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Abstract

Background. Nonalcoholic fatty liver disease (NAFLD) is the leading cause of
chronic liver disease. A large number of studies have strongly described larger
proportions of men being afflicted with NAFLD than women; however, recent
studies investigating the role of gender and NAFLD have exposed the contrary.
Methods. This cross-sectional study utilized data from the baseline survey of
an ongoing cohort study called the Cholangiocarcinoma Screening and Care
Program (CASCAP), conducted in the northeastern region of Thailand between
March 2013 and September 2015. Information regarding socio-demographic,
including gender, was collected using a standardized self-administered
questionnaire. NAFLD was diagnosed with ultrasonography by board-certified
radiologists. A binomial regression was used for estimating the prevalence
differences, odds ratios (OR) and the 95% confidence intervals (Cl) of NAFLD
between men and women.

Results. A total of 34,709 participants (27,073 females and 7,636 males) were
recruited. The prevalence of NAFLD in women was 22.9% (95% Cl: 22.5 to
23.5), whereas it was only 18.3% (95% CI: 17.4 to 19.2) in men. After adjusting
for age and presence of diabetes mellitus and other underlying diseases, the
prevalence was significantly higher in women, with adjusted prevalence
difference of 4.2% (95% CI: 3.2 to 5.2) and adjusted OR of 1.3 (95% Cl: 1.2 to
1.4). Women had a higher prevalence of NAFLD than men in all age groups
and the largest difference was found in those aged 56-60 years (prevalence =
27.4% versus 21.2%; adjusted prevalence difference = 9.4%; 95% Cl: 7.9 to
10.9; adjusted OR = 1.8; 95% CI: 1.8 to 2.0).

Conclusion. NAFLD is more likely to affect women more than men, in
particular, among the population 56-60 years of age, which is the
post-menopausal transitional period. Therefore, post-menopausal women
should be the target for interventions or further investigation for NAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the leading cause
of chronic liver disease and a major public health problem
worldwide'. Its prevalence is increasing globally, and is currently
estimated to be as high as 17-45% of the general population in
Western countries’, while among Asian populations it is reported
to be between 15 and 20%°. A progressive form of NAFLD called
nonalcoholic steatohepatitis (NASH) can further progress to liver
cirrhosis and hepatocellular carcinoma (HCC)®. Recent studies
have found that HCC may complicate non-cirrhotic NAFLD with
or without fibrosis®. In addition, NASH patients run an increased
risk of cardiovascular mortality as a result of the metabolic
risk factors that are common to both NAFLD and cardiovascular
disease’.

Major risk factors of NAFLD include a sedentary lifestyle and
diet with poor nutrition**’. Other factors that influence the devel-
opment of NAFLD include age, being a man between the ages of
40-65 years and Hispanic ethnicity*~''. In addition, insulin resist-
ance (IR), metabolic syndrome (MS) and type 2 diabetes mellitus
(T2DM) are considered to increase the risk of NAFLD’. NAFLD
is closely associated with T2DM, and therefore T2DM is used as
a determinant for the presence and severity of NAFLD'*"". Various
studies have demonstrated that NAFLD is more prevalent in men,
elderly populations, and post-menopausal women'*"".

Gender differences as a risk factor for NAFLD still need to be
fully understood. There is controversy regarding gender and
NAFLD; some studies claim that various gender-specific mech-
anisms, such as the effect of sex hormones and differences
in lifestyles and physiology, have an influence on the prevalence
of NAFLD". In addition, a number of studies report NAFLD
as being more frequently detected in men than women®'*'*!%!%,
However, there are also some studies, both from Western and
Asian populations, that suggest that the disease is generally more
common in women”'"*’,

Understanding the association between gender differences and
NAFLD will allow us to target specific groups to improve health
promotion and disease prevention activity, as well as provide
proper treatment strategies in order to reduce the rates of mor-
bidity and mortality associated with NAFLD and its associated
pathologies. Therefore, this study investigated the gender differ-
ences in the prevalence of NAFLD from the general population
of Northeast Thailand.

Methods
This was a population-based cross-sectional study that retrieved
the data from the baseline survey of an ongoing cohort research
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project called the Cholangiocarcinoma Screening and Care Pro-
gram (CASCAP, www.cascap.in.th)’'. Data was retrieved between
March 2013 and September 2015, and this project enrolled 65,571
Thai participants in Northeast Thailand who had at least one of the
following risk factors: (1) were 40 years old or older; (2) had a
previous infection with the liver fluke parasite; (3) had been treated
with the chemotherapeutic drug, praziquantel; or (4) consumed raw
or undercooked freshwater fish. In accordance with the CASCAP
protocol, participants gave written informed consent and com-
pleted a baseline survey form. The standardized self-administered
questionnaire included socio-demographic information includ-
ing gender, behavioral factors, such as smoking status and alcohol
consumption that can be classified into 2 categories as follows:
O=never, l=yes, current or previous, and previous or current ill-
nesses. After completion of the baseline survey, participants
underwent hepatobiliary ultrasonography (US) performed by
board-certified radiologists, who provided the participants with
information on NAFLD. For the purpose of this study, subjects
with alcohol consumption or those with incomplete information of
US findings were excluded.

The primary outcome was the ultrasonographic diagnosis of
NAFLD based on the presence of a diffuse increase of fine ech-
oes in the liver parenchyma compared to the kidney or spleen
parenchyma®. This was performed after excluding other causes
of liver disease, such as viral hepatitis B or C. Individuals
were also excluded from the study if they had a history of cur-
rent or past alcohol consumption. In addition, the protocol
also classified the severity of NAFLD as follows: absent, mild,
moderate or severe steatosis’”’. Finally, the participants were
divided into those with and without NAFLD, according to the
US results. Participants with absence of NAFLD were used as the
comparison group for the study. The factor of interest in this study
was gender.

