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Abstract

OBJECTIVE—To estimate medical costs associated with 17 major diabetes-related
complications and treatment procedures among Medicare beneficiaries aged =65 years with type 2
diabetes.

RESEARCH DESIGN AND METHODS—Claims data from 100% of Medicare beneficiaries
enrolled in fee-for-service plans from 2006 to 2017 were analyzed. Records with type 2 diabetes
and complications were identified using ICD-9, ICD-10, and diagnosis-related group codes. The
index year was the year when a person was first identified as having diabetes with an inpatient
claim or an outpatient claim plus another inpatient/outpatient claim in the 2 years following

the first claim in Medicare. Included individuals were followed from index years until death,
discontinuation of plan coverage, or 31 December 2017. Fixed-effects regression was used to
estimate the cost in years when the complication event occurred and in subsequent years. The total
cost for each complication was calculated for 2017 by multiplying the complication prevalence by
the cost estimate. All costs were standardized to 2017 U.S. dollars.

RESULTS—Our study included 10,982,900 beneficiaries with type 2 diabetes. Follow-up ranged
from 3 to 10 years. The three costliest complications were kidney failure treated by transplant
(occurring year $79,045, subsequent years $17,303), kidney failure treated by dialysis ($54,394,
$38,670), and lower-extremity amputation ($38,982, $8,084). Congestive heart failure accounted
for the largest share (18%) of total complication costs.

CONCLUSIONS—Costs associated with diabetes complications were substantial. Our cost
estimates provide essential information needed for conducting economic evaluation of treatment
and programs to prevent and delay diabetes complications in Medicare beneficiaries.
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Diabetes imposes an enormous economic burden on the U.S. health care system, with
estimated medical costs of $327 million in 2017 expected to be $514 million by 2025 (1).
Sixty-one percent of the medical costs associated with diabetes were for persons aged =65
years, much of which are borne by the Medicare program (2,3). Expenditures for Medicare
beneficiaries with diabetes are 1.7 times as much as for beneficiaries without diabetes (4,5).

More than one-half of total medical expenditures attributable to diabetes is for treating
diabetes-related complications (2,6). Previous studies on the cost of diabetes complications
focused on persons with diabetes enrolled in private health plans and aged <65 years (4,7,8).
Furthermore, no studies except one by Yang et al. (9) estimated the cost of complications
with low prevalence, such as kidney transplant, because of their small sample sizes. As
well, all studies except Yang et al. used cross-sectional data, which could yield biased
estimates due to the inability to adjust for some influential confounders. Factors such

as health care—seeking behaviors, perceived health status, or ability to pay affect health
service utilization and medical costs but are typically unavailable in claims data. Use of a
longitudinal follow-up study design that allows adjustment for individual-level fixed effects
can overcome the lack of data on confounders associated with the cross-sectional study
design and improve validity and accuracy of cost estimates. In addition, the cost of diabetes
complications among elderly persons with type 2 diabetes is likely to be different from the
cost of diabetes complications among those aged <65 years because of differences in health
insurance plans, age of the study population, and duration of diabetes.

More than 90% of diabetes cases are type 2 diabetes, which can be prevented through
lifestyle changes to address risk factors. We followed cohorts of Medicare beneficiaries
with type 2 diabetes to estimate the medical costs associated with all major diabetes
complications and treatment procedures in this population. This information is critical for
assessing the cost effectiveness of clinical and public health interventions for preventing,
delaying, and managing type 2 diabetes in the Medicare population.

RESEARCH DESIGN AND METHODS

Study Population

We used 100% of Medicare claims data for 2006—-2017 from the Centers for Medicare &
Medicaid Services Chronic Conditions Data Warehouse (10). Medicare is the federal health
insurance program for people aged =65 years, certain younger people with disabilities,

and people with end-stage renal disease. The various parts of Medicare cover specific
services: Part A covers inpatient hospital stays, care in a skilled nursing facility, hospice
care, and some home health care; Part B covers certain physicians’ services, outpatient care,
medical supplies, and preventive services; and Part D covers the costs of prescription drugs.
These data include claims for hospital inpatient and outpatient services, physician/provider
services, and services provided by home health agencies and skilled nursing facilities. We
included Medicare beneficiaries with fee-for-service plans only because cost data for those
with Medicare Advantage plans are not in the Medicare claims data set.

