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Abstract

Background Diabetes self-management education (DSME) has significant clinical benefits on diabetic glycemic
control and reduction in the onset of complications. However, the economic benefits of DSME in older Medicare
beneficiaries are not well known. The objective of this study is to examine the effect of DSME on different types of
costs in older Medicare beneficiaries with diabetes.

Methods This was a pooled cross-sectional study using the Medicare Current Beneficiary Survey (MCBS). The use of
DSME was reported by survey respondents. Economic outcomes included total medical costs, total diabetes-related
medical costs, total prescription costs, and total anti-diabetic prescription costs were measured based on Medicare
claims and prescription drug events data from the perspective of the Medicare system. All costs were adjusted

to 2012 U.S. dollars using the Consumer Price Index (CPI). Generalized linear models, with a log link and gamma
distribution, were used to examine the effect of DSME on different costs.

Results A total of 3,003 older Medicare beneficiaries with diabetes were included, among whom 35.50% (n=1,066)
had DSME. Individuals who did not have DSME had significantly higher total prescription costs than those who had
DSME ($4,398.19 vs. $3,966.82, P=.0134). After adjusting for covariates, compared to those who did not have DSME,

those who had DSME had 16.36% (95% Cl: 9.69% to 22.54%) lower total medical costs and 12.83% (95% Cl: 6.41% to
18.80%) lower total prescription costs.

Conclusion This study found that DSME is associated with significantly lower spending in total medical and
prescription costs for older Medicare beneficiaries. Given the economic benefits associated with DSME, different
healthcare providers should further promote and increase the awareness of DSME to ensure sustained activities,
enrollment, and patient retention in older Medicare beneficiaries with diabetes.
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Introduction

Diabetes was reported as the eighth leading cause of
death in the U.S. [1]. About 38.1 million adults had diabe-
tes in the U.S. with the majority of type 2 diabetes in 2021
[2]. Prevalence of diabetes progressively increased over
the years and is positively associated with smoking and
obesity [2]. Diabetes is often interrelated with a number
of other comorbidities and can lead to serious complica-
tions such as retinopathy, kidney failure, and amputation
of diabetes limb if not well managed [3]. Diabetes is more
prevalent among older adults [3]. Over 25% of those
enrolled in Medicare fee-for-service have diabetes while
an estimated 400,000 new cases are diagnosed annually
among Medicare beneficiaries aged 65 and older [3].

The economic burden of diabetes care is high on both
patients and the Medicare system. A total of $ 412.9 bil-
lion was spent on diabetes care in 2022 [4]. It has been
projected that in 2050, one in every three U.S. adults will
develop diabetes and this trend will continue to drive
high expenditure [5]. For every three dollars in Medi-
care, one dollar is spent on diabetes-related healthcare
[3]. In 2022, the nation spent approximately $205 billion
on medical care for diabetes in individuals aged 65 and
older, with Medicare covering the majority of these costs
[6]. Diabetes complications are major factors causing an
increase in the economic burden of diabetes [4]. In 2017,
complications related to diabetes accounted for over $37
billion in healthcare costs among Medicare beneficiaries
aged 65 and older with type 2 diabetes [7].

