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Abstract

OBJECTIVE—To estimate direct medical and indirect costs attributable to diabetes in each U.S.
state in total and per person with diabetes.

RESEARCH DESIGN AND METHODS—We used an attributable fraction approach to
estimate direct medical costs using data from the 2013 State Health Expenditure Accounts,

2013 Behavioral Risk Factor Surveillance System, and the Centers for Medicare & Medicaid
Services’ 2013-2014 Minimum Data Set. We used a human capital approach to estimate indirect
costs measured by lost productivity from morbidity (absenteeism, presenteeism, lost household
productivity, and inability to work) and premature mortality, using the 2008-2013 National Health
Interview Survey, 2013 daily housework value data, 2013 mortality data from the Centers for
Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research, and mean
wages from the 2014 Bureau of Labor Statistics. Costs were adjusted to 2017 U.S. dollars.

RESULTS—The estimated median state economic cost was $5.9 billion, ranging from $694
million to $55.5 billion, in total and $18,248, ranging from $15,418 to $30,915, per person with
diabetes. The corresponding estimates for direct medical costs were $2.8 billion (range $0.3-22.9)
and $8,544 (range $6,591-12,953) and for indirect costs were $3.0 billion (range $0.4-32.6) and
$9,672 (range $7,133-17,962). In general, the estimated state median indirect costs resulting from
morbidity were larger than costs from mortality both in total and per person with diabetes.

CONCLUSIONS—Economic costs attributable to diabetes were large and varied widely across
states. Our comprehensive state-specific estimates provide essential information needed by state
policymakers to monitor the economic burden of the disease and to better plan and evaluate
interventions for preventing type 2 diabetes and managing diabetes in their states.
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Diabetes is a chronic disease that leads to many serious complications, including heart
disease, stroke, blindness, kidney failure, and lower-limb amputations (1). Both managing
diabetes and treating its complications require tremendous health care resources. Among
155 health conditions studied, diabetes ranked at the top in U.S. health care spending in
2013 (2). Diabetes also leads to substantial productivity losses in the nation’s economy, as
people with diabetes may not be able to work or may take more days of sick leave or die
prematurely. The estimated economic cost of diabetes, including direct medical costs and
indirect productivity losses, in the U.S. was $245 billion in 2012, was $327 billion in 2017
(3,4), and has been growing over the last two decades (3-6).

Prior studies on the economic burden of diabetes in the U.S. mainly focused on costs

at the national level (4-6). A few studies estimated economic cost of diabetes at the

state level, but they were based on applying the national-level per-person age-, sex-, and
race/ethnicity-specific cost estimates to the corresponding demographic stratum of the
states (4,7). Although such analysis provides useful information to state policymakers, the
estimates did not take into account other differences between states. Furthermore, state-level
cost estimates borne by payers, such as Medicaid and Medicare, were not specified.

The per-person economic cost of diabetes is likely to vary across states for several reasons.
First, the distribution of age, sex, and race/ethnicity groups varies by state. Second, both the
amount that a person spends on health care in general and the level of spending for persons
with diabetes relative to spending for those without diabetes may vary by state. Health
care spending could be affected by state income level (8,9), the state’s health care policy
and insurance regulations, and payer mix (Medicaid, Medicare, and other payers) (8,10).
Differences in relative spending levels between persons with and without diabetes across
states could be influenced by levels of health insurance coverage and specific coverage
benefits across disease conditions (11). Indirect costs of diabetes and earning ability could
be affected by differences across states in labor productivity, overall and diabetes-related
mortality, and the level of disability among people with and without diabetes.

Because many health policy decisions regarding diabetes prevention and control are made at
the state level, state public health planners, policymakers, and payers need accurate, detailed
information on the economic burden of diabetes in their state. Such information is critical
for diabetes surveillance, setting public health intervention priorities, and resource planning
for interventions to prevent and manage diabetes. Using the most recent available state-level
data, the Centers for Disease Control and Prevention (CDC) developed an online toolkit to
estimate the health and economic burden of diabetes for each state in 2013 U.S. dollars
(available at https://nccd.cdc.gov/Toolkit/DiabetesBurden/Home/Economic). In this study,
we used state-level data to produce state-level estimates of diabetes-attributable economic
costs per person among the population with diabetes, and in total, by cost component
expressed in 2017 dollars.

