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IABETES MELLITUS IS A SERI-

ous and costly disease that

is becoming increasingly

common in many coun-
tries, including Korea.! Recent data
show that approximately 150 million
people have diabetes mellitus world-
wide, and this number may double by
2025, especially in developing coun-
tries, because of population growth, ag-
ing, unhealthy diets, obesity, and sed-
entary lifestyles.” The association
between diabetes mellitus and cardio-
vascular mortality is well established.’
However, while the role of diabetes as
a risk factor for cancer is still uncer-
tain, having diabetes or an elevated glu-
cose level is of interest because of the
effect of insulin on cell growth and of
the systemic inflammation associated
with diabetes and the metabolic syn-
drome.*’

Recent observational studies have
provided consistent evidence on asso-
ciations of diabetes with increased risk
of cancers of the pancreas,’ liver,° en-
dometrium,” and colon/rectum.® Data
on cancers of the esophagus, stomach,
prostate, and breast are more limited
and have been inconsistent.®® This lack
of consistency may be attributable to the
limited number of studies and their
small sample sizes.

For editorial comment see p 235.
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Context Diabetes is a serious and costly disease that is becoming increasingly
common in many countries. The role of diabetes as a cancer risk factor remains
unclear.

Objective To examine the relationship between fasting serum glucose and diabetes
and risk of all cancers and specific cancers in men and women in Korea.

Design, Setting, and Participants Ten-year prospective cohort study of 1298385
Koreans (829770 men and 468615 women) aged 30 to 95 years who received health
insurance from the National Health Insurance Corp and had a biennial medical evalu-
ation in 1992-1995 (with follow-up for up to 10 years).

Main Outcome Measures Death from cancer and registry-documented incident
cancer or hospital admission for cancer.

Results During the 10 years of follow-up, there were 20566 cancer deaths in
men and 5907 cancer deaths in women. Using Cox proportional hazards models
and controlling for smoking and alcohol use, the stratum with the highest fasting
serum glucose (=140 mg/dL [=7.8 mmol/L]) had higher death rates from all can-
cers combined (hazard ratio [HR], 1.29; 95% confidence interval [Cl], 1.22-1.37 in
men and HR, 1.23; 95% Cl, 1.09-1.39 in women) compared with the stratum with
the lowest level (<90 mg/dL [<5.0 mmol/L]). By cancer site, the association was
strongest for pancreatic cancer, comparing the highest and lowest strata in men
(HR, 1.91; 95% Cl, 1.52-2.41) and in women (HR, 2.05; 95% Cl, 1.43-2.93). Sig-
nificant associations were also found for cancers of the esophagus, liver, and colon/
rectum in men and of the liver and cervix in women, and there were significant
trends with glucose level for cancers of the esophagus, colon/rectum, liver, pan-
creas, and bile duct in men and of the liver and pancreas in women. Of the 26473
total cancer deaths in men and women, 848 were estimated as attributable to hav-
ing a fasting serum glucose level of less than 90 mg/dL. For cancer incidence, the
general patterns reflected those found for mortality. For persons with a diagnosis of
diabetes or a fasting serum glucose level greater than 125 mg/dL (6.9 mmol/L),
risks for cancer incidence and mortality were generally elevated compared with
those without diabetes.

Conclusion In Korea, elevated fasting serum glucose levels and a diagnosis of dia-
betes are independent risk factors for several major cancers, and the risk tends to in-
crease with an increased level of fasting serum glucose.
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We conducted a prospective cohort
investigation, the Korean Cancer Pre-

vention Study (KCPS), among more
than 1 million Koreans to assess asso-
ciations of fasting serum glucose and of
adiagnosis of diabetes with cancer risk.'
In addition, we explored modification
of this risk by obesity in a population
with a low average body weight com-
pared with those of Western countries.
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METHODS
Study Participants
The National Health Insurance Corp
(NHIC), previously the Korean Medi-
cal Insurance Corp, provides health in-
surance to government employees,
teachers, and their dependents. Of the
Korean population (approximately 43.7
million in 1992), 10.7% were insured
by this organization, including
1297833 workers and 3364605 de-
pendents. All workers were required to
participate in biennial medical exami-
nations.' In 1992, 94% of the insured
workers completed examinations; a
total of 95% completed biennial exami-
nations in 1994. For dependents, the
numbers were 37% in 1993 and 24%
in 1995. This examination included a
lifestyle and medical questionnaire,
along with measurement of blood
chemistries in a fasting blood sample.
The KCPS cohort includes 1329525
Koreans (846907 men and 482618
women) aged 30 to 95 years who re-
ceived health insurance from NHIC and
who had biennial medical evaluations
during the period 1992 to 1995. By year,
784870 (59.0%) were enrolled in 1992,
367903 (27.7%) in 1993,98417 (7.4%)
in 1994, and 78335 (5.9%) in 1995.1°
Of the 1329525 participants, 27192
(2.1%) with missing information were
excluded. A total of 3719 people re-
porting a history of any form of cancer
and 229 who died in the interval be-
tween questionnaire completion and
start of follow-up on January 1 of the
subsequent year were also excluded,
leaving a final sample size of 1298385.

