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Purpose: The patatin-like phospholipase domain containing protein 3 (PNPLA3) rs738409
polymorphism (c.444C>QG) is the most well-known genetic risk factor for non-alcoholic fatty
liver disease (NAFLD), but whether or not physical activity influences the association
between the PNPLA3 genotype and risk of NAFLD is unclear.

Patients and Methods: A retrospective longitudinal analysis was conducted among 352
Japanese subjects. Each type of physical activity was assigned a metabolic equivalent (MET),
and the subjects were classified into sedentary, low or high groups using the “METS*T” (METs x
hours per week) value of 5 or 21 as a threshold.

Results: Among the PNPLA3 G/G genotype carriers, the high and low METS*T groups had
alower risk of NAFLD than the sedentary METS*T group (odds ratio [95% confidence interval]:
0.14 [0.02-0.99] and 0.16 [0.03—1.04], respectively). Furthermore, the PNPLA3 C/C or C/G
genotype carriers showed no significant difference in the risk of NAFLD among the three
METS*T groups.

Conclusion: The PNPLA3 rs738409 genotype may be associated with the beneficial effects
of physical activity on the risk of NAFLD among elderly Japanese individuals. Further
comprehensive investigations are therefore needed to verify the preliminary results.
Keywords: weight status, liver steatosis, patatin-like phospholipase domain containing
protein 3, genetic polymorphism

Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver
diseases and considered a phenotype of metabolic syndrome in the liver.!
NAFLD is associated with not only a risk of advanced liver disease (e.g. non-
alcoholic steatohepatitis, hepatic cirrhosis and liver cancer) but also metabolic
diseases, including type 2 diabetes and cardiovascular disease (CVD).>> NAFLD
patients are frequently obese/overweight and/or suffer from type 2 diabetes, and
insulin resistance is a key pathogenic trigger.' In addition, aging is an important
factor affecting the association between obesity, NAFLD and these-related
complications,®’ and early interventions are required to effectively manage correct-
able metabolic risk factors (e.g. sedentary lifestyle) in elderly populations.”
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Unhealthy dietary patterns and a sedentary lifestyle
play a role in NAFLD development.®> A community-
based cross-sectional study indicated that regular exercise
was associated with a reduced risk of NAFLD.® The pri-
mary approach to treating NAFLD is the control of under-
lying risk factors (e.g. diabetes, hyperlipidemia, obesity
and other comorbidities), and lifestyle modification
through physical activity and dietary habits is a well-
established therapeutic strategy.” A recent systemic review
indicated a possible relationship between physical activity,
especially in resistance exercise, and lipid metabolism in
the liver.'” However, clinical evidence has shown the
existence of individual differences in the beneficial effect
of physical activity on the development and progression of
NAFLD.”!? Since NAFLD development is attributed to
not only behavioral but also genetic factors,'™ physical
activity may affect the susceptibility to NAFLD by inter-
acting with genetic risk factors, although the details
remain unclear.

The patatin-like phospholipase domain containing pro-
tein 3 (PNPLA3) 1s738409 polymorphism (encoding
1148M) has been consistently recognized to be a major
genetic risk factor for the development and progression of
NAFLD and advanced liver diseases, including steatohe-
patitis, cirrhosis and liver cancer.>''"'> PNPLA3 is asso-
ciated with the hydrolysis of triglyceride in the liver, and
the PNPLA3 1s738409 polymorphism is associated with
the loss of the protein hydrolysis function and hepatic
triglyceride accumulation.'> We recently showed that the
PNPLA3 rs738409 genotypes are associated with the risk
of NAFLD in a Japanese general population, especially in
normal-weight subjects,'* suggesting that the association
between the PNPLA3 genotype and susceptibility to
NAFLD is potentially influenced by the subjects’ back-
ground. However, the effect of physical activity on the
association between the PNPLA3 15738409 polymorphism
and the development of NAFLD remains unclear.

The objective of this exploratory longitudinal study
among Japanese elderly subjects was to investigate the
effect of physical activity on the risk for NAFLD while
also paying attention to the PNPLA3 genotype.