RESEARCH DESIGN AND METHODS

We used a prevalence-based cost-of-illness approach to estimate the economic costs of
diabetes for adults in each U.S. state and the District of Columbia (DC) from a societal
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perspective. We included both direct and indirect costs of diabetes, valued in terms of
opportunity costs (the value of foregone resources) resulting from diabetes treatment and
productivity losses, regardless of who bore them. All costs were expressed in 2017 U.S.
dollars. Below we summarize our approaches for estimating each cost component. The
detailed methods, including data sources, their descriptions, and uses, are available in the
CDC'’s online toolkit technical document, Section 2.2 (12).

Direct Medical Costs

We estimated direct medical costs attributable to diabetes separately for the
noninstitutionalized and institutionalized populations, in total and per person with diabetes.

Noninstitutionalized Population—We used an attributable fraction (AF) approach to
estimate the portion of state health expenditures attributable to diabetes by state, age, sex,
payer, and service type:

AF = pdjx(RRj—1)
1+ pdjx (RRj—1)

In the equation, pd'is the state prevalence of diabetes, RR is the cost ratio between people
with and without diabetes, and jindicates age, sex, payer, and service type. We estimated
state level diabetes prevalence by age-group, sex, and payer using 2013 Behavioral Risk
Factor Surveillance System (BRFSS) Health Care Access Module data. #Rs were estimated
by payer (Medicare, Medicaid, and other [private insurance, other insurances, and patient’s
out of pocket]), service type (all services combined for Medicaid), and age-group, using
the 2008-2012 Medical Expenditure Panel Survey. Because of lack of detailed state-level
data, RRs were estimated at the national level and applied to all states. We estimated cost
ratios using a two-part regression model. In the first part, logit models estimated whether
respondents had any medical spending; in the second part, generalized linear models
estimated costs among those who had positive spending (13). We then estimated R/ as the
ratio of predicted costs for patients with diabetes to predicted costs assuming no diabetes.
Models controlled for age, age squared, sex, race/ethnicity, poverty status, education, and
census region.

To estimate diabetes-attributable total medical costs, we multiplied AF estimates by
projected 2013 State Health Expenditure Accounts (SHEA) estimates (14). SHEA is an
accounting of state-level “personal health care” based on the National Health Expenditure
Accounts data and state-level data on health care expenditures from the economic census
and other sources. It excludes administrative and net costs of private health insurance,
government public health activities, and investment in research, structures, and equipment
(14). To obtain per-person diabetes-attributable medical costs, we divided total costs by

the number of people with diabetes in each age-sex stratum. Medicare and Medicaid costs
were calculated based on the number of people with diabetes covered by those insurers; for
“other” payers, costs were based on all people with diabetes because “other” costs in SHEA
represent costs paid by private payers, other third-party payers, and patient out-of-pocket
payments.
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Institutionalized Population—For the institutionalized population, we estimated an AF
weighted by the Centers for Medicare & Medicaid Services’ Resource Utilization Groups
(RUGSs) payments. RUGs represent levels of care intensity in nursing homes and are
assigned to all residents based on their activities of daily living, dependency score, and other
clinical care needs (15). RUG-weighted AFs were calculated for each state by age-group
and sex and applied to nursing home expenditures from SHEA. The RUG-weighted AF

is the weighted excess diabetes prevalence in nursing homes compared with community
prevalence:

NP« RUGP D

AF = _C
NP x RUGP + NN x rRUGN

AP and AN are the number of long-term stay nursing home residents with and without
diabetes, respectively. RUGP and RUGN are average RUG payments for nursing home
residents with diabetes and without diabetes, respectively. CP is the prevalence of diabetes in
the community. We used Centers for Medicare & Medicaid Services’ 2013-2014 Minimum
Data Set to estimate state-level diabetes prevalence in the nursing home and average RUG
payments by diabetes status.

