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Background: This study examined the utility of the phase angle (PhA) in predicting malnutrition risk and 6-month mortality in older
patients with multimorbidity.

Methods: We conducted a retrospective analysis of 104 hospitalized older adults with multiple chronic conditions. Data on clinical
parameters, body composition, and nutritional status (via Nutritional Risk Screening 2002) were analyzed. Pearson’s correlation
analysis and receiver operating characteristic analysis were used to identify the optimal PhA cutoff for malnutrition risk. Mortality and
malnutrition were compared between the low and high PhA groups.

Results: PhA was significantly correlated with age, BMI, hemoglobin, albumin, triglycerides, and the extracellular water/total body
water ratio (all P < 0.05). The optimal PhA cutoff was 3.15°, which had 62% sensitivity and 79% specificity for malnutrition
prediction. Patients in the low PhA group had significantly higher rates of malnutrition (80.85% vs 40.35%, P < 0.05) and mortality
(29.79% vs 3.5%, P < 0.05).

Conclusion: PhA is a clinically valuable tool for assessing malnutrition risk and predicting mortality in older patients with
multimorbidity. It enables early identification and intervention, improving patient outcomes.
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Introduction
Multimorbidity, defined as the co-occurrence of two or more chronic conditions, complicates patients’ nutritional status
because of an increased inflammatory burden, altered metabolism, polypharmacy, and a reduced functional status, all of
which increase the risk of malnutrition among aging populations.' As population aging becomes more severe worldwide,
multimorbidity has also emerged as a major concern of the global society.'* Previous studies confirmed that older
individuals often have malnutrition, which can have several detrimental clinical effects.””’ Importantly, several trials
reported that the risk factors for malnutrition in the patient population were at least partially modifiable.® Early
identification of malnutrition risk and timely nutritional interventions produced positive outcomes regarding prognosis
and mortality.”'°

Several nutritional assessment tools for malnutrition have been developed and applied in older patients."' "> Among
these, the Nutritional Risk Screening (NRS-2002) is widely used in clinical settings."' It assesses nutritional status based
on parameters such as weight loss, body mass index (BMI), dietary intake, and the severity of the patient’s underlying
illnesses. Scores range from 0 to 3 for each domain, with an additional point awarded for patients older than 70 years.'?
Higher scores are associated with an increased risk of adverse outcomes. However, NRS-2002 requires effective patient
communication and cognitive cooperation, making it less reliable in older adults with cognitive impairments, commu-

nication difficulties, or severe illness, which frequently coexist in multimorbid populations.
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Bioelectrical impedance analysis (BIA) has emerged as a non-invasive, objective alternative for assessing the
nutritional status of individuals. BIA evaluates body composition, cell membrane integrity, and hydration levels, with
the phase angle (PhA) being one of its key parameters.'* PhA reflects cellular health and membrane integrity, and it has
been linked to nutritional status and clinical outcomes across various patient populations.'>'” PhA is particularly
sensitive to malnutrition among older adults because of aging-associated physiological changes such as sarcopenia,
decreased cell mass, altered hydration status, and reduced cell membrane function. Studies have demonstrated the utility
of PhA in assessing malnutrition and prognosis in conditions such as cancer,'®'® AIDS,? cardiovascular diseases,'> renal
failure,>' and liver cirrhosis.?* Recent studies and systematic reviews identified PhA as a sensitive and reliable biomarker
for nutritional assessment, especially among older populations, because of its correlations with cell integrity and patients’
nutritional status. However, specific evidence in older multimorbid populations remains limited, underscoring the
importance of this study. Additionally, there is currently no established PhA cutoff for identifying nutritional risk in
this population. Moreover, existing research was limited by small sample sizes, homogeneous disease groups, or a lack of
longitudinal data, highlighting the necessity of comprehensive studies that encompass broader, more representative older
populations.

Therefore, this study aims to fill the existing knowledge gap by establishing an optimal PhA cutoff with direct clinical
implications, facilitating early nutritional interventions and improving outcomes in older multimorbid patients. We
hypothesized that PhA can serve as a reliable biomarker for assessing nutritional risk and predicting mortality in older
patients with multimorbidity. To test this hypothesis, we analyzed the correlations between PhA and nutritional indicators
and determined the optimal PhA cutoff using receiver operating characteristic (ROC) analysis, with NRS-2002 serving as
the reference standard. Patients were stratified into high and low PhA groups based on the cutoff, and the prevalence of
malnutrition risk and mortality was compared between these groups.

