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Abstract
AIM: To clarify the relationship between age, menopause, 
and nonalcoholic fatty liver disease (NAFLD) in women.

METHODS: We conducted a follow-up study on non-
alcoholic fatty liver disease by using abdominal ultraso-
nography, and investigated the relationship of age and 
menopause with the development of NAFLD in women. 
We followed 1829 women and 2572 men (response rate, 
86%) selected in 2001 to represent the non-institution-
alized adult population of Gifu, Japan. Data collected 
included self-reported medical history, lifestyle factors, 
and menopausal status. The postmenopausal state was 
defined as beginning 1 year after the cessation of men-
ses. We diagnosed NAFLD with the aid of abdominal 
ultrasonography by using diagnostic criteria described 
previously.

RESULTS: The prevalence of NAFLD in women in-
creases with age, but does not alter with age in men. 
Furthermore, the prevalence of NAFLD in premenopausal 
women (6%) was lower than that in men (24%) and in 
postmenopausal women (15%). The associations of the 
postmenopausal state and hormone replacement therapy 
with NAFLD were statistically significant in a univariate 
logistic regression model. At the follow-up examination, 
67 women (5%) were newly diagnosed with NAFLD. The 
incidence of NAFLD was 3.5% (28/802) in premeno-
pausal women, 7.5% (4/53) in menopausal women, 6.1% 
(24/392) in postmenopausal women, and 5.3% (11/206) 
in women receiving hormone replacement therapy. The 
weight gain in premenopausal women was equal to that 
in postmenopausal women. Metabolic syndrome and 
weight gain were independent risk factors for NAFLD in 
pre- and postmenopausal women, but age was an inde-
pendent risk factor in premenopausal women only.

CONCLUSION: Aging is a risk factor for NAFLD in pre-
menopausal women, independent of weight gain or influ-
ence of metabolic syndrome.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common 
clinical condition with histological features that resemble 
those of  alcohol-induced liver injury, but NAFLD occurs 
in patients who do not consume alcohol[1,2]. NAFLD en-
compasses a spectrum of  conditions ranging from simple 
steatosis to steatohepatitis (NASH), advanced fibrosis and 
cirrhosis[1]. It is emerging as the most common chronic 
liver disease in Western countries and in other parts of  the 
world[3]. The estimated prevalence of  NAFLD in the gen-
eral population in western countries is 20%-40%[3,4]. Fre-
quent association with disturbances of  glucose and lipid 
metabolism often renders NAFLD a “satellite” element 
of  metabolic syndrome[5,6]. Metabolic syndrome is a clus-
ter of  metabolic and hemodynamic abnormalities linked 
with insulin resistance[7]. Metabolic syndrome is a strong 
predictor of  NAFLD, particularly among people of  Japa-
nese descent[8]. Epidemiological studies have shown that 
metabolic syndrome is not rare and that it is a risk factor 
for cardiovascular disease (CVD) and stroke[9-11]. Previ-
ously, we reported that NAFLD was a predictor of  CVD 
among apparently healthy Japanese men and women[12]. 
The association between NAFLD and future CVD events 
was independent of  conventional cardiovascular risk fac-
tors, because vulnerable plaques tend to develop in pa-
tients with NAFLD[13].

Sex and age are conventional cardiovascular risk fac-
tors. The prevalence of  NAFLD is higher in men than in 
women, particularly in Asians[14]; however, age is a risk fac-
tor for NAFLD in women, but not in men[8]. In this study, 
we performed a subanalysis within the patient group 
described in a previous report[8] and investigated the rela-
tionship of  age and menopause with the development of  
NAFLD in women.

