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Abstract

Aims: The aims of this study are to confirm disparities in diabetes mortality rates based on race,
determine if race predicts combinations of diabetes and multiple chronic conditions (MCC) that
are leading causes of death (LCD), and determine if combinations of diabetes plus MCC mediate
the relationship between race and mortality.

Methods: We performed a retrospective cohort study of 443,932 Medicare beneficiaries in the
State of Michigan with type 2 diabetes mellitus and MCC. We applied Cox proportional hazards
regression to determine predictors of mortality. We applied multinomial logistic regression to
determine predictors of MCC combinations.

Results: We found that race influences mortality in Medicare beneficiaries with Type 2 diabetes
mellitus and MCC. Prior to adjusting for MCC combinations, we observed that Blacks and
American Indian/Alaska Natives have increased risk of mortality compared to Whites, while there
is no difference in mortality between Hispanics and Whites. Regarding MCC combinations, Black/
African American beneficiaries experience increased odds for most MCC combinations while
Asian/Pacific Islanders and Hispanics experience lower odds for MCC combinations, compared to
Whites. When adjusting for MCC, mortality disparities observed between Whites, Black/African
Americans, and American Indians/Alaska Natives persist.
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Conclusions: Compared to Whites, Black/African Americans in our cohort had increased odds
of most MCC combinations, and an increased risk of mortality that persisted even after adjusting
for MCC combinations.
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1. INTRODUCTION

Diabetes is one of the most common chronic diseases, affecting 30 million people in the
United States, with Type 2 diabetes mellitus (hereinafter referred to as diabetes) being the
most common [1]. Its prevalence increases every year [2] and over the past two decades has
reached epidemic proportions, being a major cause of morbidity and mortality in the United
States [3, 4]. Many studies describe disparities in diabetes prevalence, incidence, and
mortality among different race and ethnicity groups, with increased rates observed in racial
and ethnic minority groups [5-8]. While disparities due to diabetes alone are well-described,
less understood are disparities related to other chronic conditions associated with diabetes,
including combinations of these comorbidities. Using claims data from a cohort of Medicare
beneficiaries in the State of Michigan, the aims of this study are three-fold:

1. Confirm disparities in diabetes mortality rates based on race;

2. Determine if race is predictive of combinations of diabetes and multiple chronic
conditions (MCC) that are leading causes of death (LCD); and

3. Determine if combinations of diabetes plus MCC mediate the relationship
between race and mortality.

Several studies provide evidence that racial and ethnic minorities experience diabetes-related
mortality at higher rates compared to whites. For instance, Golden et al. [9] found that
Black, Native Americans and Alaskan Natives, and Hispanics exhibit 2.3, 1.9, and 1.5 times
greater mortality related to diabetes, respectively, than their White counterparts. Other
studies [10-12] report similar increases in mortality among Blacks explained by economic
inequality and segregation [10], as well as socioeconomic status [11]. These studies suggest
that access to health care, which is a key disadvantage for minority populations, does not
solely account for the increased diabetes-only mortality rates among racial and ethnic
minorities. However, a review of the literature shows an incomplete understanding of the
relationship between race/ethnicity and diabetes-only mortality, especially when accounting
for various confounding factors that could contribute to such disparities.

Diabetes is comorbid with MCC that are LCD in the United States, including cardiovascular
disease (CVD), chronic kidney disease (CKD), cancer, chronic obstructive pulmonary
disease (COPD), Alzheimer’s disease (AD), and stroke [13]. Certain combinations of
diabetes and chronic conditions, such as diabetes and CHF, or diabetes and CKD, have been
well studied, and thus there is extensive literature on racial and ethnic disparities in the
development of these chronic conditions in patients with diabetes. Racial and ethnic
minorities, particularly Hispanics and Blacks, exhibit increased rates of diabetes-related
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CKD compared to Whites [9,14]. In addition, Hispanics and African Americans with
diabetes have a higher prevalence of early CKD compared to Whites, with some evidence
that Blacks experience a more rapid decline in renal function compared to Whites once they
develop proteinuria [15, 16].

While racial and ethnic minorities experience greater rates of CKD with diabetes, the
combination of diabetes and congestive heart failure (CHF) is more prevalent in Whites.
Whites with diabetes are more likely to develop CHF or other cardiovascular complications
compared to racial and ethnic minority populations [14], as one study demonstrated that
increasing levels of HbAlc, used as a measure of progressing diabetes, increased the risk of
developing CHF in Whites compared to racial and ethnic minorities [17]. Wong et al. [18]
reported that Hispanic and Black populations with diabetes are at lower risk of developing
cardiovascular disease than Whites with diabetes.

