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Abstract: The purpose of this study was to examine the predictive value of phase angle (PhA) in
chronic spinal cord injury (SCI). This study includes 104 participants (52 for each group) of SCI
patients and healthy subjects (HS) treated at the Indian Spinal Injury Centre (ISIC, New Delhi, India)
between October 2020 and March 2021 A cross-sectional study was operated Bioelectrical Impedance
Analysis (BIA) at 50 kHz and measured the prognostic effect of PhA on participants. An independent-
sample t-test was used to estimate PhA between groups. Receiver Operating Characteristic (ROC)
curves predicted the PhA cutoff and Youden’s index. There was a significant difference in PhA
of gender, with p < 0.0001, a difference (2.40), 95% confidence interval (CI) (2.10 to 2.80), median
(4.70) for the SCI group, and (7.1) for HS, respectively. In contrast, PhA was significantly different in
males with p < 0.0001, a difference (2.60), 95% CI (3.00 to 2.10), median (5.0) for SCI, and (7.30) for
HS, respectively. Similarly, PhA was significantly different in females, with p < 0.0001, a difference
(1.9881), 95 % CI of difference (1.3565 to 2.6197), median (6.60) for SCI, and (4.40) for HS, respectively,
as well as PhA cutoff values for SCI (female < 4.4°; male < 4.7°). The outcomes indicate a difference
between groups of people with SCI and HS across the groups of gender, with a lower PhA in people
with SCI.
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1. Introduction

The prevalence of traumatic spinal cord injuries (SCI) in road traffic accidents (RTA)
and falls has grown significantly over the past few decades, especially among young in-
dividuals [1]. Individuals with SCI have an effective functional disability of their upper
and lower limbs, significantly impacting their everyday routine [2,3]. With immobility,
persons with SCI lose a lot of skeletal muscle mass (SMM)), significantly below the level of
the injury. This reduces resting energy expenditure and increases total body and visceral
fat mass [4,5]. Persons with SCI are predisposed to muscular atrophy, immobility, and
increased fat penetration due to lack of physical activity [6]. Thus, according to clinical
evidence, adverse changes in body composition after an acute SCI might significantly im-
pact therapy, total body energy metabolism, muscle architecture, components, and health
condition [7,8]. Therefore, a simple technique for assessing changes in body composition in
persons with SCI in outpatient settings is required. There are few useful and practical tech-
niques for estimating SCI patients” BC changes [7,9]. Non-invasive approaches for assessing
BC in people with SCI are essential for clinical rehabilitation. These techniques, which include
“Bioelectrical Impedance Analysis (BIA), Dual-X Ray Absorptiometry (DXA), Anthropometric
Index, Magnetic Resonance Imaging (MRI), Waist Circumference, and Computed Tomography
(CT),” are deemed more appropriate for investigative purposes [10-12]. BIA, which provides
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a straightforward estimation of BC, is now widely utilized in routine health assessments.
BIA measures the electrical resistance of different tissues (e.g., fat, muscle, bone) simply
by applying a low current to the body [13-16]. The phase angle (PhA) is one of the most
therapeutically relevant bioimpedance factors evaluated with BIA. The PhA(0) is described
as =(X/R), the angle between the resistance of intracellular water (ICW) and extracellular
water (ECW) and reactance (cell-membrane-specific resistance). It is classified as a marker
of cellular membranes function and is often used to measure nutritional status and the risk
of developing differential diagnoses [17-19]. A study by Li et al. found that the SCI group
had a lower reactance and PhA than the HS group, revealing that these changes might be
related to alterations in muscle structure and inherent properties [20].

Furthermore, the PhA may be considered an indicator of the water distribution of ICW
and ECW compartments, which is quite a sensitive predictor of malnutrition [21]. The PhA
is proven to be a prognostic sign in numerous clinical situations, including HIV infection,
liver cirrhosis, COPD, dialysis, and sepsis [22,23]. Consequently, more research is critical
for understanding the variations in BC between SCI and healthy subjects, raw impedance,
hydration, and mass distribution. The present study aimed to determine the predictive
value of phase angle alterations in SCI compared to healthy subjects using the BIA method.

