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Abstract: Fatty liver disease has been identified as a marker of malnutrition in different clinical
settings. Recently, the COntrolling NUTritional status score (CONUT score) emerged as a promising
tool for malnutrition assessment. Our aim was to evaluate short-term outcomes among patients with
malnutrition-related liver steatosis in an Internal Medicine department. Furthermore, we evaluated
the association of the CONUT score with malnutrition-related liver steatosis. Data from 247 patients
hospitalized in an Internal Medicine department were retrospectively collected. The study population
was stratified into three groups based on hepatic radiodensity assessed with computed tomogra-
phy: mild steatosis (>56.1 HU), moderate steatosis (between 49.7 and 56 HU), and severe steatosis
(£49.6 HU). We then calculated the CONUT score. Severe steatosis patients had higher in-hospital
mortality (18.2 vs. 15.5%) and longer in-hospital stays compared with the mild steatosis group (length
of in-hospital stay longer than 12 days: 45% vs. 40%). Logistic regression analysis showed that severe
steatosis was not significantly associated with in-hospital all-cause death, while a high CONUT
score was an independent risk factor for sepsis. We found an independent relationship between
malnutrition-associated liver steatosis and the CONUT score. These results identified the CONUT
score as a tool for nutritional assessment of hospitalized patients.
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1. Introduction

Malnutrition (MN) is a condition developing from inadequate nutrient intake or
absorption that results in altered body composition, reduced physical and mental function,
and poor clinical outcomes [1,2].

One-third to one-half of patients hospitalized in medical or surgical departments suffer
from protein—energy undernutrition, and the prognosis of the patients during hospitaliza-
tion, in the short, medium, and long term, is significantly affected by nutrient deficiency,
leading to worse outcomes [3,4].

The current evidence indicates that undernutrition can trigger the development of a
type of liver steatosis different from conventional nonalcoholic fatty liver disease (NAFLD),
which is basically related to overnutrition and obesity. This form of liver steatosis associated
with malnutrition often arises in the context of an inadequate intake of essential nutrients,
such as proteins, calories, and certain vitamins. The primary pathogenetic processes in-
clude deficiency in nutrients with hepatoprotective properties that support hepatic lipid
metabolism, deficiency in chemicals required for the output of very low-density lipoprotein
(VLDL), and modifications in the makeup and role of the intestinal microbiota [5-7]. It
seems that malnutrition is linked to chronic liver disease, particularly in hospitalized pa-
tients, because of insufficient intake of macro- and micronutrients, which increases mortality
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and complications [8,9]. In fact, it has been found that a patient’s nutritional state might
predict their prognosis if they have liver disease [10,11]. However, nutritional assessment is
often neglected, and nutritional challenges in patients with liver steatosis and other chronic
diseases are underestimated. Abdominal ultrasonography is the instrument of choice for
hepatic examinations. Nevertheless, over the past 20 years, computed tomography (CT)
has become more frequently used for the non-invasive evaluation of fatty liver disease,
offering an accurate measurement of the liver’s fat content [12,13].

As concerns the diagnosis of malnutrition, there is not a validated gold standard
approach yet, and the ones that are available are generally inadequate for routine clinical
practice [14]. Accordingly, we evaluated the association of the CONUT score, a simple and
easy-to-calculate clinical score, with malnutrition-related hepatic steatosis. The COntrolling
NUTritional status score (CONUT score), which was recently introduced, seems to have
a promising predictive impact in various clinical scenarios [15]. It was developed as
an assessment tool for the early identification of low nutritional status and depends on
the total peripheral lymphocyte count, serum albumin concentration, and levels of total
cholesterol (TC). Protein reserves are shown by albumin; caloric depletion is shown by TC;
and immunological defense is shown by lymphocyte count. An increased score paired
with a lower level of nutrients is linked to a decline in each factor. The CONUT score was
initially developed and evaluated in Surgical and Oncology departments to predict acute
worsening during hospitalization. However, recently, it has also been analyzed in patients
hospitalized in Internal Medicine departments, demonstrating that it has a significant
prognostic impact for various clinical conditions such as chronic disease, cancer, and
cardiac disorders [16-18]. The aim of this study was to evaluate short-term complications
among patients with malnutrition-related liver steatosis admitted to an internal medicine
department. Furthermore, given the clinical relevance of prompt recognition of patients
with malnutrition, we evaluated the association of the CONUT score, a simple and easy
way to calculate clinical scores with malnutrition-related hepatic steatosis.

