
526

Hepatology CommuniCations, Vol. 6, no. 3, 2022  

Alcohol Consumption and Cardiovascular 
Outcomes in Patients With Nonalcoholic 
Fatty Liver Disease: A Population- Based 
Cohort Study
Malik Janjua,1 Matthew Knuiman,2 Mark Divitini,2 Brendan McQuillan,3,4 John K. Olynyk ,5,6 Gary P. Jeffrey,1,3 and  
Leon A. Adams 1,3

Low- level alcohol consumption is associated with reduced cardiovascular disease (CVD) in the general population. It 
is unclear whether this association is seen in patients with nonalcoholic fatty liver disease (NAFLD) who have an 
increased risk of CVD. We examined the association between alcohol consumption and CVD- related outcomes in sub-
jects with NAFLD from a general population cohort. Subjects participating in the 1994- 1995 Busselton Health sur-
vey underwent clinical and biochemical assessment. NAFLD was identified using the Fatty Liver Index of >60, and 
alcohol consumption quantified using a validated questionnaire. CVD hospitalizations and death during the ensuing 
20  years were ascertained using the Western Australian data linkage system. A total of 659 of 4,843 patients were 
diagnosed with NAFLD. The average standard drinks per week was 8.0 for men and 4.0 for women. Men consum-
ing 8- 21 drinks per week had a 38% (hazard ratio [HR] 0.62, 95% confidence interval [CI] 0.43- 0.90) lower risk of 
CVD hospitalization as compared with men consuming 1- 7 drinks per week. With both men and women combined, 
consumption of 8- 21 drinks per week was associated with a 32% (HR 0.68, 95% CI 0.49- 0.93) reduction in CVD 
hospitalization in minimally adjusted and 29% (HR 0.71, 95% CI 0.51- 0.99) in fully adjusted models. No protective 
association was observed with binge drinking. There was no association between alcohol consumption and CVD death. 
Conclusion: Low to moderate alcohol consumption is associated with fewer CVD hospitalizations but not CVD death 
in subjects with NAFLD. (Hepatology Communications 2022;6:526-534).

Nonalcoholic fatty liver disease (NAFLD) 
incorporates a spectrum of disease ranging 
from simple steatosis to nonalcoholic ste-

atohepatitis (NASH), leading to hepatic fibrosis and 
potentially cirrhosis. Due to the worldwide increase 
in the prevalence of obesity, NAFLD has become 
the most common liver disorder in the Western and 

Eastern Industrialized countries, with a global preva-
lence of approximately 25%.(1) NAFLD has a strong 
association with insulin resistance, and is therefore 
closely linked to type 2 diabetes mellitus and the 
metabolic syndrome. The latter is defined by a group 
of metabolic abnormalities with central adiposity, 
hypertension, dyslipidemia, and insulin resistance as 

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; CI, conf idence interval; CVD, cardiovascular disease; FLI, Fatty Liver 
Index; GGT, gamma- glutamyltransferase; HDL, high- density lipoprotein; HR, hazard ratio; ICD- 9, International Classif ication of Diseases, Ninth 
Revision; ICD- 10, International Classif ication of Diseases, 10th Revision; NAFLD, nonalcoholic fatty liver disease; SBP, systolic blood pressure.
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its main components; almost 90% of patients with 
NAFLD have at least one of the characteristic fea-
tures of metabolic syndrome, and about one third have 
the complete diagnosis,(2) leading to the suggestion 
that NAFLD can be described as the hepatic mani-
festation of the metabolic syndrome.(3)

Components of metabolic syndrome are well- 
demonstrated risk factors for cardiovascular disease 
(CVD),(4) and, notably, an increasing body of evi-
dence demonstrates that CVD is the leading cause of 
mortality in patients with NAFLD.(5) NAFLD itself 
may be associated with a high risk of incident CVD 
that is independent of the traditional risk factors and 
main components of the metabolic syndrome.(6- 8) The 
magnitude of risk parallels the severity of underly-
ing NAFLD, such that in patients with NASH or 
fibrosis, incident CVD disease is approximately 2.5- 
fold higher.(6,9) This is likely related to disturbance in 
glucose and lipid metabolism, and may have associa-
tion with a systemic inflammatory environment pre-
cipitated in part by molecules and cytokines secreted 
from liver.(8) The strong association between NAFLD 
and CVD necessitates a careful evaluation of risk 
factors and consideration of interventions to reduce 
the overall risk of CVD outcomes in all patients with 
NAFLD.

