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Type 2 diabetes (T2D) and adiposity associate with increased risk of several cancers, but the impact of competing risk of non-
cancer deaths on these associations is not known. We prospectively examined participants in the Malmo Diet and Cancer
Study aged 44-73 years with no history of cancer at baseline (n = 26,953, 43% men). T2D was ascertained at baseline and
during follow-up, and body mass index (BMI) and waist circumference (WC) at baseline. Multivariable cause-specific hazard
ratios (HR) and subdistribution hazard ratios (sHR), taking into account noncancer deaths, were estimated using Cox- and com-
peting risk regression. During follow-up (mean 17 years), 7,061 incident cancers (3,220 obesity-related cancer types) and
2,848 cancer deaths occurred. BMI and WC were associated with increased risk of obesity-related cancer incidence and cancer
mortality. In T2D subjects, risk of obesity-related cancer was elevated among men (HR = 1.31, 95% Cl: 1.12-1.54; sHR =1.29,
95% Cl: 1.10-1.52), and cancer mortality among both men and women (HR = 1.34, 95% Cl: 1.20-1.49; sHR = 1.30, 95% Cl:
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1.16-1.45). There was no elevated actual risk of cancer death in T2D patients with long disease duration (sHR = 1.00, 95%
Cl: 0.83-1.20). There was a significant additive effect of T2D and adiposity on risk of obesity-related cancer and cancer mor-
tality. In conclusion, detection bias may partially explain the increased risk of cancer morbidity among T2D patients. Both
excess risk of competing events among patients with T2D and depletion of susceptibles due to earlier cancer detection will
lower the actual risk of cancer, particularly with longer diabetes duration and at older ages.

Prevalence of type 2 diabetes (T2D) is increasing worldwide
due to aging populations and societal changes, leading to
obesogenic environments and lifestyles."” Many studies sug-
gest that T2D patients and obese subjects are at higher risk
of several cancers.”* Mendelian randomization studies point
to a causal positive association between body mass index
(BMI) and some cancers that have shown consistent associa-
tions with adiposity in observational studies.”® The causal
pathways for the T2D-cancer association are, however, far
from established. It is not clear whether it is the metabolic

changes (e.g., hyperglycemia or hyperinsulinemia) associated
with T2D that affect cancer risk or whether the association is
due to nonbiological factors or potentially shared risk factors
for T2D and cancer. The within-disease heterogeneity and
multifactorial nature of these diseases make the disentangle-
ment of individual aspects difficult. Proposed nonbiological
factors include primarily different health-seeking behavior
and medical surveillance among T2D patients that may result
in detection bias.'® Shared risk factors or potential mediators
of the association include antidiabetic drug treatments and
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Type 2 diabetes (T2D) and obesity are associated with increased risk of cancer. However, the impacts on mortality and causal
pathways for cancer remain unclear, owing to the multitude of genetic, environmental and behavioral factors that influence
T2D and obesity. Here, in an investigation of mortality dynamics, T2D patients were found to suffer significantly higher risk of
cancer death than individuals without the condition. Obesity-related cancer incidence was higher in men with T2D. The find-
ings also suggest, however, that competing noncancer events, such as increased cardiovascular mortality, can lower actual

cancer risk among T2D patients.

genetic and/or environmental factors, particularly adiposity.”
As most common cancers are age-dependent and diabetes
and adiposity are associated with other disease outcomes and
early mortality, dependent censoring of competing events
may also result in a selection bias."" While there is no way to
test the independent censoring assumption (i.e., that censor-
ing occurs at random within subgroups of interest) in con-
ventional survival analysis, which estimates the cause-specific
hazard, competing risk analysis does not assume independent
censoring. Competing risk methods are useful for prediction
and risk communication since they provide an estimate of
the actual (or absolute) risk in scenarios where competing
events occur.'®'” A competing event can be defined as any
event that prevents (e.g., death) or alters the probability of
the main event (e.g., cancer) to occur.'? To correct for this
bias, observational studies need to account not only for con-
founders associated with the exposure and the main outcome,
but also factors that associate with the exposure and compet-
ing events."” To determine the relative influence of T2D and
adiposity on the risk of obesity-related cancers and cancer
death, we explored the mortality dynamics in T2D patients
compared to individuals without diabetes using a competing
risk framework with noncancer deaths as competing events.
The aim of this study was to assess both the etiological risk
(i.e., cause-specific hazard ratio) and actual risk (i.e., hazard
ratio taking into account competing risk of noncancer death)
of cancer morbidity (particularly obesity-related cancers) and
mortality among subjects with T2D, and for general and cen-
tral adiposity. As it is still unclear to what extent T2D and
adiposity are independent risk factors for cancer, we further
aimed to assess the interaction between T2D and adiposity
on cancer risk to examine the level of independence between
these factors.

