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Abstract

Background

Previous studies have assessed the incremental economic burden of treatment-resistant

depression (TRD) versus non-treatment-resistant major depressive disorder (i.e., non-TRD

MDD) in commercially-insured and Medicaid-insured patients, but none have focused on

Medicare-insured patients.

Objective

To assess healthcare resource utilization (HRU) and costs of patients with TRD versus non-

TRD MDD or without major depressive disorder (MDD; i.e., non-MDD) in a Medicare-

insured population.

Methods

Adult patients were retrospectively identified from the Chronic Condition Warehouse de-

identified 100% Medicare database (01/2010-12/2016). MDD was defined as�1 MDD diag-

nosis and�1 claim for an antidepressant. Patients initiated on a third antidepressant follow-

ing two antidepressant treatment regimens of adequate dose and duration were considered

to have TRD. The index date was defined as the date of the first antidepressant claim for the

TRD and non-TRD MDD cohorts, and as a randomly imputed date for the non-MDD cohort.

Patients with TRD were matched 1:1 to non-TRD MDD patients and randomly selected non-

MDD patients based on propensity scores. Analyses were also performed for a subset of

patients aged�65.

Results

Of 29,543 patients with MDD, 3,225 (10.9%) met the study definition of TRD; 157,611 were

included in the non-MDD cohort. Matched patients with TRD and non-TRD MDD were, on

average, 58.9 and 59.0 years old, respectively. The TRD cohort had higher per-patient-per-

year (PPPY) HRU than the non-TRD MDD (e.g., inpatient visits: incidence rate ratio [IRR] =
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1.36) and non-MDD cohorts (e.g., inpatient visits: IRR = 1.84, all P<0.001). The TRD cohort

had significantly higher total PPPY healthcare costs than the non-TRD MDD cohort

($25,517 vs. $20,425, adjusted cost difference = $3,385) and non-MDD cohort ($25,517 vs.

$14,542, adjusted cost difference = $4,015, all P<0.001). Similar results were found for the

subset of patients�65.

Conclusion

Among Medicare-insured patients, those with TRD had higher HRU and costs compared to

those with non-TRD MDD and non-MDD.

Introduction

In 2017, the prevalence of major depressive disorder (MDD), a disabling chronic mental health

illness, was estimated at 7.1% among adults in the US, corresponding to approximately 17.3

million adults affected by this condition [1]. With approximately 58.4 million beneficiaries in

that year, Medicare covered over four million patients with MDD [2]. In 2010, the direct and

indirect medical costs associated with MDD exceeded $210 billion in the US [3], and this fig-

ure is expected to surpass $280 billion in 2020 [4].

The American Psychiatric Association (APA) guidelines recommend that pharmacother-

apy with an antidepressant medication be initiated in patients diagnosed with MDD [5]. How-

ever, 25%-50% of patients fail to respond to a first trial of antidepressant [5, 6], and the large

US STAR�D study demonstrated that remission rates decrease with each failure of a line of

antidepressant therapy [7]. These high rates of antidepressant treatment failure can be the

result of a lack of tolerability to medication side effects (e.g., mania and suicidality) or other

causes [8, 9]. Treatment-resistant depression (TRD) is most commonly defined as MDD that

failed to respond to a minimum of two prior treatments of adequate dose and duration [10], a

definition supported by current data [7], although an operational definition endorsed by clini-

cal guidelines is still lacking [10, 11]. Among claims-based studies that used this definition,

incidence estimates of TRD among MDD patients varied between 10% and 26% [12–18], with

the highest estimates (26%) reported in Medicaid beneficiaries [17, 18]. Recently, it was esti-

mated that the prevalence of TRD may be as high as 31.1% among pharmacologically-treated

patients with MDD covered by five different types of insurers [19].

Several studies have evaluated the economic burden of TRD in the US via a systematic liter-

ature review [6] and via analyses of health insurance claims databases for various payer chan-

nels, including commercially-insured patients [12, 16, 20], Medicaid beneficiaries [17, 18], and

the US Veterans Health Administration (VHA) population [21]. These studies invariably

found higher costs and healthcare resource utilization (HRU) among patients with TRD rela-

tive to those with treatment-responsive MDD (hereinafter referred to as non-TRD MDD) and

patients without MDD (hereinafter referred to as non-MDD). However, there is limited data

on Medicare-insured patients who, per program eligibility criteria (i.e., individuals�65 years

of age, with disabilities, or end-stage renal disease [ESRD] [22]), tend to be older than patients

benefiting from other types of healthcare insurance.

Although the prevalence and incidence of MDD is lower among older versus younger

adults [23–25], elderly patients with depression have a poorer prognosis than younger patients.

Indeed, while older adults represent 13% of the general population, they commit 19% of all sui-

cides [5]. Older patients with depression also have higher rates of medical comorbidities and,
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on average, a higher number of previous depressive episodes which negatively affect prognosis

[26]. Moreover, there may be a higher risk of relapse and shorter time to recurrence among

older patients with depression relative to younger patients [26]. Thus, an assessment of the

burden of illness of TRD in Medicare-insured patients is of interest to inform evidence-based

decision making among healthcare payers, policy makers, and providers in an effort to deliver

appropriate care and improve care pathways to this growing population. Therefore, the present

study sought to assess treatment patterns, HRU, and costs of patients with TRD versus patients

with non-TRD MDD or non-MDD patients using the full Medicare-insured population.

