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Background: Having diabetes may increase the odds of late-stage breast cancer. In Kentucky, the rates
of late-stage disease are higher in rural than in urban areas, particularly in rural Appalachia. The ob-
jectives of the study were to examine the relationship between diabetes and cancer screening and to
determine whether Appalachia residence modifies this association.

Methods: One thousand thirty Kentucky adults responded to a 2008 telephone survey that measured
whether they had diabetes; lived in Appalachia; had guideline-concordant screening for breast (mam-
mogram, clinical breast examination), cervical (Papanicolaou), and colorectal (fecal occult blood test
or sigmoidoscopy/colonoscopy) cancer; and whether they reported receiving mammograms regularly
every 1 to 2 years.

Results: Of the subjects, 16% had diabetes, 21% were Appalachian, and 32% were men. In multivari-
ate analysis, women with diabetes had about half the odds of “regular” mammography screening (odds
ratio, 0.56) compared with those without diabetes. Men and women in Appalachia had about half the
odds of colonoscopy or sigmoidoscopy within the past 10 years (odds ratio, 0.54) compared with those
living outside Appalachia.

Conclusions: Both having diabetes and living in Appalachia were negatively associated with current
and regular cancer screening. Less screening may explain late-stage diagnosis among these populations.
(J Am Board Fam Med 2011;24:682–692.)
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It is critical to understand the impact of illness on
cancer screening because patients with undiag-
nosed cancer often have underlying chronic condi-
tions that may influence screening decisions. In two
earlier studies, Fleming and colleagues1,2 showed
that some chronic conditions increase the risk of
late- versus early-stage breast or prostate cancer,
whereas others decrease that risk. Having diabetes,
for example, increased the odds of late-stage breast

cancer by approximately 20%.2 Fleming et al1,2

speculate a number of possible causes behind the
equivocal relationship between chronic conditions
and preventive care, including increased physician
contact, competing demands on physician time,
and a biomedical interaction among the different
pathologies. Some of these pathways may be direct,
such as when pharmacologic treatment of a chronic
condition directly affects the risk of cancer,3

whereas others may be indirect, such as when a
chronic condition leads to increased face time with
a physician, more regular cancer screening, and a
reduced risk of late-stage disease. Fleming et al’s1,2

two studies, however, demonstrated that relation-
ships between chronic conditions and stage of can-
cer remain even after controlling for the frequency
of medical visits and cancer screening, which sug-
gests that these factors alone cannot adequately
explain the increased or decreased risk of a late-
stage cancer diagnosis.
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There is ample evidence that chronic conditions
may influence patients’ choice of screening.4,5 In
addition, some studies have found that the accuracy
of the screening tests themselves may be affected by
the presence of chronic illness. Fenton et al,6 for
example, reported that the odds of a true positive
screening (sensitivity of the test) is lower among
those with increasing comorbidity burden, so, even
if patients with multiple conditions receive screen-
ing, a cancer may not be detected. Therefore, the
impact of chronic illness on screening may relate to
physician practices, patient preferences, or test sen-
sitivity.

The effect of diabetes on cancer screening may
also depend on patient residence to the extent that
barriers to accessible screening sites disproportion-
ately affect rural residents, particularly those who
live within the Appalachian region of the United
States. According to Halverson and colleagues,7 the
Appalachian region of the United States experi-
ences an excess in premature mortality, ie, deaths
before the age of 65, for both breast and colorectal
cancer. According to the Kentucky Breast Cancer
Task Force, the incidence of late-stage breast can-
cer was significantly higher among Kentucky
women than in the Surveillance, Epidemiology,
and End Results (SEER) population (http://seer.
cancer.gov)—Surveillance, Epidemiology, and End
Results is a collection of US population-based cancer
registries covering approximately 25% of the US
population. Late stage breast cancer was higher in
rural than in urban Kentucky and was highest of all
in rural Appalachian Kentucky.8 Presumably, lower
screening rates among rural and Appalachian resi-
dents result in proportionately less early-stage dis-
ease diagnoses and higher mortality rates, an as-
sumption supported by Behavioral Risk factor
Surveillance System (BRFSS) data demonstrating
Appalachian screening rates for breast and cervical
cancer approximately 3% below national levels.9

Considering the high rates of both diabetes and
cancer in Kentucky as a whole and the Appalachian
population in particular, we hypothesized that the
pattern found by Fleming et al1,2 would also be
applicable to people with and without diabetes in
Kentucky. The purpose of this analysis was to ex-
amine the relationship between diabetes and cancer
screening through a 2008 survey of 1030 Kentucky
residents and to determine if residence in the Ap-
palachian region of Kentucky is an effect modifier
of this relationship.

