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Abstract  Aims/hypothesis: We investigated relations
between fasting blood glucose and the incidence of
cancer. Methods: A population-based cohort of more
than 140,000 Austrian adults (63,585 men, 77,228
women) was followed over an average of 8.4 years.
Incident cancer (other than non-melanoma skin cancers)
was ascertained by a population-based cancer registry
(n=5,212). Cox proportional-hazards models were used to
estimate hazard rate ratios (HR) stratified for age and
adjusted for smoking, occupational group and body mass
index.  Results: The highest fasting blood glucose
category (>7.0 mmol/l) was weakly associated with all
cancers combined (HR 1.20; 95% CI, 1.03—1.39 in men
and 1.28; 95% CI, 1.08-1.53 in women) relative to the
reference level (4.2-5.2 mmol/l). The strongest association
was found for liver cancer in men (HR 4.58; 95% CI,
1.81-11.62). Positive associations between fasting hyper-
glycaemia (6.1-6.9 or >7.0 mmol/l) and cancer incidence
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were also observed for non-Hodgkin’s lymphoma in men,
and for colorectal and bladder cancer in women. Breast
cancer in women diagnosed at or after age 65 was also
associated with fasting blood glucose >7.0 mmol/l
Positive associations with glucose values >5.3 mmol/l
were noted for thyroid cancer, gallbladder/bile duct cancer
and multiple myeloma in men and women combined.
Conclusions/interpretation: These findings provide further
evidence that elevated blood glucose is associated with the
incidence of several types of cancer in men and women.

Keywords Bladder cancer - Breast cancer -
Epidemiology - Gallbladder cancer - Glucose - Liver
cancer - Multiple myeloma - Non-Hodgkin’s lymphoma -
Thyroid cancer

Abbreviations DCO: death certificate only - HR: hazard
rate ratio - IARC: International Agency for Research on
Cancer - VHM&PP: Vorarlberg Health Monitoring and
Promotion Programme - WHO: World Health Organization

Introduction

Many studies have examined the relation between diabe-
tes mellitus and individual cancers. Associations with
liver and pancreatic cancers, and to a somewhat lesser
extent with colon and endometrial cancers, are well
established [1-9]. The inconsistent findings of studies
investigating elevated blood glucose levels and other
cancers [10-16] may be the result, at least in part, of the
use of different endpoints (cancer mortality vs incidence),
exposure criteria (fasting glucose vs glucose tolerance
tests) and small sample sizes. Three studies have
examined associations between abnormal glucose toler-
ance and mortality due to different specific cancer types in
a single population [17-19]. To our knowledge, the
relation between fasting blood glucose and incident
cancers ascertained by a population-based cancer registry
has been investigated in one Icelandic [20] and one large
Korean [21] study cohort only. We conducted a
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prospective investigation of associations between baseline
fasting blood glucose values and the incidence of specific
cancers and of all cancers combined (excluding non-
melanoma skin cancers) in a population-based cohort of
more than 140,000 Austrian men and women followed for
an average of >8 years.

Subjects, materials and methods
Study population

The Vorarlberg Health Monitoring and Promotion Pro-
gramme (VHM&PP) is carried out in Vorarlberg, the
westernmost province of Austria. It is routinely performed
by the Agency of Social and Preventive Medicine and is
offered annually to all Vorarlberg residents over 19 years of
age. The screening examination takes place in the practices
and includes a physical examination, a blood test and a
consultation with a doctor. Enrolment is voluntary and
costs are covered by the participant’s (compulsory) health
insurance. The screening programme is well-publicised
and widely accepted, and more than two-thirds of
Vorarlberg residents aged 35-54 years have participated
in at least one examination since the programme began in
1985 [22].

Between 1988 and 2001, 155,820 adult Vorarlberg
residents were enrolled in the VHM&PP Study Cohort
after signing an informed consent to store and process
personal data and biological samples. The current
analysis was restricted to participants with complete
data on blood glucose, height, weight and occupational
group at baseline. Participants were also excluded if they
had <1 year of follow-up (n=6,048), or were diagnosed
with cancer (other than non-melanoma skin cancer)
before or within 1 year following enrolment (n=2,121).
Data pertaining to the first year of follow-up were not
included in analyses.

