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Abstract: Background: COVID-19 is an infectious disease characterized by a severe catabolic and
inflammatory state, leading to loss of muscle mass. The assessment of muscle mass can be useful to
identify nutritional risk and assist in early management, especially in older adults who have high
nutritional risks. The aim of this study was to evaluate the association of calf circumference (CC)
with clinical and biochemical markers and mortality in older adults with COVID-19 admitted to the
intensive care unit (ICU). Methods: A retrospective cross-sectional study was conducted in a public
hospital. CC was adjusted for body mass index (BMI), reducing 3, 7, or 12 cm for a BMI of 25–29.9,
30–39.9, and ≥40 kg/m2, respectively, and classified as reduced when <33 cm for women and <34 cm
for men. Pearson’s correlation between BMI and CC was performed to assess the association between
variables. Regression analysis was adjusted for sex, age, and BMI variables. Cox regression was
used to assess survival related to CC. Results: A total of 208 older adults diagnosed with COVID-19
admitted to ICU were included, of which 84% (n = 176) were classified as having reduced CC. These
patients were older, with lower BMI, higher nutritional risk, malnourished, and higher concentration
of urea and urea–creatinine ratio (UCR) compared with the group with normal CC. There was an
association between edematous patients at nutritional risk and malnourished with reduced CC in
the Cox regression, either adjusted or not for confounding. Conclusions: CC was not associated
with severity, biochemical markers, or mortality in older adults with COVID-19 admitted to the
ICU, but it was associated with moderately malnourished patients assessed by subjective global
assessment (SGA).

Keywords: anthropometry; calf circumference; COVID-19; older adults; intensive care unit

1. Introduction

Older people infected with severe acute respiratory coronavirus 2 (SARS-CoV-2) are
more susceptible and have a high incidence of severe disease and mortality, requiring
ventilatory support and hospitalization in intensive care units (ICUs) [1,2]. SARS-CoV-2
induces severe inflammatory stress [3], as the effects caused by the virus and viral evasion
on the host’s immune response play an important role in disease severity [4]. The acute
inflammatory response to infection leads to an increase in inflammatory markers, such as
hematological markers, white blood cell count, C-reactive protein (CRP), and the neutrophil–
lymphocyte ratio (NLR), which has been shown to be a biomarker of systemic inflammation
and is positively associated with coronavirus disease 2019 (COVID-19) [5].

This hypermetabolic response leads to increased energy expenditure and the release
of energy substrate from muscle protein stores, leading to loss of muscle mass, excessive
generation of urea, and reduced excretion of creatinine, impairing the immune response [2].
Skeletal muscle serves as a source of amino acids for maintaining protein synthesis and
preserving vital tissues and organs during stress conditions [6]. Additionally, elevated
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creatinine urea nitrogen (UCR) accompanies the loss of skeletal muscle mass and may be a
potential indicator of ongoing muscle catabolism in critically ill patients [7]; there are no
studies evaluating UCR in patients with COVID-19.

The degradation of muscle mass in patients with COVID-19 may be greater in older
people and patients admitted to the ICU, because of bed rest, use of antivirals, systemic
inflammation, and length of stay [8–10]. The assessment of muscle mass can be useful in the
hospital routine to guide adjustments in nutritional therapy and clinical prognosis during
ICU stay [2], being recommended in the evaluation of patients with COVID-19 [11,12].
There are several techniques that are validated and can be used as a muscle mass marker,
such as DXA, computed tomography, and magnetic resonance [9,13]. However, they are not
always practical, require technical support, and are expensive [2,13]. A simple and practical
method that can be used as a marker of muscle mass in older people is calf circumference
(CC) [2], widely used in clinical practice due to its feasibility and ease of execution [11]
and recommended by the European consensus [14]. Some studies have been carried out
to assess muscle mass in patients with COVID-19 using computed tomography [2,15,16].
There are no studies evaluating CC with inflammatory, clinical, or mortality parameters in
older patients with COVID-19.

Thus, we hypothesize that reduced CC in older patients with COVID-19 may be asso-
ciated with high inflammation and increased clinical parameters of severity and serve as a
nutritional assessment used in the ICU routine for mortality, as it is a simple, economical,
and easy-to-apply method in hospital units [17]. Therefore, this article aims to evaluate
CC as a marker for monitoring inflammation, clinical parameters, and mortality in older
patients diagnosed with COVID-19 admitted to the ICU. Our study will be the first to
evaluate the association of CC with inflammatory and clinical parameters of severity and
nutritional assessment.

