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Background: Impaired glucose regulation, measured with an oral glucose-tolerance test, has been associated with
the risk of cancer. Here, we explored whether the response to an intravenous glucose-tolerance test (IVGTT) is
associated with the risk of cancer.

Methods: A cohort of 945 healthy men, aged 40-59 years in 1972-75, was followed for 40 years. An IVGTT was
performed at baseline. Blood samples for glucose determinations were drawn immediately before glucose injec-
tion and thereafter every 10 min for 1 h. Associations were assessed with incidence rate ratios (IRR) and Cox
models.

Findings: Cancer incidence was higher among men with 10-min glucose levels below the median than in men
with levels above the median (IRR: 1.5, 95% CI: 1.2-1.9). This association remained significant after adjusting
for relevant confounders (HR: 1.6, 95% CI: 1.3-2.1) and when excluding the first 10 years of follow-up to mini-
mize the possibility of reverse causality (HR: 1.5, 95% CI: 1.2-2.0).

Interpretation: Healthy middle-aged males that responded to an intravenous glucose injection with rapid glucose
elimination during the first phase had an elevated risk of cancer during 40 years of follow-up. First phase re-
sponse to a glucose load might be related to cancer development.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Previous studies suggest that impaired glucose regulation may be as-
sociated with cancer incidence or cancer-related death. This association
was found among patients with diabetes mellitus (Hirakawa et al.,
2012; Jee et al., 2005; Levine et al., 1990; Saydah et al., 2003), pre-dia-
betic levels of impaired fasting glycemia (Hirakawa et al., 2012; Jee et
al.,, 2005; Huang et al., 2014; Rapp et al., 2006), or impaired glucose tol-
erance (Hirakawa et al.,, 2012; Huang et al.,, 2014; Zhou et al., 2010). In
those studies, impaired glucose regulation was detected with the oral
glucose-tolerance test (OGTT), where 2-h post-load glucose levels
were measured after a standardized dose of oral glucose (Hirakawa et
al,, 2012; Zhou et al.,, 2010).

Impaired glucose tolerance can also be detected with the intrave-
nous glucose-tolerance test (IVGTT), where an artificial increase in plas-
ma glucose induces insulin secretion from pancreatic (3 cells. The
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characteristic biphasic insulin secretion response is a rapid, transient
first phase, which lasts a few minutes, followed by a more sustained sec-
ond phase (Seino et al,, 2015). In contrast, the insulin secretion response
of B cells during an OGTT is more complex; it can produce variable
results, due to the combined influences of plasma glucose, hormones,
neurotransmitters, and nutrients.

In the present study, we investigated the relationship between glu-
cose tolerance and cancer risk in a 40-year follow-up study of initially
healthy middle-aged men. We implemented the IVGTT, with plasma
glucose measurements every 10 min for 1 h. We aimed to explore
the association between cancer risk and the responses to an IVGTT, in-
cluding the first phase (plasma glucose at 10 min) and second phase
(plasma glucose at 10-60 min) of the glucose induced insulin response.

2. Materials and Methods
2.1. Data Sources

The Oslo Ischemia Study is a comprehensive health survey that was
established in 1972. A total of 2341 men, aged 40-59 years, were invited

2352-3964/© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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to participate from five companies in Oslo, Norway. The men were ap-
parently healthy (i.e., free from somatic diseases and no need for
drugs) according to a physical examination and a review of medical re-
cords. Among those invited, 2014 (86%) agreed to participate, provided
informed consent in accordance with the Declaration of Helsinki, and
completed the study protocol. At inclusion, after at least 12 h fasting
and 8 h abstaining from smoking, participants underwent a comprehen-
sive review of medical history, clinical and physical examinations, a
panel of blood tests, an IVGTT, and a maximal exercise tolerance bicycle
test. In addition, information on lifestyle variables (i.e., smoking habits)
was collected with a questionnaire. The detailed selection procedures
and implementation procedures were reported previously (Erikssen
and Enger, 1977; Erikssen et al., 1998; Heir et al., 2011).

Information on cancer and vital status were obtained by linking the
cohort data to the Cancer Registry of Norway, which has stored data on
all malignancies diagnosed in the Norwegian population since 1953.
Mandatory reporting to the Registry from several independent sources
ensures data completeness and high data quality (Larsen et al., 2009).
The cancer data comprised information on the cancer site (ICD-10
code) and the date of diagnosis. Cohort data were linked to the Registry
through the unique personal identification number assigned to every
individual that has resided in Norway from 1960 to present. Permission
to link the data was provided by the Regional Committees for Medical
and Health Research Ethics, Norway.

