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ABSTRACT
Objective: We investigated if the differences in liver
fat content would predict the development of non-fatal
and fatal atherosclerotic endpoints (coronary heart
disease and stroke).
Design, setting and participants: Our study group
is a population-based, randomly recruited cohort (Oulu
Project Elucidating Risk of Atherosclerosis, OPERA),
initiated in 1991. The cohort consisted of 988 middle-
aged Finnish participants.
Intervention: Total mortality and hospital events were
followed up to 2009 based on the registry of the
National Institute for Health and Welfare and the
National death registry.
Main outcome measure: The severity of hepatic
steatosis was measured by ultrasound and divided into
three groups (0–2). Cox regression analysis was used
in the statistical analysis.
Results: In the follow-up of years 1991–2009, 13.5% of
the participants with non-fatty liver, 24.2% of participants
having moderate liver fat content and 29.2% of the
participants having severe fatty liver experienced a
cardiovascular event during the follow-up time
(p<0.001). Severe liver fat content predicted the risk for
future risk of cardiovascular event even when adjusted for
age, gender and study group (HR 1.92, CI 1.32 to 2.80,
p<0.01). When further adjustments for smoking, alcohol
consumption, low-density lipoprotein-cholesterol, body
mass index and systolic blood pressure were conducted,
the risk still remained statistically significant (HR 1.74, CI
1.16 to 2.63, p<0.01). Statistical significance disappeared
with further adjustment for QUICKI.
Conclusions: Liver fat content increases the risk of
future cardiovascular disease event in long-term follow-
up but it is seems to be dependent on insulin sensitivity.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD)
refers to liver disorders such as abnormal fat
content, which exists in a spectrum ranging
from steatosis with no inflammation to non-
alcoholic steatohepatitis (NASH), which can

ultimately lead to liver cirrhosis.1 The preva-
lence of NAFLD is estimated to range from
20% to 30% of population in Western coun-
tries, being the leading cause of liver disor-
ders.2 3 It is associated with obesity, type 2
diabetes mellitus (T2DM) and hyperlipid-
aemia.1 NAFLD is commonly regarded as a
hepatic manifestation of the metabolic syn-
drome and both conditions share several risk
factors for cardiovascular disease (CVD).3 4

In 2008, the prevalence of CVD in adults
(≥20 years) in USA was 36.2%.5 Every year, 4.3
million participants die from CVD in Europe
causing nearly half of all the deaths (48%).6

So-called traditional risk factors for CVD are
age, gender, smoking, high low-density lipo-
protein (LDL) cholesterol concentration,
hypertension and diabetes.7 In addition, total
body fatness as well as abdominal fat accumula-
tion increase independently the risk of CVD
and insulin resistance is regarded to be an
important factor linking visceral adiposity to
cardiovascular risk.8 Adipose tissue is now
recognised as a significant endocrine organ as
adipocytes and macrophages infiltrating adipo-
cytes secrete a number of bioactive mediators.7

Adipokines, proinflammatory cytokines and
hypofibrinolytic markers may lead to oxidative
stress and endothelial dysfunction, finally
leading to atherosclerosis.9

Strengths and limitations of this study

▪ This is a follow-up study with a large population-
based study group and a very long follow-up
time.

▪ Official registers used in event diagnoses—data
are accurate and the classification is systematic.

▪ Grade of liver brightness was measured by ultra-
sound, which has a high specificity but low
sensitivity.
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Hepatic steatosis has been discussed as a possible
mechanism to explain CVD morbidity and mortality.10

Patients with NAFLD have been reported to have higher
coronary heart disease (CHD) risk than the general
population of the same age and gender.11 According to
previous study, liver dysfunction associated with CVD
mortality in men12 whereas another large study found
no association between NAFLD and CVD in general
population.13 In addition, a fatty liver did not predict
CVD mortality and morbidity in patients with established
coronary artery disease.14

The NAFLD and CVD share several molecular mechan-
isms.15 16 Fatty liver might play a part in the pathogenesis
of CVD through the overexpression and systemic release
of several inflammatory, haemostatic17 and oxidative-stress
mediators or via contributing to whole-body insulin resist-
ance and atherogenic dyslipidaemia.3 NAFLD has also
been reported to be linked with circulatory endothelial
dysfunction.4 14 Several investigators have reported that
NAFLD is associated with coronary artery disease4 14 and
increased carotid intima-media thickness.18 19 Increased
γ-glutamyltransferase (GGT), which may be a marker of
NAFLD, has been reported to be associated with stroke.20