Methods

Data source

The Chronic Conditions Warehouse de-identified 100% Medicare database (01/2010-12/

2016), which contains historical information on patient demographics, plan enrollment, inpa-

tient, outpatient, skilled nursing facility, home health agency, hospice, durable medical equip-

ment, and pharmacy claims was analyzed. The database contains only de-identified

information and is thus fully compliant with the requirements of the Health Insurance Porta-

bility and Affordability Act (HIPAA).

Study design

A retrospective longitudinal matched cohort design was used. The index date was defined as

the first antidepressant pharmacy claim on or after 07/01/2010 until 12/31/2016 for patients

with TRD and non-TRD MDD, and as a randomly imputed date for patients without MDD.

Baseline characteristics were evaluated during the six months pre-index date (baseline period).

Outcomes and the presence of TRD were evaluated from the index date up until the earliest

among two years post-index date, end of continuous eligibility, or end of data availability

(hereinafter referred to as the follow-up period).

Definition of study cohorts

Patients with TRD were compared with patients in two control cohorts: (1) non-TRD MDD

patients, and (2) non-MDD patients. MDD patients were considered to have TRD if they failed

two antidepressant treatment courses (including augmentation therapy with anticonvulsant,

anxiolytic, antipsychotic, lithium, psychostimulant, and thyroid hormone medications) of ade-

quate dose and duration. A dose was defined as adequate if equal to or greater than the mini-

mum starting dose recommended by the APA guidelines [5]. An adequate duration of

antidepressant treatment was defined as�6 weeks of continuous treatment without gaps lon-

ger than 14 days. Failure of a treatment course was defined as a switch of antidepressant (<180

days after the end of the previous treatment), the addition of an antidepressant, or the initia-

tion of an augmentation therapy. Patients with MDD who did not meet these criteria within

two years after the index date were classified in the non-TRD MDD cohort. The non-MDD

cohort consisted of randomly selected patients without MDD.

Inclusion criteria

The following inclusion criteria were applied for the TRD and non-TRD MDD cohorts only:

(1)�1 MDD diagnosis (i.e., International Classification of Diseases, Ninth Revision, Clinical

Modifications [ICD-9-CM]: 296.2x [MDD-single episode] and 296.3x [MDD—recurrent epi-

sode]; ICD-10-CM: F32.x [excluding F32.8], F33.x [excluding F33.8]), (2)�1 claim for an anti-

depressant between 07/01/2010 and 12/31/2016; (3)�1 diagnosis for depression (ICD-9-CM:
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296.2x, 296.3x, 300.4x, 311.x, 309.0x, or 309.1x; ICD-10-CM: F32.x, F33.x, F34.1, or F43.21)

during the baseline or observation period; (4) no antidepressant claims during the baseline

period; and (5)�1 antidepressant claim of adequate dose and duration on or after the index

date (includes the agent used to define the index date) [5].

The following criteria were applied to all cohorts: (1) no diagnosis for specific psychiatric

comorbidities (i.e., psychosis, schizophrenia, bipolar disorder/manic depression, dementia)

between 01/01/2010 and 12/31/2016; (2)�6 months of continuous eligibility (Medicare Parts

A, B, and D coverage without Medicare Part C) prior to the index date (baseline period); (3)

�6 months of continuous eligibility after the index date; and (4)�18 years of age at the begin-

ning of the baseline period.

Study measures

Baseline characteristics included demographics, physical and mental comorbidities, HRU, and

costs. Treatment patterns were evaluated during the follow-up period and included the dura-

tion (in days) of antidepressant therapy, the number of different antidepressant agents used,

and classes of antidepressants used (i.e., selective serotonin reuptake inhibitors [SSRIs], nor-

epinephrine-dopamine reuptake inhibitors [NDRIs], serotonin-norepinephrine reuptake

inhibitors [SNRIs], serotonin modulators, tricyclics and tetracyclics, norepinephrine-seroto-

nin modulators, and monoamine oxidase inhibitors [MAOIs]). All-cause, behavioral health-

related, and depression-related HRU and costs were evaluated during the follow-up period.

Behavioral health-related HRU and costs were identified using ICD-9-CM codes 290.xx–319.

xx, and ICD-10-CM codes F01.xxx-F99.xxx. Depression-related HRU and costs were identi-

fied using ICD-9-CM codes 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx, and ICD-10-CM

codes F32.x, F33.x, F34.1, or F43.21. Primary and secondary diagnosis codes were used. HRU

outcomes were stratified into the following categories: inpatient visits, inpatient days, emer-

gency department (ED) visits, outpatient visits, and other visits. Cost outcomes were broken

down into pharmacy and medical costs, with the latter category further broken down into

inpatient, ED, outpatient, and other costs. Behavioral health-related pharmacy costs included

the following classes of agents: anxiolytics, antidepressants, anticonvulsants/mood stabilizers,

antipsychotics, and other mood stabilizers (e.g., lithium).

Statistical analysis

TRD patients were matched 1:1 to non-TRD MDD patients and non-MDD patients using pro-

pensity score (PS) models based on key demographics, including age, sex, race, year of the

index date, and geographical region. Baseline characteristics were compared across cohorts

using standardized differences (std. diff.). Covariates with std. diff.<10% were considered ade-

quately balanced between cohorts. Rates of HRU were compared between matched cohorts

using multivariable negative binomial regressions (i.e., incidence rate ratios [IRRs]). Costs

were expressed per patient per year (PPPY) in 2017 USD and compared between matched

cohorts using multivariable ordinary least squares regressions, with 95% confidence intervals

(CIs) and p-values obtained from non-parametric bootstraps with 499 replications. Baseline

total all-cause healthcare costs and Quan-Charlson comorbidity index (Quan-CCI) were

adjusted for in the multivariable models. Continuous variables were described with means and

standard deviations (SDs), and categorical variables were described with frequencies and

proportions.