The risks of comorbid cancer, COPD, Stroke and AD are less well described. A few studies
report that Blacks and Hispanics with diabetes are at increased risk for liver or colorectal
cancer [19-21], while breast cancer is not more prevalent in any racial or ethnic subgroup
[22]. A systematic review by Glaser et al. [23] found that diabetes can worsen the
progression and prognosis of COPD, while Davis et al. [24] reported that among adults aged
60-79, Blacks had twice the prevalence of diabetes plus COPD as other racial and ethnic
populations. Data regarding stroke in combination with diabetes is not well described, with
some studies reporting higher rates of stroke among Blacks and Hispanics, but they leave
open the possibility that this could be due to minority populations exhibiting higher rates of
stroke and diabetes in general [5, 25, 26]. Another study found that racial and ethnic
minority populations were at lower risk of developing all forms of diabetic cardiovascular
disease, including stroke [27]. Finally, there is an even larger gap in the understanding of the
relationship between diabetes and AD. One study demonstrates that uncontrolled diabetes
increases the risk of AD, however it did not discuss racial or ethnic disparities related to risk
[28]. Another study demonstrated that diabetes led to increases in cognitive decline in old
age, but there was no difference in cognitive decline between Blacks and Whites [29].

The literature summarized here describes disparities between racial and ethnic groups in the
context of the relationship between diabetes and individual chronic conditions. However,
little is known about disparities between racial and ethnic groups in diabetes plus MCC (i.e.
more than one additional chronic condition). One study found that minority diabetic patients
are more likely to be diagnosed with end-stage diabetic nephropathy, but they have fewer
other conditions such as CVD, COPD and cancer [30]. Young et al. [30] found that the risk
of CVD-related mortality in non-Hispanic whites with diabetes was higher than that of
minorities. Davis et al. [24] reported that the co-occurrence of diabetes, CVVD and cancer
amongst Hispanics, non-Hispanic blacks and Whites increased with age; however, non-
Hispanic Whites had lower prevalence of these comorbidities compared to minorities.

Little research exists that focuses on the relationship between diabetes and multiple chronic
conditions and mortality. Individuals with diabetes have an increased risk of developing
other chronic conditions, and vice versa, that can lead to death at a more rapid rate than
those without these conditions [31, 32]. Determining whether there is a racial component
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and how other factors affect diabetes-related mortality is essential for a more complete
understanding of diabetes-related mortality. Using Medicare claims data for Michigan
beneficiaries with Type 2 diabetes mellitus, we aim to determine if race and various
demographic characteristics influence mortality and combinations of diabetes and various
chronic conditions, and whether the presence of multiple chronic conditions mediates the
relationship between race/ethnicity and mortality (see Figure 1 for our conceptual model).

2. SUBJECTS, MATERIALS and METHODS

2.1 Data:

We used 2012 claims data from the Centers for Medicare and Medicaid Services (CMS) for
all Medicare beneficiaries in the State of Michigan. The Master Beneficiary Segment Files
(MBSF) include four separate databases. The Base Segment database provides basic
beneficiary demographic information. The Chronic Conditions Warehouse (CCW) database
includes variables that code for the presence of any of 27 chronic conditions tracked by
CMS. The Cost and Use database provides information about total annual costs for
outpatient services, acute inpatient services, skilled nursing, and testing and imaging
services, among others. The Part D file contains information about Part D covered drug use
and costs. We merged files to create one database that contains claims data for 1,851,328
Michigan Medicare beneficiaries. We eliminated 351,002 beneficiaries (remaining
n=1,500,326) under the age of 65 because a beneficiary is eligible for Medicare before age
65 if they qualify for Social Security disability and we wanted to eliminate early disability as
a confounder.

The CCW data includes a variable that identifies people with diabetes (n=511,120, 34.1% of
beneficiaries age 65 and over), but it includes both beneficiaries with Type 1 and Type 2
diabetes. Our goal is to only study beneficiaries with Type 2 diabetes mellitus, so we
eliminated beneficiaries with Type 1 diabetes diagnosis codes (ICD-9 codes 250.x1, 250.x3)
or secondary diabetes codes (ICD-9 codes 249.xx) in Part B Carrier, Home Health, Hospice,
and Outpatient Claims data. Finally, we removed 4,475 beneficiaries with race designated as
Other or Unknown due to the uncertain nature of these groupings. After eliminating
beneficiaries under the age of 65, with uncertain race, and with only Type 1 or secondary
diabetes codes, our final sample size is 443,932 (29.6% of beneficiaries age 65+).

