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ABSTRACT

Introduction 1,5-Anhydroglucitol (1,5-AG) is a biomarker
of glucose spikes. To evaluate the effect of acute glucose
excursions on cancer death, we clarified the association
between 1,5-AG and cancer mortality among Japanese
individuals with normal glucose tolerance.
Research design and methods We measured 1,5-AG in
6783 (2842 men, 3941 women) individuals with normal
fasting and 2-hour plasma glucose who received a 75 g
oral glucose tolerance test between 1994 and 2012. They
were followed for mortality until August 2013. A systematic
review of death certificates was used to confirm the cause
of death. We divided the participants into four groups
according to the quartile of 1,5-AG level at registration.
We used Cox regression to clarify the association between
1,5-AG levels and cancer mortality with multivariate
adjustment for possible confounders.
Results During the follow-up period (median, 10.0 years),
140 men and 109 women died of cancer. The HR for
cancer mortality of the lowest quartile group was higher
than that of the highest quartile group in men (HR, 2.62;
95% CI, 1.60 to 4.41) and in women (HR, 1.47; 95% CI,
0.88 to 2.47). These associations were not attenuated with
further adjustment for HbA1c.
Conclusions 1,5-AG was associated with high risk of
cancer mortality in Japanese men after adjustment for
HbA1c.

INTRODUCTION
Individuals with type 2 diabetes have high risk
of cancer and cancer mortality. The association between diabetes and cancer risk is not
fully understood; however, hyperglycemia as
well as hyperinsulinemia and chronic inflammation may be involved. Hyperglycemia
promotes oxidative stress in the presence
of mitochondrial glucose oxidation,1 and
high oxidative stress causes DNA damage.2
Furthermore, there may be a cascade of
events that proceeds hyperglycemia from
increased oxidative stress to DNA modifications/mutations resulting in a high incidence
of cancer.1 3 4
Compared with sustained hyperglycemia,
acute glucose excursions cause more oxidative stress.5 6 In addition, in normal subjects,

Significance of this study
What is already known about this subject?
►► Compared with sustained hyperglycemia, acute glu-

cose excursions (glucose spike) cause more oxidative stress.
►► 1,5-Anhydroglucitol (1,5-AG) is a marker of glucose
spikes.

What are the new findings?
►► 1,5-AG level was associated with increased cancer

mortality in Japanese men with normal glucose tolerance after adjustment for glycated hemoglobin.

How might these results change the focus of
research or clinical practice?
►► 1,5-AG may be a useful indicator for cancer mortality.
►► To reduce cancer mortality, it may be important to

modify lifestyle for the prevention of glucose spike
after meal.

