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Bioelectrical Impedance Vector Analysis (BIVA) is a valuable tool for evaluating hydration and body 
composition, but its application in subacute post-stroke patients remains unexplored. This study aimed 
to fill this gap by analyzing BIVA in a cohort of 87 subacute post-stroke patients (42 women, mean age 
69 ± 12) undergoing rehabilitation. At admission (T0), diagnosis of malnutrition with GLIM criteria and 
of sarcopenia with EWGSOP2 was done, and patients were analyzed with BIVA. The change in modified 
Barthel Index (mBIT1-mBIT0) was assessed to evaluate the improvement in functional recovery. BIVA 
revealed that both adult patients (< 65 years, n = 29) and elderly patients (≥ 65 years, n = 58) exhibited 
high body fluid overload and low muscle mass. Additionally, BIVA revealed a significant rightward shift 
of the bioimpedance vectors in malnourished (n = 37) versus non-malnourished patients (T2 = 56.9, 
p < 0.001, D = 1.68) and in sarcopenic (n = 24) versus non-sarcopenic patients (T2 = 36.4, p < 0.001, 
D = 1.5). Lastly, the BIVA distinguished patients with greater improvement (n = 53) from patients with 
lower improvement (n = 34) (T2 = 10.6, p = 0.007, D = 0.7). In conclusion, BIVA is an effective, easy-to-use 
tool for evaluating hydration, nutritional status, and recovery in post-stroke rehabilitation.
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Stroke is one of the leading causes of death, morbidity, and disability worldwide, significantly impacting 
healthcare systems1. Stroke survivors may experience malnutrition and sarcopenia2,3, both of which significantly 
impact clinical outcomes and functional recovery during the often extended rehabilitation period2,4–10.

Malnutrition (undernutrition) is defined by the European Society for Clinical Nutrition and Metabolism 
(ESPEN) as an imbalance in nutrient intake that leads to changes in body and cellular composition, resulting in 
decreased functional capacity11. A meta-analysis of 78 studies2 found that malnutrition is prevalent in all phases 
of stroke, affecting 37% of patients during the early subacute phase and up to 29% of patients during subacute 
phase12. Sarcopenia, which is the progressive decline in skeletal muscle mass and strength, is another condition 
affecting stroke patients, frequently associated to ageing, chronic malnutrition, and the stroke itself3.

The importance of a correct diagnosis of malnutrition and sarcopenia upon admission to a rehabilitation 
center is often not adequately considered in the multidisciplinary approach managing post-stroke patients13. In 
this context, an accurate evaluation of body composition at admission of a rehabilitation unit is crucial for the 
early identification of sarcopenia, malnutrition, and other body composition changes that can significantly affect 
recovery10,14,15.

Even if Computed tomography (CT) and Dual-Energy X-ray Absorptiometry (DEXA) are the gold standard 
methods to assess body composition, they are expensive, require specialized personnel, and often are not present 
in rehabilitation centers15. Bioelectrical Impedance Analysis (BIA) is a methodology commonly used in different 
clinical setting being easy to use, safe, cheap and non-invasive15. For this reason, is frequently employed to assess 
body composition in post-stroke patients in rehabilitation setting16,17.

1IRCCS Fondazione Don Carlo Gnocchi ONLUS, 50143 Florence, Italy. 2Department of Science and Technology for 
Humans and the Environment, Università Campus Bio-Medico di Roma, Via Álvaro del Portillo, 21, 00128 Rome, 
Italy. email: msiotto@dongnocchi.it

OPEN

Scientific Reports |         (2025) 15:1774 1| https://doi.org/10.1038/s41598-024-84968-y

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-84968-y&domain=pdf&date_stamp=2025-1-13


