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Abstract 151 

Fatty liver disease in the absence of excessive alcohol consumption is an increasingly 152 

common condition with a global prevalence of ~25-30% and is also associated with 153 

cardiovascular disease (CVD). Since systemic metabolic dysfunction underlies its 154 

pathogenesis, the term metabolic (dysfunction)-associated fatty liver disease 155 

(MAFLD) has been proposed for this condition. MAFLD is closely intertwined with 156 

obesity, type 2 diabetes mellitus and atherogenic dyslipidemia, which are established 157 

cardiovascular risk factors. Unlike CVD, which has received attention in the literature 158 

on fatty liver disease, the CVD risk associated with MAFLD is often underestimated, 159 

especially among Cardiologists. A multidisciplinary panel of fifty-two international 160 

experts comprising Hepatologists, Endocrinologists, Diabetologists, Cardiologists and 161 

Family Physicians from six continents (Asia, Europe, North America, South America, 162 

Africa and Oceania) participated in a formal Delphi survey and developed consensus 163 

statements on the association between MAFLD and the risk of CVD. Statements were 164 

developed on different aspects of CVD risk, ranging from epidemiology to 165 

mechanisms, screening, and management. The expert panel identified important 166 

clinical associations between MAFLD and the risk of CVD that could serve to 167 

increase awareness of the adverse metabolic and cardiovascular outcomes of MAFLD. 168 

Finally, the expert panel also suggests potential areas for future research. 169 

 170 
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Introduction 174 

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver condition 175 

worldwide, with an estimated global prevalence of 25-30%.1 Although it is recognized 176 

that NAFLD is linked to insulin resistance, overweight/obesity and type 2 diabetes 177 

mellitus (T2DM), NAFLD remains a diagnosis of exclusion that exists when all other 178 

competing causes of chronic liver disease have been tested for and excluded.2 179 

Moreover, the lack of any positive diagnostic criteria for NAFLD has not helped with 180 

disease characterization, public awareness or agreement on relevant clinical 181 

endpoints. In 2020, an international expert consensus recommended that the term 182 

“NAFLD” should be changed to the new term “metabolic (dysfunction)-associated 183 

fatty liver disease” (MAFLD), proposing a set of specific diagnostic criteria.3, 4 In 184 

particular, the diagnosis of MAFLD is based on the presence of excess liver fat in 185 

combination with any of the following: overweight/obesity, T2DM, or evidence of at 186 

least two metabolic risk abnormalities (typically featuring the metabolic syndrome).5 187 

This proposed change of terminology and definition aligns with the pathophysiology 188 

of MAFLD and emphasizes the key role of metabolic dysregulation in disease 189 

pathogenesis.6-9 190 

 191 

Although MAFLD and traditional risk factors for cardiovascular disease (CVD) can 192 

have a significant overlap, recent studies have shown that MAFLD is a predictor of 193 

adverse CVD outcomes, independent of traditional risk factors.10 Increasing evidence 194 
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now supports a link between MAFLD and CVD, and the importance of this 195 

association is well recognized among Hepatologists.11-14 However, MAFLD as a 196 

novel CVD risk factor remains underappreciated and underdiagnosed, unlike many 197 

other traditional CVD risk factors.10 Given that nearly three-quarters of global deaths 198 

are now caused by chronic, lifestyle-associated diseases (such as obesity, 199 

hypertension and diabetes), collaboration between medical specialties is essential to 200 

improve patient outcomes.15 In this regard, increasing awareness of the adverse 201 

metabolic and cardiovascular effects of MAFLD among Cardiologists might help to 202 

decrease the global burden of chronic, lifestyle-associated diseases. 203 

 204 

We have developed consensus statements using a two-round Delphi survey 205 

methodology among a large multidisciplinary group of international experts to shed 206 

light on the current opinion on the link between MAFLD and the risk of CVD. The 207 

consensus statements explore issues ranging from epidemiological data and clinical 208 

features to pathophysiological mechanisms, surveillance and management of this 209 

common and burdensome liver disease. 210 

 211 

Methods 212 

Study design 213 

The consensus process used a Delphi procedure via two rounds of online surveys to 214 

obtain responses to questions about MAFLD and its association with CVD risk that 215 
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require more unanimity (Figure 1). 216 

 217 

We (Xiao-Dong Zhou, Giovanni Targher, Christopher D. Byrne, Jacob George and 218 

Ming-Hua Zheng) selected expert panelists by identifying representative members 219 

from scientific societies of Cardiology, Hepatology, Diabetes/Endocrinology and 220 

Family Medicine, as well as core members of MAIDEN (Metabolic fAtty lIver 221 

DiseasE coNsortium) or corresponding authors of published articles on the association 222 

between MAFLD and CVD. To achieve global representation, we selected expert 223 

panelists from six continents: Asia, Europe, North America, South America, Africa 224 

and Oceania (Table 1). We created an email template outlining the research project 225 

and explaining the requirements of prospective panelists. Experts were included if 226 

they replied citing interest in involvement. 227 

 228 

In the first phase, we systematically reviewed the relevant literature published up to 229 

July 2022 and developed a set of statements for a structured first-round questionnaire. 230 

The systematic review took six months. Finally, five domains and 29 draft statements 231 

were included in the Round 1 (R1) survey, which was conducted using Google forms 232 

(link for R1: https://forms.gle/r2EVVntJkr1eJ1iq6). Experts were asked to score each 233 

statement across a four-scale range (‘Agree’/ ‘Somewhat agree’/ ‘Somewhat 234 

disagree’/ ‘Disagree’), with each question having a free text comment section. 235 

 236 
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The second phase, completed by 30th October 2022, included the Round 2 (R2) 237 

survey, containing a structured questionnaire in which the experts evaluated and re-238 

evaluated statements until consensus was achieved. The R2 survey questions focused 239 

on controversial items identified by analyzing the R1 survey results and opinions (link 240 

for R2: https://forms.gle/mTjJvqhAmbvTUgRbA). Statements with agreement more 241 

than or equal to 80% were accepted. For questions for which consensus was not 242 

achieved in the R1 survey (<80%), re-voting was carried out in the R2 survey after 243 

presenting the available evidence. Experts viewed the group results and changed their 244 

responses as they deemed appropriate. 245 

 246 

In the last phase, consensus statements were developed. Each statement and 247 

recommendation was assigned a grade to indicate the level of agreement, using the 248 

grading system recorded in other Delphi studies:16, 17 ‘U’ was unanimous (100%) 249 

agreement, ‘A’ was 90-99% agreement, ‘B’ 78-89% was agreement, and ‘C’ was 67-250 

77% agreement. The statements were presented, discussed, and submitted for 251 

approval at the final stage. Any disagreements were resolved through discussion until 252 

a consensus was reached. The findings from this discussion and the surveys were used 253 

to prepare the consensus report. 254 

 255 

Findings 256 
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In this Consensus Statement, we report the final statements and recommendations 257 

along with a summary of the broader literature relating to the association between 258 

MAFLD and the risk of CVD. The consensus for all proposed statements increased 259 

across the two-round Delphi surveys. The mean percentage of responses selecting 260 

‘agree’ increased from 67.1% in the R1 survey to 72.4% in the R2 survey (P=0.002) 261 

and ‘agree or somewhat agree’ responses increased from 92.8% to 95.7% (P<0.001) 262 

(Figure 2). A grade of ‘U’ was given for 6/27 statements, ‘A’ for 18/27 statements, 263 

and ‘B’ on 3/27 statements (Table 2). 264 

 265 

Consensus statements and recommendations 266 

1. Epidemiology of MAFLD and risk of CVD  267 

Consensus statements 1.1-1.8 (Grade A in 1.1 to 1.3 and 1.6 to 1.8; Grade B in 1.4 268 

and 1.5) (Table 2). 269 

Consensus statement 1.1 MAFLD is associated with an increased prevalence of CVD 270 

events compared with the non-MAFLD population (Grade A). 271 

Consensus statement 1.2 MAFLD is associated with an increased incidence of 272 

nonfatal CVD events compared with the non-MAFLD population (Grade A). 273 

CVD is the leading cause of mortality in patients with NAFLD1, 18, 19 and NAFLD is 274 

associated with a higher prevalence and incidence of fatal and nonfatal CVD events. 275 

