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Abstract
Purpose of Review Patients with non-alcoholic fatty liver disease (NAFLD), often considered as the hepatic manifestation 
of the metabolic syndrome, represent a population at high cardiovascular risk and frequently suffer from atherogenic dys-
lipidemia. This article reviews the pathogenic interrelationship between NAFLD and dyslipidemia, elucidates underlying 
pathophysiological mechanisms and focuses on management approaches for dyslipidemic patients with NAFLD.
Recent Findings Atherogenic dyslipidemia in patients with NAFLD results from hepatic and peripheral insulin resistance 
along with associated alterations of hepatic glucose and lipoprotein metabolism, gut dysbiosis, and genetic factors.
Summary Since atherogenic dyslipidemia and NAFLD share a bi-directional relationship and are both major driving forces 
of atherosclerotic cardiovascular disease (ASCVD) development, early detection and adequate treatment are warranted. 
Thus, integrative screening and management programs are urgently needed. A stepwise approach for dyslipidemic patients 
with NAFLD includes (i) characterization of dyslipidemia phenotype, (ii) individual risk stratification, (iii) definition of 
treatment targets, (iv) lifestyle modification, and (v) pharmacotherapy if indicated.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) has become the 
most common chronic liver disease in Western countries and 
currently affects up to 25% of the general adult population. 
Due to its close association with type 2 diabetes mellitus 
(T2DM), hypertension, and dyslipidemia, it is often consid-
ered as the hepatic manifestation of the metabolic syndrome 

[1–3]. NAFLD encompasses a spectrum of liver disorders 
ranging from simple hepatocellular steatosis (non-alcoholic 
fatty liver, NAFL) to inflammatory non-alcoholic steatohep-
atitis (NASH) with or without concomitant fibrosis [4–6].

All-cause mortality is higher in patients with NAFLD 
compared to subjects without NAFLD, with the most com-
mon causes of death being cardiovascular disease (CVD), 
extrahepatic cancers, and liver-related complications [7–9].

In particular, atherosclerotic cardiovascular disease 
(ASCVD) represents a major disease burden in the NAFLD 
population and accumulating evidence indicates that This article is part of the Topical Collection on Statin Drugs
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NAFLD has to be considered as a significant risk factor for 
fatal or non-fatal CVD events [10–13, 14•].

Another important risk factor in this context is athero-
genic dyslipidemia, characterized by plasma hypertriglyc-
eridemia, increased triglyceride-rich lipoproteins including 
very-low-density lipoproteins (VLDL), and their remnants 
intermediate-density lipoproteins (IDL), a predominance 
of small dense low-density lipoprotein (sd-LDL) particles 
together with low high-density lipoprotein (HDL) choles-
terol levels [15, 16].

Results from imaging studies demonstrate signs of sub-
clinical arherosclerosis to be present in approximately 70% 
and 45% of middle-aged men and women, respectively, and 
low-density lipoprotein (LDL) has globally been recognized 
as the major driving force in the development of ASCVD 
and its clinical manifestations [17, 18].

Atherogenic dyslipidemia can be observed in a large 
majority of patients with NAFLD and results from hepatic 
and peripheral insulin resistance along with associated alter-
ations of the hepatic glucose and lipoprotein metabolism, gut 
dysbiosis, and genetic factors [4, 16].

Since atherogenic dyslipidemia may be at least par-
tially responsible for the increased subclinical and clinical 
ASCVD burden in patients with NAFLD, it represents a 
central treatment target in this population with high cardio-
metabolic risk [10, 11, 13, 19].

In 2020, a change of the terminology from NAFLD to 
metabolic associated fatty liver disease (MAFLD) has been 
proposed [20–22] and the diagnosis can be made in the pres-
ence of hepatic steatosis and at least one of the following 
criteria: (i) overweight or obesity, (ii) T2DM, and (iii) meta-
bolic dysregulation (at least two factors among increased 
waist circumference, hypertension, hypertriglyceridemia, 
low serum HDL-cholesterol levels, impaired fasting plasma 
glucose, insulin resistance, or subclinical inflammation eval-
uated by high-sensitivity C-reactive protein (CRP) levels). 
While there is still an ongoing debate, the term NAFLD 
is maintained in this narrative review that describes the 
relationship between NAFLD and dyslipidemia, delineates 
interrelated pathophysiological mechanisms in the develop-
ment of ASCVD, and focuses on up-to-date management 
and treatment approaches for dyslipidemic patients with 
NAFLD.

Prevalence of Dyslipidemia Among Patients 
with NAFLD

Information about the frequency of lipid disorders among 
patients with NAFLD involving changes in serum choles-
terol (hypercholesterolemia), triglycerides (hypertriglyceri-
demia), or both (combined dyslipidemia) varies. In a recent 
comprehensive meta-analysis of Younossi et al. including 
86 studies with information about 8,515,431 patients with 

NAFLD from 22 countries, the overall prevalence of com-
bined dyslipidemia in patients with NAFLD or NASH was 
estimated to be 69% and 72%, respectively [3]. This is in line 
with findings from the REGENERATE study that investi-
gated the effects of obeticholic acid as potential treatment 
option in NAFLD, where 68–70% of a total of 931 recruited 
patients with NAFLD displayed combined dyslipidemia at 
baseline [23].

Hypercholesterolemia, as a specific subtype, was found 
in 44% of patients with NAFLD in a recent large prospec-
tive cohort study including middle-aged US adults [24]. In 
patients with NASH, prevalence rates of hypercholester-
olemia are even higher and range from 60 up to 90% [25, 
26].

Focusing on hypertriglyceridemia, the overall prevalence 
among patients with NAFLD or NASH has been reported in 
a recent meta-analysis to be 41 and 83%, respectively. These 
rates are confirmed by other studies and it has been shown 
that in particular patients with NASH as well as patients 
with NAFLD with concomitant T2DM are more frequently 
affected [27–30].

Pathogenesis of Dyslipidemia in NAFLD

Alterations in lipid metabolism are centrally involved in 
both NAFLD and ASCVD development. In NAFLD patho-
genesis, accumulation of liver fat results from a dysbalance 
between different pathways: inadequate uptake of circulat-
ing lipids, increased hepatic de novo lipogenesis (DNL), 
insufficient enhancement of fatty acid oxidation, and altered 
export of lipids as components of VLDL [4, 31]. An ele-
vated hepatic uptake of lipids in combination with enhanced 
DNL leads to an increase triglyceride synthesis and elevated 
secretion of VLDL [16]. This overproduction of VLDL ini-
tiates an atherogenic dyslipidemic milieu including plasma 
hypertriglyceridemia, accumulation of triglyceride-rich 
lipoproteins, increased number of sd-LDL particles, and 
low HDL-cholesterol levels [4, 17, 32]. Apolipoprotein B 
containing triglyceride-rich lipoproteins and their remnants 
(IDL) as well as the genetically determined cholesterol-rich 
Lp(a), composed of apolipoprotein (B) and (a), are an essen-
tial part of the development of atherosclerosis. Following 
the infiltration of the subendothelial space of the vascular 
wall, lipoproteins act as damage-associated molecular pat-
terns (DAMPs) and lead to an activation of Toll-like recep-
tors (TLR), which play a crucial role in the innate immune 
response.

Especially triglyceride-rich lipoproteins containing apoli-
poprotein C3 (ApoC3) are important activators of TLRs 2 
and 4, which leads to activation of the NLRP3 (NOD-like 
receptor family, pyrin domain-containing protein 3) inflam-
masome [32, 33]. Subsequently, NLRP3 inflammasome 
activation causes an activation of the enzyme caspase-1 
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(Interleukin-1 (IL) converting enzyme), followed by cleav-
age and thus activation of the IL-1ß family with subsequent 
induction of the IL-1 to IL-6 to CRP pathway. This inflam-
matory pathway plays a central role in ASCVD and vas-
cular inflammation and is frequently activated in patients 
with NAFLD [4, 34]. Interestingly, certain metabolic envi-
ronments such as an increased hepatic triglyceride pool or 
genetic alterations, which are both associated with NAFLD, 
modulate the formation of atherogenic ApoB lipoproteins, 
which promotes a more proinflammatory phenotype [32].

Insulin resistance is another important driver for the lipo-
protein abnormalities in NAFLD. It affects several processes 
such as dyslipidemia, hyperglycemia, activation of oxida-
tive stress and inflammation, endothelial dysfunction, and 
ectopic lipid accumulation, altogether stimulating ASCVD 
development [16, 35]. A recent study showed that altera-
tions in lipid metabolism were mainly related to measures 
of insulin sensitivity rather than to obesity or the presence 
of NASH [36].

In conclusion, accumulating evidence indicates that 
NAFLD-driven dyslipidemia is substantially involved in 
the development of ASCVD in this at risk population [16].

Management Approaches of Dyslipidemia 
in Patients with NAFLD

Since patients with both NAFLD and dyslipidemia are at 
substantial ASCVD risk, integrative screening programs 
are urgently needed and forced management of dyslipi-
demia plays a pivotal role in the primary and secondary 
prevention of ASCVD. The management of dyslipidemia 
in patients with NAFLD should be performed according to 
recent guideline recommendations, e.g., the European Soci-
ety of Cardiology (ESC) / European Atherosclerosis Society 
(EAS) guidelines for the management of dyslipidemia or the 
recently published ESC guidelines on cardiovascular disease 
prevention in clinical practice [37–39].

General principles of managing dyslipidemia in patients 
with NAFLD include the following: (i) diagnosis and char-
acterization of dyslipidemia, (ii) ASCVD risk stratification 
of patients based on recommended criteria and modern 
scoring algorithms (e.g., SCORE2, ACC/AHA ASCVD 
risk estimator), (iii) definition of treatment targets for serum 
lipids, (iv) lifestyle modification, and (v) pharmacotherapy 
if indicated.

Treatment Approaches of Dyslipidemia in Patients 
with NAFLD

Diagnosis and Characterization of Dyslipidemia

An individualized diagnosis of dyslipidemia involves a 
comprehensive baseline assessment of the lipid profile 

including the determination of the following parameters: 
total cholesterol, LDL-cholesterol, non-HDL-cholesterol, 
HDL-cholesterol, and triglycerides (the latter in the fasting 
state when using the Friedewald formula to estimate LDL-
cholesterol). ApoB analysis, if available, is recommended 
for risk assessment, particularly in people with high triglyc-
eride levels, DM, obesity, metabolic syndrome, or very low 
LDL-cholesterol levels. Lp(a) measurement should be con-
sidered at least once in each adult persons’ lifetime to iden-
tify those with very high inherited Lp(a) levels > 180 mg/
dL (> 430 nmol/L) who may have a lifetime risk of ASCVD 
equivalent to the risk associated with heterozygous familial 
hypercholesterolemia.

Individual Risk Stratification

After the assessment of an abnormal lipid profile, an indi-
vidual risk stratification of the total ASCVD risk should be 
performed in each patient. This includes a systematic global 
assessment of CVD risk factors, including documented 
manifestations of ASCVD (e.g., coronary or carotid artery 
plaques), blood pressure, history of cigarette smoking, type 
1 or type 2 DM, overweight or obesity as measured by the 
body mass index (BMI), and waist circumference, chronic 
kidney disease (CKD), family history of premature CVD 
(men < 55 years and women < 60 years), and genetic lipid 
disorders (e.g., familial hypercholesterolemia) [40].

Furthermore, it is useful to evaluate additional factors 
modifying individuals ASCVD risk such as physical inactiv-
ity, alcohol intake, psychosocial stress (incl. vital exhaustion 
or social deprivation), chronic immune-mediated inflamma-
tory disorders, psychiatric disorders, cardiac arrhythmias 
(e.g., atrial fibrillation), and obstructive sleep apnea syn-
drome [40].