Data Collection

The NHIC biennial examinations, con-
ducted by medical staff at local hospi-
tals, follow a standard procedure. In the
1992, 1993, 1994, and 1995 question-
naires, participants were asked (1) to
describe their smoking habits, along
with some other health habits, includ-
ing alcohol consumption, and (2) if they
were being treated for diabetes, with the
date of diagnosis if they answered yes.
Serum glucose measurements were ob-
tained under fasting conditions for rou-
tine clinical purposes. Each hospital had
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internal and external quality control
procedures directed by the Korean As-
sociation of Laboratory Quality Con-
trol. All follow-up time of the partici-
pants was assigned to the first recorded
serum glucose level.

The follow-up period was up to 10
years, through December 31, 2002. The
exact dates of completion of the sur-
vey form were not recorded. Conse-
quently, follow-up accrual began on
January 1 of the calendar year follow-
ing the year in which the survey form
was completed. Because the study in-
volved routinely collected medical data,
participant consent was not specifi-
cally obtained. The study was ap-
proved by the institutional review
boards of Yonsei University and the
Johns Hopkins Bloomberg School of
Public Health.

Cancer Outcomes

The principal outcome variables were
mortality from cancer by site and can-
cer incidence, based on national can-
cer registry data and hospitalization re-
cords. Although Korea has a national
cancer registry, reporting was not com-
plete during the time of follow-up and,
consequently, hospital admission files
were used to identify a first admission
event for cancer. An incident cancer
case was coded as occurring based on
either a positive report from the na-
tional cancer registry or on a hospital
admission for a cancer diagnosis. Out-
comes for mortality were ascertained
from the causes of death on the death
certificates. A computerized search of
death certificate data from the Na-
tional Statistical Office in Korea was
performed using the unique identifi-
cation number assigned at birth. Causes
of death are assigned by trained hospi-
tal abstractors; for this analysis, we used
underlying cause.

Statistical Analysis

Fasting serum glucose levels were cat-
egorized as less than 90,90 to 109, 110
to 125, 126 to 139, and 140 or more
mg/dL (<5.0, 5.0-6.0, 6.1-6.9, 7.0-
7.7, and =7.8 mmol/L). For some
analyses, the upper categories of fast-
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ing glucose levels were combined into
a single stratum because of small num-
bers. In all primary analysis, the fast-
ing glucose category of less than 90
mg/dL (<5.0 mmol/L) was the refer-
ence group. Additionally, we created a
category for diabetes combining par-
ticipants with self-reported treatment
for diabetes or with fasting serum glu-
cose levels greater than 125 mg/dL (6.9
mmol/L).1>13

Age-adjusted death and cancer inci-
dence rates were calculated for each cat-
egory of fasting serum glucose level and
directly standardized to the age distri-
bution of the 1995 Korean national
population. All analyses were stratified
by sex. We computed hazard ratios
(HRs; the hazard for mortality in a spe-
cific fasting glucose category divided by
the corresponding hazard in the refer-
ence category [<90 mg/dL]) using Cox
proportional hazards modeling'* to ad-
just for age and other potential con-
founding factors. In the Cox model,
smoking status was included as a
dummy variable for previous smokers
and current smokers, with 3 categories
of amount smoked (1-9, 10-19, and =20
cigarettes/d), and alcohol use as 5 cat-
egories (none, 1-24, 25-49, 50-99, and
=100 g/d). We also calculated the at-
tributable numbers of deaths associ-
ated with having elevated serum glu-
cose levels, using standard methods."
All analyses were conducted using SAS
statistical software, version 8.0 (SAS In-
stitute Inc, Cary, NC).

RESULTS

The population was primarily middle-
aged, with approximately twice as many
men as women (TABLE 1). By the crite-
ria of self-report and fasting serum glu-
cose level, the prevalence rates of diabe-
tes were about 5% in men and 4.5% in
women. The population had a low body
mass index (BMI; calculated as weight
in kilograms divided by the square of
height in meters) on average, and only
23.8% and 0.8% of men and 27.0% and
2.5% of women had BMI values of 25 or
above and above 30, respectively. Both
smoking and alcohol use were substan-
tially more common in men.

(Reprinted) JAMA, January 12, 2005—Vol 293, No. 2 195
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Overall Pattern of All-Cause
Mortality and Fasting

Serum Glucose Level

During the 10 years of follow-up, 54385
deaths occurred among men and 20362
among women. As shown in FIGURE 1,
fasting serum glucose level was posi-
tively associated with all-cause mortal-
ity rates. In the adjusted Cox propor-
tional hazards model, this effect
persisted, with persons in the highest
stratum of fasting serum glucose (=140
mg/dL) having a higher HR for all
causes combined (HR, 2.09; 95% con-
fidence interval [CI], 2.03-2.16 in men
and HR, 2.35; 95% CI, 2.24-2.48 in
women) compared with the lowest stra-
tum (<90 mg/dL) (TABLE 2 and
TABLE 3).

|
Table 1. Baseline Characteristics of Korean
Cancer Prevention Study Participants*

Men Women
Characteristics (n=829770) (n=468615)
Age, y 453 (11.1) 496 (12.1)
Body mass indext  23.2 (2.6) 23.2(3.2)
Fasting serum 92.9((25.2) 90.7 (24.4)
glucose, mg/dL
Alcohol drinking, 17.1 (82.1) 0.2(1.9
g/d
Smoking status, %
Never 20.8 93.8
Previous 20.7 2.1
Current 58.5 4.1
Any alcohol use, % 76.1 141
Diabetes, %t 51 45

*Data are expressed as mean (SD) unless otherwise indi-
cated.

