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Background: Metabolic dysfunction-associated steatotic liver disease (MASLD) is a multisystem condition destined to become
pandemic in the coming decades. This study aimed at evaluating the economic impact of MASLD in the Italian population from the
Italian National Healthcare Service (NHS) perspective.

1® from the Italian

Methods: The economic impact of the MASLD was assessed by developing a calculation model in Microsoft Exce
NHS perspective, considering healthcare resources and direct costs. The target population was based on the prevalence data. Through
a literature search, complications of MASLD were identified, including MASH, with relative risk of evolution into CC, DCC, HCC,
T2DM, cardiovascular diseases, in particular AMI and stroke, CKD, and CRC. The differential impact between complication
development in the population with MASLD and the same sample size population without-MASLD was evaluated. Differential risk
data, mortality rates, and event unit costs were drawn from the published international literature. Frequency and cost data were applied
to the total target population, the total annual costs and mortality data, referring to the two arms, were then calculated, and the
differential value was obtained.

Results: Based on an estimated 11,546,370 MASLD target population, an annual illness impact of €12,251,631,822 was calculated,
corresponding to a difference of €7,731,674,054 compared with the same sample size without MASLD. Moreover, the MASLD
population is expected to experience 13,438 additional deaths annually.

Conclusion: The growing epidemiological impact of MASLD and its complications represent a huge economic burden for healthcare
services worldwide. An integrated approach, including changes in lifestyle behaviors, will be the first step. Specific drugs for MASLD
are not yet available; however, studies are underway, and combined pharmaceutical therapies may be an inevitable choice to achieve
adequate control of MASLD and its complications.

Keywords: metabolic associated fatty liver disease MASLD, complications, MASLD burden in Italy, healthcare costs, treatment and
perspectives

Introduction

The term MASLD (Metabolic Dysfunction-Associated Steatotic Liver disease) was proposed in 2023 to better define the
disease characterized by hepatic steatosis (verified through imaging techniques or liver biopsy) and at least one of the
following conditions: obesity, metabolic dysregulation, or type 2 diabetes mellitus (T2DM).! Metabolic dysregulation
refers to the presence of at least two of the following conditions: waist circumference above 102/88 cm for Caucasian
males/females, blood pressure above 130/85 mmHg or antihypertensive medication, plasma triglycerides above 150 mg/
dl or related medication, HDL cholesterol < 40 mg/dl for men and 50 mg/dl for women, prediabetic condition (fasting
plasma glucose between 100125 mg/dl or 2 h post load between 140-199 mg/dl or glycosylated haemoglobin between
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5.7%—6.4%), homeostasis model assessment (HOMA) score > 2.5, and high-sensitivity C-reactive protein levels above
2 mg/L.2 The old term NAFLD (Non-Alcoholic Fatty Liver Disease) remains confined to forms of steatosis (more than
5% of hepatocytes) unrelated to alcohol (less than 20/10 grams per day for males/females), viruses, genetic diseases, or
toxic medications.>> Therefore MASLD does not just represent the new term for NAFLD, but, together with its more
aggressive form named MASH (Metabolic dysfunction-Associated Steato-Hepatitis, definition that, in turn, replaces
NASH), involves the manifold ensemble of metabolic disorders and is steadily increasing worldwide and will be the
main cause of chronic liver diseases in the coming decades. In USA only, the prevalence of MASLD increased from
28.4% in 1999-2002 to 35.8% in 2011-2016.*> Moreover, compared to the diagnosis by exclusion in NAFLD, MASLD
is a diagnosis of inclusion. Studies have shown that a portion of the NAFLD population is included under the proposed
MASLD definition.°

A team from the University of Singapore elaborated a meta-analysis and systematic review of over 10 million
individuals, documenting for the first time that global prevalence and clinical features of MASLD are very impressive. In
a pooled analysis of over 3.3 million individuals, the overall prevalence of MASLD was found to be 38.77%, with
significant differences in geographical regions: highest in Europe (55.33%), followed by Asia (36.31%), and the lowest in
North America (35.99%, 95% CI 30.68% to 41.66%).” In the same study, in a pooled analysis of 4.09 million patients
with MASLD, the mean age of patients was 51.99 years, with an average Body Mass Index (BMI) and waist
circumference of 27.71 kg/m* and 92.91 cm, respectively; 41.38% had hypertriglyceridemia, 43.72% had hypertension,
and 22.79% (95% CI 19.42% to 26.55%) were diabetic. In the analysis of MASLD demographics, 27.51% were smokers,
and 19.28% had excessive alcohol consumption. A pooled mean liver function test revealed that the average aspartate
aminotransferase (AST), alanine transaminase (ALT), and gamma-glutamyl transferase (GGT) levels were 35.08 U/L,
43.71 U/L, and 60.47 U/L, respectively.