In addition, an estimation of the 10-year CVD risk can be 
performed [41]. For this purpose, current European guide-
lines recommend the recently published SCORE2 algorithm 
for people < 70 years of age and the SCORE2-OP (older peo-
ple) algorithm for individuals ≥ 70 years of age [39, 42]. The 
SCORE2 algorithm estimates the individual 10-year risk of 
fatal and non-fatal CVD events in apparently healthy people 
aged 40–69 years with CVD risk factors that are untreated 
or have been stable for several years [39].

Although there are no specific ASCVD risk prediction 
tools that take into account the presence or severity of 
NAFLD, using a risk prediction algorithm can help to iden-
tify patients with NAFLD at higher risk of CVD who should 
benefit most from preventive action [43•, 44].

In a recent study by Golabi et al., it has been shown 
that an elevated ASCVD risk score ≥ 7.5% (defining an 
intermediate 10-year risk) among patients with NAFLD is 
associated with a higher risk of overall and cardiovascular 
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mortality, confirming the usefulness of such scoring systems 
to identify patients at risk in this population [43•].

Validated cardiovascular risk calculators, such as 
SCORE2, typically divide the individual 10-year CVD risk 
in different categories (e.g., low, moderate, high, and very 
high risk).

While, for example, patients with well-controlled short-
standing DM (e.g., < 10 years) without evidence for target 
organ damage or additional ASCVD risk factors were clas-
sified as patients with moderate risk, patients with additional 
risk factors such as CKD, genetic lipid disorders, elevated 
blood pressure, or already established ASCVD are consid-
ered as patients at high or very high CVD risk [39].

Due to the fact that NAFLD has been recognized as sig-
nificant risk factor for CVD morbidity and mortality with 
an approximate 10-year CVD risk ranging from 5 to 22% 
in recent trials [45, 46], it seems reasonable to classify the 
risk for patients with NAFLD at least according to that 
of patients with DM [47]. This means, that patients with 
NAFLD without any other additional ASCVD risk factor 
(e.g., arterial hypertension, smoking, DM, obesity, CKD) 
should be classified as low to moderate CVD risk, whereas 
patients with NAFLD and at least one additional ASCVD 
risk factor should be classified as high CVD risk. Similarly, 
patients with NAFLD with markedly elevated single risk fac-
tors, in particular total cholesterol > 310 mg/dL (8 mmol/L) 
or LDL-cholesterol > 190 mg/dL (4.9 mmol/L) or familial 
hypercholesterolemia should be classified as high CVD risk.

Patients with NAFLD and documented clinical mani-
festations of ASCVD, including previous acute myocardial 
infarction, coronary revascularization or other arterial revas-
cularization procedures, stroke or transient ischemic attack, 
aortic aneurysm or peripheral artery disease, and patients 
with NAFLD and documented ASCVD on imaging, includ-
ing plaques on coronary angiography, carotid ultrasound, 
or on computed tomography angiography (CTA), should be 
classified as very high CVD risk individuals.

In addition, patients with NAFLD and advanced CKD 
(e.g., eGFR 45–59 mL/min/1.73  m2 and microalbuminuria 
or eGFR < 45 mL/min/1.73  m2 irrespective of albuminuria) 
should also be classified as very high CVD risk.

A possible risk stratification algorithm for patients with 
NAFLD is shown in Fig. 1.

Definition of Treatment Targets for Serum Lipids

Based on the risk stratification, individual target values for 
lipids can be determined.

In patients with NAFLD at moderate risk, an LDL-
cholesterol goal of < 100 mg/dL (2.6 mmol/L) should be 
considered. In patients with NAFLD, who are at high CVD 
risk, lipid-lowering treatment with an ultimate LDL-cho-
lesterol goal of ≥ 50% LDL-cholesterol reduction and an 

LDL-cholesterol of < 70 mg/dL (1.8 mmol/L) should be rec-
ommended. In patients with NAFLD at very high risk (e.g., 
with established ASCVD), intensive stepwise lipid-lower-
ing therapy should be sought, ultimately aiming at a ≥ 50% 
LDL-cholesterol reduction and a target LDL-cholesterol 
level of < 55 mg/dL (1.4 mmol/L).

Lifestyle Modification

Body Weight In patients with NAFLD and elevated BMI 
and dyslipidemia, guidelines recommend weight loss to 
achieve and maintain a long-term healthy weight (target 
BMI 20–25 kg/m2, and waist circumference < 94 cm (men) 
and < 80 cm (women)) as key lifestyle-modifying measure to 
improve their CVD risk profile [37–39, 48]. In patients with 
NAFLD, a total body weight loss of ≥ 5% is required to sub-
stantial improve hepatic steatosis, ≥ 7% to improve hepatic 
inflammation or NASH resolution, and ≥ 10% to improve 
hepatic fibrosis [49–52].

Focusing on dyslipidemia, body weight loss also reduces 
total cholesterol and LDL-cholesterol levels and a decrease 
in LDL-cholesterol concentrations of 8 mg/dL (0.2 mmol/L) 
is observed for every 10 kg of weight loss in obese patients 
[40]. Serum triglycerides levels are much more responsive 
to weight changes than serum cholesterol. Even a modest 
weight loss of 5% has been shown to reduce serum triglycer-
ides levels by around 10% [53]. However, weight loss always 
needs to be accompanied by further lifestyle modifications 
such as dietary changes and physical activity interventions 
to reduce CVD risk significantly.

A beneficial role of physical activity has been demon-
strated in numerous studies and is established in all guide-
lines for both NAFLD and ASCVD [37–39, 41, 52, 54, 55]. 
Current European guidelines for NAFLD treatment recom-
mend 150–200 min/week of moderate-intensity aerobic 
physical activities in three to five sessions (e.g., brisk walk-
ing, stationery cycling) [38]. Guidelines on ASCVD pre-
vention propose 150–300 min/week of moderate-intensity 
or 75–150 min/week of vigorous-intensity aerobic exercise 
to improve cardiometabolic health and reduce CVD mor-
bidity [36, 39]. In addition, resistance exercise training is 
recommended on 2 or more days per week as well as reduced 
sedentary behavior, as sedentary time is associated with 
greater risk for several major metabolic chronic diseases 
and increased mortality [54, 56].

Diet Several dietary habits such as a high caloric diet, 
excess of (saturated) fat, sugar-sweetened beverages, high-
fructose intake, and refined carbohydrates are associated 
with weight gain, NAFLD, and dyslipidemia [4, 38, 57]. 
Especially high-fructose consumption has adverse effects 
on metabolism leading to the development of intrahepatic 
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insulin resistance, intrahepatic fat accumulation, and the 
aggravation of an atherogenic lipid profile [58, 59].

Therefore, a healthy diet (e.g., low in saturated fat with a 
focus on whole grain products, vegetables, fruit, and marine 
fish) is recommended as a cornerstone of CVD prevention 
in all NAFLD individuals with dyslipidemia.

The macronutrient composition should be adjusted 
according to a Mediterranean diet (MD) or a similar dietary 
pattern [40]. MD is traditionally plant based (whole grains, 
legumes, fruit, vegetables), low in carbohydrates (limited 
simple sugars and refined carbohydrates), and rich in mono-
unsaturated (mostly olive oil) and omega-3 fatty acids, and 
incorporates limited amounts of red meat and low-fat dairy. 
Although earlier studies have found that calorie restriction 
rather than the composition has beneficial effects in patients 
with NAFLD and dyslipidemia, a recent meta-analysis has 
shown that a MD significantly improves both NAFLD and 
NAFLD-related CVD risk factors such as hypertension and 
serum levels of total cholesterol [60].

Daily alcohol intake should be drastically reduced 
(< 10  g/day for men and women). In patients with 

hypertriglyceridemia or advanced fibrosis (≥ F2), alcohol 
consumption should be completely avoided [40].

In conclusion, weight loss in overweight or obese NAFLD 
with dyslipidemia is urgently needed but insufficient as a 
single intervention and should therefore always be accom-
panied by dietary and physical activity interventions.

Pharmacological Management 
of Hypercholesterolemia

The causal role of LDL-cholesterol has been demonstrated 
beyond any doubt in genetic, observational and interven-
tional studies [17, 61–64]. Therefore, lowering LDL-choles-
terol is crucial for the treatment of dyslipidemia in patients 
with NAFLD.

To lower LDL-cholesterol, a stepwise treatment intensi-
fication is recommended [39]. Medications that are broadly 
available and can be used in everyday clinical practice for 
LDL lowering include statins (inhibiting 3-hydroxy-3-meth-
ylglutaryl coenzyme A (HMG-CoA) reductase), ezetimibe 

Fig. 1  Patient categories with estimated cardiovascular disease risk 
and assigned lipid goals. (1) Either clinical or unequivocal on imag-
ing. Clinical established ASCVD includes previous ACS (MI or 
unstable angina), stable angina, coronary revascularization (PCI, 
CABG, other arterial revascularization), stroke or TIA, aortic aneu-
rysm, and peripheral artery disease. Unequivocally ASCVD on imag-
ing includes significant plaques on coronary angiography, coronary 
artery CT scan or carotid ultrasound. (2) Target organ damage (TOD) 
is defined as eGFR < 45 mL/min/1.73  m2 irrespective of albuminuria; 
eGFR 45–59 mL/min/1.73  m2 and microalbuminuria (30–300 mg/g); 
proteinuria (> 300  mg/g); presence of microvascular disease in at 

least three different sites (e.g., microalbuminuria plus retinopathy 
plus neuropathy. (3) After Step 1, treatment intensification to the 
lipid targets of Step 2 should be considered in all patients (taking 
into account: lifetime ASCVD risk, treatment benefit, risk modifiers, 
comorbidities, and patient preference). Abbreviations: ASCVD, ath-
erosclerotic cardiovascular disease; BP, blood pressure; CKD, chronic 
kidney disease; CVD, cardiovascular disease; T1DM, type 1 diabe-
tes mellitus; T2DM, type 2 diabetes mellitus; eGFR, estimated glo-
merular filtration rate; LDL-C, low-density lipoprotein cholesterol; 
NAFLD, non-alcoholic fatty liver disease; SCORE2, Systematic Cor-
onary Risk Estimation; TOD, total organ damage
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(selective cholesterol absorption inhibitor), proprotein con-
vertase subtilisin/kexintype 9 (PCSK9) inhibitors, and bile 
acid sequestrants. New treatment approaches include bempe-
doic acid and inclisiran, a new small interfering ribonucleic 
acid [37, 39].

Statins play a well-established role in the primary and 
secondary prevention of CVD and are safe among patients 
with chronic liver disease such as NAFLD, including those 
with mild baseline elevation in transaminases (< 3 × upper 
limit of normal [ULN]) or compensated cirrhosis [65–71]. 
Similarly, there is evidence that statins may attenuate NASH 
and reduce the risk of liver fibrosis [72].

Although accumulating data show that statins can safely 
be used in patients with NAFLD, statins are still under-pre-
scribed among these patients due to concerns about hepa-
totoxicity [73]. However, it should be noted that statins are 
contraindicated in patients with decompensated cirrhosis or 
acute liver failure [74, 75].

In addition to their lipid-lowering effects, statins may 
have beneficial biologic effects, including amelioration of 
endothelial dysfunction, increased nitric oxide bioavailabil-
ity, antioxidant properties, and inhibition of inflammation 
ultimately resulting in improved vascular function and sta-
bilization of atherosclerotic plaques [75, 76].

