cerebral oxygen 
delivery and may influence neuromuscular function and post-stroke balance, 
but evidence from large multicenter clinical samples is limited. We investigated 
the association between hemoglobin concentration and balance performance 
in a Chinese multicenter cross-sectional study of stroke patients.
Methods: We studied 2,006 neuroimaging-confirmed stroke patients from 26 
hospitals. Balance impairment was defined as BBS ≤ 40. Admission Hb (g/dL) 
was analyzed per 1 g/dL and by tertiles (<12.6 g/dL, 12.6–14.0 g/dL, ≥14.0 g/
dL). Multivariable logistic regression with sequential adjustment, restricted 
cubic splines, and prespecified subgroup and sensitivity analyses evaluated 
associations.
Results: Balance impairment occurred in 70.5% (1,414/2,006). Each 1 g/dL 
higher Hb was associated with lower odds of impairment in unadjusted (OR 
0.83, 95% CI 0.78–0.87; p < 0.001) and fully adjusted models (OR 0.89, 95% CI 
0.83–0.96; p = 0.002). This association remained robust after comprehensive 
adjustment for demographic, lifestyle, comorbidity, stroke characteristics, and 
lesion location factors. Compared with the lowest tertile, adjusted ORs were 
0.72 (95% CI 0.53–0.99; p = 0.042) for the middle tertile and 0.62 (95% CI 0.45–
0.85; p = 0.003) for the highest tertile. Spline analyses suggested a broadly linear 
inverse association; results were consistent across subgroups and sensitivity 
checks.
Conclusion: Higher admission hemoglobin was independently associated 
with better balance after stroke. Prospective studies should test whether Hb 
optimization improves rehabilitation outcomes.
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1 Introduction

Stroke is a leading cause of death and long-term disability 
worldwide, with particularly high incidence and burden in China 
where aging and vascular risk factors have driven rising prevalence 
and substantial socioeconomic impact (GBD 2023 Causes of Death 
Collaborators, 2025; Zhao et al., 2023; Ma et al., 2021). Impaired 
postural control and balance are central determinants of mobility, fall 
risk, and independence after stroke, and they strongly predict 
community reintegration and quality of life (Smith et al., 2017; Wade 
and Hewer, 1987). Identifying modifiable systemic contributors to 
balance impairment is therefore a priority for rehabilitation (Allison 
et al., 2011).

Hemoglobin concentration is a key determinant of systemic 
oxygen delivery and muscle perfusion; both low and excessively high 
hemoglobin have been associated with adverse neurological outcomes 
in cerebrovascular disease (Barlas et al., 2016; Zhang et al., 2021; 
Kellert et al., 2011). In older adults and chronic disease populations, 
anemia correlates with reduced muscle strength, slower gait speed, 
and poorer balance performance (Aung et al., 2011; Wang and Lin, 
2024; Corona et al., 2022). Emerging stroke-specific evidence links 
lower hemoglobin or anemia on admission to larger infarct volumes, 
worse early neurological deficits, higher mortality, and poorer 
functional recovery (Lin et al., 2023). However, most studies focus on 
global functional scales (mRS, NIHSS) or mortality rather than 
quantitative measures of balance; investigations of hemoglobin and 
specific domains of motor recovery are sparse and frequently limited 
by single-center design, small samples, or cross-sectional analyses 
(Altersberger et al., 2020; He et al., 2020; Lasek-Bal et al., 2015).

The relationship between hemoglobin levels and balance function 
after stroke remains poorly characterized in large, diverse populations, 
and the potential for hemoglobin optimization to improve 
rehabilitation outcomes is unexplored. To address this, we conducted 
a multicenter study in China to examine the association between 
hemoglobin concentration and objective balance measures in patients 
with stroke, adjusting for infarct characteristics, comorbidity burden, 
and rehabilitation intensity. This approach aims to clarify a potentially 
modifiable systemic factor that may inform individualized 
rehabilitation strategies and secondary prevention.

2 Materials and methods

2.1 Study design and ethical considerations

This cross-sectional, multicenter study enrolled patients with 
neuroimaging-confirmed stroke who underwent standardized 
rehabilitation assessments at tertiary hospitals across China. The 
protocol was approved by the Ethics Review Committee of Huashan 
Hospital, Fudan University (approval number: HIRB2022-510) and the 
study was registered in the Chinese Clinical Trial Registry (registration 
number: ChiCTR2200063611). The study was conducted in accordance 
with the Declaration of Helsinki, reported following STROBE 
guidelines (von Elm et al., 2007), and requirements for informed 

consent were determined, obtained, or waived by the respective local 
IRBs as appropriate; all patient data were de-identified prior to analysis.

2.2 Participants and data sources

Consecutive adult patients (age ≥18 years) admitted with a 
primary diagnosis of ischemic or hemorrhagic stroke and referred for 
in-hospital rehabilitation evaluation between January 2023 and 
December 2024 were eligible (Figure 1). Demographic data, stroke 
characteristics, vascular risk factors, comorbidities and laboratory 
results were abstracted from electronic medical records by trained 
research staff at each site using a centralized case report form. Clinical 
and rehabilitation assessments—including standardized functional 
scales (e.g., Berg Balance Scale, Fugl-Meyer Assessment, Brunnstrom 
stage) and other performance measures—were administered following 
site-specific rater training. Data entry personnel received multiple 
rounds of centralized training to ensure consistency; all data were 
entered into a REDCAP1 database with built-in range and consistency 
checks and managed centrally with routine monitoring and query 
resolution prior to analysis.