Alcohol consumption represents a modifiable factor 
for CVD; several meta- analyses of observational stud-
ies have demonstrated that low levels of alcohol use are 
associated with a lower risk of CVD.(10,11) This may be 
due to possible impact of alcohol on increasing levels of 
protective lipoprotein levels or reducing inflammatory 
and pro- coagulant factors.(12) Whether these observa-
tions extend to patients with NAFLD is controversial. 
In patients with NAFLD, some cross- sectional studies 

have shown low to moderate alcohol consumption to 
be associated with less fibrosis and have a protective 
effect on histological severity of liver disease.(13- 15) 
However, whether low- level alcohol consumption 
reduces CVD in subjects with NAFLD is unknown. 
With this in mind, we aimed to examine for associa-
tions between different levels of alcohol consumption 
on incident CVD events and CVD mortality in a well- 
characterized population- based cohort of patients with 
NAFLD with a significant length of follow- up.

Our specific aims were to examine (1) the associa-
tion between different levels of alcohol consumption 
below a cumulative total of 210 g per week, on inci-
dent CVD events and CVD mortality; (2) the associ-
ation between patterns of alcohol consumption (binge 
versus nonbinge) on incident CVD events and mor-
tality; and (3) the association between different types 
of alcohol beverages (wine, beer, spirits) on incident 
CVD events and mortality.

Patients and Methods
stuDy population anD 
paRtiCipants

The population of Busselton, a coastal area in the 
southwest of Western Australia, has been regularly 
surveyed since the Busselton Health Study was estab-
lished in 1966.(16) More than 90% of this population 
consists of individuals with Anglo- Celtic ancestry. A 
follow- up health survey of survivors from the previ-
ous surveys was conducted in 1994- 1995, as has been 
described previously.(17) A total of 4,843 participated 
in the survey and provided a blood sample.
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Baseline measuRements anD 
CaRDioVasCulaR outComes

Participants in the 1994- 1995 survey completed 
a comprehensive health and lifestyle questionnaire, 
underwent various measurements and tests, and pro-
vided a fasting blood sample. Information on alcohol 
intake, smoking, diabetes, and use of medications was 
obtained by a standardized questionnaire. Participants 
were asked to report how many standard drinks of 
each type of alcohol (beer, wine, spirits) they con-
sumed on each day last week. Diagrams were provided 
in relation to what constituted a standard drink (10 g 
of alcohol) for beer, wine and spirits. Participants 
were classified as never, former, or current smokers. 
Standardized protocols were used by trained assessors 
to obtain anthropometric measures, which included 
measurements of height, weight, and waist circumfer-
ence. Body mass index was defined as weight (kilo-
grams) divided by height (meters) squared. Blood 
pressure (systolic and diastolic) was recorded using a 
mercury sphygmomanometer after 5 minutes rest in a 
sitting position. Blood samples were obtained from the 
participants after an overnight fast at time of survey, 
serum separated and stored at −70°C. Blood samples 
obtained at the time of the survey were used in this 
analysis. These include serum alanine aminotransfer-
ase (ALT), gamma- glutamyltransferase (GGT), total 
and high- density lipoprotein (HDL) cholesterol, and 
triglycerides, and the laboratory methods have been 
described previously.(18)

