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Summary 

Nonalcoholic fatty liver disease (NAFLD) has reached epidemic proportions worldwide. This 

narrative Review provides an overview of the current literature supporting the notion that 

NAFLD is a multi-system disease. Convincing evidence now supports a strong association 

between NAFLD and the risk of developing multiple extra-hepatic complications, such as 

type 2 diabetes mellitus (T2DM), cardiovascular disease (CVD, i.e., the predominant cause 

of mortality in people with NAFLD), chronic kidney disease (CKD), and certain types of extra-

hepatic malignancies. The magnitude of this risk parallels the severity of NAFLD (especially 

the stage of liver fibrosis). There are likely multiple underlying mechanisms by which NAFLD 

may increase the risk of CVD, T2DM and other extra-hepatic complications. Combating the 

growing burden of NAFLD will require setting up a multidisciplinary working group and 

framework to progress and embrace novel, collaborative ways of working to deliver a 

holistic, person-centred care and management of individuals with NAFLD. 
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1. Introduction 

Nonalcoholic fatty liver disease (NAFLD) is a public health problem worldwide that affects up 

to around 30% of the adult population and causes considerable liver-related and extra-

hepatic morbidity and mortality1-3. It is known that NAFLD is associated with an increased 

risk of all-cause mortality and the leading cause of mortality in this patient population is 

cardiovascular disease (CVD), followed by extra-hepatic cancers and liver-related 

complications1-3.  

 

Over the last 5-6 years, it is becoming increasingly evident that NAFLD is a “multi-system” 

disease4 that not only increases the risk of liver-related complications (nonalcoholic 

steatohepatitis [NASH], cirrhosis or hepatocellular carcinoma [HCC]), but also affects the risk 

of developing CVD and other extra-hepatic diseases, such as type 2 diabetes mellitus 

(T2DM), chronic kidney disease (CKD), or certain extra-hepatic cancers (e.g., colorectal 

cancer)1,3,5. To further emphasize the systemic nature of NAFLD and the close links between 

this common metabolic liver disease and other cardiometabolic diseases, an international 

panel of experts has recently proposed to change the terminology from NAFLD to “metabolic 

dysfunction-associated fatty liver disease” (MAFLD)6-11. Although the proposed change of 

nomenclature from NAFLD to MAFLD is still under discussion, the rationale of using this new 

terminology largely stems from the fact that there is a pathophysiological link between this 

liver disease and the presence of underlying metabolic abnormalities (namely 

overweight/obesity, T2DM, insulin resistance or other metabolic risk factors). Additionally, 

there is also evidence suggesting that the MAFLD definition is more accurate than the 

NAFLD definition in identifying those individuals with hepatic steatosis, who are at high risk 

of disease progression or have a higher risk of CVD and CKD12-15. 

 

To date, there remains substantial underappreciation of the importance of NAFLD by primary 

care clinicians, other specialists and patients16,17. Thus, the main aim of this Review is to 

summarise new insights into NAFLD to facilitate improved health promotion, case 

identification, patient awareness, and health services delivery. In this Review, we also 

provided a perspective towards building a framework for a person-centered, multidisciplinary 

and holistic approach to individuals with NAFLD. 

 

2. Extra-hepatic complications: epidemiological evidence 

Table 1 summarizes the meta-analytic quantification of the excess of fatal and nonfatal CVD 

events, cardiac arrhythmias (mostly permanent atrial fibrillation), T2DM, CKD, and colorectal 

tumours in people with NAFLD. In this Review, we have not discussed the association 
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between NAFLD and risk of other extra-hepatic diseases, such as primary hypothyroidism or 

polycystic ovary syndrome18,19, because the current available evidence for such 

associations is not sufficiently robust. 

 

2.1 Risk of CVD 

As shown in Table 1, a meta-analysis of 16 observational studies that included ~34,000 

middle-aged individuals with a median 6.9-year follow-up showed that those with NAFLD 

had a 64% higher risk of developing fatal or nonfatal CVD events than those without 

NAFLD20. In addition, the risk of incident CVD events appeared to increase further with 

greater severity of NAFLD (random-effects odds ratio 2.58; 95%CI 1.78-3.75), and remained 

significant in those studies where analysis was adjusted for conventional CVD risk factors20. 

Evidence is accumulating that the risk of CVD events parallels the underlying severity of 

NAFLD, and the stage of liver fibrosis is the strongest histologic predictor of adverse liver-

related and CVD outcomes in NAFLD21,22. Using a competing risk analysis, Henson et al. 

showed that advanced liver fibrosis was associated with greater risk of incident CVD events 

during a median of 5 years in a cohort of ~300 United States individuals with biopsy-

confirmed NAFLD, and this risk remained significant even after adjusting for relevant 

covariates, including CVD risk scores23. Some cohort studies also reported that there was an 

association between NAFLD and the risk of progression of coronary or carotid 

atherosclerosis, and most importantly, that improvement or resolution of NAFLD (on 

ultrasonography) was associated with a lower risk of carotid atherosclerosis 

development24,25. 

 

2.2 Risk of arrhythmias 

The link between NAFLD and risk of arrhythmias (mostly permanent atrial fibrillation [AF]) 

has recently gained scientific interest26. As shown in Table 1, in a meta-analysis of six 

longitudinal studies (involving ~615,000 individuals with and without T2DM), Cai et al. 

showed that NAFLD was moderately associated with an increased risk of incident AF, 

irrespective of shared CVD risk factors27. Increasing evidence also suggests that the 

presence and severity of NAFLD (on ultrasonography) was independently associated with a 

higher risk for QTc interval prolongation (on resting electrocardiogram) that predisposes to 

increased risk of both ventricular tachyarrhythmias and sudden cardiac death26,28. 

