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Abstract
Body composition and phase angle (PhA) have been used to predict mortality in multiple diseases. However, little has been studied regarding
segmental measurements, which could potentially help assess subtle changes in specific tissue segments. This study aimed to identify the total
PhA cut-off point associated with mortality risk and changes in body composition within a week of hospitalisation in non-critical hospitalised
patients with COVID-19. A cohort study was conducted where patients underwent to a complete nutritional assessment upon admission and
after seven days, and followed up until hospital discharge or death. A receiver operating characteristic curve was constructed to determine the
PhA cut-off point, and the Kaplan–Meier estimator was used to determine survival analysis. Segmental and complete body compositions on
admission and after 7 d were compared.We included 110 patients (60men) with amean age of 50·5 ± 15·0 years and amedian BMI of 28·5 (IQR,
25·6–33·5) kg/m2. The median length of hospital stay was 6 (IQR, 4–9) d, and the mortality rate was 13·6 %. The PhA cut-off point obtained was
4°, with significant differences in the survival rate (P< 0·001) and mortality (HR= 5·81, 95 % CI: 1·80, 18·67, P= 0·003). Segmental and whole-
body compositions were negatively affected within one week of hospitalisation, with changes in the approach by the graphical method in both
sexes. Nutritional status deteriorates within a week of hospitalisation. PhA< 4° is strongly associated with increased mortality in non-critical
hospitalised patients with COVID-19.

Keywords: Bioelectrical impedance analysis: COVID-19: Phase angle: SARS-CoV-2: Survival rate: Bioelectrical impedance vector
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The coronavirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
described in January 2020(1,2). In March 2020, the World Health
Organization (WHO) declared the COVID-19 outbreak to be a
pandemic(3). Recently, the WHO declared that COVID-19 no
longer constitutes an international public health emergency;
however, it will continue to be an established and persistent
health problem. Therefore, research must continue to improve
our understanding of and approach towards this disease and
develop the necessary tools to face future pandemics(4).

The clinical spectrum of COVID-19 can range from asympto-
matic infection to severe illness and even death(5,6), of patients
who develop symptoms; approximately 20 % require hospital-
isation, 4·9 to 11·5% require invasive mechanical ventilation(5),
and the fatality rate ranges from 3·4 to 20%, depending on the risk
factors of the patients(6). Mortality associated with poor nutritional
status has been reported in this pathology(7), with a particularly

high nutritional risk associated with multifactorial aetiology.
Male sex, high blood pressure, diabetes mellitus, cardiovascular
disorders, advanced age, D-dimer values> 1 μg/ml, and a high
Sequential Organ Failure Assessment score have been associ-
ated with a high case fatality rate(8). Numerous studies have
shown that malnutrition can influence patient clinical outcomes,
including mortality. Patients with high nutritional risks showed a
higher frequency of mortality than patients with low nutritional
risk (50·8 % v. 40 %; P= 0·014). The probability of death almost
doubled, regardless of the presence of other comorbidities
(HR= 1·74; P< 0·001)(9).

Nutritional assessment, especially body composition, bene-
fits from the use of bioelectrical impedance analysis (BIA), given
its ease of use, safety, portability, and affordability compared to
reference standards such as computed tomography (CT) scan
and dual X-ray absorptiometry. It is based on impedance
measurements and is composed of two elements, resistance (R)
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and reactance (Xc), using one or multiple electrical frequencies,
showing correlation coefficients ranging from 0·74 to 0·98 when
compared to the reference standards(10,11). These data provide
additional information beyond whole-body measurements as
they provide segmental data that can potentially help to assess
subtle changes in specific tissue segments(12).

Phase angle (PhA) is a cell integrity indicator that is widely
used as a prognostic predictor and is integral to the nutritional
assessment of patients with multiple diseases, including hepatic,
renal, and oncological diseases(13). PhA is calculated by taking
the values of R and Xc with the following formula: PhA= arctan
(Xc/R) × 180π(11). The results are obtained in degrees (°) and
interpreted according to the reference values per population. In
the last few years, the bioelectrical impedance vector analysis
(BIVA), also called the graphical R/Xc (RXc) method, has been
used mainly in healthy athlete populations but also in some
clinical situations(14–17). This method uses height to standardise R
and Xc (R/height and Xc/height, respectively), which are
components of the impedance vector on an RXc graph, to
compare the individual’s measurement to that of a healthy
population. In contrast to the commonly used body composition
analysis where fat is the primary component identified, this
method also includes hydration and muscle mass assessment,
independent of the individual’s body weight(18–20). This study
aimed to determine the PhA cut-off point associated with a
higher risk of mortality in non-critically hospitalised patients with
COVID-19 and to determine the changes in body composition
within a week of hospitalisation. We hypothesised that a low
PhA would be associated with increased mortality risk in non-
critical hospitalised patients with COVID-19.