TBody mass index was calculated as weight in kilograms
divided by the square of height in meters.

FDiabetes was defined as fasting blood glucose level of at
least 126 mg/dL (7.0 mmol/L) or medication.

Cancer Mortality
A total of 20566 cancer deaths oc-
curred among men and 5907 deaths oc-
curred among women during the 10
years of follow-up. In general, HR es-
timates were above unity for male par-
ticipants in the higher strata of serum
glucose level and among those with a
diagnosis of diabetes (Table 2). In fact,
all point estimates were somewhat el-
evated in association with a diagnosis
of diabetes. We explored the relation-
ship between duration of diabetes and
cancer risk and did not find consistent
associations, with the exception of pan-
creatic cancer in men. Among men with
diabetes, the HRs for pancreatic can-
cer death with diabetes durations of less
than 4.9 years, 5.0 to 9.9 years, and 10
years or more were 2.0 (95% CI, 1.2-
3.3), 2.4 (95% CI, 1.4-4.3), and 3.0
(95% CI, 1.8-5.0), respectively, com-
pared with those without diabetes.
We observed linear trends in mor-
tality with increasing fasting serum glu-
cose level for all cancers combined and
for cancers of several sites (Table 2).
Compared with the reference cat-
egory (<90 mg/dL), men with a fast-
ing serum glucose level above 140
mg/dL had significantly elevated HRs
of death from cancers of the esopha-
gus (HR, 1.44;95% CI, 1.08-1.93), liver
(HR, 1.57; 95% CI, 1.40-1.76), pan-
creas (HR, 1.91; 95% CI, 1.52-2.41),
and colon/rectum (HR, 1.31; 95% CI,
1.03-1.67). Significant associations were
also found for bladder cancer and leu-

Figure 1. Age-Adjusted Rate per 100000 for Death Due to All Causes by Fasting Serum

Glucose Level
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kemia for those with a fasting serum
glucose level of 126 mg/dL or higher.
Men with a fasting serum glucose level
of 110 to 125 mg/dL had significantly
elevated HRs of death from esopha-
geal, stomach, colon/rectal, liver, and
pancreatic cancers. Of the total of
20566 cancer deaths in men, 802 were
estimated as attributable to having a
fasting serum glucose level of less than
90 mg/dL.

For women, the overall pattern of as-
sociation was similar to that in men
(Table 3), with all point estimates in-
creased for those with diabetes. Signifi-
cant positive linear trends in death rates
were observed for pancreatic cancer;
HRs ranged from 1.70 (95% CI, 1.17-
2.46) at fasting serum glucose levels of
110 to 125 mg/dL to 2.05 (95% CI,
1.43-2.93) at fasting serum glucose lev-
els of 126 mg/dL or higher (Table 3).
Significant associations with diabetes
were also found for cancers of the liver,
lung, breast, and cervix, while associa-
tions were not observed for risk of death
from cancers of the stomach or colon/
rectum. Of the total 5907 cancer deaths
in women, 46 were estimated as attrib-
utable to having a fasting serum glu-
cose level less than 90 mg/dL.

Cancer Incidence

The numbers of incident cases during
the 10 years of follow-up were 37759
among men and 16074 among women.
Trends were generally similar for mor-
tality and incidence. We observed posi-
tive linear trends in cancer incidence
with increasing fasting serum glucose
levels for cancers of the liver, pan-
creas, and kidney (TABLE 4). How-
ever, fasting serum glucose level was in-
versely associated with prostate cancer
incidence among men with a fasting
glucose level of at least 126 mg/dL. The
association of fasting serum glucose
level and cancer incidence was similar
whether the analysis was based on the
total population or on those who had
at least a 5-year follow-up period (data
not shown). Furthermore, the inci-
dence findings were unchanged with
adjustment for BMI. For example, men
with diabetes had similar HRs of death

©2005 American Medical Association. All rights reserved.
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nificant association for liver cancer for
the stratum with fasting serum glu-
cose levels of 110 to 125 mg/dL. The
observed associations in women were

from pancreatic cancer before (HR,
1.71;95% CI, 1.42-2.06) and after (HR,
1.73; 95% CI, 1.42-2.07) BMI
adjustment.

In women, positive linear trends were
observed in incidence of pancreatic can-
cer with increasing fasting serum glu-
cose level (TABLE 5). We observed a sig-

- _________________________________________________________________________________________________]
Table 2. Age-Adjusted Mortality Rate per 100000 Men for Death Due to All Causes, All Cancers, and Various Cancers by Fasting Serum
Glucose Level in Korean Men, 1993-2002*

Fasting Serum Glucose Level, mg/dLt

<90 90-109 110-125 126-139 =140 P Value Diabetes

Type of Cancer (n =429370) (n =304 362) (n = 58020) (n =11459) (n =26559) for Trend (n =41868)f
All causes

Death rate§ 677.3 697.7 847.2 1029.2 1371.6 1207.7

HR (95% Cl)|| 1.00 1.04 (1.02-1.06) 1.28 (1.24-1.32) 1.50 (1.42-1.58) 2.09 (2.03-2.16) .01 1.83 (1.79-1.88)
All cancer