 

2.3 Risk of T2DM 

As shown in Table 1, in a comprehensive meta-analysis including 33 longitudinal cohort 

studies with 501,022 individuals (30.8% with NAFLD) followed for a median of 5 years, 

Mantovani et al. found that individuals with NAFLD had a 2.2-fold higher risk of incident 
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T2DM than those without NAFLD29. The risk of diabetes appeared to increase further with 

greater severity of NAFLD (mostly the severity of liver fibrosis) and, most importantly, 

remained statistically significant in those studies where analysis was adjusted for age, sex, 

family history of diabetes, adiposity measures, and other common metabolic risk factors29. It 

is worth noting that some observational studies also reported that T2DM incidence 

diminished over time following the improvement or resolution of NAFLD assessed by 

ultrasonography, irrespective of changes in body weight30,31. 

 

2.4 Risk of CKD 

Several observational studies reported an association between NAFLD and risk of CKD. As 

shown in Table 1, in a large and updated meta-analysis of 13 observational studies involving 

more than 1.2 million individuals from different countries, Mantovani et al. found that NAFLD 

was associated with a ~1.5-fold increased risk of incident CKD (stage ≥3, defined as 

estimated GFR <60 ml/min/1.73 m2) over a median follow-up of 9.7 years, and that this long-

term risk appeared to be even greater among individuals with NAFLD and advanced 

fibrosis32. However, further research is needed to better elucidate the complex link between 

NAFLD and CKD, and to establish whether improvement of NAFLD attenuates development 

and progression of CKD. 

 

2.5 Risk of colorectal tumours and other extra-hepatic cancers 

As summarised in Table 1, in a meta-analysis of 8 cross-sectional and 3 longitudinal studies 

with aggregate data on ~91,000 asymptomatic adults of predominantly Asian descent 

undergoing screening colonoscopy, it has been reported that NAFLD was associated with a 

moderately increased prevalence and incidence of colorectal adenomas and cancer. These 

risks were independent of age, sex, smoking, body mass index and T2DM (or metabolic 

syndrome)33. Further prospective studies, particularly in American and European 

populations, and mechanistic studies are needed to better understand the association 

between NAFLD and colonic carcinogenesis. 

 

In a cohort study involving a total of 4,722 United States individuals with NAFLD and 14,441 

age- and sex-matched individuals followed for a median of 8 years, Allen et al. found that 

NAFLD was associated with a ~2-fold higher risk of developing cancers, predominantly of 

the liver, gastrointestinal tract and uterus. Notably, the association with increased cancer risk 

was stronger in NAFLD than obesity, thereby suggesting that NAFLD might be a mediator of 

the obesity-cancer association34. In another community-based cohort of ~54,000 Chinese 

men, the investigators found that NAFLD was associated with a moderately increased risk of 

developing all cancers, thyroid cancer, and lung cancer. Furthermore, in men with NAFLD, 
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higher serum aminotransferase levels were associated with higher risk of HCC and thyroid 

cancer. NAFLD also increased risk of colorectal and lung cancers only in smokers, and 

increased risk of kidney cancer in men without T2DM35. Finally, in a nationwide, matched 

cohort study that included 10,568 individuals with biopsy-proven NAFLD and 49,925 

matched control subjects followed for a median of 14 years, Simon et al. found that all 

histological stages of NAFLD were associated with significantly increased overall mortality, 

and this risk increased progressively with worsening NAFLD histology (adjusted-hazard ratio 

(HR) 1.71, 95%CI 1.64-1.79 for simple steatosis; adjusted-HR 2.14, 95%CI 1.93-2.38 for 

non-fibrotic NASH; adjusted-HR 2.44, 95%CI 2.22-2.69 for non-cirrhotic fibrosis; and 

adjusted-HR 3.79, 95%CI 3.34-4.30 for cirrhosis, respectively). Notably, the excess mortality 

associated with NAFLD was primarily from extra-hepatic cancers, followed by cirrhosis, CVD 

and HCC36.  

 

3. Pathophysiological aspects in NAFLD   

The pathophysiology of NAFLD is highly complex involving rather diverse aspects, such as 

metabolic disturbances, lipotoxicity, insulin resistance, chronic inflammation, fibrosis, 

intestinal function and the gut microbiome37. NAFLD genetics has experienced a boost in 

recent years and many genome-wide association studies have demonstrated convincing 

associations with genes, such as patatin-like phospholipase domain-containing protein 3 

(PNPLA3), transmembrane-6 superfamily member 2 (TM6SF2), and others38. NAFLD and 

related complications are frequently accompanied by low-grade metabolic inflammation 

(“metaflammation”), a hallmark of obesity-related disorders, T2DM and NAFLD39. 

Specifically, inflammatory mediators may contribute to both the liver phenotype and the 

extra-hepatic complications of NAFLD. Figure 1 schematically summarizes the putative 

biological mechanisms by which NAFLD may contribute to the development and progression 

of its major extra-hepatic complications. 

 

3.1 Adipokine/cytokine imbalance and chronic inflammation 

Adipose tissue inflammation is characterized by infiltration of various types of leukocytes. 

Therefore, it is assumed that adipose tissue contributes substantially to chronic inflammation 

in obesity-related disorders, such as NAFLD. This is important, as adipose tissue-derived 

inflammation might affect inflammation at distal sites, such as the liver or vessels. 