We analyzed the following variables to describe our sample and create groups for
comparison: Age in years (at death, or as of 2012), female Sex (reference: male), urban
residency (reference : rural residency), and Race (coded as Black/African American (black),
Asian/Pacific Islander (A/PI), Hispanic, and American Indian/Alaska Native (Al/AN), with
non-Hispanic White as the reference category). We also analyzed the length of time that had
elapsed since a beneficiary was diagnosed with diabetes. One of the limitations of the CCW
data is that the algorithm that CMS uses starts in 1999, with this being the earliest date of
diagnosis available. If a beneficiary had diabetes before 1999, the date of diagnosis in the
database is still listed as 1999. We analyzed data from 2012, so we do not know whether
someone actually was diagnosed in 1999 and had diabetes for the 13 years from 1999 to
2012, or if someone was diagnosed before 1999 and had diabetes for longer than 13 years.
Instead of using the length of time from diagnosis as a continuous measure, we instead
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include it as a categorical measure of duration of diabetes diagnosis coded as 0-2 years
(reference category), 3—7 years, 8-12 years, and over 13 years.

Finally, we included a Part D subsidy variable as a proxy measure for income for Medicare
beneficiaries. According to CMS [33], “this variable indicates the beneficiary’s Part D low-
income subsidy cost sharing group for a given month. The Part D benefit requires enrollees
to pay both premiums and cost-sharing, but the program also has a low-income subsidy that
covers some or all of those costs for certain low-income individuals, including deductibles
and cost-sharing during the coverage gap.” Each beneficiary receives a code for each month
of the year which indicates whether they received any level of the subsidy or not. We coded
this variable as 0 = Full Subsidy (received the subsidy in all 12 months), indicating lowest
income, 1 = Partial Subsidy (received subsidy in 1 to 11 months), indicating moderate
income, and 2 = No subsidy (did not receive subsidy in any month) indicating highest
income.

We also included various combinations of MCC as an independent categorical variable. The
leading causes of death that are chronic conditions in the State of Michigan [34] are: 1.
Heart Disease (we use the CCW database indicator for Congestive Heart Failure - CHF), 2.
Cancer, 3. Chronic Lower Respiratory Disease (we use the CCW variable for COPD), 4.
Stroke, 5. Alzheimer’s disease, 6. Diabetes, and 7. CKD. There are several variables that
code for cancer in the CCW database. We use a combined measure of ever being diagnosed
with one of the following cancers for our Cancer variable: breast, colorectal, endometrial,
lung, and prostate. Finally, we use the CCW variables for Stroke, AD, CKD as indicators of
those conditions.

Because our aim is to establish that disparities in mortality, as well as combinations of MCC
that are LCD, exist based on race, we created a new variable that identified beneficiaries as
having diabetes alone, as well as any of the 63 combinations of diabetes and MCC that exist.
Instead of including all 64 combinations of disease, we chose a cross-section of
combinations representing diabetes plus, one, two, three, and four additional MCC
(generally based on highest prevalence), including: Type 2 diabetes mellitus alone
(Reference category), Diabetes plus CHF, Diabetes plus Cancer, Diabetes plus COPD,
Diabetes plus Stroke, Diabetes plus CKD, Diabetes plus CHF/COPD, Diabetes plus CHF/
CKD, Diabetes plus CHF/COPD/CKD, Diabetes plus CHF/COPD/Stroke/CKD, and
Diabetes plus all other MCC combinations.

Finally, our dependent variable is age at death, where the ages of individuals who were still
alive in 2012 were treated as right-censored.

