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Purpose: The elderly with non-alcoholic fatty liver disease (NAFLD) are more at risk for cirrhosis, plus
even higher mortality. However, few studies of NAFLD focused on the elderly. This study explores
prevalence of NAFLD to determine related factors among the elderly in Taiwan.
Materials and methods: Hospital-based, retrospective cross-sectional study analyzed medical records of
elderly patients receiving periodic health examination at a medical center in Taichung, Taiwan, during
2000 to 2004. Subjects with alcoholism, hepatitis B surface antigen positive, or hepatitis C virus antibody
positive were excluded. Each subject received anthropometric measurement, biochemical testing, and
abdominal ultrasonography; 521 underwent further analysis.
Results: There were 258 men (49.5%) and 263 women (50.5%), mean age 70.3 Æ 4.6 years (range 65–87).
Overall NAFLD prevalence was 50.1%, no signiﬁcant difference between men and women (46.1% vs. 54.0%,
P > 0.05). Controlling for covariates, multivariate logistic regression pinpointed factors for NAFLD:
generalized obesity (OR = 2.59, 95% CI = 1.50–4.48), central obesity (OR = 1.85, 95% CI = 1.20–2.87),
hyperglycemia (OR = 1.50, 95% CI = 1.01–2.23), hypertriglyceridemia (OR = 2.00, 95% CI = 1.22–3.30), and
elevated alanine aminotransferase (ALT) (OR = 6.43, 95% CI = 2.00–20.61). Smoking proved negatively
correlated with NAFLD (OR = 0.55, 95% CI = 0.31–0.97).
Conclusion: This study discloses NAFLD prevalence among the elderly in Taiwan as above 50%. Related
factors include obesity, hypertriglyceridemia, hyperglycemia, and elevated ALT. Despite the high
prevalence in the elderly population, we identiﬁed no unique risk factors when comparing with other
Oriental and European studies.
     ß 2012 Elsevier Masson SAS and European Union Geriatric Medicine Society. All rights reserved.
1. Introduction
    As with most developed countries, aging looms as an important
medical issue in Taiwan. Nationwide statistics showed over 10%
elderly among 23 million citizens at the end of 2009. Geriatrics,
focused on health care and health promotion in the elderly, poses
new medical challenges. Aging liver, with change of structure and
function, constitutes a different threat from that in young patients
[1]. Fatty liver disease, once ignored as simple benign liver status,
shows gradual impact on elderly health [2]. With similar gross and
histological appearance [3], the disorder is usually classiﬁed as
alcoholic fatty liver disease and non-alcoholic. As denominated,
non-alcoholic fatty liver disease (NAFLD) is thought not related to
alcohol consumption but to multiple causes, including metabolic
factors [3]. Because NAFLD has the potential to progress to
cirrhosis, hepatocellular carcinoma, and ﬁnally death, identiﬁca-
tion of individuals at risk of NAFLD is of greater concern [4]. In the
past, few studies of NAFLD focused on the elderly; now, with the
elderly as the major group for metabolic syndrome, and patients
with NAFLD also thought at risk for cirrhosis and hepatocellular
carcinoma, we are interested in prevalence of NAFLD in the elderly,
as well as its related factors.
    This study explores prevalence of NAFLD to determine related
factors among the elderly in Taiwan.
2. Materials and methods
2.1. Study population
   This hospital-based, cross-sectional study analyzed medical
records of older people undergoing self-referred health examina-
tion at one medical center located at Taichung city in Taiwan
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during 2000 to 2004. The self-referred health examination was not
a routine procedure. It was optional to all adults who concerned
their own health status. Usually, people undergoing self-referred
health examination were without speciﬁc medical complain. It was
not covered by National Health Insurance in Taiwan, either. The
institutional review board of this medical center approved this
retrospective study. Subjects with previous malignant diseases,
with habitually drinking alcohol, with hepatitis B surface antigen
or with hepatitis C virus antibody were excluded. The laboratory
test results were rechecked and life style interviews were
completed by well-trained staff and physicians. In all, 521 subjects
were included for further analysis.
2.2. Data collection
Table 1
Basic characteristics of the study population.
Men
n (%)
Age (years) (mean Æ SD)
Fatty liver
  No
  Yes
Total
*
Women
n (%)
70.6 Æ 4.9
121 (46.0)
142 (54.0)*
263
Total
n (%)
70.3 Æ 4.6
260 (49.9)
261 (50.1)
521
70.0 Æ 4.4
139 (53.9)
119 (46.1)*
258
P = 0.073, by the Chi2 test.