Death rate§ 266.0 270.9 303.7 334.5 341.0 333.0

HR (95% CI)|| 1.00 1.04 (1.01-1.07) 1.17 (1.11-1.23) 1.25(1.14-1.36) 1.29 (1.22-1.37) .003 1.27 (1.22-1.33)
Esophagus

Death rate§ 8.9 9.0 1.7 1.7 14.4 12.6

HR (95% CI)|| 1.00 1.05 (0.89-1.24) 1.30 (1.01-1.68) 1.36 (0.87-2.11) 1.44 (1.08-1.93) .007 1.36 (1.08-1.71)
Larynx

Death rate§ 3.4 3.1 4.6 3.9

HR (95% Cl)|| 1.00 0.95 (0.72-1.27) 1.33(0.88-2.02) 1.37 (0.89-2.10) 12 1.41 (0.96-2.07)
Stomach

Death rate§ 57.3 56.9 66.5 62.8 63.8 63.1

HR (95% Cl)|| 1.00 1.01 (0.95-1.08) 1.17 (1.05-1.30) 1.15 (0.94-1.40) 1.11(0.97-1.27) A7 1.16 (1.04-1.28)
Colon/rectum

Death rate§ 14.8 16.2 18.8 20.0 19.2 20.2

HR (95% Cl)|| 1.00 1.07 (0.95-1.22) 1.27 (1.04-1.55) 1.23(0.84-1.79) 1.31(1.08-1.67) .03 1.28 (1.06-1.55)
Liver

Death rate§ 58.7 60.3 70.6 103.7 93.1 96.5

HR (95% CI)|| 1.00 1.04 (0.97-1.10) 1.24 (1.12-1.37) 1.69 (1.43-2.00) 1.57 (1.40-1.76) .03 1.59 (1.45-1.74)
Bile duct

Death rate§ 7.8 8.4 9.1 12.6 10.4 11.0

HR (95% CI)|| 1.00 1.09 (0.91-1.30) 1.18 (0.89-1.57) 1.42 (0.88-2.28) 1.30 (0.93-1.82) .05 1.26 (0.97-1.63)
Pancreas

Death rate§ 12.2 12.4 14.6 16.9 21.5 19.0

HR (95% Cl)|| 1.00 1.08 (0.93-1.24) 1.28 (1.02-1.59) 1.45 (0.99-2.13) 1.91 (1.62-2.41) .009 1.71 (1.42-2.06)
Lung

Death rate§ 60.9 60.6 63.6 67.0 59.5 59.0

HR (95% Cl)|| 1.00 1.02 (0.96-1.09) 1.09 (0.97-1.21) 1.08 (0.89-1.31) 1.00 (0.87-1.14) 74 1.01 (0.91-1.13)
Prostate

Death rate§ 3.7 3.7 3.1 4.3 3.6

HR (95% Cl)|| 1.00 0.96 (0.73-1.26) 0.85 (0.52-1.38) 1.14 (0.74-1.77) .61 1.13(0.75-1.70)
Kidney

Death rate§ 3.0 2.9 3.6 4.4 4.3

HR (95% CI)|| 1.00 0.93 (0.69-1.24) 1.17 (0.75-1.84) 1.44 (0.92-2.25) .09 1.41(0.94-2.13)
Bladder

Death rate§ 2.6 3.4 2.8 4.1 3.7

HR (95% CI)|| 1.00 1.22 (0.90-1.65) 1.12(0.68-1.87) 1.57 (1.00-2.50) 14 1.45(0.96-2.19)
Brain

Death rate§ 3.4 3.0 3.2 3.5 3.3

HR (95% Cl)|| 1.00 0.92 (0.70-1.21) 0.95 (0.59-1.52) 1.04 (0.63-1.72) .58 1.02 (0.64-1.63)
Leukemia

Death rate§ 4.9 4.5 3.7 6.6 6.6

HR (95% Cl)|| 1.00 0.92 (0.74-1.16) 0.71 (0.45-1.12) 1.42 (1.00-2.01) .49 1.53 (1.08-2.15)

Abbreviations: Cl, confidence interval; HR, hazard ratio.
Sl conversion: To convert glucose from mg/dL to mmol/L, multiply by 0.0555.
*Participants with any of the following features at study entry were excluded: missing data on fasting blood glucose level, existing cancer, and missing data on smoking status.
TThe highest fasting blood glucose category examined varies for cancer at different sites; higher categories have been combined when necessary because of small numbers.

fDiabetes was defined as fasting blood glucose level of at least 126 mg/dL (7.0 mmol/L) or medication.

§The rate per 100 000 men is given, standardized to the age distribution of men in the 1995 Korean national population.
|[The Cox proportional hazards model was adjusted for age, age squared, amount of smoking, and alcohol use.
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unchanged with adjustment for BMI
(data not shown).