Blood glucose

A blood glucometer calibrated to plasma venous glucose
was used to determine fasting morning glucose levels from
capillary-derived samples. Glucose values were divided
into quartiles based on the distribution among all study
participants. The upper quartile (=5.3 mmol/l) was
subdivided into three additional categories using 2002
WHO clinical threshold values for impaired fasting
glycaemia (6.1-6.9 mmol/l) and diabetes (>7.0 mmol/l)
[23]. (Blood glucose values in mmol/l correspond to mg/
d1x0.0555.) Participants with glucose values in the second
and third quartiles (4.2-5.2 mmol/l) were the reference
group for all comparisons. This approach made it possible
to investigate—in addition to risks associated with
hyperglycaemic levels—the risks associated with glucose
levels in the lower (2.2—4.1 mmol/l) and upper (5.3—
6.0 mmol/l) normoglycaemic ranges. Information about
pre-existing type 1 or type 2 diabetes was not available.

Outcomes

Incident cancers were identified by the Vorarlberg cancer
registry, which has been accepted for IARC publication
since 1993 [24]. The proportion of cancers discovered by
death certificate only (DCO) is an indicator of the
completeness of cancer registry ascertainment, with DCO
rates of 5-10% expected for registries in developed
countries. The 1993-1997 Vorarlberg cancer registry
DCO rate was 7% for men and 9% for women [25] and
5% for both sexes in 1998-2002 (personal communication,
W. Oberaigner, Cancer Registry of Tyrol). Nearly all
cancers were histologically verified and coded according to
the ninth revision of the International Classification of
Diseases (ICD-9). Cohort data were linked with the
Vorarlberg Death Index to identify deaths and to calculate
person-years at risk.

Covariates

Participants were classified as current, former or never
smokers. Participants who never smoked could not be
distinguished from those who did not respond to questions
about smoking at baseline, but baseline smoking status was
verified for more than 70% of study participants based on
information provided at subsequent examinations. Occu-
pational group (blue collar, white collar or self-employed)
was determined from each participant’s insurance number,
and was included in models as a surrogate measure of
socioeconomic status. Participants who were retired at
baseline were classified according to their former occupa-
tion, and housewives were classified according to their
husband’s job. BMI was determined from baseline height
and weight measurements and categorised based on clinical
guidelines (<25 kg/m?; 25 to <30 kg/m?; >30.0 kg/m?)
[26].

Statistical analysis

Cox proportional-hazards models were used to compute
hazard rate ratios (HR) and 95% confidence intervals (95%
CI) for the index fasting glucose categories relative to the
reference group (4.2-5.2 mmol/l). Cox models were
stratified according to age at baseline by including age
(in years) in the strata statement, and were adjusted for
smoking, occupational group and BMI. Linear trends were
tested by modelling an ordinal variable indicating the
median value of each participant’s glucose category, with
Wald p values <0.05 considered statistically significant. All
calculations were carried out with SAS version 8.2
software.

Associations specific to the subject’s sex were estimated
for all cancers combined (excluding non-melanoma skin
cancers) and for specific cancers with at least 40 cases in
either of the sexes. Associations with less common cancers
were estimated for men and women combined if there were
at least five cases in each exposure category; hypergly-



caemic categories (6.1-6.9 and >7 mmol/l) were combined
as necessary. Associations between blood glucose and
breast cancer were estimated for all women and according
to age at diagnosis (<50, 50 to<65, and >65 years and
older), because the association between overweight and
breast cancer has been shown to differ with menopausal
status and may differ by age among postmenopausal
women [27, 28]. Person-years at risk for age-specific
models were assigned to the age interval in which they
were accumulated.

