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ABSTRACT
Objective Knowledge of the epidemiology of non-
alcoholic fatty liver disease (NAFLD) is incomplete
because liver biopsy cannot be performed on the general
population to assess disease severity. New non-invasive
tests allow accurate and safe assessment in healthy
individuals. The aim of this study was to examine the
prevalence of NAFLD and advanced fibrosis in the
general Hong Kong Chinese population.
Methods Subjects were recruited from the community
by random selection from the government census
database. Liver fat and fibrosis were assessed by proton-
magnetic resonance spectroscopy and transient
elastography, respectively.
Results Overall, 264 of 922 (28.6%) subjects had
intrahepatic triglyceride content $5%. Excluding 12
subjects with significant alcohol consumption, the
population prevalence of NAFLD was 27.3% (95% CI
24.5% to 30.2%). Each component of the metabolic
syndrome increased the risk of fatty liver in a dose-
dependent manner (prevalence of 4.5% in subjects
without any component and 80.0% in those with all five
components). 8 (3.7%) patients with fatty liver had liver
stiffness $9.6 kPa, a level suggestive of advanced
fibrosis. Body mass index and alanine aminotransferase
level were independent factors associated with liver
stiffness. Together with other clinical prediction scores,
the estimated prevalence of advanced fibrosis in patients
with fatty liver in the community was <10%. Compared
with non-drinkers, modest drinkers (<10 g per day) did
not have higher risk of fatty liver after adjustment for
demographic and metabolic factors. The liver stiffness
was 4.761.9 kPa in modest drinkers and 4.661.7 kPa in
non-drinkers (p¼0.54).
Conclusion NAFLD is found in over a quarter of the
general adult Chinese population, but the proportion of
patients with advanced fibrosis is low. Modest alcohol
consumption does not increase the risk of fatty liver or
liver fibrosis.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the
most common cause of abnormal liver function
tests worldwide.1 It may progress to cirrhosis and
hepatocellular carcinoma,2 3 and is believed to be

the leading aetiology for cryptogenic cirrhosis.4

NAFLD is strongly associated with obesity and the
metabolic syndrome.5 6 As a result, patients with
NAFLD have increased mortality from cardiovas-
cular diseases and malignancy in the long run.7e10

At present, knowledge of the epidemiology of
NAFLD is incomplete. Histological cohorts repre-
sent highly selected patients and cannot reflect the
situation in the general population.11 Most popu-
lation studies used abdominal ultrasonography for
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Significance of this study

What is already known about this subject?
< Non-alcoholic fatty liver disease (NAFLD) is one

of the most common chronic liver diseases.
Although Asia harbours the highest number of
diabetic and obese patients, epidemiological
data on NAFLD are scarce.

< Few studies have evaluated the severity of
NAFLD in the general population. New non-
invasive tests such as proton-magnetic reso-
nance spectroscopy and transient elastography
allow relatively accurate estimation of hepatic
steatosis and fibrosis in the community.

What are the new findings?
< The population prevalence of NAFLD in Hong

Kong Chinese was 27.3%.
< All components of the metabolic syndrome had

an independent association with fatty liver.
< Around 4% of subjects with fatty liver in the

community had advanced fibrosis as estimated
by transient elastography.

< Modest alcohol consumption of <10 g per day
did not increase the risk of fatty liver and liver
fibrosis.

How might it impact on clinical practice in the
foreseeable future?
< The study provides important epidemiological

data on NAFLD in the general population.
Clinicians may counsel patients based on the
study findings.
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screening.12e16 However, ultrasonography is operator dependent
and is insensitive to mild hepatic steatosis.17 In addition, the
disease activity of NAFLD relies on histological assessment and is
seldom assessed in population studies. In particular, Asia is
expected to host the highest number of patients with diabetes
and metabolic syndrome owing to its huge population and life-
style changes.18 Epidemiological data from this region are
nevertheless scarce.13 14