Treatment with the maximally tolerated dose of high-
intensity statins (e.g., rosuvastatin or atorvastatin) is rec-
ommended as first-line treatment of dyslipidemia in patients 
with NAFLD to reach the LDL-cholesterol goals set for the 
determined risk group [39]. High-intensity statin therapy 
reduces LDL-cholesterol by 50% on average. For patients 
with NAFLD and transaminase elevations > 3 × ULN, a 
lower initial dose of statins and monitoring of transaminases 
in 4- to 12-week intervals during cautious uptitration may 
be reasonable [74, 75].

If the therapeutic goal cannot be achieved with the maxi-
mum tolerated statin dose, combination treatment with 
ezetimibe is recommended. Ezetimibe inhibits the intestinal 
cholesterol absorption through binding to the Niemann-Pick 
C1-Like 1 (NPC1L1) sterol receptor, which subsequently 
decreases the transportation of free fatty acids and non-
esterified cholesterol to the liver [77]. The average LDL-
cholesterol reduction using a combined treatment with a 
high-intensity statin together with ezetimibe is approxi-
mately 65%.

While the use of ezetimibe is safe in patients with 
NAFLD, there are controversial data on whether ezetimibe 
can also directly improve biochemical and histological 
markers of NAFLD [78–83]. For patients not achieving the 
LDL-cholesterol goals with a maximum tolerated dose of a 
statin und ezetimibe, combination with a PCSK9 inhibitor 
is recommended for secondary prevention and should be 
considered as primary prevention for patients at very high 
CVD risk. Moreover, a statin combination with a bile acid 

sequestrant (e.g., cholestyramine) may be considered if the 
LDL-cholesterol goal cannot be reached. If a statin-based 
regimen is not tolerated at any dose (e.g., due severe myopa-
thy), a monotherapy with ezetimibe or combination therapy 
with ezetimibe and PCSK9 inhibitor should be considered 
[39]. The general principle of managing elevated cholesterol 
levels follows the rule “the lower the better,” with no adverse 
effects seen with even the lowest values of LDL-cholesterol 
[74, 84, 85]. Therefore, there is no need to de-intensify treat-
ment in those who attain very low LDL-cholesterol levels 
during treatment [74].

Figure 2 proposes a possible algorithm for the manage-
ment and treatment of dyslipidemia in patients with NAFLD.

Pharmacological Management 
of Hypertrigylceridemia

Although ASCVD risk is already increased at fasting tri-
glycerides higher than 150 mg/dL (1.7 mmol/l), the use of 
drugs to lower triglyceride levels may only be considered in 
high-risk patients if triglycerides are higher than 200 mg/
dL (2.3 mmol/L) and triglycerides cannot be lowered by 
lifestyle measures [40, 86]. In addition to the effects on 
the ASCVD risk, therapeutic lowering of severe hypertri-
glyceridemia is also useful to reduce the pancreatitis risk, 
which is clinically significant if triglycerides are > 880 mg/
dl (> 10 mmol/L) [40].

In individuals with hypertriglyceridemia [triglycer-
ides > 200 mg/dL (2.3 mmol/L)] and high ASCVD risk, 
statin treatment is recommended as the first drug of choice.

Statin treatment reduces serum triglycerides by 15–30%, 
and more importantly VLDL as well as other apolipoprotein 
B containing atherogenic remnant particles that are typically 
increased in hypertriglyceridemia patients [53].

In high-risk (or above) patients with triglycer-
ides > 1.5 mmol/L (135 mg/dL) despite statin treatment and 
lifestyle interventions, the administration of long chain n-3 
polyunsaturated fatty acids (PUFAs, e.g., icosapent ethyl, 
2 × 2 g/day) may be considered in combination with a statin 
[39]. Depending on the baseline triglyceride concentration, 
therapeutic administration of n-3 PUFAs can result in a 
30–50% reduction in serum triglycerides [53].

In patients with combined dyslipidemia already taking 
statins, who achieved their LDL-cholesterol goal, but still 
display hypertriglyceridemia > 200 mg/dL (2.3 mmol/L), 
additional treatment with fenofibrate or bezafibrate may 
be considered. In patients with NASH and dyslipidemia, 
previous studies investigating the effects of the peroxisome 
proliferator–activated receptor (PPAR) agonists bezafibrate 
and fenofibrate have demonstrated beneficial effects on both 
lipid metabolism and liver function. Fenofibrate treatment in 
patients with NASH led to a decrease in elevated aminotrans-
ferases (ALT, AST) and gamma-glutamyltranspeptidase 
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(GGT) activity as well as hepatocellular ballooning evalu-
ated by biopsy, while short-term treatment with bezafi-
brate (2–8 weeks) has been found to reduce microvesicular 
steatosis [87]. However, no significant changes in inflam-
mation and fibrosis could be observed. While the effect of 
bezafibrate and fenofibrate should therefore be considered 
as minor, results from studies investigating clinical effects 
of the new pan-agonist lanifibranor on NAFLD severity 
and concomitant dyslipidemia will be interesting [88, 89]. 
Recently published data from a phase 2b study have already 
indicated promising beneficial effects on improving both 
NAFLD and dyslipidemia [90].

When focusing on PUFA’s as additional treatment option, 
it should be recognized that there are controversial results 
regarding the use of n–3 fatty acid supplementation and their 
effects on CVD outcomes [91–94]. While the REDUCE-
IT trial showed that the use of icosapent ethyl 2 g twice 
daily was superior to mineral oil in reducing triglycerides, 
CVD events, and CVD death among patients with high 

triglycerides [92], the recently published STRENGTH trial, 
which analyzed the effect of high-dose omega-3 fatty acids 
(combined formulation of eicosapentaenoic acid and doco-
sahexaenoic acid) in patients at high CVD risk, observed no 
beneficial effects of omega-3 fatty acid supplementation on 
the reduction of major adverse CV events [94]. However, it 
could be observed in both studies that high-dose omega-3 
fatty acid supplementation was associated with an increased 
risk of developing new-onset atrial fibrillation [92, 94]. As 
NAFLD represents another emerging risk factor for cardiac 
arrhythmias [95–97], these potential side effects should 
always be critically considered when PUFA’s are prescribed. 
In addition, while hepatic de novo lipogenesis is suppressed 
and fat oxidation is increased by omega-3 fatty acid supple-
mentation, fasting and postprandial glucose concentrations 
are increased with questionable long-term effects [98].

Figure 3 proposes a possible algorithm for the manage-
ment and treatment of hypertriglyceridemia in patients with 
NAFLD.

Fig. 2  A proposed algorithm for the management of hypercholester-
olemia in patients with NAFLD. (1) Blood pressure status should be 
assessed using 24-h ambulatory blood pressure monitoring. Abbre-
viations: ASCVD, atherosclerotic cardiovascular disease; HbA1c, 

glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; 
NAFLD, non-alcoholic fatty liver disease; PCSK-9, proprotein con-
vertase subtilisin/kexin type 9; siRNA, small interfering ribonucleic 
acid
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Treatment of Cardiometabolic Comorbidities

Adequate management of dyslipidemia in patients with 
NAFLD can only succeed, if all cardiometabolic comorbidi-
ties are considered and holistic approaches are needed [99].

Hypertension, obesity, NAFLD, and T2DM commonly 
coexist with dyslipidemia and act synergistically to increase 
the individuals’ ASCVD risk. In particular, optimal treat-
ment of DM is important in patients with NAFLD and dys-
lipidemia, as insulin resistance is the primary mechanism 
leading to lipid derangements [100, 101].

The prevalence of NAFLD in patients with T2DM is 
approximately 56% and a recent meta-analysis of 11 stud-
ies including 8346 patients observed that patients with 
NAFLD with concomitant T2DM had a twofold increased 
risk for the manifestation of ASCVD when compared to 
patients without NAFLD (OR 2.20; 95% CI 1.67–2.90) 
[2, 102]. Recently, some anti-diabetic drugs, especially 
glucagon-like peptide-1 receptor agonists (GLP-1RA) and 
sodium–glucose cotransporter-2 inhibitors (SGLT-2i), 
have shown promising results in patients with NAFLD 
and in ASCVD, with partly beneficial effects on underly-
ing lipid disorders [103–106]. In a recent phase IIb trial 
in patients with NASH, administration of semaglutide led 

to higher rates of NASH resolution and no worsening of 
fibrosis compared with placebo, which was accompanied 
by favorable effects on triglyceride levels at the highest 
administered dose [104].

Studies on SGLT-2i in patients with NAFLD showed 
a decrease in hepatic fat, improved liver function tests, 
and decreased triglyceride levels, while results on LDL-
cholesterol levels were inconsistent [107, 108].

When treating arterial hypertension in patients with 
NAFLD and dyslipidemia, it should be taken into account 
that some antihypertensive drugs may have an adverse 
effect on plasma lipid levels (e.g., thiazide diuretics, beta 
blockers), whereas others have neutral or beneficial effects 
(e.g., angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers, calcium channel blockers, selective 
alpha-1 blockers) [109].

Emerging Drugs for Treating Dyslipidemia 
in Patients with NAFLD

In recent years, new classes of lipid-lowering agents have 
been developed and approved that will be of increasing 
importance in everyday clinical practice in the future.

Fig. 3  Suggested flowchart for a step-by-step management approach 
for patients with NAFLD and hypertriglyceridemia. (1) 5–10% for all 
patients with elevated serum triglycerides; (2) at least 150 min/week 
aerobic activity at moderate intensity; (3) initiate or increase statin 

therapy in patients with at least moderate ASCVD risk; (4) emphasize 
low-fat diet; (5) some expert panels recommend starting fibrate ther-
apy at a triglyceride level of > 880  mg/dl. Abbreviations: ASCVD, 
atherosclerotic cardiovascular disease
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Bempedoic Acid

Bempedoic acid decreases LDL-cholesterol levels by the 
inhibition of adenosine-triphosphate (ATP) citrate lyase in 
the liver. ATP-citrate lyase is a cytosolic enzyme upstream 
of the HMG-CoA reductase in the cholesterol biosynthesis 
pathway. Unlike statins, bempedoic acid is administered as 
a prodrug and is converted to its active form by enzymes 
found only in the liver and not in skeletal muscles. The lack 
of active metabolites of bempedoic acid in skeletal muscles 
makes it a promising alternative for patients with statin-
associated myopathy. Decreasing LDL-cholesterol synthesis 
with bempedoic acid leads to an attenuation of atherosclero-
sis [110]. Bempedoic acid monotherapy and the combination 
therapy of bempedoic acid with ezetimibe are approved for 
the treatment of adults with familiar hypercholesterolemia 
in adults or patients with established ASCVD who require 
additional LDL-cholesterol lowering after maximally toler-
ated statin therapy or statin intolerance [111]. Bempedoic 
acid in a dose of 180 mg daily reduces LDL-cholesterol 
by up to 20% from baseline either as monotherapy or in 
combination with statin use. Combination treatment of 
180 mg bempedoic acid with 10 mg ezetimibe daily, LDL-
cholesterol can be reduced by 50% [74, 112, 113]. However, 
there is no data from studies investigating bempedoic acid 
in patients with NAFLD. In addition, trials investigating 
major cardiovascular endpoints are missing and need to be 
performed in the future.