Methods

Study design and participants

This cohort study was conducted at a non-critical area of a
tertiary care centre from January toDecember 2021.We included
admitted patients of both sexes aged≥ 18 years with a reverse
transcription polymerase chain reaction (RT-PCR)-confirmed
COVID-19 diagnosis. Pregnant or lactating women and those
with pacemakers, metal plates, amputations, or extensive skin
lesions in the electrode placement area were excluded. Patients
who were sent to another hospital unit for management and
could not complete the measurements were excluded from
the study.

Data on all independent variables, including demographic,
biochemical, and clinical information on pneumonia severity
by CT(21), were obtained from the patients’ electronic clinical
files; nutritional assessment variables were obtained directly
from the patients and their families within 24 h of hospital
admission. For recording the dependent variables, length of stay
(LOS) andmortality, the enrolled patients were followed up daily
until they were discharged or died. This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving humans were approved
by the Institutional Review Board (Comité de Investigación
and Comité de Ética en Investigación from Instituto Nacional
de Ciencias Médicas y Nutrición Salvador Zubirán); reference

number 3333. Verbal informed consent was witnessed and
formally recorded. No harm was caused to the patients, and
participant data were anonymized and kept confidential.

Nutritional assessment

Weights were obtained by Lohman’s methodology(22) using the
Seca® 954 scale. Dynamometry was performed using the Jamar®
hydraulic hand dynamometer in the patient’s dominant hand,
registering the higher of the three measurements. Mid-arm and
calf circumferences were measured with the Lufkin® anthropo-
metric tape (Executive Thinline) according to the technique
described by ISAK(23).

We asked patients and their families about their current
percentage of food intake compared to their usual diet (before
they got sick) and registered this information as a clinical
independent variable.

BIA measurements: raw data (R and Xc), total and segmental
body composition data, including PhA, were obtained using the
InBody® S10 body composition analyser (Inbody Co., Ltd.,
Seoul, Korea). All measurementswere performed by trained staff
according to the following standardised technique: the patient
(fasting and with an empty bladder) was instructed to lie in a
supine position; electrodes were placed on the patient’s cleaned
hands and feet; the identifier number, age, height, and gender
were recorded in the equipment; and, the measurements were
obtained after a lapse of 3 min, in raw and printable form.

A second nutritional assessment was conducted in patients
with≥ 1 week of LOS. We performed a secondary analysis to
compare the changes after 7 d of hospitalisation with data
recorded at baseline. The hydration levels, extracellular water/
total body water (ECW/TBW) ratio, and PhA at a frequency of
50 kHz were reported segmentally (right arm, left arm, trunk,
right leg, and left leg). In this secondary analysis, the impedance
vector was determined using the BIVA method.

Statistical analysis

Regarding the descriptive analysis of the variables, for
quantitative variables, the Kolmogorov–Smirnov test was
conducted to assess their normality. Variables with a normal
distribution were reported as mean and standard deviation,
while those with a non-normal distribution were presented as
the median and interquartile range (IQR).

The qualitative variables are presented as frequencies and
percentages. In the bivariate inferential analysis, quantitative
variables with parametric distribution were analysed using
Student’s t-test, whereas the quantitative variables with a non-
normal distribution were analysed using the Mann–Whitney
U test, and the qualitative variables were analysed using the
Chi-square test or Fisher exact test.

To determine the cut-off point for PhA, a receiver operating
characteristic (ROC) curve analysis was performed. Subsequently,
an analysis was conducted to know the potential confounding
variables, using the Mann–Whitney U test for quantitative
variables and the Fisher exact test for qualitative variables. A
survival analysis (considering the cut–off point obtained from
the ROC curve) using the Kaplan–Meier estimator was made.
Differences in the curves were analysed using the log-rank test.
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Finally, a Cox Regression was used to determine the hazard ratio
(HR) to measure the association to report the risk; all these
analyses were performed adjusting by cofounders. In patients
with a LOS≥ 1 week, a secondary analysis was carried out, and
quantitative variables with a parametric distribution were
analysed using the paired t-test. Quantitative variables with a
non-normal distribution were analysed using the Wilcoxon
signed-rank test. The impedance vector was determined by
the BIVA method. Finally, we analysed the relationship
between segmental changes (PhA and ECW/TBW) and prognosis
using a Cox regression and random-effects parametric sur-
vival model.