2.2 Statistical Analysis:

We used IBM SPSS 24.0 [35] to analyze the data. We first examined the basic demographic
characteristics of our sample. We also calculated mortality rates per 1,000 person-years to
examine differences in mortality between groups based on duration of diabetes diagnosis,
sex, race, Part D subsidy, patient location, and MCC combinations. Next, we fitted a Cox
proportional hazards regression model to our right-censored age at death measure to
determine the relationships of our independent socio-demographic variables with the hazard
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of mortality (Model 1-Table 2). Then, we fitted a multinomial logistic regression model to
the categorical dependent variable defined by the 10 combinations of diabetes and MCC, to
determine if disparities based on race are evident in diabetes plus MCC combinations when
adjusting for the other socio-demographic characteristics (Table 3). Finally, we fitted a
second Cox regression model (Model 2-Table 2) to determine if simultaneous inclusion of
socio-demographic variables along with our categorical variable indicating MCC
combinations in the Cox model influences the relationship of race with the hazard of
mortality.

3. RESULTS

Table 1 includes descriptive statistics for our entire sample as well as the mortality rates per
1,000 person-years. The average age of our sample is 77.2 years old, and consistent with this
age group and U.S. census data, our sample is mostly female (56.1%) and mostly white
(82.0%). A little over 89% live in counties designated as urban, and about 18% received
some Part D subsidy during the year, indicating incomes low enough to meet the
requirements for receiving the subsidy. Close to 65% of beneficiaries had a duration of
diabetes diagnosis of three to seven years or eight to 12 years. While close to 25% of
beneficiaries had a diagnosis of diabetes alone, CHF and COPD (both at 5.8%) were the
MCCs with the highest prevalence for diabetes plus one additional chronic condition. The
most prevalent MCC combination is diabetes plus CHF/COPD/CKD (6.2%). Finally, 7.3%
of beneficiaries with diabetes plus any MCC died in 2012.

Regarding the mortality rates per 1,000 person-years, there was no difference between Black
(71, 95% CI: 69-73) and White (74, 95% CI: 73-75) beneficiaries. However, the rates for
AJPIs (37, 95% ClI: 32-42), Hispanics (55, 95% CI: 50-61), and Al/ANs (53, 95% CI: 43—
66) significantly differed from each other and from the White and Black rates. The mortality
rate per 1,000 person years for beneficiaries with a duration of diagnosis from eight to 12
years (96, 95% ClI: 94-98) was significantly higher than each of the other groups based on
duration of diagnosis. Finally, as might be expected, increasing numbers of MCC were
associated with higher mortality rates. For instance, the mortality rate for beneficiaries with
diabetes plus CHF/COPD/CKD (the most common MCC combination) was 138 (95% CI:
134-142) compared to 11 (95% CI: 10-12) for those with diabetes alone.

The results of the first Cox regression model using race and other socio-demographic
variables to predict the hazard of mortality highlight several significant relationships (Table
2-Model 1). First, we observed no difference in the risk of mortality between Whites and
Hispanics (HR = 1.07, 95% CI:0.971-1.17. However, A/Pls had a 14% lower risk (HR =
0.859, 95% CI:0.749-0.985) compare to Whites. Finally, Blacks had a 15% greater risk (HR
=1.15, 95% ClI: 1.11-1.19) and Al/ANs had 33% greater risk (HR = 1.33, 95% ClI: 1.07-
1.65) of mortality compared to Whites. Compared with beneficiaries with a duration of
diabetes diagnosis of zero to two years, beneficiaries with diabetes from three to seven years
had 24% lower risk (HR = 0.765, 95% CI:0.740-0.790), eight to 12 years had 25% lower
risk (HR = 0.752, 95% CI:0.729-0.775), and 13 or more years had a 49% lower risk
(HR=0.508, 95% CI:0.488-0.528) of mortality. These results are contradictory to the
mortality rates per 1000 person-years and we expand on this in greater detail in the
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Discussion section. Compared to males, females had a 30% lower risk of dying (HR =
0.605, 95% CI:0.592-0.619), while there was no difference in the risk of death between
beneficiaries living in urban counties compared to rural counties (HR = 0.989, 95% ClI:
0.953-1.027). Finally, the relationship of the Part D Subsidy, as a measure of low income,
with mortality was not consistent with expectations. Compared to beneficiaries who received
the full subsidy (778 deaths from 68,048 beneficiaries), those who received a partial subsidy
(8,538 deaths from 14,733 beneficiaries; HR = 29.79, 95% CI: 27.68-32.07), and no subsidy
(23,024 deaths from 361,151 beneficiaries; HR = 5.10, 95% CI: 4.75-5.49), had greatly
increased risks of mortality, perhaps indicating that the subsidy acts to remove barriers to
care for the lowest income beneficiaries and provides intermittent coverage to those with
moderate income who only qualify for the subsidy for limited parts of the benefit year. We
expand on this in the Discussion section.