Materials and Methods

Patients

This retrospective study included consecutive hospitalized patients aged 65 years and older with multimorbidity
(including, but not limited to, cardiovascular, respiratory, renal, endocrine, and neurological disorders), as documented
in the patients’ medical records in the geriatric model wards of Beijing Geriatric Hospital from July 2022 to July 2023.
This group is particularly vulnerable because of its high malnutrition risk and susceptibility to adverse clinical outcomes.
The exclusion criteria, which aimed to eliminate factors potentially compromising the accuracy of BIA measurements,
included skin injury at electrode contact sites, pacemaker or implanted cardioverter defibrillator placement, amputation,
atypical body shapes, and ascites or visible edema. This study was approved by the Ethics Committee of Beijing
Geriatric Hospital (approval number: BILNYY-2022-014) and adhered to the principles outlined in the Declaration of
Helsinki. All participants provided written informed consent.

Relationships of Clinical and Laboratory Parameters with Mortality
Clinical and laboratory data were extracted from electronic medical records. Parameters included sex, age, diagnosis,
height, weight, NRS-2002 scores, and arm circumference. BMI was calculated as height squared (m?) divided by body
weight (kg). The Modified Cumulative Illness Rating Scale-Geriatric (MCIRS-G) was used to assess comorbidities
according to their diagnosis and severity.

Laboratory tests included measurements of lymphocytes, hemoglobin, prealbumin, total albumin, albumin, total
cholesterol, and triglycerides. These tests were performed on the same day as BIA. Mortality was defined as death
occurring within 6 months of admission or discharge.

Body Composition Assessment

Body composition was assessed using the InBody S10 device (Biospace, Seoul, South Korea) following standardized
protocols. Measurements were conducted after patients fasted for at least 8 h and emptied their bladder, with activities
such as bathing and exercise avoided within 3 h prior to assessment. Patients removed their shoes, socks, and metal

896 https: Clinical Interventions in Aging 2025:20



Liu et al

accessories, laid flat for 10-30 min with their limbs slightly extended, and had intact skin at electrode contact sites
cleaned with ethanol. Electrodes were placed on the wrists and the backs of the feet, and data were recorded after
inputting demographic information. Parameters collected included total body water (TBW) and extracellular water
(ECW), and the ratio of ECW to TBW was determined. PhA was calculated as arctan (reactance/resistance) x (180/x)
based on measurements from the right arm, trunk, and right leg. All assessments were conducted by a trained physician.
The InBody S10 was previously validated in older populations, demonstrating reliability and accuracy in assessing body
composition in older patients with chronic conditions.

Statistical Analysis

Statistical analyses were performed using SPSS Statistics (version 25.0, IBM, Armonk, NY, USA). The Levene and
Kolmogorov—Smirnov tests were employed to examine the normality of the data and homogeneity of variance.
Continuous variables with normal distributions were expressed as the mean + standard deviation (SD), and non-
normally distributed data were presented as the median and interquartile range (IQR). Categorical variables were
reported as numbers and percentages. Comparisons between two groups were conducted using the Mann—Whitney
U-test or Student’s ¢-test depending on the data distribution. For multi-group comparisons, one-way ANOVA (continuous
variables) or the chi-squared test (categorical variables) was employed. Pearson’s correlation coefficient was used to
assess the relationships between PhA and other parameters. ROC curve analysis was performed to determine the optimal
PhA cutoff for malnutrition risk, and the area under the curve (AUC) was used as a measure of predictive accuracy. The
cutoff was defined as the value with the highest combined sensitivity and specificity. Statistical significance was set at
P <0.05.

Results

Comparison of PhA Across Demographic, Clinical, and Nutritional Parameters

In total, 104 patients were enrolled, including 57 women (54.8%) and 47 men (45.2%) with a mean age of 80.58 + 5.97
years. The median PhA was 4.0° (IQR = 3.0, 4.9 Table 1). PhA did not significantly differ by sex (P > 0.05). However,
age groups exhibited significant differences in PhA, with the oldest group exhibiting the lowest value (P < 0.001).