Statistical significance was set at P< 0·05. Statistical analyses
were performed using the STATA statistical software (StataCorp
LLC Version 15.1), the GraphPad Prism software (GraphPad
Software, Inc., version 8) was used for graphing, and BIVA
software (2002 BIVA tolerance file; Antonio Piccoli) was used for
the RXc graphic method.

The sample size was calculated before the participants were
included in the survival study(24); considering a statistical power
of 80 % (β= 0·842) and a level of confidence of 95 % (α= 1·96),
referring to the values of relative risk (2·48) and the proportion of
exposed patients (0·41) in the article published by Cornejo
et al.(25), and considering possible losses of 20 %, we obtained a
sample size of 110.

Results

In total, 110 patients were included. Figure 1 shows the selec-
tion process flowchart; 54·5 % of the patients were men, the
mean age of the patients was 50·5 ± 15·0 years, and the median
BMI was 28·5 kg/m2 (IQR, 25·6–33·5). Table 1 displays the
anthropometric and BIA differences found between men and
women, as well as the baseline characteristics of the patients:
60 % had severe pneumonia, 35·5 % had moderate pneumonia,
and 4·5 % had mild pneumonia. The weight loss rate from the
onset of symptoms until hospital discharge was 3·4 % (IQR,
0·5–6·3). The median percentage of food intake compared with
the usual diet was 70 %.

The mortality rate in the sample was 13·6 %, with no
differences in sex (six women v. nine men; P = 0·783),
pneumonia severity, and PaO2/FiO2 (partial pressure arterial
oxygen/fraction of inspired oxygen). However, the age was
lower in the group of patients who survived than in those who
died (49·2 ± 14·7 v. 59·3 ± 14·5 years; P = 0·021).

The initial data show a higher proportion of death in patients
who had a previous diagnosis of diabetes mellitus (26 (27·4 %) v.
9 (60 %); P= 0·012), hypertension (31 (32·6 %) v. 9 (60 %);
P= 0·041)) and chronic kidney disease (7 (7·4 %) v. 4 (26·7 %);
P= 0·042) upon admission, without showing differences in the
proportions of patients with chronic obstructive pulmonary
disease, cardiovascular disease, liver disease, immunosuppres-
sion, and cancer. However, after analysing the data according to
the PhA cut-off point, there was no difference in the frequency of
comorbidities in both groups, except for chronic kidney disease,
which shows a higher proportion in the group of patients with a
PhA< 4° (7·7 % v. 50 %; P= 0·013).

The handgrip strength was significantly lower (30·4 ± 12·1 v.
23·2 ± 10·9 kg; P= 0·029) in the patients who died. In the BIA,
the PhA was significantly lower (6·2 ± 1·0 v. 5·3 ± 1·5 º;
P= 0·032), and the ECW/TBW ratio was higher (0·377 ± 0·012
v. 0·389 ± 0·018; P= 0·032) in the group of patients who died;
mortality was negatively correlated with albumin level
(R2=−0·504; P< 0·001), it being the only biochemical marker
with lower levels in the patients who died.

The ROC curve analysis (Fig. 2(a)) showed that the PhA
cut-off point of 4° had the highest area under the curve. When
determining potential confounding variables, a statistically
significant difference was found in diabetes mellitus (25
(26·9 %) v. 8 (72·7 %); P = 0·004), and in systemic arterial
hypertension (30 (32·3 %) v. 7 (63·6 %); P = 0·05); all analyses
were adjusted for both confounding variables. We found a
significantly lower survival percentage in the patients with
PhA ≤ 4° compared to those who presented PhA > 4°
(Fig. 2(b); P < 0·001). PhA ≤ 4° was strongly associated with
mortality (HR = 5·81, 95 % CI 1·80, 18·67; P = 0·003), adjusted
for diabetes mellitus and systemic arterial hypertension.