iDentiFiCation oF 
paRtiCipants WitH naFlD

Subjects with a Fatty Liver Index (FLI) score of 
>60 at baseline and a total standard drink intake of 
≤ 21/week were classified as having NAFLD and 
were included. The FLI is a diagnostic algorithm of 
fatty liver based on waist circumference, body mass 
index (BMI), GGT and serum triglyceride levels, and 
is validated as an accurate predictor of fatty liver in 
population- based studies.(19,20) Patients were excluded 
if they had serological evidence of hepatitis B or C 
infection, C282Y/C282Y HFE genotype, drank >21 
standard drinks per week, or if their alcohol consump-
tion was unknown. In 1998 HFE genotyping was per-
formed on DNA extracted from Guthrie cards.(18) In 
2005 the stored sera of subjects with ALT > 40 IU/L 

were evaluated for markers of liver disease, including 
hepatitis B and C serology.(21) Overall, there were a 
total of 659 people (384 men and 275 women) who 
met these criteria and had the required baseline mea-
sures (outlined in Fig. 1).

eValuation oF 
CaRDioVasCulaR outComes

Using record linkage to the hospital admis-
sions and deaths for the period January 1, 1980, 
to June 30, 2014, hospital and death records of the 
survey participants were evaluated. International 
Classification of Diseases, Ninth Revision (ICD- 9)  
codes were used up to June 30, 1999, and ICD- 10  
codes for subsequent events. History of CVD at 
baseline in 1994- 1995 was defined as any CVD 
hospital admission (ICD- 9 390- 459) during the 
15 years before the survey (i.e., 1980 to 1994- 1995). 
Cardiovascular outcome events during the 20- year 
follow- up from survey attendance in 1994- 1995 

Fig. 1. Summary of inclusion and exclusion criteria.
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to June 30, 2014, were obtained from hospital and 
death records during this period. Two outcome 
events were analyzed. Time to death from CVD 
(ICD- 9 401- 414, and 420- 449; ICD- 10 I10- I25, 
I30- I79, and G45) and time to first fatal or nonfatal 
cardiovascular event defined as a hospital admission 
with a principal diagnosis of coronary heart disease 
(ICD- 9 410- 414; ICD- 10 I20- 25), stroke (ICD- 9 
430- 437; ICD- 10 I60- 68 and G45), heart failure 
(ICD- 9 428; ICD- 10 I50), peripheral arterial dis-
ease (ICD- 9 440- 448; ICD- 10 I70- 79), or death 
from CVD. This study was approved by the Human 
Research Ethics Committee of the Department of 
Health of Western Australia (Project No. 2011/60).

poWeR anD statistiCal 
analyses

With the number of CVD events determined 
during follow- up, the analysis had 80% power to 
detect a hazard ratio (HR) of 1.05 per standard 
drink in separate analyses of men and women and 
80% power to detect a HR of 1.03 in combined 
analysis of men and women. With the number of 
CVD deaths determined on follow- up, the analysis 
had 80% power to detect a HR of 1.08 per stan-
dard drink in separate analyses of men and women 
and 80% power to detect a HR of 1.05 in combined 
analysis of men and women.

Variables with skewed distributions were log- 
transformed for use in regression models, and 
descriptive results for these variables are presented 
in both untransformed and transformed scales. The 
association between alcohol consumption variables 
and cardiovascular outcomes in participants with 
NAFLD were examined using Cox proportional 
hazards regression modeling. Six alcohol consump-
tion variables were considered: total standard drinks 
of beer last week, total standard drinks of wine last 
week, total standard drinks of spirits last week, total 
standard drinks last week, alcohol type (none, beer 
only, wine only, spirits only, and mixed), and max-
imum standard drinks on any one day last week. 
Binge drinking was defined as four or more drinks 
on any one day. The estimated HRs with 95% con-
fidence intervals (CIs) are reported for each alcohol 
variable after two levels of adjustment for poten-
tial confounders. Model A adjusted for age and 
CVD history, and model B is further adjusted for 

