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Abstract
Context: The prevalence of non-alcoholic fatty liver disease (NAFLD) is about 30% in general population. Since conditions such as
obesity, hyperlipidemia, diabetes mellitus, metabolic syndrome and insulin resistance have been named as some of the most important risk factors, as the prevalence of these conditions continues to rise, NAFLD becomes an increasingly significant problem.
Endothelial dysfunction, increased pulse wave velocity, increased coronary artery calcification, and the development of atherosclerosis appear to be influenced by NAFLD. Considering this concern, this narrative review investigated the prevalence of CVD in NAFLD
patients.
Evidence Acquisition: This narrative study evaluates the prevalence of CVD in NAFLD patients, as well as several variables that
influence their association. In this study our search strategy engines include PubMed, Scopus, MEDLINE, and Google Scholar.
Results: Previous research suggests that as nonalcoholic steatohepatitis (NASH) and liver fibrosis progress, there is an increased risk
of CVD, most likely due to the hepato-cardiovascular axis’ effect. The correlation between NAFLD and metabolic disorders suggests
that fatty liver disease may cause cardiovascular disorders (CVD).
Conclusions: As a result, the management of both NAFLD and the risk of CVD are aimed at the same target, which is to reduce
insulin tolerance by lifestyle modifications. Moreover, monitoring for CVD and proper pharmacotherapy is essential in individuals
with severe NAFLD and those who are at increased risk for ischemic heart disease.
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1. Context
Non-alcoholic fatty liver disease (NAFLD) is a chronic
condition which refers to the most common chronic liver
diseases, with an incidence rate of 30 percent worldwide
(1, 2). For example, in Europe, the median prevalence of
NAFLD is ranged about 25 - 26% with wide variations in different populations. In Asia it is possible to observe, on average, a prevalence between 15 - 20% with a variable distribution among different countries. However, considering
high risk population groups, in these areas NAFLD prevalence grows exponentially, 75 - 92% in overweight subjects
and 60-70% in diabetic ones. On the other hand, as the
prevalence of morbid obesity and diabetes mellitus continues to rise, NAFLD becomes an increasingly significant
problem. In fact, about one-third of the population consists of overweight individuals. Obesity has also been associated with an increase in the occurrence of type 2 diabetes
over the previous decade (3). Overall, conditions such as
obesity, hyperlipidemia, diabetes mellitus, metabolic syn-

drome and insulin resistance have been named as some of
the most important risk factors for NAFLD (4, 5). On the
other hand, past studies have demonstrated that NAFLD includes different types of liver injury such as benign steatosis without hepatocellular injury, liver fibrosis and cirrhosis, which might sometimes progress to hepatocellular carcinoma, and nonalcoholic steatohepatitis (NASH) (6, 7). In
5 - 20% of patients with NAFLD, we witness a progression to
NASH (8). Evidence suggests that inflammatory cytokines
such as TNFα and IL-1β , some of which are produced by
different T-cell populations, may play a significant role in
NASH immune-pathogenesis (9).
Fatty liver disease is frequently detected when tests are
conducted for other reasons, such as abnormal ultrasonography or a liver enzyme test, as it normally presents no
symptoms. However, a person with NAFLD may have normal liver enzymes. The health care provider will make a
diagnosis based on medical history, symptoms, a physical
exam and blood tests. An ultrasound or other imaging
studies may be performed. In some cases, the provider may
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order a test to measure the level of fibrosis in the liver, such
as a liver biopsy or one of the newer noninvasive tests (10).
Reports from numerous studies on the correlation
between NAFLD and metabolic disorders have suggested
NAFLD might cause cardiovascular disorders (CVD). Patients with NAFLD have a higher mortality rate due to CVD,
rather than as a result of liver disease itself (11). Therefore, fundamental and clinical research have been carried
out to shed light on NAFLD as an independent risk factor
for subclinical and clinical CVD (12). Endothelial dysfunction, increased pulse wave velocity, increased coronary
artery calcification, and the development of atherosclerosis appear to be influenced by NAFLD (13). These results
may stem from the effects of this disease on the hepatocardiovascular axis (14) (Figure 1). The independent association between NAFLD and CVD may consist or vanish after the various risk factors for ischemic heart disease (IHD)
such as obesity, hypertension, or diabetes are controlled
(15).

2. Evidence Acquisition
This narrative study evaluates the occurrence of CVD
in NAFLD patients, and several variables that influence
their association. In this study our search strategy engines include PubMed, Scopus, MEDLINE, and Google
Scholar. Our search term includes “non-alcoholic fatty
liver disease”, “cardiovascular diseases”, “metabolic disorders”, “non-alcoholic fatty liver disease AND cardiovascular diseases”, and “non-alcoholic fatty liver disease AND
metabolic disorders”.