We identified our study population using a diabetes cohort database that was previously
developed (11) on the basis of 100% of Medicare claims among those who enrolled in
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fee-for-service plans. The original cohort database used diagnostic codes (ICD-9 code 250.X
or ICD-10 code E10 or E11) to identify beneficiaries with diabetes. Individuals with drug-
induced diabetes, identified based on 1CD-9/10 diagnostic codes, were excluded from the
cohort. To be included in the study, beneficiaries must have had at least one inpatient claim
for diabetes or an outpatient claim for diabetes plus another inpatient/ outpatient claim for
diabetes within the 2 years after the first claim. This algorithm has been validated and used
in previous studies (11,12). The cohort database required that beneficiaries be continuously
enrolled in Medicare for 5 years, 2 years before and 2 years after the year when they were
first identified with diabetes (i.e., the index year), to ensure the accuracy of all identified
prevalence and incidence cases of diabetes. With the requirement of 2 years before the index
year without diabetes for the incidence cohort, the starting age of beneficiaries included in
the cohort database was 68 years. The requirement of having full medical records 2 years
after the index year allowed us to have sufficient time for claims-based ascertainment of
diabetes and diabetes complications. Because our focus was on type 2 diabetes, we excluded
beneficiaries with type 1 diabetes using an algorithm by Zhong et al. (13). We also excluded
those who did not enroll in Part D plans because their prescription drug cost data were

not available. Eligible beneficiaries were followed from the index year to the year they
disenrolled from Medicare, died, or 31 December 2017. Overall, 6.1% of the Medicare
beneficiaries were not followed after they switched from fee-for-service plans to Medicare
Advantage plans.

Outcome Variable—The outcome variable was the total annual medical cost from all
payment sources (Medicare, patient out of pocket, or other health insurance plans Medicare
beneficiaries may have had, e.g., group health plan, retiree coverage, Medicaid) during the
follow-up period. By service category, the total cost included expenditures for inpatient and
outpatient services, purchasing durable medical equipment, and services provided by a home
health agency, hospice, or skilled nursing facility. All costs were adjusted to 2017 U.S.
dollars using Personal Health Care expenditure deflator (14).

Diabetes Complications—We used diagnosis and procedure codes and diagnosis-
related group codes (see Supplementary Table 1 for a complete list) to identify

diabetes complications. We grouped the complications by type and pattern of progression
and treatment, as follows: 7) Retinopathy intravitreal injections, photocoagulation,
hypoglycemia, and ketoacidosis were treated as singular acute events that do not have
subsequent year costs, and 2) all other complications were treated as chronic events with
cost estimates in the year when the complication occurred (i.e., occurring year) and in
subsequent years. For myocardial infarction (MI), stroke, and kidney failure treated by
transplant, we treated years when the first event or repeated events occurred as occurring
years, and years between or after acute years as subsequent years. Some beneficiaries came
to the study cohorts with a previous occurrence of Ml or stroke; we coded their M1 and
stroke status in the first year as subsequent years. Angina and revascularization were treated
similarly to MI and stroke with the following modification: Whenever the beneficiary’s
subsequent years coexisted with MI or MI in subsequent years, their subsequent years
were recoded as zero to recognize that the presence of M1 would absorb the additional

cost of angina or revascularization. For nephropathy, kidney failure treated by transplant,
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kidney failure treated by dialysis, neuropathy, foot ulcer, lower-extremity amputation (LEA),
chronic retinopathy, blindness and vision loss, and congestive heart failure (CHF), we coded
the year when the first event occurred as the occurring year and all subsequent years as
subsequent years.