2.2. Variables

The IVGTT was originally implemented as part of a prospective study
on cardiovascular disease and diabetes. The test was performed with an
intravenous injection of 25 g glucose (50 mL 50% glucose solution) dur-
ing 2-3 min, via an inlaid cannula (venflon) with subjects in a semi-
prone position. Completion of the injection was defined as time zero.
Blood samples for glucose determinations were taken right before the
glucose injection, then after the injection, at time zero, and thereafter,
every 10 min for 1 h. The first phase responses was defined as the
level of glucose at 10 min (Seino et al., 2015), and further categorized
into two groups; 10-min glucose levels < the cohort median were con-
sidered “low” and levels > the cohort median were considered “high”.
The second phase response was assessed by the slope of a linear regres-
sion analysis performed on a plot of logarithmic glucose values over
time (i.e., the derived glucose disappearance rate [Kg], log(mmol/L)/
min), when four or more measurements were available (Bjgrnholt et
al, 2001).

Baseline measurements included the individual's body height and
weight, measured objectively, and physical fitness (k]/kg), measured
as the total work (sum of the work performed in a bicycle test) divided
by body weight. Information on smoking was extracted from the ques-
tionnaire, and individuals were categorized as “never”, “former”, or
“present” smokers. Information about the year of a diabetes mellitus di-
agnosis was obtained from surveys and patient records for the period of
1979 to 2008 (Bjernholt et al., 2001; Grundvold et al., 2012). Informa-
tion on diet and alcohol consumption, which are factors associated
with risk of cancers in men (World Cancer Research Fund, 2007), was
not available.

The protocol was followed strictly through the first part of data col-
lection period with blood sampling every 10 min. Because of reduction
in workforce the procedure was changed to blood collection every
15 min in the second part. Only those who have followed the original
protocol were included in the present study. Thus, 1016 men were ex-
cluded because of changes in the data collection procedures. Further-
more, 36 men did not perform the IVGTT at all, 15 men were excluded
due to a cancer diagnosis prior to the date of the first examination and
two men were lost to follow-up. A total of 945 men were included in
the analyses (see Appendix A Flowchart). This cohort was followed for
cancer and death to the end of 2012.

2.3. Statistical Analyses

Descriptive analyses of individual baseline characteristics are
expressed as the means and standard deviations (SD). Graphically, dur-
ing the IVGTTs, glucose levels are expressed as the median for each
group (low and high), according to the assessments every 10 min. In ad-
dition, to illustrate the variation among individuals, the glucose level of
the men that represent the 25th and 75th percentiles of the area under
the curve, are presented for each group.

Incidence rates of cancer were computed for groups with different
levels of glucose at 10 min. Individual person-years were calculated
from the date of examination to the date of cancer diagnosis, death, em-
igration, or the end of follow-up (December 31st 2012). We calculated
the cancer incidences for all-sites combined, and then separately, for
the eight most prevalent sites in the study cohort. To evaluate cancer
risk in the low versus high glucose groups, we computed the incidence
rate ratios (IRR) with accompanying 95% confidence intervals (CI). Ad-
justments for age (5-year age groups) were performed with the method
of Mantel-Haenszel. Furthermore, to study the risk over time, the fol-
low-up period was divided into four decades. To evaluate cancer risk
in low versus high glucose groups at the sequential follow-up times,
separate IRR analyses were also performed for levels of glucose at 20,
30, 40, 50 and 60 min.

Cox regression models were used to evaluate the relationship be-
tween the glucose level and the risk of all-site cancer. Hazard ratios
(HR) with 95% Cls were calculated. The men were followed longitudi-
nally from the date of examination to the date of cancer diagnosis,
death, emigration, or the end of follow-up. Potential confounding covar-
iates included in the final models were age, fasting glucose level,
smoking, physical fitness, body weight, and height, all measured at
baseline. Furthermore, to examine the influence of a diabetes mellitus
diagnosis, the model included a time-varying covariate, according to
the date of diagnosis. The Cox proportional hazards assumption was
checked for glucose and other covariates, and it was adequately met
for all covariates, except smoking. Thus, we performed a stratified Cox
model on smoking, where the baseline hazards were allowed to differ
between smokers and non-smokers. Statistical interactions between
the glucose levels and the covariates were checked by including product
terms, one at a time. No significant interactions were found.