Demographic characteristics and other information of the
participants serving as covariates that could have an effect on the
association between gender and NAFLD were accounted for in the
statistical analysis. These included age, the presence of diabetes
mellitus (DM) and other underlying diseases. Age was initially
treated as a continuous variable based on the assumption of a lin-
ear relationship. For practical purposes, age was then categorized
into six groups comprising: <45 years, 46-50 years, 51-55
years, 56-60 years, 61-65 years and more than 65 years. Other
confounder factors included: the presence of DM and presence
of other underlying diseases (ie HT, DLD, HD, CKD). These were
dichotomous variables (O=never, 1=yes), and were also analyzed
for the relationship with NAFLD.

Data analysis

The characteristics of all enrolled participants were summarized
by gender and the total number of study participants. All
categorical variables were described by number and percentage of
distributions. Continuous variables were expressed as means and
standard deviation among male and female participants.

To answer the research questions, the overall prevalence of
NAFLD, as well as NAFLD severity (mild, moderate, severe),
and NAFLD combined with other abnormal US findings (peri-
ductal fibrosis (PDF), cirrhosis), was estimated separately for men
and women. Univariate analysis using binomial regression was
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performed to explore the effect of gender and other clinical charac-
teristics on NAFLD, ignoring the effect of other factors for better
handling the covariates in a more sophisticated statistical modeling.
In addition, we performed stratified analyses in pre-specific sub-
groups defined by age group and the presence of DM and other
underlying diseases. The interaction of these stratified variables was
investigated through a bivariate analysis performed by the Mentel-
Haenszel extension of the chi-square test. Then, multivariable bino-
mial regression was performed to quantify the effects of gender on
NAFLD with the inclusion of age, DM, and other underlying dis-
eases as covariates. These covariates were selected from variables
based on the results of a bivariate analysis of each variable
with the p-value < 0.25, and a literature review in which an asso-
ciation with NAFLD was shown. The effect of gender on NAFLD
was then obtained as adjusted prevalence differences to demon-
strate how certain risk factors impact the reduction of the overall
prevalence of NAFLD and adjusted odds ratio (ORs) together with
their 95% confidence intervals (CI). All analyses were done
using Stata 13.1 (Stata Corp, College Station, TX, USA). The
significance level was set at 0.05 and all statistical tests were
two-sided.

Ethical statement

CASCAP was approved by Khon Kaen University Ethics
Committee (HES551404), and was conducted according to the
International Conference of Harmonization, Good Clinical
Practice guidelines and the Declaration of Helsinki. The authors
of the present study submitted a Data Analysis Plan Proposal to
Khon Kaen University Ethics Committee in Human Research to
request the data (approval number, HE591067).

Results

A total of 65,571 participants living in northeastern Thailand
agreed to participate in CASCAP during the study period as shown
in Figure 1. We excluded 30,661 participants who were known to
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previously or currently consume alcohol, or to have viral hepatitis
or alcoholism. Of the remaining participants, 201 were excluded
because of incomplete data. Finally, a total of 34,709 participants
were included for analysis.

Baseline characteristics of the study populations are shown in
Table 1. Of 34,709 participants enrolled in this study, 27,073
were women (78.0%), while 7,636 were men (22.0%). Both were
predominantly middle-aged with a mean age of 55.5+38.3 years
old. There were similar characteristics between men and women,
except that women were older (57.8 versus 54.3 years old, and had
a lower proportion of being a current smoker or previously having
smoked than men (1.0% vs. 18.7%).

Of 34,709 participants who underwent US, 7,584 had NAFLD;
hence, the overall prevalence was 21.9% (95% CI: 21.4 to 22.3).
The prevalence of NAFLD was 22.9% in women (95% CI: 22.5 to
23.5) and 18.3% in men (95% CI: 17.4 to 19.2) (Table 2). Based
on an absolute effect represented by the prevalence difference, the
prevalence of NAFLD was significantly higher in women than men
by 4.6% (95% CI: 3.6 to 5.6). Similarly, based on a relative effect
represented by the OR, women were 1.3 times (1.3; 95% CI: 1.2
to 1.4) as likely to have NAFLD compared with men. After adjust-
ing for effect of other covariates, the prevalence difference was
4.2% (95% CI: 3.2 to 5.2), but adjusted OR remained unchanged
(1.3;95% CI: 1.2 to 1.4).

The overall prevalence difference between gender was 4.6%
(95%CI: 3.6 to 5.6), the prevalence difference in severity of ultra-
sonographic NAFLD with mild NAFLD was 3.8% (95%CI: 2.9 to
4.9) (Table 3). The majority of participants with NAFLD were also
found to have PDF, i.e. 1,143 participants had PDF out of the 7,584
participants with overall NAFLD. After combining NAFLD with
the PDF, the increased prevalence in women remained, but the gen-
der difference was smaller (1.1%; 95% CI: 0.6 to 1.3).

30,661 were excluded
Total of participants (registered to be risk group) 28,516 Known case alcohol
(IN=635,571) consumption (18,694 males
9,822 females)
I_ _________ > 833 Known case a]cohpl_jsm
Participants who met inclusion criteria 660 Known case hepatitis B & C
underwent ultrasonography 652 Incomplete data
(n=34,910)
_ b M ———— ™ 201 were excluded
Participants eligible for from incomplete data
our study
(n=34,709)
[
[ !
Females Males
(n=27.073) (n=7.636)

Figure 1. Flow of participants in the Cholangiocarcinoma Screening and Care Program.
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Table 1. Baseline characteristics of the study population (n=34,709).