In recent years, a number of non-invasive tests for liver
diseases have been developed. Proton-magnetic resonance spec-
troscopy (1H-MRS) quantifies hepatic steatosis by measuring
proton signals from the acyl groups of hepatocyte triglyceride
stores.19 The measurement is reproducible and correlates well
with the degree of hepatic steatosis by histology.20e22 Transient
elastography by Fibroscan (Echosens, Paris, France) estimates
liver fibrosis by measuring liver stiffness. The measurement has
good correlation with histological liver fibrosis in patients with
different liver diseases.23 24 Its performance has also been vali-
dated in patients with NAFLD, and is not affected by the degree
of hepatic steatosis and body adiposity.25 26 These new tests
make population screening possible.

In this study, we aimed to study the prevalence of NAFLD and
advanced liver fibrosis in the general Chinese population by
1H-MRS and transient elastography, respectively. We also aimed
to study factors associated with NAFLD.

METHODS
Patients
This was a cross-sectional study. Subjects from the general
population were randomly selected from the census database of
the Hong Kong Government, and were invited by mail and
phone calls.27 We included subjects aged 18e70 years. Subjects
with active malignancy, metallic implants or other contraindi-
cations to MRI, positive hepatitis B surface antigen or antibody
against hepatitis C virus, secondary causes of fatty liver (eg,
consumption of amiodarone and tamoxifen) and decompensated
liver disease (defined as bilirubin >50 mmol/l, albumin <35 g/l,
platelet count <1503109/l, international normalised ratio >1.3,
or the presence of ascites or varices) were excluded. The study
protocol was approved by the Clinical Research Ethics
Committee of The Chinese University of Hong Kong. All
subjects provided informed written consent.

Clinical assessment
At the clinic visit, drug history, alcohol intake, smoking and past
medical historywere recorded using a standardised questionnaire.
Alcohol consumption of 20 g daily (140 g weekly) for men and
10 g daily (70 g weekly) for women was the threshold to define
NAFLD.28 Anthropometric measurements included body weight,
body height and waist circumference. Body mass index (BMI)
was calculated as weight (kg) divided by height (m2). Waist
circumference was measured at a level midway between the
lower rib margin and iliac crest with the tape all around the body
in the horizontal position. Blood tests including liver biochem-
istry, glucose and lipids were performed after fasting for 8 h.

Metabolic syndrome was defined according to the ethnic-
specific criteria by the International Diabetes Federation, which
was modified from the National Cholesterol Education Program,
Adult Treatment Panel III Guidelines, as any three of the
following: (1) central obesity (waist circumference $90 cm in
men and $80 cm in women); (2) triglycerides >1.7 mmol/l; (3)
reduced high-density lipoprotein-cholesterol (<1.03 mmol/l in
men and <1.29 mmol/l in women); (4) blood pressure $130/

85 mm Hg; and (5) fasting plasma glucose $5.6 mmol/l; or
receiving treatment for the above metabolic abnormalities.29

The degree of liver fibrosis was estimated by transient elas-
tography and clinical prediction formulae. The aspartate
aminotransferase (AST) to alanine aminotransferase (ALT) level
was calculated as AST/ALT. The AST to platelet ratio index
(APRI) was calculated as AST (/upper limit of normal)/platelet
count (3109/l)3100.30 FIB-4 was calculated as age 3 AST
(IU/l)/platelet count (3109/l)3OALT (U/l).31 The NAFLD
fibrosis score was calculated as �1.675+0.037 3 age (years)
+0.094 3 BMI (kg/m2) +1.133 impaired fasting glucose/
diabetes (yes¼1, no¼0) +0.993 AST/ALTratioe0.0133 platelet
count (3109/l)e0.663 albumin (g/dl).32 33 The BARD score was
the weighted sum of three variables (BMI $28 kg/m2¼1 point,
AST/ALT ratio $0.8¼2 points, diabetes¼1 point).34