Subjects and Methods

Study population

The Malmoé Diet and Cancer Study (MDCS) is a prospective
cohort study established between 1991 and 1996.'° The
MDCS was approved by the Ethics Committee at Lund Uni-
versity (LU 51-90), and informed written consent was
obtained from all participants. Men and women living in
Malmo who were born from 1923 to 1950 constituted the
source population and were invited to join. With a participa-
tion rate of approximately 40%, the cohort consists of 30,446
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participants aged 44-73 years at baseline. Follow-up time was
accrued from entry into the study until the date of death
from any cause, emigration, or until 31 December 2014. For
this study, we excluded all subjects with a missing start date,
a history of cancer at baseline, or with other types of diabetes
than T2D; after excluding subjects, the study population was
26,953 (11,449 men and 15,504 women). A description of the
study population with exclusions is shown in Supporting
Information, Figure S1.

Outcome ascertainment

Causes of death and the vital status of participants were iden-
tified by linkage to the Swedish Cause of Death registry and
subjects lost to follow-up due to emigration identified by
linkage to the Swedish Tax Agency (<0.5%). Cancer diagno-
ses were ascertained by linkage to the Swedish Cancer Regis-
try. Subjects with no history of cancer were followed from
baseline examinations until their first cancer diagnosis, death,
emigration or until 31% December 2014, whichever occurred
first. The main outcome was a composite of cancer types cre-
ated based on the World Cancer Research Fund’s updated
meta-analyses of cancers showing consistent positive associa-
tions with adiposity. These included stomach (ICD7 = 151),
colorectal (ICD7 = 153-154), pancreas (ICD7 =157), post-
menopausal breast (invasive only) (ICD7 = 170), endometrial
(ICD7 =172), ovary (ICD7=175), advanced prostate
(ICD7 =177), kidney (ICD7=180) and hepatocellular
(including gallbladder) (ICD7 = 155-156). Data on esopha-
geal adenocarcinoma were not available for the current study.
Postmenopausal breast cancer included women with invasive
breast cancer diagnosed at age 50 or older. Advanced pros-
tate cancer included localized but high-risk tumors and was
identified by linkage to the Swedish National Prostate Cancer
Registry and defined as tumor stage T3 or T4, presence of
metastasis (N1 or M1), Gleason score >8, or prostate-specific
antigen (PSA) >50 ng/L. Risk of total cancer incidence
(excluding cervix in situ) and cancer mortality (based on
ICD-9 codes 140-239 or ICD-10 codes D00-D48) was also
examined.

Diabetes mellitus ascertainment

Diabetes status at baseline and during follow-up and infor-
mation on date of diabetes diagnosis was identified from 7
registers as well as baseline and re-examination screenings of
the MDCS and the Malmo Preventive Project, a population-
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based intervention study including some participants from
the MDCS."” The National Diabetes Register'® and the
regional Diabetes 2000 register'® required a proven diagnosis
by a physician at the hospital based on international stand-
ards for diagnosis (i.e., fasting plasma glucose concentration
>7.0 mmol/l measured twice). For cases not diagnosed at a
hospital, the primary source was the local HbAlc register
from the Department of Clinical Chemistry, Skane University
Hospital, Malmé, was used,”>*'
HbAlc values >6% (not on the same day) were classified as
having diabetes. Other registries used to identify diabetes
cases included the National Patient Register, the Swedish
Cause of Death Register (ICD10 codes E10-E14 and 0244-
0249) and the Prescribed Drug Register (ATC code A10).
The different sources of case ascertainment were overlapping.

where individuals with two

Specified information on diabetes type was available for 37%
of diabetes cases. To include only T2D, all cases that were
specified as type 1, LADA, secondary diabetes or other were
excluded from the analysis (n=162). Furthermore, we
excluded 81 subjects diagnosed with diabetes before the age
of 40 years (Supporting Information, Fig. S1). In total, there
were 1,161 prevalent T2D diagnoses and 3,852 incident T2D
diagnoses.