Methods
Procedures and Participants
After obtaining institutional review board approval
from the University of Kentucky, the University of
Kentucky Survey Research Center conducted the
survey during the time period of May 15 through
June 30, 2008. Trained, experienced, and continu-
ously monitored Survey Research Center inter-
viewers conducted the interviews with households
that were selected using a modified list-assisted,
Waksberg-Mitofsky, random-digit dialing proce-
dure for landline telephones. Up to 15 attempts
were made for each telephone number in the sam-
ple, with up to 10 scheduled call backs if timing was
“inconvenient.” Eligible participants were adults,
aged 18 years and older, who could complete the
interview in English. The interviewer asked to
speak with the adult in the household aged 18 or
older who had most recently had a birthday.

The survey resulted in 1030 completed inter-
views, with an additional 201 subjects ruled ineli-
gible. Subjects were ineligible if they were younger
than 18 years of age or were from a household with
no adults, could not speak English, were hearing
impaired, or were not available for the entire period
that the survey was in the field. Altogether, 2338
persons who were contacted refused to participate.
With a total of 3559 calls and 1231 completed
interviews or contacts ruled ineligible, we calculate
a response rate of 34.6% according to the Council
of American Survey Research Organization (http://
www.casro.org).

Survey Items
The entire survey consisted of five sets of questions:
a first set of demographic questions such as age, sex,
education, and race; a second and third set consist-
ing of questions relating to asthma and diabetes,
respectively; a fourth set of questions related to
cervical, colorectal, and breast cancer screening;
and a final set of questions that developed the
concept of a “regular source of care” or “medical
home.” Survey items determined whether and
when respondents had received each of the follow-
ing cancer screening tests: fecal occult blood test
(FOBT), colonoscopy or sigmoidoscopy, mammo-
gram, clinical breast examination (CBE), and Pa-
panicolaou test. Sigmoidoscopy and colonoscopy
were combined into one item because of the pos-
sibility that respondents could not easily distin-
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guish them. In addition, women were asked
whether they get mammograms regularly every 1
to 2 years. The survey items were drawn from the
National Health Interview Survey10 and the Med-
ical Expenditures Panel Survey,11 with the excep-
tion of time since CBE, which was based on similar
items in the National Health Interview Survey and
Medical Expenditures Panel Survey, and whether
women regularly receive mammograms, which was
a new item. It was intended to assess women’s
perception of a pattern of mammography screening
over time that is not captured by the item about the
most recent mammogram.

To capture screening at younger ages for future
analyses, respondents were asked the cancer screen-
ing items if they were up to 10 years younger than
the age recommended to begin screening as issued
by the United States Preventive Services Task
Force (USPSTF),12–15 the American Cancer Soci-
ety,16–19 or the American College of Obstetricians
and Gynecologists (ACOG)20 as of Spring 2008.
The present analyses only included ages actually
recommended for screening, not the younger ages.
To gauge recency of screening, respondents could
indicate “within the past year,” “within the past 2
years,” “within the past 5 years,” or “5 or more
years ago” for Papanicolaou, mammogram, CBE,
and FOBT; and “within the past 10 years” or “10 or
more years ago” for sigmoidoscopy/colonoscopy.

Analyses
Criteria for Inclusion in the Analyses and Currency of
Cancer Screening
Inclusion was based only on age and sex. The cri-
teria for inclusion allow women and men to be 2
years older than the recommended beginning age
for receiving screening (eg, 23 years old instead of
21 years old). Any testing met the criteria for
screening, regardless of whether it was initiated for
screening or for diagnosis. The criteria did not
consider the results of previous tests.