Characteristics

Age at recruitment (years)

Less than 45

45-50

51-55

56 - 60

61-65

Greater than 65
Mean +SD
Median (Min: Max)

Education

No formal education

Primary school

Secondary school

Tertiary school

Collage

Under graduate

Post graduate

Occupation

Unemployed

Farmer

Labor

Own business

Government/State
enterprise

Others

Smoking

No

Yes

Underlying disease
No

Yes

Diabetes mellitus
No

Yes

Other underlying disease

No

Yes

Female

(n =27,073)
N %
4,432 16.7
4,983 18.8
4,956 18.6
4,596 17.3
3,307 12.4
4,306 16.2

57.8+42.3

53.9 (40:98)
277 1.0
21,122 782
1,753 6.5
1,929 71
357 1.3
1,276 4.7
313 1.2
880 3.3
21,868 80.9
1,194 4.4
810 3.0
1,497 55
789 2.9
26,551 99.0
269 1.0
21,817 80.6
5,256 19.4
25,473 941
1,600 5.9
25,028 925
2,045 7.5

Male

(n=7,636)

N %
1,018 136
981 13.1
1,284 17.2
1,191 15.9
1,100 14.7
1,914 25.5
54.3+37 .1
56.8 (40:99)
88 1.2
5968 783
504 6.5
543 71
86 11
303 4.2
130 1.6
184 2.4
6,314 829
354 4.7
227 3.0
408 5.3
131 1.7
6,133 813
1,415 187
6,231 81.1
1,405 18.9
7,325 95.9
311 41
7,160 93.7
476 6.3

Total
(n = 34,709)
N %
5,464 16.0
5,970 175
6,254 18.3
5,796 17.0
4,413 12.9
6,226 18.3
55.5+38.3

54.5 (40:99)
366 11
27,137 781
2,261 6.5
2,482 71
445 1.3
1,582 4.6
443 1.3
1,068 3.1
28,236 81.3
1,552 45
1,040 3.0
1,908 55
920 2.6
32,752 951
1,684 4.9
27,839 81.0
6,870 19.0
32,864 94.5
1,913 55
32,251 92.7
2,526 7.3
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Table 2. Prevalence difference and odds ratio demonstrating associations between
gender and nonalcoholic fatty liver (n=34,709). DM, diabetes mellitus.

Female Male 5 :
n = 27,073 n =7,636 revalence .

Factors ( ) | ) difference 95% Cl  p-value

N % N %
Overall 6,186 229 1,398 18.3 4.6 3.6t05.6 <0.001
Crude 6,186 229 1,398 18.3 4.6 3.6t05.6 <0.001
Adjusted for age 6,186 NA* 1,398 NA* 4.5 3.6t055 <0.001
Adjusted for age 6,186 36.4 1,398 33.4 4.2 3.2t05.2 <0.001
and DM
Adjusted for age 6,186 342 1,398 23.6 4.2 3.2t052 <0.001
DM and other
underlying disease
Factors N % N % Odds ratio  95% Cl  p-value
Crude 6,186 229 1,398 18.3 1.3 1.2to1.4 <0.001
Adjusted for age 6,186 NA* 1,398 NA* 1.3 1.2t0 1.4 <0.001
Adjusted for age 6,186 36.4 1,398 33.4 1.3 1.2to 1.4 <0.001
and DM
Adjusted for age 6,186 342 1,398 23.6 1.3 1.2to 1.4 <0.001

DM and other
underlying disease

“Both unadjusted and adjusted for age presence of DM and other underlying disease

Table 3. Prevalence difference of nonalcoholic fatty liver between men and women according to steatotic grade
and various combinations with other abnormalities in the ultrasound findings (n=34,709). US, ultrasound.

Steatosis grade Total Female

(n = 34,709) (n =27,073)
Overall 7,584 219 6,186 22.9
Mild 5,843 16.8 4,773 17.6
Moderate 1,657 4.8 1,336 4.9
Severe 104 0.3 77 0.3
Combined with other Total Female
abnormal US finding (n = 34,709) (n =27,073)
NAFLD with PDF 1,143 3.2 951 3.5
NAFLD with PDF 8 0.1 4 0.1
with cirrhosis
NAFLD with 8 0.1 3 0.1
cirrhosis

Based on univariate analysis, prevalence differences strati-
fied by age group demonstrated a noticeable pattern. That is, the
difference in NAFLD prevalence tended to increase as the age
increased. Moreover, while the overall prevalence difference
was 4.6%, the stratified differences were 6.2% and 6.3% in the
56-60-year-old and 61-65-year-old age groups, respectively. The
prevalence increased markedly in the age group up to 50 years,
whereas both women and men at the age of 56-60 years have the
highest prevalence of NAFLD (27.4% and 21.2%, respectively)
(Figure 2). Results also showed that the prevalence of NAFLD
increased from 16.8% to 21.5% in women younger than 45 ver-
sus women aged 45-50 years, and then peaked at 27.4% in women

Male Prevalence 95% CI p-value
(n =7,636) difference
1,398 183 4.6 3.6t05.6 <0.001
1,054 13.8 3.8 29t04.9 <0.001
319 4.2 0.7 0.6t00.8 <0.001
25 0.3 0.0 -0.5t0 1.0 0.549
Male Prevalence 95% ClI p-value
(n=7,636) difference
187 2.4 11 061t01.3 <0.001
4 0.1 0.0 -1.3t0 1.3 1.000
5 0.1 0.0 -14t01.4 1.000

aged 55-60 years. However, the prevalence differences of NAFLD
decreased slightly in the 265-year-old age group.

Results of multivariable analysis, the prevalence difference
of NAFLD between men and women stratified by age group
exhibited similar patterns, but with larger differences than
were found in the univariate analysis. That is, while the overall
adjusted prevalence difference was 4.2%, the stratified adjusted
differences were 9.4% and 8.8% in the 56-60-year-old and
61-65-year-old age groups, respectively. The largest prevalence
difference was observed among participants with DM or
underlying diseases (12.2%; 95% CI: 9.8 to 14.7) (Figure 3).
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Females Males Prevalence difference
Factors Number %  Number % Unadjusted 95% CI p-value
Overall 6.186 229 1,398 183 — 4.6 3.6t03.6 <0.001
Age group (year)
Less than 45 744 168 128 12.6 —i— 42 18t06.4 0.001
46 - 50 1,072 215 188 19.2 T 23 -04t05.0 0.107
51-55 1,210 244 267 20.8 —— 3.6 10to 5.1 0.006
56 - 60 1,259 274 252 212 —— 6.2 3.6t0 89 <0.001
61-65 902 272 230 20.9 — 6.3 35t09.1 <0.001
Greater than 65 892 20.7 309 16.1 _— 4.6 26t06.6 <0.001
Diabetes Mellitus
No 5,603 220 1,294 17.7 -+ 43 33t053 <0.001
Yes 583 364 104 334 B 3.0 -2.7t08.7 0.313
Other underlying
disease
No 4,756 218 1,066 17.1 — 4.7 36t035.8 <0.001
Yes 1,453 272 332 23.6 —— 3.6 1.1t0 6.1 0.006
Favor male——1 i f } et Favor female

|
|
-10 -3 0 5 10 15 20

Figure 2. Prevalence differences of nonalcoholic fatty liver disease between women and men stratified by age group and underlying
diseases.