In Italy, the Diabetes Barometer Report 2023 documented a self-reported prevalence of diabetes of 3.9 million (6.6%
in the general population), with an evident age-correlated gradient, achieving a prevalence of 18.7% in subjects over 65
years of age.® The prevalence of MASLD in patients with diabetes in Italy was 67.97%.° Therefore, the estimated
prevalence of MASLD in Italy, calculated considering the presence of the disease in the T2DM population (2.6 million
T2DM patients have MASLD) and applying the previously reported prevalence of 22.79% of T2DM among the MASLD
population,” amounts to approximately 11.6 million out of a population of 58.85 million in January 2023 (19.62%) (as
shown in Methods).'®

Thus, MASLD is a multisystem disease presenting an increased risk of developing diabetes as well as cardiovascular
diseases (CVD), renal impairment (CKD), extrahepatic cancers (mainly colorectal), obvious liver-related complications
leading towards MASH, cirrhosis (compensated, CC, and decompensated, DCC), and hepatocellular carcinoma (HCC),
requiring a liver transplant in case of end-stage disease.

In recent years the role of the inflammatory status on the development of the MASLD-MASH has been highlighted:
hypertension and obesity, as well as pre-diabetes, were correlated to an inflammation increase associated with elevated
serum uric acid to HDL-cholesterol ratio.''* Moreover, sarcopenia in individuals with MASLD portends increase
mortality and significant liver fibrosis, so that new therapeutic strategies targeting at increasing skeletal muscle mass
should be explored for these patients.'*

Not being available data about the incidence of diabetes in MASLD population, the risk of developing T2DM among
subjects with MASLD can be estimated starting from the annual incidence of T2DM among Italian population: 350,000
new diagnosis per year.'”> Knowing that the prevalence of MASLD among diabetic patients is 68%, as reported above, we
can deduce that about 238,000 new T2DM are diagnosed per year among non-diabetic MASLD subjects, thus
determining an annual incidence of 2.66%.

If we also consider T2DM related events, among MASLD complications, the most common as well as the major
cause of death is CVD, representing advanced liver disease, the second item in order of relevance.

A 2013 meta-analysis reported several studies demonstrating an increased risk of CVD among patients with NAFLD,'®
and a paper published in 2021 quantified the prevalence of acute myocardial infarction (AMI) and stroke in USA adults,
expressed as a percentage of 10-year risk, for MASLD compared to non-MASLD subjects.’ In the above-cited study, that
analyzed data from 19617 adults aged >20 years from the cross-sectional US National Health and Nutrition Examinations
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Survey periods ranging from 1999 to 2016, the estimated 10-year risk of AMI and stroke ranged from 10.8% to 13.2% in
MASLD subjects and from 6.6% to 7.1% in non-MASLD population; therefore, the highest prevalence presented by
MASLD subjects ranged from 5.2% to 6.1% over a 10 years period. Applying these data to the Italian population, we
deduce that in MASLD individuals, apart from T2DM-related complications (included in the computation of its global costs),
we can estimate a population with AMI or stroke over a 10-year period, ranging from 465,000 to 545,000.

