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ABSTRACT

Objective The Visceral Adiposity Index (VAI) is a marker
of visceral fat accumulation and dysfunction. We aimed

to investigate the association between VAl and incident
colorectal cancer (CRC).

Design In this historical cohort study of 27921 (16 434
men and 11487 women) participants, we divided the
participants into tertiles according to VAI. We calculated
VAI: men, VAI = (waist circumference (WC)/(39.68+1.88

x body mass index (BMI))) x (triglycerides (TG)/1.03) x
(1.31/high-density lipoprotein cholesterol (HDL)); women,
VAI = (WC/(36.58+1.89 x BMI)) x (TG/0.81) x (1.52/HDL).
We performed Cox proportional hazard models, adjusting
for sex, age, smoking, alcohol consumption, exercise,
haemoglobin A1c and systolic blood pressure.

Results During the median 4.4-year follow-up, 116
participants developed CRC. Compared with the lowest
tertile, the HRs of incident CRC in the middle and the
highest tertiles were 1.30 (95% Cl 0.76 to 2.28, p=0.338)
and 2.41 (1.50 to 4.02, p<0.001) in univariate analysis.
Moreover, the HRs of incident CRC in the middle and the
highest tertiles were 1.27 (0.73 to 2.23, p=0.396) and
1.98 (1.15 to 3.39, p=0.013) after adjusting for covariates.
Conclusions VAI can be a predictor of incident CRC. For
early detection, we should encourage people with high VAI
to undergo screening for CRC.

INTRODUCTION

Cancer is the leading cause of death in the
world" and colorectal cancer (CRC) is one
of the most common cancers next to lung
and breast cancer in the world. The most
efficient strategies to reduce CRC incidence
include identifying risk markers for CRC
and performing a preventive colonoscopy in
high-risk populations.

Metabolic syndrome, that is, obesity,
impaired glucose tolerance, hypertension
and dyslipidaemia, has been reported to
be associated with risk of CRC by several
studies.”™® Particularly, it is well known that
obesity and CRC were associated with each
other.”™ Furthermore, visceral fat accumu-
lation, which is the central pathogenesis of
obesity, plays a critical role in the pathogen-
esis of CRC."" !

What is already known about this subject?

» The Visceral Adiposity Index (VAI) is a marker of
visceral fat accumulation and dysfunction. Visceral
fat accumulation is related with incident colorectal
cancer (CRC).

What are the new findings?
» VAl can be a predictor of incident CRC.

How might it impact on clinical practice in the

foreseeable future?

» For early detection of incident CRC, we should en-
courage people with high VAI to undergo screening
for CRC.

Visceral Adiposity Index (VAI) has been
proposed as a reliable marker of visceral fat
accumulation and dysfunction.' In addition,
VAl is reported to be associated with cytokines
levels and can be a maker of chronic inflam-
mation. Chronic inflammation has been
reported to be involved in the development
of diseases such as metabolic syndrome and
Cancer,lg " and in fact, VAI has been proved
a strong association with type 2 diabetes,”
chronic kidney disease'® and cardiovascular
events.'? ' Thus, there is a possibility that
VAL is associated with risk of incident CRC.
However, no previous studies investigated
this association. In this retrospective study,
we investigated the impact of VAI on incident
CRC.

MATERIALS AND METHODS

Study participants and study design

We investigated the impact of VAI on the risk
of incident CRC in this population-based
longitudinal study of a medical check-up
programme at Asahi University Hospital
(Gifu, Japan) which is called the NAfld in the
Gifu Area, Longitudinal Analysis (NAGALA)
study. This cohort investigation has been
ongoing and aims to detect chronic diseases
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and their risk factors, and to promote public health.
The detail of NAGALA study and medical examination
programmes was expressed elsewhere.' In this study, we
selected the data of the individual who participated in
this medical examination programme from 2003 to 2016
and received more than two times. The exclusion criteria
were as follows: the participants whose data, including
high-density lipoprotein (HDL) cholesterol and alcohol
consumption, were missed and the participants who diag-
nosed with CRC at the first visit or with a history of CRC
in the past. All of the participants in this study provided
their informed consent to participate.