2. Methods
2.1. Study and Sample

A retrospective cross-sectional study was carried out at the Clinical Hospital of the
Federal University of Goiás, a field hospital for patients diagnosed with COVID-19 in the
city of Goiânia—Brazil. Data collection was carried out by reviewing electronic medical
records of patients diagnosed with COVID-19 between October 2020 and September 2021.
This study was submitted to and approved by the Ethics and Research Committee of
the Clinical Hospital of UFG under protocol numbers: 5.053.025 and 5.120.133. As it is
a retrospective study, the waiving of the term free and informed consent was requested
and accepted, as this study used secondary data obtained from material already collected
and authorized from electronic medical records of patients hospitalized in the intensive
care unit.

Patients admitted to the ICU diagnosed with COVID-19 confirmed by real-time reverse
transcriptase polymerase chain reaction (RT-PCR) and CT scan, gold standard methods
for detecting COVID-19 [18], with a minimum hospital stay of 24 h and who were or were
not using mechanical ventilation, vasoactive drugs, or sedation, were considered eligible
for this research, and a review of medical records was performed. Patients were aged
≥ 60 years. Those who were in palliative care, using a dose greater than 2 mcg/kg/day
of vasoactive drugs, and did not have biochemical tests or anthropometric data in their
medical records were excluded.

2.2. Data Collection

Data collection was performed by reviewing electronic medical records. Data, such
as demographic characteristics such as age and gender of the patient, were collected from
the patient’s day of admission to the ICU. Clinical data, such as days of hospitalization
in the ICU, independent of the duration of prior hospitalization, comorbidities, use of
mechanical ventilation, use of vasoactive drugs, sedation, hemodialysis, or lower limb
edema, were graded on a scale of 1+ to 4+ based on the depth of the indentation and the time
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taken to return to baseline [19] and mortality. Disease severity scores were also collected,
such as Sequential Organ Failure Assessment (SOFA score) [20], Acute Physiology and
Chronic Health Inquiry (APACHE II score) [21], and nutritional status variables, such as
Nutrition Risk in Critically Ill (NUTRIC) [11,22], Subjective Global Assessment (SGA) [23],
and Nutritional Risk Screening (NRS-2002) [11,24]. All data collection was carried out
simultaneously upon admission.

Biochemical analysis took place according to the hospital’s routine. Data such as
absolute count of hematocrit (HT), hemoglobin (HB), neutrophils and lymphocytes to
obtain the NLR, urea and creatinine to obtain the UCR, CRP, and lactate were extracted
from the biochemical tests. Regarding anthropometric data, data such as height (m), weight
(kg), CC (cm), and BMI (kg/m2) were collected from the medical records. The ratio between
body weight and height squared was used to calculate BMI [25]. BMI was classified as
underweight (≤22 kg/m2), adequate or eutrophic (<22 and >27 kg/m2), and overweight
(≥27 kg/m2) [26]. CC was assessed on the day of ICU admission and was adjusted for BMI,
reducing by 3, 7, or 12 cm for a BMI of 25–29.9, 30–39.9, and ≥40 kg/m2, respectively [24];
we also performed CC analysis without BMI adjustment (Supplementary Data). CC was
classified as reduced when <33 for women and <34 for men [17]. The anthropometric
measurements performed upon admission to the ICU at the Clinical Hospital of UFG are
conducted daily by trained professionals. We classified patients with an NRS score ≥3 [25]
as at nutritional risk and SGA patients as well-nourished, moderately malnourished, and
severely malnourished [23].

2.3. Statistical Analyzes

There was no sample calculation because the patients were collected for convenience
through the medical records. The Shapiro–Wilk test was used to verify data normality. Vari-
ables were presented as median and interquartile range, value, and percentage. Differences
between groups were applied using the Mann–Whitney U test or Chi-square. Pearson’s
correlation was performed to assess the association between BMI and CC. The automated
binary regression test was performed considering adjustments for sex, age, and BMI to
assess the association between variables. The variables were described considering the
odds ratio and the confidence interval. Finally, the association between CC and mortality
was examined using the Cox regression model. SPSS software (version 20.0) was used for
all analyses, and values were considered significant when p < 0.05. Pearson’s correlation
graph was performed using the R software (version 4.2.2).

3. Results

A total of 591 patients were eligible for the study, of which 356 were excluded because
they were not admitted to the ICU and 27 because they did not have CC values, totaling
208 patients. Among the 208 (113M/95F) older adults admitted to the ICU with COVID-19,
the mean age was 72 years, 59% (n = 124) of the sample were hypertensive, with a mean
of 10 days of hospitalization, 43% (n = 90) of the sample were on mechanical ventilation,
25% (n = 52) were using vasoactive drugs, 30% (n = 63) were using sedatives, 97% (n = 203)
were at nutritional risk, 49% (n = 103) were malnourished, 84% (n = 176) were classified as
having reduced CC, and 65% (n = 137) died (Table 1).