Adipokines are mainly released by the adipose tissue (especially visceral fat), whereas 

cytokines are mainly produced by leukocytes and other cells throughout the body. We 

established a concept of adipokine/cytokine imbalance ~15 years ago, suggesting that the 

lack of anti-inflammatory mediators, e.g. adiponectin, and increased release of 

proinflammatory cytokines, such as interleukin (IL)-1, IL-6 or tumour necrosis factor (TNF)-
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 might result in a proinflammatory local and systemic milieu in NAFLD40. The potent anti-

inflammatory adipokine adiponectin comprises one of the major products of the adipose 

tissue, and obesity-related disorders, including NAFLD, are characterized by 

hypoadiponectinaemia. An expanded and dysfunctional adipose tissue, especially visceral 

adipose tissue, exhibits massively increased production of several proinflammatory 

cytokines besides decreased synthesis of certain anti-inflammatory adipokines (e.g., 

adiponectin) or cytokines (e.g., IL-37). Interestingly, the adipose tissue is able to contribute 

to at least one third of circulating IL-6 levels, a major cytokine in obesity-related disorders 

mainly responsible for increased plasma C-reactive protein concentrations. Many preclinical 

NAFLD studies have convincingly shown that neutralization of either IL-1 or TNF 

abolished hepatic inflammation, steatosis and associated pathologies. What remains unclear 

when considering NAFLD as a systemic chronic inflammatory disorder is which 

compartments in the body besides adipose tissue (and the liver) might contribute to chronic 

inflammation. Skeletal muscle has also been proposed as a site of synthesis of various 

mediators i.e. myokines with autocrine, paracrine or endocrine effects41. To what extent 

muscle fibers contribute to the overall inflammatory load in NAFLD e.g. via production of the 

myokine IL-6 is currently unclear42. Aerobic and resistance exercise are beneficial in people 

with NAFLD, and are accompanied by improvements of insulin resistance and decreased 

circulating IL-6 levels. Skeletal muscle may also play a role in NAFLD by the release of 

metabolically beneficial myokines, such as irisin43. 

 

3.2. Microbiome and NAFLD 

It is increasingly recognized that the gastrointestinal tract with its microbiota may contribute 

to this phenomenon44. Large clinical studies have shown that NAFLD is accompanied by a 

dysbiosis characterized by a bloom in certain Enterobacteriaceae, Escherichia coli and a 

decrease in Faecalibacterium prausnitzii45. Recent data also suggest that intestinal dysbiosis 

and microbiome instability exists over many years and might even precede the development 

of NAFLD and T2DM46. Furthermore, emerging evidence has suggested that in NAFLD 

bacterial components might be found in the liver47. Intestinal microbiota converts nutrients, 

such as choline or carnitine into trimethylamine (TMA), which is metabolized in the liver by 

flavin monoxygenases to TMA N-oxide (TMAO). Studies have now shown that TMAO is 

associated with CVD, and that TMAO is able to increase platelet responsiveness and 

thrombosis formation48. Therefore, bacterial components and the associated production of 

intestinal-derived metabolites might contribute to the development of liver disease in 

NAFLD49. 
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3.3 Extra-hepatic cancers in NAFLD: a role for a proinflammatory environment? 

NAFLD is associated not only with HCC, but with an excess of various other extra-hepatic 

cancers. Chronic inflammation is a “driving force” in many malignancies. Several 

inflammation-related cancers arise from the gastrointestinal tract, such as gastric cancer, 

pancreatic cancer, inflammatory bowel disease-related colonic cancer or liver cancer. A 

large biopsy-based cohort study from Sweden demonstrated that extra-hepatic cancers were 

the most common reason for increased mortality in people with NAFLD, followed by liver-

related and CVD-related deaths36. NAFLD is also associated with extra-hepatic cancers, 

such as gastrointestinal and gynaecological cancers at a higher rate as obesity itself 34. A 

significantly higher rate of colorectal tumours has also been observed in NAFLD50, and 

NAFLD is characterized by significantly higher numbers of esophageal and stomach 

cancers. Furthermore, obesity and NAFLD are associated with a higher incidence of erosive 

esophagitis, Barrett’s dysplasia, and esophageal adenocarcinoma34. HCC is another typical 

cancer associated with chronic liver inflammation caused by various aetiologies and 

observed in precirrhotic stages of liver disease. This tumor is strongly influenced by the 

immune system and is characterized by cancer-promoting inflammation exerted by the 

underlying disease51.  

 

Regardless of its origin, therefore, chronic inflammation at various sites of the body may 

have tumour-promoting effects52. In the interplay of molecules in cancer-associated 

inflammation, several key factors have been identified, such as nuclear factor-kappa B (NF-

kB), signal transducer and activator of transcription (STAT)-3 and various proinflammatory 

cytokines, such as IL-1, IL-6, or TNF. Several dietary and genetic preclinical NAFLD 

models have shown that proinflammatory cytokines, such as IL-6, are crucially involved in 

liver oncogenesis53. A proinflammatory tumour-promoting environment may also be 

generated by lack of crucial anti-inflammatory mediators, such as adiponectin. Indeed, 

accumulating evidence suggests that adiponectin suppresses tumour formation at least in 

preclinical studies. Adiponectin also exerts anti-carcinogenic effects in vitro, by inhibiting 

growth of colonic cancer cells through activation of adenosine monophosphate-activated 

protein kinase54. Adiponectin knockout mice show not only more inflammation but also 

higher numbers and larger colonic tumours after injection of dextran sodium sulphate and in 

adiponectin KO/Apc (Min) mice55. In summary, whereas there is now evidence that NAFLD 

is associated with certain extra-hepatic cancers and many different mechanisms have been 

explored, the precise mechanisms linking chronic inflammation and cancer development with 

NAFLD remain uncertain. 

 

3.4 Proinflammatory hits targeting vessels in NAFLD 
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Besides myocardial infarction and stroke, cardiac arrthymias and cardiomyopathy may all 

contribute to increased CVD mortality56. A proinflammatory environment in NAFLD may 

contribute to CVD morbidity and mortality. Proinflammatory cytokines such as macrophage-

derived IL-1 induce arrhythmias in diabetic mice57. TNF, IL-6 and IL-17 also have the 

potential to cause cardiac arrhythmias (mostly AF) in preclinical models. Increased serum IL-

6 and C-reactive protein levels are correlated with a higher risk of AF58. In an experimental 

model, a specific NF-B inhibitor abrogated cardiac inflammation and ameliorated 

arrythmogenic cardiomyopathy59. The Canakinumab Antiinflammatory Thrombosis Outcome 

Study (CANTOS) trial recently proved a major role for IL-1 in the role of atherosclerosis60 

as treatment with canakinumab (i.e. an anti-IL-1β antibody) resulted in a significant reduction 

in recurrent CVD events and mortality. However, clinical interventions targeting 

proinflammatory cytokines are needed to provide further evidence of a causal link between 

chronic inflammation, CVD events and cancers associated with NAFLD. 