Table | PhA Comparison by Sex, Age, MCIRS-G Scores, NRS-
2002 Scores, and Clinical Outcomes

Variables n (%) PhA (°), Mean £ SD | P Value
or Median (IQR)

All patients 104 (100) 4.0 (3.0, 4.9)

Sex >0.05
Male 47 (45.19) 38 (33,47)
Female 57 (54.81) 4.0 (2.9,5.2)

Age (years) <0.001
<69 15 (14.42) 49 (4.7, 5.8)
70-79 15 (14.42) 4.0 (3.9, 5.2)
80-99 74 (71.16) 3.6 (2.9, 4.5)

MCIRS-G score <0.05
<I3 25 (24.04) 448 + 1.03
14-17 51 (49.04) 3.82 £ 1.40
218 17 (16.36) 2.31 £0.83

NRS-2002 score <0.001
23 61 (58.65) 358 £ 1.24
<3 43 (41.35) 473+ 1.78

Clinical outcome <0.001
Death 16 (15.38) 2.26 + 0.87
Survived 88 (84.62) 381 £ 1.39
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Table 2 Correlations Between PhA and Nutritional

Indicators
Variables r P
Upper arm circumference 0.182 <0.001*
Body mass index 0.207 <0.001*
Extracellular water/total body water | —0.406 | <0.001*
Albumin 0.135 0.009*
Total albumin 0.004 | 0.438
Prealbumin 0.089 0.086
Total cholesterol 0.007 0.141
Triglycerides 0.103 0.047*
Lymphocytes 0.021 0.687
Hemoglobin 0.195 <0.001*

Note: *P < 0.05 indicates statistical significance.

Overall, 58.65% of the patients were at nutritional risk (NRS-2002 score > 3), and these patients had significantly lower
PhA than those at low nutritional risk (P < 0.001). Similarly, patients with higher MCIRS-G scores had lower PhA (P <
0.05). PhA was significantly lower among the 16 patients who died during the 6-month follow-up than among survivors
(P <0.001).

Correlations Between PhA and Nutritional Markers

PhA was positively correlated with BMI (r = 0.207, P < 0.001), upper arm circumference (r = 0.182, P < 0.001), albumin
levels (r = 0.135, P < 0.001), and triglyceride levels (r = 0.103, P < 0.001). Conversely, PhA was negatively correlated
with the ECW/TBW ratio (r = —0.406, P < 0.001, Table 2). These findings suggest that lower PhA is associated with poor
nutritional status and fluid imbalance.

ROC Analysis of PhA for Malnutrition Risk

Using NRS-2002 as the standard, the AUC for PhA in predicting malnutrition risk was 0.732 (95% confidence interval
[CI] = 0.632-0.832, P < 0.001, Figure 1). The optimal PhA cutoff for identifying malnutrition risk was 3.15° (AUC =
0.732, 95% CI = 0.632-0.832; Youden’s index = 0.41), which had 62% sensitivity and 79% specificity.

Malnutrition and Mortality by PhA Group

Patients were categorized into high and low PhA groups based on the cutoff of 3.15°. The proportion of patients at risk of
malnutrition was significantly higher in the low PhA group (80.85%) than in the high PhA group (40.35%, P < 0.05,
relative risk [RR] = 2.08, 95% CI = 1.42-2.83). Similarly, the mortality rate was markedly higher in the low PhA group
(29.79%) than in the high PhA group (3.5%, P < 0.05, RR = 9.46, 95% CI = 4.2-20.9, Table 3).

Discussion

This study demonstrated that PhA is a clinically valuable biomarker for assessing malnutrition risk and predicting
6-month mortality in older patients with multimorbidity. Our findings highlighted the associations of lower PhA with
poor nutritional status, advanced age, higher MCIRS-G scores, elevated NRS-2002 scores, and increased mortality risk.
These results reinforce the potential utility of PhA in routine clinical practice as a non-invasive, reliable tool for
nutritional assessment and prognostication in this vulnerable population.