glucose oscillations results in increased endothelial dysfunction and oxidative stress.7
1,5-
Anhydroglucitol (1,5-
AG) is inversely
associated with hyperglycemia and is thought
to be a useful indicator of glucose peaks over a
short term.8 9 Levels of 1,5-AG are more indicative of short-term glycemic status compared
with levels of glycated hemoglobin (HbA1c).
Moreover, 1,5-AG level reflects postprandial
hyperglycemia and glycemic variability, which
are not possible by HbA1c measurements.9 10
Therefore, we hypothesized that low levels
of 1,5-AG, a marker of acute glucose excursion (glucose spike), is able to predict long-
term cancer mortality among individuals with
normal glucose tolerance (NGT).
RESEARCH DESIGN AND METHODS
Data sources
We examined Japanese individuals living in
Hiroshima City, having a fixed population of
atomic bomb survivors, who were born before
May 1946 and received health examinations
according to Japanese medical laws.11
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Study subjects
A total of 12 840 men and women who had not been diagnosed with diabetes underwent a health examination as
well as a 75 g oral glucose tolerance test (75 g OGTT)
between 1994 and 2012. We excluded 114 men and
women who were within 1 km from the hypocenter to
avoid the effects of radiation on cancer mortality.12 The
following participants were also excluded from the study:
48 with severe inflammatory disease or malignancy at
baseline, 17 who died within 1 year after registering in the
study, 467 without measurement of 1,5-AG levels, 1607
who were diagnosed with diabetes by 75 g OGTT, and
3804 who were diagnosed with impaired fasting glucose
(IFG) or impaired glucose tolerance (IGT). Therefore,
we assessed 6783 individuals (2842 men with a mean age
of 66.7 years, SD, 6.6 years; and 3941 women with a mean
age of 68.1 years, SD, 7.0 years).
Definition of outcomes
Mortality among the participants was prospectively
assessed until August 2013. Cause of death was determined based on death certificates and medical records.
Individual diagnoses were classified using the International Classification of Death (ICD, Ninth edition). Solid
cancer deaths were defined as code 140-199. We distinguished hematology neoplasm (ICD, 200-208) from the
definition of cancer death to eliminate the influence of
radiation effects.12
Baseline examination
All participants underwent a 75 g OGTT at 08:30 after an
overnight fast (≥12 hours), and their plasma glucose (PG)
levels were measured by the glucose oxidase method.
Glucose tolerance status was defined according to the
2010 diagnostic criteria of the Japan Diabetes Society.13
The participants were divided into diabetic, borderline
(IFG and/or IGT), and NGT groups.
The participants’ fasting immunoreactive insulin
(FIRI) levels were measured by the enzyme immunoassay method. The homeostasis model assessment of
insulin resistance (HOMA-
R) status was calculated
(FIRI (μU/mL)×FPG (fasting plasma glucose) (mg/
dL)/405).
The participants’ 1,5-AG levels were measured by the
enzyme method. The participants’ HbA1c levels were
measured by high-performance liquid chromatography
or immunoassay, which were calibrated using whole-
blood standard from the Japanese Diabetes Society. The
data were converted using the National Glycohemoglobin Standardization Program converter.13
Fasting serum samples were used to perform liver
and renal function as well as lipid tests. Anthropometric
measurements (height and body weight) were assessed
with participants wearing thin clothes.
Nurses interviewed the participants and collected data
regarding their medical history, family history, medication, and smoking habits. In addition, alcohol intake
was evaluated by a dietitian, and the participants were
2

classified as non-drinkers, mild drinkers (ethanol intake
of 0.1–30 g/day), and drinkers (ethanol intake of >30 g/
day).
The participants were also divided into three groups
based on radiation exposure status: those who were
within 2 km from the hypocenter, those over 2 km from
the hypocenter, and those with early entrance.
Ethical considerations
This study was approved by the Central Institutional
Review Board of the Hiroshima Atomic Bomb Casualty
Council Health Management and Promotion Center.
Informed consent was obtained from the participants,
and their data were anonymized to the researchers.
Statistical analyses
We evaluated the association between cancer mortality
AG by comparing the mortality risk of the
and 1,5-
1,5-AG groups with the lowest quartile group of 1,5-AG
levels by Cox proportional hazards model with multivariate adjustment for possible confounders, such as
age, body mass index, smoking, alcohol intake, and
radiation effects (model 1). HOMA-R was added to the
factors in model 1 (model 2). HbA1c was also added
to the factors in model 2 (model 3). In addition, the
association between 1,5-AG and cancer mortality was
evaluated using 1,5-AG level as a continuous variable
with multivariate adjustment for age, body mass index,
smoking, alcohol intake, radiation effects, HOMA-R,
and HbA1c. All analyses were performed according to
sex. Proportional hazards assumptions were assessed
using log-log curves and Shoenfeld residuals.
All analyses were performed using JMP software (SAS
Institute, Cary, North Carolina, USA) and R-3.5.1 (The R
Foundation for Statistical Computing, Vienna, Austria).
All tests were two-sided and 95% CIs were calculated as
Wald CIss.