PCSK9 Inhibitors

PCSK9 protein is an important regulator of circulating LDL‐
cholesterol levels. Secreted PCSK9 binds to the LDL recep-
tor on hepatocytes, leading to an internalization and degra-
dation of the receptor in lysosomes. This leads to a reduction 
of the LDL receptor numbers on the hepatocyte cell sur-
face and a reduced uptake of low-density lipoproteins. In 
turn, inhibition of PCSK9 in turn increases the number of 
LDL receptors and an increase uptake of LDL‐cholesterol 
into cells [114]. The average reduction in LDL-cholesterol 
with PCSK9 inhibitor therapy is approximately 60% [39, 
40]. In combination with high-intensity or maximum toler-
ated statins, PCSK9 inhibitors reduce LDL-cholesterol up 
to 75%, and up to 85% when ezetimibe is also added [39, 
115, 116]. Further, PCSK9 inhibitors can additionally lower 
triglycerides [115, 116]. Currently, there are two PCSK9 
inhibitors available in clinical practice, alirocumab and evo-
locumab. Both are administered subcutaneously and lower 
LDL-cholesterol levels in patients who are at high or very 
high CVD risk, including those with DM, and induce a sub-
stantial reduction in ASCVD events. However, they are cur-
rently indicated as rescue therapy for otherwise untreatable 
patients with severe hypercholesterolemia [117, 118].

Recently presented results from the HUYGENS trial 
could also demonstrate that treatment with evolocumab 
had incremental benefits on high-risk features of coronary 
artery plaques and significantly improved plaque stability by 
increasing the fibrous cap thickness as measured by optical 
coherence tomography [119].

Since patients with NAFLD frequently suffer from coro-
nary heart disease with vulnerable coronary plaques [120], 
the reported positive effects of PCSK9 inhibitors on plaque 
stabilization seen in the HUYGENS trial may also be of 
particular relevance in this ASCVD-risk population [121].

While comprehensive studies with long-term follow-up 
on the effect of PCSK9 inhibitors on the clinical course of 
patients with NAFLD are lacking, preliminary data sug-
gest beneficial effects and indicate that PCSK9 inhibitors 
may ameliorate NAFLD via different mechanisms [122]. 
In a small retrospective study, PCSK9 inhibitors led to an 
amelioration of hepatic steatosis in patients with NAFLD 
as measured by computer tomography [123]. However, pro-
spective studies are needed to validate these results.

Small Interfering RNA (siRNA) Molecules

Inclisiran, a small interfering RNA (siRNA) molecule, is 
a novel promising agent for the management of hypercho-
lesterolemia which increases the number of LDL receptors 
in the hepatocyte membranes by blocking the transcription 
of PCSK9. It provides advantages because of an infrequent 
dosing interval of only twice a year to reduce LDL-choles-
terol by 50 to 60% [124, 125]. However, currently, no data 
in patients with NAFLD has been published.

Conclusion

The concept of NAFLD as a cardiovascular risk factor on 
its own has been challenged in a study of the Danish gen-
eral population using a Mendelian randomization design as 
well as a large matched cohort study including 18 million 
European adults where an increased risk did not persist after 
adjusting for established cardiovascular risk factors [126, 
127]. As recently pointed out, increasing rates of antihyper-
tensive and lipid-lowering drug treatment in large published 
cohort studies of patients with NAFLD have been associ-
ated with substantially lower cardiovascular mortality [46]. 
A holistic approach including practical recommendations 
for lifestyle interventions, diabetes control, blood pressure 
treatment goals, and risk-related LDL-cholesterol targets 
seems to be promising. There are no prospective randomized 
studies looking for effects of lipid-lowering treatments on 
hard cardiovascular endpoints in NAFLD populations. How-
ever, based on the large body of evidence for a significant 
reduction in cardiovascular morbidity and mortality, it is 
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reasonable to follow the treatment algorithms laid down in 
current guidelines on lipid modification to reduce the cardio-
vascular risk in dyslipidemic patients with NAFLD [39, 40].

Author Contributions A.M., P.K., and H.M.S. drafted the manuscript. 
A.M. and P.K. performed literature review. T.G., S.L., and M.D. criti-
cally revised the manuscript for important intellectual content. All 
authors critically reviewed and approved the manuscript in its final 
form.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Conflict of Interest The authors declare that they have no conflict of 
interest.

Human and Animal Rights and Informed Consent This article is a 
review article in the field of the management of combined dyslipidemia 
in patients with non-alcoholic fatty liver disease. The review contains 
previous publications based on human and animal studies. This article 
does not contain any studies with human or animal subjects performed 
by any of the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Younossi ZM. Non-alcoholic fatty liver disease - a global public 
health perspective. J Hepatol. 2019;70(3):531–44. https:// doi. 
org/ 10. 1016/j. jhep. 2018. 10. 033.

 2. Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui 
N, et al. The global epidemiology of NAFLD and NASH in 
patients with type 2 diabetes: a systematic review and meta-
analysis. J Hepatol. 2019;71(4):793–801. https:// doi. org/ 10. 
1016/j. jhep. 2019. 06. 021.

 3. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, 
Wymer M. Global epidemiology of nonalcoholic fatty liver 
disease-meta-analytic assessment of prevalence, incidence, and 
outcomes. Hepatology. 2016;64(1):73–84. https:// doi. org/ 10. 
1002/ hep. 28431.

 4. Kasper P, Martin A, Lang S, Kutting F, Goeser T, Demir M, 
et al. NAFLD and cardiovascular diseases: a clinical review. 
Clin Res Cardiol. 2021;110(7):921–37. https:// doi. org/ 10. 1007/ 
s00392- 020- 01709-7.

 5. Lindenmeyer CC, McCullough AJ. The natural history of non-
alcoholic fatty liver disease-an evolving view. Clin Liver Dis. 
2018;22(1):11–21. https:// doi. org/ 10. 1016/j. cld. 2017. 08. 003.

 6. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver 
disease. Lancet. 2021;397(10290):2212–24. https:// doi. org/ 10. 
1016/ S0140- 6736(20) 32511-3.

 7. Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, Kecha-
gias S, et  al. Fibrosis stage is the strongest predictor for 
disease-specific mortality in NAFLD after up to 33 years of 
follow-up. Hepatology. 2015;61(5):1547–54. https:// doi. org/ 
10. 1002/ hep. 27368.

 8. Mantovani A, Scorletti E, Mosca A, Alisi A, Byrne CD, Tar-
gher G. Complications, morbidity and mortality of nonalco-
holic fatty liver disease. Metabolism. 2020;111S: 154170. 
https:// doi. org/ 10. 1016/j. metab ol. 2020. 154170.

 9. Simon TG, Roelstraete B, Khalili H, Hagstrom H, Ludvigsson 
JF. Mortality in biopsy-confirmed nonalcoholic fatty liver dis-
ease: results from a nationwide cohort. Gut. 2021;70(7):1375–
82. https:// doi. org/ 10. 1136/ gutjnl- 2020- 322786.

 10. Francque SM, van der Graaff D, Kwanten WJ. Non-alcoholic 
fatty liver disease and cardiovascular risk: Pathophysiological 
mechanisms and implications. J Hepatol. 2016;65(2):425–43. 
https:// doi. org/ 10. 1016/j. jhep. 2016. 04. 005.

 11. Mantovani A, Csermely A, Petracca G, Beatrice G, Corey KE, 
Simon TG, et al. Non-alcoholic fatty liver disease and risk of 
fatal and non-fatal cardiovascular events: an updated system-
atic review and meta-analysis. Lancet Gastroenterol Hepatol. 
2021;6(11):903–13. https:// doi. org/ 10. 1016/ S2468- 1253(21) 
00308-3.

 12. Meyersohn NM, Mayrhofer T, Corey KE, Bittner DO, Staziaki 
PV, Szilveszter B, et al. Association of hepatic steatosis with 
major adverse cardiovascular events, independent of coronary 
artery disease. Clin Gastroenterol Hepatol. 2021;19(7):1480-8.
e14. https:// doi. org/ 10. 1016/j. cgh. 2020. 07. 030.

 13. Przybyszewski EM, Targher G, Roden M, Corey KE. Nonalco-
holic fatty liver disease and cardiovascular disease. Clin Liver 
Dis (Hoboken). 2021;17(1):19–22. https:// doi. org/ 10. 1002/ cld. 
1017.

 14.• TG Simon B Roelstraete H Hagstrom J Sundstrom JF Lud-
vigsson 2021 Non-alcoholic fatty liver disease and incident 
major adverse cardiovascular events: results from a nationwide 
histology cohort Gut https:// doi. org/ 10. 1136/ gutjnl- 2021- 
325724. Large population-based cohort study including 
10.422 study participants demonstrating that patients with 
biopsy-proven NAFLD had significantly higher incidence 
of major adverse cardiovascular events (MACE), including 
ischemic heart disease, stroke, congestive heartl failure and 
cardiovascular mortality..

 15. Cohen DE, Fisher EA. Lipoprotein metabolism, dyslipi-
demia, and nonalcoholic fatty liver disease. Semin Liver Dis. 
2013;33(4):380–8. https:// doi. org/ 10. 1055/s- 0033- 13585 19.

 16. Deprince A, Haas JT, Staels B. Dysregulated lipid metabolism 
links NAFLD to cardiovascular disease. Mol Metab. 2020;42: 
101092. https:// doi. org/ 10. 1016/j. molmet. 2020. 101092.

 17. Boren J, Chapman MJ, Krauss RM, Packard CJ, Bentzon JF, 
Binder CJ, et al. Low-density lipoproteins cause atheroscle-
rotic cardiovascular disease: pathophysiological, genetic, and 
therapeutic insights: a consensus statement from the Euro-
pean Atherosclerosis Society Consensus Panel. Eur Heart 
J. 2020;41(24):2313–30. https:// doi. org/ 10. 1093/ eurhe artj/ 
ehz962.

542 Current Atherosclerosis Reports (2022) 24:533–546

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jhep.2018.10.033
https://doi.org/10.1016/j.jhep.2018.10.033
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.1002/hep.28431
https://doi.org/10.1002/hep.28431
https://doi.org/10.1007/s00392-020-01709-7
https://doi.org/10.1007/s00392-020-01709-7
https://doi.org/10.1016/j.cld.2017.08.003
https://doi.org/10.1016/S0140-6736(20)32511-3
https://doi.org/10.1016/S0140-6736(20)32511-3
https://doi.org/10.1002/hep.27368
https://doi.org/10.1002/hep.27368
https://doi.org/10.1016/j.metabol.2020.154170
https://doi.org/10.1136/gutjnl-2020-322786
https://doi.org/10.1016/j.jhep.2016.04.005
https://doi.org/10.1016/S2468-1253(21)00308-3
https://doi.org/10.1016/S2468-1253(21)00308-3
https://doi.org/10.1016/j.cgh.2020.07.030
https://doi.org/10.1002/cld.1017
https://doi.org/10.1002/cld.1017
https://doi.org/10.1136/gutjnl-2021-325724
https://doi.org/10.1136/gutjnl-2021-325724
https://doi.org/10.1055/s-0033-1358519
https://doi.org/10.1016/j.molmet.2020.101092
https://doi.org/10.1093/eurheartj/ehz962
https://doi.org/10.1093/eurheartj/ehz962


1 3

 18. Pirillo A, Casula M, Olmastroni E, Norata GD, Cata-
pano AL. Global epidemiology of dyslipidaemias. Nat Rev 
Cardiol. 2021;18(10):689–700. https:// doi. org/ 10. 1038/ 
s41569- 021- 00541-4.

 19. Katsiki N, Mikhailidis DP, Mantzoros CS. Non-alcoholic 
fatty liver disease and dyslipidemia: An update. Metabolism. 
2016;65(8):1109–23. https:// doi. org/ 10. 1016/j. metab ol. 2016. 05. 
003.