2.3 Inclusion and exclusion criteria

Inclusion criteria were: (1) neuroimaging-confirmed stroke; (2) 
hemoglobin measurement obtained on admission and completion of 
rehabilitation assessments within 7 days of the laboratory draw; and 
(3) ability to participate in standardized balance testing (with or 
without assistance).

Exclusion criteria were any clinical conditions that, in the treating 
clinician’s judgment, could substantially confound assessment or 
precipitate clinical deterioration during evaluation, including: (1) 
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 
likely to worsen during assessment; and (2) uncontrolled systemic 
disorders such as overt thyroid dysfunction (hyper- or 
hypothyroidism), severe hepatic or renal impairment (including 
dialysis dependence), active acute rheumatologic disease, clinically 
significant electrolyte imbalances. Records with missing key covariates 
or outcomes, implausible values, or duplicate entries were excluded 
after data cleaning, yielding the final analytic cohort.

2.4 Hemoglobin measurement

Peripheral venous blood was collected on hospital admission as 
part of standard care and analyzed in each site’s clinical laboratory 
using automated hematology analyzers. Hemoglobin (Hb) 
concentration was recorded in g/dL. Hemoglobin concentration was 
measured in g/dL (For reference, 1 g/dL = 10 g/L). For primary 
analyses Hb was modeled both as a continuous variable and study-
specific tertiles.

1  https://himedc.huashan.org.cn:5288/

Abbreviations: Hb, hemoglobin; BBS, Berg Balance Scale; OR, odds ratio; CI, 

confidence interval; SD, standard deviation.
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2.5 Balance and motor function 
assessments

Balance was assessed with the Berg Balance Scale (BBS), a 
validated 14-item performance measure with scores ranging 0–56; 
higher scores indicate better balance (Ma et al., 2021). Based on 
established cutoffs, total BBS > 40 was classified as preserved balance 
and ≤40 as balance impairment with increased fall risk (Berg et al., 
1995; Alghadir et al., 2018). Lower limb motor impairment was 
evaluated using the Fugl-Meyer Assessment for the lower extremity 
(FMA-LE), scored 0–34, a standardized measure of motor control and 
movement synergy patterns (Gladstone et al., 2002), which was 
dichotomized at the median score (Pandian et al., 2016) for 
comparative analyses. Motor recovery stage was categorized using 
Brunnstrom staging (stages 1–6; Brunnstrom, 1966). All raters 
completed standardized training and inter-rater reliability checks were 
performed in a subset of subjects.

2.6 Covariates

Potential confounders were prespecified on the basis of biological 
plausibility, clinical relevance and prior literature. The following 
covariates were entered into sequential regression models: 
demographic factors—age (continuous), sex (male/female) and 

education level (categorical: below high school / high school / college 
or above); lifestyle factors—smoking status (yes/no) and alcohol use 
(yes/no); anthropometry—BMI (continuous); vascular 
comorbidities—hypertension (yes/no), diabetes mellitus(DM; yes/no), 
Coronary heart disease(CAD; yes/no) and prior stroke (yes/no); 
stroke characteristics—type (ischemic/hemorrhagic) and days from 
stroke onset to assessment (Day_of_illness, continuous); lesion 
topography—presence of basal ganglia(BG), cerebellum(CB) or 
brainstem(BS) lesions on neuroimaging (binary, recorded by 
neuroradiologists); and motor function—Brunnström lower-limb 
stage (ordinal, I–VI) and FMA-LE (continuous).

2.7 Statistical analysis

Statistical analyses were performed to examine the association 
between admission hemoglobin (Hb) and balance (BBS as both a 
continuous outcome and dichotomized at ≤40). Variable distributions 
were inspected with histograms, Q–Q plots and the Kolmogorov–
Smirnov test; normally distributed continuous variables are reported 
as mean ± SD and compared by independent samples t-tests (e.g., age, 
Hb), skewed variables as median (IQR) and compared by the Mann–
Whitney U test (e.g., BBS), and categorical variables as n (%) with 
comparisons by χ2 or Fisher’s exact test as appropriate (Table 1). 
Primary models comprised multivariable linear regression for 

FIGURE 1

Flowchart of participant inclusion.
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TABLE 1  Baseline characteristics according to balance function in stroke patients.