Proton-magnetic resonance spectroscopy
1H-MRS was performed to measure intrahepatic triglyceride
(IHTG) content within 8 weeks from the baseline visit. A
whole-body 3.0 T scanner with a single voxel point-resolved
spectroscopy sequence and an echo time of 40 ms and repetition
time of 5000 ms was used. A survey scan was first performed in
the abdominal region to help in positioning a volume measuring
20 (AP) 315 (RL) 340 (FH) mm within the liver. The scanner ’s
built-in body coil was used for both signal transmission and
reception. A no-water-suppressed spectrum was acquired using
32 signal averages and the data were exported for offline spectral
analysis. Water (4.65 ppm) and lipid (1.3 ppm) peak amplitudes
were measured to determine vertebral marrow fat content,
which was defined as the relative fat signal amplitude in terms
of a percentage of the total signal amplitude (water and fat) and
calculated according to the following equation: fat content¼
(Ifat/(Ifat+Iwater))3100, where Ifat and Iwater are the peak
amplitudes of fat and water, respectively. Correction for relax-
ation loss was not applied because of the relatively long repeti-
tion time and short echo time. An IHTG content of 5% was used
to distinguish between patients with and without fatty liver.35

Transient elastography
Liver stiffness measurement by transient elastography was
performed during the baseline clinic visit according to the
instructions and training provided by the manufacturer.
Measurements were performed on the right lobe of the liver
through intercostal spaces with the subject lying in dorsal
decubitus with the right arm in maximal abduction. Ten
successful acquisitions were performed on each subject. The
success rate was calculated as the ratio of the number of
successful acquisitions over the total number of acquisitions. The
median value represented the liver elastic modulus. Liver stiffness
measurements were considered reliable only if 10 successful
acquisitions were obtained, the success rate was >60% and the
interquartile range to median ratio of the 10 acquisitions was
<0.3. Liver stiffness was expressed in kiloPascal (kPa). Operators
must have performed at least 50 procedures before participating
in this study, and were blinded to all clinical data and the diag-
noses of the patients. The cut-off value of 9.6 kPa was used to
estimate the number of subjects with advanced fibrosis. This cut-
off value had specificity >90% in a previous validation study
using liver histology as the reference standard.26

Statistical analysis
Statistical tests were performed using the Statistical Package for
Social Sciences version 16.0. Continuous variables were
expressed in mean6SD and compared using the unpaired t test if
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they were normally distributed. Skewed variables were expressed
as median (range) and compared using the ManneWhitney U
test. QeQ plots were used to screen for normal distribution.
Categorical variables were compared using c2 test or Fisher exact
test as appropriate. Binary logistic regression analysis was
performed to identify factors associated with fatty liver. The
Spearman correlation test was performed to assess the correla-
tion between clinical factors and liver stiffness in patients with
fatty liver. Linear regression analysis was performed to identify
independent factors associated with liver stiffness.

According to the census in 2006, the Hong Kong population
aged $15 years was 5 924 671. A sample size of 900 would
determine the prevalence of NAFLD in Hong Kong at a 3% CI
and 95% confidence level for a prevalence of 20e50%. Assuming
10% of the subjects would be excluded due to viral hepatitis and
other reasons, a total sample size of 1000 subjects was required.

RESULTS
From May 2008 to September 2010, invitation letters were sent
to 3000 randomly selected Hong Kong residents from the census
database. One thousand and sixty-nine subjects responded, with
a response rate of 35.6%. After excluding subjects with contra-
indications to or failed 1H-MRS examination and those with
concurrent viral hepatitis, 922 subjects were included in the final
analysis (figure 1). The mean age of the subjects was
48611 years (range 19e72 years), and 533 (57.8%) were women
(table 1). A total of 48 (5.2%) and 143 (15.5%) subjects had
diabetes and hypertension, respectively, and 209 (22.8%) subjects
had BMI $25.0 kg/m2. All subjects were ethnic Chinese.