We also examined the possibility of reverse causality; i.e., where low
glucose levels could result from an ongoing cancer disease. For this as-
sessment, we performed a sensitivity analysis restricted to men that
remained alive and cancer-free 10 years after baseline, i.e. first
10 years of observation was excluded.

An alternative measure of the first phase was the change in blood
glucose from fasting levels to 10-min levels. Thus, we performed Cox re-
gression models similar to those described above to study an association
between the risk of all-site cancer and the change, both absolute and
relative, in glucose levels within the first 10-min of the IVGTT.

Lastly, we studied the association between the second phase and the
risk of all-site cancer. Here, Cox regression analyses were performed for
groups with two different glucose disappearance rates (Kg below and
above the median rate).

An association was considered statistically significant when p < 0.05.
All statistical analyses were performed with Stata (StataCorp, 2015).

3. Results

The baseline characteristics of the included study population are pre-
sented in Table 1. Overall, the mean age at inclusion was 49.8 years, and
the median glucose value at 10 min was 11.66 mmol/L. The mean glucose
levels at 10 min were 10.65 and 12.74 mmol/L among men below and
above the median, respectively. Men with high 10-min glucose levels
had higher glucose levels during the entire IVGTT than men with low
10-min glucose levels, despite considerable variation between individuals
(Fig. 1). The median K¢ was 1.86 (interquartile range 1.42-2.50).
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Table 1
Baseline characteristics, stratified by whether the 10-min glucose level was above or
below the cohort median.

Characteristic 10-min glucose < 10-min glucose > p-Value®
median (n = 496) median (n = 449)

Age at inclusion 50.0 (5.7) 49.6 (5.5) 027
(years)

Fasting blood 4.3 (0.46) 4.7 (0.49) <0.0001
glucose (mmol/L)

Weight (kg) 79.4 (10.0) 74.8 (8.6) <0.0001

Height (cm) 178.3 (6.0) 175.7 (6.0) <0.0001

Body mass index 25.0 (2.7) 24.2 (2.6) <0.0001
(kg/m?)

Physical fitness 149.6 (61.0) 146.3 (54.4) 0.38
(kJ/kg)

Smoking, never 118 (23.8%) 114 (25.4%) 0.22
Former 154 (31.0%) 157 (35.0%)
Present 224 (45.2%) 178 (39.6%)

Data are the mean (SD) or n (%). No missing data.

For 10-min glucose < median group, the mean was 10.65, range: 7.66-11.66 mmol/L.

For 10-min glucose > median group, the mean was 12.74, range: 11.67-15.54 mmol/L.
@ T-test for continuous variables and chi-square test for categorical variables.

There were no significant differences in baseline characteristics (ex-
cept for height) and cancer incidence between men included (blood
sampling every 10 min) and not included (blood sampling every
15 min) in the analyses (Appendix Table 1A and 1B).

During the 40-year follow-up (median 26.3 years, range 0.1-
40.3 years), 376 men were diagnosed with cancer. A higher cancer inci-
dence was observed among men with low than those with high 10-min
glucose levels (Fig. 2, Table 2). There was a significant inverse associa-
tion between 10-min glucose levels and all-site cancer (IRR: 1.5, 95%
Cl: 1.2-1.9). This association remained significant, when we divided
the follow-up times into four sequential decades. The corresponding
IRRs [95% Cls] were as follows: first decade: 3.0 [1.4-6.4]; second de-
cade: 1.6 [1.1-2.4]; third decade: 1.6 [1.1-2.2]; and fourth decade: 1.5
[1.01-2.2]. Additionally, the IRRs were significantly higher in digestive
organs (i.e., liver, gallbladder and bile ducts, and pancreas; IRR: 3.5,
95% ClI: 1.3-9.4) and colon (IRR: 1.9, 95% CI: 1.1-3.5). We observed no
association between fasting glucose and the incidence of cancer. More-
over, at the sequential follow-up times, we found no association be-
tween glucose levels at 20, 30, 40, 50, and 60 min after the IVGTT and
the incidence of cancer (data not shown). Furthermore, the K was
not associated with the incidence of all-site cancer.

