4.37(1.49-12.81)THY, A EREEEZRLIZ, Ll
—J5°C, Ffin, Hpylori JE&¥7e CBEAIDOER T
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b, MERIEEE I E B L U oz,

D. B
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7% H.pylori BGu2 & DER EE DAL DERE (n=1,368)

Coefficient | FAXHEMRE* | 95% 15 #8 X [#] | 95%15 #8H X [

TR BR

LRI 0.0547 1.06 (NS) 0.99 1.13

108 7 JEE 1.6718 5.32 1.92 14.74

BIfERE, <20 A/H 0.8914 2.44 (NS) 0.70 8.44

BAEME, >20 &/H 1.3902 4.02 1.63 9.45

B DA DFHEE 0.8481 2.34 1.00 5.45

H. pylori %%k 0.7705 2.16 (NS) 0.51 9.23

FEHEIEE K 1.4745 4.37 1.49 12.81

* B UMIHHIE,
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# 1. XBEOKE

B A FEDS At R
Overall 697 % 1,372 %
{2 B 521 74.7 1,028 74.9
M 176 25.3 344 25. 1
Fn <40 34 4.9 146 10. 6
40-49 72 10.3 154 11.2
5059 245 36.2 429 31.3
60-69 210 30.1 435 31.7
>70 136 19.5 208 15. 2
WUEE FRERE 222 3.9 538 39.2
18 75 B 181 26 403 29. 4
B EMELE 294 42.2 430 31.3
Pack-years
FEMRJE 222 3.9 539 39.3
<20 99 14.2 286 20.9
<40 160 23.0 272 19.8
<60 117 16.8 153 11.2
60 or more 92 13.2 113 8.2
il FEEE 228 32.7 452 32.9
B ARTE 167 24.0 412 30.0
& BEARE 159 22.8 316 23.0
= EE KIS 132 18.9 177 12.9
B3 - R 3 i
BIK (<114. 0 g/day) 263 37.7 446 32.5
5 (<199. 96 g/day) 208 29.8 445 32.4
55 (>199.96 g/day) 209 30 445 32. 4
B B A DK IEIE
FY 153 22 239 17. 4
mL 544 78 1133 82.6
Helicobacter pylori 1gG HiiAfa%s
[ 4 124 17.8 628 45. 8
Re itk 573 82.2  T44 54. 2
Ry ) =P L B EEEROFE
[E3 262 37.6 893 128.1
Bt 434 62.3 479 68. 7
0 1 0.1 0 0
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#2. fKIELALDH? B FRIE B BRAURT DR

G¢

5L 1%1 E5 )L 2 %2 EF)L 3 %3
Case _ Control OR(95%CD)*2 OR(95%CI)*2 OR(95%CI)*2
BRIIR T
FEEKIE 228 452 Reference Reference Reference
2% B AR 167 412 0.81 (0.63-1.04) 0.89 (0.67-1.17) 1.04 (0.77-1.40)
H & EEAE 159 316 1.03 (0.79-1.34) 0.92 (0.68-1.24) 1.15 (0.82-1.61)
e BE AR 132 177 1.52 (1.14-2.04) 1.29 (0.92-1.80) 1.72 (1.17-2.52)
s 11 15
ALDH2 BT *4
Glu/Glu 310 683 Reference Reference Reference
Lys+ 386 689 1.24 (1.03-1.49) 1.27 (1.04-1.56) 1.42 (1.13-1.79)
Glu/Lys 323 580 1.23 (1.02-1.49) 1.25 (1.01-1.54) 1.40 (1.11-1.76)
Lys/Lys 63 109 1.27 (0.91-1.78) 1.42 (0.98-2.08) 1.73 (1.12-2.68)

*]1 Crude ORs by the conditional logistic regression model.

%2 ORs were calculated by a conditional logistic regression model adjusted for pack—years of smoking, fruit and vegetable intake, family history
of gastric cancer, gastric atrophy defined by serological pepsinogen testing, and Helicobacter pylori status.

*3 ORs were calculated by unconditional logistic regression model adjusted for age, sex, pack—years of smoking, fruit and vegetable intake,
family history of gastric cancer, gastric atrophy defined by serological pepsinogen testing, Helicobacter pylori status, levels of drinking, and
ALDH?Z genotypes.

*4 One case was excluded because ALDH2 genotype was not defined.