Next, Table 3 includes the results of the multinomial logistic regression model that we fitted
to determine the influence of race on the MCC combinations. There are some notable
highlights for all variables. First, Black Medicare beneficiaries had increased odds of all
diabetes-MCC combinations (except for diabetes plus COPD and diabetes plus Stroke),
compared to diabetes alone, compared to Whites. The increased odds ranged from 16%
greater for diabetes plus CHF/COPD (OR = 1.163, 95% CI:1.113-1.216) to 71% greater
odds for diabetes plus CHF/COPD/Stroke/CKD (OR = 1.710, 95% CI:1.633-1.790). In
addition, Blacks are at 29% increased odds for diabetes plus CHF/COPD/CKD (OR = 1.291,
95% ClI:1.241-1.343), which is the most common MCC combination observed in this
cohort. Conversely, A/Pls are at lower odds for all diabetes MCC combinations, compared to
diabetes alone, relative to Whites. For instance, the decreased odds range from 23% lower
odds for diabetes plus Cancer (OR = 0.765, 95% CI1:0.666-0.878) to 71% lower odds for
diabetes plus CHF/COPD/CKD (OR = 0.285, 95% CI:0.247-0.329). In addition, Hispanics
have about 13% to 45% lower odds for several combinations compared to diabetes alone,
most notably diabetes plus CHF/COPD/CKD (OR = 0.550, 95% CI:0.495-0.611), compared
to Whites. Finally, there are very few differences in odds of MCC combinations compared to
diabetes alone between Al/ANs and Whites, with significantly lower odds related to
Diabetes plus CHF (OR = 0.696, 95% CI:0.539-0.900),Cancer (OR = 0.632, 95% CI:0.460-
0.869), and Diabetes plus All Other MCC Combinations (OR = 0.758, 95% CI:0.658-
0.873).

In addition to race, we also observed several important relationships between diabetes plus
MCC and duration of diabetes diagnosis, sex, Part D Subsidy, and patient location (Table 3).
For instance, after 7 years, the increased duration of diagnosis significantly increases the
odds of having various MCC combinations, as one would expect. In most cases of MCC
combinations, females are at lower odds for any combination compared to diabetes alone,
relative to males. For instance, females are at about 11% lower odds for diabetes and
CHF/CKD (OR =0.892, 95% CI:0.864-0.920), and 23% lower odds for diabetes plus CHF/
COPD/CKD (OR =0.0.767, 95% CI:0.746-0.789). However, females have slightly
increased odds for cardiovascular related outcomes including diabetes plus CHF (OR = 1.03,
95% CI: 1.007-1.065), and diabetes plus Stroke (OR =1.072, 95% CI: 1.029-1.116). Urban
dwellers consistently experience increased odds for most MCC combinations, most notably
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29% increased odds for Diabetes plus All Other MCC Combinations (OR =1.287, 95% CI:
1.253-1.323).

Regarding the Part D Subsidy, for beneficiaries with no subsidy (i.e. highest incomes) we
observed lower odds of any MCC combination (except diabetes plus Cancer), ranging from
23% lower odds for diabetes plus CKD (OR = 0.772, 95% CI:0.737-0.809) to 72% lower
odds for diabetes plus CHF/COPD/Stroke/CKD (OR = 0.284, 95% CI:0.272-0.297),
compared to those with the full subsidy (i.e. lowest income). Results for the partial subsidy
(moderate income) are equivocal. Compared to those with the full subsidy, beneficiaries with
the partial subsidy had 35% lower odds for diabetes plus COPD (OR = 0.654, 95% ClI:
0.583-0.734), and 128% increased odds for diabetes plus CHF/COPD/Stroke/CKD (Table
3).

Finally, results from the Cox proportional hazards regression model that included MCC as a
covariate (Table 2-Model 2) are quite similar to Model 1 without MCC. First, duration of
diabetes diagnosis and female sex are associated (with similar magnitude) with lower risk of
mortality, while less than a full Part D Subsidy is associated with (again with similar
magnitude) increased risk of mortality. In other words, even when adjusting for the presence
of MCC combinations, females are still at lower risk for mortality, and beneficiaries without
a Part D Subsidy are still at increased risk of dying (with very similar differences between
these groups).

