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Non-alcoholic fatty liver disease (NAFLD) has

become the most common cause of chronic liver disease in

the United States,1 and is now a serious global public

health concern, estimated to affect as many as 25% of the

world’s population.2 Characterized by the accumulation

of excess triglycerides in hepatocytes, NAFLD is often

asymptomatic initially, but can progress causing steato-

hepatitis, hepatic fibrosis and ultimately cirrhosis. The

direct cause of NAFLD is uncertain, but its increasing

prevalence has closely mirrored rising obesity levels in

the western world, and it appears closely related to the

metabolic syndrome.3–5 Aside from liver disease, patients

with NAFLD are at increased risk of both fatal and non-

fatal cardiovascular disease events.6,7 Indeed amongst

patients with NAFLD, cardiovascular disease is a major

cause of mortality,8 and has surpassed liver-associated

complications as the leading cause of death.9 Despite this

apparent strong link between NAFLD and cardiovascular

disease, a definite cause and effect relationship has been

difficult to firmly establish.4,10

In this issue of Journal of Nuclear Cardiology, Tang

et al.11 explore the relationship between myocardial glu-

cose metabolism and the development of coronary artery

atherosclerosis in patients with NAFLD. The authors

performed a retrospective analysis of 418 consecutive

patients who underwent both whole body 2-deoxy-2-

[18F]fluoro-D-glucose (FDG) positron emission tomog-

raphy/computed tomography (PET/CT) and dedicated

coronary computed tomography angiography (CCTA),

for health or cancer screening or suspected coronary

artery disease. Patients with a history of significant alco-

hol consumption or a history of liver or heart disease were

excluded . CCTA images were assessed for the presence

of plaque, plaque type (calcified, non-calcified or mixed

plaque) and maximal coronary luminal stenosis;

obstructive disease was defined as a luminal stenosis of

[ 50%. Fatty liver was assessed for on the unenhanced

attenuation correction CT component of the FDG PET/CT

scans, by comparing mean hepatic and splenic attenua-

tion; fatty liver was defined as a mean liver to spleen HU

ratio of less than 1.0. FDG PET/CT images were analysed

for semi-quantitative metabolic parameters including

maximum standardized uptake value (SUVmax) of the

whole myocardium and mean liver SUV. To help

benchmark myocardial glucose uptake with an internal

control, the ratio of myocardial SUVmax to hepatic

SUVmean was calculated (SUVratio).

Of the 418 subjects, the prevalence of NAFLD was

approximately 19% (n = 80). On CCTA, patients with

NAFLD had significantly higher rate of significant coro-

nary artery stenosis than those without (47.5% vs 14.8%,

P\ 0.001). Subjects with NAFLD had significantly

lower myocardial SUVmax and ratio of myocardial

SUVmax: hepatic SUVmean (SUVratio) than those without

NAFLD. There was a significantly higher proportion of

low SUVratio in patients with NAFLD when compared to

those without NAFLD (45.0% vs 19.8%, P\ 0.001), and

the authors found a significant negative correlation

between myocardial FDG uptake and hepatic steatosis.

The myocardial-to-hepatic SUV ratio values of individ-

uals with NAFLD were divided into quartiles, and patients

in the lower SUV ratio quartiles had a higher proportion of

non-calcified coronary artery plaque than those in the

higher quartiles. The association trend analysis revealed a
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strongly inverse correlation between myocardial FDG

uptake and significant stenosis caused by non-calcified

plaque (P = 0.001). On multivariate regression analysis

after adjusting for clinically important variables, low

myocardial-to-hepatic SUVratio was independently

associated with the presence of non-calcified plaque and

significant coronary artery stenosis.

These results suggest that individuals with NAFLD

and reduced semi-quantitative myocardial FDG uptake

have a higher prevalence of significant coronary artery

stenosis, particularly secondary to non-calcified plaque.

This finding has potential clinical significance, as these

patients with NAFLD and reduced myocardial glucose

metabolism might be at increased risk of future cardio-

vascular events, and could potentially benefit from more

aggressive cardiovascular risk modification. Previous

studies have demonstrated an association between

NAFLD and coronary artery disease in terms of the

presence of plaque, plaque volume, morphology and the

presence of significant coronary artery stenosis.12,13 This

higher risk of cardiovascular disease for patients with

NAFLD may be somewhat explained by the greater

prevalence of risk factors, such as diabetes, obesity,

smoking and the metabolic syndrome,14 but this appears

to only partly explain the link; the exact pathogenesis of

the relationship between NAFLD and cardiovascular

disease has yet to be mapped out. Insulin resistance and

increased systemic inflammation have been proposed as

possible mechanisms of this link,10 and the results of

Tang et al.11 suggest that myocardial glucose metabo-

lism may also play a role in the development of

atherosclerosis in these individuals.