As part of a sensitivity analysis, all aforementioned analyses were performed separately for

patients aged�65 at the index date in order to separately assess the burden of TRD among a
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subset of patients who qualified for Medicare based on their age only (as opposed to age, dis-

ability status, or ESRD for the main analysis).

Results

In total, 503,017 patients had�1 MDD diagnosis, among which 29,540 were pharmacologi-

cally-treated patients with MDD who qualified for inclusion. Of these, 3,224 (10.9%) met the

study definition of TRD. Patients with non-TRD MDD (N = 26,316) or non-MDD

(N = 157,590) were all matched 1:1 to patients with TRD. In the sensitivity analysis, 1,338 out

of 18,908 (7.1%) patients aged�65 met the study criteria for TRD.

Baseline demographic and clinical characteristics

Patient baseline characteristics before matching are presented in S1 Table for the main analy-

sis. Matched-on baseline characteristics were adequately balanced between the TRD and non-

TRD cohorts after PS matching. Patients in the TRD and non-TRD MDD cohorts were aged,

on average, 58.9 and 59.0 years, respectively (std. diff. = 0.9%). Female patients represented

64.0% and 63.6% of the matched TRD and non-TRD MDD cohorts, respectively (std. diff. =

0.8%; Table 1). Baseline HRU was higher in the matched TRD cohort than the non-TRD

MDD cohort (e.g., number of outpatient visits [mean±SD]: TRD = 9.0±7.1, non-TRD

MDD = 7.9±6.7; std. diff. = 15.7%). The mean duration of the observation period was 21.6,

21.6, and 20.4 months in the TRD, non-TRD MDD, and the non-MDD cohort, respectively.

In the sensitivity analysis performed among patients aged�65, mean age was 72.6 years

both in the TRD and non-TRD MDD cohorts, and other matched-on covariates were well bal-

anced between cohorts. Quan-CCI (mean±SD: TRD = 1.7±1.7, non-TRD MDD = 1.5±1.6; std.

diff. = 11.8%), baseline HRU (e.g., number of outpatient visits [mean±SD]: TRD = 10.4±7.4,

non-TRD MDD = 8.8±6.7, std. diff. = 23.4%) and baseline total healthcare costs (mean±SD:

TRD = $31,404±$60,120, non-TRD MDD = $23,239±$49,614, std diff. = 14.8%) were higher

in the TRD cohort than the non-TRD MDD cohort.

Treatment patterns

For the TRD versus non-TRD MDD cohorts, the most frequently used antidepressants classes

were SSRIs (84.6% vs. 76.7%), SNRIs (46.5% vs. 20.9%), NDRIs (32.0% vs 12.9%), tricyclics

and tetracyclics (27.9% vs. 11.4%), and norepinephrine-serotonin modulators (23.2% vs. 8.7%;

Fig 1). The use of antidepressants was low in non-MDD patients (e.g., SSRIs: 14.1%, tricyclics

and tetracyclics: 5.2%, SNRIs: 5.0%; Fig 1). Duration of antidepressant therapy was longer

among patients with TRD (265.2 days) relative to those with non-TRD MDD (194.0 days,

P<0.001). The number of unique antidepressant agents received was higher in the TRD cohort

relative to the non-TRD MDD cohort (mean±SD: TRD = 3.0±1.1, non-TRD MDD = 1.6±0.8,

P<0.001). Similar treatment patterns were observed in the sensitivity analysis among patients

aged�65 years (S1 Fig).

Healthcare resource utilization

During the observation period, patients with TRD had 34% and 36% higher adjusted rates of

all-cause PPPY inpatient visits and days of inpatient stays, respectively, relative to non-TRD

MDD patients (all P<0.001; Fig 2). When using the non-MDD cohort as comparator, these

differences reached 89% and 90%, respectively (all P<0.001; Fig 2). Similarly, the rates of all-

cause PPPY ED visits were 25% higher in the TRD cohort than the non-TRD MDD

(P<0.001), and 115% higher when compared to the non-MDD cohort (P<0.001; Fig 2).
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Table 1. Baseline characteristics of matcheda cohorts (main analysis).

TRD cohort Non-TRD MDD cohort Std. diff.b

(%)

Non-MDD control cohort Std. diff.b

(%)N = 3,224 N = 3,224 N = 3,224

Age at index date (years), mean ± SD [median] 58.9 ± 14.6 [60] 59.0 ± 14.6 [61] 0.9 59.0 ± 14.6 [61] 0.9

Female, n (%) 2,064 (64.0) 2,052 (63.6) 0.8 2,066 (64.1) 0.1

Race, n (%)

White 2,645 (82.0) 2,671 (82.8) 2.1 2,654 (82.3) 0.7

Black 328 (10.2) 326 (10.1) 0.2 328 (10.2) –

Asian 35 (1.1) 25 (0.8) 3.2 28 (0.9) 2.2

Other/Unknown

Year of index date, n (%)c

2011 458 (14.2) 457 (14.2) 0.1 457 (14.2) 0.1

2012 681 (21.1) 679 (21.1) 0.2 678 (21.0) 0.2

2013 497 (15.4) 490 (15.2) 0.6 497 (15.4) –

2014 475 (14.7) 476 (14.8) 0.1 473 (14.7) 0.2

2015 516 (16.0) 522 (16.2) 0.5 521 (16.2) 0.4

2016 470 (14.6) 475 (14.7) 0.4 470 (14.6) –

2017 127 (3.9) 125 (3.9) 0.3 128 (4.0) 0.2

Geographical region, n (%) [27]