The secondary analysis carried out in 34 patients allowed
us to observe the changes within a week of hospitalisation,
where decreases in weight (81·5 kg (IQR, 67·8–105·8) v. 77·9
kg (IQR, 64·8–103·3); P < 0·001), BMI (31·5 ± 8·1 v. 29·9 ±
7·8 kg/m2; P < 0·001), calf circumference (37·1 ± 4·4 v.
35·8 ± 4·4 cm; P < 0·001), mid-arm circumference (33·9 ± 5·9
v. 32·8 ± 6·2 cm; P < 0·001), handgrip strength (29 ± 11·0 v.
22·8 ± 11·3 kg; P < 0·001), PhA (5·96 ± 1·13 v. 5·34 ± 0·94°;
P < 0·001), and albumin level (3·6 ± 0·4 v. 3·2 ± 0·4 g/dl;
P < 0·001) were observed.

Conversely, the total levels in the ECW/TBW ratio
(0·379 ± 0·013 v. 0·387 ± 0·011; P < 0·001) showed a significant
increase after one week of hospitalisation. In Fig. 3, the
segmental analysis of both the ECW/TBW ratio and PhA at
50 kHz shows the changes within a week of hospitalisation,
with significant differences in the ECW/TBW ratio (Fig. 3(a))
in the trunk, right leg, and left leg and significant differences in
the PhA (Fig. 3(b)) in the left arm, trunk, right leg, and left leg.

Figure 4 shows the changes that occurred through the
impedance vector with the BIVA method after seven days of
hospitalisation, where an increase on the hydration axis can
be observed, as well as a decrease in the body tissue axis
with changes in R (532·1 ± 78·5 v. 559·6 ± 106·1; P= 0·02);
Xc (55·2 ± 10·8 v. 51·9 ± 11·0; P= 0·04) and impedance
(535·1 ± 78·5 v. 562·1 ± 106·3; P= 0·02).

When analysing the relationship between BIA segmental
changes (PhA and ECW/TBW) and prognosis, using a Cox
regression and random-effects parametric survival model, we
did not find any statistically significant differences.

Discussion

Nutritional assessments in patients with COVID-19 must be
personalised and adapted to the needs and capacities
of healthcare institutions(5). Weight loss in patients with
COVID-19 may be associated with reduced food intake and
hypercatabolism(26). The albumin levels were lower in the
group of patients who died, with a negative correlation with
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the ECW/TBW ratio, as expected, as the decrease in the
albumin level leads to a reduction in oncotic pressure. This
can clinically manifest as oedema, which complicates nutri-
tional assessment in hospitalised patients, as measurements
such as weight and circumference lack precision due to fluid
overload(27).

The degree of malnutrition is strongly associated with the
PhA, even in circumstances where most assessment tools fail
because of the wrong impression that total body weight (including
excess fluid retention) reflects the real amount of lean mass(28).
Mortality did not significantly differ based on pneumonia severity
by chest CT scan in the bivariate analysis. Although this imaging
technique has been reported to help stratify the severity of lung
lesions and predict the prognosis, in this cohort, other factors
played more significant roles in the mortality of patients with
COVID-19, regardless of the percentage of alveolar occupancy
found in the CT scan. We also observed that age is a critical factor
affecting mortality in patients with COVID-19, similar to what has
been reported in the literature(6); however, higher mortality in men
than inwomen(2) was not documented in this study, perhaps due to
the sample size or area around the hospital in which the patients
were recruited.

In contrast, the PhA showed differences with respect to
mortality, as demonstrated earlier. Garlini et al. showed in a
systematic review that the PhA could be a good prognostic
marker of mortality in multiple pathologies such as cancer, heart

failure, kidney disease, and human immunodeficiency virus
infection(29). Similarly, a recent systematic review showed that
patients with COVID-19 with lower PhA values had deteriorating
clinical conditions, demonstrating the potential of PhA as a
predictor of unfavourable clinical outcomes(30).

Besides the PhA, dynamometry also showed significant
differences when analysing mortality; this was expected, as
dynamometry indicates the patient’s functionality and the
quantity and quality of muscle mass(31). Therefore, it should
be considered in the nutritional assessment as it provides
clinically relevant information and is an inexpensive method.
The PhA cut-off point obtained was 4°, with greater sensitivity
and specificity.

This value is very similar to that found by Cornejo et al. in a
Spanish cohort of patients with COVID-19; low PhA values
(< 3·95°) indicated a very high risk of poor prognosis and
mortality. They also mentioned that the PhA offers greater
sensitivity as a predictive test for prognosis on admission
compared to the established analytical parameters of poor
prognosis (e.g. C-reactive protein, lymphocytes, and prealbu-
min)(25). The survival analysis confirmed that the difference in
mortality, according to the PhA cut-off point of 4°, adjusted by
confounding variables, was statistically significant; such results
have also been seen in populations with critical COVID-19,
where a higher risk of dying was associated with decreased PhA
values (with HR= 5·88, P= 0·02)(32).