Statistical Analysis—Because the proportion of beneficiaries with diabetes with zero
total annual costs in our data set was <1%, we used a one-equation regression model

as opposed to a two-part model. Unlike cross-sectional studies in which people with and
without a specific complication are compared with estimates of the medical cost of the
complication, the fixed-effects model uses longitudinal data to compare the medical cost

of a person before and after the person developed a complication. Many factors, such as
those related to health care—seeking behaviors, perceived health status, or ability to pay,
affect health service utilization and medical costs but are often unavailable in claims data.
Omitting these variables could lead to estimate biases. The fixed-effects regression model
can inherently adjust for factors with no or missing data but that do not change over

time to reduce the estimation biases (15) (Supplementary Appendix). Besides diabetes
complications, we also controlled for several nondiabetes-related high-cost conditions,
including cancer, HIV/AIDS, liver disease, anemia, Alzheimer disease, asthma, chronic
obstructive pulmonary disease, hip fracture, arthritis, and organ transplant (excluding kidney
or pancreas transplants that could result from having diabetes). A dummy variable indicating
whether the beneficiary was enrolled in a Part D plan was created as an explanatory variable.
Our cost estimates represented an independent assessment of a specific complication, but
the total costs among beneficiaries who experienced that complication may be much higher
because complications co-occur. All descriptive and regression analyses were performed
using SAS Enterprise Guide 7.1 (SAS Institute, Cary, NC).

We estimated the total cost for each complication and its share of the total complication
costs in 2017. Total cost of an individual complication was calculated by multiplying the
prevalence of the complication by the estimated annual cost produced from the fixed-effects
regression model. The total cost associated with all complications was the sum of the

costs from all 17 complications included in the study. The cost share of each complication
was the cost of each complication divided by the total complication cost. To examine the
heterogeneity of the cost across subgroups, we conducted subgroup analysis by sex (male/
female), race/ethnicity (Black, White, Hispanic, Asian/Pacific Islander, American Indian/
Alaska Native), and dual eligibility for Medicaid (yes/no). We also conducted two sensitivity
analyses to examine how costs of diabetes complications would change if we included
Medicare beneficiaries Z) who did not enrolled in Part D and 2) who switched to Medicare
Advantage plans during the study period.

RESULTS

Our study included 8,004,804 Medicare beneficiaries with type 2 diabetes. By index year,
49.1% of the study participants were identified in 2008, and 7.7%, 7.7%, 7.5%, 7.4%, 6.7%,
7.0%, and 6.9% in 2009, 2010, 2011, 2012, 2013, 2014, and 2015, respectively. On average,
beneficiaries were followed for 5.90 years (range 3-10 years). By index year, average
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follow-up was 7.12 years for 2008, and 7.13, 6.55, 5.86, 5.17, 4.43, 3.70, and 2.86 years for
2009, 2010, 2011, 2012, 2013, 2014, and 2015, respectively.

Table 1 shows the characteristics of the combined cohorts in beneficiaries’ index year.
Beneficiaries were, on average, aged 76 years when entered into the study. More than 77%
of the beneficiaries were non-Hispanic White, and 41% were men. Approximately 42% had
at least one complication.

Table 2 shows the number of beneficiaries with each complication as well as the unadjusted
mean annual cost of the complication during the study period. The number of beneficiaries
was sufficient to generate a stable estimate of the cost for each complication. The most
common complications were nephropathy (2,697,151 [33.1%]), CHF (2,197,008 [27.4%]),
and stroke (2,191,709 [27.4%]); the rarest were LEA (63,358 [0.8%)]), ketoacidosis (16,767
[0.2%]), and Kidney failure treated by transplant (3.753 [0.1%]). Beneficiaries with kidney
failure had the highest unadjusted mean annual costs ($123,013), while beneficiaries with a
history of revascularization had the lowest unadjusted mean annual costs ($20,180).

