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Abstract
Aims/hypothesis Hyperglycaemia has been associated with the incidence of all and specific types of cancer, distinct from the
risks related to diabetes. The relationships between blood glucose and mortality rates related to all and specific cancers were
analysed in comparison with all-cause or non-cancer-related mortality rates in a large, general primary care population in France.
Methods Between January 1991 and December 2008, 301,948 participants (193,221 men and 108,727 women), aged 16–
95 years (mean ± SD 44.8 ± 12.0 years for men and 45.1 ± 14.2 years for women), had a health check at the IPC Centre. All
data collected in standard conditions during the health checks-up were used for statistical analysis All examinations were
performed under fasting conditions and included a blood glucose measurement. Participants with known diabetes (<9%) were
excluded from the analysis. Participants were classified into quintiles based on their blood glucose measurement and were
followed for a maximum of 17 years (mean ± SD 9.2 ± 4.7 years) to assess all-cause, cancer and non-cancer mortality rates.
Results A non-linear relationship was observed between cancer mortality rates and blood glucose quintile after adjustment for
age and sex. There was a significant association between the group with the highest blood glucose level and cancer-related death
(multivariate Cox model, HR [95% CI] 1.17 [1.03, 1.34]), while the group with normoglycaemia showed no association with
cancer-related deaths. We did not observe a relationship between blood glucose and all-cause or non-cancer mortality rates. An
excess risk of death was observed in the highest blood glucose quintile for gastrointestinal cancer and leukaemia. Adjustments for
diabetes and aspirin use did not modify the results. However, this excess risk disappeared with use of glucose-lowering agents
(HR [95% CI] 1.03 [0.74, 1.43]).
Conclusions/interpretation Hyperglycaemia is associated with significantly higher rates of cancer-related deaths, particularly in
gastrointestinal cancer and leukaemia, but not with non-cancer-related deaths. The association is retained when taking into
account confounding factors, including chronic aspirin treatment.
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Introduction

A mutual association between diabetes and cancer, two very
common diseases worldwide, has been suggested by epide-
miological surveys in various populations, and confirmed in
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an expert consensus statement [1]. Although small, this asso-
ciation was nonetheless found significant in a large meta-
analysis and a survey on the prevalence of all cancer types
in individuals with type 2 diabetes [2, 3]. Experts suggest that
this link may be explained by common risk factors and/or
mechanistic relationships, such as inflammation. However,
while colorectal cancer mortality rates were increased in indi-
viduals with diabetes, this relationship was primarily
explained by the cardiovascular complications of diabetes
and not by any increase in cancer-specific mortality [4].
Furthermore, it would appear that prostate cancer has a low
prevalence in individuals with diabetes relative to other can-
cers (i.e. liver, pancreas, endometrium, colon/rectum, breast
and bladder). Thus, the relationship between diabetes and can-
cer is yet to be definitively ascertained. Two recent studies
have suggested a direct involvement of hyperglycaemia in
the glucose metabolism–cancer relationship [5, 6].

An impact of glucose-lowering drugs on cancer incidence
has also been postulated. First, the use of metformin, a first-
line treatment for diabetes worldwide, has been shown to be
inversely associated with cancer incidence. Ameta-analysis of
mainly retrospective studies that compared metformin with
other glucose-lowering treatments, including insulin, revealed
a reduction in cancer incidence, with the exception of colon
and breast cancer, in individuals with diabetes [7]. In contrast,
insulin therapy, both generic and specific compounds [8], has
been linked with an increased risk of pancreatic cancer; how-
ever, a post hoc analysis using glargine clearly showed no
association with cancer incidence [9].

Several meta-analyses have suggested that aspirin may re-
duce the incidence of different types of cancer or the incidence
of metastasis [10, 11]. Recent guidelines from the US
Preventive Services Task Force state that aspirin use in 50–69-
year-old individuals with high cardiovascular risk has a low but
potentially interesting secondary benefit in preventing colorec-
tal cancer over several decades [12]. Given that antiaggregant
therapy with aspirin is very common in individuals with diabe-
tes, testing for such an interaction may prove valuable in the
study of the relationship between hyperglycaemia and cancer
incidence.

The aim of the present study was to assess the relationships
between fasting hyperglycaemia and cancer- or non-cancer-
related death in a large French cohort of primary care volun-
teers. We also analysed the mortality rates associated with
specific cancer types, and the influence of glucose-lowering
agents and regular aspirin treatment on mortality rates.