Chronic kidney disease (CKD) is another important and recognized complication of MASLD.'” In the main
institutional document of the Italian Ministry of Health regarding the management of CKD, defined as an estimated
glomerular filtration rate (eGFR) <60 mL/min 1.73 m* and/or urinary albumin-to-creatinine ratio (ACR) >3 mg/mmol,
the prevalence, based principally on the STUDIO CHARES, is 7.1% (7.5% in men and 6.5% in women), including 2.6%
in stage 3 (eGFR 30-59 mL/min 1.73 m?) and 0.3% in stage 4-5 (eGFR <30 mL/min/ 1.73 m?).'8 Considering these
epidemiological data, we can calculate renal impairment in the general population, amounting to approximately
4.18 million subjects, including 177,000 affected by stage 4-5 CKD. Another review reported that NAFLD patients
presented a higher risk of incident CKD than those without NAFLD over a median follow-up of nearly 5 years (HR 1.37,
95% CI 1.20-1.50)."” So, considering that MASLD individuals have a lower glomerular filtration rate and a greater
prevalence of CKD than NAFLD individuals (29.6% vs 25.56%, P<0.05),%° even when applying the previous and more
conservative rate of 1.37 to the Italian MASLD population, we can estimate at least 1.13 million subjects with CKD, of
which 47,600 presenting stage 4-5 CKD. Therefore, excluding MASLD patients with T2DM, which represent two-thirds
of all diabetic patients, and considering that T2DM accounts for approximately 20% of all cases of CKD,?! we can
deduce about 590,000 not-T2DM MASLD subjects presenting CKD and 24,600 with stage 4-5 CKD.

Another important epidemiological association presented by MASLD subjects is an increased risk of colorectal
cancer (CRC). A study starting from a nationwide health screening database including more than 8.9 million participants
demonstrated that MASLD, more than NAFLD, was associated with a higher CRC risk, that, after multivariable
adjustment for age, sex, household income quartile, residential area, CCI index (Charlson Comorbidity Index, which
predicts 10-year survival in patients with multiple comorbidities), aspirin use, nonsteroidal anti-inflammatory drug use,
tobacco smoke, exercise frequency, alcohol intake and concomitant liver diseases, was expressed as an HR of 1.16 (95%
CI, 1.13-1.18).?* The study also found that patients with fatty liver disease and advanced liver fibrosis had a higher CRC
risk than those with simple steatosis, suggesting that adequate intervention on the disease could reduce the overall risk.
Considering that the incidence rate detected in individuals without MASLD was 57.5 per 100,000 person-years, the
additional incidence attributable to MASLD can be quantified as 9.2 per 100,000 person-years. Applying this to the
above-defined Italian MASLD population (11.6 million), we can consider an additional incidence of CRC in MASLD
subjects of approximately 1067 patients per year.

Last but not least, MASLD presents a higher risk of hepatic events, whose incidence is related to the stage of fibrosis
detected (FO-F2 versus F3 versus F4) as follows: variceal hemorrhage (0.00 versus 0.06 versus 0.70), ascites (0.04 versus
0.52 versus 1.20), encephalopathy (0.02 versus 0.75 versus 2.39), and hepatocellular carcinoma (HCC) (0.04 versus 0.34
versus 0.14) per 100 persons-year.>* Considering that the annual incidence of HCC in NAFLD (and moreover MASLD)
patients is 0.44 per 1000 person-years (95% CI: 0.29-0.66) whereas for MASH is 5.29 per 1000 person-years and
approximately 41% (95% CI: 34.69—47.13) of MASH patients present a worsening of fibrosis with an annual progression
rate of 0.09% (95% CI: 0.06-0.12), the development of HCC and mortality has been stratified by NAFLD/MASLD or
MASH status, as shown in Methods.>*

Considering the constant growth of MASLD in terms of the percentage of population concerned,”” our study aimed at
evaluating the economic impact of MASLD among the Italian population from the Italian National Healthcare Service
(NHS) perspective.

Methods

Study Design

The economic impact of MASLD was assessed by developing a calculation model using Microsoft Excel”. The analysis
was conducted from the Italian NHS perspective, considering the healthcare resources and direct costs related to the
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management of clinical conditions in the Italian setting. The target population was defined based on the prevalence data
to provide a snapshot of the current situation. Prior to the analysis, a literature search was conducted to examine the
MASLD clinical background and gather evidence regarding complications and the possible evolution of specific clinical
conditions. Following the review, the main MASLD-related complications were identified, corresponding to MASH, with
a relative risk of evolution into CC, DCC, HCC, T2DM, cardiovascular diseases, in particular AMI and stroke, CKD, and
CRC. As these complications, in turn, represent significant chronic, metabolic, and worsening diseases, the differential
impact between their development in the population with MASLD and in the same sample size without-MASLD was
evaluated while highlighting the negative impact of MASLD, still largely overlooked today. T2DM cardiovascular
related events were included in the cost of the disease. Furthermore, liver transplantation-related costs were taken into
consideration. Differential risk data, referring to the development of these conditions between the populations affected by
MASLD and non-MASLD, were drawn from published international literature. Mortality rates associated with complica-
tions were also investigated to estimate the differential impact on patients destined to die between the two groups. Once
the estimated event rates for the groups were obtained, the annual unit cost of each event was applied. In addition, the
annual unit costs per event were obtained from the literature, adopting specific data for the Italian healthcare context.
Frequency and cost data were applied to the total target population, the total annual costs and mortality data referring to
the two arms were then calculated, and the differential value was obtained.

