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Abstract
Purpose—To evaluate the effect of prevalent diabetes mellitus (DM) and quality of diabetes
process and outcome measures on overall survival in colorectal cancer (CRC) patients.

Patient and Methods—We conducted a retrospective cohort study among patients newly
diagnosed with CRC. Kaplan-Meier analyses and Cox proportional hazard regression models were
performed. Quality of diabetes process and outcomes measures in the year prior to CRC diagnosis
were compared with those in the year after CRC diagnosis.

Results—Four hundred and seventy CRC patients were identified during the study period,
including 122 (26%) patients with DM. Survival between diabetic and non-diabetic were not
significantly different after stratifying by stage. In a multivariable model, only age (HR 1.04),
stage 2 and 3 (HR 1.88), stage 4 (HR 4.26), and Deyo comorbidity score (HR 1.14) were
significantly associated with increased risk of death. Overall, patients in this CRC cohort with DM
had good to excellent diabetes quality of care in the year prior to diagnosis as evidenced by
primary care and eye clinic visits, number of times diabetes intermediate outcomes were
measured, and level of cholesterol (95.5±29.74) and hemoglobin A1c (7.2%+1.4) control. After
CRC diagnosis, there was no significant change in these quality of care indices compared to the
year prior.

Conclusions—Prevalent DM did not affect overall survival in this cohort of VA patients
diagnosed with CRC. The quality of diabetes care prior to CRC diagnosis, which persisted after
diagnosis, may have moderated the mortality effect of diabetes in this CRC cohort.
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Introduction
Mortality from colorectal cancer (CRC) has been decreasing in the past 20 years due to
advances in both early detection and treatment [1]. Thus, as individuals diagnosed with CRC
have improved cancer-specific mortality, reducing all-cause mortality for co-morbid patients
with CRC has become increasingly important [2]. In addition, the majority of new CRC
diagnoses occur in older individuals, with more than two-thirds diagnosed in those over the
age of 65 years [3, 4]. Because diabetes mellitus (DM) is one of the most common
conditions among older Americans, DM is a common co-morbid medical condition among
older individuals with CRC. As a result, there has been increasing scientific interest in the
effect of DM on CRC incidence and survival. However, few studies have evaluated the
impact of diabetes care quality on overall mortality among patients with co-morbid CRC.

Recent case-control [5, 6] and cohort studies [7–9] have shown that DM is associated with
an increased risk of CRC. Furthermore, it also appears that DM is correlated with decreased
CRC survival after diagnosis [2, 10]. Recently, a meta-analysis by Barone et al. [11] found
that the pooled hazard ratios of long-term, all-cause mortality in CRC patients with
prevalent DM were 32% higher than those without DM. In addition, poorly controlled DM
(defined as hemoglobin A1C >7.5%) has been shown to increase mortality risk among CRC
patients [12].

One recent study compared the quality of DM care delivered to diabetic patients with and
without a history of cancer [13]. Although they were unable to determine if quality of DM
care impacted survival after cancer diagnosis, they found that diabetic patients with a
diagnosis of cancer had higher adjusted rates of Hemoglobin A1c (HbA1c) testing, and
HbA1c control. They hypothesize that although there was the potential for cancer care
services to compete with DM care, in their integrated health care system, the quality of DM
patients with and without cancer were similar. Because the Veterans Administration (VA)
healthcare system is also a large integrated health care system with an electronic medical
record, we sought to use established diabetes care process and outcome measures to
determine the impact of CRC diagnosis on the quality of DM care and specifically evaluate
the potentially explanatory role of diabetes care, post CRC-diagnosis, on overall survival in
this cohort.