BIA measures the opposition of the body-tissues to alternating current, namely the whole-body Impedance18. 
The two raw parameters deriving from this analysis are Resistance (Rz) and Reactance (Xc). Rz is inversely 
correlated to the water content in biological tissues, while Xc depends on the capacitance properties of the cell 
membrane, providing insights into cellular health, integrity and density19,20. From Rz and Xc it is possible to 
directly calculate the Phase Angle (PhA), which is related to cellular health and muscle quality21,22. Lower values 
of PhA were typically observed in subjects with severe pathological conditions and have been related to worse 
outcomes, such as increased mortality risk, disease progression and prolonged hospital stay22,23. Conversely, 
higher PhA values are indicative of better overall health, greater muscle strength and function20,24. Several 
studies have shown its prognostic utility in several diseases22,23. Moreover PhA has been identified as a useful 
marker of malnutrition and sarcopenia in post-stroke patients10,25–27, as well as a valuable predictor of their 
functional independence and recovery14,26,28–30.

BIA analysis allows to evaluate other body composition parameters, through predictive equations that 
incorporate the raw parameters along with sex, age, height and weight18. While BIA predictive equations are 
commonly used for body composition assessment, they can lead to estimation errors because they are highly 
accurate only when the subjects’ characteristics match those of the population for whom the equations were 
developed31,32. In addition, the accuracy of body composition estimates can also be significantly influenced 
by altered hydration states and other physiological condition33. In contrast, the direct analysis of Rz, Xc and 
PhA, known as Bioelectrical Impedance Vector Analysis (BIVA), has gained attention for its ability to provide 
additional insights into hydration status and body composition, without the potential biases associated with BIA 
predictive equations 22,23. In BIVA, the Rz and Xc of subjects, standardized by their height in meters, are plotted 
on a Rz-Xc graph34, creating a bioimpedance vector which can be visualized and analyzed, with a inter-rater 
variability very low even in patients with diseases22,33,35. BIVA is particularly valuable in situations where body 
composition estimation is compromised due to fluid imbalance or other conditions22,36. These characteristics 
makes BIVA a highly versatile tool suitable for a broader range of clinical scenarios33. In fact, several studies 
highlighted the effectiveness of BIVA in qualitatively assessing hydration and body composition, not only in 
athletes37, but also in elderly patients38,39, in patients undergoing hemodialysis40,41, in critically ill individuals42, 
in cancer patients43,44 and in those affected by obesity22. Moreover, BIVA has been used as an easy approach to 
identify patients with malnutrition or sarcopenia45–51. However, it is important to consider that age, sex and 
ethnicity, are factors affecting BIVA, due to different hydration and body composition33.

Despite the widespread use of BIVA in clinical and athletic contexts, no data have been yet published on 
subjects with a stroke insult, with the exception of one study on a small sample of patients during the acute 
phase52. The application of BIVA in a post-stroke rehabilitation setting could be extremely helpful, as it allows 
for an early and easy characterization of body composition and nutritional status in post stroke patients admitted 
to rehabilitation centers after acute-phase hospitalization. As previously mentioned, in fact, these patients are 
at risk of experiencing sarcopenia, malnutrition and other body composition changes, all of which can affect 
recovery.

This study aims to fill this gap by analysing the usefulness of BIVA in qualitatively assessing body composition 
and characterizing malnutrition and sarcopenia in subacute post-stroke patient starting the rehabilitation 
treatment. Moreover, we aim to investigate if BIVA can effectively characterize patients based on the level of 
their functional recovery.

Methods
Study design and participants
The study is an observational prospective study aimed to analyze the nutritional status in post-stroke patients. 
Patients were consecutively enrolled at the “Santa Maria della Provvidenza” center of the Fondazione Don Carlo 
Gnocchi, in Rome, between September 2020 and April 2023 (“NUTRISTROKE” study, clinical trial identifier: 
NCT04923165).

Patients were selected based on the subsequent criteria: (i) a first ischemic or hemorrhagic stroke, as 
determined by computed tomography (CT) or magnetic resonance imaging (MRI); (ii) age between 18 and 
85; (iii) the stroke insult occurred less than six months before; (iv) sufficient cognitive and language skills to 
understand the directions for using the assessment scales and to sign the informed consent. The exclusion 
criteria were the following: (i) a previous stroke; (ii) behavioral and cognitive disorders, as well as impaired 
compliance, which interfere with active therapy or comprehending and writing informed consent; (iii) the 
presence of pacemakers (which may interfere with bioimpedance measures).