Northeast 543 (16.8) 540 (16.7) 0.2 545 (16.9) 0.2

Midwest 809 (25.1) 809 (25.1) – 806 (25.0) 0.2

South 1,308 (40.6) 1,317 (40.8) 0.6 1,312 (40.7) 0.3

West 558 (17.3) 555 (17.2) 0.2 555 (17.2) 0.2

Unknown <11 (<0.3) <11 (<0.3) – <11 (<0.3) –

Quan-CCI, mean ± SD [median] [28] 1.4 ± 1.6 [1] 1.3 ± 1.5 [1] 6.6 1.0 ± 1.3 [1] 28.9

Top 5 most frequent physical comorbidities, n (%) [29]d

Hypertension 1,955 (60.6) 1,902 (59.0) 3.4 1,559 (48.4) 24.9

Diabetes 924 (28.7) 937 (29.1) 0.9 795 (24.7) 9.1

Chronic pulmonary disease 909 (28.2) 799 (24.8) 7.7 558 (17.3) 26.2

Deficiency anemias 640 (19.9) 575 (17.8) 5.2 404 (12.5) 20.0

Hypothyroidism 564 (17.5) 537 (16.7) 2.2 425 (13.2) 12.0

Top 5 most frequent mental comorbidities, n (%) [30]

Depressione 1,808 (56.1) 1,947 (60.4) 8.8 187 (5.8) 129.6

Anxiety disorders 1,016 (31.5) 879 (27.3) 9.3 245 (7.6) 63.2

Sleep-wake disorders 764 (23.7) 658 (20.4) 7.9 336 (10.4) 35.9

Substance-related and addictive disorders 702 (21.8) 613 (19.0) 6.9 313 (9.7) 33.6

Other conditions that may be a focus of clinical attention 500 (15.5) 446 (13.8) 4.7 235 (7.3) 26.1

Baseline costs and resource use

Had�1 healthcare visit/service, n (%)

Inpatient 825 (25.6) 705 (21.9) 8.8 324 (10.0) 41.5

ED 1,109 (34.4) 961 (29.8) 9.8 592 (18.4) 37.0

Outpatient 3,030 (94.0) 3,050 (94.6) 2.7 2,848 (88.3) 20.0

Other 1,729 (53.6) 1,578 (48.9) 9.4 1,454 (45.1) 17.1

Total healthcare costs (US $2017), mean ± SD [median] 26,498 ± 57,243 [7,236] 22,064 ± 54,182 [5,215] 8.0 11,564 ± 27,935 [3,17] 33.2

Medical costs 23,745 ± 56,246 [5,098] 19,403 ± 52,085 [3,380] 8.0 9,094 ± 25,439 [1,749] 33.6

(Continued)
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Table 1. (Continued)

TRD cohort Non-TRD MDD cohort Std. diff.b

(%)

Non-MDD control cohort Std. diff.b

(%)N = 3,224 N = 3,224 N = 3,224

Pharmacy costs 2,753 ± 8,779 [950] 2,661 ± 9,751 [697] 1.0 2,470 ± 9,568 [543] 3.1

Abbreviations: ED = emergency department; MDD = major depressive disorder; Quan-CCI = Quan-Charlson comorbidity index; SD = standard deviation; Std. diff. =

standardized difference; TRD = treatment-resistant depression

Notes
aPatients were matched on propensity score (the probability of being in the TRD cohort vs. the non-TRD MDD or non-MDD cohort), generated using probability

estimates from a logistic regression model adjusted for categorical age, sex, race, year of the index date, geographical region, and type of healthcare plan
bFor continuous variables, the standardized difference is calculated by dividing the absolute difference in means of the control and the TRD cohorts by the pooled

standard deviation of both groups. The pooled standard deviation is the square root of the average of the squared standard deviations. For dichotomous variables, the

standardized difference is calculated using the following equation where P is the respective proportion of participants in each group: (PTRD-Pcontrol)/
p

[(PTRD

(1-PTRD)+Pcontrol(1-Pcontrol))/2].
cThe index date was defined as the date of the first prescription fill for an antidepressant.
dThe top 5 most frequent Elixhauser comorbidities identified in the TRD cohort were reported.
eDepression diagnoses included the following diagnoses ICD-9-CM: 296.2x (MDD—single episode), 296.3x (MDD—recurrent episode), 300.4x (dysthymic disorder),

309.0x (adjustment disorder with depressed mood), 309.1x (prolonged depressive reaction), and 311.x (depressive disorder, not elsewhere classified) or ICD-10-CM:

F32x (MDD—single episode), F33x (MDD—recurrent episode), F341 (dysthymic disorder) and F4321 (adjustment disorder with depressed mood).

https://doi.org/10.1371/journal.pone.0223255.t001

Fig 1. Antidepressant treatment patterns observed during the follow-up period for the TRD, non-TRD MDD, and non-MDD cohorts (main analysis).

Abbreviations: MDD = major depressive disorder; NDRI = norepinephrine-dopamine reuptake inhibitors; SSRI = selective serotonin reuptake inhibitors;

SNRI = serotonin-norepinephrine reuptake inhibitors; TRD = treatment-resistant depression.

https://doi.org/10.1371/journal.pone.0223255.g001
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Similar results were obtained for all-cause outpatient and other visits, although the magnitude

of the difference was numerically lower (Fig 2).