2. Materials and Methods
2.1. Patients

We retrospectively acquired clinical and radiological data through the medical records
of patients that underwent abdominal CT while admitted to the Internal Medicine and
Geriatric departments of the Azienda Ospedaliera di Alta Specializzazione Garibaldi Nes-
ima, Catania, Italy, from the months of September to December 2021. The data included the
following: (1) age, gender, comorbidities (the presence of hypertension, diabetes mellitus,
chronic heart failure, chronic kidney failure, neoplasm, previous stroke, chronic obstructive
pulmonary disease (COPD), and chronic liver disease); (2) clinical occurrences during
in-hospital stay (mortality, length of stay, diagnosis of sepsis, blood transfusions needed);
(3) patients” clinical and biochemical features at the time of admission, such as systolic
and diastolic blood pressure, glycemia, creatinine, estimated glomerular filtration rate
(eGFR), TC, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein choles-
terol (LDL-c), triglycerides, total proteins, albumin, glutamic oxaloacetic transaminase, glu-
tamic pyruvic transaminase, N-terminal fragment brain natriuretic peptide (NT-pro-BNP),
procalcitonin, high-sensitivity C-reactive protein (hs-CRP), erythrocyte sedimentation rate
(ESR), complete blood count, hemoglobin, hematocrit, and international normalized ratio
(INR); (4) values of liver radiodensity on abdomen CT without contrast medium. We ex-
cluded all patients with a previous diagnosis of MAFLD in their clinical records, including
those with alcoholic liver disease, autoimmune hepatitis, chronic liver disease of viral
etiology, toxic damage associated with drugs, genetic accumulation of metals, or other
genetically based liver diseases.

2.2. Evaluation of Liver Steatosis

Liver radiodensity was calculated on the basis of the X-ray attenuation, expressed in
Hounsfield Units (HUs) and in agreement with the recent literature, by placing three circular
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regions of interest (ROIs) of 300 mm? 4 10 mm? in peripheral areas of the liver parenchyma,
avoiding vessels, bile ducts, focal lesions, areas of parenchymal inhomogeneity or artifacts
caused by the ribs or by the air present in the gastrointestinal tract: in particular, one ROI
circle was positioned on the right anterior lobe, one on the right posterior lobe and one on
the left lobe, on CT section where the right portal branch enters the liver; the mean of the
three attenuation values, quantitative index of the liver fat content, was then calculated [12].

2.3. Calculations

The CONUT score was determined, in accordance with the first study results [15], from
the serum albumin concentration, total peripheral lymphocyte count, and total cholesterol
concentration. Albumin concentrations > 3.5 g/dL, 3.0-3.49 g/dL, 2.5-2.99 g/dL, and
<2.5 g/dL were scored as 0, 2, 4, and 6, respectively. Total lymphocyte counts > 1600/ mm?3,
1200-1599/mm?3, 800-1199/mm?3, and <800/ mm? were scored as 0, 1, 2, and 3, respectively.
Total cholesterol concentrations > 180 mg/dL, 140-179 mg/dL, 100-139 mg/dL, and
<100 mg/dL were scored as 0, 1, 2, and 3, respectively. The three scores were added
together, resulting in the CONUT score. Patients were divided into two categories according
to the degree of undernutrition as follows: low (0—4) and high (5-12) CONUT scores. The
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula was used to
calculate the eGFR [19]. According to the original study, the Padua Prediction Score for the
risk of venous thromboembolism was estimated [20]. We evaluated the high/low cut-offs
of NT-proBNP, procalcitonin, AST, ALT, and high-sensitivity C-reactive protein according
to upper laboratory limits as follows: NT-proBNP, 260 pg/mL; procalcitonin, 0.5 pug/L;
AST, 34 UI/L; ALT, 55 UI/L; and hs-CRP, 0.5 mg/dL.

Our population was stratified into three equal-sized groups based on the values of
hepatic radiodensity expressed in Hounsfield Units as an index of the hepatic fat content.

We identified two points within the data set: the first tertile (or lower tertile) and
the second tertile (or upper tertile). These points corresponded to the following values:
56.1 and 49.7, so that one-third of the data lies below the first tertile and two-thirds below
the second tertile. Thus, we defined three groups as follows: mild steatosis (>56.1 HU),
moderate steatosis (between 49.7 and 56 HU), and severe steatosis (<49.6 HU). The three
groups were composed as follows: 82 patients with mild steatosis, 82 patients with moder-
ate steatosis, and 83 patients with severe steatosis.

2.4. Statistical Analysis

Statistical analyses of clinical and biological variables were conducted with Stat View
6.0 for Windows. The data are presented as median (IQR), means, or SD. The distributional
properties of each variable, including normality, were evaluated using the Kolmogorov—
Smirnov test. Group comparisons were conducted using ANOVA for continuous variables
and the Chi-square test for non-continuous variables. We used a multinomial logistic
regression model, setting the CONUT score as the independent variable and the group of
steatosis as the dependent variable, to verify a possible association between the CONUT
score and each category of steatosis. We applied logistic regression to investigate the
independent association between fatty liver disease and clinical outcomes. We adjusted
for the following variables: age, sex, cardiovascular disease, history of stroke, COPD,
diabetes mellitus, chronic kidney disease, and tumors. A statistically significant finding
was defined as a p value of less than 0.05. When required, logarithmic transformation was
applied to numerical variables to lessen skewness; values are reported as the median and
interquartile range.