Data collection and measurements

We obtained the medical history and the data of smoking
status, alcohol consumption and physical activity from all
of the participants by a standardised self-administered
questionnaire.18 We evaluated alcohol consumption by
the questionnaire about the type and amount of alcohol
consumption per week during the prior month, then esti-
mated the mean ethanol intake per week. We categorised
the participants into the following four groups: no or
minimal alcohol consumer, <40 g/week; light, 40-140g/
week; moderate, 140-280g/week; or heavy alcohol
consumer, >280g/week." The participants were catego-
rised into three groups by smoking status: non-smoker,
ex-smoker, or current smoker. The participants’ recre-
ational and sports activities were also inquired in the
questionnaire. We defined regular exercisers as partici-
pants who played any type of sports over one time per
week regularly.20

VAI formulas

We calculated VAI using the formulas'®: men, VAI = (waist
circumference (WC)/(39.68+1.88 x body mass index
(BMI))) x (triglycerides (TG)/1.03) x (1.31/HDL);
women, VAI = (WC/ (36.58+1.89 x BMI)) x (TG/0.81) x
(1.52/HDL). Both TG and HDL levels are expressed in
mmol/L.

Identification of cases of CRC

In this health check-up programme, faecal occult blood
test was included. When the faecal occult test was positive
and the presence of CRC was suspected, the participants
were noticed and were encouraged to receive further
examinations to diagnose it. We gathered the medical
information regarding CRCs by a standardised letter
from a hospital where a participant receives further exam-
inations. Besides, we included participants who received
further examinations for reasons other than occult blood
test and were diagnosed as CRC. The gastroenterologist
checked the gathered information and defined them as
CRC. From 1 January 2004, we adopted the standardised
letter. Then, we set the study period as 1 January 2004 to
31 December 2016. The primary endpoint in this study
was set as incident CRC. In this study, we defined the day
when participants were suggested as cancer at the health

check-up centre as the onset day if participants were diag-
nosed as CRC.

Statistical analysis

The data were analysed with the JMP V.13.0 software
(SAS), and p values < 0.05 were considered significant.
We expressed values as mean (SD) or median (IQR) for
continuous variables and number (%) for categorical
variables. We evaluated the p values using one-way anal-
ysis of variance (ANOVA) for continuous variables and X2
test for categorical variables, respectively. Moreover, the
number of incident CRC was small; therefore, we cate-
gorised the participants into three groups according to
tertiles of VAIL: less than 0.58 (the lowest tertile), more
than or equal to 0.58 and less than 1.15 (the middle
tertile), more than or equal to 1.15 (the highest tertile).
Categorical variables were compared among the groups
by Pearson’s y° test, and continuous variables were
compared by one-way ANOVA and Tukey honestly signif-
icant difference test, respectively. In addition, model
assumptions were performed with EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which
is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria).

We used a Kaplan-Meier analysis to obtain a graphical
presentation of time to incident CRC, and the log-rank
test to evaluate differences among tertiles according to
the VAIL. We performed a Bonferroni correction and
considered p values < 0.0083 significant in the log-rank
test. Because a previous study used the VAI as tertiles,”’
we divided the participants into tertiles.

Cox proportional hazard models were used to calcu-
late adjusted HR and 95% CI for incident CRC according
to three categories of VAI. We adjusted for sex, age,
smoking status, alcohol consumption, exercise habit
and systolic blood pressure (SBP). Proportional hazards
could be assumed in all covariates (online supplementary
table 1). Moreover, because there is a possibility that the
individuals who have CRC lost their weight before diag-
nosis, a sensitivity analysis excluding the first year or two
of follow-up was performed. Visceral fat levels and CRC
incidence vary between men and women, and we also
performed a sex-specific analysis.