Individuals living with diabetes can reduce the risk of
developing complications as well as the associated costs
by achieving and maintaining optimum blood glucose
levels [8]. However, managing blood glucose levels can be
complex for patients, including those who are less edu-
cated, or less experienced with diabetes self-care behav-
iors, and particularly among those newly diagnosed,
as therapeutic inertia is documented to be a significant
predictor in poor glycemic control [9, 10]. Hence, there
is a need for diabetes self-care education such as diabetes
self-management education (DSME). “DSME is an ongo-
ing process of facilitating the knowledge, skill, and abil-
ity necessary for diabetes self-care” [8]. DSME provides
information that helps people with diabetes understand
the essentials of diabetes self-management, act to con-
trol their disease, and prevent disease progression [11].
It incorporates features of self-care behavior essential for
the prevention of diabetes in prediabetes individuals [11].
The use of DSME is associated with a 0.45-0.57% reduc-
tion in A1C [12-14] which results in a delay in diabetes
complications [15, 16], quality of life improvement [17,
18], reduction in hospital admissions and readmission
[19, 20]. It is also associated with a change in lifestyle
habits such as healthy eating and physical activities [21],
self-efficacy enhancement [22], and healthy coping [23].
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Medicare began reimbursing health care facilities for
DSME under Part B (coverage for 10 h of the initial train-
ing and then 2 h once a year of follow-up activities) in
2000 [24, 25]. Medicare recognizes only the Association
of Diabetes Care & Education Specialists (ADCES) and
the American Diabetes Association (ADA) for training
provision in line with the National Standards for Diabe-
tes Self-Management Education (NSDSME) [24]. Despite
the coverage provision for DSME, the training program
participation rate is low [26]. Information on the eco-
nomic benefits of DSME to Medicare beneficiaries and
the Medicare system is lacking and there are some litera-
ture gaps. Firstly, various DSME programs studied previ-
ously were inconsistent in approach and varied from the
NSDSME used in Medicare [27]. Additionally, no studies
have evaluated the effect of DSME on total prescription
and anti-diabetic prescription costs.

To address these literature gaps and to support the
benefits of DSME to Medicare beneficiaries, this study
aimed to use a nationally representative database to ana-
lyze economic outcomes of DSME in older Medicare
beneficiaries including total medical costs, total diabetes-
related medical costs, total prescription costs and total
anti-diabetic prescription costs.

Methods

Data source

This was a pooled cross-sectional study using data from
the Medicare Current Beneficiary Survey (MCBS) of
2006, 2008, 2010, and 2012. The MCBS is developed by
the Centers for Medicare & Medicaid Services (CMYS)
using a multistage stratified random sampling design
and computer-assisted personal interview protocol. It is
nationally representative and provides information about
medical care utilization and cost of Medicare uniquely
linking both beneficiary’s survey information and objec-
tive claims data [28]. We used MCBS for this study
because it contains survey information necessary to
examine the use of DSME and claims necessary to exam-
ine economic outcomes. The data is rich in information
about respondent demographics, socioeconomics, medi-
cal care, and prescription utilization and costs [28].

Study population

The MCBS collects diabetes self-management and pre-
vention information on a biennial basis. To get compre-
hensive information on the prescription and medical
care of DSME, this study included Medicare beneficiaries
aged 65 and older with diabetes from MCBS data. Medi-
care beneficiaries below 65 years, eligible for Medicare
because of end-stage renal disease (ESRD) or disability,
enrolled in healthcare maintenance organization (HMO)
during the study period were excluded from the study.



Lv et al. BMC Health Services Research (2025) 25:686

Measurements

The presence of diabetes was measured based on self-
report to the question: “Has a doctor ever told you that
you had any type of diabetes?” [29]. A “Yes” response
indicated having diabetes. The DSME engagement of
Medicare beneficiaries reported having diabetes was
identified by survey question: “Have you ever partici-
pated in a diabetes self-management course or class, or
received special training on how you can manage your
diabetes” They were classified as having DSME if they
responded “Yes” and classified as not having DSME if
they responded “No” The use of DSME was the main
independent variable of the study.

Four economic outcome variables considered in the
study included total medical costs, total diabetes-related
medical costs, total prescription costs, and total anti-
diabetic prescription costs. All of the economic vari-
ables were measured yearly from the perspective of the
Medicare system. Total medical costs and total diabetes-
related medical costs were measured based on Medi-
care Part A and B claims and prescription drug events
in a given year. Total diabetes-related medical costs were
measured only including Medicare Part A and B claims
with diabetes as the primary diagnosis and prescription
drug events of anti-diabetic prescriptions. Total prescrip-
tion costs and total anti-diabetic prescription costs were
measured based on prescription drug events in a given
year. Total anti-diabetic prescription costs were mea-
sured only including prescription drug events of anti-dia-
betic prescriptions, which were identified if the generic
name of the drugs recorded in the claims matched any of
the following drugs: alpha-glucosidase inhibitors, bigu-
anides, DPP-4 inhibitors, GLP-1 receptor agonists, insu-
lins, meglitinides, sulfonylureas, and thiazolidinediones.
All costs were adjusted to 2012 U.S. dollars using the
Consumer Price Index (CPI).