We estimated state-level nursing home expenses attributable to diabetes by multiplying

AFs by the state nursing home spending estimates by payer, age-group, and sex. For
state-level nursing home expenditures, we used the Nursing Care Facilities and Continuing
Care Communities cost category from SHEA, subtracting the estimated portion that was for
continuing care retirement communities. To obtain per-person estimates, we divided total
diabetes-attributable nursing home costs by the estimated number of people with diabetes
(from BRFSS) in the community plus active nursing home residents with diabetes (from the
Minimum Data Set).

We adjusted all medical cost estimates to 2017 dollars using the annual average medical care
component of the consumer price index.

Indirect Costs

We used a human capital approach to estimate the indirect cost of diabetes, which reflects
the productivity forgone in labor market and household production resulting from diabetes.
Morbidity- and mortality-related productivity losses were estimated separately.

Morbidity-Related Productivity Losses—Morbidity-related costs attributable to
diabetes were calculated as the sum of diabetes-attributable costs from absenteeism,
presenteeism, household productivity losses, and inability to work, as described below.

Absenteeism Costs.: We calculated statelevel absenteeism costs as the number of missed
workdays attributable todiabetes multiplied by the daily state wages and the estimated
number of people with diabetes employed in each state. The number of workdays missed
due to diabetes was estimated by census region, age-group, and sex using the 2009—
2013 National Health Interview Survey (NHIS) (16) and controlling for demographic and
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socioeconomic factors. Daily mean earnings were estimated as national annual wages from
the 2015 Current Population Survey Table Creator (17) and adjusted to state wages by
applying a state-to-national 2014 Bureau of Labor Statistics wage ratio (18) and then
dividing by 250. We estimated the number of employed people with diabetes in each state by
multiplying the estimated percentage of people with diabetes who work by region from the
2009 to 2013 NHIS by corresponding state estimates of the number of people with diabetes
using 2013 BRFSS data. We adjusted absenteeism and all other indirect costs to 2017 dollars
using the Employment Cost Index.

Presenteeism Costs.: We estimated diabetes-attributable presenteeism costs (on-the-job
productivity losses) for employed people in each state as the average number of
presenteeism days lost multiplied by estimated daily earnings. Based on previous studies,
we assumed an average number of presenteeism days lost due to diabetes at 6.6% of
average number of days worked (4,5), with days worked based on 250 days minus estimated
absenteeism days.

Household Productivity Losses.: Household productivity losses arise, regardless of
employment status, when people are unable to perform household services for nonmarket
production, such as housework, cooking and cleanup, house-hold management, and caring
for children. Per-person household productivity losses were estimated as the number of
diabetes-attributable bed days per year due to illness or injuries, using the same approach
as for estimating workdays lost, multiplied by the daily value of household production.
Average values of a day of household production were obtained from the Expectancy Data
Economic Demographers’ The Dollar Value of a Day: 2013 Dollar Valuation (19). To
generate state estimates, we applied Bureau of Labor Statistics state-to-national wage ratios
as used for absenteeism costs.

Inability to Work Costs.: People can become unable to work due to diabetes related
disability and lose the full value of their expected annual earnings. We used 2011-2013
NHIS (16) data to estimate the number of people unable to work because of diabetes-related
disability, multiplying the probability of being unable to work because of diabetes by the
number of people with diabetes. We multiplied by state-level annual earnings to estimate the
losses associated with inability to work.

Mortality-Related Productivity Losses—We used a human capital approach, which
values premature death from a disease as foregone future productivity, to estimate mortality
costs (20,21). Mortality costs attributable to diabetes were estimated by multiplying the
number of diabetes-attributable deaths by age-group and sex in each state with the present
value of lifetime labor earnings and household productivity costs.

