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Objective: Diabetes is more common in cancer survivors than in the general population. The
objective of the present study was to determine cancer frequency in a cohort of patients with
diabetes and to examine demographic, clinical, and quality of life differences between cancer survivors
and their cancer-free peers to inform better individualized care.

Methods: Self-reported survey data from 3,466 registrants with type 2 diabetes from Australia’s
National Diabetes Services Scheme (NDSS) were analyzed to compare relevant variables between
cancer survivors and cancer-free patients. Analyses were focused on breast and prostate cancer to
reflect the most common cancers in women and men, respectively.

Results: Five percent of diabetic women reported a history of breast cancer and 4.2% of men
reported a history of prostate cancer. Diabetic patients with a history of breast or prostate cancer
were older at time of survey and diabetes diagnosis, less likely to report metformin use (women), and
more likely to have two or more comorbidities than their cancer-free peers. More diabetic prostate
cancer survivors also reported problems with mobility and performing usual tasks. However, cancer-
free diabetic subjects reported a lower diabetes-dependent quality of life than diabetic cancer
survivors. There was no association between cancer survivorship and duration of diabetes, indices of
glycemic control, obesity, or diabetic complications.

Conclusions: Cancer survivors comprise a significant minority of diabetic patients that are particularly
vulnerable and may benefit from interventions to increase screening and treatment of other
comorbidities and promote a healthy lifestyle.
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A series of recent studies and meta-analyses confirm
that the risk for several solid and hematologic malignancies
is elevated in diabetic patients.! Conversely, a higher
frequency of diabetes is observed in cancer survivors than in
the general population.? The frequency of diagnosis is such
that even minor reciprocal influences between cancer and
diabetes may have a major impact on disease.! The association
between diabetes and cancer risk is complex and not well-
defined, but is thought to occur as a consequence of

hyperglycemia and/or through underlying biologic factors
that alter cancer risk, such as insulin resistance and
hyperinsulinemia.®> Hyperglycemia and hyperinsulinemia
may also be modulated by other risk factors common to
cancer and diabetes, such as obesity or pharmacological
agents for diabetes management.® Similarly, the association
between cancer survivorship and diabetes may be related to
cancer treatment and/or unhealthy lifestyle choices.*
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In a 2009 study using the United States Behavioral Risk
Factor Surveillance System, the prevalence of diabetes in
cancer survivors was 16.7%.° In cancer survivors, incident or
prevalent comorbid diabetes has been demonstrated to
negatively impact overall and health-specific quality of
life.”!* While several studies have reported the prevalence of
diabetes in cancer survivors with the goal of understanding
and managing diabetes as a comorbidity in cancer survivors,
the converse has not been examined. Understanding the rate
of cancer survivorship in diabetic patients will help to
understand the scope of the problem and size of the diabetic
community for which cancer survivorship is also an issue. It
is also important to understand how diabetic cancer survivors
are different than diabetic patients in general in order to
optimize care. The Living With Diabetes Study (LWDS) was
undertaken to provide a comprehensive examination of
temporal trends in satisfaction with care, quality of life,
health care utilization, and disease progression in people
living with diabetes in Queensland, Australia." The objective
of this study was to use the state-wide LWDS database to
report on the frequency of breast and prostate cancer survivors
in this cohort of diabetic patients and to examine demographic,
clinical, and quality of life differences in diabetic patients
with and without a history of cancer. Because issues may be
cancer-specific, we focused on the most common cancers in
women and men, namely breast cancer in women and prostate
cancer in men. We hypothesize that cancer survivors make up
a small, but significant minority of diabetic patients and that
these patients differ from their cancer-free peers with respect
to demographics, clinical characteristics, and/or quality of
life. Identifying such differences can help providers to focus
on needs specific to this population.