Patients and methods
Study cohort

We searched the electronic pathology database of the Michael E. Debakey Veteran’s Affairs
Medical Center (MEDVAMC) in Houston, TX for patients with new, tissue-based diagnoses
of colorectal cancer diagnoses between January 1999 and December 2006. The methods
have been previously described in detail [14]. Briefly, the MEDVAMC serves
approximately 116,000 veterans living in the Western Gulf-coast region, and is one of the
largest VA health centers in the national VA healthcare system. Consecutive patients were
identified and were excluded if: 1) patients did not obtain previous care at MEDVAMC(i.e.,
patients who did not have at least two outpatient visits, or one hospitalization in the year
preceding CRC diagnosis); 2) patients were diagnosed or treated at other facilities; and 3)
patients who had a previous colorectal cancer diagnosis. The study was approved by the
Institutional Review Board for Human Subject Research for Baylor College of Medicine.
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Study design
We conducted a retrospective cohort study in patients with and without a previous diagnosis
of DM who were newly diagnosed with CRC. Patients were followed from their date of
CRC diagnosis until date of death or January 1, 2007, whichever came first. Briefly, we used
a standardized form to collect demographic data (age, race, gender, and marital status),
clinical information (height, weight, BMI, and comorbidities), laboratory values (albumin),
as well as CRC specific information which included TNM staging at time of diagnosis and
treatment. The date of CRC diagnosis was determined as the date of histological
confirmation of pathology. Staging information was obtained via chart review. Furthermore,
we calculated an overall disease comorbidity score for each patient using a validated
approach adapted for use in administrative databases [15]. We excluded the ICD-9 codes for
DM from the comorbidity coding.

To identify deaths, we reviewed the electronic medical record, and linked our cohort to the
VA Vital Status File to capture possible deaths that were not recorded in the medical record.
The VA vital status file includes information from Beneficiary Identification Records
Locator Subsystem (BIRLS) Death File, the Medicare Vital Status File, the Social Security
Administration’s Death Master File (SSA DMF), and the VHA Medical SAS Inpatient
Datasets (MSID). The VA Vital Status File has been shown to match the National Death
Index (NDI) date of death in over 90% of cases [16].

Diabetic patients were identified by ICD-9 code, a method validated within the VA database
[17], and the diagnosis was verified by chart audit for the current study. For diabetic
patients, we reviewed the electronic records and documented additional information from
one year prior to the diagnosis of CRC and one year after the diagnosis of CRC. This
information included: clinical data (height, weight, and systolic and diastolic blood pressure)
and laboratory values (Hemoglobin A1c, total cholesterol, and LDL)

Statistical analyses
Demographic and clinical characteristics of patients with and without DM were compared
by Student’s t-test for continuous variables (age, comorbidity score, BMI, Albumin, and
length of follow-up) and Chi-square tests for categorical variables (gender, race, year of
CRC diagnosis, dichotomized co-morbidity score, CRC stage, and receipt of cancer
treatment).

Kaplan-Meier estimates of survival among patients with CRC over the follow-up period
were stratified by presence of DM for each stage of CRC, and log-rank test for differences in
survival between these groups was calculated. We conducted adjusted and unadjusted Cox
proportional hazard regression models to calculate Hazard Ratios for the study variables.
The adjusted model covariates included gender, race, age, year of CRC diagnosis, staging,
co-morbidity score, and treatment received. Wald statistics were calculated for the Cox
model parameter estimates to assess the effect of these covariates. The model parameter
estimates and standard errors were used to calculate adjusted hazard ratio estimates, and the
95% Wald confidence intervals for these ratios. The proportional hazard assumption was
fulfilled in all models.

To compare the diabetic care parameters for all diabetic patients 1 year pre- and 1 year post-
CRC diagnosis, Student’s t-test statistics were calculated. All of the patients with DM were
included in both the pre-CRC and post CRC-analyses, regardless of their date of death.
Because the severity of CRC and terminal illness may impact some metabolic parameters for
diabetics, we conducted several sensitivity analyses evaluating the effect of excluding the
patients who died during the study period. The results of the sensitivity analyses did not
change the findings.
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Results
Study characteristics

