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OBJECTIVE — The purpose of this study was to assess the economic burden of diabetes from
an employer’s perspective. We analyzed the costs of diabetes, using claims data for an employed
population and the prevalence of selected comorbid conditions.

RESEARCH DESIGN AND METHODS — The data source is a claims database from a
national Fortune 100 manufacturer. It includes medical, pharmacy, and disability claims for all
beneficiaries (n �100,000). Both medical and work productivity costs of diabetes patients are
compared by age with those of matched control subjects from the overall beneficiary population.
Out-of-pocket and intangible costs are excluded.

RESULTS — In 1998, the employer’s mean annual per capita costs were higher for all diabetes
beneficiaries than for control subjects ($7,778 � 16,176 vs. $3,367 � 8,783; P � 0.0001),
yielding an incremental cost of $4,410 � 18,407 associated with diabetes. The medical and
productivity costs for employees with diabetes were significantly (P � 0.0008) higher than for
control subjects. The incremental cost of diabetes among employees ranged from $4,671 (aged
18–35 years) to $4,369 (aged 56–64 years).

CONCLUSIONS — Diabetes imposes a significant economic burden on employers, partic-
ularly when including productivity costs. Employers should select health plans that provide
enriched benefits to diabetes patients, including ready access to medical and pharmacy services
as well as aggressive diabetes management programs.
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Theburdenofdiabetesontheworking-
age population is great. In 1997,
there were eight million cases of di-

abetes nationwide, with another esti-
mated eight million undiagnosed cases
(1–3). Diabetes as an underlying cause of
death ranked seventh among the top
causes of death in the U.S. in 1997 and
sixth among those individuals between
45 and 64 years of age (4). Several studies
have documented the direct medical cost
of diabetes (5–10). The excess per capita
average direct medical costs range from
$2,257 (staff-model managed care, 1994)
(5) to $7,402 (national estimate, 1997)
(6). In addition, the economic burden of
diabetes includes reduced workforce pro-

ductivity and participation due to prema-
ture mortality, disability, diminished
work effectiveness, and absences caused
by medical service utilization (11–16).

Relatively little information is avail-
able on the economic burden of diabetes
borne by employers. In 1997, diabetes
was estimated to account for 55 million
disability days per year for those under
the age of 65 (6). National expenditures
were estimated as $54.1 billion, including
$37.1 billion for disability. From patient
self-reports, diabetes was estimated to
cause a one-third reduction in earnings
due to reduced workforce participation,
with annual costs ranging from $3,700 to
8,700 (16). The employer’s perspectives

is important because they provide most
individuals of working age benefits such
as paid sick days, health insurance, and
disability coverage. No study has used
claims data to evaluate the cost of diabetes
from the perspective of the employer.

The goal of this study was to assess
the economic burden of diabetes from the
employer’s perspective. Specifically, we
used claims records from a large Fortune
100 company to estimate both medical
costs and work loss costs (disability and
medically related absenteeism) of diabe-
tes. To determine the incremental em-
ployer burden of diabetes, we compared
the expenditures for medical care and
medically related work loss days of bene-
ficiaries with diabetes with those of a
matched sample of beneficiaries without
diabetes in the same organization.

RESEARCH DESIGN AND
METHODS

Setting and database
The study population was drawn from a
Fortune 100 manufacturing firm with fa-
cilities throughout the U.S. and �100,000
medical plan beneficiaries, including in-
dustrial, service, and professional em-
ployees. This company self-insures its
health insurance and disability programs.
All employees were covered by the health
insurance program, and �90% were cov-
ered by disability benefits. Administrative
records include payments made by the
employer for medical and prescription
drug claims for all beneficiaries (employ-
ees, spouses, dependents, and retirees un-
der the age of 65 years) and disability
claims (for employees only). The medical
and pharmacy data are from fee-for-
service claims.