Results

The final study cohort consisted of 63,585 men and
77,228 women with a mean age at baseline of 43 years
(Table 1). The average length of follow-up was 8.4 years
(range 1-14), and the total time at risk exceeded 1.1
million person-years. Average fasting blood glucose
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values were 4.9 and 4.8 mmol/l for men and women,
respectively (range 2.2-26.6 mmol/l). Over 5,000 cancers
were diagnosed, with an average age at diagnosis of
64 years (range 22-96).

There was a weak positive association between elevated
glucose values (>6.1 mmol/l) and the incidence of all
cancers combined in both men and women (Tables 2 and
3). The strongest positive association was observed for
liver cancer in men (Table 2), which was increased in
association with high normal as well as hyperglycaemic
glucose levels. Effect estimates for men and women
combined were consistent with those for men only
(Table 4). Non-Hodgkin’s lymphoma was positively
associated with blood glucose values above the reference
range in men, although the association was somewhat
stronger for blood glucose 6.1-6.9 mmol/l than for
>7.0 mmol/l (Table 2), and there was no association with
non-Hodgkin’s lymphoma in women. There was a weak
positive association between colorectal cancer and fasting

Table 1 Characteristics of the Vorarlberg Health Monitoring and Promotion Programme (VHM&PP) study cohort

Men Women All

Total participants (n) * 63,585 77,228 140,813
Age at entry (years)

Mean (SD) 43 (15) 43 (16) 43 (15)
Range 19-95 19-95 19-95
Years of follow up

Mean (SD) 8.2 (3.8) 8.6 (3.7) 8.4 (3.8)
Range 0.0-14.0 0.0-13.9 0.0-14.0
Total person-years at risk 522,320 666,532 1,188,852
Glucose (mmol/l) °

Mean (SD) 4.9 (1.3) 4.8 (1.2) 4.8 (1.3)
Range 2.2-26.2 2.2-26.6 2.2-26.6
<6.1 mmol/l (%) 90.7 92.7 91.8
6.1-6.9 mmol/l (%) 5.4 43 4.8

>7.0 mmol/l (%) 3.9 3.0 34

BMI distribution (%)

<25.0 kg/m? 49.5 63.5 57.2
25-29.9 kg/m? 40.5 24.9 31.9
>30 kg/m? 10.0 11.6 10.9
Smoking (%)

Current smoker 30.0 21.5 253
Former smoker 13.4 5.1 8.9
Occupational group (%)°

Blue collar 36.9 36.9 36.9
White collar 52.5 553 54.1
Self-employed 10.6 7.8 9.0
Incident cancers (n) 2,792 2,420 5,212
Age at cancer diagnosis (years)

Mean (SD) 65 (11) 63 (13) 64 (12)
Range 23-96 22-96 22-96

?Eligible participants were enrolled between 1988 and 2001; had complete baseline data for blood glucose, BMI, smoking and type of
occupation; and had no history of malignant cancer before or within 1 year after baseline. Participants with non-melanoma skin cancer were

excluded

®Blood glucose was measured at enrolment in fasting state in the morning
“Occupational group classified according to insurance number for occupation at baseline, prior occupation (for pensioners) or husband’s

occupation (for housewives)
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Table 5 Estimated hazard ratios (HR) and 95% CI® for incident breast cancers diagnosed in different age intervals among female
participants in the Vorarlberg Health Monitoring and Promotion Programme Study Cohort 1988-2001, according to fasting blood glucose

levels at enrolment

Fasting blood glucose (mmol/1)°

2241 42-52 5.3-6.0 6.1-6.9 >7.0
n HR 95% CI n HR =n HR 95% CI n  HR 95% CI n HR 95%CI p for trend®
Breast cancer
All: 203 096 0.81-1.13 430 1.00 144 0.99 0.82-1.20 45 091 0.67-1.24 50 1.38 1.02-1.86 0.11
<50 years: 61 099 0.72-1.36 103 1.00 16 0.61 0.36-1.04 6 0.67 0.29-1.53 - 0.12
50 to <65 years: 85 1.05 0.81-1.35 180 1.00 65 1.08 0.81-1.44 16 0.80 0.47-1.36 12 1.12 0.62-2.03 0.92
>65 years: 57 0.80 0.58-1.09 147 1.00 63 1.09 0.81-1.47 24 1.03 0.67-1.58 37 1.62 1.12-2.34 0.002

Cox proportional-hazards models stratified according to age and adjusted for smoklng status (never, former, current), occupational group
(whlte collar, blue collar, self-employed), and BMI (<25 kg/m?; 25 to<30 kg/m?; >30 kg/m?)