Other variables

Information on age and sex was obtained through the partici-
pants’ unique personal identification number. Calendar year
of study entry was included as a categorical variable to
account for the potential bias caused by the recruitment of
slightly older individuals during the last two years of study
recruitment. Weight (kg) and height (m) were measured by
trained nurses with subjects wearing light indoor clothing
and no shoes. Body mass index (BMI) was defined as kg/rnz.
BMI was examined as a continuous variable in the categories
normal-weight (<25 kg/m?), overweight (25-<30 kg/m?) and
obese (>30 kg/mz). Waist circumference was measured
between the lowest rib and the iliac crest and was used to
categorize subjects by central obesity according to the World
Health Organization cut-points for increased risk of meta-
bolic complications (<94, 94-102 and >102 cm for men and
<80, 80-88 and >88 for women). The subjects were consid-
ered hypertensive if their blood pressure was >140/90
mmHg or if they reported taking antihypertensive drugs at
baseline. Current use of lipid-lowering drugs was dichoto-
mized as yes/no. Educational level was categorized as elemen-
tary, primary and secondary, upper secondary, further
education without degree or university/college degree. Smok-
ing status was defined as never, former or current (including
irregular). Leisure-time physical activity was assessed by
questionnaire adapted from the Minnesota Leisure Time
Physical Activity Questionnaire®>**
score was categorized into sex-specific quartiles. Alcohol con-

and the physical activity

sumption was categorized as sex-specific quartiles of alcohol
intake as a percentage of total energy intake based on
reported intake in the MDCS diet history assessment.** Past
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food habit change (yes/no) was defined using the baseline
questionnaire item “Have you substantially changed your
food habits in the past due to illness or other reason?” Cur-
rent use of menopausal hormone replacement therapy (HRT)
was defined as yes/no.

Statistical analysis

We examined the baseline characteristics of the study popula-
tion by T2D status at baseline and during follow-up, and we
formally tested for differences (f* test and f-test) between
never/ever T2D status and prevalent/incident T2D status. We
used sex-stratified Cox proportional hazards regression with
attained age as the underlying time-metric to estimate HRs
and 95% confidence intervals (CI) for total and obesity-
related cancer incidence and cancer mortality. HRs were esti-
mated for prevalent, incident and total T2D compared to
subjects without T2D. Furthermore, we estimated the HRs
for general adiposity (as HR per standard deviation (SD))
and central adiposity (as HR per SD). Subjects with prevalent
diabetes were excluded from analyses of incident diabetes in
relation to cancer risk, and incident T2D was modeled as a
time-varying covariate. When combining prevalent and inci-
dent T2D patients, those with prevalent T2D were considered
as exposed at the age of their baseline enrollment. We esti-
mated the actual risk of total and obesity-related cancer inci-
dence and cancer mortality by estimation of the
subdistribution HR (sHR), which is based on the cumulative
incidence function in the presence of competing risks.”> All
noncancer deaths were considered as competing events for
cancer incidence and mortality. A directed acyclic graph
depicting competing risk bias in the current setting is shown
in Supporting Information, Figure S2. Potential confounders
were identified based on literature review of known and puta-
tive risk factors and were evaluated using directed acyclic
graphs. The main multivariable model was adjusted for the
calendar year of study entry, height, educational level, physi-
cal activity, alcohol consumption, past food habit change,
smoking status, hypertension, use of lipid-lowering drugs,
family history of cancer, BMI and current HRT use (women
only). Subjects with missing values for any of the included
covariates were excluded from the multivariable analysis
(n = 2,455). The proportional hazards assumption was evalu-
ated graphically and was tested based on the scaled Schoen-
feld residuals. Cox-Snell’s residuals were examined to assess
model fit. No deviations from the proportional hazards
assumption were observed in the presented models. To assess
the joint impact of T2D and obesity on the risk of cancer
incidence and mortality, we cross-classified subjects by obe-
sity and diabetes status at baseline. Multiplicative interaction
was tested by including the cross-product between BMI or
WC and T2D status in the models. The relative excess risk of
interaction was calculated as HR11-HR10-HRO1 + 1,*° and
95% Cls were obtained using the bootstrap percentile method
with 1,000 bootstrap samples. Additive interaction was calcu-
lated on the basis of adjusted HRs for the following groups:

Int. J. Cancer: 141, 1170-1180 (2017) © 2017 UICC



Drake et al.

prevalent T2D, BMI < 30 (HR10); no diabetes, BMI > 30
(HRO1); and prevalent T2D, BMI > 30 (HR11), where no
diabetes and BMI < 30 were used as the reference group
(HRO00). Similar analysis was carried out to assess the relative
excess risk of interaction for prevalent T2D and high waist
circumference. To further understand the potential interde-
pendence of T2D and adiposity on cancer risk, we performed
two sets of mediation analysis (Supporting Information, Fig.
S3). We calculated the percent excess risk according to the
following: (HRypagj — HRagj)/(HRypagj — 1) X 100, where
HR,4; refers to the multivariable HR adjusted for the poten-
tial mediator and HRyag; refers to the multivariable HR with
no adjustment for the potential mediator. For prevalent T2D,
we considered BMI and waist circumference as potential
mediators of the association, and for adiposity and cancer
risk, we considered incident T2D as a potential mediator
(after excluding prevalent T2D from analyses).