3. Results
3.1. Characteristics of study population
    Gastroenterologists using high resolution real-time machine
performed abdominal ultrasonography (Toshiba Sonolayer SSA-
270A, convex-type 3.5 MHz transducer, Tochigi-Ken, Japan). Fatty
liver was diagnosed according to international criteria [5,6], blood
pressure measured by a mercury sphygmomanometer with the
subject in a sitting position. Weight and height were recorded,
body mass index (BMI) measured as follows: weight (kg)/height
(m2). Waist circumference (WC) was measured as the minimum
circumference with tape positioned between xyphoid process and
umbilicus at the end of a normal expiration. Venous blood samples
were obtained in the morning after 12-hour overnight fast.
Biochemical markers like total cholesterol, triglyceride, low-
density lipoprotein cholesterol (LDL), high-density lipoprotein
cholesterol (HDL), fasting glucose, uric acid, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), and gamma-glutamyl transpeptidase (GGT)
were gauged by biochemical autoanalyser (Hitachi 736-15, Tokyo,
Japan) at the Clinical Laboratory Department of this medical
center, Hepatitis B surface antigen detected by Elisa test
(Enzygnost, Dade Behring Marburg GmbH, Marburg, Germany),
antibody to hepatitis C virus detected by EIA test (Abbott HCV EIA,
third generation).
2.3. Diagnostic criteria
   BMI ! 27 (kg/m2) was deﬁned as generalized obesity. Central
obesity was deﬁned as WC ! 90 cm for men, ! 80 cm for women;
hypercholesterolemia, as fasting total cholesterol level ! 5.2 m-
mmol/L, hypertriglyceridemia as fasting triglyceride level ! 1.7 m-
mmol/L. High-level LDL was deﬁned as fasting LDL ! 3.4 mmol/L;
low-level HDL, as fasting HDL < 1.03 mmol/L for men
and < 1.3 mmol/L for women. The ratio of TC/HDL > 5 was deﬁned
as abnormal. Diabetes mellitus was deﬁned as fasting glucose
level ! 6.9 mmol/L or subjects with antidiabetic drug treatment.
Subjects were considered to have hypertension if average of both
arm readings exceeded 140 mmHg systolically and/or 90 mmHg
diastolically or subjects with antihypertensive drug treatment.
Hyperuricemia was deﬁned as serum uric acid ! 420 mmol/L for
men and ! 390 mmol/L for women [7]. This medical center deﬁned
elevated AST serum AST ! 34 IU/L, elevated ALT as serum ALT ! 40
IU/L. Elevated ALP was deﬁned serum as ALP ! 126 IU/L, elevated
GGT as serum GGT ! 50 IU/L.
2.4. Statistical analysis
   We used a SPSS package (Taiwan Version 10.0, Sinter
Information Corp, Taipei). A t test was performed for continuous
variables, Chi2 test for qualitative variables. Relative risks were
estimated by adjusted odds ratio (OR) and 95% conﬁdence interval
(CI), using a multivariate logistic regression analysis. A P value less
than 0.05 was considered statistically signiﬁcant.
    Table 1 shows basic data. There were 258 men (49.5%) and 263
women (50.5%), mean age 70.3 Æ 4.6 years (range 65–87), overall
NAFLD prevalence 50.1% between men and women (46.1% vs. 54.0%,
P = 0.073).
3.2. Related factors among subjects with and without non-alcoholic
fatty liver disease by univariate analysis
   Using Chi2 test, signiﬁcantly related factors for NAFLD were
generalized obesity, central obesity, hypertension, hyperglycemia,
hypercholesterolemia, hypertriglyceridemia, and low-level HDL,
abnormal ratio of TC/HDL, hyperuricemia, elevated AST, elevated
ALT, elevated GGT, and smoke use. There was no statistically
signiﬁcant difference in mean age between subjects with and
without NAFLD by the t test (P = 0.114) (Table 2).
3.3. Related factors for non-alcoholic fatty liver disease by
multivariate logistic regression
   Only the signiﬁcantly related factors identiﬁed in univariate
analysis were further analyzed. After controlling for covariates,
multivariate logistic regression proved signiﬁcantly related factors
for NAFLD as generalized obesity (OR = 2.59, 95% CI = 1.50–4.48,
P < 0.001); central obesity (OR = 1.85, 95% CI = 1.20–2.87,
P < 0.001); hyperglycemia (OR = 1.50, 95% CI = 1.01–2.23,
P < 0.05); hypertriglyceridemia (OR = 2.00, 95% CI = 1.22–3.30,
P < 0.001); elevated ALT (OR = 6.43, 95% CI = 2.00–20.61,
P < 0.001). Smoking was negatively related to risk of NAFLD
(OR = 0.55, 95% CI = 0.31–0.97, P < 0.05) (Table 3).
