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Abstract

Aim—We aimed at estimating excess medical expenditures associated with major depressive
disorder (MDD) among working-age adults diagnosed with diabetes, disaggregated by treatment
mode: insulin-treated diabetes (ITDM) or non-insulin-treated diabetes (NITDM).

Methods—We analyzed data for over 500,000 individuals with diagnosed diabetes from the 2008
U.S. MarketScan claims database. We grouped diabetic patients first by treatment mode (ITDM or
NITDM), then by MDD status (with or without MDD), and finally by whether those with MDD
used antidepressant medication. We estimated annual mean excess outpatient, inpatient,
prescription drug, and total expenditures using regression models, controlling for demographics,
types of health coverage, and comorbidities.

Results—Among persons having ITDM, the estimated annual total mean expenditure for those
with no MDD (the comparison group) was $19,625. For those with MDD, the expenditures were
$12,406 (63%) larger if using antidepressant medication and $7322 (37%) larger if not using
antidepressant medication. Among persons having NITDM, the corresponding estimated
expenditure for the comparison group was $10,746, the excess expenditures were $10,432 (97%)
larger if using antidepressant medication and $5579 (52%) larger if not using antidepressant
medication, respectively. Inpatient excess expenditures were the largest of total excess expenditure
for those with ITDM and MDD treated with antidepressant medication; for all others with diabetes
and MDD, outpatient expenditures were the largest excess expenditure.

Conclusions—Among working-age adults with diabetes, MDD was associated with substantial
excess medical expenditures. Implementing the effective interventions demonstrated in clinical
trials and treatment guidelines recommended by professional organizations might reduce the
economic burden of MDD in this population.
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1. Introduction

Major depressive disorder (MDD) among persons with diabetes is a large public health
problem [1,2]. In 2006, an estimated 8.3% (age-adjusted) of U.S. adults (aged =18 years)
with diagnosed diabetes had MDD [2]. The American Diabetes Association (ADA)
recommends screening for depression among persons with diabetes and incorporating
depression assessment and treatments into routine care as part of diabetes management [3].

Persons with diabetes and MDD use more health care services [4-8] and incur larger
medical costs [8-10] than those without MDD. However, the medical cost of MDD among
person with diabetes, which is critical to assessing the financial burden and economic benefit
of interventions aimed at preventing and controlling MDD, is not fully understood. Previous
studies on assessing the excess economic burdens of MDD were either restricted to persons
aged 65+ [9] or had small sample sizes [10] or were simply descriptive in nature [8].
Furthermore, none of these studies examined whether costs associated with MDD and
diabetes differed if stratified by diabetes treatment mode: insulin-treated diabetes (ITDM)
vs. non-insulin-treated diabetes (NITDM). Previous studies also did not examine how those
costs would differ if differentiated by whether or not persons with MDD were treated with
antidepressant medication.

The excess medical expenditures of MDD among persons with diabetes are likely to differ
by both diabetes treatment mode and antidepressant medication use. Diabetes management
among persons with ITDM may be more complicated than among persons with NITDM.
These persons need to closely monitor blood glucose and manage insulin use on a daily
basis and are, perhaps, more vulnerable to diabetes-related depression [11-14], and have
worsening depressive symptoms (among those with MDD) [15]. Because of the severity of
depression, persons with ITDM may be vulnerable to self-monitoring their blood glucose
less frequently than they should [16] and to subsequent diabetes complications [11,15].
Thus, excess costs are very likely to be influenced by the interaction between depression and
diabetes treatment mode [17]. In terms of antidepressant medication use, those who were on
medication might have more severe depression symptoms, thus they might incur larger costs
than those who were not on antidepressant medication.

Our study’s objective was to estimate the excess medical expenditures associated with
MDD, with or without antidepressant medication use, among working-age adults (aged 18-
64 years) with diagnosed diabetes, differentiated by diabetes treatment mode: ITDM or
NITDM.
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2. Methods

2.1. Data source

We analyzed data from a large sample of persons with diabetes from across the United States
using the 2008 MarketScan Commercial Claims and Encounters (CCE) Database
(MarketScan Database, Thompson Medstat. Ann Arbor, MI). This database contains fully
adjudicated and paid claims for over 30 million enrollees with employer-sponsored health
plans, including claims for employees and their spouses and dependents. The CCE database
includes patient-level data on inpatient, outpatient, and prescription drug claims from non-
personally identifiable information that can be linked using encrypted enrollee information
[18]. These claims include the amount paid by third-party payers and for the out-of-pocket
expenses of patients.