2.5. Ethics

The Ethical Board Catania 2 approved this retrospective study (N° Protocol 370/CE;
approval date of 21 May 2021). Every method performed in research projects involving
human subjects complied with the Declaration of Helsinki and the ethical guidelines
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established by national and/or institutional research committees. Data collection was
conducted retrospectively; thus, informed consent was not necessary.

3. Results
3.1. Baseline Characteristics, Medical History, and Comorbidities of the Patients

In total, data from 247 patients, 112 men and 135 women, were retrospectively collected
based on clinical. Our population was separated into three groups according to the values
of hepatic radiodensity expressed in HU as an index of the hepatic fat content: 82 patients
with mild steatosis (>56.1 HU), 82 patients with moderate steatosis (between 49.7 and
56 HU), and 83 patients with severe steatosis (<49.6 HU).

The clinical and biochemical characteristics of the study population according to liver
steatosis are shown in Table 1. The three groups were homogeneous for age, while a higher
percentage of men was found in the mild steatosis group in comparison with those with
severe steatosis (51.2% mild steatosis vs. 32.5% severe steatosis, p = 0.01).

Table 1. Clinical characteristics and blood test parameters at admission to an Internal Medicine
department according to mean liver density tertiles.

Mild Steatosis Moderate Steatosis Severe Steatosis
(n=82) (n=82) (n = 83)
Age, years 719 £ 16.2 722+ 144 719+ 144
Sex, female % 51.2 45.1 27 *
Drugs in home therapy, n 6.2 +t5.1 53439 6.2 +t41
VTE risk (Padua Score) 3.6+138 33+19 42+17%
SBP, mmHg 123.5 £ 18.3 126.2 + 23.0 127.6 + 18.8
DBP, mmHg 69.1+11.8 70.7 +10.7 71.7+£10.0
CONUT score 5.0+3.0 59+27 62+29*1
Mean liver density, HUs 61.5+54 529 + 1.8 43.6 4.9
Fasting Glucose, mg/dL 111.1 £ 46.9 110.14+46.6 105.4 4+ 51.0
Urea mg/dL 62.0 = 43.0 67.9 +59.1 62.5 = 50.7
eGFR, mL/min/1.73 m? 68.8 + 33.9 67.4 + 31.3 70.1 £ 31.6
Albumin, g/dL 3.2+0.6 30+06* 29+06*
Total bilirubin, mg/dL 09+0.7 1.3+23 1.6 +24
AST, UI/L 23.5 (19-37) 20 (15-31) 27 (19-47)
ALT, UI/L 15 (10-37) 14 (6-28) 18 (8-29)
GGT UI/L 29 (18-44) 37 (18-77) 34 (20-111)
ALP UI/L 70 (58.2-86) 74.5 (60-115) 74 (61-122)
NT-proBNP > 260 pg/mL, % 35.3 18.2 13.5
hs-CRP > 0.5 mg/dL, % 80.5 88.5 79+t
Procalcitonin > 0.5 pug/L, % 23.5 26.0 32.4
WBC, 103/uL 94+49 8.9 +4.1 114 +£10.2
Neutrophils, 103 /uL 714+47 6.4 +3.8 8.7 £8.6
Lymphocites, 103/uL 15+1.6 14+0.8 1.5+1.3
Platelets, 103 /uL 2495 + 1225 225.8 +113.0 2279 +119.5
HB, g/dL 114 £27 10.7 £ 1.8 109 £2.2
INR 1.3+02 1.3+02 1.4 £ 06
Total cholesterol, mg/dL 150.9 £ 42.1 147.5 £52.3 140.3 £ 59.3
LDL cholesterol, mg/dL 89.5 £ 36.6 91.2 +43.2 87.3 +55.8
HDL cholesterol, mg/dL 36.9 + 15.5 328+ 13.6* 25.7 + 13.6 *F
Triglycerides, mg/dL 113 (81-142) 118 (92-154) 111 (78-159)