Methods

Participants Volunteers were recruited at the Centre
d’Investigations Préventives et Cliniques (IPC Centre, Paris,
France), a medical centre subsidised by the French national
healthcare system (Sécurité Sociale-CNAM) that offers free
medical examinations for all affiliated working and retired
people and their families. The IPC Centre has carried out
approximately 20,000–25,000 examinations per year since
1970 for people living in the Paris area. Between January
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1991 and December 2008, 301,948 participants (193,221 men
and 108,727 women), aged 16–95 years (mean ± SD 44.8 ±
12.0 years for men and 45.1 ± 14.2 years for women),
underwent a health check at the IPC Centre. All data collected
in standard conditions during the health checks-up were used
for statistical analysis. Participants with known diabetes
(<9%) were excluded from the analysis. Data on mortality
rates and causes were available for a maximum follow-up of
17 years (mean ± SD 9.2 ± 4.7 years). During this period,
5616 deaths were recorded for men (2488 deaths from cancer
and 3128 from other causes) and 2032 deaths for women (904
from cancer and 1128 from other causes).

The IPC Centre received authorisation from the French
ethics committees (Comité National d’Informatique et des
Libertés and Comité Consultatif sur le Traitement de
l’Information en matière de Recherche dans le domaine de la
Santé) to conduct analyses on all data collected during the
health checks. All participants provided informed consent at
the time of the examination. Based on national mortality sta-
tistics, our cohort presented a lower mortality rate than other
French cohorts or the general population. However, the distri-
bution of the different causes of mortality in our cohort was
identical to that of the general population in France.

Investigations Blood glucose and other biological variables,
including total plasma cholesterol and triacylglycerols, were
measured under fasting conditions. Fasting was defined as
12 h from last meal, or for an appointment at 12:00 hours a
coffee or tea and a breakfast rusk without butter or sugar was
authorised before 07:00 hours. A blood sample was taken at
the beginning of the health check. Measurements were con-
ducted using enzymatic (automat HITACHI 917, Boehringer
Mannheim, Basel, Switzerland) and colorimetric methods for
albumin dosage, and the ABX Pentra 120 (Horiba, Kyoto,
Japan) for haematology. All biological and clinical variables
were evaluated on the day of the examination. Supine BP was
measured in the right arm three times, from which the mean of
the last two measurements was calculated and included in the
database. BP was measured by a trained nurse using a manual
mercury sphygmomanometer until mid-1998, after which
time validated digital electronic BP devices were used
(A&D TM-2541, A&D Company, Tokyo, Japan). The mea-
surements were conducted after a 10 min rest enabling a
resting ECG recording. Height (using a wall-mounted
stadiometer) and weight (using calibrated scales) were
recorded by a nurse. Heart rate was measured by ECG. Left
ventricular hypertrophy was defined according to the
Sokolow–Lyon criteria for ECG. Tobacco use, physical
activity, personal and family medical history, current medica-
tion intake (including glucose-lowering agents and regular
aspirin), and alcohol consumption were assessed using a
standardised self-administered questionnaire completed
during the health check.

Endpoints For each screened participant, vital status was ob-
tained from the Institut National de Statistiques et d’Etudes
Economiques (INSEE, Paris, France). Cause of death, obtained
from death certificates, was provided by the Institut National
de la Santé et de la Recherche Médicale (Inserm) Department
of Mortality Studies (Unit SC8). Cause of death was codified
according to the ICD-8 (until 1978) or ICD-9 (thereafter; www.
who.int/classifications/icd/en/). Data for cause of death were
only available up to December 2008. To validate this
procedure, a random sample of 364 participants listed as
deceased in our database were evaluated in 2012 and the data
were compared with those provided by city hall registries for
each individual. Discordance was found in only two cases
(0.55%). Based on the results of this validation, it was
considered that we had a complete follow-up of deceased
people for the entire study population.

Data analysis Participants with a personal medical history of
cancer (4344 women and 2291 men) were excluded from the
analysis.