 20. Eslam M, George J. Reply to: Correspondence on “A new defi-
nition for metabolic associated fatty liver disease: an interna-
tional expert consensus statement”: MAFLD: moving from a 
concept to practice. J Hepatol. 2020;73(5):1268–9. https:// doi. 
org/ 10. 1016/j. jhep. 2020. 06. 036.

 21. Eslam M, George J. Reply to: correspondence regarding “A 
new definition for metabolic dysfunction-associated fatty 
liver disease: an international expert consensus statement”: 
Bringing evidence to the NAFLD-MAFLD debate. J Hepatol. 
2020;73(6):1575. https:// doi. org/ 10. 1016/j. jhep. 2020. 07. 045.

 22 International Consensus P. MAFLD: a consensus-driven proposed 
nomenclature for metabolic associated fatty liver disease. Gas-
troenterology. 2020;158(7):1999-2014.e1. https:// doi. org/ 10. 
1053/j. gastro. 2019. 11. 312.

 23. Younossi ZM, Ratziu V, Loomba R, Rinella M, Anstee QM, 
Goodman Z, et al. Obeticholic acid for the treatment of non-
alcoholic steatohepatitis: interim analysis from a multicen-
tre, randomised, placebo-controlled phase 3 trial. Lancet. 
2019;394(10215):2184–96. https:// doi. org/ 10. 1016/ S0140- 
6736(19) 33041-7.

 24. Harrison SA, Gawrieh S, Roberts K, Lisanti CJ, Schwope RB, 
Cebe KM, et al. Prospective evaluation of the prevalence of 
non-alcoholic fatty liver disease and steatohepatitis in a large 
middle-aged US cohort. J Hepatol. 2021;75(2):284–91. https:// 
doi. org/ 10. 1016/j. jhep. 2021. 02. 034.

 25. Povsic M, Oliver L, Jiandani NR, Perry R, Bottomley J. A 
structured literature review of interventions used in the man-
agement of nonalcoholic steatohepatitis (NASH). Pharmacol 
Res Perspect. 2019;7(3): e00485. https:// doi. org/ 10. 1002/ prp2. 
485.

 26. Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, 
Ikramuddin S. Nonalcoholic steatohepatitis: a review. JAMA. 
2020;323(12):1175–83. https:// doi. org/ 10. 1001/ jama. 2020. 2298.

 27. Bril F, Sninsky JJ, Baca AM, Superko HR, Portillo Sanchez 
P, Biernacki D, et al. Hepatic steatosis and insulin resistance, 
but not steatohepatitis, promote atherogenic dyslipidemia in 
NAFLD. J Clin Endocrinol Metab. 2016;101(2):644–52. https:// 
doi. org/ 10. 1210/ jc. 2015- 3111.

 28. Chen Z, Qin H, Qiu S, Chen G, Chen Y. Correlation of triglyc-
eride to high-density lipoprotein cholesterol ratio with nonalco-
holic fatty liver disease among the non-obese Chinese population 
with normal blood lipid levels: a retrospective cohort research. 
Lipids Health Dis. 2019;18(1):162. https:// doi. org/ 10. 1186/ 
s12944- 019- 1104-6.

 29. Peng K, Mo Z, Tian G. Serum lipid abnormalities and non-
alcoholic fatty liver disease in adult males. Am J Med Sci. 
2017;353(3):236–41. https:// doi. org/ 10. 1016/j. amjms. 2017. 01. 
002.

 30. Soresi M, Noto D, Cefalu AB, Martini S, Vigna GB, Fonda M, 
et al. Nonalcoholic fatty liver and metabolic syndrome in Italy: 
results from a multicentric study of the Italian Arteriosclerosis 
society. Acta Diabetol. 2013;50(2):241–9. https:// doi. org/ 10. 
1007/ s00592- 012- 0406-1.

 31. Ipsen DH, Lykkesfeldt J, Tveden-Nyborg P. Molecular mecha-
nisms of hepatic lipid accumulation in non-alcoholic fatty liver 
disease. Cell Mol Life Sci. 2018;75(18):3313–27. https:// doi. 
org/ 10. 1007/ s00018- 018- 2860-6.

 32. Lechner K, McKenzie AL, Krankel N, Von Schacky C, Worm N, 
Nixdorff U, et al. High-risk atherosclerosis and metabolic phe-
notype: the roles of ectopic adiposity, atherogenic dyslipidemia, 
and inflammation. Metab Syndr Relat Disord. 2020;18(4):176–
85. https:// doi. org/ 10. 1089/ met. 2019. 0115.

 33. Zewinger S, Reiser J, Jankowski V, Alansary D, Hahm E, Triem 
S, et al. Apolipoprotein C3 induces inflammation and organ 
damage by alternative inflammasome activation. Nat Immunol. 
2020;21(1):30–41. https:// doi. org/ 10. 1038/ s41590- 019- 0548-1.

 34. Libby P, Everett BM. Novel antiatherosclerotic therapies. Arte-
rioscler Thromb Vasc Biol. 2019;39(4):538–45. https:// doi. org/ 
10. 1161/ ATVBA HA. 118. 310958.

 35. Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuniga 
FA. Association between insulin resistance and the development 
of cardiovascular disease. Cardiovasc Diabetol. 2018;17(1):122. 
https:// doi. org/ 10. 1186/ s12933- 018- 0762-4.

 36. Amor AJ, Perea V. Dyslipidemia in nonalcoholic fatty liver dis-
ease. Curr Opin Endocrinol Diabetes Obes. 2019;26(2):103–8. 
https:// doi. org/ 10. 1097/ MED. 00000 00000 000464.

 37. TF Authors M, Guidelines ESCCfP, Societies ESCNC. ESC/
EAS guidelines for the management of dyslipidaemias: Lipid 
modification to reduce cardiovascular risk. Atherosclerosis. 
2019;2019(290):140–205. https:// doi. org/ 10. 1016/j. ather oscle 
rosis. 2019. 08. 014.

 38. European Association for the Study of the L, European Asso-
ciation for the Study of D, European Association for the 
Study of O. EASL-EASD-EASO Clinical Practice Guide-
lines for the management of non-alcoholic fatty liver disease. 
Diabetologia. 2016;59(6):1121–40. https:// doi. org/ 10. 1007/ 
s00125- 016- 3902-y.

 39. FLJ Visseren F Mach YM Smulders D Carballo KC Koskinas 
M Back et al 2021 ESC Guidelines on cardiovascular disease 
prevention in clinical practice Eur J PrevCardiol 2021. https:// 
doi. org/ 10. 1093/ eurjpc/ zwab1 54.

 40. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, 
Badimon L, et al. 2019 ESC/EAS Guidelines for the manage-
ment of dyslipidaemias: lipid modification to reduce cardiovas-
cular risk. Eur Heart J. 2020;41(1):111–88. https:// doi. org/ 10. 
1093/ eurhe artj/ ehz455.

 41. Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, 
De Backer G, et al. Estimation of ten-year risk of fatal cardio-
vascular disease in Europe: the SCORE project. Eur Heart J. 
2003;24(11):987–1003. https:// doi. org/ 10. 1016/ s0195- 668x(03) 
00114-3.

 42. Score2-working-group. SCORE2 risk prediction algorithms: 
new models to estimate 10-year risk of cardiovascular disease 
in Europe. Eur Heart J. 2021;42(25):2439–54. https:// doi. org/ 
10. 1093/ eurhe artj/ ehab3 09.

 43.• P Golabi N Fukui J Paik M Sayiner A Mishra ZM Younossi 
2019 Mortality risk detected by atherosclerotic cardiovascular 
disease score in patients with nonalcoholic fatty liver disease 
Hepatol Commun 3(8):1050-1060. https:// doi. org/ 10. 1002/ hep4. 
1387. Findings from this study suggest, that it is important 
to use ASCVD scoring systems in NAFLD patients to iden-
tify patients at higher risk of overall and cardiac‐specific 
mortality.

 44. Targher G, Byrne CD, Tilg H. NAFLD and increased risk 
of cardiovascular disease: clinical associations, patho-
physiological mechanisms and pharmacological implica-
tions. Gut. 2020;69(9):1691–705. https:// doi. org/ 10. 1136/ 
gutjnl- 2020- 320622.

 45. Del Ben M, Baratta F, Pastori D, Angelico F. The challenge 
of cardiovascular prevention in NAFLD. Lancet Gastroenterol 
Hepatol. 2021;6(11):877–8. https:// doi. org/ 10. 1016/ S2468- 
1253(21) 00337-X.

543Current Atherosclerosis Reports (2022) 24:533–546

https://doi.org/10.1038/s41569-021-00541-4
https://doi.org/10.1038/s41569-021-00541-4
https://doi.org/10.1016/j.metabol.2016.05.003
https://doi.org/10.1016/j.metabol.2016.05.003
https://doi.org/10.1016/j.jhep.2020.06.036
https://doi.org/10.1016/j.jhep.2020.06.036
https://doi.org/10.1016/j.jhep.2020.07.045
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1016/S0140-6736(19)33041-7
https://doi.org/10.1016/S0140-6736(19)33041-7
https://doi.org/10.1016/j.jhep.2021.02.034
https://doi.org/10.1016/j.jhep.2021.02.034
https://doi.org/10.1002/prp2.485
https://doi.org/10.1002/prp2.485
https://doi.org/10.1001/jama.2020.2298
https://doi.org/10.1210/jc.2015-3111
https://doi.org/10.1210/jc.2015-3111
https://doi.org/10.1186/s12944-019-1104-6
https://doi.org/10.1186/s12944-019-1104-6
https://doi.org/10.1016/j.amjms.2017.01.002
https://doi.org/10.1016/j.amjms.2017.01.002
https://doi.org/10.1007/s00592-012-0406-1
https://doi.org/10.1007/s00592-012-0406-1
https://doi.org/10.1007/s00018-018-2860-6
https://doi.org/10.1007/s00018-018-2860-6
https://doi.org/10.1089/met.2019.0115
https://doi.org/10.1038/s41590-019-0548-1
https://doi.org/10.1161/ATVBAHA.118.310958
https://doi.org/10.1161/ATVBAHA.118.310958
https://doi.org/10.1186/s12933-018-0762-4
https://doi.org/10.1097/MED.0000000000000464
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1007/s00125-016-3902-y
https://doi.org/10.1007/s00125-016-3902-y
https://doi.org/10.1093/eurjpc/zwab154
https://doi.org/10.1093/eurjpc/zwab154
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1016/s0195-668x(03)00114-3
https://doi.org/10.1016/s0195-668x(03)00114-3
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.1002/hep4.1387
https://doi.org/10.1002/hep4.1387
https://doi.org/10.1136/gutjnl-2020-320622
https://doi.org/10.1136/gutjnl-2020-320622
https://doi.org/10.1016/S2468-1253(21)00337-X
https://doi.org/10.1016/S2468-1253(21)00337-X


1 3

 46. Kasper P, Lang S, Demir M, Steffen HM. 2022 Optimising 
the management of cardiovascular comorbidities in NAFLD 
patients: it's time to (re-) act! Gut. https:// doi. org/ 10. 1136/ 
gutjnl- 2021- 326662.

 47. Polyzos SA, Kechagias S, Tsochatzis EA. Review article: non-
alcoholic fatty liver disease and cardiovascular diseases: asso-
ciations and treatment considerations. Aliment Pharmacol Ther. 
2021;54(8):1013–25. https:// doi. org/ 10. 1111/ apt. 16575.

 48. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella 
M, et al. The diagnosis and management of nonalcoholic fatty 
liver disease: practice guidance from the American Association 
for the Study of Liver Diseases. Hepatology. 2018;67(1):328–57. 
https:// doi. org/ 10. 1002/ hep. 29367.