3. Results
3.1. Severity of NAFLD and CVD Risk
The risk of CAD in men and women 40 years of age is
49% and 32% respectively, throughout life. It has been estimated that the lifetime risk for individuals with 70 years
old is about 35 percent and 24 percent in men and women
respectively (16). The incidence of myocardial infarction
(MI) or sudden death in men and women aged 65 to 94
is approximately two and three times higher than in people aged 35 to 64, respectively (17). Although in developed
countries death due to CAD has been decreasing, the condition is different worldwide. Regardless of the country’s
affluence, CAD is the leading cause of mortality among
adults (18).
There are many documents which have supported the
relation between NAFLD and the increasing prevalence of
CVD (19-21). Several factors can interfere with the results of
2

studies on NAFLD. These include the baseline BMI, abdominal obesity, glucose level, diet including total calories, saturated fat, carbohydrates, choline and foods of varying glucose index, physical activity, use of drugs for diabetes, dyslipidemia and alcohol consumption (22).
Compared to the general population, patients with
NAFLD have poor endothelial function (this was analyzed
by conducting FMV, a test which could evaluate the vasodilator response of an artery in ischemic conditions)
with a P value of less than 0.0001 (23). In addition, past
investigation estimated that individuals with a 10-year of
cardiovascular events might have moderately higher risk
of NAFLD especially in patients with non-alcoholic steatohepatitis (23). Also, Motamed et al. found in a cohort study
on 2804 individuals aged 40 - 74 years that according to
two risk assessment tools (American College of Cardiology/American Heart Association and Framingham general
cardiovascular risk profile) subjects with NAFLD were more
likely to develop CVD within ten years (12). According to
recent research, an injured endothelial monolayer might
be partially repaired by circulating endothelial progenitor cells (EPCs) produced by the bone marrow (24). In a
study of 312 consecutive patients with suspected coronary
artery disease who underwent coronary artery angiography, 34 patients were diagnosed with NAFLD using abdominal ultrasonography (25). Their circulating EPC number
and function was assessed, showing that those patients
with NAFLD had a significantly reduced circulating EPC levels (P < 0.05) and decreased EPC function (25). According
to Yilmaz et al., the development of NAFLD to liver fibrosis
can be an independent determinant of reduced coronary
flow reserve, implying a link between NAFLD severity and
CVD risk (26).
A 5-year prospective cohort study of 1221 Japanese men
and women, 231 of whom were diagnosed with NAFLD,
found that NAFLD might be employed as a novel CVD predictor factor independent of other traditional risk factors
(odds ratio 4.12, 95% CI, 1.58 to 10.75, P = 0.004) (27). Another research found that 58.2 percent of 612 patients had
fatty liver using ultrasonography and 76.0 percent had
coronary artery disease (28). Fatty liver was shown to
be independently linked to coronary artery disease after
adjustment of other factors including demographic and
metabolic factors with an odd ratio (OR) of 2.31 and 95% CI
of 1.46 to 3.64. However, it should be noted that the morbidity and mortality could not be predicted by fatty liver
in patients with established coronary artery disease (28).
Finally, Wang et al. discovered that the degree of fatty liver
on ultrasonography can predict CVD risk in 874 individuals
who had a routine health examination (29).
A systematic review and meta-analysis conducted by
Wu et al., reported that NAFLD is not associated with overMultidiscip Cardio Annal. 2022; 13(1):e121262.
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Figure 1. Hepato-cardiovascular axis

all mortality or CVD mortality (15). However, it is correlated
with a higher risk of ischemic heart disease (HR = 2.31, 95%
CI: 1.46 - 3.65) and a higher risk of (HR = 1.16, 95% CI: 1.06 1.27) hypertension (15). In 2016, a total of 15,913 individuals
were enrolled in a study to estimate the 10-year risk of CVD
severity in NAFLD patients (30). It has been estimated that
57.6% of individuals had no evidence of NAFLD, and 35.4%,
6.5% and 0.5% of them had grade I, grade II, and grade III of
NAFLD, respectively. Additionally, results showed that the
10-year risk for CVD, was 1.52, 2.56, 3.35 for NAFLD grades I,
grade II, and III respectively, after adjustment for conventional CVD risk factors, with a P value of less than 0.01 in
comparison to the no-NAFLD group as a control. Therefore, experts suggest that simple steatosis is not correlated
with increased mortality due to CVD or liver failure by itself. In contrast, patient mortality is associated with more
progressed stages of NAFLD, and in particular with liver fibrosis (31). Although, there is some debate on the role of
NAFLD in the CVD (32). Alexander et al. studied a large
matched cohort study and found that NAFLD is not associated with CVD in 17.7 million population of the study.
Deaths from liver disease and cardiovascular disease
Multidiscip Cardio Annal. 2022; 13(1):e121262.