RESULTS

From 1 January 2004 to 31 December 2016, 27974 (16
472 men and 11502 women) participants were registered
in NAGALA cohort. After we excluded 53 participates
because of exclusion criteria, 27921 (16 434 men and
11487 women) participants were entered in this study
(figure 1).

The baseline characteristics of the participants are
summarised in tables 1 and 2.

Mean age of participants was 45.7+10.1 years old and
BMI was 22.6+3.3kg/m?2. Age, BMI, WC, fasting plasma
glucose, haemoglobin Alc, TG, total cholesterol, aspartic
aminotransferase, alanine aminotransferase, y-glutamyl

2

Okamura T, et al. BMJ Open Gastro 2020;7:€000400. doi:10.1136/bmjgast-2020-000400

1ybuAdoo
Aq pe1osi0id '1s8nb Aq 20z ‘6 |udy uo /wod fwqg-onsebuadolwg//:dny woly papeojumoq ‘0202 dunt 82 U0 007000-0202-1seblwag/9eTT 0T St paysiignd 1suy ;joJsjusonses uado [INg


https://dx.doi.org/10.1136/bmjgast-2020-000400
https://dx.doi.org/10.1136/bmjgast-2020-000400
http://bmjopengastro.bmj.com/

NAGALA cohort, Registration
Jan 15 2004-Dec 315 2016
n=27974 (16,472 men and 11,502 women)

Missing data: HDL-cholesterol, » = 23 (20 men and 3 women)
Participants who diagnosed with colorectal cancer at the first
visit or with a history of colorectal cancer in the past, 7 =30
(18 men and 12 women)

Follow up until Dec 315 2013
n=127,921 (16,434 men and 11,487 women)

Figure 1
Area, Longitudinal Analysis.

transpeptidase, SBP and diastolic blood pressure of the
highest tertile were the highest, followed in order by the
middle and the lowest tertile. On the other hand, HDL
cholesterol of the highest tertile was the lowest. Even after
excluding the first year or two of follow-up, the tendency
did not change (online supplementary table 2).

During the median 4.4-year follow-up, 116 partici-
pants were diagnosed as CRC. The 4000 days’ cumu-
lative incidence rates of CRC were 0.2% in the lowest
tertile, 0.4% in the middle tertile and 0.6% in the highest
tertile. Compared with the lowest tertile, the highest
tertile showed a significantly higher risk of incident CRC
(p<0.001; figure 2).

Compared with the lowest tertile, the HRs of incident
CRC in the middle and highest tertile were 1.30 (95% CI
0.76 to 2.28, p=0.338) and 2.41 (1.50 to 4.02, p<0.001) in
univariate analysis. Moreover, the HRs of incident CRC
in the middle and highest tertile were 1.14 (0.65 to 1.99,
p=0.646) and 1.78 (1.05 to 3.02, p=0.032) after adjusting
for covariates (table 2). Even after excluding the first
year or two of follow-up, the HR of incident CRC in the
middle and highest tertile was 1.14 (95% CI 0.65 to 1.99,
p=0.338) and 1.78 (1.05 to 3.02, p=0.032), compared with
the lowest tertile after adjusting for covariates (online
supplementary table 3). The highest VAI tertile showed
a significant risk for incident CRC, compared with the
lowest tertile (HR: 3.98, 95% CI 1.76 to 9.01, p<0.001) in
women. The highest VAI tertile tended to be associated
with a risk for incident CRC, compared with the lowest
tertile in men (1.67, 0.92 to 3.24, p=0.091), although it
did not reach statistically significance.

