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RESEARCH ARTICLE Open Access

Diabetes mellitus and hyperglycemia
control on the risk of colorectal
adenomatous polyps: a retrospective
cohort study
Katarzyna Budzynska1,3* , Daniel Passerman1, Denise White-Perkins1, Della A. Rees1, Jinping Xu2, Lois Lamerato1

and Susan Schooley1

Abstract

Background: Colorectal cancer (CRC) develops from colorectal adenomatous polyps. This study is to determine if
diabetes mellitus (DM), its treatment, and hemoglobin A1c (HbA1c) level are associated with increased risk of colorectal
adenomatous polyps.

Methods: This was a retrospective cohort study that included patients who had at least one colonoscopy and
were continuously enrolled in a single managed care organization during a 10-year period (2002–2012). Of these
patients (N = 11,933), 1800 were randomly selected for chart review to examine the details of colonoscopy and
pathology findings and to confirm the diagnosis of DM. Multivariable logistic regression analyses were performed
to assess the associations between DM, its treatment, HbA1c level and adenomatous polyps (our main outcome).

Results: Among the total of 11,933 patients with a mean (standard deviation) age of 56 (± 8.8) years, 2306 (19.3%) had
DM and 75 (0.6%) had CRC. Among the 1800 under chart review, 445 (24.7%) had DM, 11 (0.6%) had CRC and 537 (29.8%)
had adenomatous polyps. In bivariate analysis, patients with DM had 1.45 odds of developing adenomatous polyps
compared to those without DM. This effect was attenuated (odds ratio = 1.25, 95% CI: 0.96–1.62, p= 0.09) after adjusting
for confounders such as age, gender, race/ethnicity, and body mass index. There was no significant association between
type or duration of DM treatment or HbA1c level and adenomatous polyps.

Conclusions: Our study confirmed the known increased risk of adenomatous polyps with advancing age, male
gender, Hispanic race/ethnicity and higher body mass index. Although it suggested an association between DM
and adenomatous polyps, a statistically significant association was not observed after controlling for other
potential confounders. Further studies with a larger sample size are needed to further elucidate this relationship.

Keywords: Adenomatous polyp, Diabetes mellitus, Treatment, Colonoscopy

Background
Colorectal cancer (CRC) develops from colorectal aden-
omatous polyps. It is estimated that there will be 134,490
new cases of CRC in 2016, 49,190 of those diagnosed will
die [1, 2]. Screening colonoscopy prevents development of
CRC by removal of precursor adenomatous polyps [3].

Since it takes between 7 and 10 years for the precancerous
polyp to develop into a malignant lesion, routine screen-
ing colonoscopy has been shown to reduce the incidence
of CRC and its subsequent morbidity and mortality [4].
However, despite advances in CRC screening and treat-
ment modalities, CRC continues to be a leading cause of
mortality in the United States. This highlights the need for
more targeted interventions.
Diabetes mellitus (DM) has been found to be associated

with an increased risk of CRC [2]. Several meta-analyses
suggested that DM carries an average 30% increased risk
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of CRC [5–8]. It has been hypothesized that insulin re-
sistance and the resulting hyperinsulinemia may pro-
mote carcinogenesis by directly stimulating colonic cell
growth [9, 10]. In addition, insulin is thought to act in-
directly by binding to and activating the insulin-like
growth factor-1 receptors. Insulin-like growth factor-1
then enhances cell proliferation and inhibits apoptosis
[9–12]. Observational studies have shown an increased
CRC risk with hyperinsulinemia and elevated
insulin-like growth factor-1 levels [13]. This is concern-
ing as the number of Americans with DM has tripled
over the last 3 decades [14]. The Centers for Disease
Control and Prevention estimates that a total of 29.1
million Americans have DM and 29% of them are un-
diagnosed [14]. Additionally, it is even more concerning
as African American ethnicity is identified as a risk fac-
tor for both Diabetes and CRC [15]. African Americans,
among other minorities, have a higher prevalence and
greater burden of diabetes, and lower screening rates
for CRC [16].
Although there are strong data suggesting the association

between DM and CRC, the current literature regarding the
association between DM and adenomatous polyps, the pre-
cursor to CRC, is conflicting and has several limitations
[17–20]. Some studies only evaluated a small sample with a
short duration of exposure [21, 22] and other studies were
conducted outside the United States [6]. In addition, there
are only three studies that have evaluated the effect of gly-
cemic control on the risk of adenomatous polyps with con-
flictual findings [17, 20, 21]. The main goal of this study
was to better understand the association between DM and
the prevalence of adenomatous polyps in a large managed
care organization population. Additionally, the associations
between the type of DM treatment (oral medicine vs. insu-
lin), level of glycemic control (i.e., hemoglobin A1c
[HbA1c] level), and the prevalence of adenomatous polyps
were assessed. The study hypotheses were that: 1) patients
with DM have increased prevalence of adenomatous polyps
compared to those without DM; 2) higher HbA1c level is
associated with higher risk of adenomatous polyps.