are associated with higher mortality in those with NAFLD.
The optimum treatment for NAFLD should alleviate liver
problems while simultaneously lowering the risk of cardiovascular disease. However, this is an ambitious goal.
Yet, in patients with NAFLD, a fasting lipid profile, including the small density LDL and HDL subtype, carotid intimal
thickness, and indicators of systemic and vascular inflammation, such as c reactive protein, should be assessed (33).
3.2. Parameters Affecting Association of NAFLD and CVD
3.2.1. Age and Sex
CVD still remains the leading cause of death worldwide
(34). Previous studies showed that CVD incidence and mortality are three and five times higher in men compared
to women, respectively (35). In both men and women, increasing age increases the risk of CVD incidence and mortality, although the effect is greater in women (35). On the
other hand, the reported difference in the prevalence of
NAFLD in the two sexes has been variable. Earlier studies showed that NAFLD is more prevalent in women, however other studies suggest that this prevalence is the same
3
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in male and female populations (36). Furthermore, studies that described the correlation between NAFLD and increased risk of CVD often omitted the impacts of sex and
age in order to prevent any confounding errors. Consequently, further research needs to be conducted to evaluate age and sex as independent risk factors for NAFLD and
CVD.
3.2.2. NAFLD, Diabetes and CVD Risk
Metabolic factors are the cornerstone of NAFLD physiopathology. As mentioned above, the tight relation of
NAFLD to metabolic syndrome could hypothesize the key
role of NAFLD in increment of CVD risk (37). Diabetes mellitus is the main metabolic disorder, which can lead to
NAFLD or affect its progress. Targher et al., conducted a
study on 250 patients with type 1 diabetes, 44.4% of which
had NAFLD (38). Results indicated that individuals diagnosed with NAFLD have a higher risk of coronary artery disease with a P value of less than 0.001 when age and sex balanced (10.8% vs. 1.1%, respectively) (38). In another study
conducted by the same authors two years later, the previous fact was proved. Moreover, it was described that in
patients with Type 1 diabetes, NAFLD is correlated with a
higher prevalence of CVD. This is independent from several previously established risk factors such as the components of metabolic syndrome (39). It also described that,
with a rate of 26.6%, NAFLD causes a higher prevalence of
coronary artery disease among individuals with type 2 diabetes, by a P value of less than 0.001 (40). Another study
was conducted on 2,103 type 2 diabetic individuals with no
evidence of CVD at the study base line (38). During a 5-year
follow-up, 248 individuals (11.8%) had ischemic stroke, nonfatal coronary heart disease, or died as a result of cardiovascular events. The prevalence of cardiovascular events estimated higher in those participants with NAFLD, after adjustment of factors including age, sex, diabetes duration,
smoking history, LDL cholesterol, HbA1c, liver enzymes,
and medications use (OR 1.84, 95% CI 1.4 - 2.1). In addition,
after adjusting for metabolic syndrome, they observed decreasing in this association, but did not abolish it (OR 1.53,
95% CI 1.1 - 1.7) (38). Other research have revealed that hepatic fat content might be used as an independent predictor
of myocardial insulin resistance and lower coronary functional capacity in patients with type 2 diabetes (41). This
data describes a possible role for NAFLD in the pathogenesis of CVD.
3.2.3. NAFLD and Hypertension
Similar to NAFLD, hypertension is suggested to be associated with metabolic syndrome and as previously mentioned, both are risk factors for CVD (42). The relationship between NAFLD and CVD with carotid artery intima4