Diabetes sample: identification of
beneficiaries with diabetes
To identify beneficiaries with diabetes in
the database, we used a combination of
diagnosis codes and drug-specific phar-
macy claims. Beneficiaries with diabetes
were identified as those who, between
1996 and 1998, had two or more medical
and/or disability claims with a diabetes
diagnosis code (ICD-9 codes 250.xx) or
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one or more prescription drug claims for a
hypoglycemic agent. A sample of 8,748
beneficiaries with diabetes was identified
using this algorithm. Because of the diffi-
culties in differentiating type 1 diabetes
patients from those with type 2 diabetes
in administrative databases, we elected
not to make this distinction in analyses
reported here.

Matched control sample:
beneficiaries without diabetes
We matched each beneficiary with diabe-
tes to one control beneficiary without di-
abetes over the study period (1996 –
1998). Subjects with diabetes were
matched to control subjects with respect
to age (identical numerical age), sex, job
classification (salaried/nonsalaried; bar-
gaining/nonbargaining), health plan, and
state of residence. Matched control sub-
jects were not selected on the basis of
health care or disability claims, and thus
the control group included individuals
with no claims. When more than one
matched control was available, we se-
lected one randomly from among the pool
of possible matches using a computerized
randomization process in SAS version 8
for Windows (17).

Identifying conditions comorbid
with diabetes
To better understand the reasons for ex-
cess illness-related work loss among those
with diabetes, we identified comorbidi-
ties often associated with diabetes in both
the diabetes sample and control subjects.
We focused on comorbidities that are rec-
ognized in the literature to drive medical
costs, morbidity, and mortality in dia-
betes (2,8,10,18–20). These conditions
included cardiovascular disease, hyper-
tension, infections related to diabetes
(e.g., septicemia, bacteremia), other met-
abolic diseases (e.g., hyperosmolarity),
nephropathy, neuropathy, and retinopa-
thy. Records were searched over the anal-
ysis period of the year 1998 for ICD-9
codes related to each comorbidity.

Costs of diabetes
The term “costs” refers to payments by the
employer to health care providers or em-
ployees for medically related missed
workdays. The incremental cost of diabe-
tes for this analysis is the excess cost in-
curred by diabetes patients over the
control subjects. Our goal for matching
was to minimize the chance that factors

other than diabetes would influence the
incremental cost analyses.

Direct medical care costs
Direct costs were reimbursements from
the employer to health care providers for
inpatient, outpatient, physician, and pre-
scription drug services, as well as for other
services (e.g., physical therapy, nursing
home services). Costs were reported
based on claims for services provided in
1998. Patients’ out-of-pocket and non-
medical costs (e.g., deductibles, transpor-
tation) as well as intangible costs are
excluded because of the employers’ per-
spective of the analysis.

Productivity costs
Productivity costs in this study are based
on “medically related absences,” includ-
ing both sporadic work loss associated
with use of medical services and extended
work loss caused by disability. Because
actual dates of medical care and disability
were known, we counted only workdays
(omitting weekends and holidays). Esti-
mates of the cost of time lost from work
for medical care were based on the type
and frequency of visits to health care pro-
viders. If a medical service claim for an
employee was recorded during a work-
week day, then the following algorithm
was applied to determine the number of
medically related work absence days: 1)
for hospital care, a full day absent for each
day in the hospital, and 2) for outpatient
or office care, a half day was counted. Be-
cause the disability benefit covers lost
work beginning with the sixth consecu-
tive day of a work absence, patients who
claimed disability were also assigned five
medically related work absence days be-
fore their period of disability (21). Pro-
ductivity costs attributable to disability
were based on the employer’s payments
for disability claims. Productivity costs for
medically related sporadic absences were
based on the employer’s average wage for
the affected employee’s job classification.

Other productivity measures include
costs from reductions in work perfor-
mance while on the job, work loss caused
by sporadic absences for illness when
medical care was not sought, and friction
costs of worker replacement (12,22,23).
Our database did not contain information
that could be used to estimate these pro-
ductivity impacts. Hence, our estimates of
productivity costs are conservative.