It is known that participants with fatty liver disease
have an increased risk of suffering from CVD,4 but
whether NAFLD is an independent indicator of CVD is
still far from clear. Long-term follow-up studies are
needed to clarify the correlation between fatty liver and
CVD. The aim of our study was to investigate if fatty liver
could predict independently the risk for total mortality
as well as non-fatal and fatal cardiovascular endpoints
with a 19-year follow-up after adjusting for all known
conventional risk factors.

MATERIALS AND METHODS
Human participants
Oulu Project Elucidating Risk of Atherosclerosis
(OPERA) is a population-based, epidemiological pro-
spective cohort study designed to address the risk factors
and disease end points of atherosclerotic CVDs.
Selection criteria of the study participants have been
described earlier.21 In short, a total of 520 men and 525
women participated: 259 control men, 261 hypertensive
men, 267 control women and 258 hypertensive women
aged 40–59 years. Hypertensive participants were ran-
domly selected from the national register for reimburse-
ment of the costs of antihypertensive medication. For
each hypertensive participant, an age-matched and a
sex-matched control participant was randomly selected
from the same register. Informed consent in writing was
obtained from each patient.

Determination of hepatic steatosis
The determination of hepatic steatosis was based on
liver-kidney contrast22 measured with ultrasonography23

by one trained radiologist with 10 years’ experience in
abdominal ultrasound examinations. Normal liver

parenchyma should be slightly more echogenic
(brighter) than the kidney parenchyma. In a case of
increased liver echogenicity an ultrasound diagnosis of
bright liver was settled. The severity of hepatic steatosis
was based on the brightness of the liver and it was classi-
fied into three groups ranging from 0 to 2 (0=normal
bright, indicating a non-fatty liver, 1=medium bright, a
moderate lipid content and 2=clearly bright, a severe
lipid content and fatty liver).24

Follow-up
Both the hypertensive and the control men were
recruited during December 1990–May 1992 and the
women approximately 1 year later (n=1045). In total,
1023 participants had a liver ultrasound result available
at baseline. Mortality data were obtained from the
National Death Registry and the diagnoses of cardiovas-
cular events were based on the registry of the National
Institute for Health and Welfare. The follow-up time
ended 31 December 2009 or whenever the first event
occurred. Cardiovascular events included fatal and non-
fatal endpoints. Participants with a previous hospital-
diagnosed myocardial infarction or stroke (n=41) at
baseline were excluded. In total, 988 participants partici-
pated in this part of the study.
CVD included a major CHD event and stroke (exclud-

ing subarachnoid haemorrhage, SAH)—whichever of
these happened first.25 The evidence of CHD was based
on the following diagnosis: I20.0, I21, I22 (ICD-10,
International Statistical Classification of Diseases and
Related Health Problems)/410, 4110 (ICD-8/9) as the
main diagnosis (symptom or cause) and I21, I22
(ICD-10)/410 (ICD-8/9) as a first side diagnosis
(symptom or cause) or second side diagnosis (symptom
or cause) and third side diagnosis (ICD-8/9 only) or if a
participant had undergone coronary artery bypass graft
surgery or angioplasty. CHD as a cause of death included
I20-I25, I46, R96, R98 (ICD-10)/410–414, 798 (not
7980A) (ICD-8/9) as the underlying cause of death or
immediate cause of death and I21 or I22 (ICD-10)/410
(ICD-8/9) as first to third contributing cause of death.
Stroke (excluding SAH) included I61, I63 (not I636),
I64 (ICD-10)/431, 4330A, 4331A, 4339A, 4340A, 4341A,
4349A, 436 (ICD-9)/431 (except 43101, 43191) 433,
434, 436 (ICD-8) as main diagnosis (symptom or cause)
or as a first or second side diagnosis (symptom or cause)
or as a third side diagnosis (ICD-8/9 only) or as an
underlying cause of death or immediate cause of death
or as a first to third contributing cause of death.26