 

4. Interrelationships between NAFLD, HCC and common extra-hepatic complications 

In NAFLD, liver disease per se is an independent risk factor for T2DM and CVD (and 

potentially CKD too), suggesting that the diseased liver is a “driving force” in the vicious 

circle of spiraling and worsening disease in NAFLD and T2DM61,62. Figure 2 illustrates the 

“vicious spiral” of potentially worsening disease when NAFLD and T2DM co-exist, and the 

figure illustrates schematically, the relationships between NAFLD, T2DM, CVD, CKD, and 

HCC.  

 

The liver also plays a key role in contributing to the features of metabolic syndrome (MetS)63. 

The MetS includes atherogenic dyslipidaemia, increased blood pressure, 

dysglycaemia/T2DM, and central obesity63. In patients with newly diagnosed T2DM, the 

presence of MetS is independently associated with incident CVD64. Moreover, an increasing 

number of the individual features of MetS present at the time of diagnosis of T2DM is also 

associated with a linear increase in CVD risk with an almost 5-fold increase when all 

features of MetS are present, compared with one feature alone64. Similarly, in persons 

without T2DM and CVD, not only is MetS common (~20% of subjects), but also the presence 

of MetS is associated with an increased risk of CVD and T2DM (in both men and women)65. 

Since the features of MetS are even more common in people with NAFLD (occurring in 

>50% of these subjects), the presence of MetS features in those with NAFLD also potentially 

increases the risk of comorbidities too (such as T2DM, CVD, and CKD) that all share similar 

cardiometabolic risk factors66,67,68. 
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5. Diagnosis and management of extra-hepatic complications  

5.1 Diagnosis of extra-hepatic complications 

As discussed above, people with NAFLD are at increased risk of T2DM, CVD (including 

atrial fibrillation), CKD and HCC. It is, therefore, important for the clinican to know how best 

to diagnose these related conditions. In people with NAFLD, the coexistence of MetS 

features and more traditional CVD risk factors, such as older age, smoking, hypertension 

(and/or atrial fibrillation), and increased plasma LDL-cholesterol concentration, should alert 

the clinician to the possibility of the presence of T2DM, CVD or CKD, as these conditions 

share common risk factors. For those individuals with NAFLD, who have any evidence of 

cirrhosis ± portal hypertension (based on clinical features, imaging techniques or histology), 

there is a need for regular suveillance of HCC with ultrasonography69. Although a substantial 

proportion of NAFLD individuals with less severe liver disease can develop HCC, presently it 

is not recommended that this group undergo regular surveillance. Similarly, although current 

evidence also suggests that NAFLD increases the risk of some extra-hepatic cancers 

(discussed above), presently it is not recommended that screening tests are undertaken for 

these cancers in people with NAFLD. As our focus it to discuss extra-hepatic complications 

and their diagnosis and management, we have excluded further discussion of extra-hepatic 

cancers or HCC in this section. 

 

5.2 Diagnosis of T2DM, CKD and atrial fibrillation and assessment of CVD risk  

Although a false positive diagnosis of T2DM is unlikely to cause as much anxiety as a false 

positive diagnosis of cancer, it is important to consider the effect of a diagnosis of T2DM on 

the quality of life and health-related behaviour. That said, in recent years it has become easy 

to screen a patient at risk of T2DM, with measurement of haemoglobin A1c (HbA1c) and a 

concentration of ≥43 or ≥48 mmol/mol is indicative of prediabetes or T2DM, respectively. 

The current American Diabetes Association (ADA) guidelines recommend that HbA1c testing 

should be undertaken in all individuals ≥45 years and in those of any age with overweight or 

obesity, with one or more risk factors for T2DM70. HbA1c has many advantages over and 

above previous diagnostic tests for T2DM that involved measurement of fasting plasma 

glucose or an oral glucose tolerance test. These advantages include greater convenience 

(fasting not required), greater pre-analytical stability, and fewer day-to-day perturbations 

during stress, diet, or illness. However, these advantages are somewhat offset by the lower 

sensitivity of HbA1c at the designated cut-point and greater cost. The HbA1c test, with a 

diagnostic threshold of 48 mmol/mol, diagnoses only ~30% of T2DM cases identified 

collectively using HbA1c, fasting plasma glucose, or 2-hour glucose concentrations (during 

an oral glucose tolerance test), according to National Health and Nutrition Examination 

Survey-III data71. Despite these caveats for individuals at risk of T2DM, such as those with 



  11 

 11 

NAFLD who have a normal initial diagnositc test for T2DM, the ADA guidelines recommend 

that the HbA1c test should be repeated at a minimum of a 3-year interval70. Similar to current 

standard practice that is common place amongst primary care physicans and diabetologists 

for patients with a diagnosis of T2DM, we would advocate that measurement of adiposity 

measures, blood pressure, and pulse rate, the assessment of the possible presence of 

MetS, atrial fibrillation and CKD, as well as the use of a CVD risk calculator to assess the 

individual’s CVD risk should be undertaken in all individuals with NAFLD. The presence of 

CKD can be assessed by measurement of eGFR and urinary albumin excretion and a level 

of eGFR ≥90 mls/min together with a urinary albumin excretion <30 mg/g is considered 

normal. There are five GFR stages/categories in CKD, and when CKD stage 3 to 5 exists, 

defined by a decreased level of eGFR, it is important to note that there is a further (at least 

≥50%) increase in 10-year CVD risk.  