Target Population

The MASLD target population was estimated by applying prevalence data and clinical characteristics obtained from the
international literature”’ to the Italian epidemiological context.®'® Since no Italian studies on specific MASLD popula-
tions are available, the target population was obtained by extrapolation, starting from international data on the share of
patients affected by MASLD among diabetics (67.75%) and the estimate of diabetic patients among all patients with
MASLD (22.79%).” Based on a total Italian population of 58,850,000 and 6.6% diabetes prevalence,*'® a target
population of 11,546,370 subjects in Italy was estimated, corresponding to approximately 19.6% of the total population
(Table 1). Our estimate of prevalence must be considered conservative, as it presents international literature with higher
estimates worldwide.

Event Rate and Unit Costs

The differential rates of complications in the MASLD target population and in the same sample size not affected by
MASLD were obtained from a literature search regarding the main complications of MASLD (MASH and advanced
stages of liver damage (CC, DCC, HCC), also considering liver transplant cases, diabetes, cardiovascular diseases,
including myocardial infarction and stroke, CKD, and colorectal cancer),>’-!?"17-19-22-24.26-28

For each complication, the unit cost was determined by referring to the relevant Italian literature.>” > For steatosis

evaluation, an outpatient services tariff was adopted.*® Table 2 lists the event occurrence rates and the related costs for

each event.
Table | Target Population
Population %In
Total Italian population | 58,850,000
T2DM% 6.60%
T2DM n. 3,884,100
T2DM-MASLD% 67.75%
T2DM-MASLD n. 2,631,418
MASLD-T2DM% 22.79%
MASLD population 11,546,370
Abbreviation: T2DM, type 2 diabetes
mellitus.
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Table 2 Event Rate and Unit Cost
Events MASLD % | NO MASLD % | Unit Costs
Steatosis 76.00% 0.00% €60
MASH and advanced liver disease
MASH 22.43% 0.00% €246
CcC 1.02% 0.00% €347
DCC 0.51% 0.00% €5465
HCC 0.04% 0.00% €6075
LT 0.01% 0.00% €150,000
T2DM 22.79% 6.60% €2589
AMI and stroke 1.20% 0.69% €13,206
CKD 9.73% 7.10%
Stage -2 5.75% 4.20% €1404
Stage 3 3.56% 2.60% €2122
Stage 4-5 0.41% 0.30% €4509
CRC 0.07% 0.06% €4300
Abbreviations: MASH, Metabolic dysfunction-associated steatohepatitis; CC, cirrhosis-compensated;
DCC, cirrhosis-decompensated; HCC, hepatocellular carcinoma; LT, liver transplant; T2DM, diabetes
mellitus; AMI, acute myocardial infarction; CKD, chronic kidney disease; CRC, colorectal cancer.
Mortality

To estimate the impact of complications on life expectancy, the mortality rate associated with each complication has been

investigate

This analysis was conducted to evaluate the differential impact between populations on deaths associated with the
clinical condition of MASLD and related complications compared with the population without MASLD. Table 3 lists the

adopted mortality rates.

Table 3 Mortality Rates

Events Mortality%
Steatosis 0.0%
MASH and advanced liver disease
MASH 0.01%
CcC 1.2%
DCC 13.7%
HCC 28.3%
LT 7.0%
T2DM 0.0%
AMI and stroke 2.3%
CKD
Stage -2 0.0%
Stage 3 0.0%
Stage 4-5 0.0%
CRC 45.1%

Abbreviations: MASH, Metabolic dysfunction-associated steato-
hepatitis; CC, cirrhosis-compensated;
decompensated; HCC, hepatocellular carcinoma; LT, liver trans-
plant; T2DM, diabetes mellitus; AMI, acute myocardial infarction;
CKD, chronic kidney disease; CRC, colorectal cancer.