There are two major types of health plans through which enrollees obtain services: fee-for-
service (FFS) plans and capitated plans (some fully, some partially). FFS plans include
preferred provider organization (PPO) plans, exclusive provider organization plans, point-of-
service (POS) plans without capitation, consumer-directed health plans, and indemnity
plans. Fully or partially capitated plans include health maintenance organization plans and
POS plans with capitation [19]. This database has been used extensively in studies of
medical expenditures of many medical conditions [8,20-22].

We restricted our sample to those who had employer-sponsored health coverage, were
enrolled in an FFS plan between January 1 and December 31, 2008, and had prescription
drug coverage. Persons enrolled in capitated plans were not included because their insurance
claims often reflect only encounters instead of actual claims [19].

2.2. Identifying persons with diagnosed diabetes

The study sample consisted of working-age adults with diagnosed diabetes, excluding
women diagnosed with gestational diabetes (International Statistical Classification of
Diseases and Related Health Problems, Ninth Edition [ICD-9] code: 648.8x), based on
inpatient or outpatient claims. The study included persons with diabetes who had at least two
outpatient encounters, a minimum of 30 days apart, in which diabetes was a primary or
secondary diagnosis (ICD-9 codes: 250x, 357.2x, 362.0x, 366.41), or at least one inpatient
admission with diabetes as a primary or secondary diagnosis (77 =520,324) (Fig. 1) [23]. We
required at least two outpatient encounters to exclude those who may have been
misdiagnosed as having diabetes at the first encounter.

Because our study focused on assessing the financial burden on persons with diagnosed
diabetes and comorbid MDD (defined below), our comparison groups were composed of
persons diagnosed with diabetes but not with MDD. We excluded from our comparison
group: (1) those who had depressive disorders other than MDD (ICD-9: 309.0x, 309.1x,
311.xx) in their outpatient or inpatient claims; and (2) those who had no diagnosis codes for
MDD in their outpatient or inpatient claims but had claims for antidepressant medications
(Fig. 1). With these exclusions, our analytical sample consisted of 400,495 persons
diagnosed with diabetes.
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Persons with ITDM (7= 101,050) were identified as those having diabetes and were
prescribed insulin; this diagnosis is identified by the Therapeutic Class Code (TCC) 172
from prescription claim data. Persons with NITDM (7= 299,445) were identified as those
having diabetes but not taking insulin (Fig. 1).

2.3. Identifying persons with MDD

Under each of the diabetes treatment modes, we identified persons with MDD as either the
primary or a secondary diagnosis in their inpatient or outpatient claims by the ICD-9 codes
296.2x or 296.3x [9]. We further grouped those diagnosed with MDD as either: (1) those
treated with antidepressant medication (MDD with Med), identified by the TCC 69 in their
prescription claims (r7=13,894; ITDM: 4441; NITDM: 9453), or (2) those not treated with
antidepressant medication (MDD without Med: 7=2023; ITDM: 595; NITDM: 1428) (Fig.
1).

2.4, Statistical analysis

The outcome variables of interest included the annual per-person medical expenditures from
outpatient claims, inpatient claims (including inpatient medications), or prescription drugs,
as well as total medical expenditures, including patients’ out-of-pocket expenses. We
estimated the excess annual per-person medical expenditures in total and by component for
two subpopulations: those with ITDM and those with NITDM. For each of the four
outcomes, we fit a model to estimate the excess medical expenditures associated with MDD
separately: for those treated with antidepressant medication and for those with not treated
with antidepressant medication. The exposure variables included three categories: (1) having
MDD and treated with antidepressant medications; (2) having MDD and not treated with
antidepressant medications; and (3) not having MDD (the comparison group). Covariates in
the models included demographic variables (age and sex); geographical variables (census
region: Midwest, South, West, or Northeast), and area of residence (inside or outside of a
metropolitan statistical area); type of health benefit plan (PPO or not a PPO); comorbidities;
and interaction terms between MDD and covariates.