Data are presented as percentage, mean + SD, or median (IQR). VTE: venous thromboembolism; SBP: systolic
blood pressure; DBP: diastolic blood pressure; CONUT: controlling nutritional status; HUs: Hounsfield Units;
eGFR: estimated glomerular filtration rate; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
GGT: Gamma Glutamyl Transpeptidase; ALP: Alkaline Phosphatase; NT-proBNP: N-terminal pro-brain natriuretic
peptide; hs-CRP: high-sensitivity C-reactive protein; WBC: white blood cells; HB: hemoglobin; INR: international
normalized ratio; LDL: low-density lipoprotein; HDL: high-density lipoprotein. * p < 0.05 vs. mild steatosis;
 p <0.05 vs. moderate steatosis.
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Patients in the severe steatosis group showed a significantly higher thromboembolic
risk (4.2 £ 1.7 severe steatosis vs. 3.6 £ 1.8 mild steatosis; p = 0.16; 4.2 & 1.7 severe steatosis
vs. 3.3 = 1.9 mild steatosis, p = 0.03). Moreover, patients with severe steatosis were more
likely to have lower HDL cholesterol (25.7 £ 13.6 severe steatosis vs. 36.9 £ 15.5 mild
steatosis; p < 0.0001) and albumin values (2.9 £ 06 severe steatosis vs. 3.2 £+ 0.6 mild
steatosis; p = 0.009), whereas they showed higher ESR values (68.4 & 29.3 severe steatosis vs.
48.6 * 30.5 mild steatosis; p = 0.007) and C-reactive protein (CRP) (97.5% severe steatosis vs.
80.5% mild steatosis; p = 0.0006). Furthermore, those with severe steatosis had higher values
of white blood cells (WBC) (11.4 £ 10.2 severe steatosis vs. 9.4 & 4.9 mild steatosis, p < 0.07;
11.4 £ 10.2 severe steatosis vs. 8.9 &+ 4.1 mild steatosis, p < 0.02). Patients in the severe
steatosis group showed higher INR values (1.4 + 0.6 severe steatosis vs. 1.3 £ 0.2 mild
steatosis; p < 0.09). Patients in the severe steatosis group had a higher CONUT score
compared to those in the mild and moderate steatosis groups (6.2 & 2.9 vs. 5.0 £ 3.0
p=0.009, and 6.2 == 2.9 vs. 5.9 + 2.7 p < 0.0001, respectively).

Furthermore, we noted that the total bilirubin levels, as well as the levels of AST, ALT,
and procalcitonin > 0.5 microg/L, increased from the mild steatosis group to the severe
steatosis group, however, without statistical significance.

The medical history and comorbidities of the patients are shown in Table 2. Patients
in the severe steatosis group were more frequently affected by oncological disease (40.5%
severe steatosis vs. 24.7% mild steatosis, p = 0.03). Furthermore, patients in the severe
steatosis group had a higher probability of having a stroke history, healthcare-related
infections from multidrug-resistant germs, type 2 diabetes, neoplasms, and the need for
blood transfusion during in-hospital stays, without statistical significance compared with
those in the mild steatosis and moderate steatosis groups.

Table 2. Comorbidities according to mean liver density tertiles.

Mild Steatosis Moderate Steatosis Severe Steatosis
(n=82) (n=82) (n = 83)

Cardiovascular disease, % 67.9 75 64.5
History of stroke, % 2.7 4.6 11.3
COPD, % 27.5 29.1 28.8
Diabetes mellitus, % 29.6 26.6 325
CKD, % 21.0 25.6 22.7
Neoplasms, % 24.7 36.6 40.5*
MDR germs isolation, % 15.8 15.6 20.4
Patient needing blood 15.8 15.6 273

transfusions, %

Data are presented as percentage. COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease;
MDR: multidrug resistant; * p < 0.05 vs. mild steatosis.

3.2. Multinomial Logistic Regression Analysis to Assess the Association of CONUT Score to Each
Steatosis Group

We performed a multinomial logistic regression using the CONUT score as the in-
dependent variable and the categories of steatosis (i.e., mild steatosis, moderate steato-
sis, and severe steatosis) as the dependent variable. We found that with an increasing
CONUT score, the odds of being in the group with severe steatosis were significantly higher
(OR1.15,95%CI1.04-1.29, p = 0.01). However, the odds of being in the group with moderate
steatosis were higher, but without reaching statistical significance (OR 1.11, 95%CI 0.99-1.24,
p = 0.06).

3.3. Clinical Outcomes According to Steatosis Groups

In-hospital all-cause death occurred in 14 patients (18.2%) in the severe steatosis group
vs. 11 patients (15.5%) in the mild steatosis group (Table 3). We showed that people with
moderate steatosis were more likely to have sepsis compared to those in the mild steatosis
group (42.1% moderate steatosis vs. 38.7% mild steatosis, p = 0.27).
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Table 3. In-hospital outcomes according to mean liver density tertiles.
Mild Steatosis Moderate Steatosis Severe Steatosis
(n=82) (n=82) (n = 83)
In-hospital mortality, % 15.5 17.7 18.2
Length of in-hospital stay 455 43 446
>12 days, %
Diagnosis of sepsis, % 38.7 42.1 31.6

Data are presented as percentage.

The in-hospital stay was longer in the severe steatosis group compared with the mild
steatosis group (length of in-hospital stay longer than 12 days: 45% severe steatosis vs. 40%
mild steatosis).

3.4. Subgroup Analysis for the Primary Outcome Measure

We then performed logistic regression analysis and, after adjusting for confounders,
found that severe steatosis was not significantly associated with in-hospital all-cause death
[OR 0.94, 95%CI (0.87-1.01), p = 0.11]. Moreover, we demonstrated that a high CONUT
score was an independent risk factor for sepsis [OR 1.34, CI 1.08-1.64), p = 0.005], while it
was not significantly associated with in-hospital all-cause death [OR 1.26, 95%CI (0.96-1.63),
p =0.08].