Although there was no significant difference in HT, HB, creatinine, neutrophil, lympho-
cyte, NLR, CRP, lactate, SOFA score, APACHE II score, NUTRIC, continuous NRS, invasive
mechanical ventilation, vasoactive drugs, sedation, hemodialysis, death and comorbidities
such as diabetes, chronic obstructive pulmonary disease, chronic kidney disease, cardiomy-
opathy, dementia, dyslipidemia, or cancer between groups (Table 1), patients in the low
CC group (women CC < 33 cm and men CC < 34 cm) were older, predominantly male,
had fewer days of hospitalization in the ICU, lower BMI, higher urea concentration and
urea–creatinine ratio, and higher nutritional risk and quantity of comorbidities and mal-
nourishment than the normal CC group (whether in women with >33 cm or in men >34 cm
CC) (Table 1).
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Table 1. Profile of elderly patients hospitalized in ICU with COVID-19 according to CC classification.

Variables Total Sample
CC

Reduced
(n = 176)

CC
Normal
(n = 32)

p 1

Age (years) 2 72 (66–81) 73 (66–82) 68 (64.5–71) <0.001 *
Sex (n, %) 2

0.313Male 113 (54) 93 (52) 20 (62)
Female 95 (46) 83 (47) 12 (37)
Hospital length of stay (days) 10 (6–15) 9 (6–15) 13 (8–19) 0.016 *
Comorbidities (n, %) 2

Diabetes 2 69 (33) 62 (40) 7 (24) 0.105
Hypertension 2 124 (59) 106 (68) 18 (62) 0.505
Chronic obstructive pulmonary disease 2 30 (14) 25 (16) 5 (17) 0.882
Chronic kidney disease 2 23 (11) 19 (12) 4 (13) 0.819
Cardiopathy 2 39 (18) 34 (22) 5 (17) 0.570
Dementia 3 17 (8) 13 (8) 4 (13) 0.356
Hypothyroidism 2 17 (8) 15 (9) 2 (7) 0.365
Cancer 2 24 (11) 20 (13) 4 (14) 0.896
No comorbidities 2 19 (9) 14 (9) 5 (17) 0.182
Invasive mechanical ventilation (n, %) 2 90 (43) 75 (48) 15 (51) 0.741
Vasoactive drugs (n, %) 2 52 (25) 44 (28) 8 (27) 0.930
Sedation (n, %) 2 63 (30) 54 (34) 9 (31) 0.692
Hemodialysis (n, %) 2 18 (9) 15 (9.6) 3 (10.3) 0.912
Edema (n, %) 2 26 (12) 18 (11) 8 (27) 0.023 *
Weight (kg) 72 (±15.9) 70 (±15.2) 77.9 (±18.8) 0.084 *
Height (m) 1.63 (±0.1) 1.62 (± 0.1) 1.67 (±0.1) 0.021 *
Body mass index (kg/m2) 26.5 (22.5–30) 23.4 (23.2–24.8) 27.5 (24.6–30.3) 0.466
Calf circumference (cm) 29.7 (±3.8) 28.8 (±3.3) 34.3 (±2.7) <0.001 *
Hemoglobin (g/dL) 12.6 (11–13) 12.7 (11–13.8) 12.3 (9.8 -13.8) 0.450
Hematocrit (%) 36.8 (±7.3) 37 (±7.1) 35.9 (±8.1) 0.233
Urea (mg/dL) 57 (36–95) 58 (36–96.5) 54 (31–86) 0.445
Creatinine (mg/dL) 1.1 (0.8–1.8) 1.2 (0.8–1.8) 1.1 (0.8–1.8) 0.993
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Table 1. Cont.

Variables Total Sample
CC

Reduced
(n = 176)

CC
Normal
(n = 32)

p 1

Urea to creatinine ratio 44 (33.3–58.3) 45 (33.5–59.1) 40.5 (31.4–57.8) 0.173
Neutrophil (×109/L) 10 (6–14) 10 (6–14) 10.5 (7–13) 0.888
Lymphocyte (×109/L) 808 (539–1149) 808 (539–1166.5) 803 (496–1070) 0.825
Neutrophil lymphocyte ratio 11.1 (6–18) 11.1 (5.6–15.3) 10.6 (6.77–20.3) 0.609
C reactive protein (mg/dL) 12.9 (7–20.9) 18.4 (15.1–23) 13.6 (13.3–21.4) 0.456
Lactate (mg/L) 18.2 (14.8–23) 18.2 (18.7–21.8) 17.4 (18.1–25.2) 0.351
SOFA score 6 (2–8) 6 (2–8) 5 (4–8) 0.805
APACHE II score 15 (11–26) 15.5 (11–26) 16.5 (11–25.5) 0.792
NUTRIC 1 5 (4–6) 5.0 (4–6) 4.5 (3.5–6) 0.432
NRS 1 4 (3–5) 4 (4–5) 3 (3–5) 0.011 *
≥3 3 203 (97) 174 (99) 29 (90)