Variables Total (n = 2006) Impaired balance 
(n = 1,414)

Preserved balance 
(n = 592)

p

Sex, n (%) < 0.001

Male 1,378 (68.7) 938 (66.3) 440 (74.3)

Female 628 (31.3) 476 (33.7) 152 (25.7)

Age, years 61.8 ± 12.4 62.9 ± 12.2 59.3 ± 12.5 < 0.001

BMI, kg/m2 23.9 ± 3.1 23.9 ± 3.1 24.0 ± 2.9 0.339

Education, n (%) < 0.001

Below high school 1,356 (67.6) 998 (70.6) 358 (60.5)

High school graduate 373 (18.6) 240 (17) 133 (22.5)

College or above 277 (13.8) 176 (12.4) 101 (17.1)

Smoke, n (%) 0.902

No 606 (30.2) 426 (30.1) 180 (30.4)

Yes 1,400 (69.8) 988 (69.9) 412 (69.6)

Drink, n (%) 0.644

No 351 (17.5) 251 (17.8) 100 (16.9)

Yes 1,655 (82.5) 1,163 (82.2) 492 (83.1)

Hypertension, n (%) 0.269

No 729 (36.3) 503 (35.6) 226 (38.2)

Yes 1,277 (63.7) 911 (64.4) 366 (61.8)

CAD, n (%) 0.507

No 1908 (95.1) 1,342 (94.9) 566 (95.6)

Yes 98 (4.9) 72 (5.1) 26 (4.4)

Previous stroke, n (%) 0.238

No 1863 (92.9) 1,307 (92.4) 556 (93.9)

Yes 143 (7.1) 107 (7.6) 36 (6.1)

DM, n (%) 0.006

No 1809 (90.2) 1,292 (91.4) 517 (87.3)

Yes 197 (9.8) 122 (8.6) 75 (12.7)

Day_of_illness 30.0 (15.0, 68.0) 30.0 (15.0, 63.8) 32.0 (14.0, 82.0) 0.731

BG, n (%) 0.001

No 895 (44.6) 598 (42.3) 297 (50.2)

Yes 1,111 (55.4) 816 (57.7) 295 (49.8)

BS, n (%) 0.232

No 1921 (95.8) 1,359 (96.1) 562 (94.9)

Yes 85 (4.2) 55 (3.9) 30 (5.1)

CB, n (%) 0.525

No 1743 (86.9) 1,233 (87.2) 510 (86.1)

Yes 263 (13.1) 181 (12.8) 82 (13.9)

Ischemic stroke, n (%) < 0.001

No 581 (29.0) 463 (32.7) 118 (19.9)

Yes 1,425 (71.0) 951 (67.3) 474 (80.1)

Hb(g/dl) 13.2 ± 1.8 13.0 ± 1.8 13.6 ± 1.7 < 0.001

Brunnstrom_lower, n (%) < 0.001

Stage 1–3 1,125 (56.1) 568 (40.2) 557 (94.1)

Stage 4–6 881 (43.9) 846 (59.8) 35 (5.9)

(Continued)

https://doi.org/10.3389/fnins.2025.1759185
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhu et al.� 10.3389/fnins.2025.1759185

Frontiers in Neuroscience 05 frontiersin.org

continuous BBS and logistic regression for dichotomous balance 
impairment, with Hb entered both as a continuous term (per 1 g/dL 
and per SD) and categorically by quantiles. Four prespecified 
adjustment sequences were fitted: Model 1 unadjusted; Model 2 
adjusted for age, sex and education; Model 3 additionally adjusted for 
smoking, alcohol use, BMI, hypertension, DM, CAD, prior stroke and 
Day of illness; and Model 4 further adjusted for time from stroke type, 
BG, BS and CB lesion indicators, Brunnstrom lower-limb stage and 
FMA-LE (Table 2). The dose–response relationship was evaluated 
using linear regression, following confirmation of linearity by a 
restricted cubic spline model (Figure 2). Interaction analyses were 
conducted in prespecified subgroups (sex, age, lesion locations, stroke 
subtype, and severity of lower limb functional impairment; Figure 3). 
Missing covariate data were handled by multiple imputation using 
chained equations (m = 5) via the R mice package, and all analyses 
were repeated in the complete-case cohort for comparison. Effect 
estimates and p-values from all models were reported. All tests were 
two-sided with α = 0.05, and analyses were conducted in R (version 
4.2.3) and the Free Statistics platform.

3 Results

Table 1 summarizes baseline characteristics of the 2,006 stroke 
patients stratified by balance status (impaired, n = 1,414; preserved, 
n = 592). Patients with impaired balance were older (62.9 ± 12.2 vs. 
59.3 ± 12.5 years; p < 0.001) and included a higher proportion of 
women (33.7% vs. 25.7%; p < 0.001). Educational attainment differed 
between groups, with more patients below high school level in the 
impaired group (70.5% vs. 60.1%; p < 0.001). There were no significant 
between-group differences in BMI, smoking, alcohol use, 
hypertension, CAD, prior stroke, or the CB and BS categories (all 
p > 0.05). DM was more frequent among patients with preserved 
balance (12.7% vs. 8.6%; p = 0.006). BG was more common in the 
impaired group (57.7% vs. 49.8%; p = 0.001), and ischemic stroke was 
more prevalent in the preserved group (80.1% vs. 67.3%; p < 0.001). 
Mean admission hemoglobin concentration differed significantly 
between groups (13.0 ± 1.8 g/dL in impaired vs. 13.6 ± 1.7 g/dL in 
preserved; p < 0.001). Patients with impaired balance had markedly 
worse motor and functional profiles: lower Brunnstrom lower-limb 
stages (p < 0.001), lower FMA-LE scores (all p < 0.001), substantially 
lower BBS (median 8.0 vs. 49.0; p < 0.001).