Cancer Mortality and Incidence
and Fasting Glucose Levels
According to BMI in Men

To control for potential confounding by
obesity and to evaluate effect modifi-
cation, the data were further stratified
by BMI (<20, 20 to <23, and =23). Be-
cause of limited numbers for some can-
cer sites, the analyses were carried out
for all sites combined and for cancers
of the colon/rectum, liver, and pan-
creas. For all cancers, a trend was evi-
dent in mortality risk by fasting serum
glucose level in each stratum of BMI
(FIGURE 2). Positive trends in death
rates were observed for cancers of the

liver and pancreas in all BMI groups as
well. The risk of death due to liver and
pancreatic cancers associated with fast-
ing serum glucose level was not modi-
tied by BMI. For cancer incidence, the
association of fasting serum glucose
level with risk for liver cancer re-
mained consistent and lacked evi-
dence of effect modification by obe-
sity. The association of pancreatic
cancer incidence with fasting serum
glucose level was not as consistent as
for mortality, although all strata showed
increased risk compared with the ref-
erence category.

We also assessed potential modifi-
cation of the effect of serum glucose
level by smoking and alcohol consump-
tion. We did not find significant inter-

actions for cancer incidence or mortal-
ity in either men or women.

COMMENT

This cohort of Koreans, in compari-
son with Western populations, is no-
table for the low frequency of obesity
in its participants. The average BMI was
23.2, and only one fourth of partici-
pants had a BMI above 25. Based on
other studies in Korea, almost all cases
of diabetes could be expected to be type
2.'5 Nonetheless, we documented, as in
Western populations, that serum glu-
cose level and presence of diabetes are
associated with cancer incidence and
mortality.

Other studies have addressed diabe-
tes or glucose intolerance and risk for

]
Table 3. Age-Adjusted Mortality Rate per 100 000 Women for Death Due to All Causes, All Cancers, and Various Cancers by Fasting Serum

Glucose Level in Korean Women, 1993-2002%*

Fasting Serum Glucose Level, mg/dLt

1
P Value

<90 90-109 110-125 126-139 =140 Diabetes

Type of Cancer (n=270157) (n =157 940) (n=22578) (n = 5657) (n=12283) for Trend (n =21056)%
All causes

Death rate§ 371.7 374.5 453.5 5251 803.4 698.6

HR (95% CI)|| 1.00 1.01 (0.98-1.05) 1.24 (1.17-1.30) 1.42 (1.30-1.55) 2.35 (2.24-2.48) .04 1.99 (1.91-2.07)
All cancer

Death rate§ 118.8 17.7 121.9 143.9 150.5 159.0

HR (95% CI)|| 1.00 1.00 (0.95-1.06) 1.01 (0.96-1.18) 1.12(0.91-1.28) 1.23 (1.09-1.39) .03 1.31 (1.20-1.44)
Stomach

Death rate§ 24.7 25.0 28.3 16.5 22.2 241

HR (95% Cl)|| 1.00 1.01 (0.89-1.14) 0.98 (0.77-1.24) 0.99 (0.82-1.14) 1.00 (0.74-1.32) .65 1.09 (0.88-1.36)
Colon/rectum

Death rate§ 1.4 1.2 1.1 10.4 13.2

HR (95% Cl)|| 1.00 0.96 (0.80-1.14) 1.05 (0.75-1.45) 0.85 (0.58-1.24) 42 1.11(0.81-1.51)
Liver

Death rate§ 15.0 12.2 13.5 15.5 19.3 17.0

HR (95% Cl)|| 1.00 0.85 (0.73-1.00) 1.04 (0.75-1.35) 1.22 (0.75-1.98) 1.33 (1.01-1.81) .045 1.28 (1.00-1.66)
Pancreas

Death rate§ 5.9 8.7 9.8 12.2 12.2

HR (95% CI)|| 1.00 1.45(1.16-1.81) 1.70 (1.17-2.46) 2.05 (1.43-2.93) .01 1.71(1.25-2.34)
Lung

Death rate§ 15.5 16.9 13.3 23.0 21.6 22.2

HR (95% CI)|| 1.00 1.10 (0.95-1.27) 0.90 (0.67-1.22) 1.60 (1.13-2.55) 1.50 (0.94-1.78) 14 1.39 (1.10-1.76)
Breast

Death rate§ 6.0 7.5 52 6.1 9.8

HR (95% Cl)|| 1.00 1.15(0.90-1.47) 0.89 (0.49-1.60) 1.24 (0.65-1.92) .59 2.23 (1.49-3.33)
Cervix

Death rate§ 3.3 2.7 2.6 4.9 6.1

HR (95% Cl)|| 1.00 0.87 (0.61-1.24) 1.04 (0.54-2.02) 1.81(1.08-3.15) A7 2.50 (1.58-3.95)

Abbreviations: Cl, confidence interval; HR, hazard ratio.
Sl conversion: To convert glucose from mg/dL to mmol/L, multiply by 0.0555.
*Participants with any of the following features at study entry were excluded: missing data on fasting blood glucose level, existing cancer, and missing data on smoking status.
TThe highest fasting blood glucose category examined varies for cancer at different sites; higher categories have been combined when necessary because of small numbers.
fDiabetes was defined as fasting blood glucose level of at least 126 mg/dL (7.0 mmol/L) or medication.