Methods

Study design and participants

The Living with Diabetes Study (LWDS) is an ongoing
longitudinal study of people with diabetes living in
Queensland, Australia. Data from this study are contributing
to a large scale evaluation of the state-wide Queensland
Strategy for Chronic Disease 2005-2015 (QSCD) program
whose goal is improvement of care relative to major chronic
diseases, including diabetes. This paper reports on data
collected at baseline in 2008 concerning breast and prostate
cancer history among patients with diabetes.

The sampling frame was people with diabetes registered with
Australia’s National Diabetes Services Scheme (NDSS), an
initiative of the Australian Government administered by
Diabetes Australia. The primary purpose of the NDSS is to
deliver diabetes-related products at subsidized prices to
registrants, who must have a verified diagnosis for access.
Eligibility criteria for study participants included registration
with the NDSS, physical residence in Queensland with a valid
postal address on record with the NDSS, age 18 years or
older, diagnosis of type 1 or type 2 diabetes, and indication of
interest in participation in research opportunities upon NDSS
registration. Persons with gestational diabetes were excluded.

A sample of 14,439 registrants of the NDSS was invited to
participate; each was mailed a questionnaire, information
sheet, consent form, and reply-paid envelope. Completed
questionnaires were returned by 3,951 participants, yielding a
participation rate at baseline of 27%. Ninety-five percent
(N=3,761) of the participants had a diagnosis of type 2
diabetes. Because differences may be cancer-specific, we
focused on breast and prostate cancer, and participants
reporting a diagnosis of any other type of cancer were
excluded from analysis resulting in a total of 3,466 eligible
subjects. Type of diabetes diagnosis was verified using NDSS
registration data. Individuals who took up the invitation to
participate were largely similar to those who did not, with the
exception that individuals were more likely to participate if
they were aged over 60 years, and Indigenous Australians
were less likely to participate. The final criterion, interest in
receiving information about opportunities to participate in
research, reduced the available population for sampling by
about a third. Three policy target zones for the QSCD were
over-sampled: an outer metropolitan area, a new urban
development, and a coastal agricultural community.'

Ethics approval for the study was granted by the University
of Queensland’s Behavioural and Social Sciences Ethical
Review Committee. Written informed consent was obtained
from all study participants.

Measures

Of 347 primary variables in the 2008 baseline data file, the
following demographic, clinical, and quality of life
characteristics were extracted for this study: gender, age, age
at diabetes diagnosis, self-reported HbAlc result, ever
smoked, alcohol intake, diabetes-related complications,
metformin use (duration of therapy was not recorded),
co-morbid conditions, duration of diabetes, body mass index
(BMI), quality of life measures, and history of breast or
prostate cancer. Although age at cancer diagnosis was
requested on the LWDS questionnaire, it was not reliably
recorded or available for analysis. Therefore, all patients with
a history of breast or prostate cancer were included, regardless
of whether cancer was diagnosed before or after diabetes.

We used the EuroQoL group’s EQ-5D' to determine physical
and mental health status and the Audit of Diabetes Dependent
Quality of Life (ADDQoL)" to determine diabetes-specific
quality of life. Results of the former were scored in five
dimensions and expressed in terms of any impairment (yes/
no) for each of the five dimensions, while the latter was
expressed in terms of an impact score that can range from -9
to +3 indicating maximum negative to maximum positive
impact on diabetes quality of life.

Statistical procedures

A cross-sectional analysis was performed on data from
questionnaires completed in 2008. We compared groups with
unpaired Student’s #-tests and compared frequencies using ¥
tests. Comparisons were also adjusted for current age and
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Table 1: Baseline characteristics of adults with type 2 diabetes.