®Glucose categories (6.1-6.9 and >7.0 mmol/l) were combined as needed to ensure at least five cases in each exposure group

“Trend test p value corresponds to Wald p value for ordinal coefficient for glucose coded according to the median glucose level for each

exposure category

blood glucose values between 6.1 and 6.9 mmol/l among
both men (HR 1.37; 95% CI, 0.94-2.01) and women (HR
1.57; 95% CI, 1.08-2.28), but blood glucose >7.0 mmol/l
was not clearly associated with risk. Combined estimates
for men and women also indicated positive associations in
both the high normal (5.3—6.0 mmol/l) and the hypergly-
caemic ranges with liver cancer, thyroid cancer, multiple
myeloma, and with gallbladder and bile duct cancer
(Table 4). The association between fasting blood glucose
>7.0 mmol/l and breast cancer in women (HR 1.38; 95%
CI, 1.02-1.86) appeared to be driven by cases of breast
cancer diagnosed among women aged >65 years (HR 1.62;
95% CI, 1.12-2.34), which accounted for 37 of the 50
breast cancer cases associated with this level of fasting
glucose (Table 5).

Several cancers that were associated with elevated
glucose levels were also positively associated with low
fasting blood glucose levels (2.2—4.1 mmol/l), including
bladder and thyroid cancers in women, non-Hodgkin’s
lymphomas, liver and pancreatic cancers in men, and
multiple myelomas in men and women combined; howev-
er, estimates were not statistically significant. Low blood
glucose levels were inversely associated with kidney
cancer in men and pancreatic cancer in women.

Discussion

Several studies have reported elevated risks for specific
cancers among diabetic compared with non-diabetic
patients, but only a few have prospectively evaluated
associations between incident cancers and fasting glucose
levels within the normal range [10, 12, 21]. We evaluated
blood glucose over the complete glucose distribution and
found that glucose values consistent with impaired fasting
glycaemia and diabetes were associated with all cancers
combined in both men and women. However, estimated
risks of several cancers were also increased in association
with high normal fasting blood glucose values and with
low glucose values relative to the reference range.

Biological mechanisms that might link elevated blood
glucose values to carcinogenesis are poorly understood. In
late-stage type 2 diabetes mellitus, malfunction of pancre-
atic beta cells leads to an absolute insulin deficiency;
however, the onset of type 2 diabetes mellitus is usually
preceded by a long asymptomatic phase characterised by
insulin resistance and hyperinsulinaemia. Growth-promot-
ing effects of insulin and insulin-like growth factor [29, 30]
have been proposed as a causal link between abnormal
glucose metabolism and colon, breast and prostate cancers
[31]. Elevated BMI has been associated with several types
of cancer [31] and was positively correlated with blood
glucose in this study cohort (#=0.21); however, the
associations observed appeared to be independent of
baseline BMI.

Liver cancer in men was strongly associated with elevated
fasting blood glucose in our study population. This finding
was based on only 45 cases in men and 16 cases in women
but was consistent with previous studies of incident liver
cancer and elevated fasting glucose [21] or diabetes [1, 9,
32]. Diabetes is associated with fatty liver disease and
cirrhosis, which are also risk factors for liver cancer [33].
Alcohol consumption might confound the association
between elevated blood glucose levels and liver cancer but
we were unable to control for this in our analyses.