Our criteria for whether respondents were eli-
gible to receive screening and were current in their
screening were based on the guidelines in place in
Spring 2008. This was before the USPSTF up-
dated its recommendations about breast cancer
screening in late 200921,22 and others about cervical
cancer screening in 2009 and 2010.23,24 Specific
cancer screening guidelines referenced are listed in
the Appendix (available from the author upon re-
quest).12–20,25

Women 23 years of age and older were included
in the cervical cancer screening analyses. They
were considered current if they had received a Pa-
panicolaou test during the past 2 years. For cur-
rency of screening, this criterion gives women an
extra year in which to receive their Papanicolaou
test compared with the 2008 recommendation from
ACOG for annual screening.25 We also analyzed
the data using a period of 3 years to reflect newer
guidelines and to allow for comparison to the
BRFSS data.9 Women 42 years of age and older
were included in the breast cancer screening anal-
yses. They were considered current for any of the
breast cancer screening tests if they had received
the test during the past 2 years; this is the less
conservative interval in the USPSTF and ACOG
guidelines beginning with this age period.13,20 Men
and women 52 years of age and older were eligible
for inclusion in the colorectal cancer screening
analyses. For FOBT screening, patients were con-
sidered current if they were screened within 2
years, allowing an extra year compared with the
USPSTF and American Cancer Society guide-
lines.14,15,19 For colonoscopy/sigmoidoscopy, women
and men were considered current if they were
screened within 10 years, the interval recommended
for colonoscopy.14,15,19 Colonoscopy and sigmoid-
oscopy were combined because some patients may
not be able to distinguish between them. They
were not given an extra year to have received a
colonoscopy or sigmoidoscopy because respon-
dents are unlikely to distinguish 10 years from 11
years when recalling their screening compared with
recalling the more recent tests within the past 2
years.

Diabetes
The survey attempted to distinguish between those
who have diabetes, those with some type of predi-
abetic condition, and those without diabetes.
Women were classified as diabetic based on an-
swering “yes” to the question, Other than during
pregnancy, have you ever been told by a doctor or
health professional that you have diabetes or sugar
diabetes? Men were classified as diabetic based on
answering “yes” to the similar question, Have you
ever been told by a doctor or health professional
that you have diabetes or sugar diabetes? Both men
and women were classified as “prediabetic” if they
answered “yes” to the question, Have you ever been
told by a doctor or other health professional that
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you have any of the following: prediabetes, im-
paired fasting glucose, impaired glucose tolerance,
borderline diabetes, or high blood sugar?

Appalachian Residents
Appalachian residence within Kentucky was de-
fined by county according to the Appalachian Re-
gional Commission definitions.26 Fifty-four of
Kentucky’s 120 counties are in Appalachia.

Statistical Analyses and Tests
In addition to descriptive statistical analyses, we
calculated unadjusted bivariate associations be-
tween each type of cancer screening and diabetes
status; between each type of cancer screening and
Appalachian versus non-Appalachian residence;
and between each type of cancer and diabetes status

stratified by Appalachian versus non-Appalachian
residence. Note that diabetes status in this analysis
excluded those diagnosed with prediabetes; how-
ever, a sensitivity analysis including prediabetic pa-
tients was performed. We also estimated multivar-
iate logistic models for each screening test,
controlled for age (in years), race (white/other), and
education (less than high school, high school grad-
uate or GED, some college). We tested for statis-
tically significant differences in the odds ratios of
stratified analyses using the Breslow-May test. All
analyses used SAS software (Windows version 9.2,
SAS, Inc., Cary, NC).

Results
Descriptive statistics for the 1030-person sample of
Kentucky residents are reported in Table 1. The

Table 1. Descriptive Statistics of a Sample of 1030 Kentucky Residents, 2008

Strata

Total
(n � 1,030)

Men
(n � 332)

Women
(n � 698)

Freq Percent Freq Percent Freq Percent

Age (years)
0–24 32 3.1 16 4.8 16 2.3
25–49 321 31.2 86 26.0 235 33.7
50–64 393 38.2 136 41.1 257 36.9
65–74 157 15.3 58 17.5 99 14.2
75–85 100 9.7 26 7.9 74 10.6
�85 25 2.4 9 2.7 16 2.3