media thickness (IMT) was studied in a study of 642 adolescents aged 11 to 13 years old (43). In this population,
results showed that two independent markers which increased IMT included NAFLD and systolic blood pressure.
Lau et al. conducted a study on 3191 individuals aged 2079 years with a 5-year follow-up (44). It was suggested that
individuals with fatty liver disease and elevated serum alanine transferase (ALT) levels have three times higher risk
of hypertension at beginning and follow-up in comparison to individuals with no fatty liver disease (OR 2.8 and
3.1 respectively). One year later, López-Suárez et al. investigated the strength of the relation between NAFLD and hypertension regardless of ALT levels (45). Results confirmed
that NAFLD is tightly correlated to an independent risk of
identifying hypertension and high-normal systolic blood
pressure, suggesting that NAFLD can be a risk factor for hypertension and further CVD. Further studies also showed
that NAFLD is correlated to 24-h (P < 0.005), during day
(P < 0.02) and night (P < 0.005) systolic blood pressure
measurements but not with non-dipping hypertension (P
= 0.057) (42).
3.2.4. Metabolic Syndrome and NAFLD
Metabolic syndrome is a set of clinical and biochemical
abnormalities such as atherogenic dyslipidemia, abdominal obesity, insulin resistance, increased blood pressure,
proinflammatory state, and prothrombotic state (46). CVD
is the primary clinical outcome of metabolic syndrome.
Additionally, in patients diagnosed with metabolic syndrome there is an increment of risk for type 2 diabetes, and
diabetes itself is another main cause for CVD (47). Marchesini et al. conducted a study on 304 patients diagnosed for
NAFLD (5). Results showed that 35 - 75% of the patients met
the diagnostic criteria and 90% had more than one component of metabolic syndrome. It has been established
that the frequency of metabolic syndrome in patients with
NAFLD is two to three times higher than in the general population (48). In another study 4,401 men and women with
an age range of 21 to 80 years old, with a mean body mass
index (BMI) of 22.6 kg/m2 were enrolled (49). The findings
show that men and women with metabolic syndrome are
more likely to acquire NAFLD (with an adjusted OR of 4.00
and 11.20, respectively). Furthermore, metabolic syndrome
- even in the absence of insulin resistance - increases the
risk of CVD about two fold (50).
3.2.5. Lipid Profile and NAFLD
Past studies described serum lipoproteins, lipids, and
apolipoprotein levels in individuals diagnosed with NASH
(51). They showed that patients with NASH have significantly higher mean serum levels of triglyceride, total
cholesterol, and LDL-cholesterol than those of the control
Multidiscip Cardio Annal. 2022; 13(1):e121262.
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group. On the other hand, mean serum HDL-cholesterol
concentration was significantly lower than the control
group. It seems that liver steatosis does not significantly
correlate with decreased mean serum level of Apo AI. However, with a P value of 0.01, it is significantly lower in individuals diagnosed with liver fibrosis in comparison to
those without it (51). Studies suggest that the metabolic effects of insulin resistance may contribute to the accumulation of fat in liver tissue, which may promote NAFLD/NASH
in patients, resulting in overproduction of lipid particles
such as VLDL (52).
Speliotes et al. suggest that dyslipidemia is established
independently in patients with fatty liver disease regardless of their visceral fat deposits (53). Another study was
conducted on 67 individuals diagnosed with type 2 diabetes, who were withdrawn from anti-diabetic medications before the start of the study (54). The results indicated that fatty liver in individuals with type 2 diabetes had
no effect on ApoB levels, but it might potentially promote
atherogenesis by raising the mean blood level of triglycerides and small, dense LDL. This, alongside a reduction in
mean HDL levels are factors that predispose patients to further CVD.
4. Conclusions
Due to the high prevalence of metabolic disorders and
other risk factors, NAFLD has become an extremely important disease in both developed and developing countries.
This article addressed the increasing risk of cardiovascular
diseases in the context of NAFLD, describing several mediating factors. Since the compact of age and sex varies on
the incidence of NAFLD and CVD, further research needs to
be conducted to evaluate age and sex as independent risk
factors for this disease. Similarly, further meta-analysis can
clarify the role of obesity and diabetes on the incidence
of CVD in the context of NAFLD, as independent risk factors, not confounding factors. In addition, NAFLD could
be an independent cause for CVD. Patients with NAFLD are
more likely to have coronary atherosclerosis regardless of
the usual causes of CVD, including visceral adiposity. Moreover, with progression to NASH and liver fibrosis, there is
an increased risk of CVD, probably through its effect on
the hepato-cardiovascular axis. Not surprisingly, the treatment for NAFLD and consequent risk of CVD aim at the
same target, mainly by modifying lifestyle in order to decrease insulin tolerance. At last, although it is not possible
to answer exactly the question “When should we investigate ischemic heart disease in nonalcoholic fatty liver disease patients?“ because of lack of data, but since cardiovascular events are the main cause of mortality in NAFLD patients, monitoring for CVD and proper pharmacotherapy is
Multidiscip Cardio Annal. 2022; 13(1):e121262.

essential in individuals with severe NAFLD and those who
are at increased conventional risk for ischemic heart disease.
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