 

Although there are over 100 CVD risk prediction models, and various CVD risk calculators, 

only about 25 of these models/calculators have been externally validated72. It should be 

noted that CVD risk calculators are only able to generate approximate estimates of the 

global CVD risk. Calculators vary according to the database they are derived from, choice of 

clinical endpoints and risk interval duration on which the estimate is based. Addition of other 

risk factors does little to improve risk prediction performance, with the exception perhaps of 

the coronary artery calcium score (CACS)  (see below); although this still requires further 

study72. Furthermore, whether addition of NASH, either with or without liver fibrosis, to a 

CVD risk algorithm, improves CVD risk prediction is uncertain. That said, the use of a CVD 

risk calculator without entering specific information about liver disease in individuals with 

NAFLD, is better than not estimating CVD risk. Thus, we recommend that healthcare 

professionals should use a CVD risk calculator based on a CVD risk prediction model that is 

derived from, or is calibrated for, a population similar to the patient in question72. In general, 

current management of the CVD risk in people with NAFLD widely overlaps with the 

guidelines for the treatment of CVD risk factors, which are adopted for the general 

population. 

 

It is known that the CACS is a strong predictor of CVD event rates in the general population 

for at least up to ~15 years of follow-up73,74, and assessment of the CACS may improve CVD 

risk prediction, particularly in those patients where there is uncertainty about individual CVD 

risk. The CACS is obtained from high-resolution computed tomography of the chest and is 

usually presented as a number called Agatston score. That score reflects the total area of 

coronary calcium deposits and the density of the calcium. When calcium is present, the 

higher the score, the higher is the CVD risk. A score of 100 to 300 means moderate 
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coronary plaque deposits and a score greater than 300 is a sign of high CVD risk, 

particularly in a younger person. Comparing both the FRS and the CACS, there is 

substantive risk reclassification (that is, net reclassification index >0.20) in patients with 

CACS and CVD risk factors beyond age and other traditional risk factors74. Additionally, a 

CACS of 400 or greater had a 15-year all-cause mortality rate that exceeded 20%, 

confirming the importance of length of follow-up in defining substantively higher-risk status74.  

 

One obvious problem with multislice computed tomography is the projected risk of cancer, 

after exposure to ionizing radiation, and it has been estimated that the cancer risk is ~12 

cancers out of 10,000 screened patients75. Additionally, although CACS is a well-established 

assessment for risk stratifying asymptomatic patients for overall CVD or coronary events; the 

prognostic value of CACS for incident ischaemic stroke is less clear. However, CACS may 

also be useful for assesing risk of stroke as recently, in a meta-analysis of 13,262 

asymptomatic patients without evidence of apparent CVD, the presence and severity of 

CACS was associated with increased risk of incident ischaemic stroke during a median 

follow up of 7.2 years76. The 2018 ACC/AHA cholesterol guidelines suggest that CACS 

testing should be considered in individuals 40-75 years of age without diabetes and with a 

plasma LDL-cholesterol level between 70 and 189 mg/dl at a 10-year CVD risk of ≥7.5% to 

<20% (i.e., intermediate CVD risk group), particularly if there is uncertain about whether 

medical treatment should be instigated77. Thus, in summary, for asymptomatic patients, 

calculation of CACS may refine CVD risk prediction and guide patient management and this 

benefit may offset the minimal projected risk of cancer after exposure to ionizing radiation75.  

 

5.3 Management and treatment of increased CVD risk, T2DM and CKD 

Statin therapy is known to be safe in people with NAFLD. According to the above-mentioned 

guidelines77, a CACS score of 1 to 99 in patients favors statin therapy, especially in those 

≥55 years of age. For any patient, if the CACS score is ≥100, statin treatment is indicated 

unless otherwise agreed by the outcome of clinician-patient discussion. In those patients 

with evidence of CACS, the challenge is to decide which patients require further 

investigation and which patients require intensive medical management alone and it is 

important in this situation to take adivce from cardiological colleagues. The vast majority of 

asymptomatic patients with elevated CACS scores do not need any further testing. However, 

these patients do require aggressive medical treatment, e.g. low-dose aspirin, angiotensin 

converting enzyme inhibitor or angiotensin II receptor blocker, and lifestyle intervention78.  

 

Lifestyle measures, such as increased physical activity and weight reduction, are effective 

not only in ameliorating the early stages of liver disease in NAFLD, but are also effective in 
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improving glycaemic control, resolution of T2DM and also in improving CVD and CKD risk 

factors. Several randomized clinical trials and a recent meta-analysis have investigated the 

role of physical activity, independent of dietary intervention, in people with NAFLD79,80. A 

meta-analysis of 16 randomized controlled trials with a total of ~700 individuals with NAFLD 

showed that exercise without dietary intervention improved liver fat content, as assessed by 

magnetic resonance-based techniques79. Lifestyle measures are also effective in improving 

many of the shared cardio-metabolic risk factors that exist between NAFLD, T2DM and 

CVD. For example, weight reduction is also effective for improving coexisting cardio-

metabolic risk factors, such as increased blood pressure, atherogenic dyslipidaemia, and for 

decreasing plasma glucose concentrations and effecting remission of T2DM81-84. How much 

weight reduction should be advocated for a particular patient will in part depend on the level 

of overweight or obesity. However, weight reduction of ≥10% induces NASH resolution, as 

well as improves liver fibrosis by at least one histological stage81, and for most patients this 

amount of weigth loss should be advocated. However, weight reduction of ≥10% can be 

difficult to achieve and lower amounts of weight loss (e.g. from 5% to 10%) can also improve 

hepatic steatosis and NASH, as assessed by the histological NAFLD activity score81. 