Analysis
Our aim for the analysis was to assess the
average (mean differences) between the
diabetes and control populations. Aver-
ages are useful to employers or insurers
trying to estimate the total expected pro-
ductivity costs of individuals with diabe-
tes relative to those without diabetes. We
calculated prevalence rates of selected co-
morbidities (e.g., cardiovascular disease,
hypertension, and retinopathy) as well as
average costs per patient. Medical, pro-
ductivity, and total (medical plus produc-
tivity) costs are reported in 1998 dollars.
All cost data are reported as the means �
SD, unless otherwise noted. Descriptive
statistics were generated with the SAS ver-
sion 8 software program (17). We used t
tests and �2 tests to evaluate the statistical
significance of differences in outcomes of
the diabetes sample and matched control
subjects.

RESULTS

Population demographics
A sample of 8,170 beneficiaries with dia-
betes were matched to control subjects
without diabetes. The prevalence rate of
diabetes was 3.5% in the employer pop-
ulation. This is consistent with estimates
for the U.S. that include unemployed and
retired individuals (24). Table 1 lists de-
mographic information for the diabetic
and matched control populations com-
pared with a 10% random sample of the
employer population. The diabetes sam-
ple was older (mean age 53 vs. 39 years;
P � 0.0001) and more likely to be male
(51 vs. 56%; P � 0.0001) than the aver-
age beneficiaries. In addition, 19% of the
beneficiary population was under 18
years of age in 1998, versus 1% of those
with diabetes (P � 0.0001). Similarly,
20% of the beneficiary population was be-
tween the ages of 56 and 64 years, versus
47% of those with diabetes. Individuals
with diabetes were more likely to be em-
ployed than those in the overall benefi-
ciary population (47 vs. 34%; P � 0.001)
and less likely to be spouses or depen-
dents (39 vs. 59%; P � 0.001).

Prevalence of comorbidities
The prevalence of diabetes-related co-
morbidities for diabetic and control sub-
jects is depicted in Fig. 1. Prevalences of
all comorbidities were significantly
higher in the diabetes sample than in the
control group across all age strata (P �
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0.0001). In both the diabetes and control
groups, cardiovascular disease and hyper-
tension were the most common comor-
bidities.

Utilization and costs
Medical service utilization. On aver-
age, beneficiaries with diabetes used more
of all types of medical services than con-
trol subjects. In 1998, diabetes patients

had an average of 3.4 inpatient, 5.5 out-
patient, and 9.1 office claims, compared
with 1.3, 2.9, and 4.9, respectively,
among control subjects. Two factors ex-
plain this higher level of service utiliza-
tion. First, diabetes patients are more
likely to use all types of services than con-
trol beneficiaries. Of the diabetes patients,
20% used inpatient services, 67% used
outpatient services, and 82% used office

services, compared with 10, 48, and 62%,
respectively, for control subjects. Second,
diabetes patients who used medical ser-
vices had more utilization than control
subjects. On average, diabetes inpatient
users had 16.6 inpatient claims, outpa-
tient users had 8.0 outpatient claims, and
office users had 11.1 office claims, com-
pared with 12.9, 6.2, and 7.8 claims, re-
spectively, for control users of these
services.
Medical and productivity costs for all
beneficiaries. Table 2 presents the med-
ical and work loss costs for the diabetes
sample and matched control subjects. In
1998, the employer’s cost for beneficia-
ries with diabetes (including employees,
their spouses, and dependents) were
higher than for beneficiaries without dia-
betes ($7,778 � 16,176 vs. $3,367 �
8,783; P � 0.0001). By subtracting the
average costs of the two groups, we find
that the incremental medical and produc-
tivity cost of beneficiaries with diabetes
compared with control subjects was
$4,410 � 18,407. When stratified by age,
total medical and productivity costs for
beneficiaries in the diabetes sample
ranged from $2,589 � 4,491 for those

Table 1—1998 demographic characteristics

Overall beneficiary
population

Diabetes
sample

Matched control
subjects

(n) 10% random sample 8,170 8,170
Sex (% female) 49 44 43
Work status (%)

Employees 34 47 48
Retired 6 14 14
Spouses/dependents 59 39 39

Mean age in 1998 (years) 39 53 53
Age categories (%)