BMI and Framingham risk score variables (choles-
terol, HDL cholesterol, smoking, diabetes, systolic 
blood pressure (SBP), and hypertension treatment). 
Analyses were conducted for men and women sep-
arately as well as combined, and for the full cohort 
and the subcohort of participants with no history 
of CVD at baseline (CVD- free cohort). Combined 
analyses of men and women also adjusted for sex, 
and models for the CVD- free cohort did not adjust 
for history of CVD. Models for alcohol type and 
maximum drinks on any one day were also adjusted 
for total drinks. A 95% CI for a HR that does not 
include the value 1 is significant at the 5% level (i.e., 
P  <  0.05). Tests of the interaction between alcohol 
variable and sex were conducted to confirm whether 
the effect of alcohol was significantly different in 
men and women. A further interaction test was per-
formed to assess whether the impact of alcohol con-
sumption significantly differed in those with higher 
(>35  IU/L in men and >25  IU/L in women) and 
lower ALT levels at baseline. Statistical analyses 
were performed using SAS 9.4.

Results
Baseline CHaRaCteRistiCs oF 
stuDy CoHoRt

The baseline characteristics (in 1994- 1995) of the 
NAFLD cohort (384 men and 275 women, average 
age of 57  years) are given in Table 1. By selection, 
all NAFLD subjects had an FLI score > 60, and the 
average was 79 in both men and women. Overall, 11% 
had diabetes, 31% were on hypertension treatment, 
and mean BMI was 30.1 kg/m2 in men and 33.5 kg/
m2 in women. A total of 24% of the cohort had a 
prior history of hospitalization for CVD.

The average total standard alcohol drinks per 
week was 8.0 in men (5.1 beer, 2.1 wine, 0.9 spirits) 
and 4.0 in women (0.9 beer, 2.6 wine, 0.5 spirits), 
as indicated in Table 2. Only 6% of men and 20% 
of women were nondrinkers, and more than 50% of 
the cohort consumed 1- 7 standard drinks per week. 
Binge drinking (defined as four or more drinks on 
any one day) was reported by 29% of the men and 
10% of the women. A total of 51% of the men were 
exclusive beer drinkers, and 50% of women were 
exclusive wine drinkers.
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numBeR oF CVD DeatHs anD 
eVents

Overall, there were 84 CVD deaths (47 in men, 
37 in women), and 223 participants (128 men, 95 
women) had a CVD event during the 20- year period 
of follow- up (Table 1).

alCoHol Consumption anD 
RisK oF FutuRe CVD eVents

Table 3 lists the HRs for alcohol consumption vari-
ables in relation to risk of CVD event in the NAFLD 
cohort. Modest alcohol consumption (8- 21 drinks per 
week) was associated with a 32% reduction in risk of 
future CVD events following adjustment for age, sex, 
and history of prior CVD. Modest alcohol consump-
tion remained significantly associated with a lower 
risk of future CVD events with additional adjustment 
for BMI, smoking, diabetes, serum cholesterol, HDL 
cholesterol, SBP, and hypertension treatment.

When the analysis was stratified by sex, men who 
consumed 8- 21 drinks per week were found to have 

a 38% lower risk of CVD event as compared with 
men consuming 1- 7 drinks per week (HR 0.624, 95% 
CI 0.434- 0.898), as outlined in Supporting Table 
S1. This HR was no longer significant in the fully 
adjusted model B. Among women, modest alcohol 
consumption was associated with a HR of 0.85 of 
future CVD events (Supporting Table S1); however, 
this was not significant. No interactions between sex 
and type, pattern, or quantity of alcohol were noted 
(data not shown). Neither binge- type drinking pat-
terns, nor type of alcohol consumed, were associated 
with future CVD events. The impact of modest alco-
hol consumption on future risk of CVD was not sig-
nificantly different in those with higher (>35  IU/L 
in men and >25  IU/L in women) as compared with 
lower ALT levels (P = 0.78).

alCoHol anD RisK oF CVD 
DeatH

Table 4 lists the HRs for alcohol consumption in 
relation to risk of CVD death in the full NAFLD 
cohort. None of the alcohol consumption variables 

taBle 1. CHaRaCteRistiCs oF naFlD CoHoRt (n = 659) at Baseline anD numBeR oF outCome 
eVents oVeRall anD By genDeR