The Ethical Committee of the Fondazione Don Carlo Gnocchi in Milan, Italy, authorized the study protocol 
on February 12th, 2020 and with a non-substantial amendment on October 14th, 2020 (Prot.n.22/2020/CE_
FdG/FC/SA_14/10/20). All patients provided written informed consent.

Rehabilitation treatment
The rehabilitation protocol was outlined in our previous work53. Specifically, the patients followed a six-week 
rehabilitation treatment that included traditional physical therapy for 45  min for six days a week. Passive, 
active-assisted, and active mobilizations, exercises for restoring muscle strength, stretching, functional and task-
oriented training, proprioceptive exercises, postural passages and transfers, sitting and standing training, motor 
coordination and balance training, walking training, and activities of daily living recovery training were all 
included in the rehabilitation treatment. To promote neuroplasticity and improve upper limb motor recovery, 
patients also performed task-oriented exercises such as reaching and grasping movements (e.g., reaching and 
picking up a glass or other objects), as well as activities of daily living (e.g., transfers, dressing, brushing/combing 
hair, depending on the subject’s ability).
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Additionally, robotic treatment of the upper limb was administered to each patient five times a week for 
45 min at a time. The following robotic devices were employed: (i) Amadeo (Tyromotion, Austria); (ii) Pablo 
(Tyromotion, Austria); (iii) Motore (Humanware, Italy); (iv) Diego (Tyromotion, Austria) as detailed in 
previous studies54,55. Patients used robotic upper limb devices that provided visual and auditory feedback while 
performing motor and cognitive exercises.

Demographic, clinical and anthropometric measurements
We recorded clinical, anamnestic and demographic information on admission (T0).

The Cumulative Illness Rating Scale (CIRS), a 56-point scale, was used to quantify the burden of disease56.
Weight and height data were included in anthropometric measures. Body weight was measured at T0: a 

calibrated scale (Seca 750, Seca Hamburg, Germany) was used to weigh the patients who could stand, while a 
chair weighing scale (Wunder DE5, Wunder Sa.Bi. srl; Milan, Italy) was used for the patients who couldn’t. The 
weight information was given in kilogrammes (kg), with accuracy to the closest 0.1 kg. For every patient who 
was able to stand, the height was measured at T0, with results reported in meters (m). For individuals unable to 
stand, height was measured by assessing knee height using a flexible tape measure. Finally, the Body Mass Index 
was calculated dividing the weight for the squared of the height (BMI, kg/m2).

Bioelectrical impedance analysis (BIA) and bioelectrical impedance vector analysis (BIVA)
Whole-body BIA of the patients enrolled were assessed at T0 using a Single-Frequency Bioelectrical Impedance 
Analysis device (BIA 101 Anniversary Sport Edition, Akern, Firenze, Italy). BIA allows the evaluations of 
body composition parameters applying an alternating sinusoidal electric current of 800 µA at an operating 
frequency of 50 kHz, obtaining the BIA-derived parameters Resistance (Rz) and Reactance (Xc)18. Rz reflects 
the opposition to the flow of an alternating electrical current through biological tissues and Xc depends on the 
capacitance properties of the cell membrane. Rz and Xc together represent the Impedance (Z) of biological 
tissues57. The BIA-derived PhA can then be calculated from the ratio between Rz and Xc quantified as arctangent 
(Xc/R)*180°/π18. Rz and Xc are employed within regression models (predictive equations) to estimate body 
composition components such as fat mass, muscle mass and fluids, or are directly analyzed by BIVA. With BIVA, 
the bioelectrical Rz and Xc, standardized for the height of the measured subject (h) generate a vector within a 
Cartesian plane (Rz-Xc graph), with the Rz/h on the abscissa and the Xc/h on the ordinate34. Bioimpedance 
vectors obtained can subsequently be analyzed on the basis of their position, length and direction (which 
corresponds to the PhA), providing information about the patient’s hydration status, body soft tissues and body 
cell mas34. Specifically, the evaluations of BIVA parameters is allowed by comparing patient’s bioimpedance 
vectors with the 50th, 75th, and 95th bivariate percentiles (tolerance ellipses) of a reference population58. Vector 
displacement along the major axis of the tolerance ellipses indicates changes in total body water, with longer 
vectors suggesting dehydration and shorter vectors indicating overhydration or edema59. Rightward shifts 
parallel to the minor axis signify that soft tissue mass and body cell mass are decreased respect to normal values, 
while leftward shifts indicate the opposite37,59. The vectors of healthy subjects are usually positioned within the 
75th tolerance ellipses22; in contrast, vectors positioned to the right or outside of the 75th percentile tolerance 
ellipses are indicative of patients with alterations of hydration status59 and soft tissue wasting40.