20-23 By definition, MAFLD is tightly linked to obesity, T2DM and atherogenic 276 

dyslipidemia, which are established cardiometabolic risk factors.24-27 It is, therefore, 277 
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not surprising that MAFLD is associated with a greater prevalence and incidence of 278 

adverse cardiovascular events compared to that observed in the non-MAFLD 279 

population. In a cohort of 12,183 participants from East China, investigators reported 280 

that the CVD burden (defined by Framingham risk score [FRS] or previous CVD) was 281 

greater in those with MAFLD than in the non-MAFLD population.28 In a nationwide 282 

cohort of ~ 4.5 million Japanese individuals, Yoneda et al.29 reported that the 283 

incidence rates of CVD were 2.69 (95% CI 2.55-2.83) and 1.01 (95% CI 0.98-1.03) 284 

per 1000 person-years in the MAFLD and non-MAFLD groups, respectively. Similar 285 

results were reported in other Asian cohort studies.30, 31 Finally, a global meta-analysis 286 

by Wen et al.32 confirmed that the incidence rates of CVD in patients with MAFLD 287 

were more than twice compared to those observed in subjects without MAFLD. 288 

 289 

Consensus statement 1.3 MAFLD is associated with an increased incidence of CVD 290 

mortality compared with the non-MAFLD population (Grade A). 291 

To date, conflicting data exist on CVD mortality in patients with NAFLD.21, 33, 34 292 

However, the contemporary largest meta-analysis by Mantovani et al.23 clearly 293 

demonstrated that NAFLD was associated with a higher risk of nonfatal CVD events 294 

(pooled random-effects hazard ratio [HR] 1.40; 95% CI 1.20-1.64) and CVD 295 

mortality (pooled random-effects HR 1.30; 95% CI 1.08-1.56). Interestingly, the 296 

meta-regression analysis showed that pre-existing T2DM was a modifying factor and 297 

was associated with increased risk of CVD events. Notably, recent epidemiological 298 
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data using the MAFLD definition reported that MAFLD was associated with a higher 299 

risk of CVD mortality.26, 30 For instance, Kim et al.35 analyzed data from 7761 300 

participants from the Third National Health and Nutrition Examination Survey 301 

(NHANES III) and demonstrated that individuals with MAFLD had a nearly 25% 302 

higher risk of CVD mortality than those without MAFLD (HR 1.24; 95% CI 1.01-303 

1.51). In a nationwide cohort study from South Korea (9.5 million participants), Lee 304 

et al.30 reported that patients with MAFLD were at higher risk of CVD mortality (HR 305 

1.46; 95% CI 1.41-1.52) compared to individuals without either MAFLD or NAFLD, 306 

whereas patients with NAFLD were not (HR 1.12; 95% CI 0.96-1.30). The 307 

aforementioned meta-analysis by Wen et al.32 confirmed that CVD mortality was ∼1.6 308 

times higher in patients with MAFLD than in the control group. Collectively, 309 

therefore, accumulating evidence now indicates that MAFLD can identify subjects 310 

with poorer “metabolic health status” and higher risk of developing CVD events and 311 

mortality. 312 

 313 

Consensus statement 1.4 The incidence of fatal and/or nonfatal CVD events in 314 

individuals with MAFLD is higher compared to that in the NAFLD population (Grade 315 

B). 316 

Since there is considerable overlap (estimated around 80-90%) between the NAFLD 317 

and MAFLD populations, it is expected that those with MAFLD have essentially 318 

similar CVD risks to those with NAFLD.13, 14 In line with this, investigators 319 
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comparing the MAFLD-only and NAFLD-only populations reported that individuals 320 

with the MAFLD-only status (i.e. subjects with hepatic steatosis and metabolic risk 321 

factors) were at higher risk of CVD events compared with both individuals without 322 

MAFLD and those with the NAFLD-only status (i.e. subjects with hepatic steatosis 323 

without metabolic risk factors). Indeed, in these cohort studies the association 324 

between the NAFLD-only status and risk of CVD events was modest or absent.30 36 In 325 

the cohort study by Lee et al.,30 individuals with the MAFLD-only status were at 326 

higher risk of incident CVD outcomes (HR 1.43; 95% CI 1.41-1.45) compared with 327 

those without MAFLD or NAFLD, whereas the association between the NAFLD-only 328 

status and risk of CVD events was modest (HR 1.09; 95% CI 1.03-1.15). Similarly, in 329 

a retrospective cohort of 2,985 participants followed for 7 years, Niriella et al.36 330 

showed that the MAFLD-only status was associated with a higher risk of CVD events 331 

compared to the control group (HR 7.2; 95% CI 2.4-21.5), whilst the NAFLD-only 332 

status was not associated with CVD events compared to the non-steatotic control 333 

group (HR 1.90; 95% CI 0.25-14.8). Using data from the NHANES III database, 334 

Huang and colleagues26 were among the first to show that MAFLD was associated 335 

with a higher risk of CVD mortality compared to NAFLD (HR 2.01; 95% CI 1.66-336 

2.44 vs. HR 1.53; 95% CI 1.26-1.86, respectively), thus suggesting that the MAFLD 337 

definition may better identify subjects with a high-risk of adverse cardiovascular 338 

outcomes. In a recent meta-analysis of 7 observational cohort studies (including about 339 

13 million individuals), Mantovani et al.37 examined the differential risk of NAFLD 340 



 19 

and MAFLD definitions on fatal and nonfatal CVD events. These authors reported 341 

that each of the two definitions were associated with a higher risk of incident CVD 342 

events (pooled random-effects HR 1.50, 95% CI 1.30-1.72 for MAFLD vs. no-343 

MAFLD; and pooled random-effects HR 1.27, 95% CI 1.12-1.45 for NAFLD vs. no-344 

NAFLD, respectively). Although MAFLD identified a greater number of CVD events 345 

than NAFLD, the risk for fatal and nonfatal CVD events associated with either 346 

definition was not significantly different.37 347 

 348 

Consensus statement 1.5 MAFLD predicts better the risk of CVD events than NAFLD 349 

(Grade B). 350 

Predicting CVD risk is not a trivial task and different risk prediction tools have been 351 

used in people with MAFLD. Several studies from different countries showed that 352 

patients with MAFLD had a higher 10-year CVD risk (as estimated by the FRS or 353 

other CVD risk prediction tools) compared to those with NAFLD, thus confirming 354 

that MAFLD may identify a greater CVD risk burden. 25, 27, 38, 39 For instance, Zhang 355 

et al.38 analyzed the NHANES 1999-2016 database and reported that patients with 356 

MAFLD had higher FRS compared to those with NAFLD, thus confirming that 357 

MAFLD may have a greater CVD risk burden. Kim et al.25 analyzed data from 2,144 358 

subjects without pre-existing CVD and showed that patients with MAFLD had a 359 

remarkably higher risk of intermediate to high 10-year CVD risk compared with those 360 

with NAFLD-only, with adjusted odds ratio (OR) of 8.17 (95% CI 2.40-36.1). It is 361 
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known that the Suita CVD risk model is a risk prediction tool that can improve CVD 362 

risk prediction, relative to the FRS, among Japanese individuals.39 Using the Suita 363 

CVD model, Tsutsumi et al.27 reported that the MAFLD definition better identified 364 

patients at a high risk of developing CVD events than NAFLD definition. 365 

 366 

Consensus statement 1.6 Increasing severity of liver fibrosis is associated with higher 367 

CVD risk (Grade A). 368 

The assessment of liver fibrosis is particularly important for prognosis amongst 369 

patients with MAFLD because the severity of fibrosis is the strongest predictor of 370 

liver disease progression and the risk of CVD events. However, liver fibrosis 371 

assessment is often overlooked in relation to risk estimates for CVD events.23, 40 A 372 

historical cohort using data from 8,511 health providers reported that patients with 373 

advanced liver fibrosis (estimated by Fibrosis-4 (FIB-4) index ≥ 2.67) had higher risk 374 

of CVD events after adjustment for sociodemographic variables, the European 375 

Systematic Coronary Risk Evaluation calculator (SCORE) score and use of statins or 376 

aspirin (HR 1.63; 95% CI 1.29-2.06), though not for age.41 In a prospective study of 377 

nearly 900 patients with the metabolic syndrome who were followed for a median of 378 

3.4 years, Baratta et al.42 reported a nearly 4-fold increase in fatal and non-fatal CVD 379 

events in those with NAFLD and FIB-4 ≥2.67 (HR 4.02; 95% CI 1.06-5.74). In the 380 

ongoing PLINIO study in Italy, an independent association was also observed 381 

between advanced liver fibrosis (as estimated by NAFLD Fibrosis score [NFS], which 382 
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is primarily driven by metabolic factors) and the risk of CVD (ClinicalTrials.gov no: 383 

NCT04036357).40 Again, in a prospective study, involving 3,512 Japanese 384 

individuals, the presence of advanced liver fibrosis (as non-invasively assessed by 385 

FIB-4 ≥ 2.67 and other scores) was associated with higher CVD risk, independent of 386 

pre-existing T2DM, hypertension, and dyslipidemia.43 Han et al.44 analyzed the Korea 387 

NHANES 2008-2011 database and showed that individuals with MAFLD and 388 

advanced liver fibrosis (defined as FIB-4 ≥2.67) had a greater chance of high 389 

probability atherosclerotic CVD risk (OR 2.40; 95% CI 1.75-3.29) compared to those 390 

without MAFLD. Collectively, the evidence from these and other studies suggests that 391 

the development of hepatic fibrosis in MAFLD is, at least in part, an epiphenomenon 392 

of long-term exposure to common cardiometabolic risk factors, such as T2DM, 393 

obesity, and hypertension. These cardiometabolic risk factors closely align to 394 

systemic insulin resistance, low-grade inflammation, and increased oxidative stress. 395 