Factors Females Males Prevalence difference 95% CI  p-value
Number % Number % Unadjusted Adjusted

Overall 6,186 229 1,398 18.3 — 46 42 32t05.2 <0.001
Age group (year) <0.001

Less than 45 744 16.8 128 12.6 42 0

46 - 50 1,072 215 188 19.2 - B 23 49 35t6.3

51-55 1,210 244 267 208 - 3.6 74 59t08.8

56 - 60 1,259 274 252 212 - 6.2 94 7.9t0 10.9

61-65 902 272 230 209 - 6.3 8.8 7.3t010.5

Greater than 65 892 20.7 309 16.1 - 46 28 14t042
Diabetes Mellitus <0.001

No 5,603 220 1,294 17.7 43 0

Yes 583 364 104 334 —— 3.0 122 9.8t0 14.7
Other underlying <0.001
disease

No 4,756 218 1,066 17.1 47 0

Yes 1,453 272 332 236 #+ 3.6 12 1.1t0 13

Favor male ——1 f i f i > Favor female
-10 -5 0 3 10 15 20

Figure 3. Adjusted prevalence differences of nonalcoholic fatty liver disease between women and men stratified by age group and
underlying diseases. Each was adjusted for all others.
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Discussion

We investigated the inconsistencies in the literature regard-
ing gender differences in NAFLD prevalence with a population-
based study in Thailand. While many studies have indicated that
NAFLD is more common in men than women'"'*'%'” others have
suggested the opposite”'*. Our study supported the findings of a
higher NAFLD prevalence in women, with a 4.2% (95% CI: 3.2
to 5.2) prevalence, compared with men (18.3%; 95%CI: 17.4 to
19.2), even after adjusting for the effects of other covariates. In
addition, we found that these differences increased with age, where
the largest difference was found in the age group 56-60 years old
(prevalence difference = 9.4%; 95% CI: 7.9 to 10.9). Moreover,
the largest gender difference in NAFLD prevalence was also found
among DM participants (12.2%; 95% CI: 9.8 to 14.7).

This study utilized data from CASCAP, in which most female
participants were over 50 years old (64.5%), with a mean age of
57.8 +42.3 years. The largest group (35.9%) of the over-50-year
group being between 51-60 years old, and most were likely post-
menopausal. Although the prevalence of NAFLD tended to be
higher in women for every age group, the largest difference was
found among the 56—60-year-old age group. This suggests that sex
hormones might play a role in NAFLD'*”, for the younger age
group. However, the current study revealed a smaller difference in
NAFLD prevalence. This might be because NAFLD in men tends to
occur earlier, especially in middle age (40-49 years) than in women
(>50 years), which could lead to a male predominance in younger
and middle-aged populations'*.

The gender differences on NAFLD prevalence became more
pronounced as the age of the participants increased’***. The high-
est NAFLD rate was found in 56-60-year-olds. This suggested a
correlation between NAFLD and the various major risk factors
commonly found in older people, such as MS, obesity, DM, and
dyslipidemia. Moreover, older patients are more likely to have
advanced fibrosis, cirrhosis, and HCC when compared with
middle-aged patients’. Remarkably, the study found increased
NAFLD prevalence in women in the transitional post-menopausal
stage, especially among women aged 56—60 years. This statistic
is consistent with a previous study that reported a 2 to 2.5 times
higher prevalence in the 56-60-year-old age group compared
with those aged less than 45 years™. Our study also found that an
increased prevalence of NAFLD in female participants persisted
in the post-menopausal group, while the prevalence trend declined
in those aged more than 65 years compared with premenopausal
women.

Age-gender interaction

The results of this study suggest that women are at higher risk
of NAFLD than men. This has been attributed to natural changes
in female physiology, such as IR, central obesity, adipose distri-
bution and sex hormones®. The gender differences in NAFLD
observed in the study can be explained by the association of age
and gender. Typically, younger-aged to middle-aged men tend to
have a greater risk of acquiring NAFLD than women of the same
age, as illustrated through an “inverted U-shaped curve”, in which
the line begins to decline after the age of 50-60 years'’. Accord-
ingly, premenopausal women have a relatively low prevalence of
NAFLD; however, the prevalence increases after the age of
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50 years, peaks at 60—69 years, and declines after age 70 years™'°.
After the age of 50 years, the protective effects of higher estrogen
levels in women during pre-menopause are markedly eliminated
in the transitional post-menopausal period'’**. These associations
between age and gender can be explained by natural changes in
female physiology that increase the risk of IR, hyperlipidemia,
and visceral fat accumulation, which are known as risk factors for
the development of NAFLD”. Estrogen is a powerful antioxidant
that can inhibit hepatic stellate cell proliferation and fibrogen-
esis in experimental models'®*. These changes can reduce fatty
acid oxidants, while increasing lipogenesis within the liver, which
leads to a redistribution of subcutaneous fat and causes visceral
fat accumulation'®'”’. Therefore, changes in body fat distribution
resulting from declining levels of estrogen, relatively higher
androgen levels and greater distribution of hormone receptors can
lead to increased risk of NAFLD in post-menopausal women'®”,
Subcutaneous and visceral compartmentalization of adipose
tissue is influenced by age and gender”. Visceral adipose tissue
accumulates more rapidly with age and weight gain in men and
post-menopausal women than in younger women”’. The NAFLD
prevalence rate increases with age in all groups of younger to
middle-aged men, and declines at the age of 50 to 60 years™.
However, NAFLD prevalence becomes comparable between
men and women at the age of 60 years®'". Our results confirm
results showing that the interrelation between aging in pre-
menopausal women and the development of NAFLD is strongly
associated with changes in the level of estrogen-related sex
hormones®.