RESULTS
Distribution of 1,5-AG levels by sex
The 1,5-AG levels in 2842 men showed normal distribution. The median value was 22.8 µg/mL (minimum,
3.2 µg/mL; maximum, 64.7 µg/mL), and the mean value
was 23.2 µg/mL (SD, 7.9). The participants were divided
into four groups according to the quartiles of their 1,5-AG
level (first quartile, 28.2–64.7 µg/mL; second quartile,
22.8–28.1 µg/mL; third quartile, 17.8–22.7 µg/mL; and
fourth quartile, 3.2–17.7 µg/mL).
The 1,5-AG levels in 3941 women showed normal distribution. The median value was 18.9 µg/mL (minimum,
1.0 µg/mL; maximum, 48.5 µg/mL), and the mean value
was 19.4 µg/mL (SD, 6.8). The participants were divided
into four groups according to the quartiles of their 1,5-AG
level (first quartile, 23.5–48.5 µg/mL; second quartile,
18.9–23.4 µg/mL; third quartile, 14.7–18.8 µg/mL; and
fourth quartile, 1.0–14.6 µg/mL).
BMJ Open Diab Res Care 2020;8:e001607. doi:10.1136/bmjdrc-2020-001607
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Table 1 Baseline characteristics of men based on the 1,5-AG level quartile
N
1,5-AG (μg/mL)

First quartile

Second quartile

Third quartile

Fourth quartile

718
33.4 (4.9)

709
25.4 (1.6)

713
20.3 (1.4)

702
13.4 (3.2)

1,5-AG (μg/mL) (minimum, maximum)

28.2, 64.7

22.8, 28.1

17.8, 22.7

Age (years)

66.9 (6.5)

66.5 (6.4)

66.5 (6.6)

2

3.2, 17.7
67.8 (6.7)

BMI (kg/m )

22.7 (2.7)

22.9 (2.7)

23.2 (2.8)

22.7 (2.8)

FPG (mg/dL)

95.7 (6.2)

95.6 (6.4)

95.9 (6.6)

95.6 (6.5)

30 min PG (mg/dL)

151.6 (24.7)

151.5 (24.0)

155.3 (26.2)

162.1 (31.9)

1-hour PG (mg/dL)

145.8 (34.9)

146.2 (35.7)

150.4 (37.3)

157.3 (43.5)

2-hour PG (mg/dL)

107.7 (20.3)

107.0 (19.4)

109.2 (20.3)

106.1 (22.5)

3-hour PG (mg/dL)

83.5 (21.8)

82.7 (21.1)

83.5 (21.5)

84.0 (22.6)

Δ30 min PG (mg/dL)

55.9 (23.2)

55.9 (22.2)

59.4 (24.4)

66.5 (30.3)

Δ1-hour PG (mg/dL)

50.1 (33.6)

50.6 (34.3)

54.5 (36.1)

61.7 (42.1)

FIRI (μU/mL)

5.1 (0.2)

5.2 (0.1)

5.5 (0.1)

5.1 (0.1)

HOMA-R

1.21 (0.70)

1.23 (0.75)

1.32 (0.74)

1.22 (0.74)

HbA1c (%)

5.5 (0.3)

5.5 (0.3)

5.5 (0.3)

5.6 (0.4)

240 (33.4)

193 (27.2)

197 (27.6)

186 (26.5)

Non-drinker

257 (35.8)

249 (35.1)

256 (35.9)

248 (35.3)

0.1–30.0 g/day

282 (59.3)

257 (36.3)

247 (34.6)

262 (37.3)

Over 30.1 g/day

179 (24.9)

203 (28.6)

210 (29.5)

192 (27.4)

Current smoker
Alcohol consumption

Radiation exposure status
Within 2.0 km

111 (15.5)

112 (15.8)

100 (14.0)

114 (16.2)

Over 2.0 km
Early entrance

283 (39.4)
324 (45.1)

290 (40.9)
307 (43.3)

300 (42.1)
313 (43.7)

296 (42.2)
292 (41.6)

Data are shown as the mean (SD) or n (%).
1,5-AG, 1,5-anhydroglucitol; BMI, body mass index; FIRI, fasting immunoreactive insulin; FPG, fasting plasma glucose; HbA1c, glycated
hemoglobin; HOMA-R, homeostasis model assessment of insulin resistance; PG, plasma glucose.

