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Abstract

Background /Objectives: Multimorbidity, where patients have >2 comorbidities, is recog-
nized as a major challenge for health systems worldwide, driving up morbidity and cost.
The differences in multimorbidity burden between those with and without type-2 diabetes
mellitus (T2DM) in the Veteran population are not well studied. This large retrospective
cohort study fills the existing gap. Methods: Using a retrospective cohort of adult Veterans
with and without T2DM, we examined 29 comorbidities defined by Elixhauser criteria
for 10,499,394 Veterans from 1 January 2008 to 31 December 2009. We then ascertained
diabetes status for 10 years of follow-up from 1 January 2010 to 31 December 2019. Multi-
morbidity status was categorized using the Elixhauser comorbidity index (0, 1, >2) and
logistic regression was used to estimate the odds ratio (OR) for its association with risk
of diabetes, adjusting for covariates. Results: Compared to those with zero comorbidities,
the odds of having diabetes were more than doubled (2.53, CI: 2.51-2.54) for those with
>2 comorbidities. Conclusions: The doubling of the odds of T2DM among those with
more than one comorbidity is typical of Veterans with T2DM. In addition, the odds were
significantly higher for Hispanics compared to other groups when adjusting for covariates.
This calls for more attention to reduce the risk of T2DM through improved management
and effective use of treatments informed by disparities that exist in the VHA.

Keywords: comorbidity; health disparity; multimorbidity; retrospective cohort; type 2
diabetes mellitus; veterans

1. Introduction

Multimorbidity, where patients have >2 comorbidities, is recognized as a major
challenge for health systems worldwide, driving up morbidity and cost [1,2]. The United
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States (US) has similar patterns to other countries of increasing burden from multimorbid
chronic conditions [3,4]. High-cost morbidities are observed in the US Veterans Health
Administration (VHA), where Veterans with >3 comorbidities account for at least 65%
of VHA health care costs, with 5% of the population of high-cost multimorbid patients
accounting for 47% of VHA costs [5,6].

A common comorbidity in these costly groups is type 2 diabetes mellitus (T2DM),
which is a chronic condition that affected 37 million US adults older than 18 years of age in
2019 [7]. A recent study found that Whites had the lowest rate of complications overall,
except for arthropathy/oral complications and foot/skin ulcers, while Black/African Amer-
icans had the highest rates of hyperosmolarity, ketoacidosis, neurological complications,
and hyperglycemia [8]. In the VHA, T2DM has a higher prevalence of multimorbidity with
higher costs of care, frequently occurring in multimorbid combinations [5,6], with the VHA
spending over USD 1.5 billion in 2017 on diabetes treatment annually [9]. US Veterans are
2.5 times more likely than the general population to develop diabetes, with approximately
25% of Veterans having T2DM [9]. The prevalence of T2DM in US Veterans is higher in
Hispanic (26%) and Non-Hispanic Blacks (NHBs) (23%) compared with Non-Hispanic
Whites (NHWSs) (20%) [10]. There are significant racial and ethnic disparities in clinical
outcomes for the US Veteran population, with NHB having a higher mortality rate with a
diagnosis of diabetes and having an increased risk of multimorbid cardiovascular-related
mortality [11,12].

In order to better understand the contributing factors leading to multimorbid pro-
gression to T2DM, our study examined disparities in the prevalence and incidence of
T2DM with multimorbidity, where multimorbidity was defined as two or more Elixhauser
morbidities [13]. We examined Elixhauser morbidities to determine their prevalence and
associated risk of T2DM. Previous studies have investigated the relationship between
race/ethnicity and multimorbidity across various populations, including the general pop-
ulation [4], individuals with diabetes [8], dementia [14], CKD, diabetes, and TBI [15].
However, there is a knowledge gap regarding racial disparities in the association between
individual comorbidities, multimorbidity scores, and risk of diabetes, utilizing the most re-
cent large-scale cohort studies with extended follow-up periods. Understanding the impact
of individual comorbidities and multimorbidity on diabetes risk can inform national-level
recommendations, ultimately enhancing diabetes care and mitigating the overall health
burden. The goal of this study is to identify patterns that could be used to potentially
reduce the risk of T2DM through improved management and effective use of treatments
informed by disparities that exist in the VHA.