Characteristic Men (n = 384) Women (n = 275) All (n = 659)

Age (years) 56.2 ± 13.9 57.8 ± 14.1 56.9 ± 14.0

History of CVD 92 (24.0) 66 (24.0) 158 (24.0)

Smoking status

Never 137 (35.7) 153 (55.6) 290 (44.0)

Former 197 (51.3) 90 (32.7) 287 (43.6)

Current 50 (13.0) 32 (11.6) 82 (12.4)

Diabetes 39 (10.2) 35 (12.7) 74 (11.2)

Hypertension treatment 94 (24.5) 109 (39.6) 203 (30.8)

SBP (mm Hg) 132 ± 15 133 ± 18 132 ± 17

BMI (kg/m2) 30.1 ± 2.7 33.5 ± 3.7 31.5 ± 3.6

Waist (cm) 104 ± 8 101 ± 9 103 ± 8

Total cholesterol (mmol/L) 5.84 ± 0.99 6.16 ± 1.07 5.97 ± 1.03

HDL cholesterol (mmol/L) 1.05 ± 0.26 1.29 ± 0.32 1.15 ± 0.31

Triglycerides (mmol/L) 2.24 ± 1.47 1.96 ± 0.99 2.13 ± 1.30

Log triglycerides 0.67 ± 0.49 0.57 ± 0.46 0.63 ± 0.48

GGT (U/L) 44.8 ± 34.4 37.1 ± 28.2 41.6 ± 32.2

Log GGT 3.64 ± 0.52 3.42 ± 0.58 3.55 ± 0.56

FLI score 78.6 ± 11.0 78.8 ± 11.2 78.7 ± 11.1

ALT (IU/L) 35.8 ± 21.4 26.3 ± 15.1 31.8 ± 19.6

Higher ALT (men > 35, women > 25) 133 (34.6) 96 (34.9) 229 (34.7)

CVD death 47 (12.2) 37 (13.5) 84 (12.7)

CVD event 128 (33.3) 95 (34.5) 223 (33.8)

Note: Data are shown as mean ± SD or number (%).
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showed a significant (P < 0.05) relationship with risk 
of CVD death in the full cohort in the minimally 
adjusted (model A) or fully adjusted (model B) mod-
els. Also, the sex*alcohol interaction was not signifi-
cant, indicating no difference in the alcohol- to- CVD 
death relationship in men and women.

Discussion
Death from cardiovascular disease remains 

the principal cause of mortality in patients with 
NAFLD; thus, determination of lifestyle factors that 
modify CVD risk is important, with the potential 

taBle 2. Quantity, type anD patteRn oF Baseline alCoHol Consumption in naFlD CoHoRt

Characteristic Men (n = 384) Women (n = 275) All (n = 659)

Alcohol consumption*

Beer 5.1 ± 5.6 0.9 ± 2.7 3.3 ± 5.1

Wine 2.1 ± 4.0 2.6 ± 3.9 2.3 ± 3.9

Spirits 0.9 ± 2.7 0.5 ± 1.7 0.7 ± 2.4

Total 8.0 ± 6.4 4.0 ± 4.7 6.3 ± 6.1

Total

None 21 (5.5) 55 (20.0) 76 (11.5)

1- 7 192 (50.0) 176 (64.0) 368 (55.8)

8- 14 98 (25.5) 31 (11.3) 129 (19.6)

15- 21 73 (19.0) 13 (4.7) 86 (13.1)

Max on any one day 2.7 (2.3) 1.5 (1.6) 2.2 (2.1)

Max on any one day

0- 3 273 (71.1) 249 (90.5) 522 (79.2)

≥ 4 111 (28.9) 26 (9.5) 137 (20.8)

*Standard drinks last week.