Methods
Study population
The initial population was identified by using an admin-
istrative database of a single managed care organization
(i.e. Health Alliance Plan [HAP]) owned and operated by
the Henry Ford Health System (HFHS). HFHS is a large
metropolitan health system that spans 3 counties in
southeast Michigan, including the city of Detroit. The
study inclusion criteria were: 1) adult patients (≥
18 years); 2) continuously enrolled in HAP for 10 years,
who 3) had a colonoscopy during the second half of the
10-year period for either screening or diagnostic pur-
poses. A total of 11,933 eligible patients were identified

within 10 years (January 1, 2002 through December 31,
2012) who received care within the HFHS (Fig. 1). Of
them, 1800 patients (the sample population) were ran-
domly selected for medical record review (SPSS soft-
ware) in 2015. The medical records were then reviewed
to determine type of diabetes (type 1 vs type 2) and to
identify presence, number, and types of polyp per path-
ology report (e.g., non-adenomatous polyp, adenomatous
polyp, or CRC). The HFHS Institutional Review Board
approved this study.

Measurements of main exposure and outcome variables
The main outcome variable was presence of adenoma-
tous polyps. All of the adenomatous polyps were identi-
fied by reviewing pathology reports of the colonoscopies.
The main independent variable was having the diagnosis
of DM within study period (January 1, 2002 to Decem-
ber 31, 2012). DM was categorized further to type 1 or
type 2. In the initial total population (N = 11,933), a DM
diagnosis was based on variables collected in the admin-
istrative data using factors employed by the Healthcare
Effectiveness Data and Information Set (HEDIS) criteria
[23], a long established metric for evaluating care of DM
patients. The HEDIS criteria include the use of DM
medications as well as DM codes, a methodology that
reduces the prevalence of false positive diagnoses com-
pared to the use of diagnostic codes alone [24].
For the sample population (n = 1800) that randomly

selected for chart review, the diagnosis of DM was deter-
mined using information available from the medical rec-
ord (e.g. fasting plasma glucose ≥126 mg/dl, plasma
glucose ≥200 mg/dl at 2 h after a 75 g oral glucose load,
HbA1c ≥ 6.5%, presence of medication used to treat DM,
presence of insulin antibodies, or office notes indicating
a diagnosis of DM).

HAP Population
with colonoscopy

(17385)

HAP Population with 
colonoscopy 2008-12

(11933)

Random selection
(1800)

The sample population
(1798)

Included if colonoscopy from 2008 to 2012 
only

Randomly selected for chart review   

1lost due to loss of specimen
1lost due to procedure cancelled due to anxiety

Fig. 1 Inclusion and exclusion of study participants. Abbreviations:
HAP, Health Alliance Plan
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Covariate assessment
Data on additional covariates were collected from ad-
ministrative databases of HFHS, including demographic
information (age, gender, and race/ethnicity), body mass
index (BMI) and HbA1c level. Age was categorized into
quintiles (≤ 50, 51–55, 56–60, and >60 years, Table 1).
BMI was calculated using height and weight measures
and categorized based on World Health Organization
criteria (normal BMI < 25, overweight 25 ≥ BMI < 30 kg/
m2, or obese BMI ≥ 30 kg/m2) [25]. We did not separate
underweight patients (BMI < 18.5 kg/m2) from normal
weight patients due to its small percentage. HbA1c was
used to represent the level of hyperglycemia control and
it was categorized as 4 levels (normal HbA1c < 5.7,
pre-DM 5.7–6.4, DM 6.5–7.9, and uncontrolled DM >
7.9) [23]. If more than one value of BMI and HgbA1c
level were available in the chart, the median of each vari-
able was used in the model. Type and length of

medication exposure for oral antidiabetic medications
and insulin were determined from filled prescriptions of
drugs from HAP database, using the number of months
of prescriptions filled prior to the date of colonoscopy,
which was categorized as none, < 2 years, and ≥ 2 years.

Statistical analyses
Sample characteristics were described using mean and
standard deviations for continuous variables and fre-
quencies (numbers and percentages) for categorical vari-
ables. Bivariate analysis was used to examine the effect
of each of the covariates on prevalence of adenomatous
polyps using chi-square test. Multivariable logistic
regression models were used to examine the associations
between the main exposure variable, DM, and the out-
come variable, adenomatous polyps, adjusted for all
other covariates. All analyses were performed using SPSS
(IBM version of SPSS Statistics 2015).