4. Discussion
   It is difﬁcult to estimate prevalence of NAFLD accurately, since
histology remains the gold standard of diagnosis [8]. Ultrasonog-
raphy and liver function test now serve as tools to evaluate the
presence of NAFLD, precluding risk of liver biopsy. At the same
time, it is difﬁcult to ﬁgure simple steatosis from steatohepatitis in
this situation. Therefore, prevalence of NAFLD is still discussed in
recent decades. Prevalence of 15.9% in Northern China adults was
reported [9]. A study conducted in Chinese taxi driver in Taiwan
reported high NAFLD prevalence in the elderly [10]. There were
also NAFLD studies in Europe. Spain reported the prevalence of
33.4% in men and 20.3% in women in general adult populations
[11]. For elderly population, prevalence of 35.1% was reported from
Rotterdam [12]. Our ﬁgures show prevalence of NAFLD as 50.1%
without statistically signiﬁcant difference between genders, far
higher than other studies with general adult and other population
groups. Some studies also found different prevalence between
genders, and increasing prevalence after menopause is also
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Table 3
Odds ratio of related factors for non-alcoholic fatty liver disease by multivariate
logistic regression.
Variable
0.114
< 0.001
234 (90.0)
26 (10.0)
183 (70.1)
78 (29.9)
< 0.001
131 (50.4)
129 (49.6)
59 (22.6)
202 (77.4)
0.025
130 (50.0)
130 (50.0)
105 (40.2)
156 (59.8)
< 0.001
139 (53.5)
121 (46.5)
94 (36.0)
167 (64.0)
0.047
121 (46.5)
139 (53.5)
99 (37.9)
162 (62.1)
< 0.001
219 (84.2)
41 (15.8)
169 (64.8)
92 (35.2)
0.105
142 (54.6)
118 (45.4)
124 (47.5)
137 (52.5)
< 0.001
158 (60.8)
102 (39.2)
115 (44.1)
146 (55.9)
0.001
190 (73.1)
70 (26.9)
155 (59.4)
106 (40.6)
0.001
186 (71.5)
74 (28.5)
149 (57.1)
112 (42.9)
0.004
232 (89.2)
28 (10.8)
209 (80.1)
52 (19.9)
< 0.001
255 (98.1)
5 (1.9)
22 5 (86.2)
36 (13.8)
0.100
255 (98.1)
5 (1.9)
260 (99.6)
1 (0.4)
0.011
238 (91.5)
22 (8.5)
219 (84.2)
41 (15.8)
0.009
206 (79.2)
54 (20.8)
229 (87.7)
32 (12.3)
Generalized obesity
Central obesity
Hyperglycemia
Hypertriglyceridemia
Elevated ALT
Smoke use
ALT: alanine aminotransferase.
  *P < 0.05.
  **P < 0.001.
OR
2.59
1.85
1.50
2.00
6.43
0.55
95% CI
1.50–4.48**
1.20–2.87**
1.01–2.23*
1.22–3.30**
2.00–20.61**
0.31–0.97*
Table 2
Related factors for non-alcoholic fatty liver disease by univariate analysis.
Variable
Age (years) (mean Æ SD)
Generalized obesity
 No
 Yes
Central obesity
  No
  Yes
Hypertension
 No
 Yes
Hyperglycemia
 No
 Yes
Hypercholesterolemia
 No
 Yes
Hypertriglyceridemia
 No
 Yes
High level of LDL
 No
 Yes
Low level of HDL
  No
  Yes
TC/HDL ratio > 5
  No
  Yes
Hyperuricemia
 No
 Yes
Elevated AST
  No
  Yes
Elevated ALT
  No
  Yes
Elevated ALP (%)
  No
  Yes
Elevated GGT
  No
  Yes
Smoke use
 No
 Yes
Normal
n (%)
70.6 Æ 4.8
Fatty liver
n (%)
70.0 Æ 4.5
P value
LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholester-
ol; TC/HDL: ratio of total cholesterol to high-density lipoprotein cholesterol; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phos-
phatase; GGT: gamma-glutamyl transpeptidase.
discussed in women [13]. In pediatric population, male sex is an
independent predictor of fatty liver. In general adult population,
prevalence in both genders seems equal [3,14]. Our study focused
on the elderly population, with prevalence of NAFLD similar in
both genders.
   Other reported risk factors of NAFLD included gene [15],
obesity, hypertension, hyperuricemia, higher AST, higher ALT,
hypertriglyceridemia, higher fasting plasma glucose and diabetes
in Chinese and Taiwan population [9,10], as well as male sex, age,
metabolic syndrome, insulin resistance, ALT, total physical activity
level, pack years of smoking, WC, fasting glucose, elevated blood
pressure in Europe Studies [11,12].