Table 2 presents the association between admission Hb and 
balance impairment (BBS ≤ 40) in 2,006 patients (1,414 events, 
70.5%). In unadjusted analysis each 1 g/dL increase in Hb was 
associated with a 17% lower odds of balance impairment (OR 0.83, 

95% CI 0.78–0.87; p < 0.001); this association remained essentially 
unchanged after sequential adjustment for demographic factors, 
stroke characteristics, comorbidities and motor impairment (fully 
adjusted OR 0.89, 95% CI 0.83–0.96; p = 0.002), corresponding to a 
11% risk reduction per 1 g/dL. When Hb was modeled categorically, 
patients in the mid tertile (12.6–14.0 g/dL) had 37% lower odds of 
balance impairment compared with the lowest tertile (<12.6 g/dL) in 
both unadjusted (OR 0.63, 95% CI 0.49–0.82; p < 0.001) and adjusted 
models (OR 0.72, 95% CI 0.53–0.99; p = 0.042). Those in the highest 
tertile (≥14 g/dL) had the greatest risk reduction (unadjusted OR 
0.42, 95% CI 0.33–0.54, p < 0.001; adjusted OR 0.62, 95% CI 0.45–
0.85, p = 0.003), corresponding to 38–58% lower odds versus the 
lowest tertile. A significant dose–response relationship was evident 
(p for trend < 0.05), and findings were robust across all 
adjustment models.

Restricted cubic spline analyses (n = 2,006) evaluated the dose–
response relation between admission hemoglobin (Hb, g/dL) and 
balance outcomes; plots were truncated at the 99.5th percentile of Hb 
to minimize influence of extreme values. Figure 2A displays the 
adjusted spline for the dichotomous balance outcome (balance 
impairment vs. preserved), using Hb = 13.2 g/dL as the referent (P for 
non-linearity = 0.574); Figure 2B shows the corresponding spline for 
the continuous balance measure. The overall association was highly 
significant (P for overall < 0.05) whereas the test for nonlinearity was 
not (P for non-linearity = 0.833), indicating that the relationship is 
consistent with a linear dose–response across the observed Hb range.

Figure 3 presents stratified (subgroup) analyses of the adjusted 
association between admission hemoglobin and balance impairment. 
The inverse relationship observed in the overall cohort (adjusted OR 
0.89, 95% CI 0.83–0.96; P for overall <0.001) was generally consistent 
across clinically relevant strata. Point estimates favored an inverse 
association of higher hemoglobin in both sexes (male OR 0.88, female 
OR 0.86) and in younger (<60 years OR 0.87) and older (≥60 years OR 
0.88) patients. Similar effect sizes were observed regardless of 
Brunnstrom strata and FMA-LE. Lesion location (basal ganglia and 
brainstem) did not materially modify the association; the cerebellar 
lesion subgroup also showed no significant effect modification. 
Although confidence intervals were wider in smaller subgroups, no 
subgroup showed a statistically significant interaction (all P for 
interaction >0.05).

3.1 Sensitivity analyses

To evaluate the robustness of our primary finding—that lower 
hemoglobin levels are independently associated with poorer balance 

TABLE 1  (Continued)

Variables Total (n = 2006) Impaired balance 
(n = 1,414)

Preserved balance 
(n = 592)

p

FMA_LE, Score (0–66) < 0.001

<21 962 (48.0) 907 (64.1) 55 (9.3)

≥21 1,044 (52.0) 507 (35.9) 537 (90.7)

BBS, Score (0–56) 21.0 (4.0, 42.0) 8.0 (2.0, 23.0) 49.0 (44.0, 55.0) < 0.001

CAD, Coronary heart disease; DM, Diabetes mellitus; BG, Basal ganglia; BS, Brainstem; CB, Cerebellum; Hb, Hemoglobin; FMA_LE, Fugl-Meyer Assessment of Lower Extremity Motor 
Function; BBS, Berg Balance Scale. Data are presented as mean ± standard deviation (SD) for normally distributed continuous variables (independent samples t-test), median with interquartile 
range (IQR) for skewed variables (Mann–Whitney U test), and number with percentage for categorical variables (χ2 or Fisher’s exact test).
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function—we conducted several sensitivity analyses. When we 
excluded patients with missing covariates (n = 1,527; events = 1,049, 
68.7%), the association between hemoglobin levels and balance 
function remained statistically significant and directionally consistent 
(see Supplementary Table S1 for detailed results). These results 
indicate that our main finding is not overly dependent on a specific 
analytical choice or patient subset.