Materials and Methods

A retrospective longitudinal analysis was conducted with
352 Japanese subjects recruited from among the participants
in a health screening program conducted at the Japanese
Red Cross Kumamoto Health Care Center between
January 2006 and April 2012. Subjects with a habitual

alcohol intake (consuming more than 30 g/day of alcohol
among men and 20 g/day among women) and/or with
positive serological tests for hepatitis B and C viruses
were excluded. The protocol of our study was approved
by the ethics committee of the Faculty of Life Sciences,
Kumamoto University, and the Japanese Red Cross
Kumamoto Hospital Health Care Center. All subjects pro-
vided their written informed consent prior to participating in
the study.

Clinical information was recorded at each follow-up visit.
Generally, these visits were yearly; however, not all partici-
pants visited the center annually. The diagnosis of fatty liver
disease was obtained by hepatic ultrasonography conducted by
a radiographer. A medical doctor then reviewed the images to
evaluate the accuracy and reproducibility of the diagnosis.
When the subjects were diagnosed with NAFLD at baseline
or during the observation period, they were grouped into the
subjects with NAFLD at each follow-up visit after that time
point to evaluate the incidence of NAFLD development using
the data from various numbers of measurement points among
the study subjects. The cumulative prevalence rate of NAFLD
was used as a dependent variable in construction of the model.
Physical activity was self-reported annually according to
a detailed questionnaire regarding the type and frequency of
physical activity. In addition, we collected the information on
dietary habits at the end of observation period according to
a questionnaire. The information was confirmed by face-to-
face interviews with medical staff members using a structured
questionnaire. Each type of physical activity was assigned
a metabolic equivalent (MET), which expresses the energy
cost of physical activity; one MET was defined as the amount
of oxygen consumed while a person was sitting quietly (e.g.
METs of walking, swimming, hill climbing, jogging and
cycling are 4.3, 6.0, 6.5, 7.5 and 8.0, respectively).'> We then
calculated the “METS*T” value by METs X time for physical
activity (hour/week) every year and time-average METS*T
throughout the observation period for each subject (e.g.
METS*T = 5: 10 mins/day of walking; METS*T = 30: 1 hrs/
day of walking). The guidelines of the Korean Association for
the Study of the Liver (KASL) for the management of NAFLD
recommend performing exercise at a moderate intensity (50%-
70% of maximal heart rate) for at least 30 mins twice a week,
which corresponds to 5 METS*T per week.'® Furthermore, the
guidelines of the European Association for the Study of
the Liver (EASL), European Association for the Study of
Diabetes (EASD) and European Association for the Study of
Obesity (EASO) for the management of NAFLD also recom-
mend performing 150-200 min/week of moderate intensity
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aerobic physical activity, which is equivalent to 21 METS*T
per week.'” Therefore, the subjects whose time-average
METS*T was <5 were defined as the sedentary METS*T
group, those with METS*T of 5 to <21 were the low
METs*T group, and those with METS*T >21 were the high
METS*T group. The subjects were also grouped according to
the METS*T tertiles (lowest group, METS*T <18.96;
middle group, METS*T 18.96-42.13; highest group,
METs*T >42.13).

Genomic DNA was extracted from whole blood using
a DNA purification kit (FlexiGene DNA kit; Qiagen,
Hilden, Germany). The PNPLA3 rs738409 (1148M or
¢.444C>G) genotypes were determined using a real-time
TagMan allelic discrimination assay (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
protocol (assay no. C_7241 10).

A one-way analysis of variance and Fisher’s exact test
were used for comparisons of continuous and categorical
variables, respectively. In our previous study, we found
that the risk of NAFLD showed tended to increase in the
PNPLA3 15738409 C/G and G/G genotypes, with the risk
in normal weight subjects with the C/G genotype being
approximately half that in normal weight subjects with the
G/G genotype.'* We therefore employed an additive
genetic model to assess the genetic effects of PNPLA3
genotypes on the association between the risk of NALFD
and physical activity. The longitudinal association of the
PNPLA3 genotype and physical activity with the cumula-
tive prevalence of NAFLD and the values of the body
mass index (BMI) and waist circumstance were analyzed
using a logistic regression analysis or multiple regression
analysis based on generalized estimating equations, which
allows for the analysis of repeated measurements when
observations are missing.'®'? In these analyses, the inter-
action of PNPLA3 genotypes and physical activity was
also investigated. These associations were calculated as
the odds ratio (OR) and 95% confidence intervals (Cls)
for the risk of NAFLD and as the partial regression coeffi-
cient (B) and standard error (SE) for the BMI and waist
circumstance. Based on the NAFLD prevalence and
PNPLA3 genotype frequencies determined in our previous
study,'® the total number of study subjects was estimated
to be sufficient for detecting a 40% difference in the
prevalence of NAFLD due to differences in physical activ-
ity with a power of 0.80 (a-level of 0.05). Moreover, we
performed a sensitivity analysis to validate the ORs for the
risk of NAFLD observed in the original data set. The
replicated dataset for this analysis were generated from

10,000 randomly sampled subjects from original data set
with replacement and stratified according to the study
population to ensure a representative study population
distribution using the individual as the sampling unit.
The same statistical procedure as described above were
used. A P value <0.05 was considered to be statistically
significant.