This, in turn, can exacerbate hepatocyte damage and results in activation of hepatic 396 

stellate and Kupffer cells, thereby driving hepatic fibrosis.45 Thus, the severity of 397 

hepatic fibrosis could be considered as a non-lipid marker of CVD risk, while non-398 

invasive fibrosis biomarkers, such as the widely used FIB4 and NFS scores or other 399 

newer non-invasive fibrosis biomarkers, such as the Enhanced Liver Fibrosis (ELF) 400 

and the PRO-C3 based fibrosis algorithm that included age, pre-existing diabetes, 401 

platelet count and serum PRO-C3 concentration (i.e., a marker of type III collagen 402 

formation) should be considered in CVD risk assessment.46, 47 403 

https://pubmed.ncbi.nlm.nih.gov/?term=Han+E&cauthor_id=35321955
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 404 

Consensus statement 1.7 Hepatic steatosis is associated with an increase in CVD risk 405 

(Grade A). 406 

Emerging evidence suggests that hepatic steatosis is also associated with increased 407 

CVD risk. For example, in a nested cohort study of 3,756 patients from the United 408 

States who underwent coronary computerized tomographic angiography, Meyersohn 409 

et al.48 showed that hepatic steatosis on ultrasonography was associated with higher 410 

risk of developing major adverse CVD events, irrespective of atherosclerotic CVD 411 

risk scores, significant coronary stenosis, and metabolic syndrome features (adjusted 412 

HR 1.72; 95% CI 1.16-2.54). The PREVEND cohort involving 6,340 participants 413 

without pre-existing CVD also reported that hepatic steatosis (defined as fatty liver 414 

index [FLI] ≥ 60) was associated with higher CVD risk even after adjustment for 415 

traditional CVD risk factors.49 Similarly, in a population-based cohort study using the 416 

UK Biobank database (196,128 participants), a FLI increase was associated with 417 

higher incidence of CVD events.50 Using the Korean National Health Insurance 418 

dataset (involving 139,633 patients diagnosed with new-onset T2DM), Park et al.51 419 

reported that hepatic steatosis was associated with higher risk of CVD events and 420 

mortality. An updated meta-analysis of 38 observational studies reported that the 421 

prevalence of clinical and subclinical CVD was higher in patients with moderate to 422 

severe steatosis on liver ultrasound than those with mild steatosis.20 423 

 424 
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Consensus statement 1.8 MAFLD is a risk factor for CVD events even after 425 

adjustment for traditional cardiovascular risk factors (Grade A). 426 

While evidence for the existence of an association between MAFLD and the risk of 427 

developing fatal and nonfatal CVD events is robust, the existence of an independent 428 

association between MAFLD and CVD is seemingly conflicting.29, 52 30 In the cohort 429 

study by Yoneda et al.,29 the risk of CVD events was higher in patients with MAFLD 430 

than in those without MAFLD, even after adjusting for common cardiometabolic risk 431 

factors. However, a prospective community-based cohort of South Korean individuals 432 

followed for 16 years, Moon et al.52 showed that the association between MAFLD and 433 

risk of CVD events disappeared after adjustment for known CVD risk factors. 434 

However, it should be noted that this study was conceptually flawed as components of 435 

the metabolic syndrome should not be included in a statistical adjustment model for 436 

MAFLD, as they are also used to diagnose MAFLD. Removing these metabolic 437 

syndrome components invalidates the diagnosis of MAFLD and the resulting 438 

estimation only assesses the effect of hepatic steatosis alone on risk of CVD. 439 

 440 

Although most of published cohort studies investigating associations between fatty 441 

liver disease and CVD, adjust for common CVD risk factors (such as T2DM, obesity, 442 

dyslipidemia, and hypertension), these CVD risk factors are often collinear in practice 443 

and are also part of the diagnostic criteria used for MAFLD. Probably, a more 444 

appropriate analysis would be to stratify patients and undertake a comparison between 445 
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patients with MAFLD only (i.e., a condition always characterized by hepatic steatosis 446 

and coexisting metabolic dysregulation) versus patients with hepatic steatosis but 447 

without MAFLD (i.e. subjects with the NAFLD-only status who are characterized by 448 

the absence of metabolic dysregulation) or healthy controls. 449 

 450 

2 Epidemiology of MAFLD and CVD outcomes 451 

Consensus statements 2.1-2.4 (Grade U in 2.2; Grade A in 2.1, 2.3 and 2.4) (Table 2). 452 

Consensus statement 2.1 MAFLD is associated with greater carotid-artery intima-453 

media thickness and increased risk of carotid atherosclerotic plaques (Grade A). 454 

NAFLD is closely associated with several markers of subclinical atherosclerosis.24 53 455 

20 There is also accumulating evidence to support an association between MAFLD 456 

and subclinical atherosclerosis markers, including higher carotid intima-media 457 

thickness (IMT), greater coronary artery calcification (CAC), as well as greater high-458 

risk obstructive plaques and non-calcified plaques of coronary arteries. For instance, 459 

in a cross-sectional study of 890 Japanese subjects who underwent health check-ups, 460 

Rieko Bessho et al.54 showed that patients with MAFLD (especially if T2DM was 461 

present) had higher odds for CAC compared to both patients with NAFLD and those 462 

without hepatic steatosis. In a prospective cohort study of 4,507 participants with 463 

normal brachial-ankle pulse wave velocity (baPWV) followed for 4.3 years, Wang et 464 

al.55 reported that MAFLD was associated with higher risk of developing elevated 465 

baPWV (>1773 cm/s). In another prospective community-based cohort of 6,232 466 

https://pubmed.ncbi.nlm.nih.gov/?term=Bessho+R&cauthor_id=35639744
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participants, who were followed for a median of 4.3 years, Liu et al.56 reported that 467 

MAFLD was associated with a greater risk of developing subclinical atherosclerosis. 468 

In addition, in a subsequent study, the same authors also reported that regression of 469 

MAFLD was associated with a lower risk of developing subclinical atherosclerosis, 470 

especially among those with a low probability of liver fibrosis or fewer metabolic risk 471 

factors.56 Using the Kanbguk Samsung Health Study cohort database, Sung et al. 472 

reported that both NAFLD and MAFLD were associated with higher risk of 473 

developing incident CAC, even after adjusting for age, sex, educational level, 474 

smoking, physical activity, pre-existing coronary artery disease, plasma low-density 475 

lipoprtoein (LDL)-cholesterol concentrations, or use of lipid-lowering agents. 476 

However, these associations were stronger for MAFLD.57 477 

 478 

Consensus statement 2.2 MAFLD is associated with atherosclerotic CVD events such 479 

as acute coronary syndromes (Grade U). 480 

Recent evidence also indicates that MAFLD may be associated with acute or chronic 481 

coronary syndromes. In a cohort study of 3,306 patients with chronic coronary 482 

syndrome, Liu et al.58 reported that patients with MAFLD had a higher risk of adverse 483 

CVD outcomes compared to their counterparts without MAFLD. In a prospective 484 

analysis of nearly 500 hospitalized patients with acute coronary syndrome and hepatic 485 

steatosis, Noda et al.59 found that the coexistence of MAFLD and impaired physical 486 

function tests independently predicted the risk of adverse CVD outcomes. Finally, 487 
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some cohort studies found that the MAFLD-only status was more strongly associated 488 

with risk of nonfatal CVD events than the NAFLD-only status.10, 35, 36, 60 These 489 

findings suggest that the MAFLD definition is better than the NAFLD definition for 490 

identifying patients who are at high risk of developing major CVD events. 491 

 492 

Consensus statement 2.3 MAFLD is associated with increased risk of cardiac 493 

arrhythmias (mainly permanent atrial fibrillation) (Grade A). 494 

Growing evidence also suggests that MAFLD is associated with an increased risk of 495 

cardiac arrhythmias, mainly permanent atrial fibrillation (AF) and certain ventricular 496 

tachyarrhythmias. A meta-analysis of 19 observational studies (involving about 7 497 

million individuals) showed that MAFLD was closely associated with increased 498 

prevalence and incidence of permanent AF, QTc interval prolongation and some 499 

cardiac conduction defects.61 In a nationwide health check-up population in China 500 

(including more than 2 million individuals), Lei et al. found that MAFLD was 501 

associated with a higher risk of having and developing permanent AF.62 Decoin et 502 

al.63 analyzed a cohort of United States patients after AF ablation and found that 503 

advanced liver fibrosis (estimated by non-invasive fibrosis biomarkers) in those with 504 