MATERIALS AND METHODS
Data sources
We accessed a database from a previously reported study[8] 
to evaluate the possibility that aging and menopause in 
women could be risk factors for NAFLD. We conducted 
a follow-up study on nonalcoholic fatty liver disease by 
using abdominal ultrasonography. All participants who 
were examined in health checkup programs between 
January and December 2001 were invited to enroll in the 
study and 1829 women and 2572 men that satisfied the 
inclusion criteria in 2001 were selected to represent the 
non-institutionalized adult population of  Gifu, Japan. 
By the end of  June 2003, 3876 of  the 4401 participants 
(2271 men and 1605 women) had completed the second 
examination (response rate, 86%). The interval between 
the baseline and follow-up examinations was 414 d (SD 
= 128). Among the 1605 women, 1603 were available for 

longitudinal examinations.
We collected data from self-reported medical histo-

ries, assessments of  lifestyle factors [e.g., age, sex, height, 
weight, smoking habits, alcohol consumption, menopause 
status, active or previous hormone replacement therapy 
(HRT)], and the results of  health checkup programs (e.g., 
urinalysis, blood cell counts, blood chemistry, electrocar-
diography, chest radiography, barium examination of  the 
upper gastrointestinal tract, and abdominal ultrasonogra-
phy). The postmenopausal state was defined as beginning 
1 year after the cessation of  menses. Reports of  smoking 
status included active and past smoking. Habits regarding 
alcohol consumption were evaluated by asking the par-
ticipants about the amount and type of  alcoholic bever-
ages consumed per week and then estimating the mean 
ethanol intake per day. We defined an alcohol consumer 
as someone with a mean ethanol intake of  more than 20 
g/d. A light drinker was defined as someone with a mean 
ethanol intake of  0-20 g/d. On the questionnaire, partici-
pants reported the type, duration, and frequency of  their 
participation in sports or recreational activities[15]. When 
participants performed any kind of  sport regularly at least 
once a week, we categorized them as regular exercisers[16]. 

The ATP Ⅲ proposed the following 5 abnormalities 
to define metabolic syndrome: (1) abdominal obesity, ab-
dominal circumference ≥ 102 cm for men and ≥ 88 cm 
for women; (2) elevated serum triglyceride level, ≥ 1.70 
mmol/L (≥ 150 mg/dL); (3) decreased HDL cholesterol 
level, ≥ 1.04 mmol/L (≥ 40 mg/dL) for men and ≥ 1.30 
mmol/L (≥ 50 mg/dL) for women; (4) elevated systolic 
and diastolic blood pressure, ≥ 130/85 mmHg; and (5) 
elevated fasting glucose level ≥ 6.11 mmol/L (≥ 110 
mg/dL)[7]. Because waist measurements were not avail-
able for the entire study sample, we substituted a BMI of  
≥ 25 kg/m2 for all participants as an index of  obesity. A 
BMI of  ≥ 25 kg/m2 has been proposed as a cutoff  for 
the diagnosis of  obesity in Asian people[17]. Individuals 
with ≥ 3 of  the 5 abnormalities were considered to have 
metabolic syndrome.

We diagnosed NAFLD with the aid of  abdominal ul-
trasonography by using diagnostic criteria described previ-
ously[18].

Statistical analysis
The SPSS statistical package, version 11.0.1 J (SPSS, Inc., 
Chicago, IL) was used for all statistical analyses, and a P 
value less than 0.05 was considered statistically significant. 
Because the incidence rate of  NAFLD was unknown, a 
formal sample size estimate was not made a priori. Cases 
with and without follow-up visits were compared to 
determine the appropriateness of  an analysis exclusively 
based on participants with complete data. Two groups of  
participants were compared using the unpaired t-test and 
the χ 2 test. Logistic regression was used to analyze associa-
tions between the development of  NAFLD and metabolic 
syndrome, age, and weight gain. Adjusted odds ratios and 
95% CIs were calculated. Data were expressed as means 
and SDs for continuous variables.
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RESULTS
Baseline characteristics of the study participants
We calculated the age-specific prevalence of  NAFLD 
among 1829 women and 2572 men (Figure 1). The preva-
lence of  NAFLD in women increased with age, but no 
significant trend for age was identified in men.

We grouped women according to whether they had 
NAFLD at baseline, and investigated differences in age, 
weight, components of  metabolic syndrome, serum en-
zymes, menopausal state, alcohol consumption, and smok-
ing history (Table 1). More subjects with NAFLD were 
postmenopausal, received HRT, and met more criteria of  
metabolic syndrome than those without NAFLD (Table 
1). The prevalence of  NAFLD in premenopausal women 
(6%) was lower than that in men (24%), postmenopausal 
women (15%), and women receiving HRT (14.0 %, 
36/221). In the cross-sectional study, we applied a logistic 
model to investigate the association of  the menopausal 

state or HRT with NAFLD (Table 2). Univariate analysis 
showed that the odds ratios of  the postmenopausal state 
and HRT were 2.73 (1.92-3.87), and 2.57 (1.66-3.97), re-
spectively. However, they were not statistically significant 
after adjusting for age and metabolic syndrome.