Glucose (mmol/L)
2 4 6 8 10 12 14
1 1 1 1

0
1

The Cox regression analysis showed that the risk of all-site cancer in
men with low 10-min glucose levels was significantly higher than in
those with high 10-min glucose levels (HR: 1.6, 95% CI: 1.3-2.0;
Table 3). This difference remained significant after adjusting for age at
inclusion, fasting glucose level, smoking, physical fitness, body weight,
and height (HR: 1.6, 95% CI: 1.3-2.1). Diabetes mellitus was diagnosed
in 91 men during follow-up; however, we detected no significant asso-
ciation with cancer risk (Model III, HR: 1.3, 95% CI: 0.8-1.9).

The sensitivity analyses were restricted to men that had remained
alive and cancer-free after 10 years of follow-up. The results were sim-
ilar to those obtained when the entire 40-year follow-up was included
(Table 3).

Alternatively, studying the change from fasting glucose to the level
at 10 min showed a higher risk of all-site cancer among men with a
rapid decline (above the median change) than among men with a
slower decline (below the median change) in glucose levels (Model
III, HR: 1.4, 95% CI: 1.2-1.8). The risk was similarly elevated, when con-
sidering either the absolute or the relative change from fasting to 10-
min glucose levels (data not shown).

Lastly, the K¢ was not associated with all-site cancer risk, either in
the univariate or in the multivariate Cox regression analysis (Table 3).

4. Discussion

In this prospective study of initially healthy, middle-aged men, we ex-
amined the association between plasma glucose levels at 10 min (first
phase) and at 10-60 min (second phase), after an intravenous glucose in-
fusion, and the risk of cancer in a 40-year follow-up. We found that low
levels of plasma glucose at 10 min were associated with a higher inci-
dence of cancer. In contrast, the risk of cancer was not associated with
the slope of plasma glucose elimination in the 10-60 min period after in-
fusion. Furthermore, the risk of cancer was not associated with the fasting
glucose level or with any of the glucose levels at 20, 30, 40, 50, and 60 min.

The strong negative association we found between the 10-min plas-
ma glucose and the risk of cancer may appear contradictory to previous
prospective studies on cancer incidence and OGTT responses. In those
studies, a higher risk was associated with higher levels of plasma glu-
cose at 2-h post-loading (Jee et al., 2005; Huang et al., 2014; Rapp et
al., 2006). However, we studied a quite different aspect of glucose me-
tabolism, which manifests itself in the first minutes after an intravenous
glucose load, namely the efficiency of first phase glucose disposal. The
low 10-min glucose level after an intravenous glucose load was most

0 10 20

30 40 50 60

Minutes after end of injection of glucose

— <= median at 10 minutes

> median at 10 minutes

Fig. 1. Plasma glucose levels measured at 10-min intervals for 1 h after an intravenous glucose load (25 g glucose). Plasma glucose was measured in the fasting state before injection, and at
10, 20, 30, 40, 50, and 60 min after the injection. The two groups comprise men with 10-min glucose levels above (red) or below (blue) the cohort median at 10 min (11.66 mmol/L). Solid
lines are median glucose levels, and dashed lines show the glucose level of the men that represent the first and third quartiles of the area under the curve in each group.
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Fig. 2. All-site cancer-free survival (solid lines) with 95% confidence bands are shown for men with 10-min glucose levels above (red) or below (blue) the cohort median. The difference

between groups was significant, with a p-value < 0.0001, based on a log rank test.

likely due to an effective first-phase glucose-induced insulin secretion
(GIIS) response from p cells, which led to an effective insulin-stimulated
elimination of plasma glucose. In principle, increased glucose disposal at
10 min could also be due to increased general insulin sensitivity, or in-
creased general insulin independent glucose uptake by various GLUTS.
However, it was less likely that high insulin sensitivity, or high insulin
independent glucose uptake, could be responsible for this first phase ef-
fect, because neither the fasting glucose nor the glucose disappearance
rate was found to be associated with cancer risk. Therefore, we focused
on specific mechanisms associated with the first phase GIIS. The key
proteins in the first phase GIIS include the facilitated glucose trans-
porters (GLUT 1 and GLUT 2) and hexokinase, which are responsible
for pancreatic glucose sensing and the immediate release of predocked
insulin granules (Seino et al., 2015). These proteins are also rate limiting
for the uptake and utilization of glucose in tumors. Cancer cells general-
ly have enhanced glucose utilization and a metabolic shift towards aer-
obic glycolysis, which generate sustained metabolic changes that favor
tumor growth and progression, and require a constant supply of high
glucose (Jang et al., 2013). Thus, more efficient glucose uptake may be
particularly advantageous for cancer cells.