Baseline characteristics according to the quartiles of 1,5-AG
levels
The baseline characteristics of each group (first, second,
third, and fourth quartiles of 1,5-AG levels) for men and
women are shown in tables 1 and 2, respectively. Although
there were no differences in levels of FPG, 2-hour PG,
and HbA1c, 30 min PG and 1-hour PG levels increased
with the quartile of 1,5-AG levels.
Increase in PG 30 min and 1 hour after loading from
fasting level was calculated (Δ30 min PG, Δ1-hour PG),
and both Δ30 min PG and Δ1-hour PG increased with the
quartile of 1,5-AG levels for both men and women.
Outcome
The median follow-up period was 10.0 (IQR: 6.1–14.0)
years, and 431 men and 358 women died during follow-up.
According to their death certificates, 140 men and 118
women died of solid cancer (ICD, 140–199), 14 men
and 7 women died of leukemia (ICD, 200–208), 67 men
and 35 women died of infection (ICD, 1–139, 460–466,
481–487), 40 men and 60 women died of cerebrovascular
disease (ICD, 450–438), 25 men and 17 women died
BMJ Open Diab Res Care 2020;8:e001607. doi:10.1136/bmjdrc-2020-001607

of ischemic heart disease (ICD, 410–414), 5 men and 6
women died of liver disease (ICD, 570–573), and 11 men
and 6 women died of kidney disease (ICD, 580–589).
Among the 140 men who died of solid cancer, 44 died
of lung cancer, 19 of stomach cancer, 15 of pancreatic
cancer, 14 of liver cancer, 10 of colon cancer, 9 of esophageal cancer, 5 of gall bladder cancer, 4 of prostate cancer,
2 of kidney cancer, 2 of bladder cancer, and 16 of other
cancers. Among the 109 women who died from cancer,
20 died of lung cancer, 19 of stomach cancer, 17 of
pancreatic cancer, 11 of liver cancer, 7 of colon cancer, 6
of breast cancer, 6 of esophageal cancer, 5 of gall bladder
cancer, 3 of uterine cancer, 3 of bladder cancer, and 12
of other cancers.
Crude cancer mortality rate by quartiles of 1,5-AG levels
The event rates for all solid cancer deaths for each quartile group of 1,5-AG levels were 3.11, 5.42, 4.36, and 8.00
per 1000 person-years, respectively, in men, and 2.53,
2.35, 2.65, and 3.67 per 1000 person-years, respectively,
in women (table 3).
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Table 2 Baseline characteristics of women based on the 1,5-AG level quartile
First quartile
N
1,5-AG (μg/mL)

Second quartile

996
28.4 (4.3)

Third quartile

996
21.0 (81.3)

Fourth quartile

983
16.8 (1.2)

966
11.3 (2.6)

1,5-AG (μg/mL) (minimum, maximum)

23.5, 48.5

18.9, 23.4

14.7, 18.8

Age (years)

67.9 (6.8)

67.6 (6.9)

67.7 (7.0)

68.6 (7.0)

2

BMI (kg/m )

22.5 (3.3)

22.6 (3.1)

22.6 (3.2)

22.3 (3.2)

FPG (mg/dL)

93.6 (7.1)

93.8 (6.8)

93.9 (6.9)

94.2 (6.9)

30 min PG (mg/dL)

146.1 (26.7)

146.7 (26.5)

147.2 (27.1)

150.6 (31.5)

1-hour PG (mg/dL)

133.5 (35.4)

134.9 (34.9)

137.1 (36.7)

139.9 (39.9)

2-hour PG (mg/dL)

108.8 (18.5)

108.6 (18.8)

108.4 (18.8)

108.8 (19.9)

1.0, 14.6

3-hour PG (mg/dL)

91.8 (21.9)

93.5 (22.1)

94.2 (22.1)

94.7 (21.9)

Δ30 min PG (mg/dL)

52.4 (24.2)

52.9 (24.4)