Next, we excluded 257 subjects with a history of  hys-
terectomy or HRT. We separated the subjects into pre- or 
postmenopausal groups and investigated the difference 
in age, components of  metabolic syndrome, alcohol con-
sumption, and smoking history (Table 3). An association 
of  age with NAFLD was identified in premenopausal 
women, but not in postmenopausal women. On the other 
hand, an association of  the components of  metabolic 
syndrome with NAFLD was identified in both groups.

Development of nonalcoholic fatty liver disease 
Of  the 1603 women who completed follow up, 1453 
women did not have NAFLD at baseline. Of  the 1453 
women who were disease-free at the baseline examina-

Men 21-39 40-49 50-59 60-80
NAFLD 109 254 213   58
Normal US 363 672 739 164
Total 472 926 952 222
Women 21-39 40-49 50-59 60-80
NAFLD   15   53   90   20
Normal US 369 642 554   86
Total 384 695 644 106

21-39 40-49 50-59 60-80
Men        23.1%        27.4%        22.4%         26.1%
Women          3.9%          7.6%        14.0%         18.9%

Figure 1  Age-specific prevalence of nonalcoholic fatty liver disease among 1829 women and 2572 men. US: Abdominal ultrasonography; NAFLD: Nonalco-
holic fatty liver disease.
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Table 1  Baseline characteristics of study participants and unadjusted associations with nonalcoholic fatty liver disease

Women w/o 
NAFLD

Women with 
NAFLD

P value Men w/o NAFLD Men with NAFLD P value

Number of subjects    1651    178      1938        634
Age, yr (SD) 46.6 (8.8) 51.0 (7.7) < 0.001          48.1 (9) 47.9 (8.4)  0.66
Body mass index, kg/m2 (SD) 21.3 (2.5) 25.7 (3.7) < 0.001 22.5 (2.5) 25.6 (2.8) < 0.001
Fasting plasma glucose, mg/mL (SD) 92.7 (8.4) 100.7 (10.7) < 0.001   99.6 (13.3) 106.8 (18.8) < 0.001
Systolic blood pressure, mmHg (SD) 111.8 (15.9) 127.8 (18.2) < 0.001 118.8 (15.8) 126.4 (15.5) < 0.001
Diastolic blood pressure, mmHg (SD)   69.8 (10.1)   79.1 (10.1) < 0.001   75.3 (10.1) 80.4 (9.9) < 0.001
HDL-cholesterol, mg/dL (SD)   59.4 (13.9)   49.5 (11.8) < 0.001   47.5 (12.2) 40.6 (9.7) < 0.001
Triglycerides, mg/dL (SD)   73.8 (36.1) 119.6 (61.4) < 0.001 105.5 (59.9) 156.7 (89.2) < 0.001
LDL-cholesterol, mg/dL (SD) 131.8 (32.2) 151.1 (33.4) < 0.001 137.2 (30.7) 145.8 (31.7) < 0.001
AST, IU/mL (SD) 15.1 (5.2) 19.5 (7.9) < 0.001 16.4 (7.7)   22.8 (10.9) < 0.001
ALT, IU/mL (SD) 16.8 (6.5)   27.9 (15.7) < 0.001          23.1 (15)   39.6 (21.4) < 0.001
γGTP, IU/mL (SD) 11.7 (9.6)   18.9 (15.4) < 0.001  22.8 (22.8)   31.4 (22.5) < 0.001
Hemoglobin, g/dL (SD) 12.8 (1.2) 13.3 (1.2) < 0.001 15 (1) 15.6 (0.9) < 0.001
C reactive protein, mg/mL (SD)   0.1 (0.2)   0.2 (0.4)    0.113  0.1 (0.2)   0.1 (0.1)    0.242
Number (%) of light-drinkers    775 (46.9)      73 (41.0)  0.13         1513 (78) 464 (73)   0.013
Number (%) of current smokers  102 (6.2)    10 (5.6)  0.87    795 (41.0)    234 (36.9)   0.074
Number (%) of ex-smokers    184 (11.1)    12 (6.7)   0.074   555 (28.6)    213 (33.6) 0.02
Number (%) of regular exercisers    340 (20.6)      27 (15.2)  0.09   393 (20.3)      78 (12.3) < 0.001
Number (%) of postmenopausal women    487 (29.5)      82 (46.1) < 0.001
Number (%) receiving hormone replacement therapy    221 (13.4)      36 (20.2)    0.017