The “Piccoli” software (Piccoli A, Pastori G. BIVA software. Department of Medical and Surgical Sciences, 
University of Padova, Italy, 2002) was used to perform BIVA. In this study, we employed two distinct tolerance 
reference: for the adult population (< 65 years), we utilized the reference ellipses proposed by Campa et al.35, 
while for the elderly population (≥ 65 years), we applied the ellipses designed by Saragat et al.60.

BIA was conducted applying 4 certified electrodes (BIATRODES, Akern, Firenze, Italy), with two pairs of 
electrodes placed at 5 cm apart at the metacarpal and metatarsal sites of the non-hemiparetic wrist and ankle. 
All patients were examined in a supine position, with their limbs equally spaced. Before the measurement, 
the skin at the contact points was cleaned to prevent alterations. Patients with fever or hypothermia were not 
analyzed because body temperature may alter bioelectric resistance. Patients’ hydration status was clinically 
assessed before the BIA evaluation, and patients presenting local edema or severe dehydration were excluded. 
Additionally, patients with pacemakers were excluded. Operators were instructed to properly acquire data before 
starting measurements to minimize estimation errors. Moreover, to establish the variability and reliability of 
BIVA parameters in our patient’s population, the technical error of measurement (TEM) for BIVA data (Rz, Xc, 
and PhA) was computed with test-retest method. Data were obtained by two different examiners (inter-observer 
assessment) performed on 10 post-stroke patients out of the population of this study. A TEM percentage below 
2% is generally considered an acceptable threshold for inter-observer variability61.

Malnutrition and sarcopenia assessment at admission
The evaluation of malnutrition was done following the GLIM guidelines62. Five criteria are included in GLIM 
to identify adult malnutrition in a clinical context62. These criteria were split into two categories: etiologic 
(lower food intake or assimilation or any chronic gastrointestinal disorders that adversely impacts patient’s 
food assimilation and an inflammatory condition) and phenotypic (non-volitional weight loss, low BMI, and 
low muscle mass). Patients with at least one phenotypic and one etiologic requirement at the same time, were 
considered malnourished.

Sarcopenia was assessed according to the EWGSOP2 guidelines63, by the simultaneous presence of low values 
of muscle strength and low muscle mass quantity. Muscle strength was performed with a hand-held digital 
dynamometer (Citec, C.I.T Techincs, Haren, The Netherlands). Specifically, the maximum isometric strength 
of the hand and forearm muscles of the non-hemiparetic hand was measured64. Patients were evaluated while 
seated, with their elbows bent at a 90° angle, their shoulders adducted, and their forearms neutrally positioned 
without any assistances. The mean value reported in kilograms (kg) was calculated after the patients completed 
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three maximal isometric contractions with short rests in between. According to the EWGSOP2, probable 
sarcopenia was defined as handgrip strength below 27 kg for men, and below 16 kg for women63. Muscle mass 
quantity was estimated using BIA: the appendicular skeletal muscle mass (ASMM) divided by the patient’s height 
squared (ASMM/h2; kg/m2) was assessed as a parameter of muscle mass. For low muscle mass quantity, the cut-
off for sarcopenia, according to EWGSOP2, is < 5.5 kg/m2 for women and < 7 kg/m2 for men63.