9¢

#3. ERAVRYLERIE - ALDH2 B TF RIS DR HE

ALDH2 Glu/Glu ALDH2 Lys+
BRI R JE]  KIHE  OR(95%CD*2 FEG] i OR(95%CD*2 R HAEHP
FEARTE 49 112 Reference 179 340 1.24 (0.82-1.90)  0.0054
B B AR 87 208 1.07 (0.67-1.70) 80 204 1.03 (0.63-1.67)
Hh 4 B AR 79 208 0.89 (0.54-1.44) 80 108 1.57 (0.94-2.64)
e EE AR 87 145 1.28 (0.77-2.12) 44 32 3.03 (1.59-5.79)
R 8 10 3 5

*]1 One case was excluded because ALDH2 genotype was not defined.
*2 ORs were calculated by an unconditional logistic regression model adjusted for age, sex, pack—years of smoking,

fruit and vegetable intake, family history of gastric cancer, gastric atropy defined by serological pepsinogen testing, and Helicobacter pylori

status.



Le

£ 4. FEPARTREITBITHALDH? BEFEILEIEEOM GO L, MM S ROBHE

Overall Combined with ALDH2 genotype
ALDH2 Glu/Glu ALDH2 Lys+
AG non—AG OR(95%CD#*2 AG non—AG OR(95%CID)#*2 AG non—-AG OR(95%CID)*2

FEAKIE 163 289 Reference 39 73 Reference 124 216 1.65 (0.92-2.93)
R RE K 128 284 0.99 (0.68-1.44) 68 140 1.71 (0.90-3.25) 60 144 1.27 (0.66-2.44)
W4 BT 119 197 1.20 (0.81-1.79) 76 132 1.67 (0.88-3.17) 43 65 2.10 (1.00-4.41)
e EEAKIE 66 111 1.19 (0.73-1.92) 51 94 1.48 (0.74-2.98) 15 17 4.50 (1.51-13.43)
TEE 3 12 1 9 2 3

*1 One case was excluded because ALDH2 genotype was not defined.

*2 ORs were calculated by an unconditional logistic regression model adjusted for age, sex, pack—years of smoking, fruit and vegetable intake,

family history of gastric cancer, and Helicobacter pylori status
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Insulin resistance and cancer:
epidemiological evidence
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Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
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Abstract

Epidemiological research into insulin resistance has focused on excess body weight, type 2
diabetes mellitus (DM), physical activity, and coffee consumption. These common modifiable
factors have also been suggested to play a role in the process of carcinogenesis via associations
with insulin resistance. Findings of systematic literature reviews and meta-analyses have
generally supported an association between excess body weight and DM with an increased risk
of colon cancer in males, and of liver, pancreatic, and endometrial cancers. Inverse relationships
between these cancers and physical activity and coffee consumption have been shown, both of
which are known to reduce the risk of DM. Interventions directed at or involving these variables
should contribute to decreasing the risk of insulin resistance-associated cancer.

Endocrine-Related Cancer (2012) 19 F1-F8

Introduction

A substantial body of epidemiological evidence over
recent decades has suggested a positive link between
excess bodyweight and type 2 diabetes mellitus (DM) and
many types of cancer. Studies have also suggested an
inverse association between these cancers and physical
activity and coffee consumption, both of which are
suggested to decrease the risk of DM. These findings
share the common keyword ‘insulin resistance’, and each
factor plays a role in the carcinogenic process via this
condition (Tsugane & Inoue 2010). Various recent
systematic reviews and meta-analyses have helped
establish the quantitative evaluation of these associations.
Here, we review epidemiological evidence for the
association between factors involved in insulin resistance
and cancer risk, with a focus on the four factors commonly
targeted in epidemiological research, namely excess body
weight, DM, physical activity, and coffee consumption.
Further, we summarize several possible mechanisms of
insulin resistance-associated carcinogenesis.