BIA assumes the body as a uniform cylinder with constant conductivity, and it measures PhA based on the resistance
and reactance of an alternating current passing through the body.'” Resistance reflects extracellular fluid, whereas
reactance is influenced by cell mass and membrane integrity. Thus, PhA serves as an integral indicator of tissue
functionality and body composition.”* A low PhA indicates compromised cell membranes and impaired metabolic
functions, whereas a high PhA suggests robust cellular health and higher body cell mass.?* In line with these principles,
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Figure | The ROC curve of the phase angle for malnutrition risk in older patients with multiple diseases.
Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; Cl, confidence interval.

our study found that patients with advanced age, higher comorbidity scores, greater malnutrition risk, and increased
mortality tended to have lower PhA. This is consistent with previous research illustrating that age, inflammation, and
malnutrition negatively impact tissue electrical properties, resulting in reduced PhA.2*

The determination of the PhA cutoff in this study was guided by sensitivity and specificity considerations, anchored
to traditional nutritional screening tools. Our results demonstrated significant correlations between PhA and traditional
nutritional markers, such as BMI, upper arm circumference, albumin, and triglycerides. Conversely, PhA had an inverse
relationship with the ECW/TBW ratio, a marker of fluid imbalance and inflammation.?**° These findings confirm that

Table 3 Malnutrition and Mortality Rates in the Low and High PhA Groups Categorized by

the Cutoff

Variables High PhA N (%) | Low PhA n (%) 1 P RR | 95% CI

All patients 57 (54.8%) 47 (45.2%)

NRS-2002 score 54.9 | <0.001 | 2.08 1.7-2.5
23 23 (40.4) 38 (80.9)
<3 34 (59.7) 9 (19.2)

Clinical outcome 47.2 | <0.001 | 9.46 | 4.2-20.9
Death 2 (3.50) 14 (29.8)
Survived 55 (96.50) 33 (70.2)
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lower PhA is associated with poor nutritional status, hypoalbuminemia, and the presence of edema, underscoring its
relevance as a nutritional biomarker.

Previous studies reported varying PhA cutoffs ranging from 4.03° to 6.0° depending on the demographic and clinical
characteristics of the populations. Our lower PhA cutoff of 3.15° likely reflects our cohort’s older age, greater disease
burden, and multimorbidity. This emphasizes the necessity for specific reference values tailored to older multimorbid
populations.'®?!*13% Kubo et al reported a cutoff of 4.03° for men and 3.65° for women in an older population,®*
whereas Varan et al identified a threshold of 5.0° for hospitalized older male patients.*> The relatively lower PhA in our
cohort might reflect the inclusion of older patients with multiple chronic conditions, further supporting the need for
population-specific reference values.

In addition to predicting malnutrition, this study revealed the association between PhA and 6-month mortality. Lower
PhA was significantly correlated with increased mortality risk, consistent with findings in other populations, including
patients with cancer, chronic renal failure, heart failure, and cirrhosis.'®*12%3¢37 However, implementing PhA measure-
ments in routine clinical practice might face challenges related to costs, training requirements, and device availability,
especially in resource-limited healthcare settings. A prospective cohort study of 16,943 patients demonstrated that each
1° increase in PhA decreased mortality risk by 56%.'” These findings underscore the role of PhA as a prognostic marker
in older patients with multimorbidity, in whom mortality risk is influenced by age, nutritional status, and disease burden.

This study carries both significance and limitations. Its significance lies in evaluating PhA as a simple, non-invasive
tool for assessing malnutrition and predicting outcomes in older patients with multimorbidity, a population with limited
research attention. Our findings suggest that PhA can complement traditional assessments, enabling a more holistic
approach to nutritional and prognostic evaluations. However, the retrospective, single-center design and small sample
size limit the generalizability of our results. Because of the retrospective nature of this study, we could not perform
multivariate analysis to adjust for confounders, highlighting an important limitation and area for future research.
Additionally, we did not establish sex-specific cutoffs, although no significant sex differences in PhA were observed in
our analysis. Future prospective, multicenter studies with larger sample sizes are needed to validate these findings and
establish standardized PhA reference values for older populations with multimorbidity. Furthermore, the follow-up
duration of 6 months, though practical, might not have fully captured longer-term nutritional changes or outcomes,
warranting studies with extended observation periods.

Conclusions

In conclusion, this study supports that PhA is a clinically valuable and accessible biomarker for identifying malnutrition
risk and predicting short-term mortality in older adults with multimorbidity, allowing for timely interventions. Utilizing
PhA measurements may facilitate targeted nutritional interventions, such as individualized dietary strategies and early
nutritional support, potentially improving clinical outcomes and patient quality of life. However, due to the retrospective
design, causality cannot be established, and generalizability is limited. Prospective, multicenter studies are therefore
warranted to confirm these findings, clarify causal relationships, and broaden their clinical applicability across diverse
patient populations.
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