Rehabilitation outcomes
Patients, performance in activity of daily living (ADL) were evaluated both at T0 and after six-weeks rehabilitation 
treatment (T1) by the modified Barthel Index (mBI). The mBI is an ordinal scale with a range of 0 to 100 
composed by ten items that evaluate the patient’s ability to perform several tasks, including eating, personal 
hygiene, clothes, bathing, bladder control, bowel control, toilet transfers, stair climbing, and ambulation/
wheelchair use65.

Recovery was assessed the change in the patients’ mBI values assessed at T0 and T1 (ΔmBI = mBIT1-mBIT0). 
After treatment, patients were classified in two groups, on the basis of ΔmBI: if the ΔmBI was higher than 
or equal to 10 points, patients were considered to have a greater improvement, and otherwise patients were 
considered to have a lower improvement66,67.

Statistical analysis
Demographic and clinical characteristics of patients were shown a as mean and standard deviation for numerical 
data, and as counts and percentages, form numerical ones.

The Shapiro-Wilk test was employed to assess normality, and non-parametric tests were used when necessary.
The Wilcoxon signed-rank test was employed to investigate changes in rehabilitation outcomes by comparing 

data at T0 and at T1 for ADL performance (mBI).
To compare the BIVA data from our sample with those from a reference healthy population, we plotted their 

bioimpedance vectors on two gender-specific tolerance ellipses: one tailored for adults (< 65 years)35 and another 
specifically designed for the elderly population (≥ 65 years)60. In addition, the mean bioimpedance vectors for 
women and men were transformed into bivariate Z-scores, that represents the number of standard deviations 
from the mean values of the two reference populations chosen.

To compare the bioimpedance vectors between patients grouped as: (i) with or without malnutrition; (ii) 
with or without sarcopenia; (iii) with greater or lower recovery (clinically significant improvement: ΔmBI ≥ 10; 
no clinically significant improvement: ΔmBI < 10), we analyzed the bivariate 95% confidence ellipses of their 
mean vectors; statistically significant differences between the mean vectors of the groups were assessed using 
the multivariate extension of the Student’s t-test for unpaired data, known as the two-sample Hotelling’s T² 
test. Mahalanobis distances (D) were calculated to quantify the difference among mean bioimpedance vectors, 
interpreted according to Stevens’s guidelines68: 0.25–0.49: small; 0.5–0.99: medium; ≥1: large. To compare raw 
BIA parameters between the previously mentioned groups, we used the Mann-Whitney U test. Chi-squared test 
was used to investigate whether there were significant differences by sex between groups.

For all the statistical analyses, a P value below 0.05 was considered significant. Statistical analysis was 
performed using SPSS (IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp).

Results
Participants and baseline characteristic
We enrolled 91 patients, 4 patients dropped out, and a final sample of 87 subject was analyzed. The baseline 
characteristics of the sample group, including anthropometric measurements, demographic and clinical 
features, disability assessment, nutritional status assessment, and raw BIA parameters, are detailed in Table 1. 
This study evaluated 87 subacute post-stroke patients, (women n = 42, mean age 69 ± 12 years). Among these 
patients, ischemic stroke was prevalent (76%) and the means days from stroke onset were 100 ± 52. Malnutrition 
according to GLIM criteria were found in 37 patients (43%; women n = 22). Sarcopenia was diagnosed in 24 
patients (28%¸ women n = 14). There were no significant differences in the proportion of malnutrition and 
sarcopenia between sexes, neither between ischemic and hemorragic.

Whole-body BIA reproducibility in stroke
The technical error of measurement (TEM) data for Rz, Xc and PhA of the whole-body were provided in 
supplementary material (Supplementary Table 1). All raw BIA parameters exhibited a TEM percentage below 
2%.