Risk factors related to insulin resistance
and cancer

Excess body weight and cancer risk

In its second report, the World Cancer Research
Fund/American Institute for Cancer Research

Endocrine-Related Cancer (2012) 19 F1-F8

1351-0088/12/019-F1 © 2012 Society for Endocrinology Printed in Great Britain
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(WCRF report 2007) assessed causal link between
several factors and individual cancers using systematic
reviews of epidemiological evidence, and also
interpretations of relevant mechanisms and animal
experimental data (WCRF/AICR 2007). This report
states that excess body weight convincingly increases
the risk of esophageal adenocarcinoma, colorectal
cancer, pancreatic cancer, postmenopausal breast
cancer, endometrial cancer, and kidney cancer.
Further, it probably increases the risk of gallbladder
cancer, and possibly increases the risk of liver cancer.
The WCRF report also indicates that increased
abdominal fatness, as assessed by waist circumference
and/or waist-hip ratio, confers a convincing increase in
the risk of colorectal cancer, as well as a probable
increase in risk of pancreatic cancer, postmenopausal
breast cancer, and endometrial cancer. As shown in
Table 1, meta-analysis of a number of cohort studies
from North America, Europe, Australia, and Asia-
Pacific, with geometric mean follow-up periods from
8.4 years (breast cancer) to 14.4 years (multiple
myeloma) (Renehan et al. 2008b), showed the
magnitude of risk with a 5kg/m” increase in body
mass index (BMI) greater for esophageal adenocarci-
noma (relative risk (RR)=1.5); and cancers of thyroid
(RR=1.3), colon (RR=1.2), kidney (RR=1.2), and
liver (RR=1.2) in men; and for endometrial cancer

DOI: 10.1530/ERC-12-0142
Online version via http://www.endocrinology-journals.org
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Table 1 Summary results from recent meta-analyses of the association between factors related to insulin resistance and cancer risk

Excess body weight (per 5 kg/m? increase of BMI)

Type 2 diabetes Pysical activity Coffee consumption
Men Women (diabetes vs nondiabetes) (highest vs lowest) (highest vs lowest)
Number
of Number of Number of Number of Number of
studies studies studies studies studies

Cancer site SRR (95%Cl) (CH/CC) SRR (95%Cl) (CH/CC) Ref. SRR  (95% Cl) (CH/CC) Ref. SSR (95% Cl) (CH/CC) Ref. SRR (95% CI) (CH/CC) Ref.
Oral pharynx 0.64 (0.51-0.80) 9 (1/8) [19]
Esophageal 0.71 (0.60-0.85) 3 0.57 (0.47-0.69) 2 [1] 1.30 (1.12-1.50) 17 (11/6) 2] 0.87 (0.65~1.17) 7 (1/6) [19]

squamous cell

carcinoma
Esophageal 1.52 (1.33-1.74) 5 151 (1.31-1.74) 3 1 1.18 (0.81-1.71) 3 (0/3) [19]

adenocarcino-

ma
Stomach 0.97 (0.88-1.06) 8 1.04 (0.90-1.20) 5 1 1.01 (0.90-1.11) 10 (10/0) [3]
Colorectum 1.26 (1.20-1.31) 24 (16/8) [4]
Colon 1.24 (1.20-1.28) 22 1.09 (1.05-1.13) 19 [ 0.76 (0.72-0.81) 52 (28/24) [14] 0.90 (0.78-1.04) 11 (11/0) [20]
Rectum 1.09 (1.06-1.12) 18 1.02 (1.00-1.05) 14 ] 0.98 (0.80-1.20) 10 (10/0) [20]
Liver 1.24 (0.95-1.62) 4 1.07 (1.00-2.08) 1 [1] 231 (1.87-2.84) 49 (32/17) 5] 0.45 (0.38-0.53) 10 (4/6) [21]
Biliary tract 1.09 (0.99-1.21) 4 159 (1.02-2.47) 2 [1] 1.43 (1.18-1.72) 21 (13/8) [6]
Pancreas 1.07 (0.93-1.23) 12 112 (1.02-1.22) 11 [1] 1.94 (1.66-2.27) 35 (35/0) 7] 072 (0.52-0.99) 5 (5/0) [15] 113 (0.99-1.29) 54 (17/37) [22]
Lung 0.76 (0.70-0.83) 11 0.80 (0.66-0.97) 6 [1] 0.70 (0.62-0.79) 11 (8/3) [16] 1.27 (1.04-1.54) 13 (5/8) [23]
Malignant 1.17  (1.05-1.30) 6 0.96 (0.92-1.01) 5 [1]

melanoma
Breast 1.20 (1.12-1.28) 20 (15/5) [8] 0.95 (0.90-1.00) 18 (9/9) [24]
Postmenopausal 112 (1.08-1.16) 31 [1]

breast
Premenopausal 0.92 (0.88-0.97) 20 1]