 49. Glass LM, Dickson RC, Anderson JC, Suriawinata AA, Putra 
J, Berk BS, et al. Total body weight loss of >/= 10 % is associ-
ated with improved hepatic fibrosis in patients with nonalcoholic 
steatohepatitis. Dig Dis Sci. 2015;60(4):1024–30. https:// doi. 
org/ 10. 1007/ s10620- 014- 3380-3.

 50. Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns M, 
Wands JR, et al. Randomized controlled trial testing the effects 
of weight loss on nonalcoholic steatohepatitis. Hepatology. 
2010;51(1):121–9. https:// doi. org/ 10. 1002/ hep. 23276.

 51. Stefan N, Haring HU, Cusi K. Non-alcoholic fatty liver disease: 
causes, diagnosis, cardiometabolic consequences, and treat-
ment strategies. Lancet Diabetes Endocrinol. 2019;7(4):313–24. 
https:// doi. org/ 10. 1016/ S2213- 8587(18) 30154-2.

 52. Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Tor-
res-Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, et  al. 
Weight loss through lifestyle modification significantly reduces 
features of nonalcoholic steatohepatitis. Gastroenterology. 
2015;149(2):367-78.e5; quiz e14-5. https:// doi. org/ 10. 1053/j. 
gastro. 2015. 04. 005.

 53. Simha V. Management of hypertriglyceridemia. BMJ. 2020;371: 
m3109. https:// doi. org/ 10. 1136/ bmj. m3109.

 54. Hashida R, Kawaguchi T, Bekki M, Omoto M, Matsuse H, Nago 
T, et al. Aerobic vs resistance exercise in non-alcoholic fatty 
liver disease a systematic review. J Hepatol. 2017;66(1):142–52. 
https:// doi. org/ 10. 1016/j. jhep. 2016. 08. 023.

 55. Orci LA, Gariani K, Oldani G, Delaune V, Morel P, Toso C. 
Exercise-based interventions for nonalcoholic fatty liver disease: 
a meta-analysis and meta-regression. Clin Gastroenterol Hepa-
tol. 2016;14(10):1398–411. https:// doi. org/ 10. 1016/j. cgh. 2016. 
04. 036.

 56. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, 
Back M, et al. 2021 ESC Guidelines on cardiovascular disease 
prevention in clinical practice. Eur Heart J. 2021;42(34):3227–
337. https:// doi. org/ 10. 1093/ eurhe artj/ ehab4 84.

 57. Barrera F, George J. The role of diet and nutritional intervention 
for the management of patients with NAFLD. Clin Liver Dis. 
2014;18(1):91–112. https:// doi. org/ 10. 1016/j. cld. 2013. 09. 009.

 58. Schwarz JM, Noworolski SM, Wen MJ, Dyachenko A, Prior JL, 
Weinberg ME, et al. Effect of a high-fructose weight-maintain-
ing diet on lipogenesis and liver fat. J Clin Endocrinol Metab. 
2015;100(6):2434–42. https:// doi. org/ 10. 1210/ jc. 2014- 3678.

 59. Tappy L. 2018 Fructose-containing caloric sweeteners as a cause 
of obesity and metabolic disorders. J Exp Biol. 221(Pt Suppl 1) 
doi: https:// doi. org/ 10. 1242/ jeb. 164202

 60. Asbaghi O, Choghakhori R, Ashtary-Larky D, Abbasnezhad A. 
Effects of the Mediterranean diet on cardiovascular risk factors 
in non-alcoholic fatty liver disease patients: A systematic review 
and meta-analysis. Clin Nutr ESPEN. 2020;37:148–56. https:// 
doi. org/ 10. 1016/j. clnesp. 2020. 03. 003.

 61 Cholesterol Treatment Trialists C. Efficacy and safety of sta-
tin therapy in older people: a meta-analysis of individual par-
ticipant data from 28 randomised controlled trials. Lancet. 

2019;393(10170):407–15. https:// doi. org/ 10. 1016/ S0140- 
6736(18) 31942-1.

 62 C Cholesterol Treatment Trialists, Fulcher J, O’Connell R, Voy-
sey M, Emberson J, Blackwell L, et al. Efficacy and safety of 
LDL-lowering therapy among men and women: meta-analysis of 
individual data from 174,000 participants in 27 randomised tri-
als. Lancet. 2015;385(9976):1397–405. https:// doi. org/ 10. 1016/ 
S0140- 6736(14) 61368-4.

 63 Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, 
Bruckert E, et al. Low-density lipoproteins cause atheroscle-
rotic cardiovascular disease. 1. Evidence from genetic, epide-
miologic, and clinical studies. A consensus statement from the 
European Atherosclerosis Society Consensus Panel. Eur Heart J. 
2017;38(32):2459–72. https:// doi. org/ 10. 1093/ eurhe artj/ ehx144.

 64. Wang N, Fulcher J, Abeysuriya N, Park L, Kumar S, Di Tanna 
GL, et al. Intensive LDL cholesterol-lowering treatment beyond 
current recommendations for the prevention of major vascular 
events: a systematic review and meta-analysis of randomised tri-
als including 327 037 participants. Lancet Diabetes Endocrinol. 
2020;8(1):36–49. https:// doi. org/ 10. 1016/ S2213- 8587(19) 
30388-2.

 65. Athyros VG, Alexandrides TK, Bilianou H, Cholongitas E, 
Doumas M, Ganotakis ES, et al. The use of statins alone, or in 
combination with pioglitazone and other drugs, for the treatment 
of non-alcoholic fatty liver disease/non-alcoholic steatohepatitis 
and related cardiovascular risk. Expert Panel Statement Metabo-
lism. 2017;71:17–32. https:// doi. org/ 10. 1016/j. metab ol. 2017. 02. 
014.

 66. Chalasani N, Aljadhey H, Kesterson J, Murray MD, Hall SD. 
Patients with elevated liver enzymes are not at higher risk for 
statin hepatotoxicity. Gastroenterology. 2004;126(5):1287–92. 
https:// doi. org/ 10. 1053/j. gastro. 2004. 02. 015.

 67. Cohen DE, Anania FA, Chalasani N, National Lipid Association 
Statin Safety Task Force Liver Expert P. An assessment of statin 
safety by hepatologists. Am J Cardiol. 2006;97(8A):77C-81C. 
https:// doi. org/ 10. 1016/j. amjca rd. 2005. 12. 014.

 68. Kaplan DE, Serper MA, Mehta R, Fox R, John B, Aytaman A, 
et al. Effects of hypercholesterolemia and statin exposure on 
survival in a large national cohort of patients with cirrhosis. 
Gastroenterology. 2019;156(6):1693-706.e12. https:// doi. org/ 10. 
1053/j. gastro. 2019. 01. 026.

 69 Kim RG, Loomba R, Prokop LJ, Singh S. Statin use and risk of 
cirrhosis and related complications in patients with chronic liver 
diseases: a systematic review and meta-analysis. Clin Gastroen-
terol Hepatol. 2017;15(10):1521-30.e8. https:// doi. org/ 10. 1016/j. 
cgh. 2017. 04. 039.

 70. Nascimbeni F, Pellegrini E, Lugari S, Mondelli A, Bursi S, Onfi-
ani G, et al. Statins and nonalcoholic fatty liver disease in the era 
of precision medicine: more friends than foes. Atherosclerosis. 
2019;284:66–74. https:// doi. org/ 10. 1016/j. ather oscle rosis. 2019. 
02. 028.

 71. Thomson MJ, Serper M, Khungar V, Weiss LM, Trinh H, Firpi-
Morell R, et al. Prevalence and factors associated with statin 
use among patients with nonalcoholic fatty liver disease in the 
TARGET-NASH Study. Clin Gastroenterol Hepatol. 2021. 
https:// doi. org/ 10. 1016/j. cgh. 2021. 03. 031.

 72. Torres-Pena JD, Martin-Piedra L, Fuentes-Jimenez F. Statins in 
non-alcoholic steatohepatitis. Front Cardiovasc Med. 2021;8: 
777131. https:// doi. org/ 10. 3389/ fcvm. 2021. 777131.

 73. Del Ben M, Baratta F, Polimeni L, Pastori D, Loffredo L, 
Averna M, et al. Under-prescription of statins in patients with 
non-alcoholic fatty liver disease. Nutr Metab Cardiovasc Dis. 
2017;27(2):161–7. https:// doi. org/ 10. 1016/j. numecd. 2016. 09. 
011.

 74. Berberich AJ, Hegele RA. A modern approach to dyslipidemia. 
Endocr Rev. 2021. https:// doi. org/ 10. 1210/ endrev/ bnab0 37.

544 Current Atherosclerosis Reports (2022) 24:533–546

https://doi.org/10.1136/gutjnl-2021-326662
https://doi.org/10.1136/gutjnl-2021-326662
https://doi.org/10.1111/apt.16575
https://doi.org/10.1002/hep.29367
https://doi.org/10.1007/s10620-014-3380-3
https://doi.org/10.1007/s10620-014-3380-3
https://doi.org/10.1002/hep.23276
https://doi.org/10.1016/S2213-8587(18)30154-2
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1136/bmj.m3109
https://doi.org/10.1016/j.jhep.2016.08.023
https://doi.org/10.1016/j.cgh.2016.04.036
https://doi.org/10.1016/j.cgh.2016.04.036
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1016/j.cld.2013.09.009
https://doi.org/10.1210/jc.2014-3678
https://doi.org/10.1242/jeb.164202
https://doi.org/10.1016/j.clnesp.2020.03.003
https://doi.org/10.1016/j.clnesp.2020.03.003
https://doi.org/10.1016/S0140-6736(18)31942-1
https://doi.org/10.1016/S0140-6736(18)31942-1
https://doi.org/10.1016/S0140-6736(14)61368-4
https://doi.org/10.1016/S0140-6736(14)61368-4
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1016/S2213-8587(19)30388-2
https://doi.org/10.1016/S2213-8587(19)30388-2
https://doi.org/10.1016/j.metabol.2017.02.014
https://doi.org/10.1016/j.metabol.2017.02.014
https://doi.org/10.1053/j.gastro.2004.02.015
https://doi.org/10.1016/j.amjcard.2005.12.014
https://doi.org/10.1053/j.gastro.2019.01.026
https://doi.org/10.1053/j.gastro.2019.01.026
https://doi.org/10.1016/j.cgh.2017.04.039
https://doi.org/10.1016/j.cgh.2017.04.039
https://doi.org/10.1016/j.atherosclerosis.2019.02.028
https://doi.org/10.1016/j.atherosclerosis.2019.02.028
https://doi.org/10.1016/j.cgh.2021.03.031
https://doi.org/10.3389/fcvm.2021.777131
https://doi.org/10.1016/j.numecd.2016.09.011
https://doi.org/10.1016/j.numecd.2016.09.011
https://doi.org/10.1210/endrev/bnab037


1 3

 75. Ward NC, Watts GF, Eckel RH. Statin toxicity. Circ Res. 
2019;124(2):328–50. https:// doi. org/ 10. 1161/ CIRCR ESAHA. 
118. 312782.

 76. Buhaescu I, Izzedine H. Mevalonate pathway: a review of clini-
cal and therapeutical implications. Clin Biochem. 2007;40(9–
10):575–84. https:// doi. org/ 10. 1016/j. clinb iochem. 2007. 03. 016.