The association between NAFLD and cardiovascu-

lar disease also appears to go beyond coronary artery

disease. In their analysis of the multi-ethnic study of

atherosclerosis cohort, Shah et al.15 did not find an

association between the presence of hepatic fat and

overall cardiovascular disease outcomes, but they did

show that individuals with NAFLD were more likely to

have adverse features of left ventricular remodeling.

Recent research by Vita et al.16 examined patients with

NAFLD without evidence of coronary artery disease

who underwent myocardial perfusion PET/CT. They

observed that coronary microvascular dysfunction was

more prevalent in patients with NAFLD, a known

independent risk factor for major adverse cardiac events.

A previous study by Tang et al.17 demonstrated that

individuals with NAFLD and decreased myocardial

glucose uptake on FDG PET were at higher risk of left

ventricular diastolic dysfunction. The observation in this

study by Tang et al.11 that reduced myocardial glucose

metabolism may mediate the cardiovascular manifesta-

tions of NALFD is an interesting addition to the growing

body of research regarding NAFLD and cardiovascular

disease, and is of interest as we further explore and

improving our understanding of the complex interaction

between the heart and liver.

Certain limitations of this study by Tang et al.11

should be acknowledged. Firstly, the retrospective cross-

sectional study design limits the ability to determine a

definite causal relationship between uptake of myocardial

glucose metabolism in patients with NAFLD and the

development of coronary atherosclerosis. The study

population was exclusively Asian, and further studies will

be required to see if these observations can be extrapolated

to other population groups. The lack of any clinical follow

up for cardiovascular disease events in the cohort is a

limitation; it is not possible therefore to evaluate any

potential association between NAFLD, reduced myocar-

dial glucose uptake and future cardiovascular events.

Measuring myocardial glucose metabolism with

FDG PET is fraught with difficulty owing to the different

factors which govern myocyte glucose metabolism,

principally diet and the fasting state. Variations in indi-

vidual patient dietary preparation is therefore a potential

confounder that may affect myocardial glucose metabo-

lism measurement by FDG PET in this study. Although all

patients in the cohort were required to fast for 6 hours

prior to the FDG PET scans (standard oncology FDG

PET/CT preparation), there were no other special dietary

preparation methods used. We know from the FDG PET

myocardial inflammation literature that diet on the day

prior to FDG PET scanning affects myocardial glucose

metabolism, with a high-fat, low-carbohydrate diet, along

with a prolonged 12 to 18 hour fast causing significant

reduction of physiological myocyte glucose metabolism

in favour of free fatty acids.18,19 The degree to which

individual patient dietary habits and length of fast may

influence the results of Tang et al.11 is difficult to quantify,

particularly given the retrospective study design, and is a

potential avenue for further research in prospective

studies.

The diagnosis of fatty liver in this study was based

on analysis of the unenhanced CT attenuation correction

scan component of the PET/CTs, and is a potential

limitation. Although this is a validated method of

NAFLD diagnosis, liver biopsy remains the gold stan-

dard. In terms of the non-invasive imaging diagnosis of

fatty liver, MRI and particularly MR spectroscopy

allows for a more sophisticated quantification of the

severity of hepatic steatosis.20 This ability to quantify

the extent and severity of hepatic steatosis non-inva-

sively opens up further research opportunities-it would

be very interesting to assess whether the individuals with

NAFLD and reduced myocardial FDG uptake had more

severe hepatic fat accumulation than the NAFLD

patients with higher myocardial FDG uptake. We know

that hepatic fat accumulation in NAFLD does not occur
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in isolation given its link with dietary habits and obesity,

and certain further relevant risk factors could also be

included in future analyses, such as visceral adipose

tissue and subcutaneous adipose tissue measurements.

In terms of coronary artery plaque assessment on

CTCA, Tang et al.11 characterized plaque type and

stenosis, finding that individuals with NAFLD and

reduced myocardial FDG uptake were more likely to

have non-calcified plaque causing significant stenosis.

This is in itself a significant observation- it would also

be interesting to take the coronary plaque analysis fur-

ther by examining for the presence of high risk coronary

plaque features (for example spotty calcification, a

necrotic core and the napkin ring sign), and any asso-

ciation with myocardial glucose uptake in NAFLD.

In conclusion, the results of this interesting study by

Tang et al.11 suggest that the presence of reduced

myocardial glucose metabolism as measured by FDG

PET/CT in patients with NAFLD is associated with the

presence of obstructive coronary artery stenosis, partic-

ularly secondary to non-calcified plaque. This

association, however, is still cross-sectional, and may be

the result of shared risk factors and pathways rather than

definite cause and effect. Whilst the exact mechanism of

the link between NAFLD and cardiovascular disease

remains unclear, what this study highlights is the need to

explore the potential role of altered myocardial glucose

metabolism in the development of cardiovascular disease

in patients with NAFLD in a large, prospective study with

rigorous assessment of cardiovascular disease outcomes.
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