The estimated annual per-person costs associated with diabetes complications after
adjustment varied by condition, ranging from $0.1 to $79,860 (median $5,876) (Table 3 and
Supplementary Fig. 1). The highest annual costs were associated with three microvascular
complications: kidney failure treated by transplant (occurring years $79,860, subsequent
years $15,568), kidney failure treated by dialysis ($54,739, $38,622), and LEA ($38,618,
$7,506). The costs of other microvascular complications were all <$15,000: nephropathy
($9,576, $1,875), foot ulcer ($10,433, $2,304), blindness and vision loss ($6,511, $447),
and chronic retinopathy ($682, $—0.1). For acute microvascular complications, the cost was
$4,011 for retinopathy intravitreal injections and $1,558 for photocoagulation.

All annual costs of macrovascular complications were <$20,000. The cost of complications
ranked in descending order were MI (occurring years $18,892, subsequent years $1,603),
CHF ($12,5476, $2,991), stroke ($12,442, $160), revascularizations ($10,301, $576), and
angina ($5,240, $542) (Table 3). Costs in occurring years were always higher than costs in
subsequent years.

Nationally, we estimated that the total cost of complications in Medicare fee for-service
beneficiaries with type 2 diabetes who were enrolled in Part D plans was $37.1 billion in
2017. CHF and stroke were the costliest complications among the 17 complications included
in our study, accounting for 18% and 15% of the total, respectively (Fig. 1). Following

were nephropathy (14%), revascularization (13%), M1 (11%), kidney failure treated by
dialysis (9%), and foot ulcer (6%); other complications each accounted for <5% of the total
cost. Although kidney failure treated by transplant was the costliest per person per year,

the condition accounted for only 0.21% of the total complication costs, as the number of
beneficiaries who received this treatment was small. There was a similar pattern for LEA.

The full results from the subgroup analysis are provided in the Supplementary Tables 2—4.
Differences in annual complication costs between subgroups vary depending on the specific
complication. Overall, male beneficiaries, Black or Hispanic beneficiaries, and beneficiaries
with dual eligibility for Medicaid had a higher cost than their counterparts.
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Results of the sensitivity analysis are presented in Supplementary Tables 5 and 6. The
estimated costs became lower when those for beneficiaries without the Part D plan were
included in the study. In comparison, the estimated costs changed little when those
beneficiaries who switched to Medicare Advantage plans were excluded.

CONCLUSIONS

Our study presents the most comprehensive estimates on the cost of diabetes-related
complications among Medicare beneficiaries aged =65 years with type 2 diabetes to date.
Annual costs associated with complications are substantial and vary by condition. The
annual perperson costs of kidney failure and LEA are especially high. When combined
with prevalence of the complications, CHF and nephropathy are the costliest conditions
for the overall Medicare population with type 2 diabetes. These estimates are critical for
evaluating the cost effectiveness of public health programs and clinical treatments among
Medicare beneficiaries with type 2 diabetes and for budgetary planning for managing these
complications for the Medicare program.

Previous studies also have examined the cost of complications. Brandle et al. (16) estimated
annual complication costs of acute Ml, stroke, and LEA for type 2 diabetes using cross-
sectional data from one managed care organization among patients aged 54—72 years. After
inflating their cost estimates from 2000 to 2017 dollars, the complication costs were higher
than our estimates in the occurring years as follows: $39,794 vs. $12,442 for stroke, $36,652
vs. $18,982 for M, and $56,250 vs. $39,618 for LEA. Li et al. (17) used the same data
source as Brandle et al. plus additional data from seven other managed care health plans
using a cross-sectional study design. More than one-half of their population was aged <65
years. Among the complications that overlapped with ours, direct costs of complications
were higher for angina ($8,468 vs. $5,240) and CHF ($16,680 vs. $12,476) and lower for
LEA ($25,123 vs. $39,618). Differences in study designs (cross-sectional vs. longitudinal),
ages of the populations, data sources (several managed health care organizations vs.
Medicare), and number of complications included may have contributed to the differences in
cost estimates between our study and these two previous studies. Besides these two studies
using real-world patient data, Ward et al. (18) also estimated annual medical costs associated
with diabetes complications using a microcosting approach with data from multiple sources.
Their estimated annual costs were higher than ours for M, stroke, and CHF while lower
than our estimates for LEA, foot ulcer, and blindness. Studies on estimating diabetes
complication costs have also been conducted in other countries (19-25). These estimates

are not directly comparable to ours because of different health care systems and payment
policies. However, the ranking of the complications costs seems to share some similarities.
For example, the two most expensive complications were renal failure treated by dialysis

or transplant and amputation. The costs associated with vision problems were the least
expensive.