53.3 (24.8)

56.5 (29.4)

Δ1-hour PG (mg/dL)

39.9 (33.2)

41.1 (33.2)

43.2 (34.7)

45.7 (37.7)

FIRI (μU/mL)

5.5 (0.1)

5.5 (0.1)

5.5 (0.1)

5.3 (0.1)

HOMA-R

1.28 (0.70)

1.29 (0.74)

1.29 (0.76)

1.25 (0.77)

HbA1c (%)

5.6 (0.3)

Current smoker

5.6 (0.3)

5.6 (0.3)

5.6 (0.3)

37 (3.7)

31 (3.1)

29 (3.0)

31 (3.2)

Non-drinker

830 (83.3)

813 (81.6)

798 (81.2)

771 (79.8)

0.1–30.0 g/day

148 (14.9)

164 (16.5)

170 (17.3)

183 (18.9)

Over 30.1 g/day

18 (1.8)

19 (1.9)

15 (1.5)

12 (1.2)

Within 2.0 km

151 (15.2)

172 (17.3)

166 (16.9)

168 (17.4)

Over 2.0 km
Early entrance

404 (40.6)
491 (44.3)

390 (39.2)
434 (43.6)

403 (41.0)
414 (42.1)

  
396 (41.0)
402 (41.6)

Alcohol consumption

Radiation exposure status

Data are shown as the mean (SD) or n (%).
1,5-AG, 1,5-anhydroglucitol; BMI, body mass index; FIRI, fasting immunoreactive insulin; FPG, fasting plasma glucose; HbA1c, glycated
hemoglobin; HOMA-R, homeostasis model assessment of insulin resistance; PG, plasma glucose.

Table 3 Cancer mortality and adjusted HRs (95% CI) for cancer death by 1,5-AG level quartile
Events/n

Event rate (per
Model 1
1000 person-years) HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Men
 First quartile

22/718

3.11

 
1 (reference)

 
1 (reference)

 
1 (reference)

 Second quartile

36/709

5.42

1.95 (1.15 to 3.37)

1.95 (1.15 to 3.37)

1.96 (1.16 to 3.38)

 Third quartile

30/713

4.36

1.55 (0.89 to 2.72)

1.54 (0.89 to 2.71)

1.54 (0.89 to 2.70)

 Fourth quartile

52/702

8.00

2.62 (1.60 to 4.41)

2.62 (1.61 to 4.41)

2.55 (1.56 to 4.31)

 

 

 

 First quartile

26/996

2.53

1 (reference)

1 (reference)

1 (reference)

 Second quartile

23/996

2.35

1.08 (0.58 to 1.81)

1.04 (0.59 to 1.82)

1.04 (0.59 to 1.82)

 Third quartile
 Fourth quartile

26/983
34/996

2.65
3.67

1.11 (0.64 to 1.92)
1.47 (0.88 to 2.47)

1.12 (0.65 to 1.94)
1.47 (0.88 to 2.48)

1.12 (0.64 to 1.93)
1.45 (0.87 to 2.44)

Women

Model 1: HR adjusted for age, body mass index, smoking status, alcohol intake, and radiation effects using multiple Cox proportional hazard
model.
Model 2: HR adjusted for factors used in model 1 as well as HOMA-R.
Model 3: HR adjusted for factors used in model 2 as well as HbA1c.
1,5-AG, 1,5-anhydroglucitol; HbA1c, glycated hemoglobin; HOMA-R, homeostasis model assessment of insulin resistance.
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Table 4 Adjusted HR for cancer mortality of 1,5-AG value (per 10 µg/mL)
Men
Women

Model 1

Model 2

Model 3

1.37 (95% CI 1.11 to 1.69)
1.16 (95% CI 0.89 to 1.52)

1.37 (95% CI 1.11 to 1.69)
1.16 (95% CI 0.89 to 1.52)

1.35 (95% CI 1.09 to 1.66)
1.15 (95% CI 0.88 to 1.51)

Model 1: HR adjusted for age, body mass index, smoking status, alcohol intake, and radiation effects using multiple Cox proportional hazard
model.
Model 2: HR adjusted for factors used in model 1 as well as HOMA-R.
Model 3: HR adjusted for factors used in model 2 as well as HbA1c.
1,5-AG, 1,5-anhydroglucitol; HbA1c, glycated hemoglobin; HOMA-R, homeostasis model assessment of insulin resistance.