 77. Simon TG, Corey KE, Chung RT, Giugliano R. Cardiovascular 
risk reduction in patients with nonalcoholic fatty liver disease: 
the potential role of ezetimibe. Dig Dis Sci. 2016;61(12):3425–
35. https:// doi. org/ 10. 1007/ s10620- 016- 4330-z.

 78. Lee HY, Jun DW, Kim HJ, Oh H, Saeed WK, Ahn H, et al. 
Ezetimibe decreased nonalcoholic fatty liver disease activ-
ity score but not hepatic steatosis. Korean J Intern Med. 
2019;34(2):296–304. https:// doi. org/ 10. 3904/ kjim. 2017. 194.

 79. Loomba R, Sirlin CB, Ang B, Bettencourt R, Jain R, Salotti J, 
et al. Ezetimibe for the treatment of nonalcoholic steatohepatitis: 
assessment by novel magnetic resonance imaging and magnetic 
resonance elastography in a randomized trial (MOZART trial). 
Hepatology. 2015;61(4):1239–50. https:// doi. org/ 10. 1002/ hep. 
27647.

 80. Nakade Y, Murotani K, Inoue T, Kobayashi Y, Yamamoto T, 
Ishii N, et al. Ezetimibe for the treatment of non-alcoholic fatty 
liver disease: a meta-analysis. Hepatol Res. 2017;47(13):1417–
28. https:// doi. org/ 10. 1111/ hepr. 12887.

 81. Park H, Shima T, Yamaguchi K, Mitsuyoshi H, Minami M, 
Yasui K, et  al. Efficacy of long-term ezetimibe therapy in 
patients with nonalcoholic fatty liver disease. J Gastroenterol. 
2011;46(1):101–7. https:// doi. org/ 10. 1007/ s00535- 010- 0291-8.

 82. Simon TG, Corey KE, Cannon CP, Blazing M, Park JG, 
O’Donoghue ML, et al. The nonalcoholic fatty liver disease 
(NAFLD) fibrosis score, cardiovascular risk stratification and a 
strategy for secondary prevention with ezetimibe. Int J Cardiol. 
2018;270:245–52. https:// doi. org/ 10. 1016/j. ijcard. 2018. 05. 087.

 83. Yoneda M, Fujita K, Nozaki Y, Endo H, Takahashi H, Hosono 
K, et al. Efficacy of ezetimibe for the treatment of non-alco-
holic steatohepatitis: An open-label, pilot study. Hepatol Res. 
2010;40(6):566–73. https:// doi. org/ 10. 1111/j. 1872- 034X. 2010. 
00644.x.

 84. Robinson JG, Rosenson RS, Farnier M, Chaudhari U, Sasiela 
WJ, Merlet L, et al. Safety of very low low-density lipoprotein 
cholesterol levels with alirocumab: pooled data from randomized 
trials. J Am Coll Cardiol. 2017;69(5):471–82. https:// doi. org/ 10. 
1016/j. jacc. 2016. 11. 037.

 85. Soran H, Ho JH, Durrington PN. Acquired low cholesterol: diag-
nosis and relevance to safety of low LDL therapeutic targets. 
Curr Opin Lipidol. 2018;29(4):318–26. https:// doi. org/ 10. 1097/ 
MOL. 00000 00000 000526.

 86. Triglyceride Coronary Disease Genetics C, Emerging Risk 
Factors C, N, Sarwar, MS, Sandhu, SL, Ricketts, AS, But-
terworth, et  al. Triglyceride-mediated pathways and coro-
nary disease: collaborative analysis of 101 studies. Lan-
cet. 2010;375(9726):1634–9. https:// doi. org/ 10. 1016/ 
S0140- 6736(10) 60545-4.

 87. Pawlak M, Lefebvre P, Staels B. Molecular mechanism of PPA-
Ralpha action and its impact on lipid metabolism, inflamma-
tion and fibrosis in non-alcoholic fatty liver disease. J Hepatol. 
2015;62(3):720–33. https:// doi. org/ 10. 1016/j. jhep. 2014. 10. 039.

 88. Francque S, Szabo G, Abdelmalek MF, Byrne CD, Cusi 
K, Dufour JF, et al. Nonalcoholic steatohepatitis: the role of 
peroxisome proliferator-activated receptors. Nat Rev Gastro-
enterol Hepatol. 2021;18(1):24–39. https:// doi. org/ 10. 1038/ 
s41575- 020- 00366-5.

 89. Sumida Y, Yoneda M. Current and future pharmacological thera-
pies for NAFLD/NASH. J Gastroenterol. 2018;53(3):362–76. 
https:// doi. org/ 10. 1007/ s00535- 017- 1415-1.

 90. Francque SM, Bedossa P, Ratziu V, Anstee QM, Bugianesi 
E, Sanyal AJ, et  al. A Randomized, controlled trial of the 
Pan-PPAR agonist lanifibranor in NASH. N Engl J Med. 
2021;385(17):1547–58. https:// doi. org/ 10. 1056/ NEJMo a2036 
205.

 91. Albert CM, Cook NR, Pester J, Moorthy MV, Ridge C, Danik 
JS, et al. Effect of marine omega-3 fatty acid and vitamin D sup-
plementation on incident atrial fibrillation: a randomized clini-
cal trial. JAMA. 2021;325(11):1061–73. https:// doi. org/ 10. 1001/ 
jama. 2021. 1489.

 92. Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, 
Ketchum SB, et al. Cardiovascular risk reduction with icosapent 
ethyl for hypertriglyceridemia. N Engl J Med. 2019;380(1):11–
22. https:// doi. org/ 10. 1056/ NEJMo a1812 792.

 93. Kalstad AA, Myhre PL, Laake K, Tveit SH, Schmidt EB, Smith 
P, et al. Effects of n-3 fatty acid supplements in elderly patients 
after myocardial infarction: a randomized, controlled trial. Cir-
culation. 2021;143(6):528–39. https:// doi. org/ 10. 1161/ CIRCU 
LATIO NAHA. 120. 052209.

 94. Nicholls SJ, Lincoff AM, Garcia M, Bash D, Ballantyne CM, 
Barter PJ, et al. Effect of high-dose omega-3 fatty acids vs corn 
oil on major adverse cardiovascular events in patients at high 
cardiovascular risk: The STRENGTH Randomized Clinical 
Trial. JAMA. 2020;324(22):2268–80. https:// doi. org/ 10. 1001/ 
jama. 2020. 22258.

 95. Anstee QM, Mantovani A, Tilg H, Targher G. Risk of car-
diomyopathy and cardiac arrhythmias in patients with non-
alcoholic fatty liver disease. Nat Rev Gastroenterol Hepatol. 
2018;15(7):425–39. https:// doi. org/ 10. 1038/ s41575- 018- 0010-0.

 96. Chen Z, Liu J, Zhou F, Li H, Zhang XJ, She ZG, et al. Nonalco-
holic fatty liver disease: an emerging driver of cardiac arrhyth-
mia. Circ Res. 2021;128(11):1747–65. https:// doi. org/ 10. 1161/ 
CIRCR ESAHA. 121. 319059.

 97. Mantovani A. Nonalcoholic fatty liver disease (NAFLD) and 
risk of cardiac arrhythmias: a new aspect of the liver-heart axis. 
J Clin Transl Hepatol. 2017;5(2):134–41. https:// doi. org/ 10. 
14218/ JCTH. 2017. 00005.

 98. Green CJ, Pramfalk C, Charlton CA, Gunn PJ, Cornfield T, Pav-
lides M et al. 2020 Hepatic de novo lipogenesis is suppressed 
and fat oxidation is increased by omega-3 fatty acids at the 
expense of glucose metabolism. BMJ Open Diabetes Res Care. 
8(1). https:// doi. org/ 10. 1136/ bmjdrc- 2019- 000871.

 99. Targher G, Tilg H, Byrne CD. Non-alcoholic fatty liver disease: 
a multisystem disease requiring a multidisciplinary and holis-
tic approach. Lancet Gastroenterol Hepatol. 2021;6(7):578–88. 
https:// doi. org/ 10. 1016/ S2468- 1253(21) 00020-0.

 100. Targher G, Corey KE, Byrne CD, Roden M. The complex link 
between NAFLD and type 2 diabetes mellitus - mechanisms and 
treatments. Nat Rev Gastroenterol Hepatol. 2021;18(9):599–612. 
https:// doi. org/ 10. 1038/ s41575- 021- 00448-y.

 101. Warraich HJ, Rana JS. Dyslipidemia in diabetes mellitus and car-
diovascular disease. Cardiovasc Endocrinol. 2017;6(1):27–32. 
https:// doi. org/ 10. 1097/ XCE. 00000 00000 000120.

 102. Zhou YY, Zhou XD, Wu SJ, Hu XQ, Tang B, Poucke SV, et al. 
Synergistic increase in cardiovascular risk in diabetes mellitus 
with nonalcoholic fatty liver disease: a meta-analysis. Eur J Gas-
troenterol Hepatol. 2018;30(6):631–6. https:// doi. org/ 10. 1097/ 
MEG. 00000 00000 001075.

 103. Flint A, Andersen G, Hockings P, Johansson L, Morsing A, 
Sundby Palle M, et al. Randomised clinical trial: semaglu-
tide versus placebo reduced liver steatosis but not liver stiff-
ness in subjects with non-alcoholic fatty liver disease assessed 
by magnetic resonance imaging. Aliment Pharmacol Ther. 
2021;54(9):1150–61. https:// doi. org/ 10. 1111/ apt. 16608.

545Current Atherosclerosis Reports (2022) 24:533–546

https://doi.org/10.1161/CIRCRESAHA.118.312782
https://doi.org/10.1161/CIRCRESAHA.118.312782
https://doi.org/10.1016/j.clinbiochem.2007.03.016
https://doi.org/10.1007/s10620-016-4330-z
https://doi.org/10.3904/kjim.2017.194
https://doi.org/10.1002/hep.27647
https://doi.org/10.1002/hep.27647
https://doi.org/10.1111/hepr.12887
https://doi.org/10.1007/s00535-010-0291-8
https://doi.org/10.1016/j.ijcard.2018.05.087
https://doi.org/10.1111/j.1872-034X.2010.00644.x
https://doi.org/10.1111/j.1872-034X.2010.00644.x
https://doi.org/10.1016/j.jacc.2016.11.037
https://doi.org/10.1016/j.jacc.2016.11.037
https://doi.org/10.1097/MOL.0000000000000526
https://doi.org/10.1097/MOL.0000000000000526
https://doi.org/10.1016/S0140-6736(10)60545-4
https://doi.org/10.1016/S0140-6736(10)60545-4
https://doi.org/10.1016/j.jhep.2014.10.039
https://doi.org/10.1038/s41575-020-00366-5
https://doi.org/10.1038/s41575-020-00366-5
https://doi.org/10.1007/s00535-017-1415-1
https://doi.org/10.1056/NEJMoa2036205
https://doi.org/10.1056/NEJMoa2036205
https://doi.org/10.1001/jama.2021.1489
https://doi.org/10.1001/jama.2021.1489
https://doi.org/10.1056/NEJMoa1812792
https://doi.org/10.1161/CIRCULATIONAHA.120.052209
https://doi.org/10.1161/CIRCULATIONAHA.120.052209
https://doi.org/10.1001/jama.2020.22258
https://doi.org/10.1001/jama.2020.22258
https://doi.org/10.1038/s41575-018-0010-0
https://doi.org/10.1161/CIRCRESAHA.121.319059
https://doi.org/10.1161/CIRCRESAHA.121.319059
https://doi.org/10.14218/JCTH.2017.00005
https://doi.org/10.14218/JCTH.2017.00005
https://doi.org/10.1136/bmjdrc-2019-000871
https://doi.org/10.1016/S2468-1253(21)00020-0
https://doi.org/10.1038/s41575-021-00448-y
https://doi.org/10.1097/XCE.0000000000000120
https://doi.org/10.1097/MEG.0000000000001075
https://doi.org/10.1097/MEG.0000000000001075
https://doi.org/10.1111/apt.16608


1 3

 104. Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, 
Ratziu V, et  al. A placebo-controlled trial of subcutaneous 
semaglutide in nonalcoholic steatohepatitis. N Engl J Med. 
2021;384(12):1113–24. https:// doi. org/ 10. 1056/ NEJMo a2028 
395.