Ours is the second study to use a large claims database and individual fixed-effects model to
estimate the annual cost of each diabetes complication. Recently, Yang et al. (9) used a large
private claims database with a similar study design to examine adults aged <65 years with
type 2 diabetes. Compared with our estimates, costs for these younger adults were higher
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for other complications. These differences could be a result of several factors, including
different price indices used. Most critically, Medicare beneficiaries with type 2 diabetes have
a different payment structure (26); and older adults with type 2 diabetes have different care
needs due to challenges in getting the social support they need and age-related conditions
and multiple comorbidities (27).

Our results show that the costs associated with treating diabetes complications in older
adults are substantial. Furthermore, the cost of a complication increases considerably if that
complication progresses to the advanced stage. For example, nephropathy costs $9,576 in
the first year and $1,875 per year thereafter. Once the disease progresses to kidney failure,
the cost increases to $54,739 if treated by dialysis and $79,860 if treated by transplant.

The cost of kidney transplant could be even higher than our estimates because the costs

of organ acquisition, including expenditures associated with tissue typing, crossmatching,
transportation of living donors or their kidneys, and administrative costs that organizations
may have aggregated at the facility level, are not reflected in the cost to Medicare. However,
the cost after the first year of kidney transplant would be much lower. Managing risk factors,
screening, and early treatment of diabetes complications to slow their progression may
lower the cost of complications. Blood pressure control with ACE inhibitor and angiotensin
receptor blocker therapies is highly effective to prevent kidney failure and to reduce costs
compared with no such therapy (28). Intensive glucose control to help patients with type

2 diabetes to achieve their A1C goal has also been shown to reduce costs by delaying
multiple complications and increasing time free of complications (29). A study conducted
in the Netherlands found that screening for heart failure could be cost effective for the
community-dwelling elderly population with diabetes (30).

Of the total costs of all diabetes-related complications in Medicare beneficiaries with type

2 diabetes in 2017, CHF, nephropathy, and stroke accounted for 47%. Lowering the risk

of these three complications could therefore play a key role in reducing the cost of diabetes-
related complications in this population. CHF and nephropathy could be highly correlated
(31,32); better management of CHF could slow the progression of nephropathy (32) or vice
versa (33). Thus, treatments, programs, and policies that target prevention, early detection,
or better management of either CHF or nephropathy may lower the costs associated with
diabetes-related complications in Medicare beneficiaries with type 2 diabetes.

Our cost estimates may be useful for economic evaluations of programs or policies that
affect complications among Medicare beneficiaries with type 2 diabetes (34). Diabetes
simulation models have been developed to estimate the long-term cost effectiveness of

risk factor control of a complication, but these models require input parameters on the

cost of each diabetes complication. For example, to estimate the cost effectiveness of an
intervention for preventing or delaying MI, our estimated cost of $18,982 would serve as the
cost associated with MI occurring and $1,602 as the subsequent annual cost until another Ml
developed and/or the person died. The model combines these parameters with the estimated
risk of developing MI with and without the intervention each year to estimate the change in
the lifetime cost associated with MI due to the intervention.
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Strengths of our study include that with 11 million people with type 2 diabetes in the data
set, we were able to estimate 17 diabetes complications, including those with very low
prevalence. In addition, through our longitudinal design, we were able to mitigate potential
estimation bias by controlling time-invariant characteristics of an individual beneficiary in
the Medicare claims data.