In sensitivity analyses, to investigate the effects of preclini-
cal cancer or detection bias on our associations, we (1)
excluded cancers diagnosed within three months from diabe-
tes diagnosis or baseline examinations and (2) excluded cases
diagnosed within two years of diabetes diagnosis or baseline
examinations. The effect of competing risks is likely to
increase over time due to increased mortality rates and deple-
tion of susceptibles. We therefore carried out a sensitivity
analysis, which limited follow-up until the age of 80 (or age
at death/censoring if before this age). Furthermore, for preva-
lent T2D at study start, we examined the potential effect of
diabetes severity by stratifying by current diabetes treatment
as a proxy for diabetes severity, that is, diet or metformin
only versus other oral antihyperglycemic drugs (alone or in
combination with metformin) and/or insulin. Stata/SE 14.2
(StataCorp LP, College Station, TX) was used for all statistical
analyses. All tests were two-sided, and P < 0.05 was consid-
ered statistically significant.

Results

Description of study population

During a mean follow-up of 16.9 years, there were in total
7,061 incident cancer cases, of which 3,220 were obesity-
related cancers. The incidence rate for total cancer per 1000
person-years was 15.5 (95% CI: 15.2-15.9), and for obesity-
related cancer, it was 7.1 (95% CI: 6.8-7.3). At the end of
follow-up, 28.8% of the study participants had died
(n=7,761), of which 37% were from cancer-related causes.
Baseline characteristics of the study population by T2D status
at baseline and during follow-up are shown in Table 1. The
mean duration of diabetes at the end of the follow-up was
20.7 years (mean age at onset 56.7 years) for those with prev-
alent T2D, and it was 8.1 years (mean age at onset 69.2
years) for those who were diagnosed with T2D during
follow-up. At baseline, patients with prevalent T2D were
more likely to have hypertension, use lipid-lowering drugs,
and report past food habit changes, while they were less
likely to use menopausal HRT (women only), be current
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smokers, and have high alcohol consumption, compared to
those who were diagnosed with T2D during follow-up.

Type 2 diabetes and risk of cancer morbidity and mortality
The incidence rate of all-cause mortality was 15.6 deaths per
1000 person-years, for which the contribution of noncancer
deaths was stronger (incidence rate 9.9 per 1000 person
years) than cancer deaths (Supporting Information, Table
S1). After adjustment for potential confounders, prevalent
T2D was associated with an increased risk of noncancer mor-
tality (HR = 2.01, 95% CI: 1.80-2.24) but was not associated
with cancer mortality (HR =1.17, 95% CI: 0.97-1.39) (Sup-
porting Information, Table S1).

Taking into account the competing risk of noncancer mor-
tality, there was no indication of an increase in the actual risk
of cancer mortality among subjects with prevalent T2D
(sHR=1.00, 95% CL 0.83-1.20) (Supporting Information,
Table S1 and Fig. 1). The HRs and sHRs for incidence of total
cancer and obesity-related cancer incidence and cancer mortal-
ity by T2D status at baseline and after follow-up are shown in
Figure 1 and Supporting Information, Table S2. Prevalent T2D
was associated with higher risk of cancer mortality among
men (HR=135, 95% CL 1.08-1.70; sHR=1.16, 95% CI:
0.92-1.46) but not among women (p heterogeneity =1.3 X
107°). Incident T2D was associated with higher risk of total
(HR=1.10, 95% CI: 1.00-1.20; sHR=1.13, 95% CI: 1.03-
1.24) and obesity-related cancer incidence (HR =1.15, 95%
CL 1.00-1.32; sHR = 1.19, 95% CI: 1.04-1.37) (Fig. 1). There
was, however, a significant difference between men and
women for risk of obesity-related cancer incidence with inci-
dent T2D (p heterogeneity = 2.1 X 10~'°). Incident T2D was
associated with significantly higher risk of cancer mortality
among both men (HR = 1.31, 95% CI: 1.12-1.54; sHR = 1.35,
95% CI: 1.15-1.60) and women (HR = 1.50, 95% CI: 1.24-
1.82; sHR=151, 95% CI: 1.24-1.85). Combining prevalent
and incident T2D cases, there was an elevated risk of cancer
mortality among both men and women, but an increased risk
of obesity-related cancer incidence was only observed among
men (Fig. 1 and Supporting Information, Table S2).