To estimate the relationship between malnutrition-associated liver steatosis and the
CONUT score, we performed multivariate logistic analysis, considering the mean liver
density as a dependent variable and a number of clinical parameters as independent
variables: age, sex, cardiovascular disease, history of stroke, chronic obstructive pulmonary
disease, diabetes mellitus, chronic kidney disease, neoplasms, and CONUT score (Table 4).
We found that mean liver density was inversely and independently related to the CONUT
score (3 = —0.26, p = 0.01).

Table 4. Multiple regression analysis evaluating major determinants of mean liver density.

Independent Variables Coefficient 3 p
Age —0.07 n.s.
Male sex —0.08 n.s.
Cardiovascular disease 0.09 n.s.
History of stroke —0.19 0.03
COPD 0.12 n.s.
Diabetes mellitus —0.13 n.s.
CKD 0.04 n.s.
Neoplasms —0.07 n.s.
CONUT score —0.26 0.01

COPD: Chronic obstructive pulmonary disease; CKD: chronic kidney disease; CONUT: controlling nutritional
status; n.s.: not significant.

4. Discussion

The aim of this study was to evaluate short-term in-hospital outcomes among patients
with malnutrition related to liver steatosis admitted to an Internal Medicine Department.

We found that severe steatosis was not significantly associated with in-hospital all-
cause death after adjustment for multiple confounders. Most of the studies in the literature
have focused on the role of a high-calorie diet in the pathogenesis of hepatic steatosis.
Although this assumption is undoubtedly valid, in recent decades, numerous pathogenic
mechanisms responsible for excessive lipid accumulation in the liver of undernourished
subjects have been recognized. Indeed, it appears that fatty liver disease depends on
many nutritional factors, and micronutrient deficiency (MND) seems to play a crucial
role [5-7]. The association between liver disease and severe hypoalimentation was pre-
viously demonstrated in other clinical contexts. Hanachi M et al. demonstrated that a
BMI < 12 was the sole independent risk factor for hepatic cytolysis in a study conducted
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in patients with anorexia nervosa [21]; furthermore, other studies have shown that in-
creased caloric consumption and weight gain can lead to a rapid improvement in liver
function tests [22]. Liver abnormalities have been reported as complications of other clinical
conditions associated with impairment of nutrient absorption, such as bariatric surgery
and intestinal failure [23,24]. These results support evidence from previous observations:
chronic liver disease, ranging from steatosis (fatty liver) to steatohepatitis, acute alcohol-
associated hepatitis, and liver cirrhosis, is associated with malnutrition, especially among
hospitalized patients due to an inadequate intake of both macro- and micro-nutrients,
leading to higher mortality and complications [8,9]. Currently, an unmet clinical need is the
identification of a screening tool that could quickly identify patients who are more likely to
have poorer clinical outcomes, primarily in the hospitalized population. Considering that
patients admitted to Internal Medicine departments frequently suffer from malnutrition, it
is crucial to find a simple score with a high predictive value to properly treat patients’ nutri-
tional needs. Currently, several clinical tools have been proposed for nutritional evaluation;
however, numerous difficulties have arisen in their clinical application. In this context, a
straightforward, impartial measure of inflammation and nutritional status, which is gaining
more reliability, is the CONUT score. The CONUT score is a comprehensive index that uses
standard blood biochemical tests that are typically performed at admission for hospitalized
patients in Internal Medicine units [15]. In a previous study, we demonstrated that patients
hospitalized in an internal medicine department should be evaluated using the CONUT
score to assess their nutritional status and, consequently, the risk of adverse outcomes due
to malnutrition [16]. Furthermore, the utility of the CONUT score in identifying hospi-
talized malnourished patients with inadequate clinical results has been shown in other
clinical settings. Our findings indicated that the CONUT score could be useful in assessing
the nutritional state of patients admitted to an Internal Medicine ward. These results show
that patients who are more prone to have negative in-hospital outcomes can be identified
using the CONUT score as a nutritional screening tool. Moreover, this study highlighted an
independent association between the CONUT score and malnutrition-related liver steatosis.
To our knowledge, this is the first study in the literature to analyze this association. Indeed,
previous studies explored the possible association between liver steatosis and malnutrition
through different food frequency questionnaires. Petermann-Rocha et al. [25] showed
that patients with higher scores at the 14-Item Mediterranean Diet Adherence Screener
(MEDAS-14) and other scores, such as the Mediterranean Diet Score [26] and the Healthy
Diet Indicator, strictly linked with better diet quality, had a significantly lower risk of severe
liver steatosis compared with patients with worse nutrition habits. Furthermore, Matsui
M. et al. [27] found that the prognostic nutritional index (PNI) was a predictor of nutri-
tional status in patients with chronic liver disease, liver steatosis included. In particular,
a PNI score of <40 was beneficial in predicting clinical outcomes for those suffering from
long-term liver disease.