4 Discussion

In this multicenter cross-sectional study of 2,006 patients with 
stroke undergoing standardized rehabilitation evaluation, we 
observed a robust inverse association between admission 

hemoglobin (Hb) concentration and the presence of balance 
impairment. Higher Hb was associated with lower odds of balance 
dysfunction across analytic approaches: in multivariable models 
each 1 g/dL increment in Hb was associated with a clinically 
meaningful reduction in the odds of balance impairment, and 
patients in the mid and highest Hb tertiles had substantially lower 
adjusted odds compared with those in the lowest tertile. Restricted 
cubic spline analyses indicated a broadly linear relationship across 
the observed Hb range, and the association persisted in sensitivity 
analyses excluding patients with missing covariates. Pre-specified 
subgroup analyses did not identify statistically significant 
interactions by age, sex, prior stroke or lesion location (BG, BS and 
CB), suggesting the inverse Hb-balance association was consistent 
across major clinical strata. Given the relatively low number of 

TABLE 2  Multiple logistic regression analysis of factors associated with HB and BBS.

Variable N 
total

N 
event 

(%)

Model 1 Model 2 Model 3 Model 4

OR 
(95%CI)

p value OR 
(95%CI)

p value OR 
(95%CI)

p value OR 
(95%CI)

p value

Hb(g/dl) 2006 1,414 

(70.5)

0.83  

(0.78–0.87)

<0.001 0.85  

(0.81–0.91)

<0.001 0.84  

(0.79–0.9)

<0.001 0.89  

(0.83–0.96)

0.002

Hb(<12.6 g/dl) 481 375 (78) 1(Ref) 1(Ref) 1(Ref) 1(Ref)

Hb(12.6-14 g/dl) 533 367 (68.9) 0.63  

(0.49–0.82)

<0.001 0.65  

(0.51–0.84)

0.001 0.63  

(0.49–0.82)

<0.001 0.72  

(0.53–0.99)

0.042

Hb(≥14 g/dL) 513 307 (59.8) 0.42  

(0.33–0.54)

<0.001 0.48  

(0.37–0.62)

<0.001 0.46  

(0.35–0.6)

<0.001 0.62  

(0.45–0.85)

0.003

P for trend <0.001 <0.001 <0.001 0.003

OR, Odds ratio; CI, confidence interval; Ref, reference. Primary models: Linear regression for continuous BBS and logistic regression for dichotomous balance impairment. Hb was 
parameterized as continuous (per 1 g/dL and per SD) and categorical (tertiles). Four prespecified adjustment levels were implemented hierarchically: Model 1 (unadjusted), Model 2 (adjusted 
for sex, age, education), Model 3 (adjusted for all covariates in model 2 plus smoke, drink, BMI, hypertension, DM, CAD, Previous stroke, Day_of_illness), Model 4 (adjusted for all covariates 
in model 3 plus stroke type, BG, basal ganglia; BS, brainstem; CB, cerebellum; Brunnstrom_lower, FMA_LE).

FIGURE 2

Restricted cubic spline analyze between Hb and balance function. Dose–response relationship assessed via linear regression after confirming linearity 
with restricted cubic splines, adjusted for all covariates specified in model 4. (a) Spline for the dichotomous outcome of balance impairment, using 
Hb = 13.2 g/dL as the reference point (P for non-linearity = 0.574). (b) Spline for the continuous balance measure (P for non-linearity = 0.833). The p 
value for the overall association was < 0.05.
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patients with isolated cerebellar infarction in our cohort, which may 
limit statistical power in this subgroup, further large-scale studies 
specifically targeting stroke patients with isolated cerebellar 
involvement are warranted to confirm these observed trends and 
fully elucidate the role of Hb in their specific balance recovery 
pathway.

Our findings extend previous work linking anemia or low Hb 
with worse post-stroke outcomes. Prior cohort and registry studies 
have reported that lower Hb on admission is associated with larger 
infarct size, greater early neurological deficit and worse global 
functional outcome or mortality after ischemic stroke (Khan et al., 
2018; Hao et al., 2013; Ceulemans et al., 2024). In non-stroke older 
populations, anemia has been associated with reduced muscle 
strength, slower gait speed and increased fall risk—domains that 
overlap substantially with balance impairment assessed in 
rehabilitation settings (Cecchi et al., 2017; Joosten et al., 2016; Girelli 
et al., 2018). Several single-center stroke studies have suggested that 

lower Hb predicts poorer rehabilitation gains, but most prior 
investigations focused on global outcome scales (e.g., mRS, discharge 
destination) rather than standardized balance performance (Berg 
Balance Scale; He et al., 2020; Li et al., 2016; Naess et al., 2019). By 
using a large, multicenter sample with standardized balance and 
motor assessments, our study provides direct evidence linking Hb 
concentration to a rehabilitation-relevant impairment—postural 
control—that is tightly coupled to mobility, fall risk and 
independence.