Using blood glucose level quintiles, we performed an
analysis of the mortality risk trend according to blood glucose
level and a categorical analysis. First, the population was di-
vided into quintiles (Q1–Q5), separately for men and women.
Groups were compared using an analysis of variance. Risk of
death (all-cause, cancer-related, non-cancer-related) and all
types of cancers were compared for each quintile using HR
(95%CI). The first quintile was chosen as the reference group.
Excess risk of death was tested through three different models:
(1) adjusted for sex and age; (2) adjusted for sex, age and
glucose-lowering medication; and (3) full adjustment, includ-
ing sex, age, glucose-loweringmedication, weight, height, BP,
heart rate, cholesterol, triacylglycerols, depression score, fa-
milial medical history (diabetes, hypertension, myocardial in-
farction and breast cancer), tobacco use, antihypertensive
treatment, ECG abnormalities, socio-professional categories
and declared aspirin treatment. Second, blood glucose was
considered as a continuous variable. Mortality risk was
evaluated for an increase of 0.56 mmol/l blood glucose with
the Cox regression polynomial splines model. A supplemen-
tary analysis including lipid-lowering treatment (e.g. statins)
was performed. Specific details pertaining to glucose-
lowering and lipid-lowering treatments were not available in
our database. Data are expressed as mean ± SD. Statistical
analyses were performed with SAS software (v8.02) (https://
www.sas.com/fr_fr/home.html).

Results

The population included 301,948 participants without a per-
sonal history of cancer (193,221 men, 44.8 ± 12.0 years and
108,727 women, 45.1 ± 14.2 years). Table 1 summarises the
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mean ± SD blood glucose levels for men and women for each
quintile, alongwithminimum andmaximumvalues. Themean
± SD blood glucose levels in menwere: Q1, 4.81 ± 0.24mmol/
l; Q2, 5.29 ± 0.08 mmol/l; Q3, 5.49 ± 0.08 mmol/l; Q4, 5.84 ±
0.13 mmol/l; and Q5, 6.88 ± 1.61 mmol/l. Overall, blood glu-
cose levels were lower in women than in men. The blood
glucose level that typically defines normoglycaemia was ob-
served in Q3 (5.49 ± 0.08mmol/l [5.39–5.61] in men and 5.22
± 0.08 mmol/l [5.11–5.33] in women), and the mean blood
glucose level in Q5 was lower than the threshold defining
diabetes (7 mmol/l) in both men and women.

The general characteristics of the population are shown in
Table 2. Mean age increased from Q1 to Q5 (39 ± 12 years to
51 ± 11 years, respectively). Glucose-lowering agents (consi-
dered as a diagnosis of diabetes in this analysis) were used by
6.06% of participants, with the lowest proportions in the first
three quintiles (3.38–5.44%) and reaching 8.90% in Q5.
Declared aspirin treatment was similarly distributed at appro-
ximately 20%.

Table 3 presents the percentage of deaths attributed to cancer
and non-cancer, according to sex, over the median 9 years of
follow-up. Mortality rates increased from Q1 to Q5: all-cause,
from 1.47% to 5.54% in men and from 0.69% to 3.99% in
women; cancer-related, from 0.59% to 2.57% in men and
from 0.30% to 1.69% in women; non-cancer-related, from
0.88% to 2.97% in men and from 0.39% to 2.30% in women
(p < 0.0001 for all comparisons for linear trends in men and
women). However, it is important to note at this stage that risk
of death was significantly increased among participants in Q5.

Table 4 shows the adjusted mortality risk in each blood
glucose quintile comparedwith Q1 (reference group) according
to the different models. The relationship between blood glucose
and cancer-related death does not appear to be linear, particu-
larly in comparison with all-cause mortality. The HR for all-
cause mortality went from 1.13 (Q2) to 0.93 (Q4) to 1.16 (Q5),
while the HR for cancer-related death went from 1.10 (Q2) to
1.11 (Q3) to 1.04 (Q4) and then rose to 1.36 (Q5). An important
result is that the blood glucose level that typical defines

Table 1 Baseline blood glucose
level (mmol/l) by quintile ac-
cording to sex

Q1 Q2 Q3 Q4 Q5

Men

n 40,509 35,644 36,788 42,987 36,626

Mean (SD) 4.81 (0.24) 5.29 (0.08) 5.49 (0.08) 5.84 (0.13) 6.88 (1.61)

Min. – max. 2.00–5.06 5.11–5.33 5.39–5.61 5.67–6.06 6.11–32.33

Women

n 22,954 21,134 21,772 19,933 22,486

Mean (SD) 4.55 (0.21) 4.95 (0.08) 5.22 (0.08) 5.52 (0.09) 6.32 (1.29)

Min. – max. 3.06–4.78 4.83–5.06 5.11–5.33 5.39–5.67 5.72–29.33

Max., maximum; Min., minimum

Table 2 Characteristics of the
study population by blood glu-
cose level quintile

Q1 Q2 Q3 Q4 Q5

Age (years) 39 (12) 43 (13) 45 (13) 47 (12) 51 (11)