Results
A total of 11,933 patients met the study eligibility
criteria (Fig. 1). Of them, a sample of 1800 patients was
randomly selected for medical record review and this is
called “the sample population”. Two participants were
excluded from the sample population analysis: one due
to loss of the pathology specimen and one due to the
colonoscopy not performed because of patient anxiety of
the procedure and poor prep. The demographic charac-
teristics of the sample population (n = 1798) were statis-
tically similar to the total HAP population except that
the prevalence of DM diagnosis was greater in the sam-
ple population compared to total population (n = 11,933)
(Table 1). This is because more patients with DM (25%)
were identified by medical record review compared to
those identified by HEDIS criteria (19%) in the adminis-
trative database of HAP population (p < 0.0001) (Table 1).
When we used HEDIS criteria to identify patients with
DM in the sample population, we found the prevalence
of DM was similar as in the HAP population (P = 0.27,
data not shown), which confirms that our randomization
was successful. The mean age of the population (n =
1798) was 56.2 (± 9.1) years with females comprising
54% of the sample. Eighty-one percent were between
ages 50 and 64 years. Forty-nine percent were Cauca-
sian, followed by 30% African-American, 19% Hispanic,
2% Asian and 1% other/unknown. Seventy-one percent
of the population was overweight or obese, with a mean
BMI of 31.1 kg/m2 (± 7.1) (Table 1).
In the bivariate analysis (Table 2), we found signifi-

cant associations between the presence of adenoma-
tous polyps and older age (p < 0.0001), male gender
(p < 0.001), higher BMI (p = 0.004), and a diagnosis of
DM (p = 0.001). We found no significant association
between presence of adenomatous polyps and race/

Table 1 Characteristics of the population and chart review
sample

Variables Population
(N = 11,933)
N (%)

Chart review sample
(N = 1798)
N (%)

p value

Age, years, mean (SD) 56.06 (8.77) 56.20 (9.09) 0.468

≤ 50 2036 (17.1) 290 (16.1)

51~ 55 4149 (34.8) 628 (34.9)

56~ 60 3220 (27.0) 509 (28.3)

> 60 2528 (21.2) 371 (20.6)

Gender

Female 6527(54.7) 964 (53.6) 0.317

Male 5406 (45.3) 834 (46.4)

Ethnicity

Caucasian 5794 (48.6) 874 (48.6) 0.544

African American 3572 (29.9) 528 (29.4)

Hispanic 2148 (18.0) 342 (19.0)

Asian 264 (2.2) 35 (1.9)

Other/unknown 155 (1.3) 19 (1.1)

Body mass index,
kg/m2 mean (SD)

31.05 (6.86) 31.05 (7.05) 0.985

< 18.5 34 (0.3) 6 (0.3)

18.5–24.9 1660 (13.9) 255 (14.2)

25–29.9 3550 (29.7) 529 (29.4)

30–39.9 4038 (33.8) 602 (33.5)

> 40 1008 (8.4) 153 (8.5)

Missing cases 1643 (13.8) 253 (14.1)

Diabetes

No 9627 (80.7) 1353 (75.3) <.0001

Yes 2306 (19.3) 445 (24.7)

SD standard deviation
P value obtained from chi-square test
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Table 2 Characteristics among chart review sample and diabetes mellitus sample by adenomatous polyps

Variables Adenomatous polyp among chart review sample

Total
N (%)

No (N = 1261)
N (%)

Yes (N = 537)
N (%)

P value

Age, years, mean (SD) 56.20 (9.09) 55.39 (9.12) 58.09 (8.75) < 0.0001

≤ 50 290 (16.1) 233 (80.3) 57 (19.7)

51~ 55 628 (34.9) 441 (70.2) 187 (29.8)

56~ 60 509 (28.3) 347 (68.2) 162 (31.8)

> 60 371 (20.6) 233 (62.8) 138 (37.2)

Gender

Female 964 (53.6) 712 (73.9) 252 (26.1) < 0.0001

Male 834 (46.4) 549 (65.8) 285 (34.2)

Ethnicity

Caucasian 874 (48.6) 624 (71.4) 250 (28.6) 0.131

African American 528 (29.4) 380 (72.0) 148 (28.0)

Hispanic 342 (19.0) 220 (64.3) 122 (35.7)

Asian 35 (1.9) 24 (68.6) 11 (31.4)

Other/unknown 19 (1.1) 13 (68.4) 6 (31.6)

Body mass index, kg/m2, mean (SD) 31.05 (7.06) 30.70 (7.04) 31.83 (7.03) 0.004

< 18.5 6 (0.3) 6 (100.0) 0 (0.0) 0.013

18.5–24.9 255 (14.2) 196 (76.9) 59 (23.1)