Appalachian region 19.3
Yes 214 20.8 64 80.7 150 21.6
No 813 79.2 268 545 78.4

Married or living with partner
Yes 643 63.1 232 70.1 411 59.7
No 376 36.9 99 29.9 277 40.3

Race
White 954 93.7 308 93.3 646 93.9
Black 46 4.5 16 4.9 30 4.4
Asian 4 0.4 1 0.3 3 0.4
Other 14 1.4 5 1.5 9 1.3

Education 98
�High school 132 13.0 34 10.3 241 14.2
High school or GED 347 34.1 106 32.1 349 35.0
College 539 52.9 190 57.6 50.7

Diabetes status
None 813 79.1 256 77.1 557 80.0
Prediabetes 52 5.1 14 4.2 38 5.5
Diabetes 163 15.9 62 18.7 101 14.5

Denominator for percents includes all data available for any given analysis (eg, n � 1,027 having Appalachian/non-Appalachian county
data; n � 1,028 for diabetes status).
Freq, frequency; GED, General Educational Development.
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sample consists of approximately twice as many
female as male respondents, with approximately
20% from the Appalachian region in Kentucky.
The sample was mostly white and mostly married
or living with a partner. Ninety percent of men and
86% of women had at least a high school education.
We also report the prevalence of diabetes and pre-
diabetes among the sample of 332 men and 698
women. Men have a somewhat higher prevalence of
diabetes than women (18.7% compared with
14.5%) but a somewhat lower level of prediabetes
(4.2% vs 5.5%). We noted that our overall screen-
ing results were similar to BRFSS data from 2008
(http://www.cdc.gov/brfss/), including colon can-
cer screening, in which the prevalence of FOBT
testing within the last 2 years in Kentucky was
17.2% and nationwide 21%, and the prevalence of
people who had ever had a colonoscopy or sigmoid-
oscopy was 63.7% in Kentucky and 62.2% nation-
wide.

In bivariate analyses (Table 2) we made six
different comparisons between respondents with
and without diabetes for the prevalence of

screening examinations for three different cancer
sites. Respondents with prediabetes were ex-
cluded from these analyses. Sensitivity analysis
including prediabetes patients did not change any
of the conclusions in terms of statistically signif-
icant results. Significantly fewer women with di-
abetes had had a mammogram during the past 2
years compared with those without diabetes
(66.0% vs 76.8%; P � .03), and proportionately
fewer participants reported regular mammogra-
phy screening (68.5% vs 81.6%; P � .006). Hav-
ing diabetes was not related to any type of colo-
rectal cancer screening, nor did it seem to be
related to CBE. Because colorectal cancer was
the only site analyzed that has screening recom-
mendations for both women and men, it was also
analyzed separately for each sex to disentangle
possible gender effects. No relationship between
diabetes and colorectal cancer screening was
found for either men or women. The lower pro-
portion of women with diabetes who reported
cervical cancer screening within 2 years was only
marginally significant (66.7% vs 78.1%; P � .06).

Table 2. Bivariate Associations between Diabetes Status* and Screening Examinations, Kentucky Residents, 2008

Frequency† Percent Screened P (�2)

Women, age �23 years
Papanicolaou test within 2 years

With diabetes 57 66.7 .06
Without diabetes 374 78.1

Papanicolaou test within 3 years
With diabetes 57 70.2 .0007
Without diabetes 374 84.3

Women, age �42 years
Regular mammography

With diabetes 89 68.5 .006
Without diabetes 401 81.6

Mammography within 2 years
With diabetes 94 66.0
Without diabetes 423 76.8 .03

Men and women, age �52 years
FOBT within 2 years

With diabetes 129 24.8 .25
Without diabetes 467 20.1

Colonoscopy/ sigmoidoscopy within 10 years
With Diabetes 130 63.1 .72
Without Diabetes 466 61.4

Bold values indicate P � .05.
*Patients with diabetes are subjects who have ever been told that they had diabetes by a health professional. Patients without diabetes
are subjects who have not ever been told by a health professional that they had diabetes.
†Frequency differs across strata because of age and sex eligibility and missing data.
FOBT, fecal occult blood test.
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When the data were analyzed for Papanicolaou
testing within 3 years, however, the difference
between diabetics and nondiabetics was clearly
significant (70.2% vs 78.1%; P � .0007).