Prevalence of fatty liver
Overall, 264 (28.6%) subjects had fatty liver detected by
1H-MRS. Only 12 subjects with fatty liver had significant
alcohol consumption between 140 and 350 g per week. After
excluding these subjects, the population prevalence of NAFLD
was 27.3% (95% CI 24.5% to 30.2%). Among subjects with fatty
liver, 154 (58.3%) had an IHTG content of 5e10.9%, and 110
(41.7%) had an IHTG content $11.0%, a level suggestive of
>33% hepatic steatosis by histology.21

The prevalence of fatty liver was 36.8% (95% CI 32.0% to
41.6%) in men and 22.7% (95% CI 19.1% to 26.3%) in women.
In men, the prevalence of fatty liver peaked at 40 years of age
and remained relatively constant up to the seventh decade
(figure 2). In contrast, the prevalence of fatty liver remained low
at 12e16% in women younger than 50 years, and increased
steadily after the menopause.
By univariate analysis, older age, male gender, high plasma

creatinine, ferritin and haemoglobin levels, and components of
the metabolic syndrome were associated with fatty liver
(table 2). By multivariate analysis, a high ferritin level and
components of the metabolic syndrome remained as indepen-
dent factors associated with fatty liver, while the association
with age and male gender became insignificant and could be
largely explained by the differences in metabolic factors.
All five components of the metabolic syndrome according to

the International Diabetes Federation criteria were indepen-
dently associated with fatty liver (table 2). Moreover,
a doseeresponse relationship was observed. The prevalence of
fatty liver was only 4.5% in subjects without any component of
the metabolic syndrome but 80.0% in those with all five
components (figure 3).

Prevalence of advanced fibrosis
All subjects underwent liver stiffness measurement by transient
elastography. Sixty subjects did not have 10 successful acquisi-
tions and 103 subjects had an interquartile range to median ratio
of the 10 acquisitions $0.3. The liver stiffness measurements of
759 subjects with valid examination were analysed (figure 1).
Subjects with a valid examination had lower BMI
(22.663.4 kg/m2 vs 23.763.9 kg/m2; p¼0.002) and waist
circumference (81610 cm vs 84611 cm; p<0.001). On the other
hand, the percentage of subjects with or without a fatty liver
with valid examination was similar (82.2% vs 82.4%; p¼0.95).
The liver stiffness was significantly higher in subjects with

fatty liver than in controls (5.161.9 kPa vs 4.461.6 kPa;
p<0.001) (table 1). Eight (3.7%) patients with fatty liver and 7
(1.3%) controls had liver stiffness $9.6 kPa, a level suggestive of
advanced fibrosis (p¼0.032).

Figure 1 Study recruitment and
participant flow.
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Among patients with fatty liver, liver stiffness had a positive
correlation with obesity, systolic blood pressure, serum ALTand
AST levels, and IHTG content. By multivariate analysis using

a linear regression model, BMI (b 0.17; p¼0.008) and ALT level
(b 0.24; p¼0.019) remained as independent factors associated
with liver stiffness.
Based on the calculation of the 95th percentiles, 90% of

subjects without fatty liver or other liver diseases had liver
stiffness between 2.8 and 7.4 kPa, which reflected the normal
range in the general population. The same normal range was
found for both men and women when the analysis was stratified
by gender.
Other than liver stiffness measurement, estimation of liver

fibrosis was also performed using the AST/ALTratio, APRI, FIB-4
score, NAFLD fibrosis score and BARD score. Based on different
scores, the estimated prevalence of advanced fibrosis was
between 0 and 12.1% in subjects with fatty liver (table 3). When
lower cut-off values of the scores were used for screening,
83.7e95.5% of subjects with fatty liver were unlikely to have
significant fibrosis.