If the Hb-balance relation is causal or partly causal, Hb 
optimization could represent a modifiable target to enhance post-
stroke balance and reduce fall risk. Routine monitoring of Hb as 
part of comprehensive rehabilitation assessment is readily 
implementable and may help identify patients at higher risk of 
balance impairment who could benefit from targeted nutritional, 
hematologic or exercise-based interventions. However, evidence 
from interventional studies is limited. Transfusion trials and 

FIGURE 3

Stratified multivariable analysis of the association between Hb and impaired balance according to baseline characteristics. Subgroup interaction 
analyses (sex, age, lesion locations, stroke subtype, severity of lower limb functional impairment). Each stratification adjusts for all factors (age, sex, BG, 
BS, ischemic stroke, Brunnstrom, FMA-LE) except for the stratification factor itself.
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erythropoiesis-stimulating agent studies in stroke have focused 
primarily on mortality and neurological endpoints with mixed 
results and safety concerns; none have specifically evaluated 
balance or rehabilitation outcomes. Thus, our findings support the 
rationale for prospective studies and pilot intervention trials 
testing whether correction of clinically significant anemia—or 
broader strategies to improve oxygen delivery and muscle 
function—can translate into measurable gains in balance, mobility 
and participation.

Longitudinal cohort studies with repeated Hb and comprehensive 
physiologic assessment (including measures of muscle oxygenation, 
iron status, inflammatory biomarkers and objective mobility 
monitoring) would clarify temporality and mechanisms. Randomized 
pilot trials targeting iron deficiency or anemia correction in selected 
post-stroke populations, with balance and fall risk as predefined 
rehabilitation endpoints, are needed to evaluate efficacy and safety. 
Integration of imaging biomarkers and neuromuscular phenotyping 
could identify subgroups most likely to benefit from systemic versus 
targeted neurorehabilitation strategies.

This study has important limitations. Its cross-sectional design 
precludes causal inference and cannot rule out reverse causation. 
Residual confounding by unmeasured factors (nutrition, 
inflammatory markers, iron status, transfusion history, and chronic 
disease severity) is possible despite multivariable adjustment and 
sensitivity analyses. Hemoglobin was measured once on admission, 
preventing assessment of temporal trajectories or differentiation of 
acute versus chronic anemia. Evaluations were performed at 
variable post-stroke intervals across multiple centers; although we 
adjusted for time from onset and accounted for clustering, 
heterogeneity in care and rehabilitation intensity may have affected 
outcomes. Uniform imaging metrics such as infarct volume and 
network disruption were unavailable, limiting mechanistic 
interpretation. Furthermore, while we adjusted for major motor 
impairment, potential residual confounding from unmeasured or 
more nuanced factors influencing balance, such as subtle deficits 
in sensorimotor integration or proprioception, cannot be excluded.

5 Conclusion

In this large multicenter sample of patients undergoing stroke 
rehabilitation evaluations, higher admission hemoglobin was 
inversely associated with lower odds of balance impairment, with a 
broadly linear dose–response and consistent findings across 
sensitivity and subgroup analyses. These results highlight hemoglobin 
as a potentially modifiable systemic correlate of post-stroke balance 
dysfunction and motivate prospective studies to determine whether 
Hb optimization can improve rehabilitation outcomes and reduce 
fall risk.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics Review 
Committee of Huashan Hospital, Fudan University. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study. Written informed consent was 
obtained from the individual(s) for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

JZ: Writing – review & editing, Software, Writing – original draft, 
Conceptualization, Data curation, Formal analysis. RB: Writing  – 
review & editing, Investigation, Methodology. SZ: Writing – review & 
editing, Data curation, Investigation. YaL: Data curation, Writing – 
review & editing. YiL: Writing – review & editing, Investigation, Data 
curation. ZZ: Writing – review & editing, Data curation, Investigation. 
JL: Data curation, Writing  – review & editing, Investigation. JJ: 
Writing – review & editing, Investigation, Data curation.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This study was supported by the National 
Natural Science Foundation of China (grant no. 82272606), the Fujian 
Provincial Science and Technology Innovation Joint Fund Project 
(grant no. 2021Y9130).

Acknowledgments

The authors would like to thank the participants who took part in 
this study. Their commitment to contribute to science has been 
fundamental to this research. We thank Jie Liu, PhD (Department of 
Vascular and Endovascular Surgery, Chinese PLA General Hospital & 
Physician-Scientist Center of China) and Fan Zhang (Beijing Institute 
For Physician Scientist, Beijing Manager) for their helpful review and 
comments regarding the manuscript.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 

https://doi.org/10.3389/fnins.2025.1759185
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhu et al.� 10.3389/fnins.2025.1759185

Frontiers in Neuroscience 09 frontiersin.org

intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnins.2025.1759185/
full#supplementary-material

References
Alghadir, A. H., Al-Eisa, E. S., Anwer, S., and Sarkar, B. (2018). Reliability, validity, 

and responsiveness of three scales for measuring balance in patients with chronic stroke. 
BMC Neurol. 18:141. doi: 10.1186/s12883-018-1146-9

Allison, R., Shelling, L., Dennett, R., Ayers, T., Evans, P. H., and Campbell, J. L. (2011). 
The effectiveness of various models of primary care-based follow-up after stroke: a 
systematic review. Prim. Health Care Res. Dev. 12, 214–222. doi: 10.1017/
S146342361100003X