§The rate per 100 000 women is given, standardized to the age distribution of women in the 1995 Korean national population.
|[The Cox proportional hazards model was adjusted for age, age squared, amount of smoking, and alcohol use.
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cancer. Although diverse in design and
in their measures of glucose intoler-
ance, the majority have shown that in-
creased cancer risk, either overall or for
particular cancer sites, is associated with
glucose intolerance. The magnitude of
the association of glucose intolerance

FASTING SERUM GLUCOSE AND CANCER RISK IN KOREANS

or diabetes with risk for all cancers was
small in the KCPS but was within the
range found in some studies.”®'” The
multicancer site effect is consistent with
postulated mechanisms of systemic
consequences of hyperinsulinemia.** In
interpreting the findings of these stud-

ies and of the KCPS, potential con-
founding by obesity is of concern. In
the KCPS, we found that the in-
creased cancer risk associated with high
serum glucose or diabetes was un-
changed when controlling for BMI; ad-
ditionally, most KCPS participants were

]
Table 4. Age-Adjusted Incidence Rate per 100000 Men for All Cancer and Various Cancers by Fasting Serum Glucose Level in Korean Men,

1993-2002*
Fasting Serum Glucose Level, mg/dL
1
<90 90-109 110-125 126-139 =140 P Value Diabetes
Type of Cancer (n =429370) (n =304 362) (n =58020) (n=11459) (n = 26 559) for Trend (n = 41868)1

All cancer

Incidence ratef 484.9 487.8 547.5 565.6 608.0 619.6

HR (95% CI)§ 1.0 1.01(0.99-1.04) 1.13(1.09-1.17) 1.16(1.08-1.24) 1.22 (1.16-1.27) .005 1.24 (1.20-1.28)
Esophagus

Incidence ratet 12.3 13.6 16.1 14.9 16.3 15.6

HR (95% CI)§ 1.0 1.10(0.96-1.26) 1.37 (1.20-1.80) 1.19(0.64-1.53) 1.26 (0.89-1.52) .21 1.11 (0.90-1.37)
Larynx

Incidence ratef 8.3 8.3 11.9 9.5 9.3 10.5

HR (95% CI)§ 1.0 1.05(0.88-1.25) 1.36 (1.05-1.76) 1.19(0.72-2.00) 1.12 (0.80-1.58) .48 1.28 (0.99-1.64)
Stomach

Incidence ratet 126.3 125.2 137.3 134.4 129.3 140.3

HR (95% CI)§ 1.0 0.98 (0.94-1.03) 1.05(0.98-1.13) 1.08 (0.94-1.24) 1.00 (0.91-1.10) .53 1.11 (1.04-1.20)
Colon/rectum

Incidence ratef 52.4 57.8 63.1 53.5 58.2 60.1

HR (95% CI)§ 1.0 1.08 (1.01-1.15)  1.14 (1.02-1.27) 1.03(0.82-1.28) 1.13(0.98-1.30) .35 1.11 (1.00-1.24)
Liver

Incidence ratet 80.8 80.9 92.0 125.1 149.9 144.9

HR (95% CI)§ 1.0 1.01(0.95-1.06) 1.16(1.07-1.27) 1.45(1.24-1.70) 1.72 (1.56-1.89) .01 1.66 (1.53-1.79)
Bile duct

Incidence ratet 111 18.7 12.8 15.9 18.5 14.9

HR (95% CI)§ 1.0 1.22 (1.06-1.41) 1.15(0.90-1.46) 1.47 (0.99-2.19) 1.29 (0.90-1.57) 15 1.22 (0.98-1.52)
Pancreas

Incidence ratef 13.7 14.2 17.6 18.3 28.6 25.6

HR (95% CI)§ 1.0 1.08 (0.95-1.24) 1.34 (1.09-1.64) 1.37 (0.94-2.00) 2.09 (1.70-2.58) .03 1.78 (1.50-2.11)
Lung

Incidence ratef 78.0 76.0 85.1 91.9 82.3 84.8

HR (95% CI)§ 1.0 0.98 (0.93-1.04) 1.09 (1.00-1.20) 1.14(0.96-1.34) 1.01 (0.90-1.14) .49 1.06 (0.96-1.16)
Prostate

Incidence ratef 16.9 16.8 17.5 13.5 14.8 13.8

HR (95% CI)§ 1.0 0.98 (0.87-1.12)  1.06 (0.87-1.31) 0.58 (0.35-0.95) 0.86 (0.66-1.13) .33 0.80 (0.64-0.99)
Kidney

Incidence ratet 10.5 11.4 11.2 16.0 15.4 14.7

HR (95% CI)§ 1.0 1.08 (0.93-1.25) 1.07 (0.84-1.38) 1.24(0.78-1.96) 1.26 (0.94-1.71) .02 1.21 (0.98-1.53)
Bladder

Incidence ratet 17.1 18.2 18.7 22.9 20.3 22.3

HR (95% CI)§ 1.0 1.08 (0.96-1.21) 1.06 (0.87-1.30) 1.36 (0.97-1.90) 1.23(0.97-1.56) 1 1.32 (1.10-1.57)
Brain

Incidence ratef 55 55 5.8 6.1 7.1 6.6

HR (95% CI)§ 1.0 1.03(0.84-1.26) 1.06 (0.74-1.51) 1.28(0.66-2.50) 1.21(0.77-1.91) .06 1.16 (0.81-1.67)
Leukemia

Incidence ratef 6.5 6.2 5.3 12.8 10.3 111

HR (95% CI)§ 1.0 1.06 (0.73-1.11)  0.87 (0.63-1.11) 1.68(1.01-2.80) 1.58 (1.12-2.24) 13 1.62 (1.23-2.13)

Abbreviations: Cl, confidence interval; HR, hazard ratio.
Sl conversion: To convert glucose from mg/dL to mmol/L, multiply by 0.0555.
*Participants with any of the following features at study entry were excluded: missing data on fasting blood glucose level, existing cancer, and missing data on smoking status.
tDiabetes was defined as fasting blood glucose level of at least 126 mg/dL (7.0 mmol/L) or medication.
FThe rate per 100000 men is given, standardized to the age distribution of men in the 1995 Korean national population.