DCC, cirrhosis-
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Sensitivity Analysis

One-way sensitivity analysis (OWSA) and probabilistic sensitivity analysis (PSA) were performed to assess the
robustness of the results related to the main input adopted and assumptions considered. The OWSA has been used to
assess parameter uncertainty by increasing and decreasing the base case value of each parameter and plotting the impact
on the outcome in a tornado chart, thereby providing information regarding which parameters are most influential. In the
OWSA have been considered a +5% epidemiological data variation and a £10% event rate and cost input data variation.
The simulation scenarios were developed and compared with the base case, adopting as reference parameter the
difference in total expenditure reported in the MASLD population and in the same sample without MASLD.
Probabilistic sensitivity analysis (PSA) demonstrated parameter uncertainty; again, the difference in total spending
reported in the two compared populations was used as a reference for the base case. A total of 1000 simulations were
performed to establish the base-case probabilistic results. The gamma distribution was considered as the sampling
variable.

Results

The results highlight the differential impact between the populations with and without MASLD on event occurrence,
corresponding to the complications and disease evolutions to advanced stages, allowing the relative economic impact to
be assessed (Table 4).

Comparing the two arms, based on the disease prevalence data application, it is possible to grasp the significant
impact related to the presence of steatosis and advanced stages of liver disease as a basic distinctive element between the
two groups, resulting in an increase in costs of €528,826,092 for steatosis and €1,236,680,550 for the advanced stages of
liver disease (MASH, CC, DCC, HCC). In the advanced stages of liver disease economic evaluation, liver transplant
annual estimates (n. 1392) were included, corresponding to a cost of €208,800,000.

The impact of diabetes was particularly significant, resulting in an increase in expenditure of €4,839,766,057,
corresponding to the largest cost item given the high prevalence within the population with MASLD, considering the
elevated rate of cardiovascular events.

Table 4 Total Events and Related Cost Compared: MASLD versus Without MASLD Population

Events MASLD (N) NO MASLD (N) | DELTA (N) MASLD (€) NO MASLD (€) | DELTA (€)
Steatosis 8,775,740 0 8,775,740 €528,826,092 €0 € 528,826,092
MASH and advanced €1,236,680,550 €0 € 1,236,680,550
liver disease

MASH 2,589,400 0 2,589,400 €636,992,400 €0 € 636,992,400
CcC 117,700 0 117,700 €40,841,900 €0 € 40,841,900
DCC 58,850 0 58,850 €321,615,250 €0 € 321,615,250
HCC 4680 0 4680 €28,431,000 €0 € 28,431,000
LT 1392 0 1392 €208,800,000 €0 € 208,800,000
T2DM 2,631,418 762,060 1,869,357 €6,812,740,485 €1,972,974,427 € 4,839,766,057
AMI and stroke 138,556 79,093 59,464 €1,829,765,697 €1,044,491,252 € 785,274,445
CKD 1,123,115 819,792 303,323 €2,019,302,854 €,473,943,689 € 545,359,165
Stage -2 664,378 484,948 179,431 €932,585,208 €680,719,130 € 251,866,078
Stage 3 411,282 300,206 111,076 €872,739,766 €637,036,326 € 235,703,440
Stage 4-5 47,456 34,639 12,816 €213,977,879 €156,188,233 € 57,789,646
CRC 7701 6639 1062 €33,116,144 €28,548,400 € 4,567,744
TOTAL €12,460,431,822 €4,519,957,768 € 7,940,474,054

Abbreviations: MASH, Metabolic dysfunction-associated steatohepatitis; CC, cirrhosis-compensated; DCC, cirrhosis-decompensated; HCC, hepatocellular carcinoma; LT,
liver transplant; T2DM, diabetes mellitus; AMI, acute myocardial infarction; CKD, chronic kidney disease; CRC, colorectal cancer.
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Figure | Overall difference in total costs: MASLD versus without MASLD population.
Abbreviations: T2DM, diabetes mellitus; MASH, Metabolic dysfunction-associated steatosis Hepatitis (including advanced liver disease and liver transplant costs related to
end-stage liver disease management); AMI, acute myocardial infarction; CKD, chronic kidney disease; CRC, colorectal cancer.