Validation of the new ALT cut-off values
Four hundred and twenty-six subjects had elevated ALT
according to the new cut-off values ($30 IU/l in men and
$19 IU/l in women), and 496 subjects had normal ALT. Fatty
liver was found in 193 (45.3%) subjects with elevated ALT and

Table 1 Clinical characteristics of subjects with and without fatty liver

Characteristics All Fatty liver No fatty liver p Value

N 922 264 658

Age (years) 48611 5169 47611 <0.001

Male gender, n (%) 389 (42.2) 143 (54.2) 246 (37.4) <0.001

Current smoker, n (%) 89 (9.7) 30 (11.4) 59 (9.0) 0.27

Current drinker, n (%) 203 (22.0) 76 (28.8) 127 (19.3) 0.002

Alcohol consumption (g/week) 0 (0e350) 0 (0e350) 0 (0e300) 0.006

Body mass index (kg/m2) 22.863.5 25.363.4 21.863.0 <0.001

Men 23.363.0 25.062.8 22.462.6 <0.001

Women 22.463.8 25.864.0 21.463.1 <0.001

Waist circumference (cm) 81610 8968 7969 <0.001

Men 8569 9067 8368 <0.001

Women 79610 8868 7669 <0.001

Waist-to-hip ratio 0.8660.08 0.9060.06 0.8460.08 <0.001

Men 0.8960.06 0.9260.05 0.8760.06 <0.001

Women 0.8460.08 0.8960.06 0.8260.08 <0.001

Systolic blood pressure (mm Hg) 129620 138619 126619 <0.001

Diastolic blood pressure (mm Hg) 82612 88612 79611 <0.001

Creatinine (mmol/l) 75615 78616 74615 <0.001

Total bilirubin (mmol/l) 1466 1365 1466 0.32

Alkaline phosphatase (IU/l) 64618 69617 62618 <0.001

Alanine aminotransferase (IU/l) 26616 35619 22613 <0.001

Aspartate aminotransferase (IU/l) 21612 24610 20613 <0.001

Fasting glucose (mmol/l) 5.160.9 5.661.4 5.060.6 <0.001

Haemoglobin A1c (%) 5.460.6 5.860.9 5.360.4 <0.001

Total cholesterol (mmol/l) 5.261.0 5.461.0 5.161.0 <0.001

HDL-cholesterol (mmol/l) 1.560.4 1.360.3 1.660.4 <0.001

LDL-cholesterol (mmol/l) 3.060.9 3.260.9 2.960.8 <0.001

Triglycerides (mmol/l) 1.1 (0.3e21.3) 1.6 (0.3e21.3) 0.9 (0.3e9.1) <0.001

Ferritin 352 (0e3449) 636 (5e3449) 286 (0e2909) <0.001

Haemoglobin (g/dl) 13.861.5 14.361.4 13.661.5 <0.001

Diabetes, n (%) 48 (5.2) 29 (11.0) 19 (2.9) <0.001

Hypertension, n (%) 143 (15.5) 81 (30.7) 62 (9.4) <0.001

Metabolic syndrome, n (%)y 187 (20.3) 125 (47.3) 62 (9.4) <0.001

Intrahepatic triglyceride content (%) 2.1 (0e44.2) 9.8 (5.0e44.2) 1.3 (0e4.9) <0.001

Liver stiffness measurement (kPa)* 4.661.7 5.161.9 4.461.6 <0.001

Liver stiffness $9.6 kPa, n (%)* 15 (2.0) 8 (3.7) 7 (1.3) 0.032

*Included 759 subjects (217 with fatty liver and 542 without) with valid transient elastography examination.
yInternational Diabetes Federation criteria for metabolic syndrome.
HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Continuous variables were expressed as mean6SD or median (range) as appropriate.

Figure 2 Prevalence of fatty liver by age and gender.
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71 (14.3%) subjects with normal ALT (p<0.001). The median
IHTG content by 1H-MRS was 4.3% (0e44.2%) in subjects with
elevated ALT and 1.4% (0e35.1%) in subjects with normal ALT
(p<0.001).

A doseeresponse relationship was observed between ALT
level and the prevalence of fatty liver. Seventy-one of 496
(14.3%) subjects with ALT below the new cut-off values, 165
of 387 (42.6%) subjects with ALT between the new cut-off
values and the old local laboratory cut-off value of 58 IU/l, and
28 of 39 (71.8%) subjects with ALT >58 IU/l had fatty liver
(p<0.001). The median IHTG content of the three groups of
subjects was 1.4% (0e35.1%), 4.1% (0e31.2%) and 11.6%
(0.7e44.2%) (p<0.001 by KruskaleWallis test).