§The Cox proportional hazards model was adjusted for age, age squared, amount of smoking, and alcohol use.
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not overweight. The association of se-
rum glucose level with cancer risk did
not vary by BMI (Figure 2).

The study confirmed the excess risk
of digestive cancers reported in sev-
eral studies,”®® particularly of cancers

of the pancreas, liver, esophagus, and
colon among persons with diabetes. For
pancreatic cancer, a 1995 meta-
analysis of cohort and case-control stud-
ies estimated a 2-fold increase in risk
of pancreatic cancer, comparing pa-

tients with and without diabetes.'® The
KCPS estimates were similar, and the
HR increased with increasing fasting se-
rum glucose level (Table 2 and Table 3),
as found in a Chicago cohort study.*
Our prospective results, along with the

Table 5. Age-Adjusted Incidence Rate per 100 000 Women for Various Cancers by Fasting Glucose Level in Korean Women, 1993-2002*

Fasting Serum Glucose Level, mg/dL

<90 90-109 110-125 126-139 =140 P Value Diabetes
Type of Cancer (n=270157) (n =157 940) (n=22578) (n = 5657) (n=12283) for Trend (n =21056)1

All cancer

Incidence ratet 352.2 354.3 351.4 320.2 342.7 457.2

HR (95% CI)§ 1.0 1.02 (0.99-1.06) 1.03 (0.96-1.10) 1.03 (0.93-1.13) 1.15(1.01-1.25) .08 1.33 (1.25-1.41)
Stomach

Incidence ratet 55.9 56.0 54.6 54.4 54.8 54.2

HR (95% CI)§ 1.0 1.02 (0.94-1.11)  0.96(0.81-1.13)  0.99 (0.87-1.12) 1.01 (0.88-1.19) .90 1.15(0.99-1.34)
Colon/rectum

Incidence ratet 36.8 38.0 36.5 451 54.2 51.8

HR (95% CI)§ 1.0 1.04 (0.94-1.15) 1.11(0.92-1.34)  0.80 (0.53-1.20) 1.07 (0.84-1.36) .84 1.17 (0.98-1.40)
Liver

Incidence ratet 21.1 19.5 26.4 24.5 27.3 24.0

HR (95% CI)§ 1.0 0.90 (0.79-1.03) 1.23 (1.00-1.55) 1.05 (0.94-1.28) 1.22 (0.91-1.63) 22 1.18 (1.00-1.43)
Pancreas

Incidence ratet 7.4 9.3 11.0 14.6 11.9 12.7

HR (95% CI)§ 1.0 1.27 (1.08-1.57) 1.39 (0.96-2.02) 1.99 (1.13-3.49) 1.67 (1.09-2.56) .04 1.56 (1.14-2.14)
Lung

Incidence ratet 23.0 26.2 22.5 24.8 27.2 28.0

HR (95% CI)§ 1.0 1.14(0.99-1.29)  0.99 (0.78-1.27) 1.30 (0.88-1.93) 1.13(0.85-1.51) .38 1.16 (0.94-1.44)
Breast

Incidence ratet 60.2 63.8 68.7 65.2 55.4 76.9

HR (95% CI)§ 1.0 1.11(0.92-1.34) 1.12 (0.92-1.34) 1.05(0.71-1.55)  0.82 (0.61-1.21) .33 1.51 (1.26-1.80)
Cervix

Incidence ratet 51.4 52.6 46.5 40.0 58.9 101.1

HR (95% CI)§ 1.0 1.03(0.94-1.13)  0.87 (0.71-1.08)  0.97 (0.66-1.43) 1.24 (0.98-1.58) .40 2.20 (1.90-2.54)

Abbreviations: Cl, confidence interval; HR, hazard ratio.
Sl conversion: To convert glucose from mg/dL to mmol/L, multiply by 0.0555.
*Participants with any of the following features at study entry were excluded: missing data on fasting blood glucose level, existing cancer, and missing data on smoking status.
tDiabetes was defined as fasting blood glucose level of at least 126 mg/dL (7.0 mmol/L) or medication.
fThe rate per 100 000 women is given, standardized to the age distribution of women in the Korean Cancer Prevention Studly.
§The Cox proportional hazards model was adjusted for age, age squared, amount of smoking, and alcohol use.