This table summarizes the baseline data of 1829 women and 2572 men. w/o: Without; NAFLD: Nonalcoholic fatty liver disease; HDL: High-density lipo-
protein; LDL: Low-density lipoprotein; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; γGTP: γ-glutamyl transferase. Continuous vari-
ables were compared using the unpaired t test, and groups were compared with the χ 2 test.

Hamaguchi M et al . Age, menopause, and NAFLD
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tion and who had the follow-up examination, 67 women 
(5%) received new diagnoses of  NAFLD at follow-up 
examination. Subjects with NAFLD were older, showed 
more weight gain, and met more criteria for metabolic 
syndrome than those without NAFLD, but the 2 groups 
showed no differences in menopausal state, HRT, alcohol 
consumption, and smoking history. 

Among the 1453 disease-free women at baseline, there 
were 855 premenopausal women and 392 postmenopausal 
women. Of  the 855 premenopausal women, 53 women 
were menopausal. During the study period, 206 women 
received HRT. The incidence of  NAFLD was 3.5% 
(28/802) in premenopausal women, 7.5% (4/53) in meno-

pausal women, 6.1% (24/392) in postmenopausal women, 
and 5.3% (11/206) in women receiving HRT. 

We applied a logistic regression model to determine 
the risk factors for the development of  NAFLD (Table 4). 
Univariate analysis indicated that the postmenopausal state 
was a risk factor for NAFLD [odds ratio 1.8 (1.03-3.15), 
P = 0.039], but it was not statistically significant after ad-
justing for age, metabolic syndrome, and weight gain. The 
cross-sectional study at baseline revealed that the preva-
lence of  NAFLD was higher in women receiving HRT 
than in those in the premenopausal state, but the logistic 
model did not indicate that HRT was a risk factor for the 
development of  NAFLD.

Table 2   Unadjusted and adjusted associations between nonalcoholic fatty liver disease and age, menopause status, hormone re-
placement therapy, and metabolic syndrome in 1829 women

Unadjusted odds ratio (95% CI) P  values Adjusted odds ratio (95% CI) P  values

Age 1.06 (1.04-1.08) < 0.001 1.03 (1-1.06)   0.027
Postmenopausal state 2.73 (1.92-3.87) < 0.001       1.55 (0.92-2.61)   0.096
Active hormone replacement therapy 2.57 (1.66-3.97) < 0.001        1.54 (0.93-2.54)   0.092
Presence of metabolic syndrome at baseline 12.52 (8.03-19.51) < 0.001         11.28 (7.04-18.06)          < 0.001

We calculated the odds ratio of each factor for nonalcoholic fatty liver disease in a univariate logistic regression model. The columns to the left indicate 
unadjusted odds ratio [95% confidence interval (CI)]. We selected all parameters as cofactors in a multivariate logistic regression model. The columns to 
the right indicate adjusted odds ratio (95% CI). 

Table 3  The association of baseline characteristics with nonalcoholic fatty liver disease in pre- or postmenopausal women

Premenopausal women (n  = 1023) Postmenopausal women (n  = 549)