Covariates considered in the study included prescribed
diabetes pills, blood sugar/glucose checking, diabetes
sore check, age, gender, race, education, marital sta-
tus, income, residence, census region, and comorbidity.
Charlson Comorbidity Index (CCI) was measured based
on Medicare claims [30]. Other covariates were mea-
sured based on self-report.

Statistical analysis

National estimates were generated using the weights
provided by the multistage sampling scheme used in
the MCBS. We employed three weights in the analyses:
“SUDSTRAT’, which adjusts for the stratified sampling
design in the MCBS to ensure proper subgroup represen-
tation; “SUDUNIT’; which accounts for the primary sam-
pling units (PSUs) or clusters to adjust for the clustering
effect; and “CS1YRWGT”, which adjusts the data for the
cross-sectional full sample, ensuring the estimates are
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representative of the entire Medicare beneficiary popula-
tion by correcting for the complex sampling design.

Chi-square tests were used to compare the characteris-
tics of individuals with and without DSME. Total medical
cost, total diabetes-related medical cost, total prescrip-
tion cost, and total anti-diabetic prescription cost were
compared between individuals with and without DSME
through t-tests. Generalized linear models, with a log
link and a gamma distribution, were used to examine the
impact of DSME on total medical cost, total diabetes-
related medical cost, total prescription cost, and total
anti-diabetic prescription cost. For costs calculation, we
applied the exponential transformation of the cost coeffi-
cient derived from the generalized linear model. The per-
centage change was calculated using the formula:

Percentage Change = 1 — eCoef ficient

We then multiplied this percentage change by the aver-
age costs for individuals without DSME to estimate the
cost difference. The formula can be expressed as:

Costs Change = (Average Costs of those without DSME)
% (Percentage Change)

All statistical analyses were conducted using SAS Soft-
ware version 9.6 (Statistical Analysis Systems, Cary, NC).

Results

As shown in Table 1, a total of 3,003 older adults with
diabetes were identified in this study. Among them, 1,066
(35.50%) patients with diabetes had DSME, and 1,937
(64.50%) patients with diabetes did not have DSME.
Compared to those who had DSME, patients with diabe-
tes who did not have DSME were less likely to have blood
sugar/glucose testing (78.96% vs. 90.70%, P< 0.0001)
and diabetes sore check (73.39% vs. 88.25%, P< 0.0001)
(Table 1). Our study found that older adults with diabe-
tes who did not have DSME were more likely to be older,
be racial/ethnic minorities, have an education level below
college, be widowed, and have a lower income than those
who had DSME (Table 1).

Patients with diabetes who did not have DSME had
significantly higher total prescription costs of $431.37
than those who had DSME ($4,398.19 vs. $3,966.82,
P= 0.0134). Total medical costs, total diabetes-related
medical costs, and total anti-diabetic prescription costs
were similar between the DSME and non-DSME groups
(Fig. 1).

In Table 2, after adjusting for covariates, compared
to those who did not have DSME, Medicare ben-
eficiaries with diabetes who had DSME had $3,289.67
[16.36% (1-e7%17%), 95% CIL: 9.69%- 22.54%] lower total
medical cost and $564.29 [12.83% (1-e %'¥), 95% CL
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Table 1 Characteristics of older adults with diabetes by diabetes
self-management education

Diabetes Self-Management Education

Yes No P
N=1,066 N=1,937
Weighted %  Weighted %
Prescribed Diabetes Pill 0.2449
Yes 86.18 88.05
No 13.82 11.95
Blood Sugar/Glucose Testing < 0.0001
Yes 90.7 78.96
No 9.30 21.04
Diabetes Sore Check < 0.0001
Yes 88.25 73.39
No 11.75 2661
Age <0.0001
65-74 55.12 4791
75-84 38.30 3849
85+ 6.58 13.61
Gender 0.5603
Male 47.58 48.88
Female 5242 51.12
Race 0.0249
Non-Hispanic white 79.17 73.88
Non-Hispanic black 892 11.67
Hispanic 5.90 8.65
Other 6.02 5.80
Education <0.0001
Less than high school ~ 15.73 35.75
High school graduate ~ 29.80 27.24
Some college 28.10 19.06
College graduate 26.36 17.95
Marital status 0.0003
Married 60.53 5140
Widowed 2532 34.05
Single 14.15 14.55
Income <0.0001
< $25,000 per year 38.08 53.77
>$25,000 per year 61.92 46.23
Residence 0.1488
Non-metropolitan 2539 29.35
Metropolitan 74.61 70.65
Census region 0.1200
Northeast 15.92 19.87
Midwest 2573 22.19
South 41.76 4367
West 16.59 14.27
€@ 0.1359
0 81.60 79.98
1 7.69 1042
2 829 7.52
3+ 242 2.08