A total of 470 CRC patients were identified during the study period, including 122 (26%)
patients with DM. The median follow-up for the cohort was 35.2 months. There were 202
deaths (43%). The median age of the cohort was 68 and the cohort was 99% male. The age,
gender, race, year of diagnosis, and stage of diagnosis were not significantly different
among those with diabetes compared to non-diabetics. Compared to non-diabetics, however,
those with diabetes were significantly less likely to receive chemotherapy (38.1% versus
24.8%, p=0.01) and radio-therapy (18.5% versus 10.3%, p=0.04). Patients with diabetes also
had significantly higher BMI (26.0±5.6 versus 29.6±7.19, p<0.01) and serum albumin levels
(3.14±0.74 versus 3.37±0.57, p=0.01) at the time of diagnosis. The mean follow-up time
was similar between the two groups, with an overall period of 37.9 months± 26.5 months.
The mortality rate between diabetics and those without diabetes was similar (42.6% versus
48.3%). See Table 1 for detailed results.

Survival analyses
Figures 1, 2, and 3 illustrate the Kaplan Meier survival curves comparing patients with DM
to those without DM by staging categories. Survival was not significantly different between
groups (using log-rank p-values) for each stage category: stage 0 or 1 (p=0.78), stage 2 or 3
(p= 0.97), and stage 4 (p=0.17). The median survival for patients with stage 0 or 1 CRC and
diabetes was 6.16 years, and the median survival for patients without DM was not reached
during this study period. Median survival for patients diagnosed at stage 2 or 3 was 6.7 years
among patients with DM and 5.9 years for non-diabetics. Finally, median survival for stage
4 patients was 3 years among those with DM, compared to 2 years among non-diabetics.

Unadjusted and adjusted hazard ratios
Table 2 shows the unadjusted and adjusted hazard ratios for death derived from Cox
regression models for all 470 patients diagnosed with colon cancer. DM was not associated
with death in either model. In the adjusted model, only age (HR 1.04, p<0.01), stage 2 and 3
(HR 1.88, p 0.01), stage 4 (HR 4.26, p<0.01), and Deyo co-morbidity score (HR 1.14,
p<0.01) were associated with increased risk of death. Having received radiation therapy
(XRT) or chemotherapy was protective, but the p-value did not achieve significance
(p=0.38). Only surgical excision of CRC was significantly protective of death (HR 0.34,
p<0.01).

Quality of diabetes care before and after colorectal cancer diagnosis
Measures of diabetes care were collected for all patients with diabetes for the twelve months
preceding and following cancer diagnosis. These measures are broadly differentiated into
intermediate outcome measures and process of care measures. In evaluating the outcome
measures (top row in Table 3), the mean values for HbA1c and low density lipoprotein
(LDL) cholesterol in the year before cancer diagnosis were at or near levels consistent with
diabetes control (≤7% and ≤100 mg/dl, respectively) and both significantly improved within
the controlled range in the year after CRC diagnosis (7.2±1.4 to 6.7±1.2, p=.02; and 96±30
to 86±31, p=.04). Mean values for other intermediate outcomes measures of diabetic care
(i.e., systolic and diastolic blood pressures and total cholesterol) all improved slightly in the
year following CRC diagnosis but were not statistically significant.

Table 3 also displays (bottom row) a comparison of the diabetes process of care measures in
the years prior to and following CRC diagnosis. These measures include the frequency of
primary care and eye clinic visits and the mean number of laboratory checks per person for
the intermediate outcome measures (systolic and diastolic blood pressure, hemoglobin A1C,
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and LDL cholesterol). Most patients had multiple visits to their non-oncology, primary care
providers in the year after cancer diagnosis. The mean number of primary care and eye
clinic visits were not significantly different between the year prior to and the year following
CRC diagnosis. Similarly, the mean number of blood pressure and hemoglobin A1c
measurements did not significantly change. However, the mean number of LDL cholesterol
measurements did significantly decline in the year after CRC diagnosis (1.39±1.0 versus
1.05±1.0, p= 0.01), although, most patients still had at least one LDL cholesterol check in
the year following cancer diagnosis.