Moreover, to these major items, we have added the costs related to cardiovascular diseases (AMI, stoke), CKD and
colorectal cancer with an expense of €785,274,445, €545,359,165, and €4,567,744, respectively.

Overall, considering a MASLD population estimate of 11,546,370, an annual illness impact of €12,460,431,822 was
calculated, corresponding to a difference of €7,940,474,054 compared with the same sample without MASLD.

The different impacts in terms of costs of diabetes, MASH, AMI and stroke, CKD, steatosis, and colorectal cancer in
the MASLD and non-MASLD groups are shown in Figure 1.

The analysis also estimated the number of deaths attributable to the two populations and their relative differences
(Table 5). The presence of MASLD resulted in a greater number of deaths, particularly due to advanced liver disease
(DCC, CC, HCC, LT), colorectal cancer, and cardiovascular diseases (Table 5).

Overall, the MASLD population is expected to experience 13,438 additional deaths annually (Figure 2).

The OWSAs demonstrated the robustness of the results. The main input data and assumption variation did not result
in significant deviations from the base case findings, as shown in Figure 3. Compared to an increase in cost for MASLD
versus non-MASLD population reported for the base case equal to €7.9 million, the sensitivity analysis documented
a maximum value corresponding to 10% costs increase, with a result equal to €8.7 million and a minimum value
corresponding to a 10% costs reduction equal to €7.1 million.

Probabilistic analysis also confirmed the robustness of the results by evaluating the uncertainty of the cost parameter;
90% of the values were between €7.2 billion and €8.8 billion, (Figure 4).

Table 5 Impact of Disease on Mortality: MASLD versus Without MASLD

Population
Death Number Disease-Related | MASLD N | NO MASLD N | DELTA N
MASH 214 0 214
DCC + CC 9391 0 9391
HCC 1325 0 1325
LT 97 0 97
CRC 3474 2995 479
AMI and stroke 3210 1833 1378
T2DM 747 216 531
CKD 80 59 22
TOTAL 18,541 5103 13,438

Abbreviations: CC, cirrhosis-compensated; DCC, cirrhosis-decompensated; HCC, hepatocellular
carcinoma; LT, liver transplant; CRC, colorectal cancer; AMI, acute myocardial infarction; T2DM,
diabetes mellitus; CKD, chronic kidney disease.
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Discussion

In a previous study, we evaluated the epidemiologic and economic burden of NAFLD/MASH among the T2DM
population,*® while in this study, we have further expanded the magnifying glass on the huge social issue of MASLD
in the Italian general population, a condition involving multi-organ impairment that is strictly associated with individual
behaviors. From this point of view, T2DM represents the main complication and cost item of MASLD, accounting for
approximately two-thirds of all cases of diabetes.

In Italy, the estimated population suffering from MASLD is 11,546,370, corresponding to 19.6% of the general
population. The annual burden of MASLD disease in terms of mortality and healthcare expenses, as resulting from the
Italian NHS perspective adoption, is very impressive: total direct healthcare costs amount to €7,940,474,054, which
correspond to about 6% of national healthcare expenditure for 2023; in addition, MASLD accounts for 13,438 deaths
per year.

Among the estimated population suffering from MASLD in Italy, we counted 22.79% of subjects with T2DM.
Considering the annual incidence of T2DM (350,000 new diagnoses per year) and the prevalence of MASLD among
T2DM, we can deduce that 238,000 patients shift from MASLD to T2DM every year.'”

T2DM represents the first and preponderant cost item among MASLD (€4,839,766,057/year), producing 62.6% of the
total expenditure for this metabolic disease; therefore, interventions aimed at reducing the economic burden of MASLD
must be targeted mainly to prevent its development towards diabetes.

Considering the overall MASLD individuals, 72.37% were affected by hepatic steatosis, 22.43% had MASH, and
a minimal share of subjects suffered from HCC (0.80%), severe chronic kidney disease (stage IV-V: 0.41%), and
colorectal cancer (0.07%). Liver impairment represents a lower burden in terms of costs (overall €1,765,506,642, 22.2%
of total costs, adding steatosis and MASH, including liver transplantation costs), but the highest in terms of lethality,
accounting for 11,028 deaths per year, equal to 82.1% of the annual MASLD-related mortality.