This study has some limitations. First, acute events beyond the 2-year lookback period

were not observed. It is possible that beneficiaries with previous complications would

have different costs when encountering second events. However, there is evidence that cost
estimates for first acute events are similar to the cost of all events (including repeated events)
for Ml and stroke, two of the costliest complications (35). Second, acute events may occur
at the end of one calendar year and span into the beginning of the next. This may lead to

an underestimation of acute costs and an overestimation of the costs of complication history
in the second year. Its impact on cost estimates is unknown. Third, the algorithm to identify
persons with diabetes or diabetes complications used in our study could misclassify some
beneficiaries with diabetes and diabetes-related compilations. How this misspecification
affected the estimated costs of diabetes-related complications is not clear. Fourth, although
we accounted for inflation, the cost of complications might change over time because of
factors such as technology advancement or payment policy change. For example, the cost of
treating kidney failure increases with time (36). Our results might therefore underestimate
costs for the complications for which treatments have become more complicated and
expensive since 2006. Fifth, our study included only those enrolled Medicare beneficiaries
in a fee-for-service plan and with complete prescription cost data; our cost estimates may
not be directly applicable to those beneficiaries enrolled in Medicare Advantage and with no
Part D drug coverage. Estimated costs associated with each complication tend to be lower
for Medicare beneficiaries without Part D coverage. Sixth, we were not able to validate the
algorithm we used to identify diabetes and its related complications. Although this algorithm
had a good validity based on previous validation studies (37,38), it is likely that the
algorithm still results in some misidentifications. More studies are needed to further refine
the algorithm or to develop new algorithms to accurately identify persons with diabetes

and diabetes complications based on claims data, especially in the Medicare population.
Finally, fixed-effects models do not completely eliminate confounding because there are still
variables that change with time that we cannot control.

In conclusion, we found that the costs associated with 17 diabetes complications and
treatment procedures among Medicare beneficiaries aged =65 years with type 2 diabetes

are substantial and vary by complication. These estimates provide the cost parameters
needed for assessing the long-term health and economic consequences of interventions for
preventing and managing type 2 diabetes and evaluating the economic benefits of clinical
and public efforts for delaying or preventing complications in elderly Medicare beneficiaries
with type 2 diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TOTAL ESTIMATED COST: $37.1 BILLION
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Figure 1—.

Pegrcentage of estimated specific complication costs among total estimated complication
costs in Medicare fee-for-service beneficiaries with type 2 diabetes in 2017. “Others”

refers to angina, hypoglycemia, blindness and vision loss, retinopathy intravitreal injections,
LEA, chronic retinopathy, ketoacidosis, kidney transplant, and photocoagulation; each
complication accounted for <5% of the total.

Diabetes Care. Author manuscript; available in PMC 2024 September 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wang et al. Page 12

Table 1—

Demographic and clinical characteristics of Medicare beneficiaries with type 2 diabetes in the index year ™

Characteristic Value
Beneficiaries, N 8,004,804
Mean age at index year (years) 75.86
Sex, %
Male 41.29
Female 58.71

Race/ethnicity, %

Non-Hispanic White 77.08
Hispanic 7.60
Non-Hispanic Black 10.33
Asian/Pacific Islander 3.46
American Indian/Alaska Native 0.75
Unknown 0.28

Diabetes complications, To

0 57.94
1 25.46
2 10.38
3 4.10
>4 212
Average, n 0.68

Comorbidities, %

Cancer 34.71
HIV/AIDS 0.17
Organ transplant? 0.06

*
Index year is the year when a person was first identified with diabetes within a Medicare fee-for-service plan.
*A
No variance data presented because the data included all eligible patients.
fDiabetes complications included retinopathy intravitreal injections, photocoagulation, hypoglycemia, ketoacidosis, nephropathy, kidney failure
treated by dialysis, kidney failure treated by transplant, neuropathy, LEA, chronic retinopathy, blindness and vision loss, congestive heart failure,
foot ulcer, Ml, stroke, angina, and revascularization.

IOrgan transplant excluded kidney failure treated by transplant.

Diabetes Care. Author manuscript; available in PMC 2024 September 11.
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