Despite the VHA Medical Centers being part of an equal access health care system,
racial disparities continue to exist [11,12]. To examine disparities in T2DM with multimor-
bidity, we used national data gathered in VHA, the largest US health care system, which
provides medical care to more than nine million Veterans annually. The data generated
from the care of millions of Veterans enabled the development of risk models to inform
decisions for those at a higher risk of multimorbid disease burden. Such models can be
used to support the VHA’s commitment to understanding and eliminating racial disparities
and achieving equity across all vulnerable groups [16].

2. Materials and Methods
2.1. Data Source

This was a retrospective cohort study of national clinical and administrative data
in adult veterans with and without type 2 diabetes. The cohort was extracted from the

VHA Corporate Data Warehouse (CDW). The Veterans Health Information Systems and
Technology Architecture (VistA) was the primary source for the CDW data extracts, which



Diabetology 2025, 6, 88

30f10

included diagnostic codes, prescription data, and demographic information embedded in
outpatient visit and inpatient admission domains. The Ralph H. Johnson VA Research and
Development Committee and the Medical University of South Carolina institutional review
board approved this study. The authors report no potential conflicts of interest relevant to
this article. This article represents the views of the authors and not those of the VHA.

2.2. Study Population

We created a new 2-group cohort of primary care patients across the national VA
population specifically for this project, covering a two-year window from 1 January 2008
to 31 December 2009, excluding patients who died before 1 January 2010. The first group
included primary care patients who had a personal history of type 2 diabetes (T2DM) of
two or more ICD9/10 codes (250.x0, 250.x2, 357.2, 362.0, or 366.41, E11*) in a follow-up
window between 1 January 2010 and 31 December 2019. The second group (Non-T2DM)
included non-diabetes patients who had any ICD9/10 code occurring in a follow-up
window between 1 January 2010 and 31 December 2019, did not have a record of receiving
insulin, and had no complicated or uncomplicated diabetes ICD9/10 diagnosis codes
during the time period [17]. These groups were established using our previous experience
developing T2DM cohorts in the VA [15]. We used data for the two-year analysis window
between 1 January 2008 and 31 December 2009 to exclude individuals who received insulin
from the Non-T2DM group, and/or who had evidence of uncomplicated and complicated
diabetes. This study involved 10,499,394 participants (2,418,345 T2DM and 8,081,049 no
diabetes) (see Figure 1).

Cohort
(2008-2009)
T2DM =2,418,345
Non-T2DM=8,118,682

Exclusion of Non-T2DM
With uncomplicated and complicated
diabetes during two-year window & follow-
up period 2008—-2019
N=31,719

Non-T2DM=8,086,963

Exclusion of Non-T2DM
Received insulin during two-year window
& follow-up period 2008—2019
N=5914

Final cohort
Total=10,499,394
T2DM=2,418,345

Non-T2DM=8,081,049

Figure 1. Flow chart for Veterans with and without type 2 diabetes mellitus.

2.3. Exposure and Covariates

The primary exposure variable was comorbidity burden categories measured by the
Elixhauser comorbidity index (ECI): O (reference group), 1, and >2. Elixhauser comor-
bidities were based on International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-CM-9) obtained from the CDW between 1 January 2008 and 31 Decem-
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ber 2009. ICD codes were summarized by the ECI definitions [13]. Covariates included
demographic and clinical variables. Sex was categorized as male (reference group) and
female. Age was categorized into three groups: <50 years, 50-64 years, and >65 years.
Race and ethnicity, defined based on VA and CMS sources, were classified as NHW (refer-
ence group), NHB, Hispanic, and other. We used the VA’s three groups classifications to
define rurality: “Urban’, census defined urbanized areas; ‘highly rural’, counties with fewer
than 7 persons per square mile; and ‘rural’, areas not considered urban or highly rural;
the location of residence was grouped into urban (reference group) and rural (combined
highly rural and rural). Smoking status was classified as non-smoker (reference group)
and smoker. Marital status was classified as non-married (reference group) and married.
Percentage service-connectedness, representing the degree of disability related to military
service, was dichotomized at <50% (reference group) and >50%. Annual primary care
visit was dichotomized as ‘no’ (reference group) and ‘yes’. The primary outcome was
diabetes status (the presence of T2DM diagnosis as defined above). It was coded as a binary
variable—no diabetes = 0 (reference group) and 1 = diabetes.