Diabetes mellitus

Our data illustrate that T2DM patients had higher NAFLD preva-
lence compared with the general population'”. After adjusting
for the effects of other covariates, it was found that NAFLD
prevalence in those with T2DM was significantly higher (12.2%).
Because a healthy population is included at the community level,
DM is believed to be distributed randomly in men and women.
Confounding effects of T2DM would be minimal. Previous studies
reported an association between T2DM and NAFLD that was
particularly pronounced in post-menopausal women >50 years
old'®. This may be due to a decrease in estrogen in this group of
women, which is a protective factor against DM*. Moreover, IR
in the muscle, liver, and adipose tissue is a characteristic feature
of T2DM and NAFLD. It is characterized not only by higher
insulin circulation levels, but also by higher hepatic gluconeo-
genesis, reduction of insulin clearance, and impaired glucose
uptake by muscles, all of which lead to elevated plasma glucose
concentrations™. IR in adipose tissue can increase the release of
free fatty acids and inflammatory cytokines’. Transaminase
levels increase in patients with NAFLD; however, this does not
commonly occur in subjects who also have T2DM. Despite
this, over the years, many patients with NAFLD have also been
classified as having T2DM*.

Strengths and limitations

The study is a community-based study with a large sample size
and a healthy population from the largest region of Thailand, the
northeast region. In addition, the large size of the CASCAP data-
base allows us to stratify the population by DM or non-DM, and to
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examine the interaction of different variables with adequate power.
Second, the NAFLD diagnosis of all participants was performed by
all board-certified radiologists. Finally, this study presented a strong
link between gender and NAFLD presented with adjusted OR and
absolute risk reduction (ARR). Using these statistical methods
allowed us to properly measure the associations and determinants
of certain health outcomes. It is important to note that, although
the ARR varied according to event rates and the effects of other
covariates, the adjusted OR remained unchanged. However, ARR is
a valid index for healthcare providers because it demonstrates how
certain risk factors impact the reduction of the overall prevalence
of the disease.

Several limitations associated with the present study warrant
mention. First, there were insufficient data to distinguish alco-
holic fatty liver disease from NAFLD, so this differentiation was
based on self-reported alcohol intake. Therefore, we excluded all
participants with any history of alcohol intake, which affected the
total number of male participants compared with that of females.
However, when all participants were included back into the
analysis, the prevalence of NAFLD in women remained higher
than men in all age groups. Second, it should be considered that the
database utilized in this study did not provide certain variables
that may support a better determination of NAFLD progression;
for example, anthropometric variables, such as BMI. Further
studies are required to minimize these possibly distorted associa-
tions and allow generalization of these findings to other sampling
populations.

Conclusion

NAFLD is more likely to affect women than men, in particular
amongthepopulation56—-60yearsofage, whichisthepost-menopausal
transitional period. This suggests that post-menopausal women
should be concerned about metabolic disorders that are exacerbated
by changing hormonal status. Monitoring and prevention by dietary

Supplementary material

F1000Research 2017, 6:1630 Last updated: 27 NOV 2017

control, behavioral changes, and exercise may play an important role
in preventing diseases, including NAFLD. We strongly recommend
and encourage Thai health professionals promotion of the develop-
ment of NAFLD targeted screening and prevention programs focus-
ing on post-menopausal women and DM risk groups.

Data availability

Researchers can request the CASCAP data by applying to the CAS-
CAP Database Committee using a Data Analysis Plan Proposal.
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index

Competing interests
No competing interests were disclosed.

Grant information

This study was funded by Khon Kaen University through CAS-
CAP and the National Research Council of Thailand through the
Medical Research Network of the Consortium of Thai Medical
Schools.

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Acknowledgements

This study is part of the first author’s thesis in partial fulfillment
of the requirements for a Doctor of Public Health at Khon Kaen
University, Thailand, and CASCAP. The authors thank for all par-
ticipants and all participating institutions including the Ministry of
Public Health, Ministry of Interior and Ministry of Education of
Thailand.

Supplementary File 1: Do file to generate variables from the main CASCAP dataset used in the present study.

Click here to access the data.

Supplementary File 2: Codes for variables from analysis.

Click here to access the data.

References

1. Younossi ZM, Stepanova M, Negro F, et al.: Nonalcoholic fatty liver disease in
lean individuals in the United States. Medicine (Baltimore). 2012; 91(6): 319-27.
PubMed Abstract | Publisher Full Text

2. European Association for the Study of the Liver (EASL), European Association
for the Study of Diabetes (EASD), European Association for the Study of Obesity

(EASO): EASL-EASD-EASO Clinical Practice Guideli for the manag it
of non-alcoholic fatty liver disease. Diabetologia. 2016; 59(6): 1121-40.

PubMed Abstract | Publisher Full Text

3. Buday B, Pach PF, Literati-Nagy B, et al.: Sex influenced association of directly
measured insulin sensitivity and serum transaminase levels: Why alanine

Page 9 of 17


http://www.cascap.in.th/damus/analysis_plan.php
http://www.cascap.in.th/damus/analysis_plan.php
mailto:bandit@kku.ac.th
https://protect-eu.mimecast.com/s/rO4UBXlYnTv
https://protect-eu.mimecast.com/s/rO4UBXlYnTv
https://f1000researchdata.s3.amazonaws.com/supplementary/12417/df82f975-b503-46df-825a-fd5ed9f105e3.do
https://f1000researchdata.s3.amazonaws.com/supplementary/12417/9a6812c0-c4d9-47f0-bb51-6b63bf0e73bd.docx
http://www.ncbi.nlm.nih.gov/pubmed/23117851
http://dx.doi.org/10.1097/MD.0b013e3182779d49
http://www.ncbi.nlm.nih.gov/pubmed/27053230
http://dx.doi.org/10.1007/s00125-016-3902-y

aminotransferase only predicts cardiovascular risk in men? Cardiovasc
Diabetol. 2015; 14: 55.
PubMed Abstract | Publisher Full Text | Free Full Text

Agrawal S, Duseja AK: Non-alcoholic Fatty Liver Disease: East Versus West.
J Clin Exp Hepatol. 2012; 2(2): 122-34.
PubMed Abstract | Publisher Full Text | Free Full Text

Hamaguchi M, Kojima T, Ohbora A, et al.: Aging is a risk factor of nonalcoholic
fatty liver disease in premenopausal women. World J Gastroenterol. 2012; 18(3):
237-43.