BMI (kg/m2) 23.8 (3.8) 24.3 (3.8) 24.6 (3.8) 25.1 (3.8) 26.1 (4.3)

BP (mmHg) 124 (16) 126 (16) 128 (16) 131 (16) 135 (18)

Heart rate (bpm) 62 (10) 64 (10) 65 (11) 66 (11) 70 (12)

γ-glutamyltransferase (U/l) 25.8 (34.4) 26.6 (34.2) 27.4 (36.1) 30.0 (44.4) 37.0 (63.3)

Cholesterol (mmol/l) 5.22 (1.06) 5.46 (1.07) 5.60 (1.08) 5.76 (1.1) 5.98 (1.14)

Cholesterol treatment 2.55 3.39 4.23 4.92 7.47

Leucocytes (109/l) 6.62 (2.0) 6.68 (1.9) 6.72 (1.9) 6.78 (1.8) 6.89 (1.9)

Depression score 1.79 (2.75) 1.72 (2.68) 1.70 (2.64) 1.68 (2.60) 1.93 (2.77)

Current tobacco use 15.7 17.1 19.5 23.6 24.2

Glucose-lowering treatment 5.44 3.38 4.83 7.49 8.90

Aspirin 21.26 18.97 19.45 20.80 19.52

Family history of breast cancer 6.52 6.98 7.25 7.10 6.98

Family history of intestinal cancer 3.54 3.99 4.36 4.77 5.42

Physical activity 22.74 19.77 19.81 20.64 17.0

Data are expressed as mean (SD) or percentage
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normoglycaemia is not associated with an excess risk of
cancer-related death mortality.

In the Q5, an increased risk of all-cause and cancer-related
death was observed after adjustment for age and sex. This
excess risk remained significant after adjustment for age, sex
and glucose-lowering treatment (model 2). After full adjust-
ment (model 3), the excess risk of all-cause death was no
longer present. In contrast, a significantly lower mortality rate
was noted in Q4 compared with Q1. For cancer-related death,
after full adjustment, the excess risk associated with Q5
reached 17% (HR [95% CI] 1.17 [1.03, 1.34]), corresponding
to population attributable proportion of cancer of 3.22%.
Additional analyses including lipid-lowering treatment did
not modify this result (data not shown). For non-cancer-

related death, analysis by quintile did not reveal any excess
risk of death associated with blood glucose level.

Considering blood glucose as a continuous variable, the
risk of death (HR [95% CI]) associated with an increase of
0.56mmol/l of blood glucose was 1.04 (1.02, 1.06) for cancer,
1.04 (1.03, 1.06) for non-cancer and 1.04 (1.03, 1.05) for all-
cause. The relationship with blood glucose remained signifi-
cant after the introduction of a quadratic term (blood glucose
squared) in the model for cancer-related deaths but disap-
peared for non-cancer-related deaths.

Table 5 shows the risk of cancer-related death according to
normoglycaemia or hyperglycaemia (blood glucose ≥7
mmol/l) status and the use of glucose-lowering medication.
Only the group presenting with high blood glucose levels

Table 3 All-cause, cancer- and
non-cancer-related mortality
rates, according to sex, over the
median 9 year follow-up

Q1 Q2 Q3 Q4 Q5

All-cause

Men 1.47 (592) 1.95 (696) 2.54 (933) 3.21 (1374) 5.54 (2021)

Women 0.69 (158) 0.97 (204) 1.59 (346) 2.15 (429) 3.99 (895)

Cancer

Men 0.59 (238) 0.76 (271) 1.16 (426) 1.44 (615) 2.57 (938)

Women 0.30 (68) 0.48 (101) 0.73 (158) 0.99 (198) 1.69 (379)

Non-cancer

Men 0.88 (354) 1.19 (425) 1.38 (507) 1.77 (759) 2.97 (1083)

Women 0.39 (90) 0.49 (103) 0.86 (188) 1.16 (231) 2.30 (516)

Data are expressed as % (n)

P<0.0001 for trend for all comparisons for men and women

Table 4 Nine year mortality risk
according to blood glucose level
quintile

Q1a Q2 vs Q1 Q3 vs Q1 Q4 vs Q1 Q5 vs Q1

All-cause

Model 1b 1 1.13 (1.03, 1.24) 1.00 (0.92, 1.08) 0.93 (0.86, 1.00) 1.16 (1.07, 1.24)

Model 2c 1 1.13 (1.03, 1.24) 0.99 (0.92, 1.08) 0.93 (0.86, 1.00) 1.14 (1.07, 1.23)