People suffering from liver disease frequently experience malnourishment and are
unable to have a proper oral food intake. Poor body composition and biological function
can result from insufficient consumption and poor gastrointestinal absorption [25,27,28].
Nutritional status has been identified as a prognostic predictor for patients with liver
disease [10,11]. Nevertheless, while treating patients with liver steatosis and other chronic
diseases, nutritional evaluation is frequently overlooked, and nutritional problems in these
patients are underestimated. Nutritional therapy interventions are therefore frequently
underused for this group of patients [29]. This study has several strengths. Our study is the
first, to our knowledge, to investigate the short-term prognostic value of the CONUT score
in a cohort of patients with different grades of hepatic steatosis in an internal medicine
department. Indeed, patients who are at risk for unfavorable outcomes and could benefit
from nutritional supplementation could be easily identified thanks to the predictive value of
a high CONUT score at admission. There are a few limitations that should be noted. Firstly,
the study’s statistical power is limited due to the retrospective nature of this work and a
small sample size. In addition, even though we adjusted for the measured confounders,
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other variables such as drugs and nosocomial infections were not taken into consideration.
Third, we were unable to make any deductions regarding the patients’ long-term prognosis
(i.e., re-hospitalization rate, death within the first month, loss of autonomy in daily living
activities, etc.) since no information is currently given concerning the nutritional status or
clinical outcomes of the patients after discharge. Finally, even if patients with a previous
diagnosis of MAFLD in their clinical records were not included, we do not exclude that
there may be an overlap between MAFLD and malnutrition-related liver steatosis, given
the inclusive nature of the new definition of MAFLD.

5. Conclusions

The CONUT score is strictly associated with liver steatosis. Thus, the CONUT score
can be used as a tool for nutritional assessment to recognize patients who require careful
monitoring while hospitalized.

Author Contributions: Conceptualization, N.M. and G.T.; methodology, N.M., M.D.M. and S.S.; soft-
ware, S.S.; validation, N.M., G.T., S.S. and M.D.M,; formal analysis, G.B. and ED.G.B.; investigation,
N.M,; resources, R.S., A.D.P,, S.P. and EP; data curation, N.M.; writing—original draft preparation,
N.M.; writing—review and editing, N.M.; visualization, S.S. and M.D.M.; supervision, A.D.P,; project
administration, A.D.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee Catania 2 (No. Prot 370/CE, 21 May 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data from this study are available upon request from corresponding
author. Data are not publicly available due to privacy.

Acknowledgments: This study was in keeping with the objectives of the project “DEGENER-action”,
Department of Clinical and Experimental Medicine, University of Catania.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Lim, S.L.; Ong, K.C.B.; Chan, Y.H.; Loke, W.C.; Ferguson, M.; Daniels, L. Malnutrition and its impact on cost of hospitalization,
length of stay, readmission and 3-year mortality. Clin. Nutr. 2012, 31, 345-350. [CrossRef]

2. Cederholm, T.; Barazzoni, R.; Austin, P.; Ballmer, P; Biolo, G.; Bischoff, S.C.; Compher, C.; Correia, I.; Higashiguchi, T,
Holst, M.; et al. ESPEN guidelines on definitions and terminology of clinical nutrition. Clin. Nutr. 2017, 36, 49-64. [CrossRef]
[PubMed]

3. Barker, L.A.; Gout, B.S.; Crowe, T.C. Hospital Malnutrition: Prevalence, Identification and Impact on Patients and the Healthcare
System. Int. ]. Environ. Res. Public Health 2011, 8, 514-527. [CrossRef] [PubMed]

4. Dent, E.; Hoogendijk, E.O.; Visvanathan, R.; Wright, O.R.L. Malnutrition Screening and Assessment in Hospitalised Older People:
A Review. |. Nutr. Health Aging 2019, 23, 431-441. [CrossRef]

5. Veraldi, S.; Pietrobattista, A.; Liccardo, D.; Basso, M.S.; Mosca, A.; Alterio, T.; Cardile, S.; Benedetti, S.; Della Corte, C.; Candusso,
M. Fat soluble vitamins deficiency in pediatric chronic liver disease: The impact of liver transplantation. Dig. Liver Dis. 2020, 52,
308-313. [CrossRef]

6.  Ullah, R.; Rauf, N.; Nabi, G.; Ullah, H.; Shen, Y.; Zhou, Y.-D.; Fu, J. Role of Nutrition in the Pathogenesis and Prevention of
Non-alcoholic Fatty Liver Disease: Recent Updates. Int. J. Biol. Sci. 2019, 15, 265-276. [CrossRef]

7. Allen, L. Guidelines on Food Fortification with Micronutrients; World Health Organization: Geneva, Switzerland; Food and
Agriculture Organization of the United Nations: Rome, Italy, 2006.