The bivariate analyses shown in Table 3 com-
pare the prevalence of screening examinations for
three different cancer sites among both men and
women inside and outside the Appalachian re-
gion of Kentucky. Again, we excluded respon-
dents with prediabetes from these analyses. Sig-
nificantly fewer participants living in the Appalachian
region of Kentucky indicated that they received
“regular” mammography screening (72.8% vs
81.7%; P � .04). Proportionately more men and
women in this region were concordant with
guidelines for colorectal screening with an
FOBT test within 2 years (25.2% vs 19.8%; P �
.01) but proportionately less for colonoscopy/
sigmoidoscopy within the last 10 years (49.3% vs
67.0%; P � .0007). Other associations between
screening rates among Appalachian and non-Ap-
palachian residents were not statistically signifi-
cant.

The bivariate analyses shown in Table 4 also
compared the prevalence of screening examina-
tions for three different cancer sites among both
men and women with and without diabetes.
These analyses were stratified by whether the
subjects lived in an Appalachian or non-Appala-
chian county of Kentucky. Within the non-Ap-
palachian region, approximately 10% less women
with diabetes received regular mammograms
compared with women without diabetes (P �
.05); in contrast, these comparisons were not
significant for Appalachian women. Appalachian
residents with or without diabetes had substan-
tially lower rates of colonoscopy/sigmoidoscopy
within the last 10 years compared with those
living in the non-Appalachian regions. We tested
whether Appalachian residence was an effect
modifier for diabetes and each of the screening
modalities using a Breslow-May test; we found
no statistically significant difference in odds ra-
tios for each screening test.

As in the bivariate analyses, multivariate logis-
tic models showed that having diabetes was neg-

Table 3. Bivariate Associations between Appalachian Residency and Screening Examinations, Kentucky Residents
2008

Frequency* Percent Screened P (�2)

Women, age �23 years with no hysterectomy
Papanicolaou test within 2 years

Appalachian 108 70.5 .11
Non-Appalachian 344 77.9

Pap test within 3 years
Appalachian 108 75.9 .11
Non-Appalachian 344 84.6

Women, age �42 years
Regular mammograms

Appalachian 114 72.8 .04
Non-Appalachian 405 81.7

Mammography within 2 years
Appalachian 122 73.0 .57
Non-Appalachian 427 75.9

Men and women, age �52 years
FOBT within 2 years

Appalachian 135 25.2 .01
Non-Appalachian 494 19.8

Colonoscopy/ sigmoidoscopy within 10 years
Appalachian 136 49.3 .0007
Non-Appalachian 494 67.0

Bold values indicate P � .05.
*Frequency differs across strata because of age and sex eligibility requirements and missing data.
FOBT, fecal occult blood testing.
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atively associated with receiving regular mammo-
grams and that Appalachian residence was
negatively associated with having received a

colonoscopy or sigmoidoscopy with the last 10
years (see Table 5). We tested whether Appala-
chian residence was an effect modifier for diabe-

Table 4. Bivariate Associations between Diabetes Status* and Screening Examinations for Those in and outside of
Appalachia, Kentucky Residents 2008

Screening Test

Appalachian Resident Non-Appalachian Resident

Frequency† %Screened P (�2) Frequency† %Screened P (�2)

Women, age �23 years
Papanicolaou test within 2 years

With diabetes 15 60.0 .34 42 69.1 .11
Without diabetes 90 72.2 283 79.9

Papanicolaou test within 3 years
With diabetes 15 60.0 .11 42 73.8 .03
Without diabetes 90 78.9 283 86.6

Women, age �42 years
Regular mammography

With diabetes 22 59.0 .12 66 72.7 .05
Without diabetes 87 75.9 313 83.1

Mammography within 2 years
With diabetes 23 65.2 .37 70 67.1 .07
Without diabetes 94 74.5 328 77.4

Men and women, age �52 years
FOBT within 2 years

With diabetes 32 28.1 .56 96 22.9 .41
Without diabetes 100 23.0 366 19.1

Colonoscopy/sigmoidoscopy within 10 years
With diabetes 31 41.9 .46 98 70.4 .28
Without diabetes 101 49.5 364 64.6

Bold values indicate P � .05.
*Patients with diabetes are subjects who have ever been told by a health professional that they had diabetes. Patients without diabetes
are subjects who have not ever been told by a health professional that they had diabetes.
†Frequency differs across strata because of age and sex eligibility and missing data.
FOBT, fecal occult blood test.