Low 10-min plasma glucose levels were associated with a higher inci-
dence of cancer, considering all cancer sites combined. Our site-specific
analyses could not exclude the possibility that similar mechanisms may
apply to all the cancer sites studied. Nevertheless, some cancer sites

Table 2

appeared to be more strongly associated with the rates of plasma glucose
absorption, such as digestive organs and the colon. Those findings were
consistent with data that showed that GLUT 1 or GLUT 2 levels were rel-
atively high in cancer cells at those sites (Barron et al., 2016). In light of
the argument that it is critical for cancer cells to obtain glucose, it is nota-
ble that GLUT 1 polymorphisms have been linked to cancers in the lung
(Fan et al., 2016), liver (Amann et al,, 2011), and kidney (Page et al.,
2005).

The estimates of cancer-free survival for the groups with 10-min
glucose levels below and above the median showed an increasing di-
vergence over the 40-year follow-up (Fig. 2). Thus, it is unlikely that
causal factors related to glucose disposal at baseline were temporary
in nature. It is more likely that causality was related to some individ-
ual characteristics that were substantially constant throughout life.
An example of an individual characteristic might be a polymorphism
in a gene that is critical for insulin-independent uptake of plasma
glucose into cells.

This study had several strengths. We analyzed multiple measure-
ments of plasma glucose, which made it possible to examine both the
first and the second phase responses to an IVGTT, in a healthy cohort.
In addition, we implemented a long-term prospective study design,
where individuals were followed over a 40-year period to determine
cancer incidence. Moreover, the data retrieved from the Cancer Registry
of Norway provided complete, valid information on cancer diagnoses

Comparison of cancer incidence (all-sites and the eight most prevalent subsites) among men with 10-min glucose levels below and above the median glucose level at 10 min, n = 945.

10-min glucose < median

10-min glucose > median

Cancer site ICD-10 code Events PY IR (per 1000 PY) Events PY IR (per 1000 PY) Age-adjusted IRR (95% CI)°
Cancer, all-sites 228 12,671 18.0 148 12,542 11.8 1.52 (1.24-1.87)
Digestive organs® C22-25 18 13,834 13 5 13,249 0.4 3.45(1.27-9.38)
Colon Cc10 33 13,713 24 16 13,196 1.2 1.94 (1.07-3.53)
Lymphoma/leukemia C81-95 20 13,793 1.5 10 13,229 0.8 1.85(0.87-3.91)
Lung (C33-34 25 13,820 1.8 15 13,242 1.1 1.59 (0.83-3.03)
Rectum C19-20 13 13,792 0.9 8 13,204 0.6 1.57 (0.66-3.73)
Bladder and kidney C64,C66-68 32 13,576 24 21 13,113 1.6 1.46 (0.84-2.54)
Melanoma C43-44 25 13,727 1.8 18 13,157 14 1.31 (0.72-2.40)
Prostate C61 61 13,532 45 50 12,988 3.9 1.17 (0.81-1.71)

The cohort median glucose value at 10 min was 11.66 mmol/L.

Events = number of incident cancer cases by site; PY = person-years; IR = incidence rate; IRR = incidence rate ratio; CI = confidence interval.
2 Digestive organs include the liver (C22, n = 4), gallbladder and bile ducts (C23-24, n = 3), and the pancreas (C25, n = 16).
b Low compared to high levels of glucose, after adjusting for age by the method of Mantel-Haenszel.
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Table 3

Comparison of all-site cancer risk between men with 10-min glucose levels below and above the median 10-min glucose measurement, and between men with glucose disappearance

rates (Kg) above and below the median rate.

Events Crude HR (95% CI) Model I*: adjusted HR (95% CI) Model II”: adjusted HR (95% CI) Model I1I: adjusted HR (95% CI)

First phase (10 min glucose)
40-year follow-up (n = 945)

>median 148 1.00 1.00 1.00 1.00

<median 228 1.64 (1.33-2.01) 1.66 (1.35-2.05) 1.61 (1.26-2.04) 1.61 (1.27-2.05)
Excluding first 10 years (n = 867)

>median 139 1.00 1.00 1.00 1.00

<median 198 1.54 (1.24-1.91) 1.57 (1.26-1.95) 1.53 (1.19-1.98) 1.54 (1.19-1.99)
Second phase (Kg)
40-year follow-up (n = 945)

<median rate 176 1.00 1.00 1.00 1.00

>median rate 200 1.08 (0.88-1.32) 1.18 (0.96-1.45) 1.10 (0.88-1.36) 1.10 (0.89-1.37)

Median glucose at 10 min was 11.66 mmol/L. Ranges: 7.66-11.66 and 11.67-15.54 mmol/L for groups with 10-min glucose levels < and > the median 10-min glucose, respectively.
Median K¢ was 1.86. Ranges: 0.44-1.86 and 1.87-7.69 for groups with rates < and > the median rate, respectively.