2. Materials and Methods

Study Participants

After written permission and informed consent, 104 participants were recruited for
this study, which was conducted between October 2020 and March 2021 in Indian Spinal
Injuries Centre (ISIC, New Delhi, India). The study was authorized by the institutional
Ethics Committee (IEC) (Ref: ISIC/RP/2020/008). Our research enrolled patients above 18
years, ISNCSCI-AIS A, B, C, and those who were injured for at least six months. The study
also excluded people with cancer, COPD, CKD, pregnancy, and chronic illnesses that cause
weight loss or muscle loss. Hence, healthy subjects were chosen from among hospital staff
and members of the surrounding community.

2.1. Bioelectrical Impedance Analysis

PhA was measured using BIA techniques (biodynamics BIA450, Shoreline, DC, USA).
Additionally, to eliminate measurement mistakes, all measurements were obtained by
the same investigator. Patients were instructed to take a five-minute break, and drink no
caffeine or alcohol before their test. Wrist and hand sensors were attached to the patient’s
right arm, while the ankle and foot sensors were connected to the right foot. A sensor wire was
used to link the monitor to the electrodes. The device sent an 80 pA low-frequency (50 kHz)
electric current across the organism, measuring the resistance given by human tissues.

2.2. Anthropometry

Each participant’s weight (kg) and height (cm) were measured. The weight of people
with SCI was determined using Metis Electronic Weighing Scale, in which the individual
was pulled to the weighing machine while seated in a wheelchair. The participants” weights
were calculated after deducting the weight of the empty wheelchair. The physiotherapist
measured the patients” heights (cm) while they lay on the bed.

2.3. Statistical Analysis

MedCalc Statistical Software was performed (“MedCalc Software version 18.11.3 bvba,
Ostend, Belgium, 2019”). Independent samples (“Mann-Whitney t-test”) and “Shapiro—
Wilk t-test” were applied for non-normality data distributions and normality data distribu-
tion, respectively, to compare the PhA groups. With mean, standard deviation (SD), 95%
confidence interval (CI), and median representing the data, p-values < 0.05 were considered
significant. Moreover, the receiver operating characteristic curve (AUC) was used to determine
the discriminatory ability of PhA for individuals with SCI as the outcome variable. DeLong’s
test was used to assess the significance of AUC variance between PhA. The optimal cutoff
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parameters were estimated using the maximum Youden’s index (sensitivity + specificity — 1)
and the optimal grouping of sensitivity and specificity [24]. ROC curve analysis was carried out
on a gender-balanced sample of SCI and HS to determine their sensitivity.

3. Results

Characteristics of the participants

This research included 104 participants (52 for each group). The anthropometric
and bioimpedance traits of people with SCI and HS are shown in Table 1. On average,
participants has experienced injury for 2.40 (2.63) years. The clinical and demographic
characteristics of a person with SCI are determined by the ISNCSCI-AIS classifications
(A, B, C) and the degree of the lesion (16 tetraplegia, 36 paraplegia). There were 41 males
and 11 females in the SCI group, whereas there were 39 males and 13 females in the
HS group.

Table 1. Anthropometric and bioimpedance characteristics for participants.

Tttt SCI HS
vartabies Mean + SD Mean + SD
Gender Male (41) Female (11) Total (52) Male (39) Female (13) Total (52)

Age (year) 32.26 +9.16 29.81+ 13.71 32 +£10.19 31.28 +£5.75 32.30 +4.98 31.6 = 5.54
Height (cm) 171.52 £ 8.16 161.04 £+ 10.46 169.3 £ 9.61 172.67 £7.12 158.72 £ 8.0 169.18 £ 9.5
Weight (kg) 65.51 4+ 14.33 56.69 + 11.81 63.64 +14.2 75.33 +£13.44 60.79 £ 9.1 71.69 £ 14

BMI (kg/m?) 22.30 + 4.42 21.92 + 4.43 2222 +438 25.17 + 3.62 24.15 + 3.30 2491 + 3.54
PhA (°) 4941 +1.29 4.62 +0.93 4.875 £ 1.22 7.33 £+ 0.60 6.61 £+ 0.53 7.156 £ 0.66