Results

The mean follow-up duration was 4.8 + 1.4 years. The
frequencies of the PNPLA3 C/C, C/G and G/G genotypes
were 27.8%, 55.1% and 17.0%, respectively. The observed
PNPLA3 genotype frequency distribution was consistent
with the Hardy-Weinberg equilibrium (P >0.05). The
demographic characteristics at baseline did not differ
markedly among the PNPLA3 genotypes (Table 1).

At the baseline, 53 (15.1%) subjects in the overall popula-
tion had NAFLD. The prevalence of NAFLD was higher (in
order) in the PNPLA3 C/G, G/G, C/C genotypes (Table 1). The
changes in the cumulative prevalence rate of NAFLD during
observation period are shown in Supplementary Figures S1

and S2. The longitudinal cumulative prevalence of NAFLD
was higher in the subjects with the PNPLA3 C/G or G/G
genotypes than in those with the C/C genotype (adjusted OR
[95% CI]: 2.66 [1.14-6.23], P <0.05; 2.02 [1.01-4.06],
P <0.05, respectively), and the risks were consistent with
previous reports.'" The longitudinal cumulative prevalence
of NAFLD in the high METS*T and low METS*T groups
tended to be lower in comparison to the sedentary METS*T
group (adjusted ORs [95% ClIs]: 0.45 [0.18-1.14], P =0.091
and 0.59 [0.22-1.60], P =0.301).

An interactive effect of the PNPLA3 genotypes and EX
levels on the cumulative prevalence of NAFLD was observed
(P =0.010). Among the PNPLA3 G/G genotype carriers, the
BMI and waist circumstance were lower in the low METS*T
and high METS*T groups than in sedentary METS*T group,
whereas there were no significant associations of METS*T
with the BMI or waist circumstance among the PNPLA3 C/C
or C/G genotypes carriers (Table 2). The cumulative preva-
lence of NAFLD was lower in the high and low METS*T
groups than in the sedentary METS*T group among the
PNPLA3 G/G genotype carriers and was equivalent to that
among the PNPLA3 C/C or C/G genotype carriers, in
whom the risk of NAFLD did not differ among three
METS*T groups (Figure 1 and Table 2). Furthermore, the
logistic models of our sensitivity analysis also showed that
the reducing effects of physical activity on the longitudinal
prevalence of NAFLD were more pronounced in the PNPLA3
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Table | The Clinical Characteristics of the Study Subjects Stratified by the PNPLA3 Genotypes at Baseline

PNPLA3 Genotype
CC (n=98) CG (n=194) GG (n=60) P

Female (%) 35 (35.7) 84 (43.3) 26 (43.3) 0.443
Age (years) 679 £ 56 683 +57 67.7 57 0.674
BMI (kg/m?) 227 +£29 225+ 27 232 +£32 0.231
Waist circumstance (cm) 82070 828 + 83 842 + 82 0.242
HbAlc (%) 5.81 + 0.67 5.87 +0.65 5.77 £ 051 0.538
Fasting blood glucose (mg/dL) 96 (80-201) 97 (73-236) 96 (79-125) 0.420
Systolic BP (mmHg) 122.9 = 16.2 122.7 + 182 1224 + |55 0.983
Diastolic BP (mmHg) 717118 71.5 £ 10.7 719 £ 10.0 0.974
HDL-C (mg/dL) 688 + 17.1 689 £ 169 68.6 £ 153 0.993
LDL-C (mg/dL) 121.6 + 26.7 124.6 + 27.4 123.6 + 27.7 0.676
TG (mg/dL) 91.5 (34-310) 91 (34-272) 94 (42-264) 0.991
AST (IU/L) 237 +£50 246 £ 76 249 £ 638 0.506
ALT (IU/L) 21.0+72 21.7 £ 10.8 226+ 114 0.643
GGT (VL) 22.5 (10-135) 22 (7-259) 25 (10-174) 0.402
NAFLD (%) 9 (9.2) 36 (18.6) 8 (13.3) 0.095
Diabetes (%) 13 (13.3) 23 (11.9) 9 (15.0) 0.743
Hypertension (%) 45 (45.9) 96 (49.5) 26 (43.3) 0.669
Dyslipidemia (%) 51 (52.0) 113 (58.2) 30 (50.0) 0.406
Ever smoking (%) 47 (48.0) 84 (43.3) 25 (41.7) 0.674
METS*T