N2 n (%)
or median (IQR)
Cancer history 3466 158 (4.6)
Breast cancer 1547 77 (5.0)
Prostate cancer 1919 81 (4.2)
Age (years) 3466
18-44 217 (6.3)
45-59 1094 (31.5)
60-74 1731 (49.9)
75+ 424 (12.3)
High co-morbidity (2+) 3466 1675 (48.3)
No. of complications 3390 1(0-2)
Duration of diabetes (years) 3466 6 (3-8)
Male Gender 3466 1919 (55.4)
Metformin use (yes) 3466 1986 (57.3)
HbA1c 2837
<6.5% 775 (27.3)
6.5-7% 885 (31.2)
7.1-8% 724 (25.5)
>8% 453 (16.0)
HbA1c result score® 2837 2 (1-3)
Obesity (BMI > 30) 3198 1674 (52.3)
Risky/high risk alcohol use 3424 228 (6.6)
Have you ever smoked (yes) 3088 1656 (53.6)

BMI, body mass index; HbA1c, hemoglobin Alc
aNumber of respondents for whom data were available for each variable.
1 <6.5%; 2 =6.5-7%; 3=7.1-8%; 4 = 8%

duration of diabetes to determine if differences were mediated
through such non-modifiable factors. Multivariable logistic
regression analysis was applied to model the association
between duration of diabetes and cancer survivorship as prior
research suggests that diabetes per se may be a risk factor for
cancer. Statistically non-significant differences in confounders
between duration groups may still cause an important
confounding effect, and thus variables adjusted for in the
latter analysis were selected based on either being known risk
factors for cancer or related to glycemic control. Over-
sampling weights did not change the outcome of the final
model when adjusted for, and thus were not used in model
building. We used SPSS version 19 (IBM, Armonk, NY,
USA) for all analyses.

Results

The general characteristics of the 3,466 subjects with type 2
diabetes are described in Table 1. The majority of patients
were in the 60 to 74-year-old age range, and the median
duration of diabetes was 6 years. Pharmacological use
surveyed among the subjects revealed that 57.3% were
currently using metformin. Among the reference population,
158 subjects (4.6%) had a history of breast or prostate cancer.
There were 77 cases of breast cancer among 1,547 women
(5.0%), and 81 cases of prostate cancer among 1,919 men
(4.2%).

Compared to subjects with no history of cancer, women with
a history of breast cancer and men with a history of prostate
cancer were significantly older at time of survey, older at time
of diabetes diagnosis (figure 1), less likely to report using
metformin, and were more likely to have two or more
comorbidities (tables 2 and 3). Breast cancer survivors were
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Figure 1. Box and whiskers plot comparing age at diabetes onset in diabetic patients with and without a history of prostate

cancer (left) or breast cancer (right).
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Table 2: Comparisons between history of breast cancer and patient characteristics.

Cancer History (Females Only)

Breast Cancer None
(N =77) (N = 1470)

Variables N2 n (%) or median (IQR) n (%) or median (IQR) P value
Age (years) 1547 <0.001

18-44 0 (0) 127 (8.6)

45-59 17 (22.1) 504 (34.3)

60-74 38 (49.3) 703 (47.8)

75+ 22 (28.6) 136 (9.2)
Age (years, continuous) 1547 66 (60 — 76) 61 (54-68) 0.034
Age at diabetes diagnosis 1518 60 (52 — 68) 54 (52-68) <0.001
High comorbidity (2+) 1547 52 (67.5) 430 (29.2) <0.001
Comorbidities

Chronic obstructive 1547 67 (13.0) 103 (7.0) 0.118

pulmonary disease
Kidney disease 1547 5 (6.5) 81 (5.5) 0.049

Heart disease 1547 21 (27.3) 262 (17.8) 0.037

Stroke 1547 5 (6.5) 66 (4.5) 0.413

Arthritis 1547 40 (51.9) 516 (35.1) 0.003

High blood pressure 1547 46 (59.7) 666 (45.3) 0.013

Osteoporosis 1547 18 (23.4) 134 (9.1) <0.001
Number of diabetic complications 1511 0.5 (0-1) 0 (0-1) 0.907
Duration of diabetes 1547 6 (3-9) 6 (3-8) 0.712
Metformin use (yes) 1547 33 (42.9) 848 (57.9) 0.010
HbA1c result score® 1249 2 (1-3) 2 (1-3) 0.520
Obesity (BMI > 30) 1418 40 (54.8) 801 (46.9) 0.601
Risky/high drinker alcohol use 1523 6 (8.1) 59 (4.1) 0.094
Have you ever smoked (yes) 1357 33 (48.5) 504 (39.1) 0.121
General Quality of Life Survey®