MAFLD was associated with adverse atrial remodeling and AF recurrence following 505 

catheter ablation. 506 

 507 

Consensus statement 2.4 MAFLD is associated with abnormal myocardial function 508 

https://pubmed.ncbi.nlm.nih.gov/?term=Decoin+R&cauthor_id=36120456
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and structure (Grade A). 509 

MAFLD is also associated with abnormal cardiac function and structure. The 510 

magnitude of this risk increases with the severity of liver disease in MAFLD. A meta-511 

analysis by Leite-Moreira et al.64 reported that MAFLD was associated with adverse 512 

structural alterations and cardiac dysfunction (mainly left ventricular diastolic 513 

dysfunction). Another updated meta-analysis65 of observational studies confirmed that 514 

MAFLD was associated with impaired systolic and diastolic functions associated with 515 

cardiac structural changes. This meta-analysis also found that concomitant metabolic 516 

risk factors and liver disease severity were independently associated with 517 

abnormalities in cardiac function. Finally, Peng et al.66 found that MAFLD was 518 

associated with left ventricular diastolic dysfunction and cardiac remodeling 519 

(including greater inter-ventricular septum thickness and left ventricular posterior wall 520 

thickness, as well as larger left atrial diameter and greater left ventricular 521 

hypertrophy), especially in patients with coexisting T2DM or obesity and in those 522 

with moderate-to-severe hepatic steatosis. 523 

 524 

As discussed below in more detail, there are multiple potential pathophysiological 525 

mechanisms by which MAFLD may increase the risk of cardiac remodeling and 526 

hypertrophy and arrhythmic complications (mostly permanent AF).67, 68 527 

 528 

3 Pathophysiological mechanisms linking MAFLD with CVD 529 

http://pubmed.ranqiyi.cn/?term=Peng+D&cauthor_id=35928895
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Consensus statements 3.1-3.4 (Grade A in 3.1 to 3.4) (Table 2). 530 

Consensus statement 3.1 MAFLD and CVD share multiple cardiometabolic risk 531 

factors, such as systemic low-grade inflammation, endothelial dysfunction, increased 532 

oxidative stress, insulin resistance and an atherogenic lipoprotein profile (Grade A). 533 

Multiple shared cardiometabolic risk factors linked to MAFLD may synergistically 534 

promote the development of CVD.10 Abnormal glucose and lipid metabolism and 535 

increased oxidative stress play key roles in the pathogenesis of metabolic 536 

dysregulation in both MAFLD and CVD. First, increased oxidative stress, low-grade 537 

inflammation and endothelial dysfunction have been shown to promote a pro-538 

atherogenic milieu that induces the development of CVD.69 Increased oxidative stress 539 

may contribute to low-grade inflammation by inducing endothelial dysfunction that in 540 

turn increases platelet activation and vascular plaque formation, thus promoting CVD 541 

development in patients with MAFLD.70 Second, MAFLD predisposes to atherogenic 542 

dyslipidemia, which is typically characterized by high levels of triglycerides and very 543 

low density lipoprotein (VLDL) remnant lipoproteins, and low levels of high-density 544 

lipoprotein (HDL)-cholesterol.71 Patients with obesity, T2DM or metabolic syndrome 545 

have high levels of remnant lipoproteins due to activation of hormone sensitive lipase, 546 

which in turns causes increased hydrolysis of triglycerides from adipose tissue, thus 547 

inducing elevated plasma free fatty acid levels and hepatic fat accumulation.72 This 548 

altered serum lipoprotein profile associated with MAFLD is typical of the atherogenic 549 

dyslipidemia that is characterized by high LDL particle concentration (with normal to 550 
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modestly elevated LDL-cholesterol levels) and a greater abundance of small dense 551 

low density lipoprotein (sd-LDL), as well as increased remnant lipoproteins and 552 

decreased HDL particle concentration.73 This lipid phenotype likely may contribute to 553 

the increased CVD risk observed in MAFLD. Lastly, MAFLD is strongly associated 554 

with greater insulin resistance which is also involved in CVD development.74 Insulin 555 

resistance increases hyperglycemia, triggers oxidative stress, increases low-grade 556 

inflammation, and causes endothelial dysfunction, possibly through the release of 557 

several pro-atherogenic, pro-coagulant, and pro-inflammatory mediators.75 558 

 559 

Consensus statement 3.2 Activation of the renin-angiotensin system is one of the 560 

mechanistic links between MAFLD and CVD risk (Grade A). 561 

Additional mechanisms contributing to CVD in patients with MAFLD may also 562 

include activation of the renin-angiotensin system (RAAS), intestinal dysbiosis and 563 

presence of certain genetic polymorphisms. RAAS activation is implicated in the 564 

pathophysiology of both MAFLD and CVD.76 In fact, RAAS activation in 565 

metabolically active tissues can exert pro-inflammatory effects, mainly via 566 

angiotensin II, and is associated with multiple dysfunctional cellular processes, 567 

leading to hepatic necro-inflammation and fibrosis.77-79 In a retrospective, territory-568 

wide cohort study of 12,327 patients with NAFLD, the authors found that treatment 569 

with RAAS inhibitors was associated with a lower risk of liver-related events, liver 570 

cancer and cirrhotic complications, though the indication for use of RAAS inhibitors 571 
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was for vascular and not liver disease.80 Given the current evidence, it could be 572 

speculated that RAAS inhibitors may exert some beneficial effects on hepatic fibrosis 573 

and its related complications in MAFLD, but larger prospectively designed 574 

intervention studies are needed to provide high quality data on this topic.81 575 

 576 

Consensus statement 3.3 Some shared genetic polymorphisms (e.g., PNPLA3 I148M, 577 

and TM6SF2 E167K) may affect the risk of both MAFLD and CVD (Grade A). 578 

Some shared genetic polymorphisms associated with MAFLD may contribute to CVD 579 

development.82 Patatin-like phospholipase domain-containing protein 3 (PNPLA3) 580 

and trans-membrane 6 superfamily 2 (TM6SF2) are two susceptibility genes for 581 

MAFLD that have been shown to be associated with all histologic stages of 582 

MAFLD.83, 84 Interestingly, both of these genes have shown opposite effects on the 583 

risk of MAFLD and CVD. Some studies reported that PNPLA3 and TM6SF2 genetic 584 

variants are associated with higher risk of fatty liver and steatohepatitis, but with a 585 

lower risk of CVD.85, 86 The current concept is that genetic variants in PNPLA3 and 586 

TM6SF2 can regulate the production of VLDL particles by reducing hydrolytic 587 

activity and the breakdown of triglycerides in the liver, thereby resulting in intra-588 

hepatic triglyceride accumulation, but reducing circulating levels of VLDL, and by 589 

extension, plasma triglycerides and LDL-cholesterol levels, thereby preventing 590 

CVD.85, 87 Some studies showed that carriers of the p.I148M variant in PNPLA3 and 591 

p.E167K in TM6SF2 have a lower incidence of CVD.85 Future prospective studies are 592 
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required to better understand whether the knowledge on these genetic risk factors can 593 

be also translated into CVD risk reduction.88 594 

 595 

Consensus statement 3.4 Gut microbiota may play a role in both MAFLD and CVD 596 

(Grade A). 597 

MAFLD may also contribute to CVD development because this liver disease is 598 

associated with dysregulated gut microbiota, leading to intestinal bacterial 599 

dysfunction and altered microbial-derived metabolites.89, 90 91, 92 93 However, it is also 600 

likely that dietary factors are the primary cause of dysregulated gut microbiota in 601 

MAFLD. A meta-analysis reported abnormalities in gut microbiota composition in 602 

patients with MAFLD compared to healthy controls.94 Studies have also shown that 603 

specific intestinal microbiome signatures in MAFLD, liver fibrosis, and cirrhosis 604 

could be used as non-invasive diagnostic biomarkers for liver disease diagnosis.95 605 

Intestinal bacterial dysfunction and metabolic product alterations may contribute to 606 

the production of pathogen-associated molecular patterns, increased mucosal barrier 607 

permeability and impaired mucosal barrier permeability that lead to increased 608 

systemic low-grade inflammation, insulin resistance and obesity, thus promoting 609 

MAFLD progression and CVD development.93, 96 Gut microbiota independent of 610 

MAFLD can also influence the development and progression of CVD.97 611 

 612 

4. MAFLD and primary prevention of CVD   613 
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Consensus statements 4.1-4.3 (Grade A in 4.2 and 4.3; Grade B in 4.1) (Table 2). 614 

Consensus statement 4.1 Carotid ultrasonography should be considered in most 615 

patients with MAFLD to improve CVD risk assessment (Grade B). 616 

Current guidelines highlight the importance of CVD risk assessment in MAFLD.98, 99 617 