2.4. Statistical Analysis

Means for continuous variables were compared using t-tests, while proportions for
categorical variables were compared using chi-square tests for demographic character-
istics. Comorbidities, including subsets of comorbidities, were separately compared for
diabetes and non-diabetes using chi-square tests. We used a generalized estimating equa-
tion (GEE) [18] with an exchangeable structure for estimating the association between the
outcome (prevalence of diabetes vs. non-diabetes status) and the primary exposure (comor-
bidity burden) with and without adjustment for covariates. In addition, we fitted a GEE
with an exchangeable structure to estimate the association between outcomes (incidence of
diabetes vs. non-diabetes status) and exposure (individual comorbidities) and adjusted for
covariates after excluding diabetes from the baseline two-year data.

For the adjusted analyses, we used a staged modeling approach with domains of
covariates included in the model. The domains included socio-demographics, comorbidi-
ties, clinical characteristics, and behavioral characteristics. We also assessed whether this
association varies by race and ethnicity. Odds ratios (ORs) and associated 95% confidence
intervals (Cls) were computed with adjustment for intra-correlation due to clustering by
Veterans Integrated Services Networks (VISNs). Each model was assessed for collinearity
using variance inflation (VIF) and goodness of fit using a quasi-likelihood information
criterion (QIC) [18]. Statistical significance was based on a p-value of less than 0.05. All
analyses were conducted in Stata (ver. 17) using the xtgee procedure.

3. Results

The cohort demographic characteristics from 2008 to 2009 by diabetes status are
presented in Table 1. Of the total population sample 10,499,394 were aged > 18 years,
2,418,345 (23.0%) were diabetic, and the remaining 77.0% were non-diabetic. Across both
cohorts, there are higher percentages of men, 87%, who make up 96% of diabetes patients.
Women (13%) make up 4% of diabetic cases and 15% of the non-diabetic cases. Married
patients make up 59% of the diabetes cohort compared with 49% of non-diabetic cases.
Diabetic patients were older on average at 63.8 years compared to 53.2 years for non-diabetic
patients. Annual primary care visits were higher for diabetic compared to non-diabetic
cases (67% vs. 36%). In comparing the rural and urban populations with and without
diabetes, the relative rates were higher for rural diabetic patients at 36% in relation to 31%
of non-diabetic cases.
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Table 1. Diabetes cohort versus non-diabetes cohort at baseline.

Total Diabetes Non-Diabetes p-Value
Patients (1) 10,499,394 2,418,345 8,081,049
Sex (%) <0.001
Male 87.40 95.77 84.88
Female 12.60 4.23 15.12
Age, years (%) <0.001
<50 33.84 11.80 40.43
50-64 32.21 44.09 28.65
>65 31.74 44.09 28.04
Missing 2.22 0.02 2.87
Race/ethnicity (%) <0.001
NHW 67.73 71.80 66.51
NHB 14.77 18.13 13.76
Hispanic 5.68 6.27 5.50
Other 291 3.00 2.88
Missing 8.91 0.79 11.34
ECI (%) <0.001
0 62.63 36.79 70.37
13.64 19.28 11.95
>2 23.73 43.93 17.68
Rurality (%) <0.001
Urban 67.49 63.57 68.65
Rural 32.23 36.20 31.04
Missing 0.28 0.22 0.30
Marital status (%) <0.001
Non-Married 41.15 40.19 41.44
Married 51.45 59.38 49.08
Missing 7.40 0.43 9.48
PCV (%)
No 56.83 32.92 63.98
Yes 43.17 67.08 36.02
SCD (>50%) <0.001
No 98.42 97.41 98.72
Yes 1.58 2.59 1.28
Smoking status (%) <0.001
Non-smoker 77.10 63.71 81.11
Smoker 22.90 36.29 18.89