An AF approach was used to estimate the number of diabetes-attributable deaths by age-
group and sex, combining information on diabetes prevalence, the relative risk of death for
people with diabetes compared with those without diabetes, and the total number of deaths
in the entire population (22). We estimated relative risk of death using 2005-2009 NHIS
with follow-up mortality data through 2011 and the number of deaths using the 2013 CDC
Wide-ranging Online Data for Epidemiologic Research (WONDER) (23).
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Present value of future labor earnings and household production were calculated from
national estimates of annual earnings and the dollar value of household production (19).
We discounted future costs by the probability of surviving to each year of age at which the
expected production occurs. We used 2010 U.S. life tables from the National Vital Statistics
Report to calculate compounded survival rates for each age-group (24). Present values were
adjusted to account for expected employment rates and the percentage of people living in
households and further assumed a 1% annual growth rate in productivity and a 3% annual
discount rate (20).

State aggregate costs are mainly driven by population size. Therefore, as an alternative
measure of the economic burden of diabetes in a state, we also calculated costs per

adult population in the state. Additionally, we estimated diabetes AFs for medical cost as
ratios of estimated state-specific diabetes-attributable medical costs to state personal health
care expenditures. We examined the association between this AF and state-level diabetes
prevalence using correlation analysis.

The total economic costs ranged from $694 million in Wyoming to $55.5 billion in
California, with median cost of $5.9 billion (Table 1). Costs by component were highest

in California and were lowest in Wyoming for medical and morbidity costs and in Vermont
for mortality costs (Table 1). The estimated total economic cost at the national level as a sum
of costs across the states was $465.2 billion, consisting of $214.1 billion (46%) for medical
costs, $139.6 billion (30%) for morbidity costs, and $111.5 billion (24%) for mortality costs
(Table 1).

By payer, medical costs for Medicaid ranged from $39 million in Wyoming to $5.0 billion
in New York, with median cost of $332 million. For Medicare, medical costs ranged from
$73 million in Alaska to $7.7 billion in California, with a median cost of $978 million.

For other payers, medical costs ranged from $202 million in Wyoming to $11.7 billion in
California, with a median cost of $1.4 billion. On average, 13% of medical costs were borne
by Medicaid, 34% by Medicare, and 52% by other payers. These proportions varied widely
across states (Supplementary Table 1).

Total economic costs per adult in each state ranged from $1,103 in Utah to $2,522 in West
Virginia, with a median of $1,875 (Fig. 1). Medical costs per adult were also lowest in Utah
and highest in West Virginia, whereas morbidity costs per adult were lowest in Montana and
highest in New York; mortality costs were lowest in Utah and highest in Alabama. Figure 2
illustrates the distribution of total direct medical costs per adult in each state by payer. For
Medicaid, costs ranged from $44 per adult in Utah to $321 per adult in New York, with a
median cost of $104 per adult. For Medicare, costs ranged from $131 per adult in Alaska

to $470 per adult in West Virginia, with a median cost of $280 per adult. For other payers,
medical costs ranged from $289 per adult in Utah to $640 per adult in Delaware, with a
median cost of $473 per adult.
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Indirect costs due to morbidity and mortality costs were substantially higher than direct
medical costs, ranging from $365 million in Vermont to $32.6 billion in California, with

a median cost of $3.0 billion (Table 1 and Supplementary Tables 1-3). Median morbidity
costs were $1.6 billion, comparable to median mortality costs ($1.4 billion); however, the
range for morbidity costs ($203 million to $19.9 billion) was 57% greater than that for
mortality costs ($153 million to $12.7 billion). On average, ;58% of the morbidity cost was
attributable to being unable to work, ~31% to presenteeism, ~6% to absenteeism, and 5%

to household productivity losses (Supplementary Table 2). About two-thirds of mortality
costs were attributable to work productivity losses, whereas the rest resulted from household
productivity losses (Supplementary Table 3).