Altersberger, V. L., Kellert, L., Al Sultan, A. S., Martinez-Majander, N., Hametner, C., 
Eskandari, A., et al. (2020). Effect of haemoglobin levels on outcome in intravenous 
thrombolysis-treated stroke patients. Eur. Stroke J. 5, 138–147. doi: 10.1177/2396987319889468

Aung, K. C. Y., Feng, L., Yap, K. B., Sitoh, Y. Y., Leong, I. Y. O., and Ng, T. P. (2011). 
Serum albumin and hemoglobin are associated with physical function in community-
living older persons in Singapore. J. Nutr. Health Aging 15, 877–882. doi: 10.1007/
s12603-011-0120-7

Barlas, R. S., Honney, K., Loke, Y. K., McCall, S. J., Bettencourt-Silva, J. H., Clark, A. B., 
et al. (2016). Impact of hemoglobin levels and anemia on mortality in acute stroke: 
analysis of UK regional registry data, systematic review, and meta-analysis. J. Am. Heart 
Assoc. 5:e003019. doi: 10.1161/JAHA.115.003019

Berg, K., Wood-Dauphinee, S., and Williams, J. I. (1995). The balance scale: reliability 
assessment with elderly residents and patients with an acute stroke. Scand. J. Rehabil. 
Med. 27, 27–36.

Brunnstrom, S. (1966). Motor testing procedures in hemiplegia: based on sequential 
recovery stages. Phys. Ther. 46, 357–375.

Cecchi, F., Pancani, S., Vannetti, F., Boni, R., Castagnoli, C., Paperini, A., et al. (2017). 
Hemoglobin concentration is associated with self-reported disability and reduced 
physical performance in a community dwelling population of nonagenarians: the 
Mugello study. Intern. Emerg. Med. 12, 1167–1173. doi: 10.1007/s11739-017-1762-1

Ceulemans, A., Pinckaers, F. M. E., Postma, A. A., van Zwam, W. H., and van 
Oostenbrugge, R. J. (2024). Association between Anemia and clinical outcome in acute 
ischemic stroke patients treated with endovascular treatment. J Stroke 26, 87–94. doi: 
10.5853/jos.2023.01669

Corona, L. P., Andrade, F. C. D., da Silva Alexandre, T., de Brito, T. R. P., Nunes, D. P., 
and de Oliveira Duarte, Y. A. (2022). Higher hemoglobin levels are associated with better 
physical performance among older adults without anemia: a longitudinal analysis. BMC 
Geriatr. 22:233. doi: 10.1186/s12877-022-02937-4

GBD 2023 Causes of Death Collaborators (2025). Global burden of 292 causes of 
death in 204 countries and territories and 660 subnational locations, 1990-2023: a 
systematic analysis for the global burden of disease study 2023. Lancet 406, 1811–1872. 
doi: 10.1016/S0140-6736(25)01917-8

Girelli, D., Marchi, G., and Camaschella, C. (2018). Anemia in the elderly. Hema 2:e40. 
doi: 10.1097/HS9.0000000000000040

Gladstone, D. J., Danells, C. J., and Black, S. E. (2002). The fugl-meyer assessment of 
motor recovery after stroke: a critical review of its measurement properties. Neurorehabil. 
Neural Repair 16, 232–240. doi: 10.1177/154596802401105171

Hao, Z., Wu, B., Wang, D., Lin, S., Tao, W., and Liu, M. (2013). A cohort study of 
patients with anemia on admission and fatality after acute ischemic stroke. J. Clin. 
Neurosci. 20, 37–42. doi: 10.1016/j.jocn.2012.05.020

He, W., Ruan, Y., Yuan, C., Luan, X., and He, J. (2020). Hemoglobin, anemia, and 
poststroke cognitive impairment: a cohort study. Int. J. Geriatr. Psychiatry 35, 564–571. 
doi: 10.1002/gps.5272

Joosten, E., Detroyer, E., and Milisen, K. (2016). Effect of anaemia on hand grip 
strength, walking speed, functionality and 1 year mortality in older hospitalized patients. 
BMC Geriatr. 16:153. doi: 10.1186/s12877-016-0326-y

Kellert, L., Martin, E., Sykora, M., Bauer, H., Gussmann, P., Diedler, J., et al. (2011). 
Cerebral oxygen transport failure?: decreasing hemoglobin and hematocrit levels after 
ischemic stroke predict poor outcome and mortality: STroke: RelevAnt impact of 
hemoGlobin, hematocrit and transfusion (STRAIGHT)--an observational study. Stroke 
42, 2832–2837. doi: 10.1161/STROKEAHA.110.606665

Khan, M. F., Shamael, I., Zaman, Q., Mahmood, A., and Siddiqui, M. (2018). 
Association of Anemia with stroke severity in acute ischemic stroke patients. Cureus 
10:e2870. doi: 10.7759/cureus.2870

Lasek-Bal, A., Holecki, M., Stęposz, A., and Duława, J. (2015). The impact of anemia 
on the course and short-term prognosis in patients with first ever ischemic stroke. 
Neurol. Neurochir. Pol. 49, 107–112. doi: 10.1016/j.pjnns.2015.03.001