Model 3d 1 1.08 (0.98, 1.19) 0.98 (0.90, 1.07) 0.90 (0.83, 0.98) 0.98 (0.89, 1.06)

Cancer

Model 1b 1 1.10 (0.94, 1.28) 1.11 (0.97, 1.26) 1.04 (0.92, 1.18) 1.36 (1.21, 1.54)

Model 2c 1 1.10 (0.95, 1.28) 1.11 (0.97, 1.26) 1.04 (0.92, 1.18) 1.36 (1.21, 1.53)

Model 3d 1 1.04 (0.88 1.23) 1.07 (0.93, 1.22) 0.99 (0.87, 1.13) 1.17 (1.03, 1.34)

Non-cancer

Model 1b 1 1.07 (0.95, 1.22) 0.95 (0.85, 1.06) 0.91 (0.82, 1.02) 1.10 (1.00, 1.22)

Model 2c 1 1.07 (0.94, 1.22) 0.95 (0.85, 1.06) 0.91 (0.82, 1.01) 1.08 (0.97, 1.19)

Model 3d 1 1.02 (0.89, 1.17) 0.94 (0.83, 1.06) 0.89 (0.79, 1.00) 0.91 (0.81, 1.01)

Data are expressed as HR (95% CI)
a Reference group
bModel adjusted for age and sex
cModel adjusted for age, sex and glucose-lowering treatment
dModel adjusted for age, sex, cholesterol, weight, BP, triacylglycerols, heart rate, depression, family medical
history (diabetes, hypertension, myocardial infarction, breast cancer and intestinal cancer), tobacco use, physical
activity, leucocyte levels, glucose-lowering treatment, ECG abnormalities, socio-professional categories, aspirin
use
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without treatment was exposed to a significantly increased
risk of cancer-related death.

After full adjustment, participants with a blood glucose
level ≥7 mmol/l but who were not receiving glucose-
lowering treatment, considered as incident diabetes, had an
excess risk of cancer-related death (HR [95% CI] 1.26 [1.10,
1.45]). This risk was similar for non-cancer-related death (HR
[95% CI] 1.66 [1.49, 1.86]). This excess risk for cancer-
related death became non-significant when participants were
treated for diabetes irrespective of their glucose control.
However, participants receiving glucose-lowering medica-
tion, considered as having ‘known diabetes’, presented an
excess of risk of non-cancer-related death (HR [95% CI]
1.45 [1.10, 1.92] for normoglycaemia and 1.60 [1.29, 1.99]
for hyperglycaemia). These results suggest that incidence of
diabetes is associated with cancer- and non-cancer-related
death, and that glucose-lowering medication reduces the risk
of cancer-related but not non-cancer-related death.

These results have significant implications for additional
benefits of glucose-lowering medications on reducing cancer-
related deaths. Although detailed information on prescription
of glucose-lowering medications was not available, such a
long-term effect of treatment is worth emphasising.

The relationship between blood glucose and cancer-related
death differed according to the type of cancer (Table 6). For
gastrointestinal cancer and leukaemia, an excess risk of death
was observed in Q5, which remained significant after full
adjustment (50% and 78%, respectively). For lung and pros-
tate cancers, the significantly higher risk of death associated
with Q5 disappeared after adjustment for confounders. For
kidney and breast cancers, there were no associations between
blood glucose level and mortality rates. For other cancers, the
risk of death was significantly lower, regardless of the model
used, suggesting a low incidence of cancer when blood glu-
cose is within the normal range. For other cancers, the risk of
death was significantly lower, regardless of the model used,
when blood glucose is within the normal range, compared
with higher blood glucose, and a low incidence of cancer
was observed.

Tobacco-related cancers were grouped together (lung,
mouth and throat, stomach, and bladder) and their relationship
was analysed according to tobacco use. The relationship for
cancer-related death and hyperglycaemia was not statistically
significantly different between smokers and non-smokers with
tobacco-related cancers (HR [95% CI] 1.19 [0.88, 1.60] and
1.45 [1.08, 1.95], respectively,). A non-linear trend between
cancer-related death and blood glucose level was also ob-
served for specific cancers, confirming a non-coincidental re-
sult for the study.