BIVA: comparison with the healthy reference’s values
Bioimpedance vectors of the women and men of the sample at T0 were plotted on the corresponding BIVA 
tolerance ellipses (Fig. 1).

BIVA revealed that many patients at admission had higher body fluid overload and lower amounts of soft 
tissue compared to healthy subjects’ reference values. In fact, almost all bioimpedance vectors, both of men and 
women, were positioned in the fourth quadrant, below the minor axis and at the right of the major axis of the 
tolerance ellipses. In addition, 60% of men vectors and 74% of women vectors were to the right at the bottom, 
and outside of the 75th tolerance ellipses. These results were further supported by the Rz-Xc z-score analysis 
(Fig. 2): gender-specific mean bivariate z-scores for both adults (n = 29) and elderly (n = 58) were positioned on 
the lower right quadrant and outside the 75th tolerance ellipses.
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BIVA, malnutrition, and Sarcopenia
At admission, we observed significant differences in PhA values and bioimpedance vectors between patients with 
and without malnutrition or sarcopenia. Specifically, we detected lower PhA values in patients with malnutrition 
(4.32 ± 0.92° vs. 4.94 ± 1.21°, p = 0.025) and sarcopenia (3.90 ± 0.90° vs. 4.97 ± 1.10°, p < 0.001) compared to those 
without these conditions.

BIVA showed a significant difference in the confidence ellipses between malnourished and non-malnourished 
patients (T2 = 56.9, F = 28.1, p < 0.001, D = 1.68) and between sarcopenic and non-sarcopenic patients (T2 = 36.4, 
F = 18.0, p < 0.001, D = 1.5) (Fig.  3). Notably, the two-sample Hotelling’s T2  test  revealed that patients with 
malnutrition or sarcopenia were characterized by a large (D ≥ 1) rightward shift of their impedance vectors 
compared to patients without malnutrition or sarcopenia. We didn’t find any differences in PhA values or in the 
confidence ellipses between patients who experienced haemorrhagic or ischemic stroke.

Effect of rehabilitation
As expected, patients’ performance in ADL significantly improved after rehabilitation treatment. Specifically, the 
mean scores of mBI (61 ± 25 vs. 45 ± 19, p < 0.001) was higher at T1 with respect to T0.

The mean ΔmBI assessed in our sample was 16 ± 15. Fifty-three patients (60%; 23 women) exhibited 
greater improvement based on the ΔmBI cut-off points, while 34 patients (40%; 20 women) exhibited lower 
improvement. No significant differences in age were observed between the two recovery groups. Furthermore, 
Chi-square test revealed no significant differences in the proportions of men and women across the recovery 
outcome groups, or between ischemic and hemorrhagic.

Baseline Characteristics
Sample group
(n = 87)

Age (years) 69 ± 12

Women 42 (48%)

Men 45 (52%)

Antropometric value

 Weight (kg) 69.6 ± 17.3

 Height (m) 1.66 ± 0.11

 BMI (kg/m2) 24.9 ± 4.9

Index stroke type

 Ischemic 66 (76%)

 Hemorrhagic 21 (24%)

 Smoking 45 (52%)

Comorbidities

 Hypertension 74 (85%)

 Type 2 diabetes 26 (30%)

 Dyslipidemia 37 (43%)

 Heart disease 12 (14%)

 Dysphagia 29 (33%)

Cumulative illness rating scale (CIRS)

 CIRS severity 2.7 ± 0.4

 CIRS comorbidity 5.7 ± 1.7

 Days from stroke onset to enrollment 100 ± 52

Performance in activity of daily lliving (ADL)

 Modified barthel index (mBI) (0-100) 45 ± 19

Upper limb motor performance

 Fugl-meyer assessment for the upper extremity scale (FMA-UE) 30 ± 22

Limb’s muscle strength

 Motricity index upper extremity (MI-UE) 46 ± 32

 Motricity index lower extremity (MI-LE) 52 ± 28

 Malnutrition GLIM 37 (43%)

 Sarcopenia 24 (28%)