The TRD cohort had higher rates of PPPY behavioral health-related HRU relative to the

non-TRD MDD cohort (e.g., inpatient visits: IRR = 1.49) and versus the non-MDD cohort

(e.g., inpatient visits: IRR = 3.84, all P<0.001). Depression-related HRU was also significantly

higher in the TRD cohort relative to either comparator group (e.g., inpatient visits for TRD vs.

non-TRD MDD: IRR = 1.53, P<0.001; S2 Table). In the sensitivity analysis, similar results

were obtained among patients�65, although the magnitude of the difference in all-cause

PPPY ED visits appeared higher (i.e., IRR = 1.38, P<0.001; S3 Table).

Costs

During the observation period, the total all-cause PPPY healthcare costs were $25,059 in the

TRD cohort, $19,945 in the non-TRD MDD cohort, and $14,410 in the non-MDD cohort (all

P<0.001; Fig 3 and Table 2). The TRD cohort had significantly higher adjusted PPPY all-cause

healthcare costs versus the non-TRD MDD (adjusted cost difference = $3,377, P<0.001) or

non-MDD cohorts (adjusted cost difference = $3,675, P<0.001; Fig 3 and Table 2).

Fig 2. All-cause HRU per-patient-per-year (main analysis)a. A)TRD versus non-TRD MDD. B) TRD versus non-MDD. Abbreviations: CI = confidence interval;

IRR = incidence rate ratio; MDD = major depressive disorder; PPPY = per patient per year. Notes: [1] HRU was measured from the index date up to two years post-

index date. [2] Adjusted for baseline total healthcare costs and Quan-CCI.

https://doi.org/10.1371/journal.pone.0223255.g002
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All-cause PPPY medical costs drove the majority of the cost difference whether TRD

patients were compared to those with non-TRD MDD or non-MDD (% of total adjusted cost

difference: vs. TRD = 75.7%, vs. non-MDD = 73.5%); outpatient costs were the main driver for

both comparisons (Table 2). Similar patterns and cost drivers were observed when assessing

total behavioral health-related costs (% of total all-cause costs: TRD = 30.7%, non-TRD

MDD = 27.3%, non-MDD = 13.8%) and total depression-related costs (% of total all-cause

costs: TRD = 20.4%, non-TRD MDD = 18.5%, non-MDD = 2.9%; Table 2).

In the sensitivity analysis, similar results were found among patients�65 years of age for

the TRD versus non-TRD MDD comparison (adjusted cost difference = $4,524) and TRD ver-

sus non-MDD comparison (adjusted cost difference = $7,126, all P<0.001; S4 Table). Trends

similar to those observed in the main analysis were observed with respect to the drivers of this

cost difference (S4 Table).

Discussion

In this retrospective, claims-based study, the burden of TRD was assessed in a population of

Medicare-insured patients. All categories of HRU assessed were significantly increased in

patients with TRD relative to those with non-TRD MDD, with all-cause inpatient and ED vis-

its having the largest difference in magnitude. Patients with TRD incurred higher total all-

cause PPPY healthcare costs of $25,059 relative to only $19,945 and $14,410 for patients with

Fig 3. All-cause healthcare costs per-patient-per-yeara during the follow-up period (main analysis). Abbreviations: CI = confidence interval; ED = emergency

department; MDD = major depressive disorder; PPPY = per patient per year; TRD = treatment-resistant depression. Notes: �: significant at the 5% level. [1] Healthcare

costs measured from the index date up to 2 years post-index date. [2] Adjusted for baseline total healthcare costs and Quan-CCI.

https://doi.org/10.1371/journal.pone.0223255.g003
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Table 2. All-cause, behavioral health-related, and depression-related healthcare costs per-patient-per-year during the follow-up period (main analysis).

Healthcare cost (US $2017) per patient per

year (PPPY)

Mean ± SD [median] Adjusted cost difference (95% CI); P-valuea,b

TRD cohort

(N = 3,224)

Non-TRD MDD

cohort

(N = 3,224)

Non-MDD cohort

(N = 3,224)

Non-TRD MDD

cohort

Non-MDD cohort

All-cause medical and pharmacy costs 25,059 ± 36,832

[12,26]

19,945 ± 40,138

[7,795]

14,410 ± 34,446

[3,902]

3377 (1,933 ; 5,179);

<0.001�
3675 (2,014 ; 5,205);

<0.001�

All-cause medical costs 20,425 ± 33,463

[8,561]

16,346 ± 36,808

[5,229]

11,689 ± 31,907

[2,499]

2555 (1,097 ; 4,133);

<0.001�
2700 (1,160 ; 4,143);

<0.001�

Inpatient costs 8,886 ± 20,930 [0] 7,524 ± 27,935 [0] 5,580 ± 24,575 [0] 481 (-664 ; 1,638);

0.421

-27 (-1,341 ; 1,112);

0.990

ED costs 1,161 ± 2,491 [343] 918 ± 3,144 [144] 548 ± 3,172 [0] 182 (27 ; 348); 0.040� 459 (324 ; 590);

<0.001�

Outpatient costs 7,143 ± 11,410 [4,14] 5,766 ± 12,178 [2,809] 4,171 ± 9,862 [1,512] 988 (447 ; 1,541);

<0.001�
1283 (802 ; 1,777);

<0.001�

Other costs 3,236 ± 10,821 [429] 2,138 ± 5,827 [208] 1,391 ± 5,283 [77] 904 (540 ; 1,331);