Among 759 subjects with valid liver stiffness measurements
by transient elastography, 347 had elevated ALT and 412 had
normal ALT. Nine (2.6%) subjects with elevated ALT and 6
(1.5%) subjects with normal ALT had liver stiffness $9.6 kPa
(p¼0.26). The liver stiffness was 4.861.8 kPa in subjects with
elevated ALT and 4.561.7 kPa in subjects with normal ALT
(p¼0.013).

Effect of modest alcohol consumption
Seven hundred and twenty subjects (78.1%) were non-drinkers,
148 (16.1%) had modest alcohol consumption of <70 g per

week, and 54 (5.9%) had alcohol consumption $70 g per week.
The amount of alcohol consumption had a weak positive
correlation with IHTG content by 1H-MRS (Spearman correla-
tion coefficient 0.11; p¼0.001) but not liver stiffness (Spearman
correlation coefficient 0.003; p¼0.94). Fatty liver was detected in
56 (37.8%) modest drinkers and 190 (26.4%) non-drinkers
(p¼0.005). The median IHTG content was 2.7% (range
0.1e44.2%) in modest drinkers and 1.9% (range 0e35.1%) in
non-drinkers (p¼0.012). After adjustment for age, gender and
metabolic syndrome, modest alcohol consumption was no
longer associated with fatty liver (adjusted OR 1.37; 95% CI 0.89
to 2.11; p¼0.15).
The proportion of subjects with liver stiffness $9.6 kPa was

similar between modest drinkers (3 of 130 (2.3%)) and non-
drinkers (10 of 583 (1.7%)) (p¼0.72). The liver stiffness was
4.761.9 kPa in modest drinkers and 4.661.7 kPa in non-drinkers
(p¼0.54).

DISCUSSION
In this large epidemiological study in the general adult Chinese
population, the prevalence of NAFLD is 27.3%. Around 4% of
patients with fatty liver have advanced fibrosis. Fatty liver was
found in 14.3% of subjects with normal ALT according to the
updated stringent cut-off values (<30 IU/l in men and <19 IU/l
in women). Modest alcohol consumption increases hepatic fat
but does not increase the risk of advanced fibrosis.
Compared with previous reports, our study recruited asymp-

tomatic individuals from the general population by using
the government census database. The use of state-of-the-art

Table 2 Factors associated with fatty liver

Factors

Univariate analysis Multivariate analysis

OR (95% CI) p Value OR (95% CI) p Value

Age (years) 1.04 (1.02 to 1.05) <0.001 1.00 (0.98 to 1.02) 0.78

Male gender 1.98 (1.48 to 2.64) <0.001 1.03 (0.54 to 1.99) 0.93

Alcohol consumption (g/week) 1.003 (1.000 to 1.007) 0.077 0.99 (0.94 to 1.03) 0.55

Creatinine (mmol/l) 1.02 (1.01 to 1.03) <0.001 1.00 (0.99 to 1.02) 0.64

Ferritin 1.001 (1.001 to 1.002) <0.001 1.001 (1.001 to 1.001) <0.001

Haemoglobin (g/dl) 1.40 (1.26 to 1.56) <0.001 1.15 (0.98 to 1.34) 0.083

Central obesity* 4.63 (3.42 to 6.28) <0.001 4.26 (2.91 to 6.24) <0.001

Triglycerides >1.7 mmol/l* 6.19 (4.40 to 8.70) <0.001 2.86 (1.88 to 4.35) <0.001

Reduced HDL-cholesterol* 4.43 (3.02 to 6.51) <0.001 2.54 (1.58 to 4.08) <0.001

Impaired fasting glucose or diabetes* 3.69 (2.56 to 5.33) <0.001 2.17 (1.39 to 3.40) 0.001

Hypertension* 3.36 (2.46 to 4.59) <0.001 1.52 (1.02 to 2.26) 0.040

*International Diabetes Federation criteria for metabolic syndrome.
HDL, high-density lipoprotein.