25–29.9 529 (29.4) 369 (69.8) 160 (30.2)

30–39.9 855 (47.6) 405 (67.3) 197 (32.7)

> 40 153 (8.5) 98 (64.1) 55 (35.9)

Diabetes

No 1353 (75.3) 976 (72.1) 377 (27.9) 0.001

Yes 445 (24.7) 285 (64.0) 160 (36.0)

Adenomatous polyp among patient with Diabetes Mellitus (N = 445)

Age, years, mean (SD) 58.76 (9.72) 57.54 (9.34) 60.91 (10.03) 0.001

≤ 50 45 (10.1) 35 (77.8) 10 (22.2)

51~ 55 133 (29.9) 89 (66.9) 44 (33.1)

56~ 60 128 (28.8) 82 (64.1) 46 (35.9)

> 60 139 (31.2) 78 (56.1) 61 (43.9)

Gender

Female 225(50.6) 155(68.9) 70(31.1) 0.024

Male 220(49.4) 129(58.6) 91(41.4)

Ethnicity

Caucasian 169 (38.0) 107 (63.3) 62 (36.7) 0.622

African American 177 (39.8) 119 (67.2) 58 (32.8)

Hispanic 80 (18.0) 46 (57.5) 34 (42.5)

Asian 12 (2.7) 7 (58.3) 5 (41.7)

Other/unknown 7 (1.6) 5 (71.4) 2 (28.6)
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ethnicity or HbA1c level. Additionally, among patients
with DM, only age and gender were found to be asso-
ciated with adenomatous polyps. Being on insulin or
just taking oral DM medications or the length of DM
treatment were not associated with adenomatous
polyps. There were only seven people with type 1
DM in the subsample, thus no further analysis was
done in this group.
In multivariable logistic regression analysis, while the

point estimate suggested an increase in odds of aden-
omatous polyps in patients with DM when compared to
those without DM, this association was not statistically
significant (p = 0.09) after adjusting for age, gender,
race/ethnicity, and BMI (Table 3). There was no signifi-
cant association between HbA1c level and adenomatous
polyps when controlling for other factors, such as BMI.
In secondary analysis of the subsample that only in-
cluded patients with DM, neither the type of treatment
(insulin vs. oral medications) nor length of treatment
(none, < 2 years, or ≥ 2 years) was associated with aden-
omatous polyps (Table 4).

Discussion
In this retrospective cohort study, we found higher preva-
lence of colonoscopy-confirmed colorectal adenomatous
polyps with older age, male gender, and higher BMI. Al-
though having DM was significantly associated with
higher prevalence of adenomatous polyps in the bivariate

analysis, the association was attenuated in multivariable
logistic regression after controlling for age, gender, BMI,
and race/ethnicity. The odds ratio (1.25) was similar in
value to that of published data (1.30), but it did not reach
statistical significance (P = 0.09). In the subsample that in-
cluded only patients with DM, we did not find any signifi-
cant associations between HbA1c level, type or duration
of DM treatment and prevalence of adenomatous polyps.

Table 2 Characteristics among chart review sample and diabetes mellitus sample by adenomatous polyps (Continued)

Body mass index, kg/m2, mean (SD) 34.24 (7.54) 34.28 (7.47) 34.18 (7.67) 0.903

< 18.5 2 (0.4) 1 (50.0) 1 (50.0)

18.5–24.9 26 (5.8) 15 (57.7) 11 (42.3)

25–29.9 90 (20.2) 54 (60.0) 36 (40.0)

30–39.9 205 (46.1) 135 (65.9) 70 (34.1)

> 40 71 (16.0) 43 (60.6) 28 (39.4)

Hemoglobin A1c

< 5.7 15 (3.4) 10 (66.7) 5 (33.3) 0.903

5.7–6.4 126 (28.3) 78 (61.9) 48 (38.1)

6.5–7.9 214 (48.1) 140 (65.4) 74 (34.6)

≥ 8.0 71 (16.0) 47 (66.2) 24 (33.8)

Missing cases 19 (4.3)

Oral medication exposure

None 204 (45.8) 130 (63.7) 74 (36.3) 0.916

< 2 years 105 (23.6) 69 (65.7) 36 (34.3)

≥ 2 years 136 (30.6) 86 (63.2) 50 (36.8)

Insulin exposure

None 371 (83.4) 237 (63.9) 134 (36.1) 0.963

< 2 years 24 (5.4) 16 (66.7) 8 (33.3)

≥ 2 years 50 (11.20 32 (64.0) 18 (36.0)

SD standard deviation

Table 3 Multivariable logistic regression predicting adenomatous
polyps among chart review sample (N = 1798)

Odds
Ratio

95% CI P value

Lower Upper

Age (ref: ≤50 years)