taBle 3. aDJusteD HR FoR alCoHol 
Consumption in Relation to RisK oF FutuRe 

CVD eVents in tHe naFlD CoHoRt

Model A Model B

HR (95% CI) HR (95% CI)

Total standard drinks 
per week of:

Beer 0.974 (0.944, 1.005) 0.977 (0.946, 1.009)

Wine 1.007 (0.976, 1.038) 1.008 (0.977, 1.041)

Spirits 0.980 (0.927, 1.035) 0.975 (0.922, 1.031)

Total 0.983 (0.959, 1.007) 0.984 (0.959, 1.009)

Total

None 0.777 (0.510, 1.182) 0.768 (0.493, 1.199)

1- 7 (ref) 1.000 1.000

8- 21 0.677 (0.491, 0.932) 0.713 (0.512, 0.993)

Max on any one 
day

0- 3 1.000 1.000

≥ 4 0.848 (0.544, 1.322) 0.864 (0.553, 1.348)

Note: For beer, wine, spirits and total, HR is per additional drink 
last week. For max on any one day, the HR is adjusted for total 
drinks. Model A is adjusted for age, sex, and CVD history. Model 
B is adjusted for age, sex, BMI, CVD history, cholesterol, HDL, 
smoking, diabetes, SBP, and hypertension treatment.

taBle 4. aDJusteD HR FoR alCoHol 
Consumption in Relation to RisK oF CVD 

DeatH in tHe Full naFlD CoHoRt

Model A Model B

HR (95% CI) HR (95% CI)

Total standard 
drinks per  
week of:

Beer 0.999 (0.950, 1.050) 1.016 (0.965, 1.070)

Wine 1.014 (0.963, 1.068) 1.029 (0.976, 1.084)

Spirits 0.939 (0.846, 1.044) 0.909 (0.815, 1.015)

Total 0.994 (0.952, 1.037) 1.005 (0.961, 1.051)

Total

0- 7 1.000 1.000

8- 21 0.706 (0.406, 1.228) 0.813 (0.456, 1.448)

Max on any one 
day

0- 3 1.000 1.000

≥ 4 0.961 (0.448, 2.064) 1.096 (0.501, 2.399)

Note: For beer, wine, spirits and total, HR is per additional drink 
last week. For max on any one day, the HR is adjusted for total 
drinks. Model A is adjusted for age, sex, and CVD history. Model 
B is adjusted for age, sex, BMI, CVD history, cholesterol, HDL, 
smoking, diabetes, SBP, and hypertension treatment.
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to significantly improve patient outcomes. Among 
our NAFLD cohort of 659 patients followed for 
20 years, we found that alcohol consumption of 8- 21 
drinks per week was associated with 32% reduction 
in CVD events in minimally adjusted and 30% in 
fully adjusted models. Men who consumed 8- 21 
drinks per week at baseline had a 38% lower risk of 
CVD event, as compared with men consuming 1- 7 
drinks per week when adjusted for age and under-
lying CVD history but not in the fully adjusted 
models. These findings suggest a protective effect 
of moderate alcohol consumption in patients with 
NAFLD who by definition are not heavy alcohol 
consumers. Of note, consumption in a binge- type 
fashion was not associated with reduced CVD risk, 
suggesting low and regular consumption is needed 
for cardio- protection. We did not find specific asso-
ciations with types of alcohol; however, this may be 
due to limited statistical power.

These findings are consistent with the previously 
conducted meta- analyses, which reported that low- 
level alcohol consumption was associated with a 
reduction in coronary heart disease outcomes in the 
general population, whereas a significantly increased 
risk of vascular outcomes was observed in those 
consuming more than 30- 60  g per day.(10,11,22) This 
threshold is noteworthy for being the cutoff to define 
NAFLD, such that patients with NAFLD will not 
reach these thresholds. Cross- sectional studies exam-
ining the association between alcohol consumption 
and markers of CVD risk in patients with NAFLD 
have been conflicting, with increased risk, no effect, 
and reduced risk being reported.(23- 25) VanWagner et 
al. reported in 570 patients with NAFLD that lon-
gitudinal alcohol consumption was associated with a 
lower prevalence of diabetes, lower hemoglobin A1c, 
and less use of anti- hypertensive medications but no 
difference in coronary artery calcification or echocar-
diographic abnormalities.(24) Further follow- up of this 
relatively young cohort (mean age 50  years) will be 
required to determine the association between alco-
hol and clinical cardiovascular outcomes. Notably, 
these studies differed in their diagnostic strategies for 
NAFLD and used surrogate markers of CVD rather 
than clinical events and mortality related to CVD.