However, two key questions still remain: 1) which patients with MAFLD should be 618 

screened for CVD, and 2) what screening tests should be used for CVD risk 619 

assessment. The advantages of screening and thus prevention of a disease depend on 620 

baseline risk. As discussed above, MAFLD is associated with several markers of 621 

subclinical atherosclerosis (for example, increased carotid IMT, CAC, and 622 

atherosclerotic carotid plaques) which are associated with a higher risk of developing 623 

major CVD events.20 Thus, since patients with MAFLD are at higher risk for CVD 624 

morbidity and mortality, monitoring subclinical atherosclerosis markers may be of 625 

benefit for CVD risk prediction and reduction.100 Markers of subclinical 626 

atherosclerosis should be considered in high-risk individuals, such as computed 627 

tomography scanning to assess CAC, or carotid IMT and carotid atherosclerotic 628 

plaques. Assessment of carotid artery ultrasound is a widely used, reliable and cost-629 

effective screening tool that can be routinely employed in the clinic with incremental 630 

prognostic value over traditional CVD risk factors in patients with MAFLD, who are 631 

typically asymptomatic.101 A recent meta-analysis suggested that the pooled 632 

prevalence of subclinical and clinical CVD in NAFLD was 38.7% and 55.4%, 633 

respectively.102 634 
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 635 

To date, there are insufficient prospective data to support routine use of carotid artery 636 

ultrasound for CVD screening in patients with MAFLD. Also, it is uncertain whether 637 

carotid IMT measurement may improve CVD risk stratification over current risk 638 

stratification scores such as FRS.103 In our two-round Delphi survey, 16% of experts 639 

somewhat disagreed or disagreed with this statement in the R2 survey. Thus, we need 640 

to consider that assessment of carotid artery ultrasound may pose medical resource 641 

challenges in some areas (such as over-referral, increased resource use, costs and 642 

over-medication). Future studies should specifically evaluate the cost-effectiveness 643 

and feasibility of routine carotid ultrasound performance as part of the MAFLD 644 

workup. 645 

 646 

Consensus statement 4.2 In CVD risk assessment, MAFLD may be considered a CVD 647 

risk factor (Grade A). 648 

Since MAFLD may (independently) increase the risk of CVD it could contribute to 649 

CVD prediction risk scores, such as FRS or other scores. However, it remains 650 

uncertain if the current CVD risk scores could be improved by adding MAFLD. In a 651 

setting of clinical suspicion of CVD, MAFLD might be considered as a potential risk-652 

enhancing factor. For example, a multicenter retrospective cohort study of 10,453 653 

individuals by Wu et al.104 reported that the combination of steatosis imaging 654 

information and non-invasive serum fibrosis biomarkers (e.g. FIB-4, NFS) with lipid 655 
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and apolipoprotein profiles improved the prognostic value of CVD risk scores in 656 

patients with MAFLD. In this retrospective cohort study, FRS alone did not provide 657 

the best prediction of CVD, particularly when differentiating the risk of CVD with 658 

mild steatosis from that without MAFLD. FRS could predict people at low risk, but its 659 

predictive performance decreased for people at high risk of severe MAFLD. However, 660 

individuals with FRS <10% and mild steatosis had a cumulative risk of double to 661 

almost triple compared to that predicted by FRS.104 Therefore, current CVD risk 662 

scores may underestimate the true CVD risk in patients with advanced MAFLD. 663 

Further research is needed to examine the extent to which MAFLD may confer an 664 

additional CVD risk compared to traditional cardiovascular risk factors. 665 

 666 

Consensus statement 4.3 Screening for MAFLD should be considered in most patients 667 

with CVD (Grade A). 668 

Currently, with a lack of uniform MAFLD screening guidelines, screening for 669 

MAFLD is not routinely undertaken in patients with CVD.105 As for screening for 670 

MAFLD in patients with CVD, this depends on the most appropriate diagnostic test to 671 

evaluate patients with non-invasive versus invasive techniques. Non-invasive tests 672 

have lower accuracy while invasive tests although they are more accurate, are 673 

associated with higher risks of complications and costs. In clinical practice, most 674 

primary care clinicians begin screening for liver disease based on increased levels of 675 

serum transaminase liver enzymes. However, most patients diagnosed with MAFLD 676 
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have normal serum liver enzyme levels and early MAFLD might be missed due to the 677 

low sensitivity of this test. Thus, we also need to consider whether screening for 678 

MAFLD poses medical resource challenges in some regions. The costs involved in 679 

undertaking abdominal ultrasound or other imaging modalities, may not be cost-680 

effective without approved pharmacological therapies. Early screening using non-681 

invasive tests in patients with CVD can be considered for evaluating of hepatic 682 

fibrosis when multiple CVD risk factors are present, particularly in the context of 683 

T2DM.106 The independent role of MAFLD-related fibrosis in CVD provides an 684 

additional option for CVD primary prevention and may facilitate engagement with 685 

advised treatments and lifestyle change. This would enable early detection of 686 

advanced liver fibrosis, referral to a liver specialist, and CVD risk assessment.40, 107 687 

 688 

5 Managing MAFLD and the risk of CVD  689 

Consensus statements 5.1-5.8 (Grade U in 5.1, 5.2, 5.4, 5.5 and 5.8; Grade A in 5.3, 690 

5.6 and 5.7) (Table 2). 691 

Consensus statement 5.1 Clinicians who manage patients with MAFLD should target 692 

cardiometabolic risk factors (overweight/obesity, diabetes, dyslipidemia and 693 

hypertension) (Grade U). 694 

Consensus statement 5.2 Lifestyle intervention (including a healthy dietary pattern, 695 

weight loss and regular physical exercise) is associated with improvement in both 696 

MAFLD and CVD (Grade U). 697 
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Clinicians managing MAFLD patients should target cardiometabolic risk factors and 698 

take into account the recommended behavioral and pharmacotherapy approaches that 699 

may have potential benefits (Table 3). MAFLD is a therapeutic area for which many 700 

clinical trials are underway; these are summarized in recent reviews.108, 109 Lifestyle 701 

intervention (including a healthy dietary pattern, weight loss and regular physical 702 

exercise) is associated with MAFLD improvement.110, 111 Intensive lifestyle 703 

intervention plays an important role in the primary/secondary prevention of CVD and 704 

it is specifically mentioned in guidelines for management of MAFLD.112, 113 A plant-705 

based, Mediterranean type diet is the best cardioprotective approach, with benefits on 706 

insulin resistance and oxidative stress and it was also shown to be beneficial in small 707 

patient cohorts with MAFLD.114 115 Physical activity, independent of weight loss, 708 

could be a promising strategy to reduce the incidence of CVD and hepatic steatosis, 709 

mainly through positive modulation of insulin signaling.116 However, weight loss is 710 

still strongly recommended in most patients as it has shown benefits on liver 711 

histology, systemic insulin resistance, and low-grade inflammation.98 712 

 713 

Consensus statement 5.3 Alcohol avoidance of any type or amount is advisable in 714 

patients with MAFLD and CVD (Grade A). 715 

Heavy alcohol consumption is a risk factor for both progressive MAFLD and CVD. 716 

There is debate regarding the effect of moderate drinking on MAFLD and CVD 717 

risk.117 First, there is emerging evidence that even small alcohol amounts are harmful 718 
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in MAFLD.118, 119 Modest alcohol consumption has also been associated with 719 

decreased improvement in histologic steatosis and steatohepatitis.120 A systematic 720 

review suggested that any level of alcohol consumption is associated with a doubling 721 

of incident liver disease outcomes in MAFLD, even when drinking within 722 

recommended limits.121 The 2022 AHA scientific statement on NAFLD and CVD risk 723 

reported that alcohol avoidance is strongly encouraged. Second, it remains uncertain 724 

whether any benefit to CVD risk outweighs any harm to the liver.122 Controversy has 725 

surrounded the association between alcohol intake and CVD, in part because alcohol 726 

use is difficult to measure and changes over time. Numerous studies have 727 

demonstrated an association between moderate alcohol use and lower CVD risk in the 728 

general population.123 However, some or all of the apparent cardiac protective benefits 729 

of alcohol intake may be due to the product of residual confounding from favorable 730 

lifestyle, socio-economic, and behavioral factors that tend to coincide with modest 731 

alcohol intake.124, 125 A cohort study of nearly 370,000 persons from the general 732 

population found that after adjustment for healthy lifestyle effects, the apparent 733 

cardiovascular benefits of light drinking were substantially reduced. This suggests that 734 

any amount of daily alcohol intake is associated with increased CVD risk.126 A cohort 735 

study prospectively assessing the CVD risk of alcohol use in patients with MAFLD 736 

also suggested the same. In contrast to general population, alcohol use may not reduce 737 

the risk of CVD in patients with MAFLD.127 For example, moderate drinking might 738 

be associated with progression of hepatic fibrosis and little or no cardiovascular 739 
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benefit.128 Overall, there remains a need for additional high-quality prospective 740 

studies that evaluate both liver-related and CVD outcomes at different stages of 741 

fibrosis amongst MAFLD patients with moderate or lower amounts of alcohol intake, 742 

including the measurement of phosphatidylethanol (PEth). Currently, based on the 743 

synthesis of the most up to date longitudinal evidence, we believe that clinicians 744 

seeing patients with MAFLD should advise abstinence from alcohol. 745 

 746 

Consensus statement 5.4 Treatment with GLP-1RAs is beneficial in MAFLD patients 747 

with coexisting T2DM and may reduce CVD outcomes (Grade U). 748 

Glucose-lowering agents may be suitable for mitigating progression of histological 749 

features of MAFLD and preventing CVD events if their benefit is mainly derived 750 

through reductions in body weight in addition to improving long-term glycemic 751 

control.129 Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are a class of 752 

glucose-lowering agents approved for T2DM treatment (they improve glycemic 753 

control, induce weight loss, decrease cholesterol levels and liver fat content) which 754 

has gained the attention of guidelines as a therapeutic option for T2DM patients with 755 