�18 19 1 1
18–35 16 3 3
36–45 16 9 10
46–55 28 40 40
56–64 20 47 46

Figure 1—Treated prevalence of selected comorbidities for diabetes patients and matched control subjects. The ICD-9 codes of the selected related
comorbidities associated with diabetes are as follows: cardiovascular disease (410.xx to 414.xx, 415.xx to 417.xx, 420.xx to 429.xx, 430.xx to 438.xx,
440.xx to 448.xx, and 785.4x); hypertension (401.xx to 404.xx); infections related to diabetes (e.g., septicemia, bacteremia) (038.xx and 790.7x);
other metabolic diseases, hyperosmolarity (251.0x, 251.1x, 251.2x, 270.3x, 251.3x, and 276.xx); nephropathy (583.81, 580.9x, 581.81, 581.9x,
582.9x, 583.xx, 588.8x, and 593.9x); neuropathy (358.01, 354.xx to 355.xx, 713.5x, 337.1x, and 357.2x); retinopathy (362.0x, 362.1x, 362.2,
362.41, 363.31, 369.xx, 366.41, and 365.44). f, Diabetes sample; �, matched control subjects. *P � 0.0001 vs. matched control subjects.
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Table 2—1998 Total medical and productivity costs for diabetes and matched control beneficiaries

Age group

Mean and median annual payments per person

Diabetes sample Control subjects Difference P

�18 Years (n � 91)
Inpatient $445 $309 $136
Outpatient $617 $247 $370
Office $319 $133 $186
Other $338 $60 $278
Prescription drug $870 $583 $287
Medically related work loss $0 $0 $0
Total

Mean � SD $2,589 � 4,491 $1,332 � 4,750 $1,257 0.07
Median $1,540 $171 $1,369

18–35 Years (n � 232)
Inpatient $1,182 $337 $845
Outpatient $1,217 $515 $702
Office $430 $203 $227
Other $200 $30 $170
Prescription drug $1,116 $239 $877
Medically related work loss $1,121 $520 $601
Total

Mean � SD $5,265 � 9,466 $1,844 � 3,680 $3,421 �0.0001
Median $1,856 $370 $1,486

36–45 Years (n � 793)
Inpatient $2,101 $485 $1,616
Outpatient $1,260 $490 $770
Office $470 $248 $222
Other $163 $69 $94
Prescription drug $1,413 $431 $606
Medically related work loss $1,448 $805 $643
Total

Mean � SD $6,855 � 16,257 $2,528 � 5,914 $4,399 �0.0001
Median $2,458 $527 $1,931

46–55 Years (n � 3,292)
Inpatient $2,152 $639 $1,513
Outpatient $1,412 $689 $723
Office $526 $287 $239
Other $140 $44 $96
Prescription Drug $1,720 $606 $1114
Medically related work loss $1,467 $753 $714
Total

Mean � SD $7,417 � 12,954 $3,018 � 7,313 $4,427 �0.0001
Median $2,949 $722 $2,227

56–64 Years (n � 3,762)
Inpatient $3,254 $1,310 $1,944
Outpatient $1,650 $860 $790
Office $565 $312 $253
Other $126 $38 $88
Prescription drug $1,878 $815 $1,063
Medically related work loss $1,095 $657 $438
Total

Mean � SD $8,568 � 18,918 $3,993 � 10,542 $4,575 �0.0001
Median $3,314 $1,139 $2,175

Total
Mean � SD (n � 8,180) $7,778 � 16,176 $3,367 � 8,783 $4,410 �0.0001
Median $3,006 $883 $2,123

Data are means, except where indicated as medians.
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aged �18 years to $8,568 � 18,918 for
those aged 56–64 years. Costs for bene-
ficiaries in the matched control sample
ranged from $1,332 � 4,750 for those
aged �18 years to $3,993 � 10,542 for
those aged 56–64 years. The average total
cost for a beneficiary with diabetes ranged
from 1.9 to 2.9 times that for a beneficiary
in the control population without diabe-
tes, across each age category.