PubMed Abstract | Publisher Full Text | Free Full Text

Vernon G, Baranova A, Younossi ZM: Systematic review: the epidemiology
and natural history of non-alcoholic fatty liver disease and non-alcoholic
steatohepatitis in adults. Aliment Pharmacol Ther. 2011; 34(3): 274-85.
PubMed Abstract | Publisher Full Text

Ahmed A, Wong RJ, Harrison SA: Nonalcoholic Fatty Liver Disease Review:
Diagnosis, Treatment, and Outcomes. Clin Gastroenterol Hepatol. 2015; 13(12):
2062-70.

PubMed Abstract | Publisher Full Text

Xu C, Yu C, Ma H, et al.: Prevalence and risk factors for the development
of nonalcoholic fatty liver disease in a nonobese Chinese population: the
Zhejiang Zhenhai Study. Am J Gastroenterol. 2013; 108(8): 1299-304.
PubMed Abstract | Publisher Full Text

Wang Z, Xu M, Peng J, et al.: Pr I and associated bolic factors of
fatty liver disease in the elderly. Exp Gerontol. 2013; 48(8): 705-9.
PubMed Abstract | Publisher Full Text

Lazo M, Hernaez R, Eberhardt MS, et al.: Prevalence of nonalcoholic fatty
liver disease in the United States: the Third National Health and Nutrition
Examination Survey, 1988-1994. Am J Epidemiol. 2013; 78(1): 38—45.
PubMed Abstract | Publisher Full Text | Free Full Text

Bedogni G, Miglioli L, Masutti F, et al.: Incidence and natural course of fatty liver
in the general population: the Dionysos study. Hepatology. 2007; 46(5): 1387-91.
PubMed Abstract | Publisher Full Text

Pappachan JM, Antonio FA, Edavalath M, et al.: Non-alcoholic fatty liver disease:
a diabetologist’s perspective. Endocrine. 2014; 45(3): 344-53.
PubMed Abstract | Publisher Full Text

Kahn SE, Hull RL, Utzschneider KM: Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature. 2006; 444(7121): 840-6.
PubMed Abstract | Publisher Full Text

Wang Z, Xu M, Hu Z, et al.: Sex-specific prevalence of fatty liver disease
and associated metabolic factors in Wuhan, south central China. Eur J
Gastroenterol Hepatol. 2014; 26(9): 1015-21.

PubMed Abstract | Publisher Full Text

Pan JJ, Fallon MB: Gender and racial differences in nonalcoholic fatty liver
disease. World J Hepatol. 2014; 6(5): 274-83.
PubMed Abstract | Publisher Full Text | Free Full Text

Florentino GS, Cotrim HP, Vilar CP, et al.: Nonalcoholic fatty liver disease in
menopausal women. Arq Gastroenterol. 2013; 50(3): 180-5.

PubMed Abstract | Publisher Full Text

Yang JD, Abdelmalek MF, Pang H, et al.: Gender and menopause impact severity
of fibrosis among patients with nonalcoholic steatohepatitis. Hepatology. 2014;
59(4): 1406--14.

PubMed Abstract | Publisher Full Text | Free Full Text

Babusik P, Bilal M, Duris |: Nonalcoholic fatty liver disease of two ethnic groups

19.

20.

21.

22.

28.

24.

25.

26.

27.

28.

29.

30.

31.

F1000Research 2017, 6:1630 Last updated: 27 NOV 2017

in Kuwait: comparison of prevalence and risk factors. Med Princ Pract. 2012;
21(1): 56-62.

PubMed Abstract | Publisher Full Text

Park SH, Jeon WK, Kim SH, et al.: Prevalence and risk factors of non-alcoholic
fatty liver disease among Korean adults. J Gastroenterol Hepatol. 2006; 21(1 Pt 1):
138-43.

PubMed Abstract | Publisher Full Text

Ayonrinde OT, Olynyk JK, Beilin LJ, et al.: Gender-specific differences in adipose
distribution and adipocytokines influence adolescent nonalcoholic fatty liver
disease. Hepatology. 2011; 53(3): 800-9.

PubMed Abstract | Publisher Full Text

Khuntikeo N, Chamadol N, Yongvanit P, et al.: Cohort profile: cholangiocarcinoma
screening and care program (CASCAP). BMC Cancer. 2015; 15: 459.

PubMed Abstract | Publisher Full Text | Free Full Text

Mahaling DU, Basavaraj MM, Bika AJ: Comparison of lipid profile in different
grades of non-alcoholic fatty liver disease diagnosed on ultrasound. Asian Pac
J Trop Biomed. 2013; 3(11): 907-12.

Publisher Full Text | Free Full Text

Cuenza LR, Razon TL, Dayrit JC: Correlation between severity of
ultrasonographic nonalcoholic fatty liver di and cardi olic risk
among Filipino wellness patients. J Cardiovasc Thorac Res. 2017; 9(2):
85-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Koehler EM, Schouten JN, Hansen BE, et al.: Prevalence and risk factors of non-
alcoholic fatty liver disease in the elderly: Results from the Rotterdam study.
J Hepatol. 2012; 57(6): 1305-11.