Cardiovascular complications (AMI and stroke), accounting for €785,274,445 and 1378 deaths per year, ranked third
considering the combinations of cost and lethality. However, they would probably come first if we also considered the
CV events already included among the complications of T2DM-MASLD subjects. In addition, CV-related mortality could
increase if we consider also T2DM related CV deaths, which are often not attributed to diabetes in Italian death statistical
reports.”

The annual cost of chronic kidney disease remains above half a billion (€545,359,165), and MASLD-related color-
ectal cancer is responsible for 479 deaths per year (3.6% of total MASLD-related deaths).

Therefore, cost analysis of MASLD complications showed a frank predominant burden of chronic metabolic and
hepatic illnesses: in fact T2DM and steatosis-MASH produce 62.5% and 22.2% of overall health spending, respectively,
whereas acute cardiovascular complications (AMI and stroke) and renal impairment are separately responsible of 10.16%
and 7.05% of cost weight; last but not least, minor cost is associated to colorectal cancer (0.06%), due to lower incidence
and higher mortality. Beyond the evaluation of the global economic burden of the disease, it is interesting to highlight
that the differential per capita cost related to MASLD subjects amounts to €688 per year. Therefore, this figure could be
used as a reference for assessing the cost-effectiveness of treatments aimed at stopping the evolution of the MASLD.

Sensitivity analysis showed that hypothetical variation of +5% regarding population data input and +10% regarding
costs and MASLD related events could result in a range of global direct cost varying from €7.1 billion to €8.7 billion,
corresponding respectively to 5.4% and 6.6% of annual global sanitary expenditure.

The time lag necessary to achieve an effective reduction in the incidence of MASLD-related complications after
starting an effective therapeutic measure remains to be evaluated. During this period, the costs of treatment will be
superimposed on the costs of the disease. Nevertheless, our study did not include an estimate of indirect costs or its
impact in terms of the impairment of national GDP.

Moreover, the early role of inflammation in the development of the disease should be considered as a target to treat.
Clinical investigation of the presence of sarcopenia as well as the detection of inflammation PCR ratio should be

performed and monitored after early clinical intervention (lifestyle changes, drug treatment).'**’
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Clinical implications of MASLD are very relevant: an early detection of the disease among unaware population as
well as a consequent intervention (lifestyle, drugs) aimed at improving body weight and reducing liver fat accumulation
could consent to delay, if not to avoid, the development of all the MASLD related complications (diabetes, MI, stroke,
CKD, liver cirrhosis, and so on). The limitations of our study lie in the lack of a direct estimate of the real prevalence of
MASLD among the Italian population; therefore, we preferred to underestimate the possible prevalence and maximize
the simplicity of our model.

Finally, our study adopted international data when national data were not available. The point of strength of our work
is that it is the first study to have evaluated the economic burden of MASLD among the Italian population, as well as to
have analyzed MASLD-related diseases in an innovative way, so that T2DM can be, at least partially, seen as
a complication of hepatic disease.

Conclusion

If obesity and diabetes mellitus represent a pandemic giant worldwide for the next few decades, MASLD will provide their
ominous shadow. The data emerging from our study are impressive, both in terms of the number of subjects involved, amounting
to approximately one-fifth of the Italian population, and the economic burden (€7.94 billion per year). A recent study evaluating
the economic burden of obesity in Italy documented a similar direct cost profile (€7.89 billion) with a higher impact on
cardiovascular diseases (€6.66 billion).** Even if the two populations are largely overlapping, we believe that the basic behavioral
and pharmacological treatment could be the same, reserving more targeted interventions, to prevent new cases of T2DM and to
provide an early treatment of MASH.

Therefore, the growing epidemiological impact of MASLD, obesity and its complications, associated with the related
cardiovascular diseases, will represent a huge economic burden for healthcare services worldwide for the next decades,
and a holistic approach to the person (mainly behaviors lifestyle changes) to control the dramatic health and economic
impact will be the first step to take.

Specific drugs for MASLD are not yet available. However, studies are underway on many molecules, and meanwhile
combination pharmaceutical therapies can provide an adequate control of MASLD and its complications.
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