We controlled for the 15 major comorbidities as defined in Deyo et al.’s paper [24],
including myocardial infarction, congestive heart failure, peripheral vascular disease,
cerebro-vascular disease, dementia, chronic pulmonary disease, rheumatic disease, peptic
ulcer disease, mild liver disease, hemiplegia, renal disease, any malignancy (including
leukemia and lymphoma), moderate or severe liver disease, metastatic tumor, and AIDS. We
included each condition as a separate variable instead of combining them into a comorbidity
index because the effects of comorbidities can vary and our large sample made this possible.
We also tested for the interactions of MDD with age, sex, and each of the comorbidities.
Only those interaction terms for which p < 0.05 were retained.

We used a two-part model to estimate inpatient expenditures because a large proportion of
individuals had no inpatient admissions and, for those with admissions, expenditures were
positively skewed [25]. In the first part of the two-part model, we used logistic regression to
estimate the probability that a person with diabetes would have inpatient expenditures, and
in the second part, we used a generalized linear model with log link and gamma distribution
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to estimate the inpatient expenditures for those who had such expenditures. Only the second
part of the two-part model was needed to estimate medical expenditures on outpatient care
and prescription drugs, because all patients in our sample had outpatient or prescription
medical expenses [26]. For the total expenditures and for each component of expenditure,
we estimated annual medical expenditures for persons with both diabetes and MDD (with or
without antidepressant medication use) and for those with diabetes alone. We did this for
each individual by multiplying the parameter expenditure estimates from these two models,
keeping the value of all other variables as is and setting the MDD indicator variable to ‘1’ or
‘0’ separately. The mean differences among the counterfactual options resulted in the
estimated mean excess medical expenditure associated with MDD.

We used 1000 nonparametric bootstrap replications to calculate the standard errors of
estimated excess expenditures. All expenses are in 2008 U.S. dollars. All statistical analyses
were conducted using Stata v. 11.

3.1. Characteristics of the study sample

Among persons with diabetes in our sample, 25% were treated with insulin (Fig. 1).
Descriptive statistics for the variables used in the models, designated by diabetes treatment
mode and MDD status, appear in Table 1. Regardless of diabetes treatment mode, those with
MDD were more likely to be female, reside in metropolitan statistical areas, or reside in the
Midwest, but were less likely to reside in the South census region than those without MDD.
Those with ITDM and MDD treated with antidepressant medication were slightly older and
those with NITDM and MDD or those with ITDM not treated with antidepressant
medication were slightly younger than their counterparts who did not have MDD. Among all
persons with diabetes, the proportion of persons diagnosed with comorbidities was
significantly larger for those with MDD treated with antidepressant medication than for
those without MDD.

Among persons having ITDM, those with MDD and on antidepressant medication were
more likely to be older, female, reside in the South, and to have cerebrovascular, chronic
pulmonary, and rheumatic diseases, but less likely to reside in the West, reside in
metropolitan statistical areas, or be enrolled in non-PPO health plans than were those with
MDD but not on antidepressant medication. Among persons having NITDM, those with
MDD and on medication were less likely to reside in the West, be enrolled in non-PPO
health plans, or have diagnosed AIDS, but were more like to have rheumatic disease than
those with MDD but not on antidepressant medication.

3.2. Unadjusted medical expenditures

Table 2 presents the unadjusted mean annual medical expenditures by MDD status and
antidepressant medication use for persons diagnosed with diabetes, by treatment mode.
Among persons having ITDM, the total expenditure and each of its three components were
all significantly larger if a person had MDD, regardless of antidepressant medication use,
compared with a person without MDD. All expenditures, except inpatient expenditures,
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were also significantly larger for those who used antidepressant medication compared with
those who did not use it. However, of the three expenditure components, expenditures on
inpatient care were highest for persons who had MDD and treated with antidepressant
medication, but expenditures on outpatient care were highest if not treated with
antidepressant medication.

Among NITDM patients, the total expenditure and each of its three components for those
with MDD were significantly larger than that for those without MDD, independent of
antidepressant medication use. These expenditures for those with MDD who used
antidepressant medication were significantly larger than those for persons with MDD who
did not. Of the three expenditure components, expenditure on outpatient care was the largest
component, regardless of antidepressant medication use.