Consequently, the EASL-EASO-EASD, the American Association for the Study of Liver 

Diseases (AASLD) and the National Institute for Health and Care Excellence (NICE) practice 

guidelines for management of NAFLD emphasize that in overweight or obese individuals 

with NAFLD, 5-10% weight loss is the goal of most lifestyle interventions85-87 and this amount 

of weight loss will also have favourable effects on cardio-metabolic risk factors. It is 

important to note that nonobese individuals with NAFLD can also achieve improvements in 

liver disease with weight reduction of 3-10%, and nonobese individuals are also more likely 

than obese patients to maintain weight loss (and normal serum liver enzyme levels) over 

time. It is also sensible to recommend that people with NAFLD should avoid alcohol 

consumption, potentially hepatotoxic drugs, cigarette smoking and high sucrose/fructose-

containing drinks and food85,86.  

 

In the US, the American College of Cardiology/American Heart Association guidelines for the 

primary prevention in adults to reduce the risk of major atherosclerotic CVD events 

recommend that adults should be categorized into low (<5%), borderline (5 to <7.5%), 

intermediate (≥7.5 to <20%), or high (≥20%) 10-year CVD risk. Statin treatment to attenuate 

risk is advocated in middle-aged people at borderline CVD risk88. Although in Europe the 

threshold for medical intervention is not so low, it should be noted that the threshold of 10-

year CVD risk at which healthcare professionals should advocate medical intervention to 

lower that increased risk remains uncertain. As mentioned above, the assessment of CACS 

may help refine CVD risk prediction where there is uncertainty77, e.g. a CACS score of 1 to 
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99 favours statin therapy, especially in those ≥55 years of age. For patients of any age, if the 

CACS score is ≥100, statin treatment is indicated unless otherwise agreed by the outcome 

of a clinician-patient discussion. In those patients with evidence of CACS, the challenge is to 

decide which patients require further investigation and which patients require intensive 

medical management alone and it is important in this situation to take adivce from 

cardiological colleagues. The large majority of asymptomatic individuals with elevated CACS 

scores do not need any further testing. However, these subjects do require aggressive 

medical treatment, e.g. low-dose aspirin, angiotensin converting enzyme inhibitor or 

angiotensin II receptor blocker, and lifestyle intervention78.  

 

Although metformin treatment is the first-line oral treatment of choice in people with T2DM, 

there is not convincing evidence that metformin treatment confers benefit on liver disease in 

NAFLD. In contrast, although pioglitazone has become the ‘forgotten cost-effective, 

cardioprotective drug for T2DM’89 that not only has a durable action to lower blood glucose 

and decrease progression from impaired glucose tolerance to T2DM, treatment with 

pioglitazone also decreases risk of myocardial infarction and ischaemic stroke. Despite 

having some recognized side effects, treatment with pioglitazone also produces benefit in 

NASH in patients with and without T2DM90,91. Thus, given the recommendations from the 

USA, Europe and the UK that pioglitazone treatment should be considered in NASH85-87, this 

drug is often not used in individuals with NASH, either with, or without T2DM.  

 

Liver histological improvement depends on the amount of weight reduction rather than the 

intervention used to achieve this goal81. For example, drugs such as orlistat and glucagon-

like peptide-1 (GLP-1) receptor agonists, such as liraglutide and semaglutide, facilitate 

weight reduction and also are associated with histological resolution of NASH and, in some 

cases, fibrosis regression81,92,93.  

      

In Figure 3 we have illustrated schematically a potential approach to diagnosing and 

managing extra-hepatic complications of NAFLD, such as T2DM, CVD, CKD, and HCC.  

 

6. Areas of uncertainty 

We believe that combating the growing burden of NAFLD and its multisystem complications 

extending beyond the liver will require the setting up a multi-disciplinary team approach to 

embrace collaborative ways of working to deliver holistic patient-centred care and 

management for patients with this condition. Whilst care of the person with advanced liver 

disease in NAFLD has traditionally been the remit of the hepatologist, liasing with the 

primary care physician, many of these individuals with less severe liver disease are 
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frequently patient attendees in other clinics, e.g. diabetes, cardiology, renal, run by 

physicians who know little about NAFLD and its complications and management. Indeed, in 

this Review, we call for a more person-centered, multidisciplinary and holistic approach 

involving the healthcare professionals as shown in Figure 4, with a view to better advocacy 

for this patient group and the potential for earlier diagnosis and management of liver-related 

and extra-hepatic complications to improve the patient’s outcomes. As to how best achieve 

this goal remains uncertain. We recommend further work is needed to decide the best 

structures of healthcare delivery for people with NAFLD. It is likely that this healthcare 

delivery will be different across individual nation states, because of the different structural 

organization of nations’ healthcare systems. 

 

Currently, it remains uncertain whether individuals with non-cirrhotic NASH should undergo 

HCC surveillance. For those who have T2DM and NAFLD, metformin is the first-line oral 

treatment for hyperglycaemia. However, current evidence does not support a beneficial 

effect of metformin treatment on liver disease and further studies are needed testing the 

effect of metformin on risk of HCC. Although there is good evidence that CACS assessment 

in the general population can be used to improve CVD risk prediction, further evidence is 

needed in people with NAFLD who may have features of MetS, but who do not have T2DM. 

Although statins are safe in individuals who have NAFLD, some individuals with NAFLD 

have serum transaminase concentrations that are very high (>2-3 times the upper limit of 

normal) and better evidence is needed regarding surveillance and the long-term effects of 

statins on the liver in this subgroup of individuals. There is increasing interest in the potential 

benefit of long-acting injectable GLP-1 receptor agonists in NASH, not least with the recently 

publication of favourable data with semaglutide93 and because these glucose-lowering 

agents facilitate weight reduction and decrease CVD risk. However, it is uncertain whether 

any benefit on the liver in NASH is independent of weight reduction. Additionally, recent 

favourable data from a 24-week treatment with the pan-peroxisomal proliferator activated 

receptor (PPAR) lanifibranor - reported at the 2020 AASLD meeting94 - has again placed the 

focus on the role of PPAR agonists in treatment of NASH and further data is required with 

this drug from ongoing phase-3 controlled trials. 