Figure 2 presents the results from the GEE logistic regression models showing whether
diabetes status differs in ECI for the full model after controlling for demographic and
clinical characteristics. In the unadjusted base model, the outcome of diabetes was
three times (OR = 3.08; CI: 3.07, 3.09) as likely to be prevalent for patients with one Elix-
hauser comorbidity and about 4.8 times (OR = 4.75; CI: 4.73, 4.76) as likely in patients
with two or more Elixhauser comorbidities compared to patients with no comorbidity (see
Supplemental Table S1). The full prevalence model in Figure 2 was adjusted for race and
ethnicity, sex, rural versus urban, age, marital status, primary care visit, service-connected
disability, and smoking status. Diabetes was 1.80 times (OR = 1.83; CI: 1.82, 1.84) more
likely for patients with one Elixhauser comorbidity and 2.5 times (OR = 2.53; CI: 2.51,
2.54) as likely to occur for patients with two or more Elixhauser comorbidities compared
with no comorbidities. NHBs were 1.60 times (OR = 1.61; CI: 1.61, 1.62) and Hispanics
were 1.60 times (OR = 1.61; CI: 1.60, 1.61) more likely to develop diabetes compared with
1.40 times for other races (OR = 1.38; CI: 1.36, 1.39), all in reference to NHWSs. Married were
1.20 times (OR = 1.15; CI: 1.14-1.15) more likely, having primary care visits was 1.20 times
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(OR = 1.21; CI: 1.20-1.21) more likely, and service-connected disability was 1.30 times
(OR =1.25; CI: 1.24-1.27) more likely, but smokers were 0.96 times (OR = 0.96; CI: 0.95-0.96)
less likely to develop diabetes compared to their counterparts.

Full Model NHW
Variables Odds-Ratio (95% C1} Variables Odds-Ratio (95% C1)
-ECI* 4
125-50 ¢ %E; ﬁgf ]2"_2-’4% 1-EC1* * 1.83 (182, 1.85)
Non-Hispanic Black * 161 (161, 1.62) 22-ECI * 252(2.51,2.54)
gi(l,pank 'Y 1 gé Eigg % gé{ Female * 0.54 (0.53, 0.54)
ther race * 138(1 - Rural » 111(111,112)
Femaly " gs7(0sr.058) 50-54 years & 392(390,3.94)
50-64 years 162 (360, 363) 2 65 years +  311(309,313)
= 65 years 301 (3.00, 3.03) Married * 1.10(1.09, 1.10)
&a\.}ri{d : igg ;gi;?:{ PCV t * 117 (116, 1.18)
5CD # (= 50%) . 125 (124, 1.27) SCD # (x 50%) » 126 (1.25,1.28)
Semoker § * 036 (035, 0.96) Smaker § + 098 (095,0.99)
012345 012345
NHB Hispanic
Variables Odds-Ratio (95% 1) Variables Odds-Ratio (95% Cl)
1-ECH* * 1.85 (1.82, 1.87) 1-EQ1* . 181 (1.76, 1.85)
22-ECI * 256 (2.53,2.60) 22-ECI . 269 (262,2.76)
Femalle 0.65 (0,64, 0.66) Fernale * 050 (049, 0.52)
Rural 1.10(1.09,1.11) Rural * 1.03 (1.00, 1.04)
50-65 years 262 (260, 265) 50-64 years $4E83(4.75,691)
2 65 years 273(2.70,2.76) 2 65 years & 452 (44k, &.61)
Married * 1.28(1.28,1.30) Married - 1.24(1.23,1.26)
POV 1 * 135(1.33,137) PCV t - 124(1.21,1.27)
SCD § (2 50%) » 1.22(1.19,1.25) SCD § (= 50%) ' 119 (1.14,1.25)
Smoker § * 0.85 (0.84, 0.86) Smoker § » 104 (1.02, 1.06)
012345 012345

Figure 2. Prevalence models for odds of occurrence of diabetes between 2008 and 2019 (two-year
window plus 10-year follow-up)—95% confidence intervals (GEE Logistic Models): Outcome—
diabetes; exposure—Elixhauser comorbidity index (ECI*: 0, 1, >2), primary covariates (race/ethnicity,
sex, rurality), and secondary covariates (age categories, married, + annual primary care visit, { service-
connected disability, § smoking status). Models of NHWs, NHBs, and Hispanics are odds of diabetes
by race/ethnicity adjusted for covariates.