Laboratory analyses
Waist circumference, body mass index (BMI) and blood
pressure were measured as described in the previous
study.21

All the laboratory test samples were obtained after an
overnight fast. Blood insulin and glucose concentrations
were analysed at 0, 60 and 120 min after administration of
75 g glucose.24 Insulin sensitivity was assessed using fasting
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plasma insulin concentrations and a quantitative insulin
sensitivity check index (QUICKI) {(QUICKI=1/(log
(fasting insulin)+log (fasting glucose)))}.27

Very-low-density lipoprotein, high-density lipoprotein,
LDL and high-sensitivity C reactive protein (hs-CRP) con-
centrations24 as well as alanine aminotransferase (ALT)
and GGT levels were measured as described previously.23

Alcohol consumption and smoking history were deter-
mined by validated questionnaires.28 Alcohol consumption
was divided into three groups: 0 (n=161) mean alcohol
consumption less than 1 g/week in men and women, 1
(n=767) mean consumption less than 210 g/week in men
and less than 140 g/week in women, 2 (n=76) mean
alcohol consumption more than 210 g/week in men and
more than 140 g/week in women. Group 2 designates
large-scale alcohol consumers according to the
guidelines.29

Statistical analysis
Statistical analysis was performed by using IBM SPSS
Statistics for Windows, V.20.0 (Armonk, NY: IBM Corp.).
Analysis of variance was used to compare the means of
the variables measured. Post hoc tests were performed
using the Tukey method. Statistical significances
between percentages were measured by using χ2 test.
Cumulative survival rates were estimated using
Kaplan-Meier method. Cox regression analysis was

performed to investigate if liver brightness (fat) could
predict the future risk for total mortality, cardiovascular
death or hospital events. A p value <0.05 was regarded as
significant.
Skewed variables (smoking, alcohol consumption,

fasting insulin, fasting glucose, triglyceride, ALT, GGT
concentration, hs-CRP level) were logarithmically trans-
formed to improve normality before analysis of variance.
We used three models with progressive degrees of adjust-
ments. Model 1 included study group (participants with
medicine-treated hypertension and their age-matched
and sex-matched controls), age and gender. Model 2
included further adjustments for smoking, alcohol con-
sumption, systolic blood pressure, LDL-cholesterol level
and BMI. Model 3 included further adjustment for
QUICKI. We carried out sensitivity analyses: in the ana-
lyses of cardiovascular events, we added all covariates
one by one and investigated if the HR changed or
remained stable when further adjustment with one cov-
ariate was performed. Model 4 included variables which
were stable and were statistically significant in intermedi-
ate phases. Model 5 included stable and significant cov-
ariates without QUICKI (table 1).
C-index was calculated for the models 1, 3, 4 and 5 to

assess the discrimination of the risk markers. The ana-
lyses were performed in 250 bootstrap resamplings to
obtain 95% CI for c-index of each model.

Table 1 Multivariate analysis for cardiovascular events with different degrees of adjustments (Cox regression analysis)

Model 1 Model 2 Model 3 Model 4 Model 5

Moderate fat

content

1.51 (0.99 to 2.29) 1.44 (0.93 to 2.23) 1.31 (0.84 to 2.05) 1.30 (0.84 to 2.01) 1.49 (0.99 to 2.26)

Severe fat

content

1.92 (1.32 to 2.80)** 1.74 (1.16 to 2.63)** 1.49 (0.97 to 2.30) 1.43 (0.93 to 2.18) 1.76 (1.21 to 2.56)**

Study group 1.34 (0.98 to 1.85) 1.29 (0.92 to 1.80) 1.28 (0.92 to 1.78)

Age 1.06 (1.03 to 1.09)*** 1.05 (1.02 to 1.08)** 1.05 (1.02 to 1.08)** 1.05 (1.02 to 1.07)** 1.05 (1.02 to 1.08)**

Gender 2.39 (1.71 to 3.34)* 1.91 (1.34 to 2.71)*** 1.80 (1.26 to 2.57)** 1.83 (1.29 to 2.60)** 1.92 (1.36 to 2.72)***

LDL-cholesterol 1.17 (0.99 to 1.39) 1.15 (0.97 to 1.37)

Smoking

(pack-years)