Problems with mobility 1529 27 (35.1) 463 (31.9) 0.560

Problems with self-care 1522 6 (8.0) 94 (6.5) 0.608

Problems with usual activities 1525 25 (32.5) 416 (28.7) 0.481

Problems with pain 1515 51 (67.1) 863 (60.0) 0.215

Problems with anxiety 1505 24 (32.0) 503 (35.2) 0.574
Diabetes-dependent Quality of Life? 1437 -0.5 (-1.94 --0.14) -0.78  (-2.25--0.25) 0.092

BMI, body mass index; HbA1c, hemoglobin A1c
aData was not available for all patients for all variables
*1 < 6.5%; 2 = 6.5-7%; 3 = 7.1-8%; 4 = 8%

°Reporting problems yes or no for the five domains of the European Quality of Life Survey
9Range from -9 to +3 representing maximum negative to maximum positive impact of diabetes on quality of life

significantly more likely to report kidney disease, heart
disease, arthritis, high blood pressure, and osteoporosis than
their cancer-free diabetic peers (table 2). Prostate cancer
survivors were significantly more likely to report heart
disease and osteoporosis than their cancer-free diabetic peers,
and there was a trend toward an increased rate of stroke as
well (table 3). Few differences were observed in general
quality of life measures; however, diabetic prostate cancer
survivors were more likely to report problems with mobility
and problems performing usual activities than diabetic
patients with no history of cancer (table 3). There was a non-
significant trend toward a lower diabetes-dependent quality
of life score in patients with no history of cancer compared to
either breast or prostate cancer survivors (tables 2 and 3).
When all subjects were pooled, diabetes-dependent quality of
life was significantly lower in diabetic subjects with no
history of cancer (-1.00 IQR -2.41 — -0.32) compared to

breast or prostate cancer survivors (-0.71 IQR -1.96 — -0.18,
P=0.01).

The significant difference in age between subjects with and
without a history of cancer raised the possibility that non-
modifiable factors like age and duration of diabetes may be
key mechanisms influencing differences observed between
the two groups. Additional analyses adjusted for age and
duration of diabetes demonstrated that in women with a
history of breast cancer, increased comorbidities, especially
osteoporosis and arthritis, were independent of age (table 4).
Similarly, in men with a history of prostate cancer increased
comorbidities and problems with mobility were also
independent of age (table 5).

Female subjects with a history of breast cancer and male
subjects with a history of prostate cancer were divided into

CM&R 2013 : 4 (December)

Onitilo et al. 213



Table 3: Comparisons between history of prostate cancer and patient characteristics.

Prostate Cancer (N = 81)

Cancer History (Males Only)
None (N = 1838)