BIA

 Rz (ohm) 515.3 ± 105.3

 Xc (ohm) 41.3 ± 9.5

 PhA (°) 4.7 ± 1.1

Table 1.  Baseline (T0) characteristics of the sample group (n = 87).
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BIVA at admission and recovery after rehabilitation
At admission, PhA values of patients were significantly higher in those who showed greater improvement 
compared to those with lower improvement (5.00 ± 1.12° vs. 4.32 ± 1.10°, p = 0.010). Furthermore, in the two 
group of patients, we found that also the mean bioimpedance vectors were significantly different (Fig.  4): 
specifically, in patients who experienced a better recovery there was a medium leftward shift of the vectors 
(T2 = 10.6, F = 5.2, p = 0.007, D = 0.7).

Discussion
This is the first study which analyzes the body composition of subacute patients with stroke undergoing 
rehabilitation using BIVA. Our findings demonstrated that BIVA at admission provides valuable information 
regarding the hydration and nutritional status of post-stroke patients. Furthermore, BIVA at admission not 
only distinguished patients based on the presence or absence of malnutrition or sarcopenia, but also effectively 
differentiated those who would have higher or lower ADL recovery after the rehabilitation program.

We evaluated the BIVA parameters of our sample by comparing individual bioimpedance vectors and the 
mean bivariate Z-score with the updated bioelectrical impedance vector references for the healthy adults35 
and healthy elderly60. These updated ellipses were designed to enhance the accuracy and utility of BIVA in 
body composition assessments35. Our findings revealed that the majority of the bioimpedance vectors of our 
sample were located below the minor axis, to the right, and outside the 75th tolerance ellipses. These placements 
indicates a significant shift towards higher extracellular fluid levels (body fluid overload) and reduced soft 
tissue mass when compared to healthy reference populations22,36,59. These results were further confirmed by 
the Rz-Xc Z-score analysis, which revealed that the mean bivariate Z-scores of both sexes were positioned in 
the lower-right (fourth) quadrant and outside the 75th percentile tolerance ellipses. Such vector positions on 

Fig. 1.  Men (a and c) and women (b and d) bioimpedance vectors plotted on the gender-specific ellipses 
references (Campa et al. 2023 for adults, and Saragat et al. 2014 for elderly). Filled circles and squares: men; 
hollow circles and squares: women.
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the Rz-Xc graph have been consistently associated with alterations in hydration status and soft tissue wasting40. 
Furthermore, patients with bioimpedance vectors plotted in the fourth quadrant and outside the 75th percentile 
ellipses were found to be at higher risk of malnutrition, sarcopenia, or cachexia51,59,69. Since this is the first 
study assessing BIVA parameters in a sample of patients with sub-acute stroke, it is not possible to compare 
our findings with those of other studies. However, we believe that the results presented herein accurately reflect 
the baseline characteristics of our sample and, more broadly, of post-stroke patients undergoing rehabilitation 
treatment: at T0 many of our patients were characterized by malnutrition (43%) or sarcopenia (28%); the PhA 
values at T0 of our sample were lower with respect to the references values of healthy population for the same 
age group35, suggesting less muscle mass quantity and quality, and lower status of cells capable of contributing 
to strength expression24,70; lastly, following a stroke, most patients in this study had difficulty in walking or 
were already bedridden, which likely contributed to muscle wasting, loss of muscle strength, and soft tissue 

Fig. 3.  Comparison of the bioimpedance vectors with 95% confidence ellipses between patients: (a) with or 
without malnutrition (GLIM criteria) and (b) with or without sarcopenia (EWGSOP2 criteria). p value refers 
to the statistically significant difference found using the two-sample Hotelling’s T2 test.

 

Fig. 2.  Men (a) and women (b) mean bioimpedance vectors (bivariate z-scores) plotted on the Rz-Xc Z-score 
graph (Campa et al. 2023 for adults, and Saragat et al. 2014). Filled circles and squares: men; hollow circles and 
squares: women.
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changes71,72. Rehabilitation is crucial for improving patient outcomes, especially given poor initial conditions. 
Indeed, our patients showed significant improvements in their performances activities of daily living (ADL), 
limb’s motor performance, and muscle strength following the rehabilitation treatment.