CCl Charlson comorbidity index
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6.41%— 18.80%] lower total prescription costs on aver-
age. However, DSME was not significantly associated
with total diabetes-related medical costs and total anti-
diabetic prescription costs.

Discussion

This study assessed the economic impact of DSME on
older Medicare beneficiaries, focusing on total medical
costs, total diabetes-related medical costs, total prescrip-
tion costs, and total anti-diabetic prescription costs. The
results indicated that DSME is significantly associated
with reductions in total medical costs and total prescrip-
tion costs, but it did not show a significant association
with total diabetes-related medical costs or total anti-dia-
betic prescription costs.

Study findings on the participation rate of DSME in
older patients with diabetes were similar to previous
reports on the low prevalence of DSME use in patients
with diabetes [25, 26, 31]. The benefits of DSME have
been demonstrated in several studies [31, 32], however,
the participation rate of DSME has been remarkably
low as reported in other studies [24, 26]. Special atten-
tion should be paid to older patients with diabetes who
are less likely to have DSME (e.g. those who are older, are
racial/ethnic minorities, are widowed, or have a lower
income).

This study found that the use of DSME is significantly
associated with lower total medical costs and lower total
prescription costs after adjusting for covariates. These
results strengthen the available evidence about the bene-
fits of DSME in reducing the economic burden in patients
with diabetes. Diabetes complications result in non-dia-
betes-related medical and prescription utilization, result-
ing in increased total medical costs and total prescription
costs among diabetes with complications [33, 34]. Several
studies have found that the use of DSME prevents and
delays the onset of diabetes complications [15, 16] which
is the major cause of high expenditure for diabetes care,
additional medical and prescription costs associated
with diabetes complications are averted, thereby, result-
ing in lower total medical costs and total prescription
costs among those who had DSME relative to those who
did not. Our results that DSME is associated with lower
medical costs are consistent with previous studies. A sys-
tematic review found that 18 out of 26 identified papers
reported that the use of DSME is associated with lower
medical costs [31]. Other studies also found that com-
mercially insured as well as Medicare patients who had
DSME had lower medical costs compared to those who
did not have DSME [35, 36].

Additionally, we did not find a significant impact of
DSME on either total diabetes-related medical costs
or total anti-diabetic prescription costs, which may be
ascribed that DSME is an ongoing process that equips
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$4,398.19
$3,966.82

$754.75  $746.08

Total prescription costs ** Total anti-diabetic prescription costs

Yes mNo

*:<0.1; **:<0.05; ***:<0.01

Fig. 1 Different costs of older adults with diabetes by Diabetes Self-Management Education (DSME). Yes: Medicare beneficiaries receiving DSME; No:

Medicare beneficiaries not receiving DSME

Table 2 Effect of diabetes self-management education on
economic outcome variables after adjusting for covariates

Economic outcome variables? Estimate® 95% Cl

Total medical costs -0.179 -0.255 -0.102
Total diabetes-related medical costs —-0.075 -0.165 0015
Total prescription costs -0.137 —-0208 -0.066
Total anti-diabetic prescription costs ~ —0.108 -0217 0001

@For cost calculation, we applied the exponential transformation of the cost
coefficient derived from the generalized linear model. The percentage change
was calculated using the formula: Percentage Change = 1 — eCoefficient

PActual cost change for total medical costs, total diabetes-related medical
costs, total prescription costs, and total anti-diabetic prescription costs were
$3,289.67, $86.19, $564.29, and $76.40, respectively

individuals with the knowledge and skills for effective
self-care in diabetes and prediabetes, rather than directly
treating diabetes or prescribing medications [11]. There-
fore, DSME might not be significantly associated with
anti-diabetic prescription costs and diabetes-related
medical costs but might be associated with the preven-
tion of additional costs due to complications. To our
knowledge, this study is among the few to provide nation-
ally representative evidence on the impact of DSME, and
our study focused on various healthcare expenditures in
the Medicare population, including total medical costs,
total diabetes-related medical costs, total prescription
costs, and total anti-diabetic prescription costs.