8.  Starekova, J.; Hernando, D.; Pickhardt, P.J.; Reeder, S.B. Quantification of Liver Fat Content with CT and MRI: State of the Art.
Radiology 2021, 301, 250-262. [CrossRef]

9.  Chalasani, N.; Younossi, Z.; LaVine, ].E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, E.M.; Sanyal, A.J. The diagnosis
and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver
Diseases. Hepatology 2018, 67, 328-357. [CrossRef] [PubMed]

10. Cederholm, T.; Bosaeus, I; Barazzoni, R.; Bauer, J.; Van Gossum, A.; Klek, S.; Muscaritoli, M.; Nyulasi, I.; Ockenga, J.;

Schneider, S.; et al. Diagnostic criteria for malnutrition—An ESPEN Consensus Statement. Clin. Nutr. 2015, 34, 335-340.
[CrossRef]


https://doi.org/10.1016/j.clnu.2011.11.001
https://doi.org/10.1016/j.clnu.2016.09.004
https://www.ncbi.nlm.nih.gov/pubmed/27642056
https://doi.org/10.3390/ijerph8020514
https://www.ncbi.nlm.nih.gov/pubmed/21556200
https://doi.org/10.1007/s12603-019-1176-z
https://doi.org/10.1016/j.dld.2019.10.005
https://doi.org/10.7150/ijbs.30121
https://doi.org/10.1148/radiol.2021204288
https://doi.org/10.1002/hep.29367
https://www.ncbi.nlm.nih.gov/pubmed/28714183
https://doi.org/10.1016/j.clnu.2015.03.001

Nutrients 2024, 16, 1925 90f9

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

De Ulibarri, ].I,; Gonzalez-Madrorio, A.; de Villar, N.G.; Gonzélez, P.; Gonzélez, B.; Mancha, A.; Rodriguez, F.; Fernandez, G.
CONUT: A tool for controlling nutritional status. First validation in a hospital population. Nutr. Hosp. 2005, 20, 38—45.

Miano, N.; Di Marco, M.; Alaimo, S.; Coppolino, G.; L'episcopo, G.; Leggio, S.; Scicali, R.; Piro, S.; Purrello, E; Di Pino, A.
Controlling Nutritional Status (CONUT) Score as a Potential Prognostic Indicator of In-Hospital Mortality, Sepsis and Length of
Stay in an Internal Medicine Department. Nutrients 2023, 15, 1554. [CrossRef] [PubMed]

Wada, H.; Dohi, T.; Miyauchi, K.; Doi, S.; Konishi, H.; Naito, R.; Tsuboi, S.; Ogita, M.; Kasai, T.; Okazaki, S.; et al. Prognostic
impact of nutritional status assessed by the Controlling Nutritional Status score in patients with stable coronary artery disease
undergoing percutaneous coronary intervention. Clin. Res. Cardiol. 2017, 106, 875-883. [CrossRef] [PubMed]

Li, W,; Li, M.; Wang, T.; Ma, G.; Deng, Y.; Pu, D.; Liu, Z.; Wu, Q.; Liu, X.; Zhou, Q. Controlling Nutritional Status (CONUT) score
is a prognostic factor in patients with resected breast cancer. Sci. Rep. 2020, 10, 6633. [CrossRef] [PubMed]

Inker, L.A.; Eneanya, N.D.; Coresh, J.; Tighiouart, H.; Wang, D.; Sang, Y.; Crews, D.C.; Doria, A.; Estrella, M.M,;
Froissart, M.; et al. New Creatinine- and Cystatin C-Based Equations to Estimate GFR without Race. N. Engl. ]. Med.
2021, 385, 1737-1749. [CrossRef] [PubMed]

Barbar, S.; Noventa, F,; Rossetto, V.; Ferrari, A.; Brandolin, B.; Perlati, M.; DE Bon, E.; Tormene, D.; Pagnan, A.; Prandoni, P. A
risk assessment model for the identification of hospitalized medical patients at risk for venous thromboembolism: The Padua
Prediction Score. J. Thromb. Haemost. 2010, 8, 2450-2457. [CrossRef] [PubMed]

Hanachi, M.; Melchior, J.C.; Crenn, P. Hypertransaminasemia in severely malnourished adult anorexia nervosa patients: Risk
factors and evolution under enteral nutrition. Clin. Nutr. 2013, 32, 391-395. [CrossRef]

Jones, 5.C.; Pieri, L.F; Losowsky, M.S. Abnormalities of liver function in severe anorexia nervosa. Eur. Eat. Disorders Rev. 1999, 7,
28-36. [CrossRef]

Cavicchi, M.; Beau, P,; Crenn, P.; Degott, C.; Messing, B. Prevalence of Liver Disease and Contributing Factors in Patients
Receiving Home Parenteral Nutrition for Permanent Intestinal Failure. Ann. Intern. Med. 2000, 132, 525-532. [CrossRef] [PubMed]
Anandacoomarasamy, A.; Caterson, I.; Sambrook, P.; Fransen, M.; March, L. The impact of obesity on the musculoskeletal system.
Int. J. Obes. 2008, 32, 211-222. [CrossRef]

McNeice, A.; Scott, R.; Rafferty, G.P.; Cash, W.J.; Turner, G.B. The hepatobiliary complications of malnutrition and nutritional
support in adults. Ir. ]. Med. Sci. 2018, 188, 109-117. [CrossRef]