Another interesting finding of this study emerged from the inter-group comparison analyses. Patients who 
were malnourished, sarcopenic, or had lower improvement in ADL, showed lower PhA values compared to those 
who were not malnourished, not sarcopenic, or had higher recovery, consistent with findings from other clinical 
studies10,25,26. BIVA revealed that patients with malnutrition and sarcopenia were characterized at admission by 
rightward shift of their bioimpedance vectors on the Rz-Xc graph compared to those without these conditions. 
Previous studies in other clinical settings have reported similar findings in patients with malnutrition38,39,41,49,50 
or those with sarcopenia45–48.

Our findings also revealed that BIVA effectively differentiated patients with higher ADL recovery from those 
with lower recovery after the rehabilitation program. To date, no studies had yet evaluated the relationship 
between BIVA and post-stroke recovery. Specifically, we observed that patients with improved recovery exhibited 
a noticeable leftward shift in their bioimpedance vectors at admission, indicating that these patients had a higher 
amount of soft tissues and muscle mass22,40 and this can probably contribute to the process of recovery. BIVA 
appears to be a valuable tool that complements and enhances the usefulness of BIA for monitoring the body 
composition of post-stroke patients undergoing rehabilitation. Several studies showed that BIA muscle mass 
parameters8–10,73–75, together with the BIA-derived PhA14,25,28,29 were positively related with the outcomes 
rehabilitation. We have also recently demonstrated that BIA can differentiate segmental muscle quality between 
the affected and unaffected sides, as well as detect improvements in muscle quality on the hemiparetic side 
following rehabilitation53. However, for a complete body composition assessment, we suggest to consider also 
data from BIVA. In fact, it is important to clarify that there are still insufficient valid equations for estimating 
body muscle mass by BIA for every population and bioelectrical technology32. Moreover, although the clinical 
utility of PhA has been widely discussed, other important information provided by raw bioelectrical parameters 
may be overlooked23. In fact, the analysis of the bioimpedance vector provides insights into body hydration, 
nutrition and muscle health22,34, offering a more comprehensive body composition assessment compared to PhA 
alone22,23. Additionally, BIVA is free from any potential biases associated with BIA predictive equarions35 and 

Fig. 4.  Comparison of the bioimpedance vectors with 95% confidence ellipses between patients with greater 
improvement (∆mBI ≥ 10) or lower improvement (∆mBI < 10) recovery. p value refers to the statistically 
significant difference found using the two-sample Hotelling’s T2 test.
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could be utilized at the onset of post-stroke rehabilitation therapy for immediate body composition assessment, 
enabling the creation of more tailored and effective treatment plans.

The experience gained from this study in diagnosing malnutrition with the GLIM criteria in post-stroke 
patients was instrumental in defining the nutritional status assessment of a multicenter study protocol in a 
large cohort of patients with stroke during rehabilitation treatment (trial registered at ClinicalTrials.gov with 
identifier number: NCT06547827).

One limitation of this study arises from the recruitment of a restricted sample only from a single rehabilitation 
center. Another limitation is that only foot-to-hand bioimpedance devices operating at a frequency of 50 kHz 
can be utilized for BIVA. Therefore, it must be considered that different types of bioimpedance devices are 
not suitable for BIVA analysis. Further investigations on a larger sample through multicenter trials should be 
programmed to confirm the data presented herein.

In conclusion, this study provides the first evidence of the application of BIVA in assessing body composition 
among subacute post-stroke patients undergoing rehabilitation. BIVA allows an easy and immediate evaluation 
of hydration and nutritional status of these patients, significantly complementing the traditional BIA approach. 
Moreover, we showed that BIVA is able to differentiate patients based on a higher recovery, making it a future 
potential prognostic tool.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author upon 
reasonable request.
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