Table 5. Multivariate Logistic Regression* of Six Screening Tests, Kentucky Residents 2008

Screening Test Diabetes† (yes/no) Appalachian Resident (yes/no)

Women, age �23 years
Papanicolaou test within 2 years 0.89 (0.46–1.74) 0.78 (0.45–1.34)
Papanicolaou test within 3 years 0.62 (0.30–1.26) 0.66 (0.36–1.22)

Women, age �42 years
Regular mammography 0.56 (0.32–0.96) 0.71 (0.43–1.19)
Mammography within 2 years 0.65 (0.39–1.08) 0.93 (0.57–1.51)

Men and women, age �52 years
FOBT within 2 years 1.44 (0.90–2.33) 1.37 (0.85–2.20)
Colonoscopy/sigmoidoscopy within 10 years 1.24 (0.81–1.91) 0.54 (0.36–0.80)

Values shown as adjusted odds ratio (95% CI). Bold values indicate P � .05.
*Controlling for education, race, and age.
†Patients with diabetes are subjects who have ever been told by a health professional that they had diabetes. Patients without diabetes
are subjects who have not ever been told by a health professional that they had diabetes.
FOBT, fecal occult blood test.
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tes and each of the screening modalities and
found no significant effect modification.

Discussion
In this study we demonstrate clearly that, for Ken-
tucky women, being up to date with breast cancer
screening is negatively associated with having diabe-
tes. Also, patients with diabetes had about half the
odds of reporting “regular” mammography screening
than those without diabetes. It is also noteworthy that
Appalachian residents had about half the odds of re-
porting a colonoscopy/sigmoidoscopy within the last
10 years. Although such a cross-sectional study alone
cannot demonstrate causality, our results suggest that
having diabetes as a chronic illness presents a barrier
to achieving guideline-concordant breast cancer
mammography screening and that residents of Appa-
lachia may face barriers to receiving colonoscopy/
sigmoidoscopy screening.

We also found that proportionately less Appala-
chian residents than non-Appalachian residents re-
ported receiving “regular” mammograms, and pro-
portionately fewer were up to date in their colorectal
cancer screening with colonoscopy/sigmoidoscopy.
However, proportionately more Appalachian resi-
dents than non-Appalachian residents were up to date
with colorectal cancer FOBT screening. The diabet-
ic-nondiabetic screening comparisons were signifi-
cant for non-Appalachian but not Appalachian resi-
dents, but we did not confirm an effect modification
of Appalachian residence on the relation between
having diabetes and current screening with the
Breslow-May test. These results should be inter-
preted cautiously because of the relatively small sam-
ple size of Appalachian residents. With this sample
size, we should not conclude that Appalachian resi-
dence modifies the effect of diabetes on cancer
screening.

Our results are consistent with findings of Schoen
et al5 that physicians were less likely to request a
mammogram for women with a chronic illness and
with the Kiefe et al4 research showing that women
with chronic illnesses were less likely to receive either
mammography or CBE. It is unclear, however, why
our results would single out a relationship between
diabetes and breast cancer screening while showing
only a marginal relationship for cervical cancer
screening (significant in bivariate but not in regres-
sion analysis) and no association for colorectal cancer
screening. There are several possible explanations.

First, the association between diabetes and obesity
may play a role. This theory is consistent with studies
by Ferrante et al27 indicating that obese women are
less likely to adhere to mammography recommenda-
tions. It may be that obese women are more self-
conscious in the situation of exposing their breasts to
multiple strangers at a radiology suite, a hypothesis
consistent with the research of Wee et al28 and Amy
et al.29 In addition, mammography may be more
technically difficult, painful, or unpleasant for obese
women. Some studies support the hypothesis that
mammograms produce more discomfort for women
with particularly large or small breasts (see, for exam-
ple, Papas and Klassen30). In our study, we did not
know the extent to which such groups populate the
diabetic and nondiabetic samples, and thus we could
not infer whether or not discomfort mediated by
breast size could have been a factor. However, we can
speculate a smaller role for obesity to mediate rates of
colorectal and cervical cancer screening because the
discomfort posed by these tests is probably similar for
normal-weight and moderately obese persons.