0.005 *<3 3 5 (3) 2 (1) 3 (10)
SGA 1

Well-nourished 100 (48) 80 (46) 20 (66.6)
0.118Undernourished 103 (49) 92 (52) 10 (31)

Death (n, %) 2 137 (65) 117 (66) 20 (62) 0.662

Variables are described in median and interquartile range or (n) and percentage. 1 Mann–Whitney test. 2 Chi-square test. 3 Fisher exact test. CC: calf circumference, SOFA: Sequential
Organ Failure Assessment, APACHE: Acute Physiology and Chronic Health Evaluation, NUTRIC: Nutrition Risk in Critically III, NRS: Nutritional Risk Screening, SGA: Subjective
Global Assessment. * Significant p-value (<0.05).
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When performing the stratification of the patients by sex and CC (reduced and normal),
we observed that for females in the CC <33 cm group, patients were older, with higher
nutritional risk and more undernourishment, as well as lower weight and BMI and more
hypertension than the group with CC >33 cm. For males, we found that the CC <34 cm
group was also older, with higher nutritional risk, more undernourishment, shorter lengths
of stay, lower weight and BMI, and higher UCR than the CC >34 cm group (Table 2).

In addition, we observed a weak correlation between BMI with underweight and CC
(r= −0.18; p= 0.6), BMI and CC with overweight (r = 0.15; p= 0.19), and BMI with obesity
(r = 0.19; p = 0.17), and a moderate correlation between normal BMI and CC (r = 0.35;
p = 0.001) (Figure 1).
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Figure 1. (A): Pearson correlation graph between BMI and CC of patients admitted to the ICU
with COVID-19. (B): Pearson correlation chart between underweight BMI and CC of patients
admitted to the ICU with COVID-19. (C): Pearson correlation chart between normal BMI and
CC of patients admitted to the ICU with COVID-19. (D): Pearson correlation chart between BMI
overweight/obesity and CC of patients admitted to the ICU with COVID-19. p = p-value, r = pearson
correlation coefficient.

In the association analysis, there was a greater chance of CC reduction the greater
the edema (OR 0.34; CI 0.13–0.89) and nutritional risk (OR 1.49; CI 1.06–2.10). After
adjusting for confounding variables, these associations were maintained (Table 3). We
also observed that malnourished individuals are more likely to have a reduced CC than
healthy individuals according to the SGA assessment (OR 2.32; CI 1.02–5.25); even af-
ter adjusting for confounding variables, the association remains (OR 2.19; CI 1.16–4.15)
p = 0.016 (Table 3). Although there was an association between death and CC (RR 1.47; CI
95% 1.04–2.06) p = 0.027 (Figure 2), it disappeared after adjusting for sex, age, and APACHE
II (Table 4). All of these analyses were also performed with CC without adjustment for BMI
(Supplementary Data), and there were no significant results either.
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Table 2. Profile of elderly patients hospitalized in ICU with COVID-19 according to CC classification stratified by sex.

Variables Men Women
CC Reduced

(n = 98)
CC Normal

(n = 15) p 1 CC Reduced
(n = 83)

CC Normal
(n = 12) p 1

Age (years) 74 (67–81) 69 (64–75) 0.150 72 (66–83) 65 (62.5–67.5) 0.003 *
Hospital length of stay (days) 9 (6–14) 12.0 (7–22) 0.087 10 (6–15) 15.5 (8.5–21.5) 0.069
Comorbidities (n, %) 2