<0.001�
985 (619 ; 1,359);

<0.001�

All-cause pharmacy costs 4,633 ± 10,843

[1,985]

3,599 ± 10,472 [1,319] 2,721 ± 10,163 [647] 822 (346 ; 1,372);

0.004�
974 (373 ; 1,517);

<0.001�

Behavioral health-related medical and

pharmacy costs

7,698 ± 14,081

[2,248]

5,437 ± 16,695 [759] 1,991 ± 9,814 [0] 1899 (1,174 ; 2,589);

<0.001�
4526 (3,972 ; 5,065);

<0.001�

Behavioral health-related medical costsc 7,021 ± 14,025

[1,374]

5,180 ± 16,673 [463] 1,837 ± 9,744 [0] 1482 (751 ; 2,174);

<0.001�
4026 (3,470 ; 4,567);

<0.001�

Inpatient costs 4,689 ± 11,191 [0] 3,657 ± 14,434 [0] 1,463 ± 9,084 [0] 741 (115 ; 1,339);

0.016�
2304 (1,818 ; 2,770);

<0.001�

ED costs 424 ± 1,555 [0] 275 ± 1,668 [0] 106 ± 685 [0] 129 (33 ; 212); 0.012� 283 (230 ; 347);

<0.001�

Outpatient costs 948 ± 2,248 [332] 638 ± 2,044 [135] 128 ± 689 [0] 294 (199 ; 407);

<0.001�
762 (679 ; 847);

<0.001�

Other costs 960 ± 4,205 [0] 611 ± 2,737 [0] 141 ± 1,308 [0] 318 (147 ; 494);

<0.001�
677 (544 ; 819);

<0.001�

Psychiatric pharmacy costsd 677 ± 1,528 [252] 256 ± 862 [49] 155 ± 1,050 [0] 417 (360 ; 476);

<0.001�
500 (434 ; 565);

<0.001�

Depression-related pharmacy and medical

costs

5,106 ± 11,306 [912] 3,690 ± 12,596 [288] 424 ± 2,839 [0] 1153 (597 ; 1,703);

<0.001�
4027 (3,661 ; 4,373);

<0.001�

Depression-related medical costse 4,815 ± 11,303 [473] 3,556 ± 12,590 [154] 385 ± 2,817 [0] 999 (449 ; 1,550);

<0.001�
3780 (3,407 ; 4,128);

<0.001�

Inpatient visits 3,210 ± 9,142 [0] 2,502 ± 11,099 [0] 273 ± 2,435 [0] 494 (-34 ; 968); 0.060 2444 (2,154 ; 2,756);

<0.001�

ED visits 237 ± 1,143 [0] 142 ± 1,031 [0] 18 ± 244 [0] 81 (23 ; 139); 0.012� 195 (161 ; 235);

<0.001�

Outpatient costs 603 ± 1,716 [156] 414 ± 1,727 [57] 31 ± 385 [0] 177 (100 ; 267);

<0.001�
538 (479 ; 602);

<0.001�

Other costs 767 ± 3,718 [0] 498 ± 2,352 [0] 63 ± 799 [0] 248 (100 ; 390);

<0.001�
603 (480 ; 724);

<0.001�

(Continued)
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non-TRD MDD and non-MDD, respectively, yielding adjusted cost differences of $3,377 and

$3,675.

In the present study, 10.9% of pharmacologically-treated patients with MDD met the defi-

nition of TRD in the main analysis, and 7.1% did so in the sensitivity analysis performed

among patients aged�65. These figures are lower than those reported in previous studies

which applied the same study cohort definitions to other populations, including commer-

cially-insured patients (16.2%) [12] and Medicaid beneficiaries (26.1%) [18]. While this may

indicate that the prevalence of TRD among Medicare-insured patients with MDD is lower

than that among other populations, the presence of multiple mental and physical comorbidi-

ties can complicate the management of TRD in older patients and underlie this result. Indeed,

due to concerns over potential side effects, comorbidities (e.g., hepatic or renal impairment),

or drug-drug interactions [5, 31], some patients may not be offered further lines of antidepres-

sant therapy, and would consequently not be identified as having TRD based on the present

algorithm. More research is warranted to better understand this apparent lower prevalence of

TRD in Medicare-insured patients versus other populations.

With respect to treatment patterns, the Medicare-insured patients with TRD included in

the present study received, on average, a lower number of different antidepressants compared

with commercially-insured and Medicaid-insured patients included in previous studies (i.e.,

mean: Medicare = 3.0, commercial = 3.3, Medicaid = 3.3) but for a longer duration (mean

[days]: Medicare = 265, commercial = 235, Medicaid = 224) [12, 18]. Average treatment dura-

tion was even longer in the sensitivity analysis performed among patients�65 years of age

(281 days). This supports the possibility that tolerable treatment options are limited in elderly

patients due to the high rates of comorbidities in this population [31], which may lead to

reduced rates of treatment switching. Additionally, the APA guidelines recommend that older

or medically compromised patients receive a lower starting therapeutic dose (i.e., 50% of stan-

dard dose) followed by dose escalation [5]. Thus, the longer time of antidepressant therapy in

this elderly population may partially reflect the longer time required for the sequential escala-

tion of antidepressant doses. Moreover, the most common class of antidepressants was SSRIs,

Table 2. (Continued)

Healthcare cost (US $2017) per patient per

year (PPPY)

Mean ± SD [median] Adjusted cost difference (95% CI); P-valuea,b

TRD cohort

(N = 3,224)