Discussion
This retrospective review of newly diagnosed CRC patients from a regional VA medical
center is among the first to evaluate all-cause mortality after a new diagnosis of CRC in
patients with prevalent DM in the context of confirming DM quality of care indicators. In a
multivariable model, we found that patients with co-morbid DM had similar survival at all
CRC stages compared to those without diabetes. Furthermore, we found that at baseline, this
group of diabetics demonstrated excellent quality of DM care, measured by: Hemoglobin
A1c, total cholesterol measurements, and primary care and eye clinic visits. We also found
that this level of care remained relatively unchanged after CRC diagnosis. We hypothesize
that the quality of DM care before and after CRC diagnosis positively impacted survival
among diabetics.

Although the association between CRC-specific mortality and DM is somewhat equivocal
[10, 12, 18, 19], recent cohort and case-control studies, and a meta-analysis have shown that
patients with pre-existing DM and CRC have higher all-cause mortality compared to
patients without diabetes. While differentiating between cancer-specific and all-cause
mortality can be challenging, these findings suggests that the cause of increased mortality
among DM patients with CRC may be related more to complications specifically related to
DM. Thus, improved diabetes care during and after cancer diagnosis may have meaningful
impact on survival in diabetic patients with cancer.

In this cohort of patients who received routine primary care within an integrated health
system, we found that the quality of DM care was good to excellent prior to CRC diagnosis
evidenced by number of primary care visits and mean levels for Hemoglobin A1c and LDL
cholesterol. In addition, because we limited our cohort to individuals who had previously
received primary care in the system, our population was likely adherent to medical care and
treatments related to their DM, as evidenced by the fact that median Hemoglobin A1C of the
cohort 1 year prior to CRC diagnosis was 7.1%.

Furthermore, the quality of diabetes care in the year after CRC diagnosis remained good,
which may have been a result of ongoing primary care visits after cancer diagnosis. The
advantages of an integrated system like the VA (e.g., access to routine primary and specialty
care, linkage of treatment planning by electronic medical records, computerized alerts, audit/
feedback of provider performance, and availability of on-site laboratory and pharmacy
services), [20, 21] may contribute to our finding that high quality of diabetes care was
largely unchanged after CRC diagnosis. We hypothesize that the availability and quality of
primary care prior to cancer diagnosis and the persistence of quality diabetes care after CRC
diagnosis, may partially explain why there was no difference in overall survival between
patients with and without prevalent diabetes in this cohort.

In addition, improved communication between primary care physicians and oncologists
identified patients at high risk for chemotherapy-related toxicities, and subsequently excess
chemotherapy toxicity was avoided. It has been shown that patients with preexisting
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diabetes have poorer responses to cancer treatments, and may be more likely to have
increased chemotherapy-related toxicities compared with non-diabetic patients who are
receiving chemotherapy [11]. In our cohort, diabetic patients were significantly less likely to
receive chemotherapy and radiation therapy; therefore, morbidity and mortality associated
with chemotherapy and radiation therapy treatment may have been diminished.

The strengths of the current study include our ability to assess laboratory data, including
Hemoglobin A1c and LDL cholesterol, as well as quality indicators (such as frequency of
primary care clinic visits, and eye clinic visits) associated with diabetic care in the year
preceding and the year after CRC diagnosis. In this way, we were able to determine the
quality of diabetes care among the diabetics in the cohort. In addition, through the vital
records file and electronic medical records, mortality data have been validated and have
been shown to be extremely accurate. Finally, because we utilized a cohort assembled from
a single, integrated healthcare center, the evaluation and treatments for CRC and diabetes
were likely standardized and relatively homogenous due to a stable group of treating
physicians. Therefore, bias associated with treatment variation due to small area
(geographic) variations based on physician preference was diminished [22].