DISCUSSION

In this retrospective cohort study of over 27000 Japanese
participants, we investigated the impact of VAI on inci-
dent CRC. Our study revealed that the risk of incident

Study flow diagram for the registration of participants. HDL, high-density lipoprotein; NAGALA, NAfld in the Gifu

CRC in the participants with the highest VAI group was
significantly higher than those with the other VAI groups.
VAL, calculated with BMI, HDL cholesterol, TG and WC,
was originally proposed as a diagnostic tool for cardiovas-
cular and cerebrovascular events,12 and some following
studies demonstrated the association between high VAI
score and incident cardiovascular disease,” ** type 2
diabetes' and hypertension.24 To our knowledge, the
present study is the first investigation to clarify the impact
of VAI on incident CRC.

Since VAI is associated with visceral fat accumula-
tion and dysfunction,12 some potential explanations
are proposed to support our findings. Several previous
studies reported the association between visceral fat
accumulation and CRC from the viewpoint of decreased
adiponectin,'” # * increased adipocytokines including
tumour necrosis factor —o and interleukin 6,27 2829 insulin
resistance” ' and oxidative stress.

First, adiponectin is reported to be negatively associ-
ated with visceral fat accumulation.'” * ** Sugiyama et al
demonstrated that adiponectin inhibits the growth of
CRC via AMPK/mTOR pathway.”’ In addition, Moon et
al reported that adiponectin administration suppressed
tumour growth and angiogenesis in tumours by regu-
lation of adenosine monophosphate-activated protein
kinase (AMPK)/S6, STAT3/vascular endothelial growth
factor (VEGF) and p21/p27/pb3/cyclins signalling
pathway.”" Therefore, adiponectin levels in the highest
VAI group might be lower than those in the other groups
and decreased antitumour effect due to low adiponectin
levels might increase the incident CRC.

Second, adipocytokines were also reported to be related
with the pathogenesis of CRC.* ® Tumour necrosis
factor-a. and interleukin 6 were revealed to elevate in
visceral fat obesity.” * Additionally, Gu et al’* reported
that VAl is positively associated with the levels of tumour
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Table 1 Clinical characteristics of participants and participants in three groups based on tertile of Visceral Adiposity Index
(VAI)

Total The lowest tertile The middle tertile The highest tertile

(n=27921) (VAI <0.58) (0.58 < VAl <1.15) (1.15 < VAI) P value
Sex, men/women 16434/11487 4119/5188 5408/3899 6907/2400 <0.001
Age, years 45.7 (10.1) 42.9 (9.7) 46.2 (10.2)* 48.0 9.7)t <0.001
BMI, kg/m? 22.6 (3.3) 20.8 (2.5) 22.4 (3.0) 24.5 (3.4)t <0.001
WC, cm 78.1 (9.6) 72.4(7.7) 77.7 (8.5)* 84.0 (8.7)"f <0.001
Ex-smoker 6185 (22.2) 1744 (18.8) 2087 (22.5) 2354 (25.4) <0.001
Current smoker 6921 (24.9) 1531 (16.5) 2200 (23.7) 3190 (34.4) <0.001
Regular exerciser 4984 (18.0) 1813 (19.6) 1698 (18.4) 1473 (15.9) <0.001
Light alcohol consumer 2984 (10.8) 942 (10.2) 1021 (11.1) 1021 (11.1) <0.001
Moderate alcohol consumer 2577 (9.3) 765 (8.3) 820 (8.9) 992 (10.8) <0.001
Heavy alcohol consumer 2198 (8.0) 560 (6.1) 661 (7.2) 977 (10.6) <0.001
Fasting plasma glucose, mmol/L 5.3 (0.7) 5.2 (0.4) 5.4 (0.8)" 5.7 (1.2)*t <0.001
HbA1c, % 5.3 (0.6) 5.2 (0.4) 5.3 (0.5)" 5.5 (0.8)*t1 <0.001
HbA1c, mmol/mol 34.6 (5.4) 33.2 (4.4) 34.3 (6.0) 36.3 (8.9)*t <0.001
Triglycerides, mmol/L 1.0 (0.9) 0.5(0.2) 0.8 (0.2) 1.8 (1.2t <0.001
Total cholesterol, mmol/L 5.2 (0.9) 4.9 (0.8) 5.1 (0.8)* 5.5 (0.9t <0.001
HDL cholesterol, mmol/L 1.4(0.4) 1.8(0.4) 1.4 (0.3)* 1.1 (0.2t <0.001
AST, IU/L 19.5 (9.7) 17.9 (8.3) 18.8 (7.6)* 21.7 (12.1)*t <0.001
ALT, IU/L 21.5(15.2) 16.8 (9.3) 20.1 (12.0)* 27.5 (20.1)*t <0.001
GGT, IU/L 23.6 (25.3) 17.3 (16.4) 21.9 (20.8)* 31.7 (33.3)"t <0.001
SBP, mm Hg 117.7 (16.4) 112.0 (14.8) 117.1 (16.0)* 124.0 (16.2)*t <0.001
DBP, mm Hg 73.6 (11.2) 69.5 (10.3) 73.3 (10.9)* 78.1 (10.8)*t <0.001
Colorectal cancer cases 116 (0.4) 23 (0.2) 33 (0.4) 60 (0.6) <0.001