The exact pathogenesis of the potential bene-
ficial effects of low to moderate alcohol on CVD 
events is uncertain. Rimm et al. in their meta- analysis 
of 42 studies demonstrated changes in the HDL 

cholesterol, serum apolipoprotein, serum triglycerides, 
plasma fibrinogen, tissue- type plasminogen activa-
tor, and plasminogen levels with alcohol dose of 30 g 
per day.(26) Subsequent studies have found similar 
results with increased HDL and adiponectin levels, 
with the latter associated with lower risk of diabetes 
and CVD.(27) Alcoholic beverages also have antioxi-
dant activity due to phenolic compounds and flavo-
noids that inhibit synthesis of oxidized form of LDL, 
which is atherogenic.(28,29) However it is important to 
emphasize that higher levels of alcohol are hazardous, 
with intake of greater than 30  g per day associated 
with increased mortality risk in patients with fatty 
liver, particularly in the presence of the metabolic 
syndrome.(30)

The strengths of our study include that it stems 
from a large population- based cohort from the real 
world, focusing objective CVD morbidity and mor-
tality endpoints over a 20- year follow- up. The assess-
ment of alcohol consumption was obtained using 
comprehensive and standardized health and lifestyle 
questionnaires. We not only studied the impact of 
overall consumption but also the type and pattern 
of alcohol consumption, although the latter were not 
associated with the outcomes.

Limitations include the lack of population diversity, 
as more than 90% of the study population consisted of 
individuals with Anglo- Celtic ancestry and does not 
include more diverse ethnic groups to provide more 
generalized application. Another potential limitation 
could be the use of FLI for diagnosis of NAFLD. 
Nonetheless, it has been validated in Western popu-
lations with excellent accuracy area under the receiver 
operating characteristic curve of 0.83 for determining 
presence of steatosis in comparison with histopatho-
logical diagnosis.(31)

However, the main question is how to apply this 
finding to our clinical practice and convey it as a 
public health message as a risk modification mea-
sure to reduce CVD. The cardiovascular benefits of 
moderate alcohol consumption should be weighed 
against any potential adverse events due to underly-
ing comorbidities, as the impact of alcohol may be 
variable in different age groups. Similarly, the risk 
of injury from long- term alcohol may be significant 
in one group, whereas the CVD may cause major 
disease burden in the other group. These factors 
require carefully conducted studies involving differ-
ent population subgroups to identify those at high 
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risk of mortality or morbidity from CVD and are 
likely to have significant risk reduction, outweigh-
ing any potential harm from alcohol consumption. 
The upper safe limit of the alcohol consumption 
is unknown, as are its overall benefits in reducing 
overall mortality due to lack of randomized con-
trolled trials. Furthermore, vulnerable patients may 
be at risk of keeping themselves with in safe range 
of consumption with risk of ending up losing any 
beneficial effects.

In conclusion, our study demonstrates that low to 
moderate alcohol consumption of a total of 8- 21 stan-
dards drinks of alcohol is independently associated 
with fewer CVD events in subjects with NAFLD. 
Patients with NAFLD with inherent high risk of car-
diovascular mortality due to increased prevalence of 
underlying metabolic syndrome may benefit from low 
to moderate consumption to reduce morbidity from 
CVD events. The integration of these findings into 
clinical practice requires careful selection of patients, 
in whom reduction CVD risk would outweigh any 
potential adverse events.
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