3.3. Estimated excess total medical expenditures

Among persons having ITDM, the estimated mean annual total medical expenditure was
$12,406 ($32,031 vs. $19,625; p< 0.01) or 63% larger if the person was diagnosed with
MDD and used antidepressant medication compared with person not diagnosed with MDD.
This estimated expenditure was $7322 ($26,947 vs. $19,625, p< 0.01) or 37% larger if
person was diagnosed with MDD, but did not use antidepressant medication (Fig. 2). Among
persons having NITDM and MDD, the estimated mean annual total excess medical
expenditure was $10,432 ($21,178 vs. $10,746; p < 0.01) or 97% larger if their MDD was
treated with antidepressant medication, but was $5579 ($16,325 vs. $10,746; p< 0.01) or
52% larger if not prescribed antidepressant medication (Fig. 2).

The excess mean annual total medical expenditures for MDD among diabetes patients
differed by both diabetes treatment mode and antidepressant medication use. For example,
the average excess medical expenditure for a person having ITDM and MDD treated with
antidepressant medication was $5084 or 69% larger than for a person with ITDM and MDD
not on antidepressant medication. The corresponding excess expenditure was $4853 or 87%
larger for a person having NITDM and MDD treated with antidepressant medication than for
a person with NITDM and MDD not on antidepressant medication.

3.4. Components of estimated excess total medical expenditures

The estimated and excess annual medical expenditures on outpatient care, inpatient care, and
prescription drug use appear in Table 3. Among persons having ITDM, of the total excess
medical expenditure for those who were diagnosed with MDD and treated with
antidepressant medication, excess expenses for inpatient health care accounted for the
largest proportion ($5456; 44%) followed by prescription drugs ($3628; 29%) and outpatient
health care ($3321; 27%). But, among those who did not use antidepressant medication,
excess expenses for outpatient care accounted for the largest proportion of excess total
medical expenditures ($3908; 53%), followed by inpatient care ($2945; 40%), and
prescription drugs ($469; 7%).

Among persons having NITDM and diagnosed with MDD and treated with antidepressant
medication, unlike among those having ITDM, of the excess total medical expenditure,
excess expenditures on outpatient care accounted for the largest proportion ($3805; 36%),
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followed by inpatient care ($3340; 32%), and prescription drugs ($3287; 32%). The similar
pattern of component-wise estimated excess expenditures was observed among those with
NITDM diagnosed with MDD not treated with antidepressant medication, (outpatient care
($2789; 50%), inpatient care ($2114; 38%), and prescription drug ($676; 12%). These
excess expenditures were similar in proportion to that observed among those with ITDM and
MDD not treated with antidepressant medication.

4. Discussion

Using a large administrative claims database with data from all regions of the United States,
our study provides the most updated estimate for excess medical expenditures associated
with MDD, among working-age adults with diagnosed diabetes. We also improved on
previous estimates of excess medical expenditures associated with MDD among persons
with diabetes by controlling for multiple covariates and comorbidities. In addition, we
showed that excess medical expenditures associated with MDD differed by diabetes
treatment mode: ITDM or NITDM and antidepressant medication use.

Our study results were consistent with previous studies in terms of showing that MDD was
associated with substantial excess medical expenditures among persons with diabetes [8—
10]. Our estimated excess expenditures associated with MDD, with or without
antidepressant medication use, both for persons having ITDM and NITDM were, however,
larger in absolute amount than those obtained by Simon et al. [10]. Their estimate of annual
medical expenditures for persons with diabetes and MDD was $4482 larger than for persons
with diabetes not having MDD. A number of factors may have contributed to the difference
between Simon et al.’s and our estimates. While Simon et al. used data from a group-
managed care organization, which estimated medical costs based on a budget-based cost
accounting approach, we used claims data from persons with FFS health plans. Medical
expenditures for persons with FFS insurance tend to be larger than those with managed care
health plans [27]. However, the estimated excess medical expenditure as measured in
percentage term (70%) from the Simon et al. study were within the range of our estimates
for those with MDD, whether or not treated with antidepressant medication, among those
with ITDM or NITDM (37% to 97% larger).