We noted a positive association between elevated fasting
blood glucose and non-Hodgkin’s lymphoma in men.
Although small studies have reported associations between
diabetes and non-Hodgkin’s lymphoma [34, 35], two
prospective studies found no association with hospitalisa-
tion for diabetes [1, 2], and a combined series of case-
control studies in northern Italy reported an inverse
association between diabetes mellitus and incident non-
Hodgkin’s lymphoma [3].

There are conflicting data concerning associations
between diabetes and breast cancer [1, 3, 4, 11, 12, 21].
We noted a weak association with fasting glucose
>7.0 mmol/l only, which appeared to be specific to
women diagnosed with breast cancer at age 65 or older.
This resulted in a weaker association between glucose and



breast cancer among women as a whole, which may
explain the inconsistent findings in studies that estimated
associations for women without regard to age or meno-
pausal status.

We observed a positive association between fasting
glucose >6.1 mmol/l and bladder cancer in women only,
based on 11 exposed cases. Hyperglycaemia may increase
urinary tract infections, and a positive relationship between
cystitis and bladder cancer has been reported [36, 37].

Few studies have included sufficient numbers of cases to
evaluate associations between diabetes and gallbladder/bile
duct cancer, thyroid cancer or multiple myeloma. We
observed strong positive associations with fasting glucose
levels >5.3 mmol/1 for all three of these cancers in men and
women combined; however, estimates were based on small
numbers of cases. Diabetes is a risk factor for gallstones,
and gallstones are an established risk factor for gallbladder
cancer. Positive associations between elevated glucose
levels and gallbladder carcinoma and multiple myeloma
are consistent with findings from a Danish record linkage
study of incident cancers and hospitalisation for diabetes
[1]. To our knowledge, positive associations between high-
normal or hyperglycaemic fasting glucose values and
thyroid cancer have not been described previously.

Major strengths of the study are its prospective design
and the large number of study participants. The incident
cancers were ascertained by an established population-
based cancer registry and nearly all the cases were
histologically confirmed; therefore, the likelihood of
outcome misclassification was low. Our use of a single
fasting blood glucose measurement as a proxy measure of
abnormal glucose metabolism may have resulted in some
non-differential misclassification because we could not
account for the variations caused by day to day fluctuations
in individual blood glucose levels. Variability in laboratory
methods also may have influenced results because blood
glucose assays were performed in the local physician
practices. In addition, we did not have information
concerning diabetes mellitus diagnoses at baseline, or
about use of medications that might have affected blood
glucose levels. This may have biased estimates toward the
null for the highest level of glucose exposure. Therefore,
the true estimates in the category >7.0 mmol/l may be even
higher than the observed values. For high-normal blood
glucose (5.3—6.0 mmol/l) and impaired fasting glycaemia
(6.1-6.9 mmol/l) non-differential misclassification could
have biased the hazard ratios upwards [38], but not beyond
the true (unbiased) effect of the highest level of fasting
glucose [39].

The proportion of cohort participants with blood glucose
levels >7.0 mmol/l (3.4%) was somewhat low relative to
Korean Cancer Prevention Study participants (approxi-
mately 4.2%) and expectations based on the estimated
prevalence of adult diabetic patients in developed countries
(5.9%) [40]. The prevalence of current and former smokers
was comparable to a previous cross-sectional study of
Austrians [41]; however, about 34% of lung cancers in our
cohort were diagnosed in participants classified as never
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smokers, which suggests some misclassification of smok-
ing status. In the statistical analysis we controlled for BMI
and used occupational group as a rough surrogate for
socioeconomic status but were unable to account for other
factors that might have confounded relations between
blood glucose and specific cancers, such as physical
activity or diet.

In summary, our results provide further evidence of a
positive association between hyperglycaemia and all
cancers combined. Positive associations were also found
for liver cancer and non-Hodgkin’s lymphoma in men; for
colorectal, breast and bladder cancers in women, and for
multiple myeloma, gallbladder/bile duct cancer, and thy-
roid cancer in men and women combined. Finally, our
results indicate that fasting blood glucose values in the
upper normal range, as well as values consistent with
impaired fasting glycaemia and diabetes, may increase the
risks of several types of cancer.
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