1.02 (1.01 to 1.03)*** 1.02 (1.01 to 1.03)*** 1.02 (1.01 to 1.03)*** 1.02 (1.01 to 1.03)***

Alcohol

consumption

(group 1)

0.93 (0.59 to 1.45) 0.92 (0.59 to 1.44)

Alcohol

consumption

(group 2)

0.84 (0.44 to 1.60) 0.81 (0.42 to 1.54)

Systolic blood

pressure

1.01 (1.00 to 1.02)** 1.01 (1.00 to 1.02)* 1.01 (1.00 to 1.02)** 1.01 (1.00 to 1.02)**

Body mass

index

0.99 (0.96 to 1.03) 0.97 (0.93 to 1.01)

QUICKI 0.12 (0.02 to 0.90)* 0.16 (0.03 to 0.99)*

CVD event occurred in 13.5% of the participants with no fat in the liver (97/720), 24.2% (30/124) of participants having moderate liver fat
content and 29.2% (42/144) of the participants having severe fatty liver. HRs with 95% CI with different degrees of adjustments are presented.
Alcohol consumption was divided into groups (reference group: less than 1 g/week in men and women, group 1: less than 210 g/week in men
and less than 140 g/week in women, group 2: more than 210 g/week in men and more than 140 g/week in women). Model 1: adjustment for
study group, age and gender. Model 2: further adjustments for LDL-cholesterol, smoking, alcohol consumption, systolic blood pressure and
body mass index. Model 3: further adjustment for QUICKI. Model 4: adjustments with statistically significant covariates. Model 5: adjustments
with statistically significant covariates without QUICKI. *p<0.05,**p<0.01,***p<0.001.
CVD, cardiovascular disease; LDL, low-density lipoprotein; QUICKI, quantitative insulin sensitivity check index.
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RESULTS
The main baseline characteristics of the study group are
shown in table 2.

Incidence of CVD
The median follow-up time was 212 (maximum 228)
months. During the follow-up time, 13.5% of the parti-
cipants with no fat in the liver (97/720), 24.2% (30/
124) of participants having moderate liver fat content
and 29.2% (42/144) of the participants having severe
fatty liver experienced a CVD event (p<0.001). CVD
was the cause of death in 3.6% of the participants with
non-fatty liver (26/720) and 8.1% of the participants
with moderate liver fat content (10/124), while 12.5%
(18/144) of the participants with severe fatty liver
(p<0.001; table 3).
Severe liver fat content predicted the risk for future risk

of cardiovascular event when adjusted for age, gender and
study group (model 1: HR 1.92, CI 1.32 to 2.80, p<0.01;
table 1). When further adjustments were made for
smoking, alcohol consumption, LDL-cholesterol, BMI and
systolic blood pressure (model 2: HR 1.74, CI 1.16 to 2.63),
the risk still remained statistically significant (p<0.01).
Statistical significance disappeared when further adjust-
ment for QUICKI was performed (model 3: HR 1.49, CI
0.97 to 2.30, p=0.071). In the CVD event sensitivity ana-
lyses, all covariates were added one by one and it was
examined whether the HRs would change or remain
stable. After adjusting for the statistically significant vari-
ables (including quick index) in the sensitivity analyses,
the association between severe fatty liver was no longer

significant (model 4: HR 1.43, CI 0.93 to 2.18, p=0.10).
When QUICKI was not added into model 5, severe fatty
liver did predict the risk for future risk for CVD event (HR
1.76, CI 1.21 to 2.56, p<0.001; table 1). The c-index
decreased when the risk factors were removed from the
model (table 4).
The future risk of death from CVD in participants

with severe fat content was significant when age, gender
and study group were added as covariates (model 1: HR
2.95, CI 1.58 to 5.51, p<0.01). Even after further adjust-
ments with other conventional risk factors (model 2: HR
2.04, CI 1.03 to 4.05), statistical significance remained
(p<0.05). When QUICKI was added as the covariate,
then significance disappeared (model 3: HR 1.64, CI
0.79 to 3.43, NS; figure 1).