Our results indicated that there was a significantly higher difference between genders
(p < 0.0001, difference (2.40), 95% CI (2.10 to 2.80), median (4.70)) for the SCI group, and
(7.1) for HS, respectively, as shown in Table 2 and Figure 1c Meanwhile, the PhA of males
between SCI and HS groups has a significantly higher difference (p-value of <0.0001,
difference (2.60), 95% CI (3.00 to 2.10), median (5.0) for SCI, and (7.30)) for HS, respectively,
as shown in Table 2 and Figure 1a In contrast, the Shapiro-Wilk t-test was applied for
normality distribution. There was a significant difference in female PhA among SCI and
HS (p < 0.0001, difference (1.9881), 95 % CI (1.3565 to 2.6197), standard error (SE) (0.3046),
mean (SD) 6.61 (0.53) for HS, and 4.62 (0.93), for SCI), as shown in Table 2 and Figure 1b
The results show that the PhA of SCI begins to decrease after the injury.
Table 2. Summary of comparison group for the phase angle between SCI and HS.

The Comparison Group for Non-Normality Distribution “Mann-Whitney t-Test.”
SCI HS Median Difference
Median (SCI vs. HS) Mann-Whitney U p-Value
Gender (52) (95% CI of Difference)
2.40
PhA 4.70 7.10 (2.1000 to 2.8000) 146.00 p < 0.0001
Male (41) Male (39)
2.60
PhA 5.0 7.30 (2.1000 to 3.0000) 83.00 p < 0.0001
Comparison Female for Normality Distribution “Shapiro-Wilk t-test.”
I Females (11) Females (13) Mean Difference (SCI vs. HS) (95% CI g
Variables (Mean £ SD) of difference) Standard Error p-value
PhA 4.62 £0.93 6.61 £ 0.53 19881

(13565 to 2.6197) 0.3046 p <0.0001
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Figure 1. Box and whisker plot of PhA comparison between SCI and HS participants: (a). Box
and whisker plot of PhA comparison between males SCI and HS (b). Box and whisker plot of PhA
comparison between females of SCI and HS (c). Box and whisker plot of PhA comparison between
gender of SCI and HS.

The results indicate that patients with SCI have a lower predictive ability for PhA (male:
AUC = 1.0, 95% CI = 0.914-1.000; female: AUC = 1.0, 95% CI = 0.715-1.000). Meanwhile,
PhA of HS were high (male: AUC = 1.0, 95% CI = 0.910-1.0000; female: AUC = 1.0, 95%
CI = 0.753-1.000). The AUC of PhA of individuals with SCI and HS in both males and
females were significant with a p-value (p < 0.0001), and sensitivity and specificity = 100%.
The cutoff points of PhA were <4.7° in males and 4.4° in females with SCI, respectively.
In contrast, the cutoff points of PhA of the HS group were <6.9° in males and <6.3° in
females, respectively, as shown in Table 3. Our results show that people with SCI have a
low predictive PhA cutoff value for SCI. Accordingly, these results should be considered
while carrying out therapeutic nutrition and rehabilitation in individuals with SCI.

Table 3. Predictive ability of BC parameter for PhA and SCI and HS cutoff points.

Variable Sex AUC 95% CI p-Value Cutoff Values Sensitivity (%) Specificity (%)

PhA (SCD) Male 1.00 0.914 to 1.000 <0.0001 <47 100 100
Female 1.00 0.715 to 1.000 <0.0001 <44 100 100

PhA (HS) Male 1.00 0.910 to 1.000 <0.0001 <6.9 100 100
Female 1.00 0.753 to 1.000 <0.0001 <6.3 100 100
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4. Discussion

This investigation aimed to identify the predictive value of PhA in people with SCI
using BIA. Our findings revealed a statistically significant gender difference, with p < 0.0001.
Simultaneously, male PhA was significantly different between the SCI and HS groups, with
a p <0.0001. In contrast, between SCI and HS, there was a significant difference in female
PhA, with p < 0.0001. Our investigation found that PhA of SCI is low regarding gender,
being lower in females than in HS, and it decreases post-injury, as shown in Figure 1 Hence,
following SCI, bone and muscle atrophy are significant, and the severity of an injury or the
length of time since an accident may influence outcomes [25]. Even though the mechanism
behind these outcomes is not entirely known, PhA may serve as a global predictor of
physiologic alterations in disability since it also indicates physical performance [26,27],
physical exercise activities, and nutritional status [28]. Basile and colleagues discovered an
independent linear relationship between PhA and decreased muscle mass and strength [29].