51~ 55 1.97 1.35 2.86 < 0.0001

56~ 60 2.00 1.36 2.94 < 0.0001

> 60 2.59 1.74 3.86 < 0.0001

Sex (ref: Female) 1.45 1.16 1.81 < 0.0001

Ethnicity (ref: Caucasian)

African American 0.98 0.76 1.28 0.891

Hispanic 1.44 1.07 1.93 0.016

Asian 1.08 0.48 2.46 0.847

Other/unknown 1.08 0.40 2.94 0.879

Body mass index 1.02 1.00 1.04 0.022

Diabetes (ref: No) 1.25 0.97 1.62 0.091

ref reference group
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The current literature is conflicting regarding the link
between DM and colorectal adenomatous polyps. For
example, Dash et al. [19], in a nested case-control study
(917 cases and 2751 controls) among the Black Women’s
Health study, found no overall association between DM
and risk of adenomatous polyps. In contrast, Suh et al.
[6], in a retrospective study of 3505 patients in South
Korea reported that patients with DM had a higher pro-
portion of adenomatous polyps. Additionally, Eddi et al.
[17], in a case-control study (261 cases and 522 matched
controls) in the United States, found an increased risk
between DM and colorectal adenomatous polyps. The
reason for these contrasting results are not entirely clear
but could be related to differences in the study design,
population studied, and measurement and control of
potential confounders such as BMI, dietary pattern and
length of study follow-up. Further prospective cohort
studies with a longer follow-up would be needed to clar-
ify these issues.
Current literature is also conflicting regarding the link

between glucose level and risk of colorectal adenoma-
tous polyps. We did not find a significant association
between HbA1c level and the risk of adenomatous
polyps, which is consistent with that reported by mul-
tiple investigators [6, 17–19]. In contrast, Siddiqui et al.
reported, in a retrospective study with 652 male patients,
that diabetic patients with poor glycemic control had a
significantly higher prevalence of right-sided adenoma-
tous polyps [19]. This controversy may be a result of the
inherent limitation of HbA1c level to reflect the duration
or degree of hyperinsulinemia. Though it’s a measure of
glycemic control in DM patients, HbA1c level cannot be
directly translated to the length or extent of hyperinsuli-
nemia. Hyperinsulinemia appears to be a carcinogenic as
well as the insulin-like growth factors (IGF) [26, 27].
Further research is needed to investigate this
relationship.
The findings of this study confirmed that older age,

male gender, and higher BMI were associated with
the adenomatous polyps. However, no significant

Table 4 Multivariable logistic regression predicting colorectal
adenomatous polyps among diabetes mellitus patients only (N
= 445)

Odds Ratio 95% CI P value

Lower Upper

Model 1

Age (ref: ≤50)

51~ 55 1.82 0.78 4.25 0.164

56~ 60 1.92 0.82 4.47 0.132

> 60 2.93 1.26 6.85 0.013

Sex (ref: Female) 1.46 0.95 2.24 0.084

Ethnicity (ref: Caucasian)

African American 0.84 0.52 1.36 0.479

Hispanic 1.25 0.69 2.28 0.463

Asian 1.36 0.33 5.63 0.673

Other/unknown 0.78 0.14 4.37 0.776

Body mass index 1.01 0.98 1.04 0.437

Oral medication exposure (ref: None)

< 2 years 0.81 0.47 1.39 0.440

≥ 2 years 0.91 0.56 1.49 0.716

Model 2

Age (ref: ≤50)

51~ 55 1.80 0.77 4.18 0.175

56~ 60 1.88 0.81 4.38 0.145

> 60 2.91 1.25 6.78 0.013

Sex (ref: female) 1.44 0.94 2.21 0.093

Ethnicity (ref: Caucasian)

African American 0.84 0.52 1.36 0.480

Hispanic 1.24 0.68 2.26 0.477

Asian 1.27 0.31 5.23 0.738

Other/unknown 0.75 0.13 4.20 0.741

Body mass index 1.01 0.98 1.04 0.447

Insulin exposure (ref: None)

< 2 years 1.01 0.40 2.54 0.978

≥ 2 years 1.03 0.53 1.99 0.938

Model 3

Age (ref: ≤50)

51~ 55 1.85 0.73 4.72 0.196

56~ 60 2.28 0.90 5.77 0.081

> 60 3.58 1.42 9.06 0.007

Sex (ref: female) 1.47 0.94 2.30 0.092

Ethnicity (ref: Caucasian)

African American 0.82 0.49 1.35 0.432

Hispanic 1.24 0.67 2.30 0.497

Asian 1.32 0.32 5.48 0.701

Other/unknown 0.75 0.13 4.27 0.747

Body mass index 1.01 0.98 1.04 0.483

Table 4 Multivariable logistic regression predicting colorectal
adenomatous polyps among diabetes mellitus patients only (N
= 445) (Continued)