breast
Endometrium 1.59 (1.50-1.68) 19 [1] 210 (1.75-2.53) 16 (3/13) [9] 0.71 (0.62-0.81) 16 (6/10) [25]
Ovary 1.03 (0.99-1.08) 13 1] 0.81 (0.72-0.92) 13 (6/7) [17]
Prostate 1.08  (1.00-1.07) 27 1] 0.84 (0.76-0.93) 19 (12/7) [10] 0.90 (0.84-0.95) 43 (19/24) [18] 1.16 (1.01-1.33) 12 (4/8) [26]
Kidney 1.24  (1.15-1.34) 11 1.34 (1.25-1.43) 12 1] 142 (1.06-1.91) 9 (9/0) [11]
Bladder 1.24  (1.08-1.42) 16 (9/7) [12]
Thyroid 1.33 (1.04-1.70) 4 1.14  (1.06-1.23) 3 1]
Non-Hodgkin’s 1.06 (1.03-1.09) 6 1.07 (1.00-1.14) 7 11 1.19 (1.04-1.35) 16 (5/11) [13]

lymphoma
Multiple myeloma  1.11  (1.05-1.18) 7 111 (1.07-1.15) 6 [1]
Leukemia 1.08 (1.02-1.14) 7 117 (1.04-1.32) 7 11

Sources: Ref., references: [1] Renehan et al. (2008b), [2] Huang et al. (2012), [3] Marimuthu et al. (2011), [4] Deng et al. (2012), [5] Wang et al. (2012), [6] Ren et al. (2011),
[7] Ben et al. (2011), [8] Larsson et al. (2007), [9] Friberg et al (2007), [10] Kasper & Giovannucci (2006), [11] Larsson & Wolk (2011), [12] Larsson et al. (2006), [13] Mitri
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(RR=1.6), gallbladder cancer (RR=1.6), esophageal
adenocarcinoma (RR = 1.5), and kidney cancer (RR=
1.3) in women. A statistically significant sex difference
has been observed for the risk of colon cancer, for
which the RR was 1.1 in women. In that study, the
duration of follow-up or the mean age at baseline had
little effect on the positive association between BMI
and cancer, and populations in the Asia-Pacific regions
showed a stronger association with breast cancer,
independently of menopausal status. Since then, two
pooled analyses of over one million Caucasian
(Berrington de Gonzalez et al. 2010) and Asian
subjects (Zheng et al. 2011) reported an increased
risk of cancer mortality with increased BMI in both
white and East Asian populations, but not in Indian or
Bangladeshi populations. No good explanation for this
difference has appeared, but it is suggested that the lack
of association in these two populations may be partly
due to confounding by socioeconomic status; namely,
subjects with a high BMI in less developed countries
are more likely to have a high socioeconomic status
and thus better access to health care.

In the United States, the population attributable
fraction of excess body weight (BMI > 25 kg/m?) has
been estimated at 4% of male and 14% of female total
cancer deaths (Calle et al. 2003), and in Europe at 3%
of male and 4% of female total cancer incidence in
2002, and 3 and 9% in 2008 respectively (Renehan
et al. 2010). In comparison, Japanese estimates for
2005 indicate that excess body weight was responsible
for <1% of male and 1-2% of female cancer incidence
and mortality (Inoue et al. 2011).

Type 2 DM and cancer risk

Accumulating epidemiological evidence over decades
supports a positive link between DM and site-specific
cancers in different populations, which are unrelated to
excess body weight. Recent systematic reviews and
meta-analyses in both Western and Asian populations
showed a strong positive association for DM and
pancreatic cancer (RR=1.8-1.9; Huxley et al. 2005,
Ben et al. 2011), hepatocellular carcinoma (RR=2.3;
Wang et al. 2012), and endometrial cancer (RR=2.1;
Friberg er al. 2007), while weaker but nevertheless
positive links were seen for kidney (RR=1.4; Larsson
& Wolk 2011), biliary tract (RR=1.4; Ren et al.
2011), bladder (RR=1.2; Larsson et al. 2006),
colorectal (RR=1.3; Deng et al. 2012), esophageal
(RR=1.3; Huang er al. 2012), and breast cancers
(RR=1.2; Larsson et al. 2007), and also non-
Hodgkin’s lymphoma (RR=1.2; Mitri et al. 2008).
By comparison, an inverse association was reported for
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prostate cancer (RR=0.8; Kasper & Giovannucci
2006; Table 1). Links with other types of cancer, less
common than those consistently associated with DM,
have been unclear due to limited evidence and have yet
to be elucidated.