Discussion

The main finding of this study is an increased mortality rate
associated with higher blood glucose levels in a large primary
care population presenting a low rate of diabetes.
Hyperglycaemia had a negative impact regardless of the cause
of death in our cohort. For the purposes of this analysis, all
those treated with glucose-lowering medication were consi-
dered to have diabetes. As a result of our inclusion criteria,
which required only one measurement of fasting blood glu-
cose, we were unable to identify individuals with non-treated
diabetes. Only a small proportion of the study population had
diabetes (Table 2; 3.38–8.90%) and use of glucose-lowering
treatment was adjusted for in the statistical analysis.

The main finding of the present study is that, after adjust-
ment for confounding factors, mortality rates related to cancer
increased in both men and women who presented with high
levels of fasting blood glucose. The mean blood glucose level
on Q5 reached 6.88 mmol/l for 36,626 male participants and
6.52 mmol/l for 22,486 female participants, which represents
only moderate increases relative to the normal range (i.e. below
the threshold defining diabetes). The increase in risk of cancer-
related death was approximately 18% after full adjustment. In
contrast, the HR for non-cancer-related and all-cause deaths for
Q5 were comparable with Q1 (reference group). This study
specifically focused on blood glucose, and not diabetes, in the
main analysis, thereby confirming a deleterious relationship

Table 5 Risk of cancer-related
death according to blood glucose
status and glucose-lowering treat-
ment use

NG-NTTa HG-NTT NG-TT HG-TT

Adjusted for age and sex 1 1.52 (1.33, 1.72)*** 1.04 (0.70, 1.56) 1.16 (0.85, 1.59)

Full adjustmentb 1 1.26 (1.10, 1.45)** 1.06 (0.69, 1.61) 1.03 (0.74, 1.43)

Data are expressed as HR (95% CI)
a Reference group
bModel adjusted for age, sex, cholesterol, weight, BP, triacylglycerols, heart rate, depression, family history
(diabetes, hypertension, myocardial infarction, breast cancer and intestinal cancer), tobacco use, physical activity,
leucocyte levels, glucose-lowering treatment, ECG abnormalities, socio-professional category and aspirin use

**p<0.01, ***p<0.001 vs the reference group (NG-NTT)

NG-NTT, normoglycaemia and no glucose-lowering treatment; HG-NTT: hyperglycaemia (>7 mmol/l) and no
glucose-lowering treatment; NG-TT, normoglycaemia with glucose-lowering treatment; HG-TT, hyperglycaemia
(>7 mmol/l) with glucose-lowering treatment
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between altered glucose metabolism and risk of cancer; there-
fore, the results carry greater significance than a confirmatory
result linking diabetes and cancer. Two recent studies have also
reported a similar relationship between blood glucose level and
cancer risk. In the Hisayama study conducted in a Japanese
general population, the risk of cancer-related death was almost
doubled when fasting plasma glucose levels were >5.6 mmol/l
[5]. While in a subanalysis of the Apolipoprotein MOrtality
RISk (AMORIS) study incorporating cancer data from the
Swedish National Cancer Register, a positive trend (+8%)
was observed between mean glucose level and overall cancer
risk [6]. The findings presented here add a new dimension to the
above. First, the range of blood glucose levels was broad and

not limited to one arbitrary threshold as in the Hisayama study.
Second, we were able to compare cancer mortality rates with
non-cancer mortality rates in contrast to the AMORIS study.
Third, our population had a much larger sample size than the
other studies. Although we were unable to obtain detailed data
regarding glucose-lowering treatments, we nevertheless com-
pared participants grouped according to blood glucose level
(normo or hyperglycaemia) and the presence or absence of
treatment (Table 5). Overall, our results confirm a significant
increase in cancer-related deaths associated with
hyperglycaemia, although only when observed in the absence
of glucose-lowering treatment. It would appear that glucose-
lowering treatment stabilises the risk of cancer-related death

Table 6 Mortality risk for various
types of cancer according to
blood glucose quintile

Models for adjustment Q1a Q2 vs Q1 Q3 vs Q1 Q4 vs Q1 Q5 vs Q1

Lung cancer (n = 818)

Model 1b 1 1.23 (0.91, 1.66) 1.25 (0.96, 1.62) 1.04 (0.80, 1.34) 1.42 (1.11, 1.81)

Model 2 1 1.24 (0.92, 1.67) 1.25 (0.96, 1.62) 1.04 (0.81, 1.34) 1.43 (1.12, 1.82)

Model 3d 1 1.05 (0.77, 1.45) 1.17 (0.89, 1.55) 1.01 (0.77, 1.31) 1.22 (0.94, 1.60)

Gastrointestinal cancer f(n = 378)

Model 1b 1 1.44 (0.91, 2.28) 1.17 (0.77, 1.78) 1.22 (0.82, 1.82) 1.71 (1.18, 2.49)