Odds Ratio 95% CI P value

Lower Upper

Hemoglobin A1c (ref: < 5.7)

5.7–6.4 0.91 0.28 3.00 0.880

6.5–7.9 0.99 0.31 3.18 0.992

≥ 8.0 1.03 0.30 3.61 0.962

Model 1 is predicting polyps among diabetic patients on oral medication only;
model 2 is predicting polyps among diabetic patients on insulin; and model 3
is predicting polyps among diabetic patients with different levels of
Hemoglobin A1c level

Budzynska et al. BMC Family Practice  (2018) 19:145 Page 6 of 8



association between type or duration of DM treat-
ment and adenomatous polyp was found as some
studies suggested [17, 19]. For example, metformin
has been reported to decrease colon adenomatous
polyps while insulin therapy may increase them [28–
30]. In this study, we could not separate metformin
treatment from the use of other oral medications. In
addition, the possible protective effect of metformin or
the increased risk of insulin on colon adenomatous polyps
remains very controversial [17, 19, 21, 26, 31]. While
African-American race has been reported as a risk
factor for colorectal cancer, data is limited regarding
its association with precancerous polyps [32–37]. Our
study did not find any significant association between
African-American race and adenomatous polyps. Fur-
ther studies are needed in this area as well.
This study has a number of strengths. It was a large

retrospective cohort study of patients continually
enrolled in a closed managed care organization for
10 years, with a diverse mix of race/ethnicity. The en-
tire cohort had at least one colonoscopy and the
identification of colorectal cancer and adenomatous
polyp in the subsample were confirmed by reviewing
colonoscopy pathology reports. In addition, the diag-
nosis of DM was confirmed by chart review, as com-
pared to some of the previous studies where DM was
self-reported. This study population that had been
continuously enrolled in a closed managed care
organization facilitated the inclusion of medication
type and duration of DM treatment. Finally, only pa-
tients with a colonoscopy done in the second half of
the 10-year study period were included in the study
minimized the baseline heterogeneity of adenomatous
polyp risk in our study population.

Limitations
This study has several limitations. First, as a retrospect-
ive cohort study, the study was limited to data reliably
found in medical records. Information regarding the
possible confounders such as smoking, physical activity,
alcohol use, the length of DM and family history of CRC
were not available. Second, CRC was not analyzed since
there were too few CRC cases in this sample. Third, the
study population included only patients who had under-
gone colonoscopy, which may not be representative of
the general population. While our study population was
diverse in its mix of race/ethnicity, it cannot be general-
ized to the entire U.S. population, as this region has
overrepresentation of African American race/ethnicity
(U.S. census 13% vs and 29% our sample) and underrep-
resentation of Caucasians (U.S. census 77%, vs. 48% our
sample). Finally, the study time frame would exclude any
CRC or adenomatous polyp that may have been identi-
fied before or after the study period.

Conclusions
Our study findings provide important information and
context for future studies focusing on the association be-
tween DM and adenomatous polyp and CRC. The rela-
tionships between demographics, BMI, DM and its
treatment on the development of adenomatous polyps
and subsequently CRC are very complex. Up to now,
data are inconclusive regarding DM and adenomatous
polyp. Determining the effect of these risk factors and
their complex interactions with each other on the risk of
adenomatous polyp would be invaluable to primary care
physicians and public health policy makers. These find-
ings would have potential implications for more targeted
CRC screening in individuals with DM, thereby decreas-
ing the incidence rate and mortality from CRC. Consid-
ering the high prevalence of type 2 DM in the United
States, even a small increase in cancer risk could have
considerable consequences at a population level.

Abbreviations
BMI: Body mass index; CRC: Colorectal cancer; DM: Diabetes mellitus;
HAP: Health Alliance Plan; HbA1c: Hemoglobin A1c; HEDIS: Healthcare
Effectiveness Data and Information Set; HFHS: Henry Ford Health System;
Ref: Reference group; SD: Standard deviation

Acknowledgements
We thank the residents Mohamed Eldirani, Nik Gjurashaj, Johnathon Justice,
Wajeehullah Muhammad, Priya Murthy, Maliha Nafees, Brittany Okpagu, and
Allison Simms for their assistance with the study. We thank Roger Tuttleman
and Liying Zhang for their help with the data analysis.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
KB set up the data protocol, performed chart review, analyzed and interpreted
the data and took the lead in the writing process. LL and SS made substantial
contribution in the conception and design, data collection, and analysis and
interpretation of data. DP, DR and DWP actively participate in writing manuscript
and interpreting data. JX made substantial contribution in data analysis,
interpretation and writing process. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
The Henry Ford Health System Institutional Review Board approved this
study. The Institutional Review Board waived the need for patient consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Family Medicine, Henry Ford Hospital, Detroit, MI, USA.
2Department of Family Medicine and Public Health Sciences, Wayne State
University, Detroit, MI, USA. 3Department of Family Medicine, Henry Ford
Health System, 3370 E Jefferson, Detroit, MI 48207, USA.