MAFLD to improve CVD outcomes.2, 130 GLP-1RAs have well-accepted efficacy on 756 

improving CVD outcomes.131 Cardiovascular safety across all GLP-1RAs on CVD 757 

outcome trials has demonstrated that these drugs reduce major adverse CVD events, 758 

CVD mortality, and all-cause mortality risk with no significant safety concerns.132 759 

GLP-1RAs also improve some non-invasive markers of MAFLD and have proven 760 
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effective for reductions in hepatic steatosis and inflammation scores.133, 134 An 761 

updated meta-analysis of eleven phase-2 randomized clinical trials found that using 762 

GLP-1RAs to specifically treat MAFLD or nonalcoholic steatohepatitis for a median 763 

of 26 weeks was associated with a reduction in absolute percentage of liver fat content 764 

on magnetic resonance imaging, as well as greater histological resolution of 765 

steatohepatitis without worsening of liver fibrosis (pooled random-effects odds ratio 766 

4.06, 95% CI 2.52-6.55; for liraglutide and semaglutide only).135 Global phase III 767 

clinical trials to test histological endpoints of steatohepatitis are ongoing. There is no 768 

indication yet to use this class as a treatment for steatohepatitis and associated liver 769 

fibrosis. Thus, further studies on histological benefits are needed to evaluate the 770 

potential for improving liver fibrosis in MAFLD. 771 

 772 

Consensus statement 5.5 Treatment with SGLT-2 inhibitors is beneficial in MAFLD 773 

patients with coexisting T2DM and may reduce CVD outcomes (Grade U). 774 

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are another class of glucose-775 

lowering agents that have been approved for treatment of T2DM, reducing the renal 776 

capacity to reabsorb filtered glucose, increasing renal glycosuria and osmotic diuresis, 777 

thereby improving glucose control. These agents also lead to some weight loss and a 778 

lowering of blood pressure.136 SGLT-2 inhibitors are approved for their favorable 779 

long-term effects on risk of major CVD events and currently widely used in T2DM 780 

patients at high risk of CVD.137-139 SGLT2 inhibitors also show improvements in liver 781 
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fat content and fibrosis markers among T2DM patients with MAFLD.140-142 In a small 782 

biopsy-proven steatohepatitis trial with nine patients who had T2DM but no 783 

contemporaneous control subjects, empagliflozin showed improvements in the 784 

histological scores of steatosis, hepatocytes ballooning, and fibrosis.141 However, 785 

reports from larger prospective studies are warranted. In this regard, a phase 3 trial of 786 

dapagliflozin (DEAN study) based on histological endpoints is now ongoing 787 

(NCT03723252). In sum, meta-analyses of recent studies have not reached consensus 788 

and the effects of SGLT2 inhibitors on liver fibrosis, especially beyond weight loss, 789 

remain to be confirmed.142 790 

 791 

Consensus statement 5.6 Treatment with pioglitazone is beneficial in MAFLD patients 792 

and may reduce CVD outcomes, but potential adverse effects (e.g. weight gain, edema 793 

and worsening of pre-existing congestive heart failure) should be kept in mind (Grade 794 

A). 795 

Pioglitazone was proven to improve hepatic histology in steatohepatitis patients with 796 

and without T2DM and recommended for patients with T2DM and biopsy-proven 797 

steatohepatitis.143 The benefits of pioglitazone on CVD outcomes in patients with and 798 

without T2DM are promising.144, 145 The major limitation of pioglitazone in clinical 799 

practice as an off-label use for metabolic steatohepatitis is its adverse long-term 800 

effects, including moderate weight gain, risk of fracture, and fluid retention.146, 147 The 801 

development of PXL065 (a novel, proprietary deuterium-stabilized r-stereoisomer of 802 
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pioglitazone) for metabolic steatohepatitis represents a unique opportunity to enhance 803 

the therapeutic benefits of pioglitazone whilst reducing or eliminating PPARγ-related 804 

side effects.148 Interestingly, PXL065 at a dose less than 22.5 mg/day for metabolic 805 

steatohepatitis is equal to or greater than 45-mg pioglitazone, but without any 806 

detrimental weight gain and oedema.148 807 

 808 

Consensus statement 5.7 Statins (if required for the treatment of dyslipidemia or CVD 809 

risk reduction) should be prescribed for patients with MAFLD even with modestly 810 

elevated serum liver enzyme levels (< 3 ULN) (Grade A). 811 

All patients with MAFLD should be considered for statin treatment due to their 812 

increased CVD risk. Statins are the first-line to prevent CVD events in patients at risk 813 

for atherosclerotic CVD.149 Statin treatment in MAFLD patients with mild-to-814 

moderate abnormal serum liver enzymes is safe and may improve liver enzyme levels 815 

and reduce CVD morbidity and mortality.150 Importantly, clinicians are commonly 816 

concerned about drug-induced liver injury, but statin use is not associated with 817 

abnormal serum liver enzyme levels in patients with hepatic steatosis.151-153 Based on 818 

this, statins are thought to reduce the risk of CVD in MAFLD patients with 819 

dyslipidemia even without a beneficial effect on liver histology.112, 154 820 

 821 

Consensus statement 5.8 Bariatric surgery (if required in severely obese patients with 822 

MAFLD) improves liver histology features and reduces CVD risk (Grade U). 823 
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Lifestyle interventions require long-term adherence, though sustained weight loss is 824 

difficult to achieve in patients with long-standing obesity. It has been reported that 825 

only 50% of patients can reach 7% weight loss following a 1-year lifestyle 826 

intervention.155 Bariatric surgery has been shown to achieve significant weight loss of 827 

20% to 30% and improves liver histology including fibrosis.156, 157 Bariatric surgery is 828 

also associated with significant reduction in CVD risk in individuals with morbid 829 

obesity and MAFLD with the risk of primary and secondary composite CVD 830 

outcomes reduced by 47% and 50%, respectively.158 Hence, bariatric surgery should 831 

remain a consideration for selected patients, particularly those without evidence of 832 

portal hypertension, with a body mass index (BMI) >35 kg/m2 (BMI> 30 kg/m2 in 833 

Asian people) and MAFLD or metabolic steatohepatitis. For morbidly obese patients 834 

with MAFLD, especially those who have not responded to lifestyle intervention, 835 

bariatric surgery is arguably an attractive and appropriate treatment option that offers 836 

promising liver-related outcomes. However, there are not enough data to support the 837 

use of bariatric surgery in all patients with MAFLD. Rather it could be an option for 838 

those needing it for obesity reduction and MAFLD; early cirrhosis without significant 839 

portal hypertension should not be a contraindication for bariatric surgery. 840 

 841 

Strengths and limitations  842 

Although the Delphi method is a robust consensus-building approach to assess the 843 

levels of agreement on specific issues and for exploring whether a consensus can be 844 
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reached, it has strengths and limitations. As an important strength, our Delphi survey 845 

demonstrated increased consistency in each subsequent round, allowing us to 846 

determine whether the feedback improved statements, increased the degree of 847 

consensus, and helped reach an agreement. In the two rounds of surveys, the experts’ 848 

ability to include detailed comments on each draft statement and the integration of 849 

feedback into the new statement resulted in a growing level of agreement on the 850 

consensus statements, from 92.8% in the R1 survey to 95.7% in the R2 survey. The 851 

consistently increasing (mean) levels of agreement with the consensus statements 852 

together with the high levels of participation [80.0% (52/65) in the R1 survey and 853 

100% (52/52) in the R2 survey] strengthen our confidence in the observed results. 854 

Another important strength of the present study is that the resultant consensus 855 

statements have been endorsed by representative scientists from 31 countries from six 856 

continents globally (involving Hepatologists, Cardiologists, Endocrinologists, 857 

Diabetologists and other specialists with extensive research and clinical expertise). 858 

This international and multi-disciplinary approach further testifies to its global 859 

relevance. 860 

 861 

We incorporated the risk factors into the preliminary results of our review and 862 

translated them into the Delphi survey report. We received and included many open 863 

comments in all five data collection components. This feedback provides a 864 

mechanism for reconciling differing opinions. However, Delphi studies usually 865 
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include face-to-face in-depth discussions and poll surveys. Given the wide geographic 866 

distribution of the panel members and COVID-19 travel restrictions, one limitation of 867 

this Delphi study is that we conducted the survey rounds online rather than in person. 868 