Figure 2 for NHWs, NHBs, and Hispanics depicts the GEE logistic regression models
showing how diabetes status differs in Elixhauser comorbidities by race and ethnicity
after controlling for demographic and clinical characteristics. Comparing the likelihood
of developing diabetes for patients with one Elixhauser comorbidity compared to no
comorbidity, NHWs were at 1.83, NHBs were 1.85 times, and Hispanics were 1.81 times.
For patients with two or more Elixhauser comorbidities, NHWs were 2.52 times as likely
to develop diabetes, with NHBs 2.56 times as likely and Hispanics 2.69 times as likely
compared to no comorbidities. For age 50-64 years compared to <50 years, NHWs, NHBs,
and Hispanics were 3.92, 2.62, and 4.83 times as likely to develop diabetes, respectively.

Figure 3 presents the frequency of occurrence for a subset of Elixhauser comorbidities
that are approximations of the conditions in Yoon et al. [5] that are part of the “Most Costly
Condition Triads” for young < 65 and old > 65 Veterans. The mapping is an approximation,
with Elixhauser comorbidities of diabetes, depression, and peripheral vascular disease
directly mapping to the same comorbidity names, renal failure to chronic renal failure,
complicated and uncomplicated hypertension to hypertension, congestive heart failure
to chronic heart failure, chronic pulmonary disease to chronic obstructive pulmonary
disease, psychosis to other psychiatric condition, and paralysis to spinal cord injury. The
occurrences are encoded as binary, and their frequencies are rounded to whole numbers
and indexed by race and ethnicity as well as by diabetes status (see supplemental material
for full table of Elixhauser comorbidities in Supplemental Table S2). NHBs had the highest
multimorbid renal failure, hypertension-complicated, and psychoses. Hispanics had the
highest rate of multimorbid diabetes with depression. The costly conditions in Figure 3 all
occurred with higher frequencies in diabetes across all racial and ethnic groups.
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Figure 3. Prevalence of a subset of Elixhauser comorbidities that approximate the comorbidities in
Yoon et al. [5] for the costliest three-way disease combinations contributing to 65% of VHA annual
cost across race/ethnicity and diabetes status within a two-year window (2008-2009) rounded to
whole number percentages. The full data is in the supplemental material. The differences among race
and ethnicity for diabetes and non-diabetes are significant with a p-value < 0.001.

Sensitivity Analysis Using Subset of Incident T2DM Cases

In order to model the incidence of diabetes, we filtered those who have uncompli-
cated or complicated diabetes in the two-year (2008-2009) window (1 = 1,160,022), leaving
those who are diagnosed as having diabetes for the first time in the 10-year follow-up
window. The findings are reported in Supplemental Table S3, showing whether the inci-
dence of diabetes differs by Elixhauser comorbidities and race/ethnicity after controlling
for demographic and clinical characteristics.

For the Elixhauser comorbidities that are part of the “Most Costly Condition Triads,”
hypertension-uncomplicated, depression, chronic pulmonary disease, congestive heart
failure, hypertension-complicated, and psychoses all increased the odds of T2DM. In the
case of hypertension-uncomplicated, there was an odds ratio of a 1.38 times higher risk of
diabetes, and in depression, there were 1.23 times higher odds of diabetes. Peripheral vascu-
lar disease did not change the odds of T2DM, and renal failure had lower odds of diabetes
by 0.79 times. The full set of Elixhauser comorbidities is included in Supplemental Table S3.