Diabetes 2 32 (38) 3 (15) 0.064 30 (42) 4 (40) 0.892
Hypertension 2 56 (66) 12 (63) 0.771 50 (70) 6 (60) 0.504
Chronic obstructive pulmonary disease 3 14 (16) 4 (21) 0.649 11 (15) 1 (10) 0.647
Chronic kidney disease 3 13 (15) 3 (15) 0.973 6 (8) 1 (10) 0.870
Cardiopathy 2 16 (19) 3 (15) 0.741 18 (25) 2 (20) 0.713
Dementia 3 8 (9) 4 (21) 0.157 5 (7) 0 0.384
Hypothyroidism 3 3 (3.5) 1 (5.2) 0.730 12 (16) 1 (10) 0.578
Cancer 3 9 (10) 4 (21) 0.220 11 (15) 0 0.181
No comorbidities 3 7 (8) 3 (15) 0.322 7 (9) 2 (20) 0.339
Invasive mechanical ventilation (n, %) 2 40 (47) 11 (57) 0.419 35 (49) 4 (40) 0.220
Vasoactive drugs (n, %) 2 24 (28) 7 (36) 0.478 20 (28) 1 (10) 0.418
Sedation (n, %) 2 29 (34) 8 (42) 0.534 25 (35) 1 (10) 0.110
Hemodialysis (n, %) 3 8 (9) 2 (10) 0.894 7 (9) 1 (10) 0.989
Edema (n, %) 3 5 (5) 5 (26) 0.007 13 (18) 3 (30) 0.385
Weight (kg) 69 (±14) 83 (±18) 0.089 72.2 (±16) 77 (±19) 0.480
Height (m) 1.68 (±0.1) 1.73 (±0.1) 0.046 * 1.56 (±0.1) 1.58 (±0.1) 0.069
Body mass index (kg/m2) 24.1 (20–27) 25.7 (24.4–29.8) 0.370 28.3 (25.2–33.8) 28.8 (27.8–33.1) 0.242
Calf circumference (cm) 29.2 (±3.2) 35.9 (±1.8) <0.001 * 28.3 (±3.26) 34 (±0.9) <0.001 *
Hemoglobin (g/dL) 12.9 (11.1–14.1) 13.2 (9.6–14.8) 0.752 12.5 (10.9–13.5) 11.7 (10.5–12.6) 0.217
Hematocrit (%) 37.3 (±7.5) 36 (±9.7) 0.449 36.7 (±6.6) 35 (±6.5) 0.305
Urea (mg/dL) 66 (43–107) 71 (41–119) 0.943 47 (28–83) 29.5 (25–43.5) 0.075
Creatinine (mg/dL) 1.3 (0.9–2.3) 1.5 (1–2.3) 0.634 1 (0.7–1.6) 0.8 (0.7–1.0) 0.395
Urea to creatinine ratio 48.2 (35.4–61) 41 (32–59.2) 0.676 42.5 (31.7–20.8) 31.8 (26.4–42) 0.062
Neutrophil(×109/L) 10.0 (8–14) 12 (8–14) 0.874 8 (5–14) 8.0 (8.4–11.3) 0.621
Lymphocyte(×109/L) 783 (538–1124) 670 (388–984) 0.500 867 (553–1226) 915 (700–1487) 0.452
Neutrophil lymphocyte ratio 11.8 (7.28–18.4) 18.2 (7.25–30.6) 0.479 7.8 (4.5–15) 7.5 (6–12.5) 0.805
C reactive protein (mg/dL) 12.8 (7.4–1.8) 12 (6.3–22) 0.582 12.6 (5.9–20.8) 15.6 (8.7–21) 0.753
Lactate(mmol/L) 19.4 (16.7–24.6) 18.6 (13–25.6) 0.187 16.8 (13–20.7) 16.4 (12.1–25.2) 0.788
SOFA score 6.0 (3.5–8.0) 6 (4–8) 0.975 4 (2–8) 4.5 (3–7) 0.817
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Table 2. Cont.

Variables Men Women
CC Reduced

(n = 98)
CC Normal

(n = 15) p 1 CC Reduced
(n = 83)

CC Normal
(n = 12) p 1

APACHE II score 17.5 (12–29) 24 (15–29) 0.457 13.0 (10–24) 10.5 (7–18.5) 0.076
NUTRIC 2 5 (4–6) 5 (4–6) 0.790 4 (3–6) 3.5 (2.5–5.5) 0.071
NRS 2 4 (4–5) 4 (3–6) 0.372 4 (3–5) 3 (3–4) <0.001 *
≥3 3 91 (97) 15 (100)

1.000
83 (100) 9 (75)

<0.001 *<3 3 2 (2.1) 0 0 3 (25)
SGA 2

Well-nourished 37 (40) 10 (66)
0.720

43 (52) 10 (83)
0.016 *Undernourished 54 (55) 10 (66) 39 (47) 0

Death (n, %) 2 60(64) 15 (100) 0.488 57 (68) 5 (41) 0.066

Variables are described in median and interquartile range or (n) and percentage and mean ± standard deviation from the mean. 1 Obtained by the analysis of t Student unpaired test
or Mann-Whitney test. 2 Chi-square 3 Fisher exact test. APACHE: Acute Physiology and Chronic Health Evaluation, NUTRIC: Nutrition Risk in Critically III, NRS: Nutritional Risk
Screening, SGA: Subjective Global Assessment. * Significant p-value (<0.05).

Table 3. Association between CC and biochemical and clinical characteristics in elderly patients admitted to ICU with COVID-19.