Possible mechanism for the link between excess
body weight, DM, and cancer

The mechanism by which excess body weight
increases cancer risk is possibly explained by insulin
and insulin-like growth factor (IGF), sex steroids, and
adipokines, which are connected through insulin (Calle
& Kaaks 2004, Renehan et al. 2008a). Their roles
might differ among cancer types.

A chronic excess body weight condition increases
production of free fatty acids, cytokines such as tumor
necrosis factor-o. and interleukin 6, and leptin from
adipose tissue, while it decreases adiponectin pro-
duction, which together lead to the development of
insulin resistance and chronic hyperinsulinemia (Calle
& Kaaks 2004, Gallagher & LeRoith 2010). Chronic
hyperinsulinemia decreases IGF-binding protein 1
(IGFBP1) and IGFBP2 concentrations in blood and
other local tissues, which results in an increase in
bioavailable free IGF1. Circulating total IGF1, a major
element of free IGF1, increases the risk of colorectal,
prostate, and premenopausal breast cancers. The sex
difference in colorectal cancer risk might be partly
explained by the higher concentration of circulating
total IGF1 in men than in women (Juul et al. 1994,
Renehan et al. 2008b).

The increased risk for breast cancer in postmeno-
pausal women might be accounted for by the increased
conversion of precursors of androgens to estradiol (E,)
via increased activity of aromatase enzyme in adipose
tissue (Key & Verkasalo 1999). With regard to
endometrial cancer, elevated E, leads to an increase
in endometrial cell proliferation and inhibition of
apoptosis (Graham & Clarke 1997, Calle & Kaaks
2004), simultaneously it also stimulates local IGF1
synthesis in the endometrium (Murphy 1994). More-
over, chronic hyperinsulinemia might promote
carcinogenesis in tissues which are sensitive to
estrogen by reducing sex-hormone-binding globulin
concentrations in blood, as well as by increasing
bioavailable estrogen (Calle & Kaaks 2004). In men,
adiposity and testosterone concentration are inversely
associated (Derby et al. 2006), whereas in women, they
have a positive association (Key er al. 2003). This
difference might explain sex differences in the
association between BMI and cancer risk.
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Adipokines are mainly produced from adipose
tissue. The most abundant adipokines are leptin and
adiponectin, which are implicated as mediators of the
effects of obesity on cancer development. Leptin is
secreted from adipocytes and involved in appetite
control and energy metabolism. Circulating levels of
this factor are high in obese conditions. Epidemiolo-
gical studies suggest an association between circulat-
ing leptin levels and cancer progression, with the
strongest link for colon, prostate, and breast cancers
(Hursting & Berger 2010). Adiponectin is produced by
adipocytes and involved in the regulation of carbo-
hydrate and lipid metabolism, and insulin sensitivity.
In contrast to other adipokines, plasma levels of
adiponectin are decreased in response to several
metabolic impairments, including DM, dyslipidemia,
and extreme obesity. Plasma concentration of adipo-
nectin shows an inverse association with excess body
weight (Renehan er al. 2006), and levels are
substantially higher in women than in men. The anti-
angiogenic and anti-inflammatory activities of this
agent may inhibit tumor growth (Barb et al. 2007).

While the association between DM and cancer differs
among different cancer types, several mechanisms for
the association have been hypothesized to date, such as
the effect of hyperglycemia or insulin resistance and
endogenous hyperinsulinemia (Giovannucci et al.
2010). In addition, excess body weight increases the
risk of DM, which in the early stages is characterized by
insulin resistance, followed by subsequent hyperinsu-
linemia (Tabak ef al. 2009) before the development of
hyperglycemia. Moreover, hyperinsulinemia may pro-
mote tumor cell growth directly via insulin receptors
(Giovannucci er al. 2010). However, the association
between DM and cancer may be partly due to shared risk
factors between the two diseases, such as excess body
weight, physical activity, smoking, and so on. Also,
whether DM is associated with both cancer incidence
and prognosis/mortality remains to be solved, and the
answer may influence the screening and treatment
strategies of both diseases.