Figure 3 Prevalence of fatty liver in subjects harbouring different
numbers of components of the metabolic syndrome according to the
International Diabetes Federation criteria.

Table 3 Estimated prevalence of advanced fibrosis in 264 fatty liver
subjects based on clinical prediction formulae

Formulae Cut-off n 95% CI

AST/ALT ratio 1.0 32 (12.1%) 8.2% to 16.1%

APRI* 0.5 12 (4.5%) 2.0% to 7.1%

1.5 0 0 to 0

FIB-4* 1.30 26 (9.8%) 6.3% to 13.4%

2.67 1 (0.4%) 0 to 1.1%

NAFLD fibrosis score* �1.455 43 (16.3%) 0 to 20.7%

0.676 0 0 to 0

BARD score 2 16 (6.1%) 3.2% to 8.9%

*The lower cut-off values had high sensitivity in excluding advanced fibrosis, while the
higher cut-off values had high specificity in ruling in advanced fibrosis.
ALT, alanine aminotransferase; APRI, AST to platelet ratio index; AST, aspartate
aminotransferase; NAFLD, non-alcoholic fatty liver disease.
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non-invasive tests allowed accurate assessment of hepatic stea-
tosis and fibrosis in a large number of subjects in the commu-
nity, in which liver biopsy may not be feasible.

Previous epidemiological studies reported a prevalence of
NAFLD of 20e40% in the USA and Europe.12 15 35 36 Owing to
westernisation of lifestyle, obesity and metabolic syndrome are
increasingly prevalent in Asia. A summary of Asia-Pacific studies
showed that the prevalence of NAFLD was 16e42%.37 However,
many studies from Asia were limited by the lack of a uniform
definition of NAFLD and the inclusion of hospital patients
instead of community subjects. As such, our current study
confirms that the prevalence of NAFLD in the Chinese population
is similar to that in western countries.

The prevalence of NAFLD is higher in men and post-
menopausal women. The underlying cause is not completely
understood, but dysregulated sex hormones appear to affect the
liver in various ways. For example, NAFLD is prevalent in
women with polycystic ovary syndrome.38 In patients with viral
hepatitis, male gender is associated with disease progression and
higher risk of hepatocellular carcinoma.39 40 In line with
previous histological series, metabolic syndrome has the stron-
gest association with NAFLD.5 6 Our current study suggests
that all components of metabolic syndrome have independent
and important association with NAFLD. It would be important
to investigate the relative contribution by different metabolic
factors to NAFLD progression in longitudinal studies.2 In addi-
tion, ferritin is another independent factor associated with fatty
liver. While ferritin is an acute phase protein that may be
increased in a systemic inflammatory state, the interaction
between iron stored and NAFLD has been underscored by
various studies.41 42

Since ultrasound scan can only detect fatty liver but cannot
assess disease severity, current knowledge of the impact of
NAFLD is incomplete. Recently, Williams and colleagues
reported a study of 328 patients at the Brooke Army Medical
Center.15 All patients with fatty liver detected by ultrasound
scan were invited to have liver biopsy examination. Overall, 151
(46%) patients had fatty liver. Among 134 patients with fatty
liver who underwent liver biopsy, 40 (30%) had non-alcoholic
steatohepatitis and 9 (7%) had advanced fibrosis. Since patients
in this study were recruited from the clinic, it was not actually
a population study. The high prevalence of diabetes and obesity
in this cohort also explains the high proportion of patients with
NAFLD and steatohepatitis. Nevertheless, this is already one of
the best studies addressing the prevalence and severity of
NAFLD in a primary care setting. With the use of 1H-MRS and
transient elastography, our current study was able to assess both
hepatic steatosis and fibrosis. Based on liver stiffness measure-
ments and confirmed by various clinical prediction models of
liver fibrosis, the prevalence of advanced fibrosis in patients with
fatty liver is w4% and unlikely to exceed 10%. Thus, at most,
3% of the general population would have advanced fibrosis
secondary to fatty liver.