Adiposity and risk of cancer morbidity and mortality

Both general and central adiposity were associated with
higher risk of total and obesity-related cancer incidence and
cancer mortality (Fig. 2 and Supporting Information, Table
S3). No significant gender-differences were observed. BMI
was associated with a 3%, 7% and 5% risk increase per SD
increase for total cancer incidence, obesity-related cancer
incidence and cancer mortality, respectively. Waist circumfer-
ence was associated with a 5%, 9% and 12% risk increase per
SD increase for total cancer incidence, obesity-related cancer
incidence and cancer mortality, respectively. In general, esti-
mates from the competing risk regression model did not sub-
stantially differ from the HRs. The most notable difference
between the two models was observed for men in relation to
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Table 1. Baseline characteristics® of MDCS by type 2 diabetes (T2D) status at baseline (prevalent) and during follow-up until 31 December
2014 (incident)

Characteristic All No diabetes Prevalent T2D Incident T2D  p value*  p value®
Number of subjects 26,953 21,940 1,161 3,852
Demographics and disease history
Male sex (n, %) 11,449 (42.5) 8,788 (40.1) 650 (56.0) 2,011 (52.2) <0.0001 0.02
Age at baseline screening (years) 57.9 (7.5) 57.8 (7.6) 61.4 (6.5) 57.9 (7.0) <0.0001 <0.0001
Age at diabetes onset (years) - - 56.7 (8.1) 69.2 (7.9) - <0.0001
Diabetes duration until end of follow-up (years) - - 20.7 (7.6) 8.1 (5.2) - <0.0001
Family history of cancer (n, %) 11,488 (45.6) 9,375 (45.5) 481 (45.6) 1,632 (45.8) 0.78 0.88
Hypertension (n, %) 15,482 (61.5) 11,940 (58.1) 856 (81.6) 2,686 (75.5) <0.0001 <0.0001
Use of lipid-lowering drugs (n, %) 778 (3.1) 498 (2.4) 106 (10.1) 174 (4.9) <0.0001 <0.0001
Current HRT use (n, %) women only 2,836 (20.9) 2,493 (21.6) 50 (11.3) 293 (18.4) <0.0001 <0.0001

? Anthropometric factors?

E Height (cm) 168.9 (9.0) 169.0 (0.04) 168.4 (0.18) 168.3 (0.10) <0.0001 0.63

g Weight (kg) 74.0 (13.8) 72.6 (0.08) 80.2 (0.35) 80.0 (0.19) <0.0001 0.20

“E_‘ BMI (kg/m?) 25.9 (4.0) 25.3 (0.03) 28.2 (0.11) 28.2 (0.06) <0.0001 0.08

LE Waist circumference 84.8 (13.1) 83.3 (0.07) 92.3 (0.29) 91.1 (0.16) <0.0001 <0.0001

E Lifestyle factors

6 Current smokers (n, %) 6,859 (27.6) 5,600 (27.5) 246 (24.0) 1,013 (29.0) <0.0001  0.001
High alcohol consumption (1, %)> 6,221 (25.0) 5,231 (25.7) 186 (18.1) 804 (23.0) <0.0001 <0.0001
Low physical activity (n, %)> 6,205 (25.1) 4,852 (24.0) 295 (29.1) 1,058 (30.6) <0.0001 0.30
University/college degree (n, %) 3,562 (14.4) 3,093 (15.2) 101 (9.9) 368 (10.6) <0.0001 0.76
Past food habit change (n, %) 5,956 (24.0) 4,308 (21.2) 722 (70.3) 926 (26.5) <0.0001 <0.0001

Data are presented as mean (standard deviation, SD) for continuous variables and frequency (%) for categorical variables, unless otherwise noted.
Variables with missing data included family history of cancer (n = 1,744), hypertension (n=1,779), use of lipid-lowering drugs (n = 1,755), current
HRT use (n =1,948; women only), height (n = 46), weight (n = 47), BMI (n = 47), smoking status (n = 2,075), alcohol consumption (n = 2,065),
physical activity (n = 2,227), educational level (n = 2,127) and past food habit change (n = 2,099).

’Age- and sex-adjusted means (standard error, SE) in subgroups by diabetes status.

>High alcohol consumption defined has the highest sex-specific quartile of alcohol consumption (energy percentage) and low physical activity
defined as the lowest sex-specific quartile of leisure-time physical activity score.