Protective factors associated with insulin
resistance and cancer

Physical activity and cancer risk

Substantial evidence supports an inverse association
between physical activity and cancer risk at several
sites, and physical activity is now regarded as an
important cancer prevention target. The second
WCRF/AICR report concluded that all types of
physical activity (occupational, household, transport,

F4

and recreational) convincingly decrease the risk of
colon cancer, and probably also reduce the risk of
postmenopausal breast cancer and endometrial cancer,
either in association with excess body weight or
independent of it (WCRF/AICR 2007). Evidence for
a decrease in risk for lung, pancreatic, and premeno-
pausal breast cancers is limited. Meta-analysis has
been limited due to difficulty in harmonizing the
physical activity measures used by each study. In
contrast, several recent meta-analyses reported inverse
associations between physical activity and colon
(RR=0.8; Wolin et al. 2009), pancreas (RR=0.7;
O’Rorke et al. 2010), lung (RR=0.7; Tardon et al.
2005), ovary (RR=0.8; Olsen et al. 2007), and
prostate cancers (RR=0.9; Liu et al. 2011; Table 1).
The recent systematic review with meta-analysis by
Jeon et al. (2007) showed that regular physical activity
of moderate intensity produced a substantial decrease
in the risk of DM (RR=0.7) independently of
excessive body weight.

A variety of mechanisms have been put forward to
explain the association of physical activity for these
cancers, including changes in insulin and IGF or sex
hormones, immune modulation, alterations in free
radical generation, and changes in body weight. Direct
effects on these cancers have also been proposed (Lee
2003, Westerlind 2003). Exercise increases insulin
sensitivity and reduces fasting insulin and C-peptide
levels (Regensteiner et al. 1991), thereby improving
insulin resistance. Physical activity appears to lower
the levels of biologically available sex hormones,
which could lead to decreased risk of hormone-related
cancers such as the breast, endometrium, ovary, and
prostate. Physical activity also induces increases in
antitumor immune defenses by increasing the number
and activity of macrophages, lymphokine-activated
killer cells, and their regulating cytokines. Strenuous
exercise increases the production of free radicals,
whereas chronic exercise improves free radical
defenses by upregulating the activities of free
scavenger enzymes and antioxidant levels. Physical
activity prevents cancer development through a
reduction in abdominal fat mass (Friedenreich &
Orenstein 2002). Overall, there appears to be a wide
variety of potential mechanisms, and it is unknown to
what degree the pathway between physical activity and
cancer is attributable to insulin resistance. Also, even
though physical activity has benefit in reducing the risk
of cancer, an optimal level of physical activity to
prevent or promote cancer remains to be elucidated.
Nevertheless, it is reasonable to suggest that moderate
but not strenuous physical activity potentially reduces
the risk of cancer by improving insulin resistance.
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Coffee consumption and cancer risk

The second WCRF/AICR report in 2007
(WCRF/AICR 2007) reviewed the association between
coffee and risk for pancreatic and kidney cancers.
While the effect of coffee on cancer risk remains
controversial, many epidemiological studies have
reported a strong protective effect in hepatocellular
carcinoma and endometrial cancer (Arab 2010). A
meta-analysis supported the association between coffee
consumption and risk reduction in liver (RR=0.54;
Bravi et al. 2007) and endometrial cancers (RR=0.71;
Je & Giovannucci 2011; Table 1), while a borderline
protective effect was also shown for colon cancer. This
effect was stronger in women (RR =0.79) than in men
(RR=1.00), particularly in Japanese populations
(RR=0.62), although a plausible explanation for this
sex difference deserves further investigation (Je er al.
2009). A recently large-scale prospective study in the
US reported a null association for total cancer mortality
(Freedman et al. 2012), which suggests that the effect
of coffee varies by cancer site, likely depending on
whether it is associated with insulin resistance or not.

The favorable effects of coffee intake on carcino-
genesis are suggested to result from three predominant
constituents, namely chlorogenic acid, caffeine, and
diterpenes. Chlorogenic acid, a potent antioxidant and
inhibitor of glucose-6-phosphate translocase in the
liver, reduces gluconeogenesis and inflammation in the
liver and the glucose absorption in the gut, which leads
to an improvement in insulin resistance by elevating
insulin sensitivity (Tunnicliffe & Shearer 2008). This
effect may not be in conflict with the finding that higher
coffee intake is related to lower postload glucose
concentrations, rather than to fasting concentrations
(van Dam et al. 2004, Yamaji et al. 2004). Like
chlorogenic and caffeic acid, coffee diterpenes in
coffee oil, such as cafestol and kahweol, might also
decrease mutagenesis, tumorigenesis, and the geno-
toxicity of carcinogens, and also decrease DNA adduct
formation.