Cancer mortality risk by 1,5-AG levels
The HRs for cancer mortality in participants in the
second, third, and fourth quartiles of 1,5-AG levels, which
was adjusted for age, body mass index, smoking status,
alcohol intake, and radiation effects, compared with
that of the first quartile are shown in table 3. The HR of
the fourth quartile group was significantly high in men
(model 1: HR, 2.62; 95% CI, 1.60 to 4.41). In model 2 and
model 3, the multivariate-adjusted HRs in participants in
the fourth quartile group of 1,5-AG levels compared with
that of the first quartile were also significantly higher
(HR, 2.62; 95% CI, 1.61 to 4.41 in model 2, HR, 2.55;
95% CI, 1.56 to 4.31 in model 3) (table 3). In women, the
HR increased with the degree of 1,5-AG quartile group;
however, it was not significant.
The shape of the association of 1,5-AG, as a continuous variable, with cancer mortality was well-described
as a linear relationship (even when we fit a spline, the
shape was very close to the linear). The HRs for cancer
death with low 1,5-AG levels (per 10 µg/mL) in men and
women were 1.37 (95% CI, 1.11 to 1.69) and 1.16 (95%
CI, 0.89 to 1.52), respectively, in model 1; the HRs in men
and women were 1.37 (95% CI, 1.11 to 1.69) and 1.16
(95% CI, 0.89 to 1.52), respectively, in model 2; and the
HRs in men and women were 1.35 (95% CI, 1.09 to 1.66)
and 1.15 (95% CI, 0.88 to 1.51), respectively, in model 3
(table 4).
DISCUSSION
This study showed that the 1,5-AG level was associated
with increased risk of cancer death in Japanese men with
NGT status. Furthermore, we found that 1,5-AG level was
also associated with cancer mortality after adjustment for
HbA1c. To our knowledge, this is the first study to show a
relationship between 1,5-AG and cancer mortality.
A high incidence of cancer in patients with diabetes
involves hyperglycemia. Chronic hyperglycemia, as
evaluated by measuring HbA1c levels, correlates with
increased risk of cancer.14 However, there is a study that
shows that postprandial hyperglycemia may be associated
with cancer mortality in patients with type 2 diabetes
independent of HbA1c levels.15 Furthermore, they show
that fasting glucose levels are non-linearly associated with
risk of death. Fasting glucose levels exceeding 100 mg/
dL (5.6 mmol/L) but not levels of 70 to 100 mg/dL (3.9
to 5.6 mmol/L) were associated with high risk; however,
BMJ Open Diab Res Care 2020;8:e001607. doi:10.1136/bmjdrc-2020-001607