“p values for difference between subjects with diabetes (prevalent and incident) and those with no diabetes. Differences in anthropometrics tested
with adjustment for age and sex.

°p values for difference between subjects with prevalent and incident T2D. Differences in anthropometrics tested with adjustment for age and sex.

waist circumference and cancer mortality (HR=1.12, 95%
CI: 1.03-1.20); sHR = 1.06, 95% CI: 0.99-1.14).

The combined and independent effects of general or

central adiposity and T2D status at baseline on cancer risk
We observed no significant multiplicative interaction between
measures of adiposity and T2D status at baseline on the risk
of cancer incidence or mortality (Table 2). However, we
observed a borderline significant interaction (p = 0.05)
between BMI and T2D on cancer mortality. The relative
excess risk of interaction estimates for obesity-related cancer
incidence and cancer mortality indicated moderate additive
interactions (Table 2). For cancer mortality, the relative
excess risk of interaction estimate for BMI and prevalent
T2D was 0.71 (95% CI: 0.15, 1.26; p = 0.013). Compared to
their normal-weight, nondiabetic counterparts, subjects with
BMI > 30 kg/m” and prevalent T2D had an HR of 1.81 (95%
CI: 1.37-2.40) for cancer mortality. Similar excess risks were

seen for obesity-related cancer incidence and for combined
abdominal obesity and prevalent T2D in relation to both
obesity-related cancer incidence and cancer mortality (Table
2). In a competing risk model taking into account noncancer
deaths (data not tabulated), the sHR for cancer mortality
among subjects with prevalent T2D and BMI > 30 kg/m* was
1.50 (95% CI: 1.13-2.00) compared to subjects without diabe-
tes and BMI < 25.

We explored two sets of mediation analyses (Supporting
Information, Fig. $3). Adjustment for BMI had only small
effects on the associations between prevalent T2D and can-
cer outcomes, suggesting weak mediation of BMI on these
associations after accounting for potential confounders
(Supporting Information, Table S8). The percent excess risk
of prevalent T2D on cancer mortality explained by BMI was
5%. For the association between adiposity and cancer risk,
there appeared to be indirect effects mediated by incident
T2D, particularly for (Supporting

cancer mortality
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Figure 1. Cause-specific and subdistribution hazard ratios for total and obesity-related cancer incidence and cancer mortality among partici-
pants in the Malmo Diet and Cancer Study (MDCS) with type 2 diabetes (T2D) at baseline and follow-up compared to those without diabe-
tes mellitus at baseline. Models were adjusted for age as the time-scale, sex, calendar year of study entry, height, smoking status, physical
activity level, alcohol consumption, educational level, past food habit change, hypertension, use of lipid-lowering drugs, family history of
cancer and body mass index. Analyses performed for women were further adjusted for the current use of HRT. [Color figure can be viewed

at wileyonlinelibrary.com]

Information, Tables S9 and S10). The percent excess risk of
BMI > 30 kg/m” on cancer mortality risk explained by inci-
dent T2D was 70% and the corresponding percent excess
risk of high waist circumference on cancer mortality
explained by incident T2D was 35%.

Sensitivity analyses for the association between T2D and
cancer risk

We carried out two main sensitivity analyses to assess the
impact of detection bias on the association between T2D and
cancer incidence. After exclusion of subjects diagnosed with

Int. ). Cancer: 141, 1170-1180 (2017) © 2017 UICC

cancer within three months of baseline examinations or after
their incident T2D diagnosis, the findings were unchanged
(Supporting Information, Table S4). When we excluded all
subjects diagnosed with cancer within 2 years of their T2D
diagnosis or baseline examinations (Supporting Information,
Table S5), only prevalent T2D was associated with increased
risk of obesity-related cancer (HR = 1.21, 95% CI: 1.00-1.47).
For analyses including incident cases of T2D, the increased
risk of obesity-related cancers was greatly attenuated. To
examine the plausibility of an attenuating effect on risk esti-
mates at older ages, we limited the analysis time to 80 years
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Figure 2. Cause-specific and subdistribution hazard ratios for total and obesity-related cancer incidence and cancer mortality per standard
deviation (SD) increment in body mass index (1 SD = 4.0 kg/m?) and waist circumference (1 SD = 13.1 cm) among participants of the
Malmo Diet and Cancer Study (MDCS). Models were adjusted for attained age as the time-scale, sex, calendar year of study entry, height,
smoking status, physical activity level, alcohol consumption, educational level, past food habit change, hypertension, use of lipid-lowering
drugs and family history of cancer. Analyses performed for women were further adjusted for the current use of HRT. [Color figure can be