Sedentary (%) 7(7.1) 11 (5.7) 5(8.3) 0.142

Low (%) 22 (22.4) 72 (37.1) 18 (30.0)

High (%) 69 (70.4) 111 (57.2) 37 (61.7)

Notes: The data are presented as the mean # standard deviation, median (range) or number of subjects (%). METS*T, metabolic equivalent X time for physical activity (hour/week).
Abbreviations: PNPLA3, patatin-like phospholipase domain containing protein 3; BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol, TG, triglyceride; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; NAFLD,
non-alcoholic fatty liver disease.

Table 2 The Effects of the Physical Activity Level on the Longitudinal Values of the BMI and Waist Circumstance and Longitudinal
Prevalence of NAFLD Stratified by the PNPLA3 Genotypes

PNPLA3 METS*T | N BMI? Wiaist Circumstance® | NAFLD: Model 1* NAFLD: Model 2°
Genotype
B SE P B SE P OR | 95% ClI P OR | 95% CI P

C/C Sedentary | 7 0 0 | |

Low 22 | 0.14 I.18 | 0.91 -0.09 | 2.8l | 0.97 3.44 | 0.32-36.6 | 0.31 840 | 0.52-137.1 | 0.14

High 69 | —-1.351] 1.02 | 0.19 —483 | 241 | <0.05 | 0.38 [ 0.05-3.26 | 0.38 .31 | 0.13-12.92 | 0.82
C/IG Sedentary | Il 0 0 | |

Low 72 [ -1.60 | 145 | 027 | —6.86 | 3.73 | 0.07 042 | 0.11-1.63 | 0.21 0.69 | 0.14-3.48 | 0.65

High 111 | —1.55] 1.43 | 0.28 —6.66 | 3.67 | 0.07 0.53 | 0.14-1.95 | 0.34 0.97 | 0.22-435 | 0.97
G/G Sedentary | 5 0 0 | |

Low 18 | —-428 | 1.73 | <0.05 | -9.49 | 3.73 | <0.05 | 0.13 [ 0.02-0.69 | <0.05 | 0.19 | 0.03-1.51 0.12

High 37 | -5.21 | 1.62 | <0.01 | —12.92 | 3.38 | <0.001 | 0.22 | 0.04-1.08 | 0.06 0.44 | 0.06-3.30 | 0.42

Notes: *B and ORs were adjusted by age, gender, smoking status, type 2 diabetes, dyslipidemia, hypertension. "ORs were adjusted by waist circumstance, age, gender,
smoking status, type 2 diabetes, dyslipidemia, hypertension. METS*T, metabolic equivalent x time for physical activity (hour/week).

Abbreviations: NAFLD, non-alcoholic fatty liver disease; PNPLA3, patatin-like phospholipase domain containing protein 3; B, unstandardized partial regression coefficient;
SE, standard error; OR, odds ratio; Cl, confidence interval.
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Figure | The association of physical activity with the longitudinal changes in the mean values of the BMI and waist circumstance and the cumulative prevalence of NAFLD
separately in the subjects with PNPLA3 rs738409 C/C (n = 98), C/G (n = 194) and G/G (n = 60) genotypes.

Notes: The bars represent the standard errors in the graphs regarding the BMI and waist circumstance or 95% confidence intervals in the graphs regarding the cumulative
prevalence of NAFLD. METS*T, metabolic equivalent x time for physical activity (hour/week).

Abbreviations: BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; PNPLA3, patatin-like phospholipase domain containing protein 3; EX, exercise.