Recent studies provide evidence that coffee has a
protective effect against DM (van Dam & Hu 2005)
and various cancers. Acute caffeine ingestion
decreases glucose disposal (Greer et al. 2001, Keijzers
et al. 2002, Lee et al. 2005). Meanwhile, US studies
show that decaffeinated coffee decreases the risk of
DM, and a cross-sectional analysis showed that coffee
had a stronger inverse association with hyperglycemia
than caffeine (Isogawa et al. 2003). Coffee constituents
other than caffeine might thus also have favorable
effects on DM. Perhaps, importantly, coffee is also rich
in magnesium, which has known to improve insulin
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sensitivity and insulin secretion (Larsson & Wolk
2007).

This large body of evidence, along with biological
plausibility, indicates that coffee consumption has a
protective effect against insulin resistance, and may
decrease the risk of colon, liver, pancreatic and
endometrial cancers associated with DM.

Conclusion

A substantial body of epidemiological evidence leaves
little doubt that insulin resistance is an important factor
in the development of cancer at various sites, including
colon, liver, pancreas, and endometrium. The factors
covered in this review — excess body weight, DM,
physical activity, and coffee consumption — play a role
in the carcinogenic process through their association
with insulin resistance. Interventions based around
these factors should accordingly help decrease the risk
of insulin resistance-associated cancer.
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Abstract

Evidence has shown that both C-reactive protein (CRP) and serum amyloid component A (SAA) are increased in individuals with gastritis
and stomach cancer. Controlling the level of these biomarkers by inhibiting the gastric infection with high doses of ascorbic acid may
reduce the risk of carcinogenesis. A population-based double-blind randomised controlled trial in a Japanese population with atrophic
gastritis in an area of high stomach cancer incidence was conducted between 1995 and 2000. Daily doses of 50 or 500 mg vitamin C
were given, and 120 and 124 participants completed the 5-year study, respectively. Although serum ascorbic acid was higher in the
high-dosage group (173 (sD 0-46) wg/D than in the low-dosage group (1-49 (sD 0-29) pg/1, P<0-001), at the end of the study, no significant
difference was observed for CRP between the low- and high-dosage groups (0-39 (95% CI 0-04, 4-19) mg/l and 0-38 (95% CI 0-03,
4-31)mg/, respectively; P=0-63) or for SAA between the low- and high-dosage groups (3:94 (95% CI 1:04, 14-84) pg/ml and 3-85 (95%
CI 099, 14-92) wg/ml, respectively; P=0-61). Vitamin C supplementation may not have a strong effect on reducing infections in individuals
with atrophic gastritis.

Key words: Ascorbic acid: C-reactive protein: Serum amyloid component A: Atrophic gastritis

Chronic gastritis, caused by Helicobacter pylori infection, is an A population-based double-blind randomised controlled
early-stage precursor for gastric adenocarcinoma™?. How- trial in a Japanese population with gastritis in an area of
ever, gastric carcinogenesis may result from a combination high stomach cancer incidence was conducted between
of factors, particularly in individuals who react strongly to 1995 and 2000, with the aim of examining the effect of vitamin
inflammation or demonstrate a strong immune response®. C supplementation on the primary prevention of gastric
C-reactive protein (CRP) and serum amyloid component A cancer®!P. We report the impact of vitamin C supplemen-
(SAA) are acute-phase inflammatory reactants in the human tation on CRP and SAA status in trial subjects at the end of
body that increase in parallel®®. Evidence has shown that the 5-year period.

both CRP and SAA are increased in individuals with gastritis

and stomach cancer®>®. Vitamin C has been suggested to Materials and methods

have roles in inhibiting the growth of H. pylori, inhibiting

intragastric formation of nitrosamines and regulating the Study participants

immune response”’ . Controlling the level of these bio- The trial was initially intended to examine the effects of sup-
markers may reduce the risk of carcinogenesis in the stomach. plementation with B-carotene (0 or 15mg/d) and vitamin C
Therefore, we hypothesise that a high serum level of ascorbic (50 or 500 mg/d) on the incidence of gastric cancer, whereby
acid may reduce stomach cancer risk via control of the inflam- participants were randomised in a double-blind manner to
matory markers CRP and SAA. one of four groups by using a 2 X 2 factorjal design. A total

Abbreviations: CRP, C-reactive protein; PG, pepsinogen; SAA, serum amyloid component A.
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