We acknowledge that combining in-person and written feedback might have resulted 869 

in more comprehensive contributions. This may have affected the consensus reached. 870 

Although there is an overlap between NAFLD and MAFLD populations, we are now 871 

beginning to acquire the relevant data about MAFLD and CVD to set a baseline for 872 

ongoing improvements in knowledge. Future research will also help in clarifying the 873 

most appropriate screening and management of patients currently defined as “lean 874 

NAFLD”, who do not meet criteria for MAFLD. 875 

 876 

Conclusions 877 

MAFLD and CVD are two highly prevalent global public health challenges. While the 878 

proposed change in nomenclature from NAFLD to MAFLD is new, the available 879 

evidence provides support for the recommendations of this Delphi-based consensus. 880 

The panel of experts has developed and endorsed a set of statements on the link 881 

between MAFLD and CVD risk that can provide a framework for developing 882 

appropriate guidelines and indicate directions for future research on MAFLD and its 883 

associated CVD risk. 884 
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Table 1. Demographic composition of the expert panel 

Characteristics Round 1 Round 2 

Surveys sent, n 65 52 

Total respondents, % 80% (52/65) 100% (52/52) 

Participant type, %  

   Cardiologist 27% 

   Hepatologist 54% 

 Endocrinologist 10% 

   Other 10% 

Age group, %  

   <40 yrs 8% 

   40-65 yrs 87% 

   >65 yrs 6% 

Gender, %  

   Women 17% 

   Men 83% 

Region of practice, %  

Asia 42% 

North America 13% 

South America 2% 

Europe 35% 
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Africa 2% 

Oceania 6% 

 1424 
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1425 
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Table 2. Consensus statements on MAFLD and risk of CKD (using a Delphi procedure). 

Domain and statements Grade* 

1. Epidemiology of MAFLD and risk of CVD   

1.1 MAFLD is associated with an increased prevalence of CVD events compared with the non-MAFLD population. A 

1.2 MAFLD is associated with an increased incidence of nonfatal CVD events compared with the non-MAFLD population. A 

1.3 MAFLD is associated with an increased incidence of CVD mortality compared with the non-MAFLD population. A 

1.4 The incidence of fatal and/or nonfatal CVD events in individuals with MAFLD is higher compared to that in the NAFLD 

population. 

B 

1.5 MAFLD predicts better the risk of CVD events than NAFLD. B 

1.6 Increasing severity of liver fibrosis is associated with higher CVD risk. A 

1.7 Hepatic steatosis is associated with an increase in CVD risk. A 

1.8 MAFLD is a risk factor for CVD events even after adjustment for traditional cardiovascular risk factors. A 
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2. Epidemiology of MAFLD and CVD outcomes  

2.1 MAFLD is associated with greater carotid-artery intima-media thickness and increased risk of carotid atherosclerotic 

plaques. 

A 

2.2 MAFLD is associated with atherosclerotic CVD events such as acute coronary syndromes. U 

2.3 MAFLD is associated with increased risk of cardiac arrhythmias (mainly permanent atrial fibrillation). A 

2.4 MAFLD is associated with abnormal myocardial function and structure. A 

3. Pathophysiological mechanisms linking MAFLD and CVD  

3.1 MAFLD and CVD share multiple cardiometabolic risk factors, such as systemic low-grade inflammation, endothelial 

dysfunction, increased oxidative stress, insulin resistance and an atherogenic lipoprotein profile. 

A 

3.2 Activation of the renin-angiotensin system is one of the mechanistic links between MAFLD and CVD risk. A 

3.3 Some shared genetic polymorphisms (e.g., PNPLA3 I148M, and TM6SF2 E167K) may affect the risk of both MAFLD and 

CVD. 

A 
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3.4 Gut microbiota may play a role in both MAFLD and CVD. A 

4. MAFLD and primary prevention of CVD  

4.1 Carotid ultrasonography should be considered in most patients with MAFLD to improve CVD risk assessment. B 

4.2 In CVD risk assessment, MAFLD may be considered a CVD risk factor. A 

4.3 Screening for MAFLD should be considered in most patients with CVD. A 

5.  Managing MAFLD and the risk of CVD   

5.1 Clinicians who manage patients with MAFLD should target cardiometabolic risk factors (overweight/obesity, diabetes, 

dyslipidemia and hypertension). 

U 

5.2 Lifestyle intervention (including a healthy dietary pattern, weight loss and regular physical exercise) is associated with 

improvement in both MAFLD and CVD. 

U 

5.3 Alcohol avoidance of any type or amount is advisable in patients with MAFLD and CVD. A 

5.4 Treatment with GLP-1RAs is beneficial in MAFLD patients with coexisting T2DM and may reduce CVD outcomes. U 
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5.5 Treatment with SGLT-2 inhibitors is beneficial in MAFLD patients with coexisting T2DM and may reduce CVD outcomes. U 

5.6 Treatment with pioglitazone is beneficial in MAFLD patients and may reduce CVD outcomes, but potential adverse effects 

(e.g. weight gain, edema and worsening of pre-existing congestive heart failure) should be kept in mind. 

A 

5.7 Statins (if required for the treatment of dyslipidemia or CVD risk reduction) should be prescribed for patients with MAFLD 

even with modestly elevated serum liver enzyme levels (< 3 ULN). 

A 

5.8 Bariatric surgery (if required in severely obese patients with MAFLD) improves liver histology features and reduces CVD 

risk. 

U 

Abbreviations: CVD = cardiovascular disease; GLP-1RAs = glucagon-like peptide-1 receptor agonists; MAFLD = metabolic (dysfunction) 

associated fatty liver disease; PNPLA3 = patatin-like phospholipase domain-containing protein 3; SGLT-2 = sodium-glucose cotransporter-2; 

T2DM = type 2 diabetes mellitus; TM6SF2 = trans-membrane 6 superfamily 2; ULN = upper limit of normal 

*Grade: Abbreviations: U = unanimous (100%) agreement; A = 90-99% agreement; B = 78-89% agreement, and C = 67-77% agreement. 

1426 
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Table 3. Recommended behavioral and pharmacotherapy approaches for patients with MAFLD and CVD. 

 Target population CVD Metabolic 

steatohepatitis (MeSH) 

Liver fibrosis 

Healthy dietary pattern Most ++ ++ ++ 

Weight loss Most ++ ++ ++ 

Regular physical exercise Most ++ ++ ++ 

Alcohol avoidance Most ++ ++ ++ 

GLP-1RAs T2DM ++ ++* +* 

SGLT-2 inhibitors T2DM ++ ++* ±* 

Pioglitazone T2DM ++ ++* +* 

Statins  In the context of dyslipidaemia ++ ±* ±* 

Bariatric surgery Appropriately selected patients ++ ++* ++* 
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1427 

Abbreviations: CVD = cardiovascular disease; GLP-1RAs = glucagon-like peptide-1 receptor agonists; MAFLD = metabolic (dysfunction) 

associated fatty liver disease; SGLT-2 = sodium-glucose cotransporter-2; T2DM = type 2 diabetes mellitus; “++” = benefit; “+” = potential 

benefit; “±” = limited data.*No phase III clinical trials data in this population 
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Supplementary table 1. Results of Round 1 of the Delphi process 

Domain and statements Agree 

 

Somewhat 

agree 

Somewhat 

disagree 

Disagree 

 

1. Epidemiology of MAFLD and risk of CVD      

1.1 MAFLD is associated with an increased prevalence of CVD events 

compared with the non-MAFLD population. 

90% 8% 2% - 

1.2 MAFLD is associated with an increased incidence of CVD events 

compared with the non-MAFLD population. 

90% 8% 2% - 

1.3 Increasing severity of liver fibrosis is associated with higher CVD risk 69% 27% 4% - 

1.4 Hepatic steatosis is associated with an increase in CVD risk. 54% 40% 6% - 

1.5 MAFLD is a risk factor for CVD events in patients even after adjustment 

for traditional cardiovascular risk factors. 

69% 25% 4% 2% 
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1.6 MAFLD is associated with an increased incidence of CVD mortality. 75% 23% - 2% 

1.7 The prevalence of CVD in individuals with MAFLD is higher compared to 

that in the NAFLD population. 

69% 25% 4% 2% 

1.8 The incidence of CVD in individuals with MAFLD is higher compared to 

that in the NAFLD population. 

69% 25% 4% 2% 

1.9 MAFLD predicts better the risk of CVD events than NAFLD. 62% 31% 2% 6% 

4. Epidemiology of MAFLD and CVD outcomes     

2.1 MAFLD is associated with increased carotid-artery intima-media thickness 

and greater carotid atherosclerotic plaques. 