The key significance of this study is to provide evi-
dence that DSME is an important tool for scaling down
the total medical costs and total prescription costs of dia-
betes and to suggest the need to encourage and promote
more participation. Furthermore, this study presented
the inequality of the characteristics between patients
with diabetes who had or did not have the DSME, which
serves as a guide to DSME educators in strategizing for
effective training, DSME use evaluation, monitoring,
and retention of patients in DSME. Our findings might
directly benefit Accountable Care Organizations (ACO)
and other providers to a degree as they seek to address
various barriers to effective diabetes care and achieve the
quality measures required to make the most of value-
based reimbursement. The U.S. healthcare system and
the Medicare system would also benefit from our find-
ings. Based on the current trend in diabetes incidence
rates and complications, it is projected that one in three
individuals will develop type 2 diabetes by 2050 and the
U.S. health systems may not afford the costs of diabetes
[5]. Our results are in line with previous studies, there-
fore suggesting that DSME might be a key cost-contain-
ment strategy suitable to nullify the 2050 projection.

This study also has some limitations. First, as a
cross-sectional study, the long-term effect of DSME
cannot be determined and we cannot establish a time
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sequence to verify if DSME was utilized before our
measurements. As such, this study cannot establish
causality between DSME and various cost measures.
Second, DSME was identified based on a self-reported
survey, as such, the measure of DSME might be sub-
ject to recall bias from respondents. Third, although
we included a wide range of confounding factors, the
presence of unmeasured confounders (e.g. severity of
diabetes, pension information, etc.) may not be over-
ruled in this study. Fourth, the diabetes-related medi-
cal costs of Part A and Part B claims were measured
based on the primary code of diabetes, but sometimes
patients with diabetes are admitted due to cardiovas-
cular diseases or other diabetic complications, which
might lead to selection biases to a certain degree. Fifth,
the results of this study might not apply to excluded
age groups of disabled and Medicare beneficiaries with
ESRD. Finally, the data utilized in this study are from
2006-2012, so it is important to consider the possible
changes in healthcare practices and policies over time
when interpreting the findings. Future research should
aim to use longitudinal data based on more recent data
to assess the impact of DSME on various cost types.

In general, although it is still needed to confirm the
inconsistency between the unadjusted and adjusted
results of the association between DSME and total medi-
cal costs by further studies, this study further strength-
ens the evidence that the use of DSME would result in
a reduction in total medical costs and total prescription
costs for Medicare beneficiaries with diabetes. DSME has
positive effects on clinical, psychosocial, and behavioral
aspects of diabetes thereby leading to the patient’s gen-
eral well-being and consequent reduction in the cost of
care [37].

Based on our results and previous findings from the
literature, we suggest that: 1) DSME offers an opportu-
nity to further reduce the medical costs of diabetes for
the CMS; 2) increasing patient participation in DSME
is needed to further reduce expenditure for medical
costs of diabetes; and 3) the features of DSME, includ-
ing self-care behavior, lifestyle modification, and self-
management are crucial factors for cost containment
of diabetes complications in Medicare patients with
diabetes.

Conclusion

The use of DSME is associated with lower total medical
costs and total prescription costs among Medicare ben-
eficiaries. Our results strengthen existing evidence of the
benefit of DSME using a nationally representative data-
base of Medicare beneficiaries to determine the direct
impact of DSME on the costs of patients with diabetes.
Based on our results, we recommend further promotion
and awareness of the benefits of DSME to ensure more
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participation, sustained DSME activities, enrollment, and
patient retention in DSME.
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