To investigate the sensitivity of the
findings to outlier values, we also tabu-
lated median cost values. Table 2 illus-
trates that the findings are not greatly
affected by outliers, because the pattern of
the medians is similar to that of the mean
values.
Composition of costs for beneficiaries
with diabetes. As expected, the costs for
inpatient care increased with age. This is
particularly true among diabetic patients
(Table 2). Costs of ambulatory care also
follow this pattern and are similar to in-
patient costs in magnitude. Each of these
components exceeded the prescription
drug component in every age category
among beneficiaries in the diabetes sam-
ple. As expected, productivity costs do
not exist in the �18 years of age cohort.
Across age cohorts, work loss costs repre-
sented a larger proportion of combined
costs (range 16.5–31.8%) in the diabetes
sample than in control subjects (range
12.8–21.3%). This difference of propor-
tion is associated with higher medical
costs among beneficiaries in the diabetes
sample. Furthermore, this consideration
of work loss costs provides a conservative
estimation because they are experienced
by employees only, but diluted across all
other beneficiaries. Also, work loss costs
account for both a larger percentage of
total cost and more absolute dollar
amounts among the youngest compared
with the oldest age group.
Medical and productivity costs for em-
ployee (only) beneficiaries with diabe-
tes. Total costs for employees in the
diabetes sample were significantly (P �
0.0008) higher than control subjects,
ranging from $7,774 (aged 18–35 years)
to $10,132 (aged 56–64 years). The in-
cremental medical and productivity cost
for employees with diabetes compared
with control employees was highest in the
younger age cohorts, at $4,671 for those
aged 18–35 years, $4,825 for those aged
36–45 years, and $4,369 for those aged
56–64 years. Across all age groups, mean
annual work loss costs alone for diabetic

employees ranged from 1.7 to 2.2 times
that of matched control employees. The
proportion of medical and work loss costs
attributable to employees in the diabetes
sample ranged from 31 to 42%, compared
with a range of 33 to 53% for matched
control employees. This proportion was
larger among control employees because
of their lower direct medical costs. Thus,
costs for diabetic employees, as a group,
are enhanced by the economic burden of
medically related work loss.

Across all age groups, the relative
likelihood that an employee in the diabe-
tes sample would have at least one disabil-
ity claim in 1998 for any reason was 33%,
versus 20% for an employee in the control
group. Among diabetic employees and
control subjects who claimed disability
during 1998, the mean duration of a dis-
ability claim was 41 � 98 days for dia-
betic employees, versus 22 � 73 days for
the control group (P � 0.0001). Across
age groups, total disability days claimed
were significantly higher for diabetic em-
ployees. The mean annual number of
work loss days for ambulatory visits or
hospitalizations was 8 � 13 days for dia-
betic employees versus 5 � 11 days for
control subjects.

CONCLUSIONS — This study as-
sessed the economic burden of diabetes
from an employer’s perspective, consider-
ing direct health care costs and produc-
tivity costs associated with work loss and
disability. Using claims data, we found a
mean annual incremental cost of $4,410
for all beneficiaries with diabetes and
$4,413 for employees with diabetes com-
pared with control beneficiary and em-
ployees, respectively. We found that
�30% of the costs associated with dia-
betic employees are attributable to medi-
cally related work absences and disability.
Relative to beneficiaries without diabetes,
those with diabetes had a larger propor-
tion of costs attributable to work loss,
more disability claims, and longer dura-
tions of disability. Thus, diabetes repre-
sents a significant burden for employers,
both in terms of medical and productivity
costs. The lower work losses in the oldest
group versus the youngest age group may
be explained by the “healthy worker” ef-
fect (i.e., after a certain age, the sickest
individuals drop out of the workforce).

Our diabetes beneficiary sample, al-
though derived from a large employer,
appears to be relatively representative of

the U.S. population in terms of diabetes
prevalence. Also, our findings of expendi-
tures for medical care are consistent with
prior studies (5,8 –10). Several studies
have considered the productivity cost
burden of diabetes, but they did not use
actual employer payments from adminis-
trative data (13–16).