Events = number of incident cancer cases; HR = hazard ratio; CI = confidence interval
¢ Model I: Adjusted for age at inclusion.

b Model II: Model I with added adjustments for fasting glucose, physical fitness, smoking, body weight, and height.
€ Model III: Model Il with added an adjustment for the diagnosis of diabetes mellitus as a time-varying covariate.

and vital status (i.e., death) during the time-span covered. Lastly, the co-
hort was representative of the age-group of men within the given time-
period, with regard to cancer incidence in their counties of residence
(Oslo and Akershus) (Heir et al., 2016).

This study had some limitations. First, the study protocol was origi-
nally designed for estimating the risk of cardiovascular disease and dia-
betes, not for the aims of the present study. Therefore, the sample size
was relatively small, and no information was available on variables re-
lated to the glucose load response, other than plasma glucose. Second,
despite the need to exclude many individuals when studying the first
phase response, there was no clinical difference between included and
excluded men in the study population. Third, to achieve appropriate sta-
tistical power, we dichotomized the men based on the median plasma
glucose, which may have concealed some non-linear relationships.
However, post hoc analyses using tertiles showed similar results,
which suggested that it was appropriate to assume a linear relationship.

In summary, we found that rapid elimination of plasma glucose during
the first phase response following an intravenous glucose load was asso-
ciated with an elevated 60% risk of cancer compared to those with a
slower elimination. Plasma glucose uptake during the first-phase GIIS re-
sponse may depend on the effectiveness of the molecular glucose-sensing
apparatus. Polymorphisms that are critical for plasma glucose sensing, in
general, may also be important for transporting glucose into cancer cells.
Our findings highlight crucial aspects of cancer cell proliferation, and they
point to future avenues of research. Future studies on the ability of cancer
cells to take up glucose are warranted for a better understanding of the
mechanisms underlying cancer development.
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Appendix A. Flowchart

Oslo Ischemia Study. An intravenous glucose-tolerance test (IVGTT)
was performed with an intravenous injection of 25 g glucose.

| 2341 men invited ‘

327 non-participants

Y

| 2014 participated ‘

1069 excluded:

2 missing status information

15 had cancer prior to examination
36 IVGTT not performed
1016 changes in data collection

procedures

h 4

945 included in the
analyses

Appendix Table 1A
Baseline characteristics of men with blood glucose measured every 10 (included) and 15
(not included) min during the intravenous glucose-tolerance test.

Included Not included p-Value?
n =945 n = 1016
Age at inclusion (years) 49.8 (5.6) 49.8 (5.4) 0.96
Weight (kg) 77.2 (9.6) 76.4 (10.1) 0.06
Height (cm) 177.1 (6.1) 1764 (6.2) 0.03
Body mass index (kg/m?) 24.6 (2.7) 245 (2.8) 0.40

(continued on next page)
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Appendix Table 1A (continued)

Included Not included p-Value?
n =945 n= 1016
Physical fitness (kJ/kg) 148.1 (57.9) 145.3 (57.3) 0.29
Cholesterol (mmol/L) 6.7 (1.2) 6.6 (1.2) 0.13
Triglycerides (mmol/L) 1.3 (0.6) 1.3(0.7) 0.23
Smoking, never 232 (24.6%) 260 (25.6%) 0.25

Former
Present

311 (32.9%)
402 (42.5%)

299 (29.4%)
457 (45.0%)

Data are mean (SD) or n (%).
2 T-test for continuous variables and chi-square test for categorical variables.

Appendix Table 1B
All-site cancer incidence among men with glucose measurements at 10 (included) and 15
(not included) min intervals in the intravenous glucose-tolerance test.

Included Not included
n =945 n=1016
Cancer cases, all-sites 376 372
Person-years 25,158 26,327
Incidence rate (IR) per 1000 person-years 14.95 14.13
95% confidence interval of IR 13.51-16.54 12.76-15.64
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