Li, Z., Zhou, T., Li, Y., Chen, P., and Chen, L. (2016). Anemia increases the mortality 
risk in patients with stroke: a meta-analysis of cohort studies. Sci. Rep. 6:26636. doi: 
10.1038/srep26636

Lin, M.-T., Wu, H.-W., Chen, H.-Y., Tsai, H.-T., and Wu, C.-H. (2023). Association of 
clinical factors to functional outcomes in patients with stroke with large-vessel occlusion 
after endovascular thrombectomy. J. Formos. Med. Assoc. 122, 344–350. doi: 10.1016/j.
jfma.2022.11.016

Ma, Q., Li, R., Wang, L., Yin, P., Wang, Y., Yan, C., et al. (2021). Temporal trend and 
attributable risk factors of stroke burden in China, 1990-2019: an analysis for the global 
burden of disease study 2019. Lancet Public Health 6:e897. doi: 10.1016/
S2468-2667(21)00228-0

Naess, H., Logallo, N., Waje-Andreassen, U., Thomassen, L., and Kvistad, C. E. (2019). 
U-shaped relationship between hemoglobin level and severity of ischemic stroke. Acta 
Neurol. Scand. 140, 56–61. doi: 10.1111/ane.13100

Pandian, S., Arya, K. N., and Kumar, D. (2016). Minimal clinically important 
difference of the lower-extremity fugl-meyer assessment in chronic-stroke. Top. Stroke 
Rehabil. 23, 233–239. doi: 10.1179/1945511915Y.0000000003

Smith, M.-C., Byblow, W. D., Barber, P. A., and Stinear, C. M. (2017). Proportional 
recovery from lower limb motor impairment after stroke. Stroke 48, 1400–1403. doi: 
10.1161/STROKEAHA.116.016478

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., 
Vandenbroucke, J. P., et al. (2007). The strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: guidelines for reporting observational 
studies. Lancet 370, 1453–1457. doi: 10.1016/S0140-6736(07)61602-X

Wade, D. T., and Hewer, R. L. (1987). Functional abilities after stroke: measurement, 
natural history and prognosis. J. Neurol. Neurosurg. Psychiatry 50, 177–182.

Wang, H., and Lin, P. (2024). Association between sarcopenia and hemoglobin level: 
a systematic review and meta-analysis. Front Med (Lausanne) 11:1424227. doi: 10.3389/
fmed.2024.1424227

Zhang, R., Xu, Q., Wang, A., Jiang, Y., Meng, X., Zhou, M., et al. (2021). Hemoglobin 
concentration and clinical outcomes after acute ischemic stroke or transient ischemic 
attack. J. Am. Heart Assoc. 10:e022547. doi: 10.1161/JAHA.121.022547

Zhao, Y., Hua, X., Ren, X., Ouyang, M., Chen, C., Li, Y., et al. (2023). Increasing 
burden of stroke in China: a systematic review and meta-analysis of prevalence, 
incidence, mortality, and case fatality. Int. J. Stroke 18, 259–267. doi: 
10.1177/17474930221135983

https://doi.org/10.3389/fnins.2025.1759185
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnins.2025.1759185/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2025.1759185/full#supplementary-material
https://doi.org/10.1186/s12883-018-1146-9
https://doi.org/10.1017/S146342361100003X
https://doi.org/10.1017/S146342361100003X
https://doi.org/10.1177/2396987319889468
https://doi.org/10.1007/s12603-011-0120-7
https://doi.org/10.1007/s12603-011-0120-7
https://doi.org/10.1161/JAHA.115.003019
https://doi.org/10.1007/s11739-017-1762-1
https://doi.org/10.5853/jos.2023.01669
https://doi.org/10.1186/s12877-022-02937-4
https://doi.org/10.1016/S0140-6736(25)01917-8
https://doi.org/10.1097/HS9.0000000000000040
https://doi.org/10.1177/154596802401105171
https://doi.org/10.1016/j.jocn.2012.05.020
https://doi.org/10.1002/gps.5272
https://doi.org/10.1186/s12877-016-0326-y
https://doi.org/10.1161/STROKEAHA.110.606665
https://doi.org/10.7759/cureus.2870
https://doi.org/10.1016/j.pjnns.2015.03.001
https://doi.org/10.1038/srep26636
https://doi.org/10.1016/j.jfma.2022.11.016
https://doi.org/10.1016/j.jfma.2022.11.016
https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1111/ane.13100
https://doi.org/10.1179/1945511915Y.0000000003
https://doi.org/10.1161/STROKEAHA.116.016478
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.3389/fmed.2024.1424227
https://doi.org/10.3389/fmed.2024.1424227
https://doi.org/10.1161/JAHA.121.022547
https://doi.org/10.1177/17474930221135983

	The association of hemoglobin levels and balance function in patients with stroke: a multicenter study in China
	1 Introduction
	2 Materials and methods
	2.1 Study design and ethical considerations
	2.2 Participants and data sources
	2.3 Inclusion and exclusion criteria
	2.4 Hemoglobin measurement
	2.5 Balance and motor function assessments
	2.6 Covariates
	2.7 Statistical analysis

	3 Results
	3.1 Sensitivity analyses

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