Study limitations
A number of caveats must be considered
when interpreting these results. The anal-
ysis was limited to administrative claims
data and are subject to the usual limita-
tions of such data, such as the absence of
clinical detail and validation of its accu-
racy (12). Because our sample was an em-
ployed population, it did not include
those who are unemployed, uninsured, or
at the upper end of the age range. There-
fore, our results do not provide insight
regarding unemployed or uninsured pa-
tients, or those enrolled in public assis-
tance plans such as Medicaid or Medicare.
It may be that, for example, with higher
rates of absenteeism or disability, diabetic
patients are less likely to be employed.
Also, the sample excluded patients en-
rolled in capitated health plans. Such
plans may be expected to enroll healthier
beneficiaries. Although the focus of our
study was on the work loss costs of mor-
bidity, we did not have the data to con-
sider reduced levels of productivity while
at work, incremental sporadic work loss,
or the costs of hiring replacement work-
ers. Also, we did not have data to consider
the indirect costs of mortality. The analy-
sis also excluded out-of-pocket costs to
employees and their families. Although
certain classes of expense are unavailable
(e.g., child care), an additional issue is
that those individuals who do not meet
deductibles may still incur substantial
costs in the aggregate that will not be cap-
tured in the analysis. Moreover, these
omitted costs may be higher among the
control subjects because their costs will
generally be lower. Thus, these results
represent a conservative estimate of the
economic burden of diabetes to employ-
ers.

Our findings that cardiovascular dis-
ease and hypertension were much more
common among diabetic patients are con-
sistent with other literature. We note that
because those with diabetes seek health
care services more often than control sub-
jects, additional opportunities exist for di-
agnosing these comorbid conditions.
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Furthermore, it may be that the relatively
high prevalence of hypertension may also
be due in part to lower thresholds for di-
agnosing hypertension among those with
diabetes (25,26).

Implications
Working-age individuals with serious ill-
ness will cost their employer more in
terms of productivity and medical costs
than those without serious morbidities.
Our study quantifies the economic bur-
den employers face for their employees
with diabetes. Given our findings, dis-
criminatory hiring practices and insur-
ance underwriting could pose a threat to
working-age individuals with diabetes. In
a study using simulated job decisions, di-
abetic and obese applicants were less
likely to be hired because of presump-
tions of poorer work habits and medically
related work absences (27). To address
this concern, the federal Health Insurance
Portability and Accountability Act of
1996 (HIPAA) provides protection from
discrimination in insurance (28). This law
prohibits group health insurance plans
from using a “preexisting condition” to
deny or limit coverage or raise premiums.
One implication of our work is that the
diabetic community needs to raise its
awareness of the potential for employ-
ment discrimination and to perhaps con-
sider funding research to identify whether
employment discrimination is a serious
problem among those with the disease.

Although improved diabetes control
has been shown to improve clinical out-
comes and reduce medical costs (29,30),
it may also lead to a more productive
workforce (31). Our results indicate that
the burden due to medically related work
loss may be substantial for working-age
individuals with diabetes. Furthermore,
medically related work losses are impor-
tant in younger as well as older patients.
Our study suggests that evaluations of the
economic benefits of aggressive diabetes
management should not focus solely on
direct medical costs, including prescrip-
tion medications. Indeed, it may be that
labor productivity can be enhanced
through optimized use of medications
(32). We suggest that trials determining
the efficacy of intensive therapies to re-
duce diabetes-related complications
should include an evaluation of their im-
pact on productivity for working-age sub-
jects. Controlled studies evaluating the
impact of modifications of the work envi-

ronment that will foster adherence to be-
haviors known to benefit those with
diabetes (ready access to medicines,
healthy food choices, and opportunities
for exercise) are also warranted.

Future research
Several areas of importance related to di-
abetes and worker productivity are still
unknown. More information is needed on
how diabetes impacts on-the-job work
performance. The relation between poor
glycemic control, with its attendant symp-
toms and productivity, is not well known.
Correspondingly, we also need to know
more about the impact of improving gly-
cemic control on productivity. Finally, fu-
ture studies should evaluate the impact of
home and workplace-based diabetes
management programs on productivity.
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