Second, a differential effect may be at play with
breast cancer screening because of the level of pro-
vider involvement. It may seem counterintuitive that
a recommendation for mammography, a screening
generally well-accepted by women in the United
States and that requires no office procedure, would be
more affected by a chronic illness than those that
require more office time (eg, Papanicolaou test) or
extensive patient education (eg, colorectal cancer
screening). However, the processes for mammogra-
phy referral may be creating a different picture. Al-
though colorectal cancer screening is initiated by the
health care practitioner because of the need for coun-
seling and referral, breast screening can be initiated
and/or managed by the patient in conjunction with
the screening facility. A small number of patients
request their first mammogram themselves because of
concerns raised through the media, public attention,
or family/peer experience with breast cancer.31 Calls
to the three major insurers in Kentucky revealed that
only one of them requires a referral for screening
mammograms. The other two allow for self-referral
provided the patient’s screening site is “in network.”
For a large number of Kentuckians, therefore, as long
as the patient remains without symptoms or abnor-
malities on examination or imaging, subsequent
screening appointments can be managed by the radi-
ology provider and the patient (Humana, United
Health Care, and Anthem Customer Service in Ken-
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tucky; telephone communications; April 2010). Sim-
ilarly, the Kentucky Breast and Cervical Cancer
Treatment Program (BCCTP), which funds free
breast examination and mammography services for
women without health insurance, requires these ex-
aminations to be conducted through local health de-
partments and often do not involve the patient’s pri-
mary care provider.32 Nevertheless, the literature is
clear that the single most important factor in whether
or not a woman receives a mammogram is whether it
was recommended by her physician or provider.33

Though speculative, it may be that providers accus-
tomed to the “automatic” nature of mammography
and burdened by more complex visits with diabetic
patients may be less likely to notice delays in mam-
mography screening. Meanwhile, women with diabe-
tes may be too overwhelmed by their physical condi-
tion, monitoring/medication regimen, or general
stress of chronic illness to follow through reliably
with mammography without their doctor’s encour-
agement. Why the pattern for CBE generally
matches that of mammography is more difficult to
speculate, though the requirement to receive a CBE
before mammography for those in the BCCTP pop-
ulation may explain some of this effect. Also, since
2002 the USPSTF has not made a recommendation
for or against CBE because of “insufficient evidence”
of benefit, and many providers no longer perform it
routinely.22 The BCCTP program also provides Pa-
panicolaou testing and follow-up for uninsured pa-
tients. Papanicolaou testing is less expensive and has
fewer barriers than mammography, so many indigent
patients continue to receive Papanicolaou tests at
their primary care provider offices; however, the
smaller number who presumably access all their gy-
necologic preventive care at the health department
may also explain the relatively weaker relationship but
definite trend between cervical screening and diabetes
status.

Limitations of this study include the relatively
small number of Appalachian residents that partici-
pated in this study. A larger sample might have pro-
vided the power to show other statistically significant
relationships. Also, the inability to contact subjects
without a landline telephone likely resulted in an
undersampling of patients who are both younger and
of lower socioeconomic status (SES).34 That the high
school graduation rate of 87% in our study was sig-
nificantly higher than the approximately 72% state
average and the 60% to 65% average in Appalachian
counties35 lends credence to the theory that low SES

persons may have been undersampled. Although low
SES is certainly associated with not having any tele-
phone access, anecdotally, since the early 2000s there
has been a movement away from landlines toward the
use of only cell phones in both of the above demo-
graphic groups, which would raise the absolute effect
of undersampling present as compared with older
telephone-based studies. Even by 2006, more than
25% of adults younger than age 30 and 17% of adults
in households earning 200% of the Federal poverty
level or less were accessible only by cell phone.
Households without a landline are also less likely to
have health insurance or a usual source of care.34