Non-TRD MDD

cohort

(N = 3,224)

Non-MDD cohort

(N = 3,224)

Non-TRD MDD

cohort

Non-MDD cohort

Antidepressant pharmacy costs 290 ± 561 [110] 134 ± 325 [27] 39 ± 192 [0] 154 (131 ; 178);

<0.001�
247 (226 ; 268);

<0.001�

Abbreviations: CI = confidence interval; ED = emergency department; SD = standard deviation

Notes

�: significant at the 5% level
a Unadjusted cost differences were estimated using an ordinary least squares regression model and 95% CIs and p-values were estimated using a non-parametric

bootstrap procedure (N = 499).
b A cost difference > 0 indicates that the TRD cohort had higher costs than non-TRD MDD cohort.
c Behavioral health-related medical costs were defined as all costs during a visit with any of the following ICD-9 CM diagnostic codes: 290.xx– 319.xx and their ICD-10

CM equivalent.
d Psychiatric pharmacy costs include the following classes of agents: antidepressants, anxiolytics, anticonvulsants/mood stabilizers, antipsychotics, and other mood

stabilizers (e.g., lithium).
e Depression-related medical costs were identified using the following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their ICD-10 CM

equivalents.

https://doi.org/10.1371/journal.pone.0223255.t002
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which is consistent with previous findings in commercially-insured [12, 16] and Medicaid-

insured [18] patients.

With respect to costs, the adjusted total healthcare cost difference is in line with the vast

body of literature showing that TRD patients incur significantly higher costs compared with

non-TRD MDD patients [6, 12, 16–18, 20]. However, the difference appeared smaller than

that observed in different populations (Medicare = $3,675, commercial = $6,709, Medicaid =

$4,382) [12, 18], suggesting the incremental cost burden of TRD may be lower in Medicare-

insured patients.

Total healthcare costs were higher among the Medicare-insured patients with TRD

included in the present study relative to those included in previous studies that assessed com-

mercially-insured and Medicaid-insured patients (mean: Medicare = $25,059, commercial =

$17,261, Medicaid = $16,654) [12, 18]. This difference was almost entirely driven by higher

total medical costs relative to those found in other populations (mean: Medicare = $20,425;

commercial = $13,795, Medicaid = $12,403), which may be explained by other co-occurring

medical conditions in this older population. In addition, behavioral health-related costs

accounted for only a minority (~30%) of total healthcare costs in the TRD cohort, an observa-

tion consistent with several previous studies, which reiterates the importance of comorbidities

as a major contributor to the economic burden of TRD [12, 16, 18].

Limitations

The present study is subject to some limitations. First, the algorithm used to identify patients

with TRD relied solely on pharmacy claims, and clinical considerations to specifically assess

treatment failure, response, and remission could not be incorporated. Second, although adjust-

ment techniques such as matching and multivariable model adjustments were used to mini-

mize potential confounding, comparisons may be subject to unmeasured confounders. Third,

analyses are subject to inherent limitations of claims databases such as inaccuracies due to cod-

ing errors and missing data. Fourth, included patients may not be representative of the entire

TRD or MDD population, given that patients with concurrent diagnoses of psychosis, bipolar,

manic disorder, schizophrenia, or dementia were excluded from the study to ensure that the

antidepressant was used to treat MDD. In addition, due to the inclusion of patients who

received an antidepressant treatment course of adequate dose and duration, non-adherent

patients may be underrepresented in the study sample.

Conclusion

In the present retrospective claims-based study, Medicare-insured patients with TRD were

found to have significantly higher HRU and costs compared to patients with non-TRD MDD

and those without MDD. These results are in line with the growing body of literature which

highlights the significant incremental burden of TRD versus non-TRD MDD across multiple

different populations [12, 16–18, 20, 21]. Further research is needed to identify and validate

potential modifiable (e.g., cholesterol [32, 33]) and non-modifiable (e.g., depressive illness bur-

den, concurrent psychiatric and general medical disorders [7]) factors associated with TRD in

Medicare-insured patients, which may enable the identification of patients who may benefit

the most from antidepressant treatment.

Supporting information

S1 Fig. Antidepressant treatment patterns observed during the follow-up period for the

TRD, non-TRD MDD, and non-MDD cohorts for the subset of patients aged�65. Abbre-

viations: MDD = major depressive disorder; NDRI = norepinephrine-dopamine reuptake
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inhibitors; SSRI = selective serotonin reuptake inhibitors; SNRI = serotonin-norepinephrine

reuptake inhibitors; TRD = treatment-resistant depression.

(TIF)

S1 Table. Patient baseline characteristics (main analysis) before matching. Abbreviations:

ED = emergency department; MDD = major depressive disorder; Quan-CCI = Quan-Charlson

comorbidity index; SD = standard deviation; Std. diff. = standardized difference; TRD = treat-

ment-resistant depression. Notes: a For continuous variables, the standardized difference is cal-

culated by dividing the absolute difference in means of the control and the TRD cohorts by the

pooled standard deviation of both groups. The pooled standard deviation is the square root of

the average of the squared standard deviations. For dichotomous variables, the standardized dif-

ference is calculated using the following equation where P is the respective proportion of partici-

pants in each group: (PTRD-Pcontrol)/
p

[(PTRD(1-PTRD)+Pcontrol(1-Pcontrol))/2]. b The

index date was defined as the date of the first prescription fill for an antidepressant. c Based on

U.S. census regions (http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.

pdf). d Quan H, Sundararajan V, Halfon P et al. Coding Algorithms for Defining Comorbidities

in ICD-9-CM and ICD-10 Administrative Data. Medical Care 2005;43:1130-1139.e Elixhauser

A, Steiner C, Kruzikas. D. HCUP Methods Series Report # 2004–1. ONLINE February 6, 2004.