Model 2c 1 1.45 (0.91, 2.29) 1.17 (0.77, 1.80) 1.22 (0.82, 1.81) 1.75 (1.20, 2.54)

Model 3d 1 1.58 (0.97, 2.61) 1.14 (0.72, 1.79) 1.19 (0.78, 1.83) 1.50 (1.00, 2.27)

Kidney cancer (n = 164)

Model 1b 1 0.52 (0.23, 1.18) 1.00 (0.57, 1.79) 1.00 (0.58, 1.71) 1.10 (0.66, 1.84)

Model 2c 1 0.52 (0.23, 1.19) 1.01 (0.57, 1.79) 1.00 (0.59, 1.72) 1.10 (0.66, 1.85)

Model 3d 1 0.54 (0.23, 1.26) 1.04 (0.57, 1.90) 1.03 (0.58, 1.81) 0.95 (0.54, 1.65)

Leukaemia (n = 201)

Model 1b 1 0.84 (0.39, 1.80) 1.56 (0.88, 2.77) 1.54 (0.89, 2.67) 1.76 (1.03, 3.01)

Model 2c 1 0.85 (0.40, 1.81) 1.55 (0.87, 2.75) 1.55 (0.90, 2.68) 1.76 (1.03, 3.01)

Model 3d 1 0.88 (0.41, 1.83) 1.46 (0.82, 2.61) 1.31 (0.74, 2.30) 1.78 (1.00, 3.15)

Breast cancer (n = 148)

Model 1b 1 0.88 (0.42, 1.45) 0.81 (0.44, 1.50) 1.14 (0.65, 2.00) 1.06 (0.61, 1.84)

Model 2c 1 0.88 (0.42, 1.87) 0.81 (0.44, 1.50) 1.14 (0.65, 2.00) 1.07 (0.61, 1.85)

Model 3d 1 0.89 (0.40, 1.97) 0.78 (0.41, 1.52) 1.10 (0.60, 2.01) 0.97 (0.52, 1.78)

Prostate cancer (n = 217)

Model 1b 1 1.52 (0.83, 2.78) 1.06 (0.59, 1.88) 0.92 (0.53, 1.59) 1.79 (1.09, 2.93)

Model 2c 1.54 (0.84, 2.81) 1.06 (060, 1.89) 0.91 (0.53, 1.58) 1.80 (1.09, 2.95)

Model 3d 1 1.74 (0.92, 3.29) 1.03 (0.55, 1.88) 0.87 (0.49, 1.56) 1.53 (0.90, 2.63)

Other cancers (n = 1246)

Model 1b 1 1.18 (0.99, 1.41) 0.95 (0.81, 1.12) 0.84 (0.72, 0.98) 1.06 (0.92, 1.23)

Model 2c 1.18 (0.99, 1.41) 0.95 (0.81, 1.11) 0.84 (0.72, 0.96) 1.05 (0.90, 1.21)

Model 3d 1 1.15 (0.95, 1.40) 0.97 (0.82, 1.16) 0.83 (0.70, 0.98) 0.94 (0.80, 1.11)

Data are expressed as HR (95% CI)
a Reference group
bModel adjusted for age and sex
cModel adjusted for age, sex and glucose-lowering treatment
dModel adjusted for age, sex, cholesterol, weight, BP, triacylglycerols, heart rate, depression, family medical
history (diabetes, hypertension, myocardial infarction, breast cancer and intestinal cancer), tobacco use, physical
activity, leucocyte levels, glucose-lowering treatment, ECG abnormalities, socio-professional categories, aspirin
use
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to levels similar to those observed in participants with
normoglycaemia, i.e. the group with normal blood glucose
without treatment. However, we defined diabetes using a
threshold of >7 mmol/l blood glucose. Furthermore, blood glu-
cose was only measured once and glucose-lowering treatment
use was declared by the participant through a self-administered
questionnaire. Although a clear association has been
demonstrated between metformin use and reduced risk of death
in type 2 diabetes, we have shown here an additional benefit of
glucose-lowering treatment: a reduce risk of cancer even with
residual hyperglycaemia during treatment (Table 5). A clinical
trial in individuals with type 2 diabetes where a large initial
HbA1c reduction and achievement of low HbA1c levels within
6months of metformin treatment initiation are associated with a
lower risk of cardiovascular events and death [13].