Budzynska et al. BMC Family Practice  (2018) 19:145 Page 7 of 8



Received: 3 January 2018 Accepted: 16 August 2018

References
1. American Cancer Society. Cancer facts and figures 2015. Atlanta: American

Cancer Society; 2015.
2. National Cancer Institute. SEER cancer statistics factsheets: colon and rectum

cancer. 2015 https://seer.cancer.gov/statfacts/html/colorect.html. Accessed
Apr 2015.

3. U. S. Preventive Services Task Force, Bibbins-Domingo K, Grossman DC,
Curry SJ, Davidson KW, Epling JW Jr, et al. Screening for colorectal cancer:
US preventive services task force recommendation statement. JAMA. 2016;
315:2564–75.

4. Heitman SJ, Ronksley PE, Hilsden RJ, Manns BJ, Rostom A, Hemmelgarn BR.
Prevalence of adenomas and colorectal cancer in average risk individuals: a
systematic review and meta-analysis. Clin Gastroenterol Hepatol. 2009;7:
1272–8.

5. Deng L, Gui Z, Zhao L, Wang J, Shen L. Diabetes mellitus and the incidence
of colorectal cancer: an updated systematic review and meta-analysis. Dig
Dis Sci. 2012;57:1576–85.

6. Suh S, Kang M, Kim MY, Chung HS, Kim SK, Hur KY, et al. Korean type 2
diabetes patients have multiple adenomatous polyps compared to non-
diabetic controls. J Korean Med Sci. 2011;26:1196–200.

7. Wu L, Yu C, Jiang H, Tang J, Huang HL, Gao J, et al. Diabetes mellitus and
the occurrence of colorectal cancer: an updated meta-analysis of cohort
studies. Diabetes Technol Ther. 2013;15:419–27.

8. Yuhara H, Steinmaus C, Cohen SE, Corley DA, Tei Y, Buffler PA. Is diabetes
mellitus an independent risk factor for colon cancer and rectal cancer? Am
J Gastroenterol. 2011;106:1911–21.

9. Giovannucci E. Insulin and colon cancer. Cancer Causes Control. 1995;6:164–79.
10. Giovannucci E. Insulin, insulin-like growth factors and colon cancer: a review

of the evidence. J Nutr. 2001;131:3109s–20s.
11. Schoen RE, Weissfeld JL, Kuller LH, Thaete FL, Evans RW, Hayes RB, et al.

Insulin-like growth factor-I and insulin are associated with the presence and
advancement of adenomatous polyps. Gastroenterology. 2005;129:464–75.

12. Soubry A, Il'yasova D, Sedjo R, Wang F, Byers T, Rosen C, et al. Increase in
circulating levels of IGF-1 and IGF-1/IGFBP-3 molar ratio over a decade is
associated with colorectal adenomatous polyps. Int J Cancer. 2012;131:512–7.

13. Renehan AG, Zwahlen M, Minder C, O'Dwyer ST, Shalet SM, Egger M.
Insulin-like growth factor (IGF)-I, IGF binding protein-3, and cancer risk:
systematic review and meta-regression analysis. Lancet. 2004;363:1346–53.

14. Center for Disease Control and Prevention. National diabetes fact sheet:
national estimates and general information on diabetes and prediabetes in
the United States, 2011. Atlanta: US Department of Health and Human
Services, Center for Disease Control and Prevention; 2011.

15. Engelgau MM, Geiss LS, Saaddine JB, Boyle JP, Benjamin SM, Gregg EW, et
al. The evolving diabetes burden in the United States. Ann Intern Med.
2004;140:945–50.

16. Doubeni CA, Laiyemo AO, Klabunde CN, Young AC, Field TS, Fletcher RH.
Racial and ethnic trends of colorectal cancer screening among Medicare
enrollees. Am J Prev Med. 2010;38:184–91.

17. Eddi R, Karki A, Shah A, DeBari VA, DePasquale JR. Association of type 2
diabetes and colon adenomas. J Gastrointest Cancer. 2012;43:87–92.

18. Kim BC, Shin A, Hong CW, Sohn DK, Han KS, Ryu KH, et al. Association of
colorectal adenoma with components of metabolic syndrome. Cancer
Causes Control. 2012;23:727–35.