Model 1 Model 2
Variables OR (95% CI) p OR (95% CI) p

Hemoglobin (g/dL) 1.06 (0.91; 1.24) 0.396 1.05 (0.90; 1.23) 0.475
Hematocrit (%) 1.03 (0.98; 1.08) 0.224 1.02 (0.97; 1.07) 0.310
Urea (mg/dL) 1.00 (1.00; 1.01) 0.233 1.00 (0.99; 1.01) 0.229
Creatinine (mg/dL) 0.98 (0.89; 1.08) 0.799 0.91 (0.76; 1.10) 0.359
Urea to creatinine ratio 1.01 (0.99; 1.03) 0.153 1.01 (0.99; 1.03) 0.194
Neutrophil(×109/L) 1.01 (0.93; 1.09) 0.721 1.01 (0.89; 1.15) 0.789
Lymphocyte(×109/L) 1.00 (1.00; 1.00) 0.782 0.99 (0.99; 1.00) 0.976
Neutrophil lymphocyte ratio 0.98 (0.96; 1.00) 0.214 0.98 (0.96; 1.01) 0.295
C reactive protein (mg/dL) 0.99 (0.95; 1.02) 0.624 0.99 (0.95;1.03) 0.764
Lactate (mmol/L) 1.01 (0.97; 1.06) 0.390 1.02 (0.97; 1.07) 0.403
Diabetes 2.09 (0.84; 5.20) 0.111 2.06 (0.81; 5.25) 0.127
Hypertension 1.32 (0.58; 3.01) 0.506 0.96 (0.39; 2.31) 0.928
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Table 3. Cont.

Model 1 Model 2
Variables OR (95% CI) p OR (95% CI) p

Chronic obstructive pulmonary disease 0.92 (0.32; 2.64) 0.882 0.66 (0.21; 2.06) 0.485
Chronic kidney disease 0.87 (0.27; 2.78) 0.819 1.00 (0.30; 3.36) 0.994
Cardiopathy 1.34 (047; 3.80) 0.571 1.01 (0.34; 2.99) 0.973
Dementia 0.57 (0.17; 1.89) 0.361 0.33 (0.08; 1.28) 0.111
Hypothyroidism 1.44 (0.31; 6.69) 0.637 0.94 (0.18; 4.75) 0.942
Cancer 0.92 (0.29; 2.93) 0.896 1.04 (0.32; 3.43) 0.936
No comorbidities 2.09 (0.69; 6.36) 0.190 1.45 (0.45; 4.66) 0.524
Invasive mechanical ventilation 0.87 (0.39; 1.93) 0.742 0.98 (0.41; 2.32) 0.975
Vasoactive drugs 1.04 (0.42; 2.52) 0.930 1.13 (0.41; 3.08) 0.806
Sedation 1.18 (0.50; 2.78) 0.692 1.25 (0.48; 3.22) 0.642
Hemodialysis 0.92 (0.25; 3.43) 0.912 1.09 (0.27; 4.31) 0.898
Edema (n, %) 0.34 (0.13; 0.89) 0.028 * 0.26 (0.09; 0.74) 0.012 *
SOFA score 1.00 (0.89; 1.11) 0.988 1.01 (0.86; 1.18) 0.881
NUTRIC 1.12 (0.89; 1.41) 0.320 1.11 (0.72; 1.73) 0.619
NRS (continuous) 1.49 (1.06; 2.10) 0.021 * 1.45 (1.01; 2.10) 0.043 *
NRS (≥3 vs. <3) 0.11 (0.01; 0.69) 0.019 * 2.11 (0.89; 5.02) 0.089
SGA (well-nourished vs. undernourished) 2.32 (1.02; 5.25) 0.043 * 2.19 (1.16; 4.15) 0.016 *
Hospital length of stay (days) 1.18 (054; 2.59) 0.663 1.10 (0.46; 2.59) 0.827

Model 1: Crude model; Model 2: adjusted model by sex, age, and APACHE II. APACHE: Acute Physiology and Chronic Health Evaluation, NUTRIC: Nutrition Risk in Critically III,
NRS: Nutritional Risk Screening, SGA: Subjective Global Assessment. * Significant p-value (<0.05).
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Table 4. Survival model stratified by CC in patients admitted to ICU with COVID-19.

Model 1 Model 2
Variables OR (95% CI) p OR (95% CI) p

CC (reduced vs. normal) 1.47 (1.04; 2.06) 0.027 * 1.31 (0.86; 1.98) 0.204
Crude Cox model. Adjusted model by sex, age, and APACHE II. * Significant p value (<0.05).

4. Discussion

The main finding of this retrospective study was that in older adults with COVID-19,
reduced CC is not associated with a systemic inflammatory profile, severity, or mortality
markers but rather with nutritional status. Our study shows that patients with reduced CC
are more likely to have greater nutritional risk and malnutrition. Observing that patients
with reduced CC had fewer days of hospitalization in the ICU, we noticed that they had a
higher number of deaths, and when analyzing the association between CC and death, there
was no association after adjustment.

The sarcopenia consensus suggests a cutoff point < 31 cm for men and women, as this
value predicts worse functional performance and survival in older adults [14]. However,
we chose to use a cutoff point of CC < 33 cm for women and <34 cm for men, as it has a
greater ability to predict a decrease in muscle mass in older adults [17], as this reference
was made from older adults from the population of Brazil, corresponding to the public of
our work. Furthermore, since BMI has an influence on CC, we chose to adjust CC according
to BMI value, reducing by 3, 7, or 12 cm for a BMI of 25–29.9, 30–39.9, and ≥40 kg/m2,
respectively [24]. When stratifying our sample by reduced and normal CC, we observed
that there was a significant difference between the groups for sex, which is why we chose
to stratify the sample by sex and reduced and normal CC.