Le et al. [8] reported an estimated of $8470 for the total excess expenditure associated with
MDD among persons with diabetes, which was lower than our estimated excess costs for
persons with MDD with medication, but higher than our estimated excess expenditure for
persons with MDD but not on medication. The difference in estimated excess expenditures
between Le et al. and our study could be, in part, due to differences in the sample
characteristics in terms of types of health plans enrollees had. Data from Le et al. came from
persons aged = 18 years enrolled in both employer-sponsored private insurance plans and in
Medicare supplemental plans. The study sample from Le at al. also included persons
enrolled in capitated plans, which tend to have lower reimbursement rates than FFS plans
and often have incomplete reporting of claims [19,27].

In contrast, Finkelstein et al., using 1997 Medicare claims data, estimated the excess medical
cost for MDD among persons with diabetes, aged =65 years, in the United States as $15,002
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(2.4 times larger than among persons with diabetes without MDD) [9]. Apart from different
study populations, the Finkelstein et al. study did not control for comorbid conditions, which
could have impacted the estimated excess costs associated with MDD, particularly in the
case of comorbidities associated with diabetes. In our study, average excess total medical
expenditures would be 62-66% larger among persons with ITDM and MDD, and 39-55%
larger among persons with NITDM and MDD, if we did not control for comorbidities and
other covariates (Tables 2 and 3).

Inpatient care, outpatient care, and medication expenditures all contributed to the excess
total medical expenditures from MDD, with or without antidepressant medication use. In
general, a person with MDD would have a higher medical expenditure because of additional
spending from two sources: care associated with treating MDD itself and induced care
associated with treating non-MDD related commodities. Le et al. [8] reported that, among
persons with diabetes, those with MDD had nearly twice as many annualized mean total
outpatient visits as those without (37.6 vs. 19.9 visits/year). The outpatient care uses were
even larger for diabetes-related and other causes. Simon et al. and VVamos et al. showed that
persons with diabetes and MDD, compared with those without MDD, had larger diabetes
related and other causes related outpatient and inpatient costs because the formers were
more likely to be hospitalized and had a longer length of hospital stay [7,10].

We also found that, except for outpatient care for persons with ITDM, excess medical
expenditures associated with MDD among those on antidepressant medication were higher
than that not on antidepressant medication for all cost components. The higher medication
expenditures for those who were on antidepressant medication could be due to a higher
expenditure on both antidepressant and non-antidepressant medications [8]. The larger
excess inpatient expenditures for those who were on antidepressant medication could be due
to greater level of severity of depression, which could lead to a more frequent inpatient visit
and a longer hospital stay when admitted. This warrants a future research examining the
reasons for it using a longitudinal data.

The higher estimated outpatient costs among those with ITDM who were not on
antidepressant medication compared to those using medication among person with MDD
(Table 3) was unexpected. One plausible explanation for this could be that, for some patients
with a well-control MDD, medication could reduce the need for outpatient visits. In
addition, ITDM patients with MDD who are treated antidepressant medication have more
severe symptoms [8] and have more comorbidities than those who are not on antidepressant
medication. Additional outpatient visits associated with treating non-MDD related
comorbidities could decrease the need for outpatient visits associated with treating MDD. A
future research is needed to verify these hypotheses.

The larger excess medical expenditures for persons with ITDM and MDD, compared to
those for persons with NITDM and MDD, were mainly attributable to excess inpatient
expenditures. Persons with ITDM are more vulnerable to depression and their depression is
more severe than persons with NITDM [15]. This interaction of insulin treatment and
depression could result in persons on insulin treatment being more likely to be hospitalized
and to stay in the hospital longer for the depression treatment [11-13,15]. Future research is
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needed to examine how insulin treatment impacts depression treatment in this population.
The large difference in excess medical expenditures associated MDD between persons with
ITDM and NITDM implies future studies in assessing excess economic or health burdens of
depression among persons with diabetes should differentiate patients by diabetes treatment
mode.

We found that cost consequences of co-occurrence of MDD among persons with diabetes
were substantial. Persons with diabetes are more likely to be depressed and find it harder to
manage their diabetes and diabetes-related complications after they develop depression. The
ADA recommends depression assessment and treatments into routine diabetes care [3].
Randomized clinical trials have demonstrated that the integrated management of type 2
diabetes and depression could improve both medication adherence and symptoms of
diabetes and depression [28], and screening and enhanced treatment regimens for depression
could lead to not only better health outcomes but also cost savings compared to “usual care”
[29-31]. Implementing ADA recommendations and effective interventions demonstrated in
the clinical trials could reduce the excess financial burden of MDD among persons with
diabetes.