Variables N2 n (%) or median (IQR) n (%) or median (IQR) P value
Age (years) 1919 <0.001
18-44 0 0) 90 (4.9)
45-59 7 (8.6) 566 (30.8)
60-74 39 (48.1) 951 (51.7)
75+ 35 (43.2) 231 (12.6)
Age (years, continuous) 1919 73 (66 — 79) 63 (56 —70) <0.001
Age at diabetes diagnosis 1883 64.5 (54 -71.8) 55 (48 — 63) <0.001
High co-morbidity (2+) 1919 46 (56.8) 407 (22.1) <0.001
Comorbidities
Chronic obstructive 1919 7 (8.6) 108 (5.9) 0.305
pulmonary disease
Kidney disease 1919 5 (6.2) 97 (5.3) 0.725
Heart disease 1919 32 (39.5) 479 (26.1) 0.007
Stroke 1919 10 (12.3) 130 (7.1) 0.074
Arthritis 1919 27 (333) 463 (25.2) 0.100
High blood pressure 1919 39 (48.1) 770 (41.9) 0.265
Osteoporosis 1919 6 (7.4) 38 (2.1) 0.002
Number of diabetic complications 1879 1 (0-13) 1 (0-2) 0.145
Duration of diabetes 1919 7 4-9) 6 (3-9) 0.137
Metformin use (yes) 1919 38 (46.9) 1067 (58.0) 0.047
HbA1c result score® 1588 2 (1-23) 2 1-3) 0.678
Obesity (BMI > 30) 1780 31 (42.5) 802 (47.0) 0.449
Risky/high drinker alcohol use 1901 5 (6.2) 158 (8.7) 0.448
Have you ever smoked (yes) 1731 45 (60.0) 1074 (64.8) 0.390
General Quality of Life Survey®
Problems with mobility 1893 4 (51.2) 526 (29.0) <0.001
Problems with self-care 1889 6 (7.5) 135 (7.5) 0.990
Problems with usual activities 1898 28 (35.0) 447 (24.6) 0.035
Problems with pain 1886 45 (57.0) 938 (51.9) 0.379
Problems with anxiety 1879 22 (27.8) 556 (30.9) 0.567
Diabetes-dependent Quality of Life 1827 -0.94 (-2.0--0.26) -1.15  (-2.5--0.39) 0.057
BMI, body mass index; HbA1c, hemoglobin Al1c
@Data was not available for all patients for all variables
®1 < 6.5%; 2 = 6.5-7%; 3 = 7.1-8%; 4 = 8%
°Five domains of the European Quality of Life Survey
tertiles based on duration of diabetes. Subjects with a diabetes ~ Discussion

duration of <4 years were included in the low tertile, patients
with a diabetes duration of 5 to 7 years were included in the
middle tertile, and patients with a diabetes duration of >8
years were included in the high tertile. The unadjusted odds
ratio (OR) for breast or prostate cancer survivorship by
duration of diabetes was not significant. The OR for breast
cancer survivorship in the upper tertile was 1.03 (95% CI
0.64 —1.68, P=0.90) compared to the lower tertile. Similarly,
the OR for prostate cancer survivorship in the upper tertile
was 1.49 (95% CI 0.95 — 2.34, P = 0.08) suggesting no
association. When potential confounding variables were
adjusted for using a multivariable logistic regression model,
there was still no association demonstrable between diabetes
duration and breast or prostate cancer survivorship frequency.
Variables adjusted for included age, BMI, metformin use,
alcohol use, smoking, number of complications and glycemic

There is clear evidence of an association between diabetes
and cancer,’ and data suggest that there is an increased
frequency of diabetes in cancer survivors.? Here, we sought to
better understand the frequency of breast and prostate cancer
survivors in the diabetic community and differences between
diabetic patients with and without a history of cancer. In a
defined cohort of individuals living with diabetes in
Queensland, Australia, we found that the frequency of breast
cancer survivorship among women was 5.0% and the
frequency of prostate cancer survivorship among men was
4.2%. Several demographic, clinical, and quality of life
parameters were examined, and diabetic patients with a
history of cancer were older at the time of survey and diabetes
diagnosis, less likely to report metformin use, had more
comorbidity, and had higher diabetes-dependent quality of
life than their cancer-free peers, but were similar in terms of
diabetes-specific indices compared to their cancer-free peers.
Following adjustment for age and diabetes duration,

control as determined by self-reported hemoglobin
A1C levels.
214 Diabetes and cancer survivors
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significant differences in comorbidity remained, suggesting
that the mechanism behind this difference was not simply age
or diabetes duration related.