viewed at wileyonlinelibrary.com]

of age. Overall, the results indicated stronger associations
when restricting the follow-up until 80 years of age (Support-
ing Information, Table S6). Among subjects with prevalent
T2D at baseline we used current antidiabetes medications as
a proxy for diabetes severity by classifying patients according
to treatment at baseline examinations (Supporting Informa-
tion, Table S7). Results suggested a potential association
between prevalent T2D and obesity-related cancer incidence
among subjects with severe T2D at baseline. The association
between prevalent T2D and cancer mortality was similarly
only observed among subjects with severe T2D at baseline
(multivariable HR = 1.58, 95% CI: 1.22-2.05), with no excess
risk among patients treated with lifestyle or metformin only.
The excess risk of cancer mortality was stronger among men
with severe T2D (multivariable HR =1.88, 95% CI: 1.39-
2.55) (Supporting Information, Table S7). In a competing
risk model accounting for the excess risk of noncancer death,

the multivariable sHR for cancer mortality among subjects
with severe T2D was 1.26 (95% CI: 0.97-1.64) (data not
tabulated).

Discussion

Principal findings

Individuals with T2D had a significantly higher risk of cancer
death compared to the population without T2D, and men
with T2D had a higher incidence of obesity-related cancers.
The increased risk for incident cancer diagnoses seemed to be
particularly elevated during the first years following T2D diag-
nosis, which could indicate detection bias. Both detection bias
and competing risk of noncancer deaths would lead to a
depletion of individuals susceptible to cancer, which could
attenuate the association between T2D and cancer risk over
time. Our competing risk analyses showed that, particularly
among subjects with long-term/severe T2D, the actual risk of

Int. J. Cancer: 141, 1170-1180 (2017) © 2017 UICC
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by those with earlier disease onset, and inclusion in the study
is conditional on them being alive and event-free at the start
of the study. This could lead to a selection bias in which
T2D patients with certain characteristics and/or with poten-
tial survival benefits are included in cohort studies with a
prevalent exposure design.”® Most notably, in this study, sub-
jects with prevalent T2D appear to have made several lifestyle
changes, including reducing their alcohol consumption,
changing their food habits and quitting smoking. They were
also significantly more likely to have hypertension and be
users of lipid-lowering drugs at baseline. Such changes may
either affect future risk of cancer, or result in inadequate
adjustment for potentially shared risk factors for both T2D
and cancer and for competing events (Supporting Informa-
tion, Fig. S2). An incident T2D design has the advantage of
covariate assessment prior to diabetes diagnosis. The main
disadvantage is that incident T2D will more heavily reflect
short-term diabetes and may therefore be more prone to
detection bias.

A few studies have examined temporal association between
T2D and cancer risk. Three studies found substantially ele-
vated risk of most cancer types during the first 3 months after
diabetes diagnosis **~*'. We did not observe any major differ-
ences in cause-specific HRs after exclusion of those diagnosed
within three months. While previous studies suggest that the
associations between T2D and site-specific cancers appear to
increase sharply in the period following diabetes diagnosis, it
appears to level off around 2 years after diagnosis of diabetes
10314 finding that is in line with our results. With the exclu-
sion of subjects diagnosed with cancer within two years from
baseline examinations or incident T2D diagnosis, the observed
associations with obesity-related cancer incidence were greatly
attenuated. Only prevalent T2D was associated with an
increased risk of obesity-related cancer incidence in this analy-
sis. Prevalent T2D (ever/never) at baseline reflects long-term
exposure to T2D (mean duration 21 years until the end of fol-
low-up) and thus generally excludes the time window for
detection bias close to the diagnosis of T2D. A detailed analy-
sis of the temporal association between T2D and obesity-
related cancer incidence was not possible with the current
study design. It is, however, unclear and virtually impossible
to address whether cases diagnosed within the first 2 years
after T2D diagnosis or study enrollment are solely due to
increased screening or health-care seeking behavior in this
subpopulation, or if they also have some increased underlying
susceptibility. The time-dependent attenuation of risk observed
in studies examining the temporal association between T2D
and cancer may also be due to the intensified early screening
and detection, which may result in a depletion of susceptibili-
ties in the first years after diabetes diagnosis.