Figure 2. Hazard Ratios for All Cancer Deaths by Fasting Serum Glucose Levels in Korean Men by BMI, 1993-2002
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unchanged findings with exclusion of
the first 5 years of follow-up, weigh
against the possibility that the pres-
ence of pancreatic cancer increases
blood glucose levels; ie, reverse cau-
sality. In the KCPS, we observed a sig-
nificant positive linear trend for risk of
pancreatic cancer with fasting glucose
level: the HR was 1.7 (95% CI, 1.4-
2.1) in men with diabetes and 1.5 (95%
CI, 1.2-1.9) when data were restricted
to men with at least 5 years of fol-
low-up time. The complementary find-
ings with these exposure measures, se-
rum glucose level, and report of
diabetes, and the presence of a dose-
response relationship with fasting se-
rum glucose level support a causal in-
terpretation of these associations.

The findings for several other cancer
sites further support this interpreta-
tion. In men, we found increased risks
of cancers of the esophagus, liver, stom-
ach, colon/rectum, kidney, and blad-
der and leukemia (Table 2), while in
women, risk was increased for cancers
of the liver, lung, breast, and cervix
(Table 3). Other studies have also found
increased risk for these cancer sites.'**
In Korea, hepatitis B infection is com-
mon and is an important cause of liver
cancer.” Serum glucose level was not as-
sociated with hepatitis B surface anti-
gen status in the subset of participants
with assay results, indicating that hepa-
titis B does not confound the results for
liver cancer. On hospital admission di-
agnoses, we found little mention of non-
alcoholic steatotic hepatitis, suggest-
ing that the increased risk of liver cancer
associated with higher serum glucose
level reflects a direct pathway rather than
an indirect pathway through obesity and
fatty liver damage.

For prostate cancer, for both inci-
dence and mortality, we found no evi-
dence for an association with either fast-
ing serum glucose level or diabetes
(Tables 2 and 4), consistent with other
reports. One large, population-based
Swedish cohort study found that men
with diabetes had a 10% lower risk of
developing prostate cancer than the
general male population.”? A reduced
risk for men with diabetes was found

©2005 American Medical Association. All rights reserved.
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in a case-control study in New York.”
In contrast, the American Cancer So-
ciety’s Cancer Prevention Study showed
no association between diabetes at base-
line and prostate cancer mortality,* and
a study of incidence in 823 partici-
pants in the Baltimore Longitudinal
Study of Aging also found association
with fasting insulin and glucose lev-
els.?® The lack of association for pros-
tate cancer weighs against observa-
tion bias as contributing to the positive
associations for other sites; the medi-
cal care and frequent blood chemis-
tries associated with diabetes might be
expected to increase the opportunity for
detecting prostate cancer, but the nega-
tive association is inconsistent with
such bias.

Hyperinsulinemia has been cited as
apossible risk factor for breast cancer,
and supporting laboratory findings have
been reported,’ but results of epide-
miological studies have been mixed.?
In a recent publication based on the
Nurses’ Health Study, women with type
2 diabetes had a small increase in risk
(HR, 1.17;95% CI, 1.01-1.35). The as-
sociation was apparent among post-
menopausal women but not among pre-
menopausal women.” We did not find
an association, although 95% ClIs for
our estimates covered the value from
the Nurses’ Health Study. With strati-
fication at age 55 years, we did not find
increased risk in the older stratum, cor-
responding to an age range when most
women would be postmenopausal.

The potential limitations of our study
result primarily from using data col-
lected for clinical purposes. Serum glu-
cose was measured under fasting con-
ditions using clinical laboratories
operating with standard quality assur-
ance and control protocols in place. A
single measurement of fasting serum
glucose made for clinical purposes is
used as a diagnostic standard and
matches the World Health Organiza-
tion’s recommended approach for epi-
demiological studies.”® We further re-
lied on self-report of a diagnosis of
diabetes; the serum glucose level of
those with reported history of diabe-
tes was 66 mg/dL higher than for those

Downloaded From: http://jama.jamanetwork.com/ on 03/04/2014

not reporting diabetes, suggesting that
the self-reported information was valid.
We do not anticipate that these clini-
cal data would artifactually introduce
association of cancer risk with fasting
serum glucose level.

Cancer mortality is subject to mis-
classification on death certificates, par-
ticularly with regard to attribution to a
particular site. The limitations of death
certificate data on cancer have been char-
acterized in some countries,”’?® but we
are uncertain as to the applicability of
the findings of these studies in Korea.
A small study within KCPS showed high
validity for a death certificate listing of
lung cancer.?” Additionally, we have
found that of KCPS participants with in-
cident liver cancer, 73% of their deaths
were attributed to liver cancer over a fol-
low-up interval of at least 5 years. In Ko-
rea, cancer registration is not yet com-
plete nationwide; it is currently
estimated at 90%.”° Consequently, we
used hospital admission for cancer as a
further indication of cancer incidence.
We were able to take potential con-
founding by smoking and alcohol con-
sumption into account and explored
effect modification by obesity. We can-
not attribute the associations of fasting
serum glucose level and diabetes to un-
controlled confounding, particularly
given the dose-response relationships
observed with glucose.

While the generalizability of the find-
ings is uncertain, we have shown that
fasting serum glucose level and diabe-
tes are associated with cancer risk in a
population far leaner than the West-
ern populations in other studies. These
associations do not reflect confound-
ing by obesity, suggesting that the
mechanism of increased cancer risk re-
flects the consequences of hyperinsu-
linemia. Glucose intolerance may be
one pathway by which obesity in-
creases cancer risk, and rising obesity
may increase future cancer rates.
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