The findings of this study are consistent with the literature
suggesting that the risk for breast and prostate cancer
increases with age,® and that use of metformin reduces cancer
risk."* Similarly, several studies have reported that cancer
survivors with diabetes have more comorbidities than cancer
survivors without diabetes.? It is interesting that the same
holds true for diabetic cancer survivors compared to diabetic
subjects with no history of cancer and may be related to the
late-term effects of cancer and/or cancer treatment.'s In our
study, vascular risks were increased in cancer patients as
evidenced by increased rates of kidney disease, heart disease,
and high blood pressure in breast cancer survivors and
increased heart disease and a trend toward increased stroke in
prostate cancer survivors. Vascular risks were also increased
in diabetes, suggesting that surveillance and early intervention
may be especially important for diabetic cancer survivors.
Cancer therapy, especially chemotherapy and endocrine
therapy, is known to contribute to osteoporosis'® and to
cardiovascular risk."'* While some of these problems may be
related to cancer survivors being older, it does not detract
from the fact that they need to be addressed when dealing
with such patients, regardless of whether it is a direct effect
of cancer or not.

The finding that breast and prostate cancer survivors were
generally diagnosed with diabetes at an older age is particularly
interesting given the literature suggesting that diabetes per se

may be a risk factor for cancer.!” We therefore took particular
interest in determining if duration of diabetes was
independently associated with cancer survivorship and found
that this was not the case. This latter finding suggests that
diabetes-related factors of control and complications may not
be key factors influencing cancer survivorship but contribute
simply to the burden of comorbidities. This is consistent with
our observation that traditional risk factors for both diabetes
and cancer, including obesity and glycemic control, were not
significantly different in diabetic subjects who were or were
not breast or prostate cancer survivors. Similarly, there was
no difference in the rate of diabetes complications in either
group. This suggests that management of diabetes is similar
regardless of cancer history, and that worsening measures of
glycemic control are more related to increased diabetes
duration than to whether or not patients have a history of
cancer.

It has been suggested that some cancer survivors may be so
focused on recurrence that other aspects of their health may
be neglected, including lifestyle changes that may contribute
to the development of diabetes and management of existing
diabetes.!” Among cancer survivors, those with comorbid
conditions, including diabetes, report a higher rate of disability
and overall poorer health than those without comorbidities. !’
In general, cancer survivors with diabetes are more likely to
report that cancer has affected their overall health and are
more likely to suffer from several other comorbid conditions
including arthritis, cataracts, circulation problems, dizziness,
strokes, hearing impairment, and heart, kidney, liver, and
thyroid problems than cancer survivors without diabetes.” For

Table 4: Age and diabetes-duration adjusted logistic regression for breast cancer.

Variables Odds Ratio (OR) 95% CI P value
Age at diabetes diagnosis 0.988 0.960 — 1.017 0.407
High co-morbidity (2+) 0.222 0.135 - 0.365 <0.001
Comorbidities
Chronic obstructive pulmonary disease 0.537 0.265 — 1.089 0.085
Kidney disease 0.908 0.350 — 2.356 0.843
Heart disease 0.789 0.459 — 1.357 0.392
Stroke 0.876 0.335 - 2.290 0.787
Arthritis 0.622 0.389 — 0.944 0.047
High blood pressure 0.621 0.388 — 0.996 0.048
Osteoporosis 0.476 0.265 - 0.853 0.013
Number of diabetic complications 1.055 0.864 — 1.290 0.599
Metformin use (yes) 0.625 0.390 — 1.002 0.051
Obesity (BMI > 30) 0.863 0.523 — 1.424 0.564
Risky/high drinker alcohol use 0.479 0.198 — 1.161 0.103
Have you ever smoked (yes) 1.576 0.960 — 2.586 0.072
General Quality of Life Survey?
Problems with mobility 1.050 0.639 - 1.725 0.847
Problems with self-care 0.857 0.357 — 2.052 0.728
Problems with usual activities 0.951 0.576 — 1.571 0.845
Problems with pain 0.842 0.511 - 1.391 0.504
Problems with anxiety 1.004 0.606 — 1.664 0.987
Diabetes-dependent Quality of Life 1.062 0.911 - 1.239 0.440
BMI, body mass index; Cl, confidence interval
aFive domains of the European Quality of Life Survey
CM&R 2013 : 4 (December) Onitilo et al. 215



Table 5: Age and diabetes-duration adjusted logistic regression for prostate cancer.