73% 21% 6% - 

2.2 MAFLD is associated with atherosclerotic CVD events such as acute 

coronary syndrome. 

73% 21% 6% - 
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2.3 MAFLD is associated with increased risk of cardiac arrhythmias (mainly 

permanent atrial fibrillation). 

56% 31% 12% 2% 

2.4 MAFLD is associated with abnormal cardiac function and structure. 62% 25% 12% 2% 

5. Pathophysiological mechanisms linking MAFLD and CVD     

3.1 MAFLD and CVD share multiple cardiometabolic risk factors, such as 

systemic low-grade inflammation, endothelial dysfunction, oxidative stress, 

insulin resistance and an atherogenic lipoprotein profile. 

92% 8% - - 

3.2 Activation of the renin-angiotensin-aldosterone pathway is one of the 

mechanistic links between MAFLD and CVD risk. 

52% 38% 10% - 

3.3 Some shared genetic polymorphisms (e.g. PNPLA3 I148M, and TM6SF2 

E167K) may affect the risk of both MAFLD and CVD. 

58% 37% 6% - 

3.4 Gut microbiota may play a role in both MAFLD and CVD. 58% 35% 6% 2% 
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4. MAFLD and primary prevention of CVD     

4.1 Assessment of carotid artery ultrasound should be considered in most 

patients with MAFLD.  

44% 33% 17% 6% 

4.2 In CVD risk assessment, MAFLD may be considered a CVD risk factor. 65% 33% - 2% 

4.3 Screening for MAFLD should be undertaken in patients with CVD. 65% 25% 6% 4% 

4.4 During CVD risk assessment, the severity of liver disease should be 

assessed irrespective of serum liver enzyme levels. 

63% 21% 13% 2% 

5.  Managing MAFLD and the risk of CVD      

5.1 Clinicians who manage patients with MAFLD should target 

cardiometabolic risk factors (overweight/obesity, diabetes, dyslipidemia and 

hypertension). 

96% 4% - - 
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5.2 Lifestyle intervention including a healthy dietary pattern, weight loss and 

regular physical exercise is associated with improvements in both MAFLD 

and CVD. 

94% 6% - - 

5.3 Alcohol avoidance of any type or amount is recommended in patients with 

MAFLD and CVD. 

50% 40% 10% - 

5.4 Treatment with GLP-1RAs is beneficial in MAFLD patients with 

coexisting T2DM and improves CVD outcomes. 

69% 31% - - 

5.5 Treatment with SGLT-2 inhibitors is beneficial in MAFLD patients with 

coexisting T2DM and improves CVD outcomes. 

67% 29% 4% - 

5.6 Treatment with pioglitazone is beneficial in MAFLD patients (regardless 

of the presence of T2DM) and improves CVD outcomes. 

29% 38% 23% 10% 
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5.7 Statins (if required for the treatment of dyslipidemia or secondary 

prevention of CVD) should be prescribed for patients with MAFLD even with 

elevated serum liver enzyme levels. 

65% 25% 10% - 

5.8 Bariatric surgery (if required in severely obese patients with MAFLD) 

leads to an improvement in liver histology features and a significant CVD risk 

reduction. 

65% 33% 2% - 

Abbreviations: CVD = cardiovascular disease; GLP-1RAs = glucagon-like peptide-1 receptor agonists; MAFLD = metabolic (dysfunction) 

associated fatty liver disease; PNPLA3 = patatin-like phospholipase domain-containing protein 3; SGLT-2 = sodium-glucose cotransporter-2; 

T2DM = type 2 diabetes mellitus; TM6SF2 = trans-membrane 6 superfamily 2. 
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Supplementary table 2. Results of Round 2 of the Delphi process 

Domain and statements Agree 

 

Somewhat 

agree 

Somewhat 

disagree 

Disagree 

 

1. Epidemiology of MAFLD and risk of CVD      

1.1 MAFLD is associated with an increased prevalence of CVD events 

compared with the non-MAFLD population. 

94% 4% 2% - 

1.2 MAFLD is associated with an increased incidence of nonfatal CVD events 

compared with the non-MAFLD population. 

90% 8% 2% - 

1.3 MAFLD is associated with an increased incidence of CVD mortality 

compared with the non-MAFLD population. 

75% 21% 4% - 

1.4 The incidence of fatal and/or nonfatal CVD events in individuals with 

MAFLD is higher compared to that in the NAFLD population. 

62% 27% 8% 4% 
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1.5 MAFLD predicts better the risk of CVD events than NAFLD. 58% 29% 8% 6% 

1.6 Increasing severity of liver fibrosis is associated with higher CVD risk. 81% 17% 2% - 

1.7 Hepatic steatosis is associated with an increase in CVD risk. 56% 40% 2% 2% 

1.8 MAFLD is a risk factor for CVD events even after adjustment for 

traditional cardiovascular risk factors. 

71% 25% 2% 2% 

6. Epidemiology of MAFLD and CVD outcomes     

2.1 MAFLD is associated with greater carotid-artery intima-media thickness 

and increased risk of carotid atherosclerotic plaques. 

65% 29% 4% 2% 

2.2 MAFLD is associated with atherosclerotic CVD events such as acute 

coronary syndrome. 

75% 25% - - 

2.3 MAFLD is associated with increased risk of cardiac arrhythmias (mainly 

permanent atrial fibrillation). 

56% 37% 8% - 
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2.4 MAFLD is associated with abnormal myocardial function and structure. 62% 31% 6% 2% 

7. Pathophysiological mechanisms linking MAFLD and CVD     

3.1 MAFLD and CVD share multiple cardiometabolic risk factors, such as 

systemic low-grade inflammation, endothelial dysfunction, increased oxidative 

stress, insulin resistance and an atherogenic lipoprotein profile. 

94% 4% 2% - 

3.2 Activation of the renin-angiotensin-aldosterone system is one of the 

mechanistic links between MAFLD and CVD risk. 

58% 38% 2% 2% 

3.3 Some shared genetic polymorphisms (e.g. PNPLA3 I148M, and TM6SF2 

E167K) may affect the risk of both MAFLD and CVD. 

62% 35% 4% - 

3.4 Gut microbiota may play a role in both MAFLD and CVD. 60% 35% 6% - 

4. MAFLD and primary prevention of CVD     
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4.1 Carotid ultrasonography should be considered in most patients with 

MAFLD to improve CVD risk assessment. 

48% 37% 6% 10% 

4.2 In CVD risk assessment, MAFLD may be considered a CVD risk factor. 77% 19% 2% 2% 

4.3 Screening for MAFLD should be considered in most patients with CVD. 65% 31% - 4% 

5.  Managing MAFLD and the risk of CVD      

5.1 Clinicians who manage patients with MAFLD should target 

cardiometabolic risk factors (overweight/obesity, diabetes, dyslipidemia and 

hypertension). 

98% 2% - - 

5.2 Lifestyle intervention (including a healthy dietary pattern, weight loss and 

regular physical exercise) is associated with improvement in both MAFLD and 

CVD. 

96% 4% - - 
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5.3 Alcohol avoidance of any type or amount is advisable in patients with 

MAFLD and CVD. 

67% 27% 2% 4% 

5.4 Treatment with GLP-1RAs is beneficial in MAFLD patients with 

coexisting T2DM and may reduce CVD outcomes. 

81% 19% - - 

5.5 Treatment with SGLT-2 inhibitors is beneficial in MAFLD patients with 

coexisting T2DM and may reduce CVD outcomes. 

81% 19% - - 

5.6 Treatment with pioglitazone is beneficial in MAFLD patients and may 

reduce CVD outcomes, but potential adverse effects (e.g. weight gain, edema 

and worsening of pre-existing congestive heart failure) should be kept in mind. 

65% 27% 8% - 

5.7 Statins (if required for the treatment of dyslipidemia or CVD risk 

reduction) should be prescribed for patients with MAFLD even with modestly 

elevated serum liver enzyme levels (< 3ULN). 

81% 17% 2% - 
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5.8 Bariatric surgery (if required in severely obese patients with MAFLD) 

improves liver histology features and reduces CVD risk. 

79% 21% - - 

Abbreviations: CVD = cardiovascular disease; GLP-1RAs = glucagon-like peptide-1 receptor agonists; MAFLD = metabolic (dysfunction) 

associated fatty liver disease; PNPLA3 = patatin-like phospholipase domain-containing protein 3; SGLT-2 = sodium-glucose cotransporter-2; 

T2DM = type 2 diabetes mellitus; TM6SF2 = trans-membrane 6 superfamily 2; ULN = upper limit of normal 
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Figure legends 1430 

Figure 1: Flowchart of the Delphi procedure adopted for developing a consensus 1431 

statement on MAFLD and risk of CVD. 1432 

Figure 2. Proportion of experts replying "agree" by experts in Round 1 and Round 2 1433 

(A); and total proportion of experts replying "agree or somewhat agree" by experts in 1434 

Round 1 and Round 2 (B). 1435 