Furthermore, PhA may be a beneficial bioelectrical diagnostic tool for detecting a
high risk of muscle tissue loss in SCI. To our knowledge, no prior research has studied
PhA determinants in persons with SCI using BIA estimates of body composition segments
obtained from techniques that are deemed standard in SCI. Regardless, The bioimpedance
PhA has been shown to be clinically relevant in predicting people with SCI. In addition, a
ROC analysis indicated that the predictive ability of male and female PhA in individuals
with SCI was statistically significant (p < 0.0001, AUC = 1.000), and the cutoff points were
<4.7° for males, and <4.4° for females, respectively, as shown in Table 3 and Figure 2a,
Figure 3a. In contrast, the predictive ability of the PhA of males and females for HS was
statistically significant, with (p < 0.0001, AUC = 1.000), and the cutoff points were <6.9° for
males and <6.3° for females, respectively, as shown in Table 3 and Figure 2b, Figure 3b.
The current investigation findings highlighted the use of PhA as a regular evaluation in
community-based medical assessment and provided efficient and relatively predictive
cutoff values for detecting persons with SCI. Hence, SCI with a low PhA is more likely to
suffer from disability because of the risk of injury based on the cutoff point (male, <4.7°;
female, <4.4°).

Phase angle of SCI (Malk) Phase Angle of HS (Male)

100 — 5 - - + + i
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L

40 60 o 20 40 &0 80 100
100-Specific ity 100-Specificity
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Figure 2. The PhA ROC curve for SCI and HS participants: (a) shows the ROC curve of PhA for SCI
males; (b) shows the ROC curve of PhA for HS males.

Interestingly, the PhA cutoff point obtained in this investigation was similar to that of
elderly adults (male, <4.95°; female, <4.35°). The results show that old age is related to a
loss of muscle mass similar to that in people with SCI. Apart from its efficacy as a prognostic
marker of survival, as previously reported [30], our findings corroborate the PhA-predictive
potential for adverse health outcomes in persons with SCI. Moreover, PhA was extensively
verified in patient groups for diseases such as cancer and hemodialysis to predict illness
prognosis [31,32], diminished quality of life, malnutrition, and higher mortality [33]. As a result,
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PhA is used as a general health and nutritional status indicator [34,35]. Nevertheless, our
study indicated that PhA has the predictive ability to detect muscle mass and a performance
decrease in individuals with SCI. The PhA reflects the balance between cellular hydration
and mass. A low PhA value is related to cell membrane injury and deaths, whereas a high
PhA value is linked to normal cellular membranes or cellular function [36]. The PhA is
determined by the tissue’s characteristics, cell size, function, and cellularity. Furthermore,
PhA is identified as a cellular healthiness indicator. However, the predictive significance
of PhA varies depending on the clinical situation [37,38]. The present research calculated
PhA using a BIA assessment approach absent regression equivalences.. PhA may be a
beneficial option for predicting the early stages of muscle mass loss in individuals with SCI.
It overcomes the limitation inherent in conventional BIA parameter accuracy calculation
through regression equations. However, these protocols are specific to Indian society. We
must interpret the existing results, which cannot be generalized to include other nations.
This is one of the drawbacks of our examination. Additionally, we included a small
sample size of individuals with SCI from a single center since the baseline evaluation was
conducted at our center and might limit the generalizability and practical applicability.
Further investigations may be required with large sample sizes from multiple centers to
find prognostic PhA values in persons with SCL
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Figure 3. The PhA ROC curve for SCI and HS participants: (a) shows the ROC curve of PhA for SCI
females; and (b) shows the ROC curve of PhA for HS females.

5. Conclusions

We confirmed that the PhA of SCI differs via gender, with females having a lower PhA
than healthy subjects. We discovered that the bioimpedance PhA accurately predicts the
abilities of persons with SCI to identify muscle mass and performance deterioration. Fur-
thermore, we recommended optimal PhA cutoff values for persons with SCI (female < 4.4°;
male < 4.7°) to identify patients for preventative therapy in society medical assessment.
BIA-derived PhA results created a realistic alternative to operating muscle mass to monitor
the risk of adverse health events and analyze the efficacy of therapies in spinal cord injury.
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