G/G genotype carriers than in the C/C or C/G genotypes
carriers among the 10,000 randomly sampled subjects from
the original data set (Supplementary Table S1). Therefore, we
confirmed that the overall fitness of our NAFLD models seems
to be good. We also analyzed the effect of the combination of
the PNPLA3 genotypes with the METS*T values or METS*T
tertiles on the cumulative prevalence of NAFLD. The

METS*T values were not associated with the longitudinal
cumulative prevalence of NAFLD (adjusted B [SE]: —0.04

[0.043], P=0.319). The METS*T tertiles were not also asso-
ciated with the longitudinal cumulative prevalence of NAFLD,
and the adjusted ORs [95% ClIs] in the highest group
(METS*T >42.13) and the middle group (METS*T 18.96—
42.13) vs the lowest group (METS*T of <18.96) were 0.56
[0.27-1.14] (P =0.110) and 0.85 [0.43-1.68] (P =0.646),
respectively. The interactive effects of the PNPLA3 genotype
with the METS*T value or METS*T tertile were not observed
in the logistic regression models for NAFLD (P =0.889 and
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0.336, respectively). Furthermore, the METS*T values and
METS*T tertiles did not exhibit the dose-dependent effect on
the risk of NAFLD and were not significantly associated with
the cumulative prevalence of NAFLD regardless of the
PNPLA3 genotypes (Supplementary Tables S2 and S3). In
order to clarify whether or not dietary habits affected the

physical activity in the study subjects, we analyzed the rela-
tionships between dietary habits and METS*T levels
(Supplementary Table S4). No relationships between dietary
habits and METS*T levels were observed (Supplementary
Table S4).

Discussion

This is the first study to suggest that the PNPLA3 rs738409
genotype may be associated with the inverse correlations
of physical activity with the BMI, waist circumstance and
NAFLD prevalence in a population of elderly Japanese
subjects. Since the PNPLA3 G/G genotype increases the
risk of NAFLD,'' physical activity as part of lifestyle
modification (even if the METS*T is low) may be impor-
tant for efficient and effective NAFLD prevention among
these carriers.

A recent randomized controlled trial on a lifestyle modifi-
cation program (i.e. conducting dietary and exercise consulta-
tions to increase energy expenditure and reduce caloric intake)
conducted among NAFLD patients showed that the PNPLA3
1rs738409 G allele was associated with a greater reduction in
intrahepatic triglyceride levels, body weight and the waist-to-
hip ratio in the intervention group than the control group.?
Furthermore, a study regarding a weight-loss program con-
ducted in obese children showed that PNPLA3 G/G genotype
carriers achieved a greater reduction in the blood alanine
aminotransferase level and waist-to-hip ratio than carriers of
other genotypes.?' In another previous study, although the
PNPLA3 G allele was strongly associated with the liver fat
content and the risk of NAFLD, the insulin sensitivity was
higher in the G allele carriers than in the C/C genotype carriers
among obese subjects.”? Taken together, routine physical
activity (i.e. high or low METS*T) could be an effective
intervention for preventing NAFLD, especially in PNPLA3
G/G genotype carriers, possibly through these individuals
being more sensitive to insulin than other genotype carriers.
However, no significant effect of physical activity on the risk
of NAFLD was observed in the PNPLA3 G/G genotype
carriers after adjusting for the waist circumference (Table 2),
suggesting that the decrease in the waist circumference by
physical activity may be due to the beneficial effect of physical
activity on the risk of NAFLD. However, the sensitivity

analysis using the 10,000 randomly sampled subjects from
the original data set showed a significant effect of physical
activity on the risk of NAFLD in the PNPLA3 G/G genotype
carriers even after adjusting for the waist circumference
(Supplementary Table S1); these discrepant findings might

be due to the small sample size in the original data set.
It should be noted that a number of behaviors are

related to the weight status®>*

as well as the prevalence
of NAFLD,’ and the relationship between physical activity
and other behaviors (e.g. sedentary behaviors, poor sleep
duration, unhealthy diet) and its influence on weight gain
is complex.”** For example, an increase in sedentary
behavior may be involved in the development of NAFLD
independent of physical activity and should be considered
when introducing lifestyle intervention.” Cassidy et al
showed that the incidence of low levels of physical activ-
ity, high television viewing and poor sleep duration is
greater in obese or overweight adults than in normal or
underweight adults, and these lifestyle behaviors are clus-
tered in those individuals.** In the present study, we found
no relationships between dietary habits and METS*T
levels (Supplementary Table S4). However, the informa-

tion on dietary habits was brief and collected at the end of
the observation period only. In addition, detailed informa-
tion (e.g. precise carbohydrate, protein, and lipid intake)
could not be obtained. Further studies are needed to
develop appropriate PNPLA3 genotype-based lifestyle
interventions incorporating subjects’ behaviors other than
their physical activity in order to prevent NAFLD devel-
opment in elderly individuals.