Some results related to groups based on race are also similar. There is still no difference in
the odds of mortality between Hispanics and Whites. In addition, compared to Whites, A/Pls
are still at lower risk of mortality (5% lower odds, HR = 0.949, 95% CI: 0.828-1.089),
although this difference is not significant. Finally, when adjusting for diabetes plus MCC,
Blacks had 10% higher risk (HR = 1.10, 95% CI:1.061-1.131) of mortality, and AI/AN’s
had 31% higher risk (OR=1.31, 95% CI:1.059-1.630) of mortality, compared to whites. As
expected, the presence of MCC in addition to diabetes increased the risk of mortality in all
cases by almost 40% (Diabetes plus CHF, HR = 1.38, 95% ClI: 1.26-1.52) to 460%
(Diabetes plus CHF/COPD/Stroke/CKD, HR = 5.57, 95% ClI: 5.20-5.97).

4. DISCUSSION

The aim of this study was to determine if there are differences in mortality rates, and
combinations of diabetes and MCC, based on race and other socio-demographics among
Medicare beneficiaries in the state of Michigan with diabetes and other chronic conditions.
Our results indicate that race does influence overall mortality in this cohort. Contrary to
other literature [36, 37], we observed lower risk (A/PIs) or no difference in risk (Hispanics)
of all-cause mortality compared to Whites. In addition, Blacks had increased risk of
mortality (even after adjusting for MCC) compared to Whites, which is in agreement with
other literature that shows increased mortality for racial and ethnic groups [10]. We observed
that those living in urban areas have lower risk of mortality compared to their rural
counterparts, while females have lower risk compared to males. Finally, Part D Subsidy, as a
measure of low income, was protective against mortality, with those not receiving the full
subsidy at higher risk of mortality. This, too, is contrary to most literature regarding the
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inverse relationship between income or poverty and poorer health outcomes [38]. However,
although eligibility for the subsidy is income-based, we recognize that the Part D subsidy
might not be a true measure of income and the decreased risk of mortality associated with
receiving having Part D drug insurance is supported by other literature that reports similar
findings [39, 40].

Finally, although we observed higher mortality rates per 1,000 person-years with increasing
duration of diabetes, we also observed decreased hazards of mortality with increased
duration of diabetes. On the face this seems contradictory. However, mortality rates are
expressed as unadjusted rates, while hazard ratios were generated in the context of a fully
saturated Cox model using right-censored age at death as the time measure and accounting
for several covariates. The mean age at death is significantly lower for those with a duration
of diabetes of zero to two years (78.81, 95% CI:78.56—79.05) compared to beneficiaries with
durations of three to seven years (80.49, 95% CI:80.31-80.67), eight to 12 years (83.43,
95% C1:83.30-83.56), and 13+ years (84.93, 95% ClI: 84.74-85.12). Our results support
other studies reporting that onset of type 2 diabetes in the elderly has little effect on lifespan
and in fact, the reduction in life expectancy declines with increasing age [41]. Once people
have diabetes for a longer time, their life expectancy approaches normal and their risk of
dying from diabetes actually decreased, but the possibility exists that for elderly people who
are newly diagnosed their risk is heightened [42] until they learn to manage their diabetes.
The mortality rates per 1000 person years reflect the fact that older people die at greater
rates so if people have diabetes for a longer period of time, they are probably older with a
higher mortality rate. But the relationship between age and newly diagnosed (who die at
earlier ages) may lead to contradictory hazard ratios and mortality rates for these groups.