PubMed Abstract | Publisher Full Text

Caballeria L, Pera G, Auladell MA, et al.: Prevalence and factors associated
with the presence of nonalcoholic fatty liver disease in an adult population in
Spain. Eur J Gastroenterol Hepatol. 2010; 22(1): 24-32.

PubMed Abstract | Publisher Full Text

Ryu S, Suh BS, Chang Y, et al.: Menopausal stages and non-alcoholic fatty liver
disease in middle-aged women. Eur J Obstet Gynecol Reprod Biol. 2015; 190:
65-70.

PubMed Abstract | Publisher Full Text

Suzuki A, Abdelmalek MF: Nonalcoholic fatty liver disease in women. Womens
Health (Lond). 2009; 5(2): 191-203.
PubMed Abstract | Publisher Full Text

Bertolotti M, Lonardo A, Mussi C, et al.: Nonalcoholic fatty liver disease and aging:
epidemiology to management. World J Gastroenterol. 2014; 20(39):

14185-204.

PubMed Abstract | Publisher Full Text | Free Full Text

Seko Y, Sumida Y, Tanaka S, et al.: Insulin resistance increases the risk of
incident type 2 diabetes mellitus in patients with non-alcoholic fatty liver
disease. Hepatol Res. 2017.

PubMed Abstract | Publisher Full Text

Sima A, Timar R, Vlad A, et al.: Nonalcoholic fatty liver disease: a frequent
condition in type 2 diabetic patients. Wien Klin Wochenschr. 2014; 126(11-12):
335-40.

PubMed Abstract | Publisher Full Text

Saponaro C, Gaggini M, Gastaldelli A: Nonalcoholic fatty liver disease and type 2
diabetes: common pathophysiologic mechanisms. Curr Diab Rep. 2015; 15(6):
607.

PubMed Abstract | Publisher Full Text

Page 10 of 17


http://www.ncbi.nlm.nih.gov/pubmed/25986611
http://dx.doi.org/10.1186/s12933-015-0222-3
http://www.ncbi.nlm.nih.gov/pmc/articles/4492083
http://www.ncbi.nlm.nih.gov/pubmed/25755421
http://dx.doi.org/10.1016/S0973-6883(12)60101-7
http://www.ncbi.nlm.nih.gov/pmc/articles/3940312
http://www.ncbi.nlm.nih.gov/pubmed/22294826
http://dx.doi.org/10.3748/wjg.v18.i3.237
http://www.ncbi.nlm.nih.gov/pmc/articles/3261540
http://www.ncbi.nlm.nih.gov/pubmed/21623852
http://dx.doi.org/10.1111/j.1365-2036.2011.04724.x
http://www.ncbi.nlm.nih.gov/pubmed/26226097
http://dx.doi.org/10.1016/j.cgh.2015.07.029
http://www.ncbi.nlm.nih.gov/pubmed/23567356
http://dx.doi.org/10.1038/ajg.2013.104
http://www.ncbi.nlm.nih.gov/pubmed/23721951
http://dx.doi.org/10.1016/j.exger.2013.05.059
http://www.ncbi.nlm.nih.gov/pubmed/23703888
http://dx.doi.org/10.1093/aje/kws448
http://www.ncbi.nlm.nih.gov/pmc/articles/3698993
http://www.ncbi.nlm.nih.gov/pubmed/17685472
http://dx.doi.org/10.1002/hep.21827
http://www.ncbi.nlm.nih.gov/pubmed/24287794
http://dx.doi.org/10.1007/s12020-013-0087-8
http://www.ncbi.nlm.nih.gov/pubmed/17167471
http://dx.doi.org/10.1038/nature05482
http://www.ncbi.nlm.nih.gov/pubmed/25003744
http://dx.doi.org/10.1097/MEG.0000000000000151
http://www.ncbi.nlm.nih.gov/pubmed/24868321
http://dx.doi.org/10.4254/wjh.v6.i5.274
http://www.ncbi.nlm.nih.gov/pmc/articles/4033285
http://www.ncbi.nlm.nih.gov/pubmed/24322188
http://dx.doi.org/10.1590/S0004-28032013000200032
http://www.ncbi.nlm.nih.gov/pubmed/24123276
http://dx.doi.org/10.1002/hep.26761
http://www.ncbi.nlm.nih.gov/pmc/articles/3966932
http://www.ncbi.nlm.nih.gov/pubmed/22024606
http://dx.doi.org/10.1159/000331591
http://www.ncbi.nlm.nih.gov/pubmed/16706825
http://dx.doi.org/10.1111/j.1440-1746.2005.04086.x
http://www.ncbi.nlm.nih.gov/pubmed/21374659
http://dx.doi.org/10.1002/hep.24097
http://www.ncbi.nlm.nih.gov/pubmed/26054405
http://dx.doi.org/10.1186/s12885-015-1475-7
http://www.ncbi.nlm.nih.gov/pmc/articles/4459438
http://dx.doi.org/10.1016/S2221-1691(13)60177-X
http://www.ncbi.nlm.nih.gov/pmc/articles/3793165
http://www.ncbi.nlm.nih.gov/pubmed/28740627
http://dx.doi.org/10.15171/jcvtr.2017.14
http://www.ncbi.nlm.nih.gov/pmc/articles/5516056
http://www.ncbi.nlm.nih.gov/pubmed/22871499
http://dx.doi.org/10.1016/j.jhep.2012.07.028
http://www.ncbi.nlm.nih.gov/pubmed/19730384
http://dx.doi.org/10.1097/MEG.0b013e32832fcdf0
http://www.ncbi.nlm.nih.gov/pubmed/25988514
http://dx.doi.org/10.1016/j.ejogrb.2015.04.017
http://www.ncbi.nlm.nih.gov/pubmed/19245356
http://dx.doi.org/10.2217/17455057.5.2.191
http://www.ncbi.nlm.nih.gov/pubmed/25339806
http://dx.doi.org/10.3748/wjg.v20.i39.14185
http://www.ncbi.nlm.nih.gov/pmc/articles/4202348
http://www.ncbi.nlm.nih.gov/pubmed/28628263
http://dx.doi.org/10.1111/hepr.12925
http://www.ncbi.nlm.nih.gov/pubmed/24652019
http://dx.doi.org/10.1007/s00508-014-0530-8
http://www.ncbi.nlm.nih.gov/pubmed/25894944
http://dx.doi.org/10.1007/s11892-015-0607-4

FIOOOResearch F1000Research 2017, 6:1630 Last updated: 27 NOV 2017

Open Peer Review

Current Referee Status: ¢ ¢

Referee Report 27 November 2017

doi:10.5256/f1000research.14046.r27159

?