Shah, N.D.; Barritt, A.S. Nutrition as Therapy in Liver Disease. Clin. Ther. 2022, 44, 682—-696. [CrossRef] [PubMed]
Petermann-Rocha, F.; Carrasco-Marin, F.; Boonpor, J.; Parra-Soto, S.; Shannon, O.; Malcomson, F,; Phillips, N.; Jain, M.; Deo, S.;
Livingstone, K.M.; et al. Association of five diet scores with severe NAFLD incidence: A prospective study from UK Biobank.
Diabetes Obes. Metab. 2024, 26, 860-870. [CrossRef] [PubMed]

Piccirillo, F.; Miano, N.; Goffredo, C.; Nusca, A.; Mangiacapra, F.; Khazrai, YM.; De Gara, L.; Ussia, G.P.; Grigioni, F. Impact of
Mediterranean diet on metabolic and inflammatory status of patients with polyvascular atherosclerotic disease. Nutr. Metab.
Cardiovasc. Dis. 2022, 32, 117-124. [CrossRef] [PubMed]

Matsui, M.; Asai, A.; Ushiro, K.; Onishi, S.; Nishikawa, T.; Ohama, H.; Tsuchimoto, Y.; Kim, S.K.; Nishikawa, H. Prognostic
Nutritional Index Correlates with Liver Function and Prognosis in Chronic Liver Disease Patients. Diagnostics 2023, 14, 49.
[CrossRef] [PubMed]

Lieber, C.S. Relationships between nutrition, alcohol use, and liver disease. Alcohol. Res. Health 2003, 27, 220-231. [PubMed]
Traub, J.; Reiss, L.; Aliwa, B.; Stadlbauer, V. Malnutrition in Patients with Liver Cirrhosis. Nutrients 2021, 13, 540. [CrossRef]
[PubMed]

Koretz, R.L.; Avenell, A.; Lipman, T.O. Nutritional support for liver disease. Cochrane Database Syst. Rev. 2012, 5, CD008344.
[CrossRef]

Kawaguchi, T.; Charlton, M.; Kawaguchi, A.; Yamamura, S.; Nakano, D.; Tsutsumi, T.; Zafer, M.; Torimura, T. Effects of
Mediterranean Diet in Patients with Nonalcoholic Fatty Liver Disease: A Systematic Review, Meta-Analysis, and Meta-Regression
Analysis of Randomized Controlled Trials. Semin. Liver Dis. 2021, 41, 225-234. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/nu15071554
https://www.ncbi.nlm.nih.gov/pubmed/37049392
https://doi.org/10.1007/s00392-017-1132-z
https://www.ncbi.nlm.nih.gov/pubmed/28634674
https://doi.org/10.1038/s41598-020-63610-7
https://www.ncbi.nlm.nih.gov/pubmed/32313183
https://doi.org/10.1056/NEJMoa2102953
https://www.ncbi.nlm.nih.gov/pubmed/34554658
https://doi.org/10.1111/j.1538-7836.2010.04044.x
https://www.ncbi.nlm.nih.gov/pubmed/20738765
https://doi.org/10.1016/j.clnu.2012.08.020
https://doi.org/10.1002/(SICI)1099-0968(199903)7:1%3C28::AID-ERV274%3E3.0.CO;2-U
https://doi.org/10.7326/0003-4819-132-7-200004040-00003
https://www.ncbi.nlm.nih.gov/pubmed/10744588
https://doi.org/10.1038/sj.ijo.0803715
https://doi.org/10.1007/s11845-018-1836-8
https://doi.org/10.1016/j.clinthera.2022.04.012
https://www.ncbi.nlm.nih.gov/pubmed/35643886
https://doi.org/10.1111/dom.15378
https://www.ncbi.nlm.nih.gov/pubmed/37997550
https://doi.org/10.1016/j.numecd.2021.09.032
https://www.ncbi.nlm.nih.gov/pubmed/34802851
https://doi.org/10.3390/diagnostics14010049
https://www.ncbi.nlm.nih.gov/pubmed/38201358
https://www.ncbi.nlm.nih.gov/pubmed/15535450
https://doi.org/10.3390/nu13020540
https://www.ncbi.nlm.nih.gov/pubmed/33562292
https://doi.org/10.1002/14651858.CD008344.pub2
https://doi.org/10.1055/s-0041-1723751

	Introduction 
	Materials and Methods 
	Patients 
	Evaluation of Liver Steatosis 
	Calculations 
	Statistical Analysis 
	Ethics 

	Results 
	Baseline Characteristics, Medical History, and Comorbidities of the Patients 
	Multinomial Logistic Regression Analysis to Assess the Association of CONUT Score to Each Steatosis Group 
	Clinical Outcomes According to Steatosis Groups 
	Subgroup Analysis for the Primary Outcome Measure 

	Discussion 
	Conclusions 
	References