Patients with probable diagnosis of 

COVID-19 on admission to the 

emergency room

(n= 148)

Nutritional and Bioelectrical 

Impedance Analysis (BIA) 

assessment

(n= 134)

Followed-up during hospital stay

(n= 134)

Statistical analysis

(n= 110)

Excluded (n= 14)

• People with pacemakers or 

metal plates (n= 10)

• Negative to COVID-19 (n= 4)

Eliminated (n= 24)

• Transferred to another hospital 

unit  (n= 24)

Fig. 1. Patient selection flowchart.
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Because the PhA measurement is quick and easy to obtain, it
can be a valuable clinical parameter to assess the risk of severe
course of disease(33). At hospital discharge, there is a lower
percentage of swallowing recovery in extubated patients who
presented with a decreased PhA (< 4·8°)(34). As PhA is an
indicator obtained directly from BIA and is not subject to
mathematical modelling, it is a crude measure with a good
prognostic capacity; the greater the number of cell membranes
the signal has to pass through, the greater the reactance, and

therefore, the PhA. Thus, a large PhA is consistent with a large
body cell mass(11). It can be considered useful for tracking
individuals at nutritional risk. Furthermore, decreased PhA
values and mortality showed strong associations(29,32).

Changes in body composition observed in the secondary
analysis in which the nutritional assessment was performed at
baseline and after 7 d of hospitalisation allowed us to understand
the particularly increased nutritional risk characteristics of
patients with COVID-19(35). All measurements in these patients

Table 1. Baseline characteristics

All (n 110)

Median IQR

Inflammatory stress markers
C-Reactive Protein (mg/dl)

Mean 12·9
SD 7·9

Ferritin (ng/ml)* 432 215–810
D-Dimer (ng/ml)* 682 485–1168
Albumin (g/dl)

Mean 3·7
SD 0·4

Respiratory
PaO2/FiO2 score*,† 236 173–301

n %
Comorbidities
Diabetes mellitus 35 31·8
Hypertension 40 36·4
Chronic obstructive pulmonary disease 5 4·50
Cardiovascular disease 5 4·50
Chronic kidney disease 11 10·0
Liver disease 7 6·4
Immunosuppression 13 11·8
Cancer 5 4·5

Women (n 50) Men (n 60) P value

Median IQR Median IQR

Anthropometrics
Height (cm)

Mean 156·4 170·7 0·000
SD 7·6 7·3

Actual body weight (kg)* 70·9 60·7–86 85·9 70·4–98·9 0·066
Weight loss (%)* 3·8 1·9–7 2·8 0·4–5·5 0·282
Calf circumference (cm)* 36·8 33–39·5 37·3 34·5–39·8 0·986
Mid-arm circumference (cm)* 32 28·5–36 33 29·6–35·2 0·338
Handgrip strength (kg)

Mean 20·7 36·7 0·000
SD 7·1 10·7

Bioelectrical impedance analysis
Phase angle (º)

Mean 5·6 6·5 0·000
SD 1·0 1·1

Skeletal muscle mass (%)* 33·4 30·9–36·1 42·6 38·9–46·8 0·000
Body fat mass (%)

Mean 38·7 28·1 0·000
SD 9·9 9·6

Skeletal muscle mass index (kg/m2)* 7·6 6·5–8·1 8·8 8·2–9·6 0·000
Visceral fat area (cm2)* 132·1 82·7–171·4 87·1 59·7–127·2 0·004
Extracellular water/Total body water

Mean 0·381 0·376 0·043
SD 0·013 0·013

The data are presented as the mean ± standard deviation or median with interquartile range (25th–75th percentile) depending on the normalcy of the data distribution.
* The differences between the groups at baseline were evaluated using Student’s t test or theMann–Whitney U test (*) for continuous variables, and proportions were compared using
the Chi2 or Fisher test.