Penprapa Siviroj !, Mathuramat Seesen 2
1 Faculty of Medicine, Chiang Mai University, Chiang Mai University, Thailand
2 Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

There is no doubt in the methodology and result of this research, but we are concerned about the
conclusion which was pointed out that “We strongly recommend and encourage Thai health professionals
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This study aims to investigate the difference of NAFLD among gender. The author described the
methodology results, and discussion clearly, but there have some point that need to clarify.

The author mentioned in the Introduction part “Various studies have demonstrated that NAFLD is more
prevalent in men, elderly populations, and post-menopausal women 14”. Please add more evidence in
this sentence!

Methods
® add more details of adjusted prevalence estimation, why the author use this methods for
prevalence estimation. (according to the Figure 3)
® the author described this is a population-based cross-sectional study that was represented to
(Northeast of Thailand population). Do they try to use weighted analysis?
® This wording might not be a reason for the analysis “ignoring the effect of other factors for better
handling the covariates in a more sophisticated statistical modeling”

Results
® Table 1, No definition of “Underlying disease” and “Other underlying disease”, so please clarify
these terms.

® Table 2, Please specify “age presence of DM” in the methods
For odds ratio or adjusted prevalence estimation, no reason was mentioned “why do the author
select only age, DM or other underlying to be in the model”

®  Figure 2 and 3, please check “Other disease”, this is might be “Other underlying disease”.
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® Figure 3, The graph presented sounds, but it might be unclear for interpretation. For example, after
accounted for the possible confounder, the odds of DM was increased risk to NAFLD 4 times of
crude OR.

Moreover, for the other disease, the adjusted OR was lower than crude OR about 3 times. This is
means that if people having some other diseases, they tended to having lower NAFLD. But we
don’t know what a disease they have!

Discussion
® Please add more details for others age group. Based on the Figures 2 and 3, the author mentioned
only age 56-60. However, among 61-65 was greater risk to NAFLD as well.

Is the work clearly and accurately presented and does it cite the current literature?
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Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
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If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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This paper was overall well presented and argued. The introduction is clear and makes a good rationale
for the analyses in testing a contested area of the literature in gender differences in NAFLD. There are
several points in the methods and discussion that could be made clearer however.

Methods
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Firstly the description of the study population is inadequate. Who the cohort are in terms of age and
gender is clear. But we need to know how and why the cohort was recruited. It does not diminish the
importance of the findings if cohort participants are not representative of the general population but it is
still necessary to explain how they are different. Were they recruited because they were at particular risk
of certain health conditions? Or just from the general population? How were they contacted? This will
have implications in the discussion of your findings.

Also there are several references to those who consumed alcohol being excluded from the analysis. But
there is no explanation of how this alcohol status was determined, and whether there was a threshold for
alcohol consumption over the lifecourse. That is, are even occasional social drinkers excluded?

The NAFLD itself was diagnosed using ultrasonography. But what about the other health conditions
included in the analysis? Was diabetes also doctor diagnosed, or self-reported. And 'other underlying
diseases are mentioned. What are they and how were they diagnosed?

In summary we need to know what questions were included in the baseline questionnaire that led to these
categorizations.

Results

The results are well presented overall. There is one point that was a little unclear. In the 4th paragraph the
authors mention interaction of the NAFLD with periductal fibrosis. No mention was made of this condition
in the Methods. | am unclear what the importance of this interaction is or why it was mentioned.

Discussion

This section is also well set out and argued. The main point missing here is again who the cohort are, and
whether the prevalence figures reported are applicable to the general population. | will state again here
that not being nationally representative does not reduce the value of the findings. But it needs to be
mentioned.

Lastly a minor point in the discussion. In the 'Age-gender interaction' section the authors state that
"..NAFLD becomes comparable between men and women at the age of 60 years.' This does not appear to
be true from the results. This point could maybe be explained more clearly.

Is the work clearly and accurately presented and does it cite the current literature?
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Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
| cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
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| would criticize and recommend the following:

Introduction
® The review literature about Nonalcoholic fatty liver disease is not up to date.

Example: Younossi et al., 2016’
Methods
® The researcher should report the number of participants who were enrolled and excluded.

®  The word “participants” in the second paragraph of page 3 is wrong.

® |f there were comparison groups, the researcher should explain the purpose of the comparison
group which was mentioned in the second paragraph of page 3.

®  The researcher should explain what “other underlying disease” is.

® Figure 1 (Flow of participants) should be written with inclusion criteria before exclusion criteria.
Results and discussion
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® What is the purpose of reporting educational level and occupation in table 1? Were these factors
used for adjusting the result?

® The age category should be similar in every part of the paper.

® |nthe discussion, the researcher categorized into groups ranging 10 years each (the prevalence
increases after the age of 50 years, peaks at 60-69 years) but in the methods the age was
categorized into groups ranging 5 years each.

® |nthe discussion, it was reported the prevalence of NAFLD declines after age 70, but in the results
table reported the prevalence of age greater than 65.
Conclusion
® This research studied only prevalence of NAFLD which is only one of many kinds of metabolic
disorder, so it is not appropriate to conclude that “post- menopausal women should be concerned
about metabolic disorders”.

® This research surveyed a very specific population, so it is not appropriate to recommend NALFD
screening and prevention programs focusing on post-menopausal women and DM risk groups
because the prevalence of NAFLD in normal population might be different from this population.
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