Because all the screening tests in our study except for
Papanicolaou tests concerned people older than 40
years of age, missing data from young cell phone-only
users probably did not affect our results significantly.
Unintentionally undersampling people with low SES
means that fewer people with health insurance and a
usual source of care would have responded. It is also
important to note that Appalachian residents have
disproportionately low SES.36 It is possible that the
low number of Appalachian participants is partially
due to our landline sampling technique and that some
of the differences between Appalachian and non-Ap-
palachian residents and between Appalachian diabet-
ics and nondiabetics would have reached significance
had we been able to sample cell phone-only house-
holds. It should be noted that both of these limita-
tions actually bias the results to the null, so the sig-
nificant findings in our study would likely be even
stronger with more complete sampling. This could
explain why differences between Appalachian and
non-Appalachian populations were found in the Hall
et al9 study using data from 1996 to 1998, before any
significant cell phone penetration, whereas our data
from 2007 to 2008 was not able to distinguish these
differences.

Another limitation—and opportunity for future
research—is that this survey did not enable us to
assess the severity of diabetes in the sampled popula-
tion or to assess multiple other chronic conditions.
(The only other chronic condition surveyed was
asthma, which will require an additional manuscript
to address sufficiently.) Comorbid conditions such as
hypertension, asthma, lipid disease, obesity, and other
heart disease could have biased the results to the
extent that these conditions either increase or de-
crease the likelihood of screening. The 2005 Fleming
et al2 study showed that some conditions, such as
diabetes, increased the risk of late-stage breast cancer,
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whereas others, such as cardiovascular disease, actu-
ally decreased the risk of late-stage disease. Thus, it is
unclear whether multiple chronic conditions in the
same person would cancel each other out (with regard
to risk) or exacerbate the risk. Because it is also un-
clear how much chronic disease burden is present
among diabetics compared with nondiabetics as a
group, a reasoned assessment of the level and direc-
tion of bias cannot be done. Because colorectal cancer
screening was relevant to both women and men, but
breast cancer screening was measured only among
women, we questioned whether the differences were
because of different screening practices between men
and women rather than between diabetics and non-
diabetics. However, when men were excluded from
the analysis, there was no difference in colorectal
cancer screening between women with and without
diabetes, just as there had been no difference with
men and women combined.

It is worth noting that some of the recommenda-
tions for screening have changed since the initiation
of this study. Papanicolaou tests, for instance, are not
started before age 21 and are recommended at 3-year
intervals after several normal Papanicolaou tests.23,24

The USPSTF has recently recommended against
routine mammography for women younger than 50
years old.21,22 However, our results reflect the state of
the guidelines at the time the survey was conducted.

Our results raise several issues for future study,
chiefly the reasons for the difference between
mammography and colorectal cancer screening
with regard to effects of diabetes. Interventions
focusing on provider prompts and reminders for
screening may not be effective in cases in which
screenings have become more automatic and less
provider-directed. On the other hand, making pro-
viders aware of their role in encouraging screening
for their diabetic patients could be an effective
directed intervention if diabetics do indeed need
assistance in keeping up with screenings. Regard-
less, it is important to better understand where to
focus interventions, and a qualitative approach may
shed light on the modern mammography experi-
ence for diabetics. Other possible research includes
an analysis assessing other chronic conditions’
and/or multiple comorbid conditions’ effects on
appropriate screening achievement, as well as
which systems-based interventions could improve
screening rates in patients with chronic illnesses.

Conclusion
Both having diabetes and living in Appalachia were
negatively associated with current and regular can-
cer screening, suggesting that less screening could
explain later-stage breast cancer among these pop-
ulations. Several previous studies show a strong
association between having diabetes mellitus and
contracting cancer. There is ample evidence that
this relationship is dependent on physiologic inter-
actions, medication effects, and screening practices.
Thus, the need for effective screening practices is
even more relevant for diabetic patients than for
patients without chronic illness and deserves fur-
ther study and intervention.

The authors would like to thank Krista Mevoli, MPH, and
Roshni Matnani, MPH, for their considerable assistance in de-
veloping the questionnaire.
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