The originality of the present study is the analysis of mor-
tality rates related to a range of specific cancers according to
blood glucose level. A number of studies have demonstrated a
relationship, albeit weak, between blood glucose level and
breast cancer or metastasis [14–16]. This relationship was
not confirmed herein; although our endpoint was death and
not cancer incidence, which was shown to be increased up to
63% in the ORDET study [14]. Moreover, the association
between blood glucose and death related to lung cancer retro-
spectively found in a small population [17] was not observed.
Although a significant association with gastrointestinal can-
cers was observed herein, we were unable to specifically dis-
tinguish pancreatic cancer in our database. Indeed, there are
conflicting reports regarding blood glucose and pancreatic
cancer. The latter has been found to be associated with
hyperglycaemia [18], but also associated or solely with circu-
lating markers of peripheral insulin resistance but not
hyperglycaemia [19]. Finally, we observed, in both analyses
of overall cancer-related death and in a majority of deaths
related to specific cancers, a similar non-linear trend between
blood glucose quintile and mortality rate after adjustment for
age and after full adjustment (Table 4), while the raw data
(Table 3) suggested a linear relationship. Consequently our
data indicate two major findings: (1) within the normal range,
in both sexes, blood glucose is not associated with an in-
creased risk of cancer; and (2) the highest blood glucose level
is significantly associated with cancer-related but not non-
cancer-related death.

A relationship between BMI and specific cancers has been
well established in a recent population-based study [20], in
which each 5 kg/m2 increase was associated with particular
cancer types. In our population, BMI increased slightly with
blood glucose quintile, from 23.8 kg/m2 to 26.1 kg/m2

(Table 2); the final analysis was therefore adjusted for weight
to take this confounding factor into account.

Of note, tobacco use cancelled the relationship between
tobacco-related cancers and blood glucose because of its over-
whelming deleterious action. Finally, our results show that

hyperglycaemia was associated with cancer-related death but
not with causes of death usually associated with diabetes, such
as cardiovascular disease. Given that the present study was
epidemiological as opposed to mechanistic in design, it is
not possible to draw conclusions on specific causality or to
provide a definite explanatory hypothesis. However, the hy-
pothesis suggesting a role of common risk factors or general
inflammation remains appropriate in this instance [21, 22].

A protective effect of aspirin has been suggested against
metastasis and cancer-related death, specifically for colorectal
cancer as shown in a meta-analysis of large-scale studies. In
the present study, we took into consideration the presence of
treatment with aspirin as reported by approximately one-fifth
of the participants in each blood glucose quintile. Again, a
relationship between hyperglycaemia and cancer-related death
was maintained after adjusting for the use of aspirin. This
point further strengthens our findings and suggests that aspirin
treatment did not play a favourable role in this relationship.

Limitations of the study There are a number of limitations
associated with this study that should be acknowledged.
First, blood glucose was only measured once and was not
confirmed in subsequent measurements. However, blood
sample collection was performed in fasting and standardised
conditions, and the positive relationship between blood glu-
cose level and death would not be impacted by this single
measurement. Furthermore, the analysis using quintiles
should limit any effect on the observed results.

Details regarding glucose-lowering treatment were not
available, such that only presence or absence of medication
use was known. Hence, no conclusions can be drawn regar-
ding a potential impact of these drugs. Similarly, specific de-
tails regarding lipid-lowering treatment (i.e. statins) were not
available.

Second, we only addressed mortality rates in this analysis
and not the incidence of cancer. Thus, the conclusions of this
study are not generalisable to cancer incidence but rather spe-
cific to cancer-related death. Furthermore, our follow-up for
causes of death in this specific cohort ended in 2008, which is
a clear limitation for participants aged 45 ± 12 years at the time
of inclusion.

Finally, HbA1c was not available in our database and we
did not assess the 2 h OGTT. A recent study by Goto et al
showed that the highest levels of HbA1c within the non-
diabetic range were associated with cancer incidence [23].
The large Diabetes Epidemiology: Collaborative analysis of
Diagnostic criteria in Europe (DECODE) study showed that in
individuals without diabetes, cancer-related mortality rates
were similarly increased for fasting and 2 h OGTT plasma
glucose [24].

In conclusion, the large-scale study presented here shows
that, compared with non-cancer-related death, fasting
hyperglycaemia was significantly associated with cancer-
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related death after adjusting for confounding factors, in particu-
lar treatments with aspirin or glucose-lowering medications.

Although not mechanistic in design, the findings of this
study putatively suggest that common factors or inflammation
associated with glucose metabolism may play a deleterious
role in the evolution of cancer, if not its occurrence.
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