   The elderly with NAFLD are more at risk for cirrhosis, plus even
higher mortality [16]. Metabolic syndrome, mainly resulting from
insulin resistance, is thought strongly related to NAFLD in adults
and children [13,17]. For elderly with NAFLD, hypertriglyceridemia
seems to play a more important role then hypercholesterolemia
and high-level LDL. Some studies focused on adults and children
also ﬁgure effect of hypertriglyceridemia on NAFLD [13,18]. On the
other hand, we paid more attention to central than generalized
obesity when discussing metabolic syndrome, since we found both
related to NAFLD in the elderly. Metabolic syndrome is discussed in
relation to cardiovascular disease, and patients with NAFLD now
show higher prevalence of coronary heart disease [19,20]. We then
correlated NAFLD with hypertension, a crucial risk factor for
cardiovascular disease; no obvious relationship emerged.
   Smoking was negatively correlated with risk of NAFLD in the
elderly in our study. Lipid metabolic condition, important risk
factors for NAFLD improved, even with weight gain when smoking
was discontinued [21]. Future study can clarify correlation among
smoking, NAFLD, metabolic syndrome, and cardiovascular disease.
   Serum uric acid is mentioned frequently when discussing
metabolic syndrome and cardiovascular disease. Some studies
correlate hyperuricemia with NAFLD [22]. In our study, hyperuri-
cemia seems not an independent related factor to NAFLD by
multivariate logistic regression. We also ﬁgured elevated ALT as
more closely related to NAFLD than other hepatobiliary biomark-
ers: e.g., elevated AST, ALP and GGT in the elderly. It may be
because of ALT is a much more speciﬁc indicator than AST in
hepatitis [23]; patients diagnosed with alcoholic hepatitis exhibit
higher AST than ALT. NAFLD thus appears to elevate ALT, even with
a histological picture quite similar [23–25] to that of alcoholic
hepatitis. Yet some studies cite AST/ALT ratio above 1 portending
severe liver ﬁbrosis in non-alcoholic steatohepatitis [26]; elevated
ALT level could not stand for the extent of liver damage [3]. ALT
cutoff values are discussed too [3,27]. Studies of hepatic
biomarkers in NAFLD in the elderly, as well as elevated and
reduced hepatic biomarkers throughout the course of NAFLD, from
simple steatosis to severe steatohepatitis and end-stage liver
disease, are also needed in the future.
   Except for hepatitis viruses’ infection, alcohol is usually cited as
the major cause leading to cirrhosis and hepatocellular carcinoma,
even though some environmental substances may likewise show
hepatic toxicity [23]. Hence, we educate people to quit alcohol, to
receive vaccination and decrease prevalence of life-threatening
conditions. We also promote essential lifestyle changes for
cholesterol control and reducing CHD risk, life style modiﬁcation,
Dietary Approaches to Stop Hypertension (DASH) eating plan to
prevent and manage hypertension. So far, there is no approved
pharmacologic therapy for NAFLD in children and adults [26,28].
We may need lifestyle modiﬁcation for NAFLD [28,29], along with
more education about NAFLD for the general population [30].
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    Age is an independent risk factor for severe ﬁbrosis in NAFLD. To
understand the related factors of NAFLD in the elderly is important.
Then we could have the chance to decrease the prevalence of
ﬁbrosis in the elderly.
    There were some limitations in our study. Subjects are all older
people undergoing self-referred health examination at one medical
center located at Taichung City, Taiwan. There are diversity of
lifestyles and dietary habits in different areas. Hospital-based
study can thus not be extrapolated to the general population.
Whereas histology remains the gold standard for pathologic
diagnosis of NAFLD, imaging modalities like ultrasonography with
reasonably high sensitivity can identify NAFLD. This study
diagnosed NAFLD via ultrasonography. Ethical reasons preclude
biopsy in epidemiological study, nor is inﬂuence of exercise taken
into account. Larger studies with a more representative sample are
required for more accurate description of related factors of NAFLD.
5. Conclusion
    Prevalence of NAFLD is high in the elderly, both in male and
female, far higher than other studies with general adult and other
population groups. The elderly with NAFLD are under the risk of
cirrhosis and probably hepatocellular carcinoma, and should not
be ignored anymore. Although no unique risk factors of NAFLD
were identiﬁed among the elderly population in Taiwan, the study
conﬁrmed factors, including generalized obesity, central obesity,
hyperglycemia, hypertriglyceridemia are related to NAFLD.
Patients with hypertriglyceridemia were more risky then hyper-
cholesterolemia and high-level LDL. Physicians should practice to
control risk factors. Elevated ALT was a better following indicator
for NAFLD then AST.
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