Our study had several limitations. First, the claims data we used were based on persons with
diagnosed diabetes who had employer-sponsored health insurance with FFS health plans.
Therefore, our results may not be generalizable to persons who are uninsured or who have
undiagnosed diabetes. Second, we identified MDD through claims directly attributed to
MDD-related services, which means that those with undiagnosed MDD were not included,;
3% of adults with diabetes were estimated to have undiagnosed MDD [32]. Persons with
undiagnosed MDD may have less severe symptoms than those diagnosed with MDD but
larger expenditures than those without depression. Third, we excluded patients who had
claims for antidepressant medications but were not diagnosed with MDD. They might have
been receiving treatment for MDD, but had not been formally diagnosed [8]. Fourth, the
sensitivity and specificity of the use of ICD-9 codes to identify persons with MDD are
unknown. Fifth, our study focused on excess direct medical expenditures due to MDD, so
indirect costs (e.g., premature mortality, productivity loss, disability, and nonmedical costs)
were not considered. Sixth, because of the cross sectional data, the long-run impacts on
expenditure of antidepressant medication use were not assessed. Finally, covariates such as
race/ethnicity, income, and length of time since diagnoses of diabetes might have been
important, but information on these variables was not available in the MarketScan database.

5. Conclusions

Our findings show that MDD is associated with substantial excess medical expenditures
among adults with diagnosed diabetes. This excess expenditure is much larger for persons
with ITDM than those with NITDM. Similarly, among those with MDD, the excess
expenditures are much larger for persons on antidepressant medication than for those who
are not on antidepressant medication. Implementing recommended treatment practice by
professional organizations and the effective interventions demonstrated in the clinical trials
might reduce the economic burden of MDD in this population.
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= 1 Inpatient claim

Diabetes
> 2 Outpatient claims, = 30days apart, or

Diagnosis: ICD9=250x, 357.2x, 362.0x, 366.41
Excludes gestational diabetes (ICD9=646.8x)

N=520,3242

ITDM
Treated with insulin (TCC:172),
with or without oral diabetes
medications

N=101,050 (25.2%)

MDD i

All MDD: Diadnosed ( = 1 Outpatient or inpatient claim
(ICD9=296.2x, 296.3x), with or without claim for antidepressant
medications (TCC: 69)

N=5036
MDD With Med: Diagnosed and with claim for antidepressant
medications N=4441
MDD Without Med: Diagnosed but no claim for antidepressant
medications N= 595
No MDD®
Not diagnosed with MDD or other depressive disorders
N=96,014

Fig. 1.

NITDM
Not treated with insulin

N=299,445 (74.8%)

i
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Exclusion

Not diagnosed with MDD, but had:

Outpatient or inpatient claims for other

depressive disorders:

(ICD9: 309.0x, 309.1x, 311.xx)
N=17,234

— or —
Claims for antidepressant medication:

TCC: 69
N=102,595

MDD
All MDD: Diadnosed (= 1 Outpatient or inpatient claim
(ICD9=296.2x, 296.3x), with or without claim for antidepressant
medications (TCC: 69)
N=10,881
MDD With Med: Diagnosed and with claim for antidepressant
medications N=1428
MDD Without Med: Diagnosed but no claim for antidepressant
medications N= 9453
No MDD®
Not diagnosed with MDD or other depressive disorders
N=288,564

Criteria used to identify persons with diabetes, diabetes treatment type, major depressive
disorder (MDD). ITDM, insulin-treated diabetes mellitus; NITDM, non-insulin-treated
diabetes mellitus. @After accounting for those excluded the total number persons with
diagnosed diabetes in the analytical sample is 400,495. ®“No MDD is reference

(comparison) group.
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Fig. 2.

Estimated mean excess annual total medical expenditure associated with major depressive
disorder (MDD), differentiated by antidepressant medication use for persons with ITDM and
NITDM, 2008. ITDM, insulin-treated diabetes mellitus; NITDM, non-insulin-treated
diabetes mellitus; MDD w/Med, persons with MDD treated with antidepressant medication;
MDD w/out Med, persons with MDD not treated with antidepressant medication. Error bars
show the bootstrap standard errors with 1000 replications.
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