Some studies have shown that male patients are at greater risk for COVID-19, as well
as for mortality outcomes [27,28]. In the stratification for gender and reduced and normal
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CC, BMI continued to be significant between groups. As expected, patients with reduced
CC had a lower BMI than patients with normal CC, since BMI is used to assess obesity [29],
and the greater the amount of adipose and intramuscular tissue in the calves, the greater
the CC value [30]. Obesity is a limitation for CC assessment [31], and there is no evidence
that BMI values in critically ill patients reflect body composition [16]. For this reason, in
our statistical analysis, we used BMI as an adjustment factor, given its influence on CC, as
well as gender and age.

Our study also demonstrated an association of urea creatinine ratio between reduced
and normal CC groups, which continued only for men after stratification by sex. When
the regression was performed, we observed that there was an association between UCR
and CC; however, it was lost after adjusting for sex, age, and BMI. As UCR has been
used as a biochemical marker of catabolism due to loss of skeletal muscle mass [7,32], we
imagined that in the reduced CC group, there would be an increase in UCR, indicating
greater catabolism, but there was no significance.

Other data that showed significance between the reduced and normal CC groups,
which continued even after stratification by gender, were the number of days of hospi-
talization in the ICU, and in the reduced CC group, the length of stay in the ICU was
shorter, but it was the group with the highest number of deaths. When we performed the
Cox regression, we observed that in the crude model, there was an association between
mortality and CC, but after adjusting for sex, age, and APACHE II, this association was lost.

Some studies have already shown that CC is a good indicator of mortality [33,34].
However, in the cohort study by Wijnhoven et al., 2010 [29], which evaluated 1667 older
adult residents in a nursing home, no association was found between CC and mortality.
This corroborates our study, where we also did not find this association. We emphasize,
however, that our sample consisted of older adults with COVID-19. In this sense, as it is an
acute and inflammatory disease with rapid evolution [35], which mostly affects patients
with excess adiposity [36], the assessment of CC upon admission loses its potential.

Clinical parameters that assess the severity and mortality of critically ill patients [10,33,34],
such as the Sequential Organ Failure Assessment (SOFA) score [37], Acute Physiology and
Chronic Health Evaluation (APACHE) II score [21], and lactate [38] were also considered in
our analyses. However, no association with CC was found. Assessing whether CC would
have a good association with the SOFA score, which is performed every 24 h inside the
ICU and assesses acute morbidity [37,39], would place CC as a good parameter to assess
acute morbidity in older adults with COVID-19. We had the same thought regarding the
APACHE II score, which assesses severity and mortality [21,40].

Regarding lactate, its increase is a sign of the hypoperfusion of organs and muscular
tissue and is associated with mortality [38,41]. We believe that as COVID-19 leads to
profound hypoxemia and intense struggle to breathe [42], it would be increased in the
bloodstream, leading to the hypoperfusion of muscle tissue, and would be associated
with reduced CC by leading skeletal muscles to greater contraction in respiratory distress
syndrome [38], but our study did not show an association between CC with lactate, and
there are no studies evaluating CC with clinical parameters of severity and mortality such
as SOFA, APACHE, and lactate.

Currently, there is no validated instrument for assessing nutritional risk in critically
ill patients; the most used are NRS and NUTRIC [42]. The NRS is validated for assessing
the nutritional risk of critically ill patients [43], but it is not specific for critically ill patients,
while NUTRIC was created for assessing the nutritional risk of critically ill patients [43].
When evaluating the nutritional risk of the patients in the study, using these nutritional
screening instruments, we observed significance between the reduced and normal CC
groups, both in the evaluation of all patients and after stratification by sex, with patients
with reduced CC having higher nutritional risk when performing a logistic regression,
noting that in the adjusted model, there was a loss of association between instruments
and CC. This corroborates some studies that have shown that patients at nutritional risk
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assessed by the NRS and NUTRIC had lower CC values [44–46]. There are no studies
evaluating CC and nutritional risk in older adults with COVID-19.