Since the population prevalence of NAFLD is high, further
studies should be conducted to determine the value of 1H-MRS
screening for at-risk groups such as those with metabolic
syndrome. Unlike full MRI, 1H-MRS can be done within 20 min.
With development of new technologies, the test may even be
combined with magnetic resonance elastography for liver
fibrosis assessment and phosphorus-MRS for liver injury. This
may provide clinicians and patients with a comprehensive but
non-invasive evaluation of the liver.

Recently, it was recognised that old ALT cut-offs tend to be
too high because the normal range was derived from healthy

volunteers who might harbour fatty liver. A set of updated ALT
cut-off values (30 IU/l in men and 19 IU/l in women) was
proposed to improve the accuracy in detecting patients with
liver diseases.43 In fact, patients with high-normal ALT are at
increased risk of liver-related mortality in the long run.44 In our
study, we confirmed that subjects with normal ALTaccording to
the updated cut-offs were less likely to have fatty liver.
However, ALT only had a weak correlation with liver stiffness.
In histological series of patients with NAFLD, a normal ALT
level could not reliably exclude steatohepatitis and advanced
fibrosis.45 46 Patients progressing to cirrhosis may even have
burnt-out disease and a paradoxical drop in ALT level.47 There-
fore, while the prevalence of NAFLD is generally lower in people
with normal ALT, ALT is a poor marker of disease severity in
patients with NAFLD.
Modest alcohol consumption protects the cardiovascular

system. Its effect on fatty liver is unclear. A posthoc analysis of
the Third National Health and Nutrition Examination Survey
suggested that modest wine drinkers (<10 g per day) had lower
risk of fatty liver.48 However, that study used elevated ALT to
define fatty liver and no imaging studies were performed. In our
study, even modest drinkers had a higher prevalence of fatty
liver, although the effect appears to be less important after
adjustment for other metabolic factors. Moreover, our data
clearly demonstrate that modest drinking does not increase the
risk of advanced fibrosis.
Our study has a few limitations. First, all subjects were ethnic

Chinese with a low prevalence of excessive alcohol consump-
tion. Our findings cannot reflect the situation in different
countries. However, the case recruitment from a government
census database and the use of 1H-MRS and transient elastog-
raphy made this one of the few studies in the literature that
provide comprehensive epidemiological data on NAFLD.
Secondly, while transient elastography has excellent negative
predictive value in excluding advanced fibrosis in patients with
NAFLD, the positive predictive value in diagnosing the condi-
tion is imperfect.26 Therefore, we minimised the bias by
supplementing the data with five other clinical prediction scores.
The results consistently confirmed a low rate of advanced
fibrosis in patients with NAFLD in the general population.
Thirdly, IHTG was measured once and we cannot exclude the
possibility that the value may change with time. However,
a previous study in college students showed that while a short-
term increase in food intake might change the metabolic profile
and ALT levels, the effect on IHTG was modest.49 The small
variability in IHTG would be unlikely to affect the major
observations in this study. Finally, we did not exclude rarer liver
diseases such as autoimmune hepatitis, primary biliary cirrhosis
and metabolic liver diseases. However, the population prevalence
of these diseases is low and would be unlikely to affect the
results significantly. Similarly, the prevalence of non-alcoholic
steatohepatitis is unknown as liver biopsy was not performed.
However, recent data suggest that liver fibrosis is more impor-
tant than other histological features of steatohepatitis in deter-
mining the long-term liver-related mortality of patients with
NAFLD.50

In conclusion, NAFLD is found in over a quarter of the general
adult Chinese population, but the proportion of patients with
advanced fibrosis is low. Modest alcohol consumption increases
the risk of fatty liver but does not affect liver fibrosis.
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