association with cancer death tended to plateau at
higher levels.16 Therefore, acute glucose excursions may
result in higher rates of cancer death than continuous
hyperglycemia.
There are several reports regarding the effects of
glucose oscillation on diabetic complications and arteriosclerosis in humans. One report suggested that,
compared with constant hyperglycemia, oscillating
glucose levels have more deleterious effects on endothelial function and increases oxidative stress, which cause
cardiovascular complications in diabetes.7 Moreover,
glucose spikes were found to be important factors for
endothelial function and oxidative stress.17 Schisano et al
found that glucose oscillations resulted in increased p53
activation compared with continuous hyperglycemia.18
In patient with p53 activation, DNA damage may have
occurred, which may increase the probability of cancer
in the future.
It is difficult to detect glucose spikes in daily practice;
however, in recent years, studies using a continuous
glucose monitoring system found that 1,5-AG is a useful
indicator of blood glucose excursions.10 19
To clarify the significance of glucose spikes, we
measured 1,5-
AG in subjects with normal fasting and
2-
hour PG range. We found that Δ30 min PG and
Δ1-hour PG increased with the quartile of 1,5-AG levels
in both men and women. Therefore, in this study, the
level of 1,5-AG is considered to be an indicator of glucose
spikes. We found that glucose spikes were present even
in subjects with NGT, and that those with glucose spikes
were more likely to die of cancer in the future. However,
postload blood glucose obtained using an OGTT is not
equivalent to postprandial blood glucose.
Not only glucose spikes but also hyperinsulinemia is
associated with cancer mortality. Glucose spike postmeal
also induce insulin hyper secretion. Thus, relationship
between 1,5-AG and cancer mortality might be considered including insulin action.
The 1,5-
AG excretion rate depends on the renal
threshold of glucose.20 There are reports showing differences between males and females in the levels of 1,5-AG.
In the Chinese population, 1,5-AG levels in men were
significantly higher than in women.21 Therefore, in this
study, we clarified the results according to sex.
In women, no significant relationship between serum
1,5-
AG levels and risk of cancer death was observed;
5
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however, the risk ratio increased gradually. This study
may have been insufficient to detect an association.
Similarly, the Suita study, which clarified the association
between cardiovascular disease and 1,5-AG in a Japanese
cohort, showed a significant association in men but not
in women.22 Although the reason for the differing results
between men and women is unclear, there may be sex-
based differences in the clinical significance of 1,5-AG in
the Japanese population. Further studies are required to
clarify this discrepancy.
This study had several strengths. In addition to a
large cohort, all tests, including those measuring 1,5-AG
levels, were performed using the same methods, and the
participants were interviewed using the same protocol,
which allowed us to address confounding factors such
as smoking and alcohol intake. Moreover, the complete
prognosis of most participants was available.
The study also had several limitations. First, we relied
on a single measurement of 1,5-
AG; however, 1,5-
AG
levels have shown to truck well within individuals over
time.23 Second, some participants may have had latent
cancer at registration despite most having previously
undergone numerous annual cancer screening examinations such as chest radiography, upper gastrointestinal
examinations, stool tests, mammography, and cervical
cytology. To mitigate this issue, we excluded participants who died within 1 year after registration. Third,
in the multivariable analysis, other potential risk factors
for cancer (eg, occupation, food intake, and physical
activities) were not included. Fourth, most participants
were survivors of the atomic bomb, and radiation may
have influenced the occurrence of cancer. According
to reports by the Japan Ministry of Health, Labor and
Welfare,24 cancer is the most common cause of Japanese
deaths. The next common cause is infection, and the
third is cerebrovascular disorders. In our study, similar
results were found. Nationally, the first, second, and third
most common causes of organ-specific cancer deaths in
Japanese men are lung, gastric, and colon cancer, respectively. In Japanese women, the first, second, and third
most common causes are colon, lung, and pancreatic
cancer, respectively. In our study, the first, second, and
third most common causes of organ-specific cancer in
men were lung, liver, and gastric cancer, respectively, and
in women, lung, gastric, and pancreatic cancer, respectively. Compared with the national results, the mortality
rate of colon cancer in our subjects was low. This may
be due to differences in age distribution between our
subjects and those nationwide. Overall, our subjects had
similar characteristics to the general Japanese population
despite having being exposed to radiation. Furthermore,
we added radiation exposure status to the analysis as an
adjustment factor. Fifth, the outcome of this study was
cancer mortality. To clarify the pathophysiological relationship between 1,5-AG and the onset and/or development of cancer, further studies are required.
In conclusion, we found that 1,5-AG was associated
with cancer mortality in Japanese men with NGT after
6

adjustment for HbA1c. Our studies suggest a potential
harmful effect of glucose spikes on cancer mortality. To
reduce cancer mortality, glucose spikes postmeal should
be avoided. It may be important to modify lifestyle for
the prevention of glucose spikes. Further studies are
required to clarify whether 1,5-AG may be a useful indicator for cancer mortality.
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