Our study has several limitations. First, the sample size of our CRC and diabetic patients is
smaller than many large database studies. Because we adjusted for several variables
including a comorbidity, we may not have the power to detect small differences in survival
between CRC patients with and without diabetes. Second, we do not know the etiology of
the improvement in Hemoglobin A1c and LDL cholesterol one-year post CRC diagnosis. It
is possible that these values improved because of weight loss related to the cancer or its
treatment. However, our findings that the number of primary care visits and eye visits before
and after CRC diagnosis, as well as the number of systolic blood pressure, diastolic blood
pressure, hemoglobin A1c, and cholesterol checks did not change after CRC diagnosis
suggest that primary care providers remained vigilant regarding diabetes care after CRC
diagnosis, implying that these patients were not terminally ill. Finally, our study was
conducted in a VA facility, and our cohort was nearly all male. In addition, we limited our
cohort to individuals who had previous evidence of care at the VA facility. Thus, our
findings may have limited applicability outside the VA. However, this study does highlight
ways in which regular use of services from an integrated healthcare system such as the VA
among patients with cancer and other common co-morbidities may significantly impact
mortality after cancer diagnosis.

In summary, we did not detect an increase in all-cause mortality associated with having a
prevalent diagnosis of DM. Our findings suggest that the quality of diabetes care around the
time of, but particularly after cancer diagnosis may impact overall mortality among those
with co-morbid diabetes. The inherent strengths of an integrated health care system, and
patient adherence to these services may partially explain our findings via improved care
coordination between primary care providers and specialists using tools like an electronic
medical record. Based on our findings, it may be important for primary care physicians and
cancer care specialists to better coordinate complex, co-morbid cancer care, to optimize
diabetes control. It will be important in the future to determine if these results can be
prospectively verified in other large health care systems, and to determine if interventions to
improve communication between primary care physicians and oncologists can impact the
mortality rates of patients with co-morbid diabetes and cancer.
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FIGURE 1.
Kaplan Meier survival analysis of 137 patients with stage 0,1 colorectal cancer by pre-
existing diabetes mellitus.
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FIGURE 2.
Kaplan Meier survival analysis of 179 patients with stage 2,3 colorectal cancer by pre-
existing diabetes mellitus.
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FIGURE 3.
Kaplan Meier survival analysis of 154 patients with stage 4 colorectal cancer by pre-existing
diabetes mellitus.
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Table 1

Study characteristics of 470 colon cancer patients

Characteristics Diabetics (n=122) Non-Diabetics (n=348) p-value

Age, mean (years)±SD 67.7±9.7 67.7±10.1 .97

Male gender, n (%) 122 (100) 342 (98.3) .14

Race, n (%) .90

 African American 37 (30.3) 97 (27.9)

 Hispanic 11 (9.1) 28 (8.1)

 White 60 (49.6) 181 (52.0)

 Others/Missing 14 (11.6) 42 (12.1)

Year of CRC .82

 Diagnosis, n (%)

  1999–2001 27 (22.1) 85 (24.4)

  2002–2004 50 (41.0) 144 (41.4)

  2005–2006 45 (36.9) 119 (34.2)

Staging, n (%) .35

 Stage 0,1 36 (29.5) 101 (29.0)

 Stage 2,3 52 (42.6) 127 (36.5)

 Stage 4 34 (27.9) 120 (34.5)

Treatment received, n (%)

 Radiation therapy 12 (10.3) 63 (18.5) .04

 Chemotherapy 30 (24.8) 128 (38.1) .01

 Surgery 88 (72.1) 236 (68.2) .42

Modified Deyo co morbidity score, mean±SD 4.28±2.84 4.14±3.15 .66

BMI, mean±SD 29.6±7.19 26.0±5.60 <0.01

Albumin, mean±SD 3.37 ± .57 3.14 ± .74 .01

Follow-up after diagnosis, mean (months)±SD 35.51±25.94 35.04±26.57 .86

Deaths, n (%) 52 (42.62) 168 (48.28) .28

SD = standard deviation

BMI = body mass index

CRC = colorectal cancer
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