19. Dash C, Palmer JR, Boggs DA, Rosenberg L, Adams-Campbell LL. Type 2
diabetes and the risk of colorectal adenomas: black Women's health study.
Am J Epidemiol. 2014;179:112–9.

20. Huang X, Fan Y, Zhang H, Wu J, Zhang X, Luo H. Association between
serum HbA1c levels and adenomatous polyps in patients with the type 2
diabetes mellitus. Minerva Endocrinol. 2015;40:163–7.

21. Siddiqui AA, Maddur H, Naik S, Cryer B. The association of elevated HbA1c
on the behavior of adenomatous polyps in patients with type-II diabetes
mellitus. Dig Dis Sci. 2008;53:1042–7.

22. Vu HT, Ufere N, Yan Y, Wang JS, Early DS, Elwing JE. Diabetes mellitus
increases risk for colorectal adenomas in younger patients. World J
Gastroenterol. 2014;20:6946–52.

23. National Committee for Quality Assurance. Proposed changes to existing
measure for HEDIS®1 2015: comprehensive diabetes care (CDC). 2014.

http://www.ncqa.org/Portals/0/HEDISQM/Hedis2015/List_of_HEDIS_2015_
Measures.pdf. Accessed 8 Dec 2017.

24. Kasper DL, Braunwald E, Fauci AS, Hauser SL, Longo DL, Jameson JL. Harrison's
principles of internal medicine. 16th ed. New York: McGraw-Hill; 2005.

25. James PT, Leach R, Kalamara E, Shayeghi M. The worldwide obesity
epidemic. Obes Res. 2001;9:228S–33S.

26. Kath R, Schiel R, Muller UA, Hoffken K. Malignancies in patients with insulin-
treated diabetes mellitus. J Cancer Res Clin Oncol. 2000;126:412–7.

27. Rodeck U, Herlyn M, Menssen HD, Furlanetto RW, Koprowsk H. Metastatic
but not primary melanoma cell lines grow in vitro independently of
exogenous growth factors. Int J Cancer. 1987;40:687–90.

28. Yang YX, Hennessy S, Lewis JD. Insulin therapy and colorectal cancer risk
among type 2 diabetes mellitus patients. Gastroenterology. 2004;127:1044–50.

29. Zhang ZJ, Zheng ZJ, Kan H, Song Y, Cui W, Zhao G, et al. Reduced risk of
colorectal cancer with metformin therapy in patients with type 2 diabetes: a
meta-analysis. Diabetes Care. 2011;34:2323–8.

30. Chung YW, Han DS, Park KH, Eun CS, Yoo KS, Park CK. Insulin therapy and
colorectal adenoma risk among patients with type 2 diabetes mellitus: a
case-control study in Korea. Dis Colon Rectum. 2008;51:593–7.

31. Schiel R, Muller UA, Braun A, Stein G, Kath R. Risk of malignancies in patients
with insulin-treated diabetes mellitus: results of a population-based trial
with 10-year follow-up (JEVIN). Eur J Med Res. 2005;10:339–44.

32. Chien C, Morimoto LM, Tom J, Li CI. Differences in colorectal carcinoma
stage and survival by race and ethnicity. Cancer. 2005;104:629–39.

33. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer statistics,
2008. CA Cancer J Clin. 2008;58:71–96.

34. Mostafa G, Matthews BD, Norton HJ, Kercher KW, Sing RF, Heniford BT.
Influence of demographics on colorectal cancer. Am Surg. 2004;70:259–64.

35. Robbins AS, Siegel RL, Jemal A. Racial disparities in stage-specific colorectal
cancer mortality rates from 1985 to 2008. J Clin Oncol. 2012;30:401–5.

36. Tawk R, Abner A, Ashford A, Brown CP. Differences in colorectal cancer
outcomes by race and insurance. Int J Environ Res Public Health. 2015;13:E48.

37. Wilkins T, Gillies RA, Harbuck S, Garren J, Looney SW, Schade RR. Racial
disparities and barriers to colorectal cancer screening in rural areas. J Am
Board Fam Med. 2012;25:308–17.

Budzynska et al. BMC Family Practice  (2018) 19:145 Page 8 of 8

https://seer.cancer.gov/statfacts/html/colorect.html
http://www.ncqa.org/Portals/0/HEDISQM/Hedis2015/List_of_HEDIS_2015_Measures.pdf
http://www.ncqa.org/Portals/0/HEDISQM/Hedis2015/List_of_HEDIS_2015_Measures.pdf

	Diabetes mellitus and hyperglycemia control on the risk of colorectal adenomatous polyps: a retrospective cohort study.
	Recommended Citation
	Authors

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Measurements of main exposure and outcome variables
	Covariate assessment
	Statistical analyses

	Results
	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