Variables

Age at diabetes diagnosis
High co-morbidity (2+)
Comorbidities
Chronic obstructive pulmonary disease
Kidney disease
Heart disease
Stroke
Arthritis
High blood pressure
Osteoporosis
Number of diabetic complications
Metformin use (yes)
Obesity (BMI > 30)
Risky/high drinker alcohol use
Have you ever smoked (yes)
General Quality of Life Survey?
Problems with mobility
Problems with self-care
Problems with usual activities
Problems with pain
Problems with anxiety
Diabetes-dependent Quality of Life

BMI, body mass index; Cl, confidence interval
aFive domains of the European Quality of Life Survey

example, using a health utility score as a measure of quality
of life, Ko et al” reported that health utility scores increased
over time following acute illness with breast cancer. However,
diabetes was predictive of a lower health utility score.’
Similarly, Thong et al’ reported that men with diabetes
diagnosed either before or after prostate cancer diagnosis
have poorer general health and lower health-related quality of
life than prostate cancer survivors without diabetes. In the
present study, diabetic prostate cancer survivors were more
likely to report problems with mobility and performing usual
activities than diabetic men with no history of cancer. We did
not, however, observe any difference in general quality of life
between diabetic breast cancer survivors and diabetic women
with no history of cancer. Interestingly, diabetic subjects with
no history of cancer had a lower diabetes-dependent quality
of life score than diabetic cancer survivors, suggesting that
cancer survivors perceive diabetes to have a lesser impact on
their quality of life. It is possible that this reflects a difference
in perspective related to cancer survival, whereby diabetes is
overshadowed by a decrease in quality of life as a result
of cancer.

Cancer survivors appear to hold a unique position as a
significant minority of the overall diabetic population.
Evidence suggests that individuals with diabetes are at a
higher risk for cancer than those without diabetes.? It follows
that cancer survivors with diabetes may have a greater risk for
cancer recurrence than cancer survivors without diabetes.
Unfortunately, diabetic patients are less likely to undergo
regular cancer screening, including mammography, than their
non-diabetic counterparts.?’*> Additionally, findings from the

Odds Ratio (OR) 95% CI P value
0.994 0.968 — 1.020 0.637
0.268 0.168 — 0.427 <0.001
0.753 0.331 —1.711 0.498
1.161 0.442 — 3.053 0.762
0.856 0.531 - 1.378 0.521
0.889 0.436 — 1.814 0.747
0.943 0.577 — 1.539 0.814
0.793 0.502 — 1.253 0.320
0.436 0.173 - 1.096 0.077
0.942 0.790 — 1.123 0.505
0.908 0.569 — 1.451 0.688
0.679 0.408 — 1.129 0.136
1.157 0.454 — 2.947 0.761
0.684 0.420 - 1.113 0.126
0.567 0.353 — 0.909 0.018
1.205 0.497 —2.919 0.680
0.750 0.459 — 1.223 0.249
0.912 0.571 — 1.456 0.699
0.914 0.544 — 1.534 0.733
1.145 0.965 — 1.358 0.121

present study suggest that diabetic subjects with a history of
breast or prostate cancer have a greater number of
comorbidities than those with no history of cancer, and data
from the Surveillance Epidemiology End Results (SEER)
database strongly suggests that cancer survivors die of non-
cancer causes at a higher rate than the general population.*
Therefore, diabetic cancer survivors may be a particularly
vulnerable population and may benefit greatly from health
and lifestyle interventions, such as promotion of a healthful
diet and active, non-smoking lifestyle, as described by Stull
et al,* and targeted cancer screening.