State-level maps show geographical patterns of diabetes costs per person with diabetes, with
a cluster of states in the northeast and Alaska bearing highest costs (Fig. 3A). The northeast
U.S. had a cluster of states with high per-person medical costs, whereas the southwest and
a small section of the south had clusters of states with lower per-person medical costs

(Fig. 3B). Conversely, the statesinthewestandsouthwesthadsome of the highest per-person
morbidity costs (Fig. 3C), and states in the southeast had some of the highest per-person
mortality costs (Fig. 3D). DC had the highest per person economic cost ($30,915), and
South Dakota had the lowest ($15,418), with the median per-person cost of $18,248 (Table
1). The median direct medical cost was $8,544 per person with diabetes; the per-person
cost to Medicare ($6,133) was larger than the cost to Medicaid ($4,592) (Table 1 and
Supplementary Table 1). The per-person median indirect cost ($9,672) was larger than the
medical cost. Within indirect costs, the per-person morbidity cost ($5,142) was higher than
mortality cost ($4,438) (Table 1 and Supplementary Tables 2 and 3). Within the morbidity
cost, the per person median cost was highest for inability to work ($2,922) and lowest

for household productivity ($248) (Table 1 and Supplementary Table 2). The per-person
mortality costs due to lost labor productivity were more than twofold that attributed to
householdproductivity losses ($2,951 vs. $1,445) (Table 1 and Supplementary Tables 1 and
3).

The diabetes AF for medical cost ranged from 5.8 to 12.4%, with a median of 8.6%. The
fraction was highly positively correlated with diabetes prevalence in the state (r= 0.95; A,
0.001) (Supplementary Table 4).

CONCLUSIONS

This study provides the most comprehensive estimates to date of economic costs of diabetes
in each of the 50 U.S. states and DC. Improvements from previous studies include: 7) use
of mainly state-level data, 2) providing detailed estimates for each component of direct and
indirect costs in total and per person with diabetes, and 3) providing direct medical costs by
payment source (Medicare, Medicaid, and others). Estimates by age and sex are available
at https://nccd.cdc.gov/Toolkit/DiabetesBurden/Home/Economic. Policymakers, especially
those at the state, regional, and local levels, may find this information useful in developing
evidence-based public health policies to curb the increases of the health and economic
burden of diabetes.
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State-level economic costs of diabetes are not only large, but also vary greatly across

states. When estimated per adult population in the state, almost one-third of states had
diabetes-attributable annual medical costs in excess of $1,000 (range $480-1,270) and
annual total economic costs exceeding $2,000 per adult (range $1,100-2,520). Costs per
person with diabetes also varied substantially across states, both in total and by component.
Thus, assuming perperson cost of diabetes derived from national data to estimate the cost for
a state may substantially over- or underestimate true cost.

The total economic cost per-person with diabetes in the highest-cost state was twofold of
that in the lowest. This variation was explained by variations in both per-person direct
medical costs (2-fold) and indirect costs (2.5-fold). Twofold differences in per-person direct
medical costs were largely driven by wide variation in per-person Medicaid costs (fourfold).
The 2.5-fold differences in per-person indirect costs were due to a twofold difference in
morbidity costs and a nearly threefold difference in mortality costs. Differences in the
number and the age and sex composition of deaths led to variation in mortality costs across
states, whereas the cost of inability to work and presenteeism were the key drivers of
variation in per-person morbidity costs. The fraction of the population with diabetes who
worked, along with age- and sex-specific state wages, were the major factors driving state
variation in these morbidity costs.

Per-person medical costs of diabetes also varied by payer. Although median per-person cost
borne by Medicare was larger than that borne by Medicaid and other payers, the difference
in costs between the highest versus the lowest cost states was 4-fold for Medicaid compared
with 1.7-fold for Medicare and 2.1-fold for other payers. The larger variation in state
Medicaid cost may be due to differences in Medicaid enrollment and coverage, as each state
has its own Medicaid policies. The Medicaid cost estimates provide valuable information for
decision making for Medicaid health care resource planning and program evaluation.