While long-term diabetes (i.e., prevalent) may to a lesser
extent be affected by detection bias, both a depletion of sus-
ceptibles and the increasing impact of competing events on
the likelihood of cancer diagnosis and mortality may be more
of a concern. We noted that associations were strengthened
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when limiting the follow-up up to 80 years of age. Indeed, the
increased risk of overall mortality at older ages may deflate the
observed risk of cancer incidence. With both T2D and cancer
typically being age-dependent diseases, the competing risk of
death needs to be taken into account when assessing the actual
cancer risk.’> As patients with T2D are at increased risk of
cardiovascular morbidity and mortality, they may be at lower
actual risk of cancer by simply being less likely to stay alive
until an age when cancer diagnoses are more common. Our
competing risk analysis suggests that among subjects with
long-term T2D (i.e., prevalent T2D), particularly severe T2D,
the actual risk of cancer morbidity and mortality may be only
very modestly elevated compared to subjects without T2D.
However, competing events appeared to have only marginal
effects on the risk estimates associated with adiposity. One
notable exception was for waist circumference among men,
where the sHRs were closer to null compared to the cause-
specific HRs. This may be reflective of waist circumference
being a stronger predictor for noncancer death compared to
general adiposity in particular among men.

Strengths and weaknesses

The main strengths of this study include the large
population-based cohort design with complete prospective
registration of exposures and outcomes, the access to infor-
mation on important covariates, and virtually no loss to
follow-up (<0.5%). Weaknesses include the clinical nature of
both T2D and cancer, both being diseases that rarely demon-
strate acute clinical onset. Both T2D and cancer may there-
fore be underdiagnosed, and the date of diagnosis may not
reflect the true onset of these diseases. An important strength
of this study is, however, the use of nation-wide disease regis-
tries with virtually complete coverage. Any residual misclassi-
fication of exposure or outcome would likely result in
attenuation of the observed associations. We used broad can-
cer endpoints (total or obesity-related) in this study to assure
sufficient statistical power for subgroup analysis. It is how-
ever well known that the associations between T2D and adi-
posity in relation to cancer risk differ by cancer site and, for
some cancers, by subtypes within sites. Therefore, additional
studies on the potential synergistic or the independent effects
of T2D and adiposity for site-specific cancers are warranted.
In addition, the results from the competing risk analysis may
also differ depending on cancer site, as the influence of com-
peting risks is likely to be higher for strongly age-dependent
cancers. In this study, we lacked data on esophageal adeno-
carcinoma to include in the composite end-point of obesity-
related cancers; however, this cancer is rare and the number
of cases is very low in this cohort. In addition, the Interna-
tional Agency for Research on Cancer (IARC) Working
Group recently published a compilation of adiposity-
associated cancer sites, which differ slightly from the WCRF’s
conclusions.” There is thus not complete consensus on
which cancers are conclusively associated with adiposity.
Confounder assessment was carried out at baseline, which for
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most prevalent cases did not coincide with T2D diagnosis. As
such, there are limitations in addressing the confounding of
the observed associations. The possibility of residual con-
founding is potentially greater when using a prevalent expo-
sure design as the assessment of confounders is performed
after the onset of T2D. We had incomplete information on
the type and duration of T2D treatment and cannot rule out
the possibility that the observed associations could be related
to use of antidiabetic drugs. For prevalent T2D cases infor-
mation on current use (at baseline examinations) of antidia-
betic medications was available and used as a proxy for T2D
severity. The representability of the MDCS has previously
been reported.’* In general, the cohort was found to be rep-
resentative of the source population. For a better understand-
ing of the potential role of T2D in cancer, it would be ideal
to investigate T2D cases and controls matched on age and
date of T2D diagnosis. Studies also require substantial follow-
up time to fully account for duration effects and detailed
data with repeated measurements of T2D-related phenotypes,

Type 2 diabetes, adiposity and cancer

Conclusions

In this study, we found that T2D and obesity are associated
with a higher risk of cancer mortality and an increased risk of
obesity-related cancer incidence. T2D and obesity may increase
the risk in an additive fashion, as suggested by the finding that
comorbid T2D and obesity were associated with a more mark-
edly increased risk of obesity-related cancers and cancer mor-
tality. Initially, increased risk of cancer incidence among T2D
patients is likely to be inflated by detection bias. It is uncertain
and difficult to ascertain whether the increased detection rates
are fully independent of an underlying increased susceptibility.
With a longer T2D duration and at older ages, both depletion
of susceptibles due to increased detection in the years follow-
ing T2D diagnosis and competing risk of noncancer deaths
are likely to lower the probability of cancer diagnosis. There
remain questions related to the least-biased time interval to
assess cancer risk among T2D patients.

potential confounders and drug treatments over time.
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