One important limitation of the present study is an unknown
date of cancer diagnosis. It is impossible to know if subjects
had prevalent diabetes at the time of cancer diagnosis or
incident diabetes that was diagnosed after the cancer
diagnosis. Even if cancer diagnosis date were known,
determining whether cancer occurred before or after diabetes
onset is still imprecise as hyperinsulinemia and progressive
hyperglycemia are also present in the pre-diabetes phase.
However, in a study by Thong et al,” diabetes was found to
negatively impact on health-related quality of life in prostate
cancer survivors whether diabetes onset occurred before or
after prostate cancer diagnosis, although incident diabetes
had a lesser effect. Additional study limitations include cross-
sectional design, data collection by self-report, survivorship
bias, and healthy subject bias. The cross-sectional study
design makes the directionality of any associations difficult to
establish. The fact that we did not demonstrate a link between
increasing duration of diabetes and cancer survivorship is
complicated by the long preclinical prediabetic state with a
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similar metabolic and physiologic internal environment as in
an overt diabetic state. Thus, exact duration of exposure is
difficult to ascertain. The effect and duration of diabetic
treatments, such as metformin, further complicates matters.
Findings are also limited by the fact that medication regimens
and co-morbid diagnoses were self-reported and, therefore,
reliant on recall. Self-report in general presents difficulties.
Hewitt et al* found that self-report tends to underestimate the
prevalence of cancer compared to use of a tumor registry by
approximately 14% for males with prostate cancer and 20%
for women with breast cancer. Furthermore, the response rate
for subjects consenting to participate in research was low, yet
consistent with research showing that participation rates in
large cohort studies appear to be declining from about 80% to
30% or 40% over the past several decades.* It is possible that
prevalence estimates of the collected variables underestimated
cancer rates in the entire LWDS population. However,
analysis of self-report response patterns in the Prostate
Cancer Outcomes Study suggest that with respect to comorbid
conditions, including diabetes, response consistencies as high
as 92% were obtained, and consistency tended to be better in
patients taking prescription medication for their condition.”
Finally, cancer and its treatment is often accompanied by
significant morbidities that may affect individual interest in
survey participation, thus creating a healthy subject bias,
which may act toward decreasing cancer prevalence rate.
Similarly, this study is limited to a comparison of cancer
survivors, rather than those with cancer diagnoses, because
mortality of subjects before study commencement as a result
of cancer may result in a survivorship bias. This bias makes
comparison of cancer versus no cancer difficult since healthier
subjects who have survived longer are more likely to
be included.

Implications

Cancer survivors have an older age at diabetes onset and
more comorbidity. Specifically, vascular risks are increased
in diabetes and cancer, and this population may require
increased surveillance and early intervention. There was less
metformin use seen in women, and given that metformin
decreases insulin resistance and is associated with a reduced
risk of cancer, its use should be encouraged in the elderly
diabetic populations. Better diabetes-dependent QoL was
seen in women, and this could be because diabetes may be
overshadowed by a cancer-related decrease in quality of life.
Finally, a similar diabetes duration, glycemic control, body
mass index, and number of complications suggest that
diabetes-specific indices are comparable; therefore, older age
at onset and increase comorbidity are independent of glycemic
control or obesity. Finally, breast or prostate cancer
survivorship is a concern for as many as 5% to 10% of people
living with diabetes, and therefore preventive and risk
reduction measures, as well as early diagnosis and treatment
of other medical conditions such as cardiovascular disease or
osteoporosis in cancer survivors with diabetes should be
encouraged. We conclude that cancer survivors comprise a
significant minority of diabetic patients that are particularly
vulnerable and may benefit from health interventions to

increase screening and treatment of other comorbidities and
promote a healthy lifestyle.
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