Although NAFLD is closely related to weight gain and
obesity,' there is increasing interest in normal-weight
NAFLD, which is commonly found in Asia.>*° In Japan,
normal-weight subjects account for 50% of the total NAFLD
population, and 15.2% of the normal-weight population are
diagnosed with NAFLD.?> Normal-weight individuals with
NAFLD are more likely to have insulin resistance, type 2
diabetes and cardiovascular diseases than those without
NAFLD,** and they appear to have different characteristics
compared to overweight or obese patients with NAFLD, such
as a different distribution of visceral adipose tissue, recent
increase in body weight, intake of a high-cholesterol diet and
a characteristic genetic background.”® Our recent longitudi-
nal study conducted in a Japanese general population showed
that the PNPLA3 rs738409 genotypes are associated with the
risk of NAFLD, especially in normal-weight subjects.'*
Therefore, we speculate that physical activity may be impor-
tant for NAFLD prevention among elderly individuals with
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the PNPLA3 G/G genotype, even if they have a normal
weight status.

We also analyzed the combined effects of the PNPLA3
genotype with the METS*T values and METS*T tertiles on
the cumulative prevalence of NAFLD in order to increase the
number of subjects in each group. However, no interactive
effects of the PNPLA3 genotype with the METS*T values or
METS*T tertiles were seen. Furthermore, the METS*T
values and METS*T tertiles did not exhibit the dose-
dependent effect on the risk of NAFLD in regardless of the
PNPLA3 genotypes (Supplementary Tables S2 and S3).
Regarding METS*T tertiles, it is possible that the relation-
ship between physical activity and NAFLD could not be
accurately analyzed because the METS*T value in the lowest

group had a wider range (0 to 18.92). The results of this study
suggest that the threshold METS*T level at which an
improvement of NAFLD can be obtained is low (METS*T
of >5); thus, there was no relationship between physical
activity and NAFLD in the lowest group (METS*T <18.92).

Based on the NAFLD prevalence and PNPLA3 geno-
type frequencies in our previous study,'* we estimated
a total number of study subjects of >350 to be sufficient
for detecting a 40% difference in the prevalence of NAFLD
due to differences in physical activity with a power of 0.80
(a-level of 0.05). Conversely, the present study was unable
to detect statistical significance of differences at less than
40%, and a larger sample size would be required to eluci-
date the lack of any significant relationship between the
cumulative prevalence of NAFLD and physical activity
(e.g. the relationships among the carriers of the PNPLA3
C/C or C/G genotypes). Furthermore, although we esti-
mated the total number of subjects necessary before starting
this study, this was a preliminary study, and the number of
study subjects was small, which was a major limitation of
the present study. Therefore, we performed internal valida-
tion analyses using a replicated data set consisting of 10,000
random samples from original data sets and confirmed the
reducing effect of physical activity on the cumulative pre-
valence of NAFLD, especially in the PNPLA3 G/G geno-
type (Supplementary Table S1). However, since the

analyses were conducted with the subjects obtained from
the original data, further investigations in larger and more
varied populations are needed in order to verify the pre-
liminary findings.

In this study of health screening program participants,
since not all participants visited the center annually, when
the subjects were diagnosed with NAFLD at baseline or
during the observation period, they were grouped into the

subjects with NAFLD at each follow-up visit after that
time point to evaluate the incidence of NAFLD develop-
ment using data obtained from study subjects at various
numbers of measurement points. Moreover, the number of
subjects suffering from NAFLD at the baseline was 53 and
the subjects with NAFLD at baseline were not excluded to
avoid limiting the datasets unnecessarily. Thus, we used
a logistic regression analysis, but not a Cox-hazards
regression analysis, which is generally used to analyze
cumulative incidence, based on generalized estimating
equations, which allows for the analysis of repeated mea-
surements with missing observations.'®'” For model con-
struction, the cumulative prevalence rate of NAFLD at
each observation period was used as a dependent variable.
On the other hand, 53 subjects were suffering from
NAFLD at baseline, and 15 of these subjects achieved
remission during the observation period. However, we
could not evaluate the factors associated with the remis-
sion of NAFLD due to the small sample size, which was
a limitation of this study.