Normal US NAFLD P Value Normal US NAFLD P Value

Number of subjects (%) 962 61 (6)       468   81 (15)
Mean age ± SD, yr 42.2 (6.4) 44.7 (6.1)    0.003    56 (5.5) 55.9 (5.4)    0.874
Number (%) who met a criterion of metabolic syndrome
   Body mass index 75 (8)   32 (52) < 0.001 37 (8)   43 (53) < 0.001
   Glucose 24 (2)   15 (25) < 0.001 25 (5)     8 (10) < 0.001
   Blood pressure   94 (10)   21 (34) < 0.001 104 (22)   35 (43) < 0.001
   HDL-cholesterol 221 (23)   31 (51) < 0.001 128 (27)   48 (59) < 0.001
   Triglycerides 29 (3)   13 (21) < 0.001 36 (8)   21 (26) < 0.001
Number (%) who met ≥3 criteria of metabolic syndrome 18 (2)   17 (28) < 0.001 26 (6)   23 (28) < 0.001
Number (%) light-drinkers    472 (49.1)   24 (3.9)  0.15    190 (40.6)      34 (42.0)  0.81
Number (%) current smokers    48 (5.0)      4 (6.6)  0.54    34 (7.3)      5 (6.2)  0.64
Number (%) ex-smokers  103 (1.1)      5 (8.2)  0.67      50 (10.7)      5 (6.2)  0.31
Number (%) regular exercisers    181 (18.8)        8 (13.1)  0.31     105 (22.4)      15 (18.5)  0.47

This table summarizes the baseline data of 1572 women, excluding 257 subjects with hormone replacement therapy. We separated the subjects into pre- 
or postmenopausal groups. US: Abdominal ultrasonography; NAFLD: Nonalcoholic fatty liver disease; HDL: High-density lipoprotein.

Table 4  Unadjusted and adjusted associations between nonalcoholic fatty liver disease and age, menopause status, hormone 
replacement therapy, metabolic syndrome and weight gain in 1247 women

Unadjusted odds ratio (95% CI) P  values Adjusted odds ratio (95% CI) P  values

Age 1.05 (1.02-1.08)    0.001 1.06 (1.02-1.1)    0.004
Menopause 2.26 (0.76-6.69)  0.14   1.22 (0.38-3.99)  0.74
Postmenopausal state   1.8 (1.03-3.15)    0.039   0.72 (0.31-1.66)  0.44
Active hormone replacement therapy 1.56 (0.76-3.19)  0.22 1.32 (0.6-2.88)  0.49
Presence of metabolic syndrome at baseline   9.89 (4.67-20.94) < 0.001     11.7 (5.02-27.25) < 0.001
Weight gain 1.50 (1.30-1.74) < 0.001 1.63 (1.39-1.9) < 0.001

We calculated the odds ratio of each factor for nonalcoholic fatty liver disease in a univariate logistic regression model. The columns to the left indicate 
unadjusted odds ratio [95% confidence interval (CI)]. We selected all parameters as cofactors in a multivariate logistic regression model. The columns to 
the right indicate adjusted odds ratio (95% CI). 
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Next, we excluded 206 women with HRT at the base-
line and/or follow up. We separated the subjects into pre- 
or postmenopausal groups and compared parameters in 
subjects with NAFLD to those without (Table 5). Weight 
gain was equal in pre- and postmenopausal women. There 
was an association of  the number of  women who met ≥
3 criteria of  metabolic syndrome and weight gain with 
the development of  NAFLD in pre- and postmenopausal 
women, but an association of  age with development of  
NAFLD was identified in premenopausal subjects only.

Finally, we applied a multivariate logistic model to 
investigate the risk of  NAFLD after separating women 
into pre- or postmenopausal groups (Table 6). Metabolic 
syndrome and weight gain were dependent risk factors for 
NAFLD in pre- and postmenopausal women, but age was 
a risk factor only in premenopausal women.

DISCUSSION
Both NAFLD and NASH are reported to be more preva-
lent in men than in women[19,20]. Our study indicates that 
the prevalence of  NAFLD in women increases with age, 
but does not alter with age in men. Furthermore, the 

prevalence of  NAFLD in premenopausal women (6%) 
was lower than that in men (24%) and in postmenopausal 
women (15%). A univariate logistic regression model in-
dicated that when no adjustments were made for age or 
metabolic syndrome, the associations of  the postmeno-
pausal state and HRT with NAFLD were statistically sig-
nificant.

The present prospective study revealed that the inci-
dence of  NAFLD was highest in women in menopause 
(7.5%, 4/53). The incidence of  NAFLD was higher in 
postmenopausal women (6.1%, 24/392) or in women 
with HRT (5.3%, 11/206) than in premenopausal women 
(3.5%, 28/802). Our findings are in agreement with recent 
cross-sectional studies, which indicate that NAFLD is more 
prevalent in postmenopausal women than in premeno-
pausal women[21-23].