† PaO2/FiO2 score: partial pressure arterial oxygen/fraction of inspired oxygen score.
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were negatively affected, both in anthropometric and biochemical
variables and also in body composition. Besides being explained
by persistent catabolism(36), these changes are related to symptoms
that make oral feeding difficult for patients, particularly due to

anorexia generated by systemic inflammation. We did not find
any statistically significance difference when investigating the
relationship between segmental changes of PhA and ECW/TBW
with mortality. This can be easily explained since only 30 % of

Fig. 2. (a) Phase angle (PhA) receiver operating characteristic (ROC) curve. The ROC curve analysis determined that the cut-off point of PhA of 4° presented an area
under the curve of 0·688 (95% CI 0·506, 0·739), with a sensitivity of 26·67% and specificity of 97·89% and an ability to classify 88·18% of the patients correctly.
(b) Kaplan–Meier survival plot by phase angle. Log-rank test of equality analysis was performed; a significantly lower survival rate was found in the group with a PhA ≤ 4°
(P< 0·001) compared to those patients who presented a PhA > 4°.

Fig. 3. (a) Changes in extracellular water/total body water (ECW/TBW) ratio after one week of follow-up. (b) Changes in phase angle (PhA) after one week of follow-up.
Analysis was performed using a paired t-test, where *P< 0·05, **P< 0·01 and *** P< 0·001.

Fig. 4. (a) Impedance vector changes (graphical method (RXc)). The images show the changes in resistance (R) and reactance (Xc), standardised by height (H)
measured in ohms/metre after one week of hospitalisation. (a) Changes in men, (b) Changes in women.
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the sample were followed up, including those patients with a
LOS≥ 1 week.

The strength of this study is that there was little evidence of
segmental changes in body composition. However, in previous
studies, fluid accumulation in the trunk increased by 63 % during
hospitalisation after abdominal surgery, whereas it increased
by 8 % and 11 % in the arms and legs, respectively. Before
thoracic surgery, fluid accumulation was 93 % in the trunk and
approximately 2 % in the arms and legs(36). In patients with
COVID-19, alterations in PhA and fluid retention in all body
segments have also been observed when comparing patients
with dysphagia with those without it after being extubated
by COVID-19(34). Although our patients did not undergo a
state of stress due to surgery, COVID-19 generates significant
systemic stress; therefore, the previously mentioned results were
comparable with those of the present study, where, in the
segmental analysis, we observed an increase in the ECW/TBW
ratio in the trunk and lower body extremities, as well as a
decrease in the PhA in the left arm, trunk, and lower body
extremities, besides changes in their total values.

The BIVA method showed a shift in the position within a
week of hospitalisation in both men and women. This can be
interpreted as a decrease in body muscle mass and an increase
in the patient’s fluid levels, which have been associated with
functional deterioration and an increased risk of various clinical
outcomes, including mortality, as Cornejo-Pareja et al., and
Samoni et al. found. Cornejo-Pareja et al. showed that in patients
with COVID-19, overhydration is related to mortality risk after
ninety days(37) and Samoni et al. reported that in patients from
the ICU, the changes in body fluids to overhydration after five
days also lead to higher mortality risk(38). This can be explained
because overhydration is the result of an imbalance where
extracellular water is increased more than intracellular water;
when this occurs, the balance of electrolytes, proteins, and other
cellular compounds may be disrupted, leading to potential
alterations in cell functions within the body; this is why several
authors have linked this imbalance to a negative prognosis(39).

One of the limitations of this study was that the patients were
only fromnon-critical areas. The study samplewasmedium-sized,
implying that more scientific evidence is required. Moreover, the
volume of data obtained was not sufficient to determine the PhA
cut-off point according to sex since the total mortality frequency
found in this population was 15 patients. Given such a low
frequency, a statistically significant cut-off point could not be
determined for each sex, even though it has already been
established that PhA values tend to be higher in men. Another
limitation was that at the beginning of the recruitment of the
study participants, SARS-CoV-2 vaccines were not yet available;
however, they began to be applied during the study, and this
information was not recorded. Therefore, the analysis did not
differentiate between those with or without the vaccine, type of
vaccine administered, or time since the vaccinewas administered,
which may influence the interpretation of the observed results.

Conclusion

Regardless of the severity of COVID-19-acquired pneumonia, a
low PhA (≤ 4°) was strongly associated with increased mortality

in non-critical hospitalised patients. Therefore, adding this
measurement as an integral part of the nutritional assessment
and as a predictor of mortality in hospitalised patients with
COVID-19 is recommended. Segmental analysis and the RXc
graphical method can also be considered for these patients,
particularly in those with fluid disorders. Nutritional assessment
and reassessment of patients with COVID-19 should be
performed constantly because of the alterations they present
within a week of hospitalisation that represent the increasing
risk of adverse clinical outcomes.
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