Regarding the analyses with diabetes and MCC as the dependent variable, we observed
increased odds for Blacks having any of the MCC combinations compared to having
diabetes alone, relative to being White. In this cohort, Blacks have increased odds of 16% to
71% of having combinations of diabetes and MCC that are LCD; and, when adjusting for
these combinations, Blacks have 10% higher risk of mortality than Whites. In general, where
the relationships were significant, A/PIs, Hispanics, and Al/ANs had lower odds for diabetes
and MCC combinations, compared to having diabetes alone and being White. Females had
lower odds of MCC combinations compared to males with the notable exceptions of
diabetes plus CHF and diabetes plus Stroke, while residents of urban counties had higher
odds for MCC combinations. Increased duration of a diabetes diagnosis was generally
associated with MCC combinations, but only after seven years. Contrary to the results for
Part D Subsidy and mortality, for beneficiaries with no subsidy (higher income), the odds for
diabetes plus MCC combinations were lower in most cases with the exception being
Diabetes plus Cancer). For the group with a partial subsidy, lower odds for MCC
combinations were generally observed for diabetes and one or two other chronic conditions,
while increased odds were observed for diabetes and greater than two other chronic
conditions. There is some evidence [43] that those who receive the full low-income Part D
subsidy have higher rates of comorbidity, which is in agreement with our finding that
beneficiaries with the partial subsidy or no subsidy generally have lower odds of MCC
combinations. Clearly, there are race and ethnic disparities related to the presence of MCC
in addition to diabetes. In every instance where race is a significant predictor of the different
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diabetes and MCC combinations, Black race significantly increases odds of these
combinations, consistent with previous literature, while A/Pls, Hispanics, and AI/ANs
generally experience significantly lower odds of these combinations. Our observation that
Blacks have increased odds of diabetes and CHF is contrary to findings from Lewis et al.
[14] that Whites with diabetes are more likely to develop CHF or other cardiovascular
complications compared to diabetic racial and ethnic minority populations. However, Blacks
have higher odds of developing diabetes and CKD, supporting the results of previous studies
[9,14-16], yet the lower odds of CKD related combinations in Hispanics is contrary to
Golden et al. [9] and Lewis et al. [14]. Finally, the lower odds of CHF in Hispanics in our
cohort supports results of other studies [18].

Finally, there are very few published studies about the experience of A/Pls and the
development of Diabetes plus MCC combinations. Across all combinations, A/Pls had lower
odds of MCC combinations compared to Whites. Additional analyses indicate that 38.4% of
AJPls with diabetes have no other chronic condition we studied, statistically greater at
P<0.05, than Whites (25.6%), Blacks (18.3%), Hispanics (30.2), and AIANs (27.5). In
addition, while this same trend exists for A/Pls with diabetes plus one additional chronic
condition (specifically CHF and Cancer), the prevalence of all other combinations of
diabetes and MCC is significantly lower for this race group compared to all other groups
based on race. Perhaps this indicates better use of prevention and intervention services, as
well as adherence to dietary and medical management guidelines in the A/PIs.

We analyzed data for a large cohort of Medicare beneficiaries with Type 2 diabetes mellitus
in the State of Michigan to determine the effects of race on MCC and mortality. A quick
glance at our results indicates that most of the regression coefficients tested in these analyses
are statistically significant. That is one of the limitations of analyzing data using large
sample sizes. One of the natural concerns about these results is that the large sample sizes
available to us provided additional power to detect small effect sizes. In our case, we note
that we observed large effect sizes for many of the hypothesized relationships that would
have been found as significant even with smaller samples. In addition, we were limited in
the risk factors that we could include this study. As we used administrative claims data, we
were limited to data detailing some diagnoses and basic beneficiary demographics such as
those included here. We could not include proxy measures for other commonly accepted risk
factors such as BMI, smoking status, measures of cholesterol or lipid profiles, and kidney
function measures. Finally, there is a risk of over-adjustment in the relationship between
mortality and race when adjusting for MCC. Although we do not include the results here, we
did fit additional Cox models to create unadjusted regression coefficients for each
independent variable. In all cases, the unadjusted hazard ratios for each level of each
variable, including race, were remarkably similar to the model including all of the
covariates, providing evidence against over-adjustment.

In summary, using a cohort of Medicare beneficiaries from the State of Michigan with Type
2 diabetes mellitus, our goal was to determine race-based differences in mortality and
prevalence of MCC combinations. We found disparities in the presence of MCC
combinations, as well as in mortality, after adjusting for these combinations. Future research
in this area will focus on the effects of race and other demographics, while adjusting for
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MCC combinations, on the use of prevention and intervention services, as well as use of the
emergency department and inpatient hospital stays, in this cohort of Medicare beneficiaries.
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Figure 1:

Mortality

Model of Race, other Demographics, Multiple Chronic Conditions, and Mortality.