Our estimated aggregate medical cost, as a sum of state-level costs, is comparable to

the American Diabetes Association’s (ADA’s) 2017 estimates ($214 vs.$237 billion in
2017 dollars) (3). However, our aggregated total economic costs are much larger than
ADA estimates ($472 vs. $327 billion in 2017 dollars). Several factors may have caused
our indirect costs to be larger than ADA estimates. First, although both studies used
Current Population Survey earnings data to value the productivity losses associated with
absenteeism, presenteeism, inability to work, and premature mortality, the earnings used
in our study were larger, as ADA estimates capped earnings at $150,000, and we did not.
Second, although ADA used Social Security Income disability program participation to
estimate the number of people with diabetes who were unable to work, we used disability
status of each person as self-reported in NHIS, resulting in a larger number of people with
diabetes who were unable to work in our study. Third, for estimating morbidity costs, we
included people who were self-employed as part of the employed population for estimating
morbidity costs and, to estimate mortality costs, included household productivity losses, in
addition to labor productivity losses used in ADA estimates (5).

Our study had several limitations. First, for some components, such as morbidity-related
productivity losses, reliable state-level data were not available; we therefore used regional
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estimates. Hence, estimates for these components may not have captured full state-specific
variation. Second, we did not include nonmedical direct costs, such as patient transportation
and caregiver costs, because state-level data on patients’ use of these resources were not
available. Furthermore, our study did not include the indirect cost associated with pain

and suffering by patients and their families. Hence, our results may underestimate actual
costs. Third, our population with diabetes estimates were based on people with diagnosed
diabetes; because approximately one-fourth of people with diabetes are undiagnosed (1),
our cost estimates likely understate the true burden of diabetes to states. Finally, because

of inadequate information to reliably distinguish diabetes by its type, we were not able to
estimate separate costs for type 1 and type 2 diabetes.

Our detailed estimates of state-specific economic costs attributable to diabetes have
significant public health implications, as they provide critical information needed by
policymakers to develop, prioritize, and assess policies and interventions to target areas with
highest economic burden. The wide variation in state-level per-person total economic costs
and component-specific costs suggests that estimates using an oversimplified approach,
such as extrapolating national average estimates to derive state-level cost estimates, are
likely biased and may lead to improperly informed policy decisions and assessments of

the benefit of diabetes interventions. Additionally, variability notwithstanding, state-level
economic burden of diabetes was substantial across the states and reinforces the need for
continued efforts toward delaying or preventing type 2 diabetes (25) and improving ongoing
care among patients with diabetes.

Various studies in the U.S. and elsewhere have demonstrated that type 2 diabetes prevention
programs with intensive lifestyle modification or metformin targeting weight loss could
reduce the risk of type 2 diabetes by >50% and can be cost-effective or even cost-saving
(26-33).

Conclusion

Economic costs attributable to diabetes, overall and by component, were substantial and
varied extensively across U.S. states. By allocating and targeting resources toward type 2
diabetes prevention and diabetes management, states could reduce this burden. Our estimates
provide policymakers and payers an improved understanding of the various aspects of the
state-specific economic burden of diabetes and information needed for better planning and
evaluating diabetes interventions at the state level.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1—.

Annual total economic costs (in U.S. dollars) per adult population attributable to diabetes
by state and cost component, 2017. Note: the sum of direct medical costs and indirect costs
(morbidity and mortality) yields total economic cost.
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Figure 2—.

Annual total medical costs (in U.S. dollars) per adult population attributable to diabetes by
state and payer, 2017. Note: other is private insurance, other payers, and out of pocket from
patients.
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Figure 3—.

AgD. Quintilesofstate-leveldiabetes-attributableper-personannualtotaleconomiccosts(U.S.
dollars) andbycostcomponent, 2017. A: Total diabetes-attributable annual economic costs
per person with diabetes. B: Total diabetes-attributable annual medical costs per person with
diabetes. C: Total diabetes-attributable annual morbidity costs per person with diabetes. D
Total diabetes-attributable annual mortality costs per person with diabetes.
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