4. Discussion

Multimorbidity has emerged as a major challenge to health care systems [19,20]. To
effectively address this issue, radical changes are required in how health care systems
are organized and funded [19]. To contribute to this effort, we conducted a national
cohort study to investigate the association between multimorbidity and the risk of diabetes,
stratified by race and ethnicity, using the national cohort database with 10 years of follow-
up. The logistic regression prevalence models showed the odds of T2DM more than
doubling for multimorbid patients and being significantly higher for Hispanics over other
groups when adjusting for covariates (See Figure 2). For smoking Veterans, there are
differences across race and ethnicity in relation to the cumulative effects of multimorbidity
on the odds of diabetes. The NHW and NHB groups who smoke have decreased odds of
diabetes of 0.98 and 0.85, respectively, while Hispanic patients have increased odds of 1.04.
When individual Elixhauser comorbidities are examined, smoking is not significant for
NHWSs and Hispanics, while NHB patients are 0.89 times less likely to develop diabetes
(see Supplemental Table S3).
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In the most costly condition triads discussed in Yoon et al. [5], 48% of the patients
were >65 years. In our study 44% were >65 years in the diabetes group, while 28%
were > 65 years in the non-diabetes group. The difference in age between the two groups
highlights the importance of age in diabetes care, with diabetes being 3.62 times as likely
for the 5064 years range compared to under 50 years and 3.01 times as likely in the
>65 years range. The result points to utilizing interventions starting at age 50 to reduce
costly multimorbid diabetes.

Multimorbidity is known to exacerbate poor communication and a lack of trust be-
tween patients and providers [21,22]. Using social workers to help build trust with consis-
tent communication around multimorbid diabetes risk could build on existing efforts in the
VHA. Multi-professional Patient Aligned Care Teams (PACTs) include social workers to de-
liver primary care in the VHA and have been shown to decrease acute hospital admissions
by 4.4% and emergency department visits by 3.0% through care coordination when social
workers are embedded in rural PACTs [23]. People-centered, integrated care with skilled
multi-professional teams coordinated through primary care has been proposed as a solution
to the difficulties posed by poor communication associated with multimorbidity [1,3]. The
VHA could use the expertise of PACTs, including social workers, to address issues of
distrust, communication, and disparities that exist in the costly treatment of multimorbid
T2DM [5].

Strengths of this study include the use of a national cohort with a large sample size,
with an extended follow-up period, and the scale of the cohort, which provides new
information on multimorbid T2DM. Limitations of this study are that the population is
primarily male and that ICD9/10 codes are used to characterize comorbidities. There are
known biases in the use of ICD billing codes [17], and the VHA does not use ICD9/10
codes for billing, potentially introducing more bias. The modeling is based on these
administrative codes assigned during the specified time windows and does not account for
care given outside of the VHA. Medication and lab data were not used in the analysis and
are beyond the scope of this paper.

Through identifying the factors that impact disparities in T2DM multimorbid disease
progression, efforts to understand and eliminate racial and ethnic inequalities in the VHA
can be better informed. Given the large Veteran cohort of patients, we present the prevalence
of Elixhauser comorbidities in patients with and without T2DM and show that two or
more comorbidities doubled the odds of diabetes. Disparities exist in racial and ethnic
groups in terms of the prevalence of comorbidities and the associated odds ratios for the
occurrence of diabetes. Of interest were the higher frequency of comorbidities in diabetes
patients and the higher odds of diabetes in patients in the age range of 50-64. With the
challenge to health systems posed by multimorbidity, this study provides context on the
burden of multimorbidity and highlights the importance of slowing progression, especially
to multimorbid diabetes. Our study calls for more attention to reduce the risk of T2DM
through improved management and effective use of treatments informed by disparities
that exist in the VHA.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/diabetology6090088 /51, Table S1: Prevalence Models for odds
of occurrence of diabetes between 2008 and 2019 (two-year window plus 10-year follow up)—95%
confidence intervals for xtgee (GEE Logistic Models): Outcome—diabetes, exposure—Elixhauser
comorbidity index; Table S2: Elixhauser comorbidities by race/ethnicity and diabetes status within
two-year window (2008-2009). All cells are significant with p-value <0.001.; Table S3: Odds Ratios
(95% Confidence Intervals). Models for odds of diabetes—95% confidence intervals for xtgee (GEE
Logistic Models): Outcome—diabetes, exposure—Elixhauser comorbidity by race/ethnicity adjusted
for covariates.
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