 105. Shao SC, Kuo LT, Chien RN, Hung MJ, Lai EC. 2020 SGLT2 
inhibitors in patients with type 2 diabetes with non-alcoholic 
fatty liver diseases: an umbrella review of systematic reviews. 
BMJ Open Diabetes Res Care. 8(2). https:// doi. org/ 10. 1136/ 
bmjdrc- 2020- 001956.

 106. Wei Q, Xu X, Guo L, Li J, Li L. Effect of SGLT2 inhibitors on 
type 2 diabetes mellitus with non-alcoholic fatty liver disease: a 
meta-analysis of randomized controlled trials. Front Endocrinol 
(Lausanne). 2021;12: 635556. https:// doi. org/ 10. 3389/ fendo. 
2021. 635556.

 107. Basu D, Huggins LA, Scerbo D, Obunike J, Mullick AE, Roth-
enberg PL, et al. Mechanism of increased LDL (low-density 
lipoprotein) and decreased triglycerides with SGLT2 (sodium-
glucose cotransporter 2) inhibition. Arterioscler Thromb Vasc 
Biol. 2018;38(9):2207–16. https:// doi. org/ 10. 1161/ ATVBA HA. 
118. 311339.

 108. Szekeres Z, Toth K, Szabados E. The effects of SGLT2 inhibitors 
on lipid metabolism. Metabolites. 2021;11(2). https:// doi. org/ 10. 
3390/ metab o1102 0087.

 109. Williams B, Masi S, Wolf J, Schmieder RE. Facing the challenge 
of lowering blood pressure and cholesterol in the same patient: 
report of a Symposium at the European Society of Hyperten-
sion. Cardiol Ther. 2020;9(1):19–34. https:// doi. org/ 10. 1007/ 
s40119- 019- 00159-1.

 110. Pinkosky SL, Newton RS, Day EA, Ford RJ, Lhotak S, Austin 
RC, et al. Liver-specific ATP-citrate lyase inhibition by bempe-
doic acid decreases LDL-C and attenuates atherosclerosis. Nat 
Commun. 2016;7:13457. https:// doi. org/ 10. 1038/ ncomm s13457.

 111. Marrs JC, Anderson SL. Bempedoic acid for the treatment of 
dyslipidemia. Drugs Context. 2020;9. https:// doi. org/ 10. 7573/ 
dic. 2020-6-5.

 112. Ballantyne CM, Bays H, Catapano AL, Goldberg A, Ray KK, 
Saseen JJ. Role of bempedoic acid in clinical practice. Cardio-
vasc Drugs Ther. 2021;35(4):853–64. https:// doi. org/ 10. 1007/ 
s10557- 021- 07147-5.

 113. Burke AC, Telford DE, Huff MW. Bempedoic acid: effects on 
lipoprotein metabolism and atherosclerosis. Curr Opin Lipidol. 
2019;30(1):1–9. https:// doi. org/ 10. 1097/ MOL. 00000 00000 
000565.

 114. Seidah NG, Awan Z, Chretien M, Mbikay M. PCSK9: a key mod-
ulator of cardiovascular health. Circ Res. 2014;114(6):1022–36. 
https:// doi. org/ 10. 1161/ CIRCR ESAHA. 114. 301621.

 115. Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wivi-
ott SD, Murphy SA, et  al. Evolocumab and clinical out-
comes in patients with cardiovascular disease. N Engl J Med. 
2017;376(18):1713–22. https:// doi. org/ 10. 1056/ NEJMo a1615 
664.

 116. Schwartz GG, Steg PG, Szarek M, Bhatt DL, Bittner VA, Diaz 
R, et al. Alirocumab and cardiovascular outcomes after acute 
coronary syndrome. N Engl J Med. 2018;379(22):2097–107. 
https:// doi. org/ 10. 1056/ NEJMo a1801 174.

 117. Deedwania P, Murphy SA, Scheen A, Badariene J, Pineda AL, 
Honarpour N, et al. Efficacy and safety of PCSK9 inhibition 
with evolocumab in reducing cardiovascular events in patients 

with metabolic syndrome receiving statin therapy: secondary 
analysis from the FOURIER randomized clinical trial. JAMA 
Cardiol. 2021;6(2):139–47. https:// doi. org/ 10. 1001/ jamac ardio. 
2020. 3151.

 118. Murphy SA, Pedersen TR, Gaciong ZA, Ceska R, Ezhov MV, 
Connolly DL, et al. Effect of the PCSK9 inhibitor evolocumab 
on total cardiovascular events in patients with cardiovascular 
disease: a prespecified analysis from the FOURIER Trial. JAMA 
Cardiol. 2019;4(7):613–9. https:// doi. org/ 10. 1001/ jamac ardio. 
2019. 0886.

 119. Nicholls SJ, Nissen SE, Prati F, Windecker S, Kataoka Y, Puri 
R, et al. Assessing the impact of PCSK9 inhibition on coronary 
plaque phenotype with optical coherence tomography: rationale 
and design of the randomized, placebo-controlled HUYGENS 
study. Cardiovasc Diagn Ther. 2021;11(1):120–9. https:// doi. org/ 
10. 21037/ cdt- 20- 684.

 120. Hsu PF, Wang YW, Lin CC, Wang YJ, Ding YZ, Liou TL, et al. 
The association of the steatosis severity in fatty liver disease 
with coronary plaque pattern in general population. Liver Int. 
2021;41(1):81–90. https:// doi. org/ 10. 1111/ liv. 14637.

 121. Lee SB, Park GM, Lee JY, Lee BU, Park JH, Kim BG, et al. 
Association between non-alcoholic fatty liver disease and sub-
clinical coronary atherosclerosis: an observational cohort study. 
J Hepatol. 2018;68(5):1018–24. https:// doi. org/ 10. 1016/j. jhep. 
2017. 12. 012.

 122. Theocharidou E, Papademetriou M, Reklou A, Sachinidis A, 
Boutari C, Giouleme O. The role of PCSK9 in the pathogen-
esis of non-alcoholic fatty liver disease and the effect of PCSK9 
inhibitors. Curr Pharm Des. 2018;24(31):3654–7. https:// doi. org/ 
10. 2174/ 13816 12824 66618 10101 23127.

 123. Shafiq M, Walmann T, Nutalapati V, Gibson C, Zafar Y. Effects 
of proprotein convertase subtilisin/kexin type-9 inhibitors on 
fatty liver. World J Hepatol. 2020;12(12):1258–66. https:// doi. 
org/ 10. 4254/ wjh. v12. i12. 1258.

 124. Kosmas CE, Munoz Estrella A, Skavdis A, Pena Genao E, Mar-
tinez I, Guzman E. Inclisiran for the treatment of cardiovascular 
disease: a short review on the emerging data and therapeutic 
potential. Ther Clin Risk Manag. 2020;16:1031–7. https:// doi. 
org/ 10. 2147/ TCRM. S2305 92.

 125. Ray KK, Wright RS, Kallend D, Koenig W, Leiter LA, Raal FJ, 
et al. Two phase 3 trials of inclisiran in patients with elevated 
LDL cholesterol. N Engl J Med. 2020;382(16):1507–19. https:// 
doi. org/ 10. 1056/ NEJMo a1912 387.

 126. Alexander M, Loomis AK, van der Lei J, Duarte-Salles T, Prieto-
Alhambra D, Ansell D, et al. Non-alcoholic fatty liver disease 
and risk of incident acute myocardial infarction and stroke: find-
ings from matched cohort study of 18 million European adults. 
BMJ. 2019;367: l5367. https:// doi. org/ 10. 1136/ bmj. l5367.

 127. Lauridsen BK, Stender S, Kristensen TS, Kofoed KF, Kober L, 
Nordestgaard BG, et al. Liver fat content, non-alcoholic fatty 
liver disease, and ischaemic heart disease: Mendelian randomi-
zation and meta-analysis of 279 013 individuals. Eur Heart J. 
2018;39(5):385–93. https:// doi. org/ 10. 1093/ eurhe artj/ ehx662.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

546 Current Atherosclerosis Reports (2022) 24:533–546

https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1136/bmjdrc-2020-001956
https://doi.org/10.1136/bmjdrc-2020-001956
https://doi.org/10.3389/fendo.2021.635556
https://doi.org/10.3389/fendo.2021.635556
https://doi.org/10.1161/ATVBAHA.118.311339
https://doi.org/10.1161/ATVBAHA.118.311339
https://doi.org/10.3390/metabo11020087
https://doi.org/10.3390/metabo11020087
https://doi.org/10.1007/s40119-019-00159-1
https://doi.org/10.1007/s40119-019-00159-1
https://doi.org/10.1038/ncomms13457
https://doi.org/10.7573/dic.2020-6-5
https://doi.org/10.7573/dic.2020-6-5
https://doi.org/10.1007/s10557-021-07147-5
https://doi.org/10.1007/s10557-021-07147-5
https://doi.org/10.1097/MOL.0000000000000565
https://doi.org/10.1097/MOL.0000000000000565
https://doi.org/10.1161/CIRCRESAHA.114.301621
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1001/jamacardio.2020.3151
https://doi.org/10.1001/jamacardio.2020.3151
https://doi.org/10.1001/jamacardio.2019.0886
https://doi.org/10.1001/jamacardio.2019.0886
https://doi.org/10.21037/cdt-20-684
https://doi.org/10.21037/cdt-20-684
https://doi.org/10.1111/liv.14637
https://doi.org/10.1016/j.jhep.2017.12.012
https://doi.org/10.1016/j.jhep.2017.12.012
https://doi.org/10.2174/1381612824666181010123127
https://doi.org/10.2174/1381612824666181010123127
https://doi.org/10.4254/wjh.v12.i12.1258
https://doi.org/10.4254/wjh.v12.i12.1258
https://doi.org/10.2147/TCRM.S230592
https://doi.org/10.2147/TCRM.S230592
https://doi.org/10.1056/NEJMoa1912387
https://doi.org/10.1056/NEJMoa1912387
https://doi.org/10.1136/bmj.l5367
https://doi.org/10.1093/eurheartj/ehx662

	Management of Dyslipidemia in Patients with Non-Alcoholic Fatty Liver Disease
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Prevalence of Dyslipidemia Among Patients with NAFLD
	Pathogenesis of Dyslipidemia in NAFLD
	Management Approaches of Dyslipidemia in Patients with NAFLD
	Treatment Approaches of Dyslipidemia in Patients with NAFLD
	Diagnosis and Characterization of Dyslipidemia
	Individual Risk Stratification
	Definition of Treatment Targets for Serum Lipids
	Lifestyle Modification

	Pharmacological Management of Hypercholesterolemia
	Pharmacological Management of Hypertrigylceridemia
	Treatment of Cardiometabolic Comorbidities
	Emerging Drugs for Treating Dyslipidemia in Patients with NAFLD
	Bempedoic Acid
	PCSK9 Inhibitors
	Small Interfering RNA (siRNA) Molecules


	Conclusion
	References