The univariate logistic regression model indicated that 
the postmenopausal state was a risk factor for NAFLD, 
but this was not statistically significant after adjusting for 
age, metabolic syndrome, and weight gain. Age, metabolic 
syndrome, and body weight gain were independent risk 
factors for NAFLD in women. However, after separating 
women into pre- or postmenopausal groups, age remained 

Premenopausal women (n  = 855) Postmenopausal women (n  = 392)

Normal US at both 
baseline and follow-up

Normal US at baseline 
and NAFLD at follow-up

P  value Normal US at both 
baseline and follow-up

Normal US at baseline 
and NAFLD at follow-up

P  value

Number (% incidence of NAFLD)             823    32 (4)             368 24 (6)
Mean age ± SD, yr (% incidence of 
NAFLD)

42.2 (6.3) 45.5 (6)     0.004 55.7 (5.6) 55.7 (4.7)     0.951

Number (%) who met a criterion 
of metabolic syndrome
   Body mass index 53 (6)      13 (41) < 0.001 28 (8)     4 (17)   0.12
   Glucose 18 (2)        5 (16)     0.001 19 (5)     3 (13)   0.14
   Blood pressure   79 (10)        9 (28)     0.003   79 (21)     8 (33) 0.2
   HDL-cholesterol 178 (22)      19 (59) < 0.001   98 (27)   10 (42)   0.15
   Triglycerides 18 (2)        7 (22) < 0.001 25 (7)     4 (17)     0.091
Number (%) who met ≥ 3 criteria 
of metabolic syndrome

  9 (1)        7 (22) < 0.001 17 (5)     4 (17)     0.032

Weight gain, kg (SD)   0.2 (1.7)      1.4 (1.6) < 0.001      0 (1.6)   1.3 (1.3) < 0.001
Number (%) light-drinkers    406 (49.3)         14 (43.8)   0.59    214 (26.0)      10 (31.3)     1
Number (%) current smokers    42 (5.1)         3 (9.4)   0.23    38 (4.6)      0 (0.0) 0.4
Number (%) ex-smokers      88 (10.7)           6 (18.8)   0.15    54 (6.6)     1 (3.1) 0.5
Number (%) regular exercisers    151 (18.3)           6 (18.8)     1      81 (22.0)        4 (16.7)   0.78

US: Abdominal ultrasonography; NAFLD: Nonalcoholic fatty liver disease; HDL: High-density lipoprotein.

Table 5  The relationship between menopausal status and nonalcoholic fatty liver disease in 1247 women who completed follow-up 
examinations and received no hormone replacement therapy

Premenopausal subjects (n  = 855) Postmenopausal subjects (n  = 392)

Adjusted odds ratio (95% CI) P  Value Adjusted odds ratio (95% CI) P  Value

Age 1.12 (1.05–1.2) 0.001 1 (0.93–1.07) 0.91
Presence of metabolic syndrome at baseline 43.06 (12.66–146.51) < 0.001 4.87 (1.29–18.34) 0.019
Weight gain 1.76 (1.4–2.21) < 0.001 1.67 (1.27–2.21) < 0.001

Table 6  Adjusted associations between nonalcoholic fatty liver disease and age in 855 premenopausal women and 392 postmeno-
pausal women

We applied a multivariate logistic regression model to calculate the odds ratio for age for development of nonalcoholic fatty liver disease after adjusting for 
weight gain and metabolic syndrome. After completing follow-up examinations, 1247 women who received no hormone replacement therapy were divided 
into pre- or postmenopausal groups. CI: Confidence interval.

Hamaguchi M et al . Age, menopause, and NAFLD
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the only independent risk factor in premenopausal wom-
en. These results imply that aging increases the risk for 
NAFLD in premenopausal women, but poses no risk af-
ter menopause; thus, the influence of  aging in postmeno-
pausal women is similar to that in men. Furthermore, the 
proportion of  premenopausal women with NAFLD was 
smaller than that in men, but the proportion of  post-
menopausal women with NAFLD was equal to that in 
men.