Fatty liver and total mortality
In total, 11.9% of the participants not having fatty liver,
18.5% of the participants having moderate fatty liver
and 22.2% of the participants with severe fatty liver died
from all causes (p<0.01). According to model 1, severe
fat content predicted the risk for mortality from all
causes when age, gender and study group were added as
covariates (HR 1.60, CI 1.05 to 2.43, p<0.05). The signifi-
cance disappeared when BMI was added as a covariate
(data not shown).
We performed all Cox regression analyses after exclud-

ing the men consuming more than 210 g alcohol and
the women drinking more than 140 g alcohol per week.
This exclusion did not have any effect on the results
(data not shown).

Table 2 Baseline characteristics of the study group as means (SDs) or percentages

Grade of liver brightness 0 (n=720) 1 (n=124) 2 (n=144) p p (0–1) p (1–2) p (0–2)

Age (years) 50.9 (6.0) 51.9 (6.1) 51.5 (5.5) NS NS NS NS

Males 44.3% (n=319) 65.3% (n=81) 59.9% (n=82) <0.001 – – –

Hypertensives 41.4% (n=298) 66.1% (n=82) 71.5% (n=103) <0.001 – – –

BMI (kg/m²) 26.4 (3.9) 29.8 (5.0) 31.9 (4.9) <0.001 <0.001 <0.001 <0.001

Waist circumference (cm) 86.8 (11.9) 97.7 (12.0) 102.3 (11.8) <0.001 <0.001 <0.01 <0.001

Smoking (pack-years) 10.6 (13.3) 14.3 (14.9) 14.0 (14.6) <0.05 NS NS NS

Alcohol consumption (g/week) 51.1 (83.0) 95.1 (117.0) 82.6 (105.1) <0.01 <0.05 NS NS

Total serum cholesterol (mmol/L) 5.6 (1.0) 5.8 (1.1) 5.8 (1.1) NS NS NS NS

LDL (mmol/L) 3.5 (0.9) 3.7 (1.1) 3.5 (0.9) NS NS NS NS

Triglycerides (mmol/L) 1.4 (0.8) 1.9 (0.8) 2.2 (1.4) <0.001 <0.001 <0.05 <0.001

Systolic blood pressure (mmHg) 145.2 (21.5) 152.7 (20.3) 157.1 (22.2) <0.001 <0.01 NS <0.001

Fasting insulin (mmol/L) 10.8 (7.7) 18.2 (10.3) 23.8 (17.6) <0.001 <0.001 <0.001 <0.001

Fasting glucose (mmol/L) 4.4 (0.7) 5.0 (1.4) 6.1 (2.8) <0.001 <0.001 <0.001 <0.001

QUICKI 0.6 (0.1) 0.6 (0.1) 0.5 (0.1) <0.001 <0.001 <0.001 <0.001

hs-CRP (ng/mL) 3039.4 (6758.3) 3981.4 (6068.2) 6122.0 (6630.8) <0.001 <0.001 <0.01 <0.001

ALT U/L 26.2 (15.5) 37.8 (17.1) 55.4 (37.7) <0.001 <0.001 <0.001 <0.001

GGT U/L 35.1 (33.5) 69.7 (116.3) 76.8 (92.4) <0.001 <0.001 <0.01 <0.001

Antihypertensive treatment 43.6% (n=314) 66.9% (n=83) 72.9% (n=105) <0.001 – – –

Lipid-lowering treatment 2.2% (n=16) 1.6% (n=2) 6.2% (n=9) <0.05 – – –

Hypoglycaemic drug 1.1% (n=8) 1.6% (n=2) 10.4% (n=15) <0.001 – – –

Type 2 diabetes 2.4% (n=17) 12.1% (n=15) 36.8% (n=53) <0.001 – – –

ALT, alanine aminotransferase; BMI, body mass index; GGT, γ-glutamyltransferase; hs-CRP, high-sensitivity C reactive protein;
LDL, low-density lipoprotein; N, number of participants; NS, not significant; QUICKI, quantitative insulin sensitivity check index.
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We performed all Cox regression analyses after exclud-
ing patients with insulin-treated diabetes mellitus (n=9),
cortisone treatment at baseline (n=41) and previous
diagnosis for liver disease (n=15; eg, virus, medications).
This exclusion did not have any effect on the results
(data not shown).