Patients who are at nutritional risk are evaluated through nutritional screening, eval-
uated by an assessment of nutritional status; there is still no specific instrument for this
assessment in critically ill patients [42]. One of the instruments used in the hospital rou-
tine is the SGA, which evaluates patients’ history and physical examination [23]. When
we evaluated the nutritional status of this study’s patients, we noticed an association
between the reduced and normal CC groups, both in the evaluation of all patients and in
the stratification by gender, with the CC group comprising a greater number of moder-
ately malnourished patients than the normal CC group. And when performing a logistic
regression, observing the association between SGA and CC, both in the crude and in the
adjusted model, patients with reduced CC were more likely to be moderately malnourished
than nourished patients. Older adults are more willing to lose muscle mass [14] and are at
greater risk of malnutrition in the ICU [11]; easily accessible instruments such as CC are
necessary in a hospital environment [14]. Our study demonstrates that CC can be a good
tool for the nutritional assessment of older adults with COVID-19 admitted to the ICU.
Our study was the first to evaluate the association between CC and SGA in older adults
with COVID-19.

We also believed that as COVID-19 is a highly inflammatory and catabolic disease [11],
reduced CC would be associated with inflammatory parameters, but we did not find any
association. In the systematic review and meta-analysis by Malik et al. (2020), it was shown
that severe cases of COVID-19 are associated with an elevated CRP and lymphocyte count
compared with milder cases. CPR is an acute-phase protein, synthesized by the liver in
response to IL-6. With viral infection, IL-6 production increases, along with macrophage
activation syndrome, increasing CRP [47,48]. Highly inflamed individuals have increased
nutritional needs, increasing catabolic stress [49]. We believe that there was no association
between CC and inflammatory parameters because COVID-19 is an acute disease [35]
and may have a low influence on the reduction in muscle mass at the initial moment of
the disease.

Another indicator of systemic inflammation is the NLR [50], which is elevated in
patients with COVID-19. The increase in NLR means an increase in neutrophils and/or
a decrease in lymphocytes [47]. A feature of viral infections that is common in patients
with COVID-19 is lymphopenia, due to the depletion of circulating T cells during the
inflammatory response [51]. Neutrophilia, on the other hand, is associated with a hyper-
inflammatory state and an increase in cytokines, and as the infectious condition worsens,
there is an increase in the number of neutrophils [52]. Silva et al. (2022) [53] evaluated the
association between NLR and the risk of sarcopenia in patients with COVID-19 and found
no association between the risk of sarcopenia and NLR, corroborating our results that show
no association between a decrease in muscle mass and NLR.

Patients with COVID-19 have a high inflammatory profile, which inhibits erythro-
poiesis, decreasing the production of red cells [51], presenting erythrocytes incapable
of responding to environmental variations in HB oxygen saturation and compromising
the ability to transport and provide oxygen, thus having a low concentration of HB [52].
Alnor et al. (2021) [54] performed a case–control study comparing hematological parame-
ters in hospitalized patients with COVID-19 and symptomatic patients without COVID-19
and showed lower leukocyte, lymphocyte, monocyte, eosinophil, and basophil counts
in the COVID-19 group than in the COVID-19 group. The study by Ghazanfari et al. in
2021 [55] also showed a decrease in red cells in patients with COVID-19.

We evaluated patients with a high inflammatory profile and tried to assess the associa-
tion of HT and HB with CC, since patients with COVID-19 have high inflammation that can
lead to protein catabolism [50] and the decrease in red cells with consequent loss of muscle
mass [56]. However, we found no association between low muscle mass and HT and HB.

Our study was the first to assess HT and HB with CC and the association between
CC and markers of inflammation, severity, nutritional risk (NRS) and nutritional status
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(SGA), and mortality in older adults with COVID-19. As positive points, we worked with a
large sample and investigated instruments that are easy to obtain and low-cost for clinical
practice. Furthermore, we performed the analysis both with CC adjusted for BMI and
without adjustment to evaluate the data obtained. Our research suggests that CC may not
be a good indicator to assess inflammation and mortality in patients with COVID-19, as
it is an acute disease with a high inflammatory profile. New studies with a multicenter
approach can accurately portray a large representation of the world’s population under
these conditions. But it can be a good marker of nutritional status.

On the other hand, this study has some limitations, the first of which is the fact that
it was a retrospective study carried out in a single center, and we also did not assess
the nutritional status of the patients prior to ICU admission, which prevented a more
meaningful analysis.

5. Conclusions

In conclusion, reduced CC was not associated with markers of inflammation, severity,
nutritional risk, or mortality in our sample of inflammation in patients hospitalized with
COVID-19, but it was associated with nutritional status.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/diseases12050097/s1, Table S1: Profile of elderly patients
hospitalized in ICU with COVID-19 according to CC classification; Table S2: Profile of elderly pa-
tients hospitalized in ICU with COVID-19 according to CC classification stratified by sex; Table S3:
Association between CC and biochemical and clinical characteristics in elderly patients admitted
to ICU with COVID-19; Table S4: Survival model stratified by CC in patients admitted to ICU with
COVID-19; Figure S1: Pearson correlation graph between BMI and CC of patients admitted to the
ICU with COVID-19; Figure S2: Survival curve of patients admitted at ICU with COVID-19 by calf
circumference classification.
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