Theoretical Model.
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Table 1:

Descriptive Statistics for Medicare Beneficiaries with Type 2 Diabetes Mellitus, n=443,932

Independent Variables

n (%)

Mortality rate/1000 person-years (95% CI)

Age - mean (SD)

77.19 (7.88)

Duration of Diabetes Diagnosis

0-2 years 103,470 (23.3) 57 (56-59)
3-7 years 153,225 (34.5) 59 (58-60)
8-12 years 134,435 (30.3) 96 (94-98)
13+ years 52,802 (11.9) 84 (81-86)
Sex
Male 195,073 (43.9) 76 (75-78)
Female 248,859 (56.1) 70 (69-71)
Race
Non-Hispanic White 364,156 (82.0) 74 (73-75)
Black/African American 64,475 (14.5) 71 (69-73)
Asian/Pacific Islander 5,564 (1.3) 37 (32-43)
Hispanic 8,185 (1.8) 55 (50-61)
American Indian/Alaska Native 1,552 (0.3) 53 (43-66)
Part D Subsidy
Full Subsidy 68,048 (15.3) 11 (10-12)
Partial Subsidy 14,733 (3.3) 580 (567-592)
No Subsidy 361,151 (81.4) 64 (63-65)
Patient Location
Rural 46,882 (10.6) 66 (64-69)
Urban 397,050 (89.4) 74 (73-75)
Combinations of Diabetes and MCC
Diabetes 109,901 (24.8) 11 (10-12)
Diabetes and CHF 25,534 (5.8) 29 (27-31)
Diabetes and Cancer 17,667 (4.0) 25 (23-27)
Diabetes and COPD 25,927 (5.8) 19 (17-20)
Diabetes and Stroke 10,700 (2.4) 31 (28-34)
Diabetes and CKD 23,790 (5.4) 27 (25-30)
Diabetes and CHF/COPD 21,623 (4.9) 49 (46-52)
Diabetes and CHF/CKD 20,185 (4.5) 84 (81-89)
Diabetes and CHF/COPD/CKD 27,335 (6.2) 138 (134-142)
Diabetes and CHF/COPD/Stroke/CKD 15,408 (3.5) 183 (177-190)
Diabetes and other MCC Combinations | 145,862 (32.9) 131 (129-133)

Dependent Variable

Mortality

Living at end of 2012

411,592 (92.7)
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Independent Variables

n (%)

Mortality rate/1000 person-years (95% CI)

Died in 2012

32,340 (7.3)
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Table 2:

Cox Proportional Hazards Regression Models Predicting Hazard of Mortality

Model 1

Model 2

Independent Variables

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Duration of Diabetes Diagnosis (Reference: 0-2 years)

3-7 years

*

0.765 (0.740 — 0.790)

0.759 (0.735-0.785) ***

8-12 years

*

0.752 (0.729 - 0.775) ™

0.725 (0.704-0.748) ***

13+ years

*

0.508 (0.488 — 0.528) ™

0.471 (0.453-0.496) *™*

Female Sex

*

0.605 (0.592 - 0.619) ™

0.632 (0.618-0.647) ™"

Race (Reference: Non-Hispanic White)

Black

*

1.149 (1.113 - 1.187)

1.096 (1.061 - 1.131) 7

Asian/Pacific Islander

0.859 (0.749 — 0.985) *

0.949 (0.828 — 1.089)

Hispanic

1.065 (0.971 - 1.169)

1.098 (1.000 — 1.205)

American Indian/Alaska Native

1.333 (1.074 - 1.654)

1.314 (1.059 — 1.630)

Part D Subsidy (Reference: Full Subsidy)

Partial Subsidy

29.794 (27.680 — 32.070) 7

27.757 (25.787 - 29.877) 7

No Subsidy

5.104 (4.750 - 5.485) 7

5.718 (5.321 - 6.146) ™"

Urban Patient Location

0.989 (0.953 - 1.027)

0.958 (0.923 - 0.995) *

Diabetes MCC Combinations (Reference: Diabetes Alone)

Diabetes and CHF

1.382 (1.261 -1.515) 7"

Diabetes and Cancer

1.460 (1.309 - 1.629)

Diabetes and COPD

1.397 (1.257 - 1.553) ***

Diabetes and Stroke

1.480 (1.310 - 1.673) "

Diabetes and CKD

1.757 (1.597 - 1.933) ***

Diabetes and CHF/COPD

2.389 (2.199 - 2.596) ***

Diabetes and CHF/CKD

3.283 (3.048 - 3.537)

Diabetes and CHF/COPD/CKD

5.345 (5.006 — 5.707) ***

Diabetes and CHF/COPD/Stroke/CKD

5,572 (5.204 — 5.966) "

Diabetes and all other MCC Combinations

3.547 (3.433 - 3.764)

*
p<0.05,

Ak
p<0.01,

Aok

*
p<0.001
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