DISCUSSION
The incidences of NAFLD and CVD are continuously
increasing in the Western world. The question if NAFLD
is only a marker or also an early mediator of CVD is still
largely unanswered. According to the results of the
present study, which had an approximately 19-year
follow-up fatty liver does predict the future risk for death
from all causes, death from CVD and risk of cardiovascu-
lar events. Insulin sensitivity seems to play a more dom-
inant role in the development of cardiovascular events.
Only a few studies have investigated the risk for future

cardiovascular risk among participants with ultrasound-
diagnosed fatty liver30 31 and larger studies with longer
follow-up times are needed. An association between
NAFLD and CVD has been reported3 30–32 although

contrary results also exist.13 33 A previous large
population-based prospective cohort study found no
association between NAFLD and CVD, however they
categorised the degree of steatosis as a two level variable:
none to mild and moderate to severe.13 An association
between ultrasound-diagnosed fatty liver and CVD has
been reported in general population30 and in partici-
pants with T2DM.32 Furthermore, liver dysfunction has
been reported to be associated with CVD mortality34 35

and CHD risk11 in follow-up studies and especially sur-
vival of participants with NASH is reported to be
reduced.33 36 37 In the present study, severe fatty liver

Table 3 CVD, CHD and stroke follow-up data of the study group as percentages (number of events)

Grade of liver brightness Total 0 (n=720) 1 (n=124) 2 (n=144) p Value

Non-fatal events

CVD 11.6% (115) 9.9% (71) 16.1% (20) 16.7% (24) <0.05

CHD 7.8% (77) 6.5% (47) 11.3% (14) 11.1% (16) NS

Stroke 5.0% (49) 4.2% (30) 8.1% (10) 6.2% (9) NS

Fatal events

CVD 5.5% (54) 3.6% (26) 8.1% (10) 12.5% (18) <0.001

CHD 4.8% (47) 3.2% (23) 7.3% (9) 10.4% (15) <0.01

Stroke 0.8% (8) 0.6% (4) 0.8% (1) 2.1% (3) NS

Statistical significances between percentages were measured by using χ2 test. CVD included a major CHD event and stroke (excluding
subarachnoid haemorrhage)—whichever of these happened first.
CHD, coronary heart disease; CVD, cardiovascular disease; N, number of participants.

Table 4 Multivariate analysis for cardiovascular events

(logistic regression analysis)

Final

model

Cardiovascular event c-index

(95% CI) Binary R2

Model 3 0.729 (0.706 to 0.776) 0.153

Model 4 0.720 (0.689 to 0.763) 0.144

Model 5 0.717 (0.686 to 0.758) 0.138

Model 1 0.698 (0.656 to 0.742) 0.133

Cardiovascular disease risk factors have been removed from the
models step by step.
Model 3 included liver brightness, study group, age, gender,
smoking, alcohol consumption, systolic blood pressure,
LDL-cholesterol level, body mass index and QUICKI. Model 4
included liver brightness, age, gender, smoking, blood pressure
and QUICKI. Model 5 included liver brightness, age, gender,
smoking and blood pressure. Model 1 included liver brightness,
study group, age and gender. C-index with CIs obtained from 250
bootstrap resamplings and binary R2 was used.
LDL, low-density lipoprotein; QUICKI, quantitative insulin
sensitivity check index.

Figure 1 Kaplan-Meier cumulative survival rates censored

for cardiovascular death in participants with no fat in the liver,

moderate fat content and severe fat content. CVD was the

cause of death in 3.6% of the participants (26/720) with

non-fatty liver and 8.1% of the participants (10/124) with

moderate liver fat content, while 12.5% of the participants with

severe fatty liver (18/144). Cox regression analysis is used for

adjustments. M1 (model 1): adjusted for study group, age and

gender. M2 (model 2): further adjustments for smoking,

alcohol consumption, systolic blood pressure, LDL-cholesterol

level and body mass index. M3 (model 3): further adjustment

for QUICKI. CVD, cardiovascular disease; QUICKI,

quantitative insulin sensitivity check index. **p<0.01, *p<0.05.
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disease did predict the risk for cardiovascular death but
the association seemed to be dependent on insulin
sensitivity.
Several earlier studies have used self-reported CVD

history which may not be totally reliable. Although
earlier studies on the risk for future cardiovascular risk
among participants with fatty liver have performed some
adjustments, the full range of well-known CVD risk
factors have been rarely considered.33 We have per-
formed adjustments with all so-called traditional risk
factors for CVD (ie, age, gender, smoking, LDL concen-
tration, hypertension, insulin resistance). Previous
studies have used biochemical, radiological and histo-
logical methodology for NAFLD diagnosis and staging,
which leads to a challenging interpretation of the
results.35 38