Data are mean (SD) or number. P values by one-way analysis of variance for continuous variables and % test for categorical variables. The
analyses of continuous among four groups were performed by Tukey honestly significant difference (HSD) test.

*P<0.05 versus the lowest tertile.
1P<0.05 versus the middle tertile.

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; GGT, y-glutamyltransferase;
HbA1c, haemoglobin Alc; HDL, high-density lipoprotein; SBP, systolic blood pressure; WC, waist circumference.

necrosis factor-o, interleukin 6 and C-reactive protein. In
fact, C-reactive protein levels were positively associated
with VAI in this study (r=0.190, p<0.001 by Spearman’s
rank correlation coefficient). Inflammation of adipose
tissue is caused by macrophage infiltration which is
mediated by tumour necrosis factor-o. and interleukin
6, and causes dysregulation of the secretion of adipocy-
tokines, which leads to insulin resistance.?® % Moreover,
insulin resistance plays a key role in the pathogenesis of
CRC.* " Insulin resistance induces hyperinsulinaemia
and increases levels of insulin-like growth factors, which
activates PI3K/Akt/mTOR/S6K signalling pathway in
cancer.”” Moreover, several previous studies showed the
association between increased VAI and reduced insulin
sensitivity."” * Taken together, dysregulation of adipocy-
tokines and insulin resistance in the highest VAI group
reflecting visceral fat dysfunction may be associated with
incident CRC.

Lastly, the association between visceral fat adiposity
and oxidative stress has been reported® and the

association between oxidative stress and pathogenesis
of CRC via DNA damage and cancer progression has
been demonstrated by many groups.””™ Visceral fat
accumulation might cause oxidative stress, which prog-
ress cancer growth. Furthermore, oxidative stress was
reported to lead to insulin resistance by upregulation
of genes involved in sterol regulatory element binding
protein lc-related fatty acid synthesis and peroxisome
proliferator-activated receptor alpha-related fatty acid
oxidation,” ** which is different pathway from dysreg-
ulation of adipocytokines, and might induce cancer
progression.

The strengths of our study include using the stan-
dardised questionnaire for lifestyle factors,” and the
relatively large population-based longitudinal research.
Our study also has some limitations. First, we did not
perform colonoscopy to all participants. In addition,
the proportion of the participants who received further
examinations out of the participants whose faecal
occult tests were positive was approximately only 50%.
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Table 2 Cox proportional hazards for incident colorectal cancer