 

7. Conclusions  

This Review outlines the strong association between the presence and severity of NAFLD 

and the risk of developing multiple extra-hepatic complications. Despite the growing 

evidence that links NAFLD with T2DM, CVD, CKD, and certain types of extra-hepatic 

cancers, it remains to be definitively established whether a causal association also exists. 
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It should be noted that existing guidelines from non-hepatological societies do not advocate 

screening for NAFLD and its liver-related complications in people with CVD or CKD or 

T2DM, making the liver a potentially neglected organ and meaning that chronic disease 

progression to cirrhosis might be largely undetected. Conversely, existing guidelines from 

hepatological societies recommend screening for T2DM and CVD, but do not recommend 

any specific screening for CKD or extra-hepatic cancers nor exactly define the tests to do for 

the screening for CVD complications. Currently, all individuals with NAFLD should undergo 

similar screening programs for CVD, T2DM, CKD, and extra-hepatic cancers to those 

usually adopted for individuals without NAFLD of comparable age and sex.   

 

We also call for better advocacy and a multi-disciplinary team approach for people with 

NAFLD. Improved collaborative ways of working amongst the healthcare professionals 

caring for this patient group, will hopefully achieve earlier diagnosis and better management, 

not only of liver disease, but also the extra-hepatic complications of this multi-system 

disease.  
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Figure Legends  
 
Figure 1. NAFLD-related effects on development of cardiovascular disease, type 2 
diabetes mellitus and other extra-hepatic diseases.  
NAFLD may promote the development of type 2 diabetes mellitus, accelerated coronary 
atherosclerosis, arrhythmias (mostly permanent atrial fibrillation), chronic kidney disease, 
and some types of extra-hepatic cancers. NAFLD, especially in its more severe histological 
forms (NASH with varying amounts of liver fibrosis) exacerbates hepatic/systemic insulin 
resistance and compensatory hyperinsulinaemia, promotes atherogenic dyslipidaemia, 
induces hypertension, and causes the synthesis of a myriad of pro-atherogenic, pro-
coagulant and pro-inflammatory mediators that may contribute to the development of T2DM, 
CVD, and other extra-hepatic complications. 
 
Figure 2. Relationships between NAFLD and T2DM, MetS, CVD, CKD or HCC. This 
schematic figure illustrates the relationships between NAFLD, type 2 diabetes mellitus 
(T2DM) and metabolic syndrome (MetS), cardiovascular disease (CVD), chronic kidney 
disease (CKD), and hepatocellular carcinoma (HCC). Both T2DM and NAFLD are 
associated with features of the MetS. The features of MetS are central obesity, atherogenic 
dyslipidaemia, hyperglycaemia (increased plasma triglycerides and small dense LDL-C, and 
decreased HDL-C concentrations), and hypertension, which are established CVD risk 
factors. T2DM, CVD and CKD share risk factors and, therefore, these conditions frequently 
occur together. NAFLD is an independent risk factor for T2DM, CVD and CKD. T2DM is an 
important risk factor for both CVD and CKD, and therefore with the development of T2DM in 
patients with NAFLD there is a further increase in risk of CVD and CKD, as well as a 
worsening of liver disease (advanced fibrosis and cirrhosis) that also increases risk of HCC. 
Recent evidence suggests that development of advanced fibrosis with NAFLD also further 
increases risk of CVD. 
 
 
Figure 3. Flow diagram describing a pragmatic approach to the diagnosis of T2DM, 
CVD, CKD, and HCC, together with initial management approaches to treating T2DM, 
CVD and CKD as extra-hepatic complications of NAFLD. 
This flow diagram emphasizes the need to assess risk of T2DM, CVD, CKD and HCC in all 
patients with diagnosed NAFLD. The diagram shows how to diagnose T2DM and CKD and 
how to assess risk of CVD. In people with increased CVD risk who are unable to take 
statins, consideration is necessary of whether further non-invasive investigation of potential 
CVD is required. Where high-resolution computed tomography (CT) is available, assessment 
of the coronary artery calcium scoring (CACS) offers a quick, but relatively expensive, 
investigation for refining CVD risk prediction and for identifying probable CVD. Where CVD 
score is increased (e.g. ≥90th centile adjusted for age and sex or the score is high e.g. >300), 
referral to Cardiology should be considered as patients may be asymptomatic but have 
reversible cardiac ischaemia. Such individuals may require not only high-dose statin 
treatment, but also low-dose aspirin and angiotensin converting enzyme inhibitor (ACE-i) or 
angiotensin II receptor blocker treatment. Although statins are now known to be safe in 
people with NAFLD, for those individuals at high CVD risk (determined by use of a CVD risk 
algorithm, such as the Framingham Risk Score or QRISK3 score), some individuals will not 
be able to tolerate statin treatment. In these individuals other LDL-C lowering treatment may 
be required, such ezetimibe or proprotein convertase subtilisin/kexin type-9 (PCSK9) 
monoclonal antibody treatment, and further specialist advice may be sought. In people with 
T2DM, metformin treatment should be first-line oral hypoglycaemic drug, although current 
evidence shows that metformin does specifically benefit liver disease in NAFLD. For T2DM 
individuals with inadequate glycaemic control (e.g. HbA1c >55 mmol/mol), there should be a 
low threshold for further intensification of treatment with consideration given to agents, such 
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as pioglitazone, long-acting injectable glucagon-like peptide-1 (GLP-1) receptor agonists, 
and sodium-glucose co-transporter-2 (SGLT-2) inhibitors. Although there is not presently 
convincing evidence of benefit to the liver with the later, SGLT-2 inhibitors may be 
considered specifically in individuals with evidence of CKD. In all individuals, lifestyle advice 
should be given and this will include advocating 150-200 min/week of physical 
activity/exercise, a Mediterranean-style of diet; a goal of 10% weight reduction with 
overweight or obesity facilitated by a calorie-restricted diet, consideration of treatment with 
glucagon-like peptide 1 (GLP-1) receptor agonists for weight loss/T2DM and, possibly, 
bariatric surgery for those with severe obesity. It is also important to emphasize limiting 
saturated fat intake, red/processed meats, refined carbohydrates and sugar-sweetened 
drinks together with smoking cessation, if relevant.   