In the present study, reducing effects of physical activity
(low or high METS*Ts) on the cumulative prevalence of
NAFLD were not observed in the PNPLA3 C/C or C/G
genotype carriers (Table 2), suggesting that high and low
METS*T may not be associated with a lower risk of NAFLD
than sedentary METS*T in these genotype -carriers.
However, in our sensitivity analysis, the reducing effects of
physical activity on the risk of NAFLD were observed in the
PNPLA3 C/C or C/G genotype carriers among the 10,000
randomly sampled subjects from the original data set
(Supplementary Table S1), although the magnitude of the
association between physical activity and the risk of NAFLD
tended to be less in PNPLA3 C/C and C/G genotype carriers
than in the G/G genotype carriers (Supplementary Table S1).

The lack of a beneficial effect of physical activity on the risk
of NAFLD among the PNPLA3 C/C and C/G genotype
carriers may be due to the small sample size of our original
data set. However, among PNPLA3 C/C genotype carriers,
a decrease in the risk of NAFLD was observed only at high
METS*T (i.e. 221 METS*T) in the sensitivity analyses
(Supplementary Table S1). In addition, the tertiles of
METS*T levels suggest that the middle and highest
METS*T (i.e. >18.96 METS*T) had a protective effect
against the risk of NAFLD in the PNPLA3 C/C genotype
carriers (Supplementary Table S2). We speculate that the

amount of physical activity required to see a beneficial effect
on the risk of NAFLD may differ among PNPLA3 genotypes,
and PNPLA3 C/C genotype carriers may require more
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physical activity to achieve a beneficial effect on the risk of
NAFLD than G/G genotype carriers. Further investigations
will be needed in order to examine whether or not the
beneficial effects of physical activity on the risk of NAFLD
are more pronounced in the PNPLA3 G/G genotype carriers
than in others.

The prevalence of NAFLD was lower in PNPLA3 G/G
genotype carriers than in the C/G genotype carriers at the
baseline, although previous studies have revealed that
PNPLA3 G/G genotype carriers have a higher risk of
NAFLD than C/G genotype carriers.>'"!'> However, in
the second and subsequent years, the prevalence tended
to be higher in PNPLA3 G/G genotype carriers than in C/G
genotype carriers (Supplementary Figure S2). Of note, the

study subjects were participants in a Japanese health
screening program and might have had a high level of
health literacy. In addition, they were relatively old
(mean age: 67.5 + 6.0 years old at baseline and 72.9 +
6.1 years old at endpoint). Therefore, carriers of the high-
risk genotype (i.e. PNPLA3 G/G genotype) may take extra
precautions to stay healthy due to prior experiences with
NAFLD. Furthermore, the sample size of this study was
relatively small, especially when the subjects were strati-
fied by the PNPLA3 genotypes. The higher prevalence of
NAFLD in the C/G genotype might be due to selection
bias and/or a small sample size, although the details are
unclear.

Since this study retrospectively collected clinical infor-
mation from elderly participants attending a health screen-
ing program, we used hepatic ultrasonography to diagnose
FLD, with the findings reviewed by medical specialists;
this approach is known to have a sensitivity of 64% and
a specificity of 97% in detecting fatty liver.”® Further
investigations are thus needed to verify the findings
using a liver biopsy for the diagnosis of FLD. In addition,
the data on the physical activity in this study could not be
thoroughly validated. Specifically, physical activity levels
in the study participants have only been measured by face-
to-face interviews with medical staff members using
a structured questionnaire, which might have lacked relia-
bility because of the recall and social desirability bias.’

Conclusion

Despite the above-mentioned limitations, this pilot study
provides the useful information for generating further
intervention program to prevent development of NAFLD
based on the physical activity and PNPLA3 genotype in
the general elderly population. The current preliminary

results suggest that the PNPLA3 rs738409 genotype may
be associated with the beneficial effects of physical activ-
ity on the risk of NAFLD among elderly Japanese sub-
jects. Although elderly populations may be physically
limited to some degree, impressing the importance of
physical activity, even as little as 30 min/day of walking
(METS*T =14, average METS*T among the low
METS*T group), upon PNPLA3 G/G genotype carriers
may potentially help prevent NAFLD. However, since
the present study did not use thoroughly validated physical
activity data or other lifestyle information, our results
warrant further comprehensive investigations incorporat-
ing the well-validated physical activity data and detailed
information about other behaviors besides physical activity
in larger and more diverse populations, including other age
groups and ethnic groups, to verify the findings.
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