Model 1 Model 2
Colorectal caner (case/n) HR (95% CI) P value HR (95% Cl) P value
VAI - - - -
The lowest tertile 23/9307 1.00 (reference) - 1.00 (reference) -
The middle tertile 33/9303 1.30 (0.76 to 2.28) 0.338 1.14 (0.65 to 1.99) 0.646
The highest tertile 60/3903 2.41(1.50t04.02) <0.001 1.78(1.05to0 3.02) 0.032
Men 1.41 (0.81 to 2.45) 0.220
Age, years 1.07 (1.05t0 1.09) <0.001
Non-smoker 1.00 (reference) -
Ex-smoker 1.43 (0.81 to 2.52) 0.213
Current smoker 1.49 (0.85 to 2.62) 0.167
Non-alcohol consumer 1.00 (reference) -
Light alcohol consumer 1.37 (0.80 to 2.33) 0.253
Moderate alcohol consumer 1.80 (0.99 to 3.25) 0.052
Heavy alcohol consumer 2.42 (1.34 to 4.35) 0.003
Non-regular exerciser 1.00 (reference) -
Regular exerciser 0.82 (0.74 to 2.01) 0.446
SBP, mm Hg 0.99 (0.99 to 1.01) 0.892

Exercise was defined as non-regular exerciser (0) or regular exerciser (1), smoking status was defined as non-smoker (0), ex-smoker (1)
or current smoker (2), and alcohol consumption was defined as no or minimal alcohol consumer (0), light alcohol consumer (1), moderate
alcohol consumer (2) and heavy alcohol consumer (3). Model 1 was unadjusted. Model 2 was adjusted for sex, age, smoking status, alcohol

consumption, exercise and systolic blood pressure (SBP).
VA, Visceral Adiposity Index.

0.015
)
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; === The middle
bt — - The highest I
c
§ 0.010
o
£
o
2
4]
& 0.005
E
£
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o
0.000 |
0 1000 2000 3000 4000
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size Days after first visit
The lowest 9,305 4,980 3,070 1,887 975
The middle 9,306 5,227 3,507 2,220 1,220
The highest 9,305 5,188 3,492 2,254 1,222

Figure 2 Kaplan-Meier analysis of incident colorectal
cancer (CRC). Log-rank tests were used to determine the
association among the Visceral Adiposity Index tertiles.
Bonferroni correction was performed to correct familiar
error, and a p value <0.0083 was considered significant.
Compared with the lowest tertile, the highest tertile showed
a significantly higher risk of incident CRC (p<0.001), and the
middle tertile did not (p=0.562). Compared with the middle
tertile, the highest tertile did not show a significantly higher
risk of incident CRC (p=0.122).

Therefore, there was a possibility that the number of
incident CRC was underestimated. However, CRC inci-
dence available for all generations in Japan is 0.2%*;
on the other hand, that in this study is 0.4%. Therefore,
underestimation of incident CRC might be smaller
than expected. Additionally, in this cohort, re-exam-
ination rate was 70 %; therefore, the possibility that
the incidence of CRC is included in the follow-up loss
cannot be ruled out. Second, we did not have the data
of invasion depth or histopathological type of CRC.
If we had the data, we could analyse from a different
perspective. Third, we did not have the data of plasma
insulin concentration to evaluate insulin resistance
such as homeostasis model assessment insulin resis-
tance, which might determine the relation between VAI
and insulin resistance in the development of CRC more
accurately. Fourth, we had a limited ability to examine
different levels of physical activity on incident CRC.
In addition, we did not have the data of diet. Dietary
habits such as red meat, processed meat, fibre, calcium,
vitamin D, were reported to be risk for incident CRC.
If we can evaluate the frequency and intensity of exer-
cise or dietary habit, more accurate analysis would be
possible. If we can evaluate the frequency and intensity
of exercise, more accurate analysis would be possible.
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Lastly, the generalisability of our study to non-Japanese
populations is uncertain.

In conclusion, we have shown that VAI could be a
predictor of incident CRC. For early detection of CRC,
we should encourage people with high VAI to undergo
screening for CRC.
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