 
Figure 4. Person-centered, multidisciplinary and holistic approach to individuals with 
NAFLD. 
The increasing complexity of NAFLD underscores the importance of a person-centered 
multidisciplinary team approach to the diagnosis, treatment, and supportive care of these 
patients. NAFLD should become a target for the prevention and treatment of T2DM, CVD, 
CKD and some extra-hepatic cancers. NAFLD is, therefore, a clinical condition that deserves 
greater attention from gastroenterologists/hepatologists, diabetologists/endocrinologists, 
cardiologists, nephrologists and internists, as well as general practitioners and dietitians. 
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Table 1. Meta-analytic quantification of the excess of fatal and nonfatal CVD events, arrhythmias 
(permanent atrial fibrillation), type 2 diabetes, chronic kidney disease and colorectal tumours in adult 
individuals with NAFLD.  
 

Author(s), Ref. Study  
characteristics 

Study  
outcomes 

Random-effects 
odds ratio or hazard 
ratio (95% 
confidence 
intervals)  

Fatal and nonfatal CVD events § 
Targher G et al.20  16 longitudinal studies 

involving a total of 
34,043 individuals 
(36.3% with NAFLD); 
median follow-up of 6.9 
years 

Any fatal or nonfatal 
CVD events, n=16 
studies 

1.64 (1.26-2.13) 

Fatal CVD events 
(only), n=6 studies 

1.31 (0.87-1.97) 

Fatal and nonfatal CVD 
events (combined 
endpoint), n=5 studies 

1.63 (1.06-2.48) 

Nonfatal CVD events 
(only), n=5 studies 

2.52 (1.52-4.18) 

Subgroup analyses in 
patients with “more 
severe” NAFLD (n=6 
studies)* 

Fatal CVD events 
(only), n=3 studies 

3.28 (2.26-4.77) 

Fatal and nonfatal CVD 
events (combined 
endpoint), n=3 studies 

1.94 (1.17-3.21) 

Permanent atrial fibrillation 
Cai X et al.27  6 longitudinal studies 

involving a total of 
614,673 individuals 
(~40% with NAFLD); 
median follow-up of 10 
years 

Incident atrial 
fibrillation, n=6 studies 

1.19 (1.04-1.31) 
 

Type 2 diabetes mellitus 
Mantovani A et al.29  33 longitudinal studies 

involving a total of 
501,022 individuals 
(30.8% with NAFLD); 
median follow-up of 5 
years 

Incident diabetes, n=26 
studies 

2.19 (1.93-2.48) 

Subgroup analyses in 
patients with “more 
severe” NAFLD 
(defined either by 
increasing 
ultrasonographic scores 
or by increasing liver 
fibrosis assessed by 
histology or noninvasive 
fibrosis scores) 

Incident diabetes, n=9 
studies 

2.69 (2-08-3.49) 

Incident diabetes, n=5 
studies (NAFLD with 
increasing severity of 
fibrosis assessed by 
histology or fibrosis 
scores) 

3.42 (2.29-5.11) 

Chronic kidney disease (CKD stage ≥3) 
Mantovani A et al.32 13 longitudinal studies 

involving a total of 
1,222,032 individuals 
(28.1% with NAFLD); 
median follow-up of 9.7 
years 

Incident CKD stage ≥3, 
n=10 studies 

1.43 (1.33-1.54) 

Subgroup analyses in 
patients with “more 
severe” NAFLD 
(defined either by 
increasing 
ultrasonographic scores 
or by increasing liver 

Incident CKD stage ≥3, 
n=4 studies 

1.67 (1.28-2.17) 

Incident CKD stage ≥3, 
n=2 studies (severity of 
liver fibrosis assessed 
by histology) 

2.90 (1.62-5.18) 
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fibrosis assessed by 
histology or noninvasive 
fibrosis scores) 

Colorectal tumours 
Mantovani A et al.33  8 cross-sectional and 3 

longitudinal studies 
involving a total of 
91,124 asymptomatic 
individuals undergoing 
screening colonoscopy 
(32.1% with NAFLD) 

Prevalent colorectal 
adenomas, n=8 studies 

1.28 (1.11-1.48), n=7 
studies using liver 
imaging techniques 
for NAFLD diagnosis 
 
1.61 (0.90-2.89), n=1 
study using liver 
histology for NAFLD 
diagnosis 

Prevalent colorectal 
cancer, n=5 studies 

1.56 (1.25-1.94), n=4 
studies using liver 
imaging techniques 
 
3.04 (1.29-7.18), n=1 
study using liver 
histology for NAFLD 
diagnosis 

Incident colorectal 
adenomas, n=3 studies 

1.42 (1.18-1.72), n=3 
studies using liver 
imaging techniques 
for NAFLD diagnosis 

Incident colorectal 
cancer, n=1 study 

3.08 (1.02-9-03) using 
liver imaging 
techniques for NAFLD 
diagnosis 

§ Fatal and/or nonfatal CVD events were defined as presence of cardiovascular death, nonfatal CVD events (i.e., acute myocardial infarction, 
angina, ischemic stroke or coronary revascularization procedures), or both. 
 
* Defined by the presence of either NAFLD on imaging techniques plus either elevated serum gamma-glutamyltransferase concentrations or 
high NAFLD fibrosis score or high F-18 fluoro-deoxyglucose uptake on positron emission tomography, or by increasing severity of liver fibrosis 
on histology. 

 
 

 