This study had an approximately 19-year follow-up
time, which is longer than in previous studies.11–14

When compared to earlier studies33 38 this study seems
to be the first follow-up study with a large population-
based randomly selected study group and a very long
follow-up time and ultrasound-diagnosed fatty liver. The
diagnosis of cardiovascular events was based on the regis-
try of the National Institute for Health and Welfare and
mortality data were obtained from the National Death
Registry. The earlier verified FINRISK classification26 was
used to classify the events. Therefore, the reliability of
event diagnosis data is accurate and the classification is
systematic. All participants who had myocardial infarc-
tion or stroke before baseline were excluded because a
history of myocardial infarction is known to increase the
risk for recurrent myocardial infarction or cardiovascular
death39 and medication as well as lifestyle secondary pre-
vention strategies are intensive.40

There are a few follow-up-studies examining whether
the fatty liver increases the risk for total mortality.13 41 In
the present study, severe fatty liver predicted the risk for
overall mortality of any causes when age, gender and
study group were added covariates, a result in line with
an earlier report.42 In the published literature, NASH
rather than simple steatosis has been stated to be linked
with decreased overall survival36 although one study with
a large cohort found no association between NAFLD
and overall mortality.13 In our study, the association
between severe fatty liver and total mortality disappeared
after further adjustment for BMI which means that
severe fatty liver is not a strong predictor for overall
mortality.
The molecular mechanisms linking fatty liver with CVD

have been investigated.10 16 Enlarged visceral adipose
tissue may explain why NAFLD associates with CVD.16 In
individuals with visceral obesity, insulin resistance may
contribute to impaired non-esterified fatty acid (NEFA)
metabolism8 and the increasing NEFA flux to the liver
may impair liver metabolism leading to increased glucose
metabolism and liver dysfunction.7 The liver is one of the
targets of the resulting systemic abnormalities and the
source of several proatherogenic factors,3 such as CRP,

fibrinogen, plasminogen activator inhibitor 1 and other
inflammatory cytokines.16 Furthermore, visceral adipose
tissue and ectopic fat overexpress factors involved in
atherogenesis16 such as NEFAs and proinflammatory
cytokines, for instance interleukin 6 and tumour necrosis
factor α8 leading to chronic systemic inflammation. In
addition, hepatic steatosis leads to overproduction of
cholesterol-rich remnant particles.4

One limitation in this study is that the grade of liver
brightness was measured by ultrasound. The invasive diag-
nostic technique of liver biopsy is regarded as the ‘golden
standard’, especially for the diagnosis of NASH.43

Real-time ultrasound using a combination of sonographic
findings does have a high specificity but it underestimates
the prevalence of hepatic steatosis when there is less than
20% fat.44 Today, MR spectroscopy is regarded as the best
method for the quantification of liver fat, but this method
is limited due to its availability.45 Unfortunately quantita-
tive measurement of liver fat by ultrasound is subject to
several limitations compared to more validated and stan-
dardised methods for diagnosing NAFLD and the analysis
of intraobserver reproducibility could have been more
accurate in the present study. Nonetheless, the non-
invasive ultrasound method was chosen because taking
liver biopsies from large groups of symptomless partici-
pants would have been ethically unjustifiable and MR spec-
troscopy was not available at the baseline.
The OPERA study group consists of participants with

drug-treated hypertension and randomly selected sex-
matched and age-matched controls. Study group was
added as a covariate to minimise any selection bias.

Conclusions
Severe liver fat content increased the risk of a future car-
diovascular event and mortality to CVD over the long-
term follow-up but it seemed to be dependent on
insulin sensitivity. Fatty liver also predicted the risk for
overall mortality. However, conventional CVD risk factors
seemed to play a major role in developing death from
all causes. It would be beneficial to investigate larger
cohorts and follow-up studies in order to validate this
result.
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