A possible underlying factor is estrogen-related sex 
hormones. Estrogens lead to preferential fat accumula-
tion in the gluteofemoral region, and the loss of  estrogens 
during the transition of  menopause is associated with an 
increase in central fat[22]. Gutierrez-Grobe et al[21] reported 
that women without NAFLD had significantly higher lev-
els of  serum estradiol, which is a major form of  estrogen, 
than those with NAFLD both at pre- and postmeno-
pausal stages. Hepatic estrogen receptors mediate estro-
gen action in the liver, and estradiol has a favorable role in 
chronic liver disease[24], which is suggestive of  a protective 
effect of  estrogens against NAFLD in women[21]. The 
relationship between aging in premenopausal women and 
the development of  NAFLD may thus reflect changes in 
levels of  estrogen-related sex hormones. Unfortunately, 
we did not measure the levels of  estrogen-related sex hor-
mones in this study.

In the present cross-sectional study, we found that 
NAFLD was more prevalent in women receiving HRT 
than in premenopausal women, as reported elsewhere[23]. 
However, the logistic model did not indicate that HRT 
was a risk factor for NAFLD. The protective effect of  
estrogen-related sex hormones might be limited to en-
dogenous estrogens. However, since the present prospec-
tive study was observational, several background factors, 
including age, differed between the HRT and non-HRT 
groups. A recent study suggested that HRT improved the 
results of  liver-function tests[25]. Moreover, tamoxifen, an 
anti-estrogen compound used in the treatment of  estro-
gen receptor positive breast cancer, is associated with an 
increased risk of  fatty liver and NASH[26,27]. An animal 
study showed that hepatic steatosis occurs spontane-
ously in aromatase-deficient mice who lack the ability to 
produce estrogen and who have impaired hepatocellular 
lipid β-oxidation[28]. Estradiol replacement reduces hepatic 
steatosis and restores the impairment in mitochondrial 
and peroxisomal fatty acid β-oxidation to the level found 
in wild-type mice[29]. Thus, a well-designed randomized 
controlled study is required to determine the influence of  
HRT on NAFLD.

Recent studies have shown that visceral fat is an in-
dependent predictor of  fatty liver, even in patients with 
normal BMI, and is much more harmful than subcutane-
ous accumulation of  adipose tissue[30,31]. We demonstrated 
that metabolic syndrome and weight gain are risk factors 
of  NAFLD[8] and evaluated these factors in pre- and 
postmenopausal women. The number of  women who 
met the criteria for metabolic syndrome was larger among 
postmenopausal women, but weight gain was the same in 
both.

We note the following limitations in our study. We as-
sessed active and past medical history, state of  menses, 
smoking habits, drinking habits, and physical activities 
by conducting interviews. A trained nurse supported the 
interviewer, but we cannot exclude the possibility of  in-
terviewer bias. Furthermore, information on dietary com-
position was lacking.

In conclusion, aging is a risk factor for NAFLD in 
premenopausal women, but is not a risk factor in post-
menopausal women or in men. This is one of  the reasons 
that the number of  women with NAFLD increases with 
age, and reaches the maximum level in women in their six-
ties.
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Background
Nonalcoholic fatty liver disease (NAFLD) is emerging as the most common 
chronic liver disease. NAFLD is more common in men than women, particularly 
in Asians.
Research frontiers
The prevalence of NAFLD in women increases with age, but not in men. Age 
and menopause may be risk factors for the incidence of NAFLD. But, this has 
not been clarified yet.
Innovations and breakthroughs
The prevalence of NAFLD was lower in premenopausal women than in men, 
but in postmenopausal women, the prevalence of NAFLD was similar to that in 
men. The prospective study indicated that aging is a risk factor for the develop-
ment of NAFLD in premenopausal women independent of weight gain or meta-
bolic syndrome.
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The study suggests the possibility that premenopausal women have a protec-
tive factor against NAFLD, which is weakened by aging.
Peer review
NAFLD was less prevalent in females than in males, but only before meno-
pause. The prevalence of NAFLD was lower in women than in men, and in-
creased with age in women, but a significant trend for age was not identified in 
men. NAFLD was independently associated with BMI and metabolic syndrome 
in both pre- and postmenopausal women, but with age only in premenopausal 
women. The results are interesting and suggest that the premenopausal state 
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