U.S. Agency for Healthcare Research and Quality. [Internet]. Comorbidity Software Documen-

tation. Rockville, MD, USA; 2004 [cited 2013]. p. 12–5. Available from: http://www.hcup-us.

ahrq.gov/reports/ComorbiditySoftwareDocumentationFinal.pdf. The top 5 most frequent Elix-

hauser comorbidities identified in the TRD cohort were reported. f American Psychiatric Associ-

ation. Diagnostic and statistical manual of mental disorders: DSM-V. Amer Psychiatric Pub Inc;

2013. The top 5 most frequent mental disorders identified in the TRD cohort were reported. g

Depression diagnoses included the following diagnoses ICD-9-CM: 296.2x (MDD—single epi-

sode), 296.3x (MDD—recurrent episode), 300.4x (dysthymic disorder), 309.0x (adjustment dis-

order with depressed mood), 309.1x (prolonged depressive reaction), and 311.x (depressive

disorder, not elsewhere classified) or ICD-10-CM: F32x (MDD—single episode), F33x (MDD—

recurrent episode), F341 (dysthymic disorder) and F4321 (adjustment disorder with depressed

mood).

(DOCX)

S2 Table. Behavioral health-related and depression-related HRU per-patient-per-year dur-

ing the follow-up period (main analysis). Abbreviations: CCI = Charlson comorbidity index;

CI = confidence interval; ED = emergency department; HRU = healthcare resource utilization;

IRR = incidence rate ratio; MDD = major depressive disorder; TRD = treatment-resistant

depression. Notes: �: significant at the 5% level. a IRRs, 95% CIs, and p-values were estimated

using a generalized linear model with a negative binomial or a Poisson distribution based on

the results of the over dispersion test. Over dispersion was detected for nearly all categories of

healthcare resource utilization, resulting in the use of a negative binomial distribution instead of

the Poisson distribution. b An IRR> 1 indicates that the TRD cohort had higher healthcare

resource utilization than non-MDD cohort. c Behavioral health-related HRU were identified

using the following ICD-9 CM diagnosis codes: 290.xx– 319.xx and their ICD-10 CM equiva-

lents. d Depression-related HRU were identified using the following ICD-9 CM diagnosis

codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their ICD-10 CM equivalents.

(DOCX)

S3 Table. All-cause, behavioral health-related, and depression-related HRU during the fol-

low-up period in the subset of patients aged�65. Abbreviations: CCI = Charlson comor-

bidity index; CI = confidence interval; ED = emergency department; HRU = healthcare
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resource utilization; IRR = incidence rate ratio; MDD = major depressive disorder;

TRD = treatment-resistant depression. Notes: �: significant at the 5% level. a IRRs, 95% CIs,

and p-values were estimated using a generalized linear model with a negative binomial or a

Poisson distribution based on the results of the over dispersion test. Over dispersion was

detected for nearly all categories of healthcare resource utilization, resulting in the use of a neg-

ative binomial distribution instead of the Poisson distribution. b An IRR> 1 indicates that the

TRD cohort had higher healthcare resource utilization than non-MDD cohort. c Behavioral

health-related HRU were identified using the following ICD-9 CM diagnosis codes: 290.xx–

319.xx and their ICD-10 CM equivalents. d Depression-related HRU were identified using the

following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their

ICD-10 CM equivalents.

(DOCX)

S4 Table. All-cause, behavioral health-related, and depression-related healthcare costs per-

patient-per-year during the follow-up period for the subset of patients aged�65. Abbrevi-

ations: CI = confidence interval; ED = emergency department; SD = standard deviation.

Notes: �: significant at the 5% level. a Unadjusted cost differences were estimated using an

ordinary least squares regression model and 95% CIs and p-values were estimated using a

non-parametric bootstrap procedure (N = 499). b A cost difference > 0 indicates that the TRD

cohort had higher costs than non-TRD MDD cohort. c Behavioral health-related medical costs

were defined as all costs during a visit with any of the following ICD-9 CM diagnostic codes:

290.xx– 319.xx and their ICD-10 CM equivalent. d Psychiatric pharmacy costs include the fol-

lowing classes of agents: antidepressants, anxiolytics, anticonvulsants/mood stabilizers, anti-

psychotics, and other mood stabilizers (e.g., lithium). e Depression-related medical costs were

identified using the following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x,

309.1x, 311.xx and their ICD-10 CM equivalents.

(DOCX)

Acknowledgments

Medical writing assistance was provided by Samuel Rochette, an employee of Analysis Group,

Inc., which provided paid consulting services to Janssen Scientific Affairs for the conduct of

this study.

Part of the material in the manuscript was presented at the American Psychiatric Associa-

tion (APA) Annual Meeting 2019 held in San Francisco, CA, USA from May 18 to 22, 2019.

Author Contributions

Conceptualization: Dominic Pilon, Kruti Joshi, John J. Sheehan, Patrick Lefebvre, Paul E.

Greenberg.

Data curation: Dominic Pilon, Miriam L. Zichlin, Peter Zuckerman.

Formal analysis: Dominic Pilon, Miriam L. Zichlin, Peter Zuckerman, Patrick Lefebvre, Paul

E. Greenberg.

Investigation: Dominic Pilon, Miriam L. Zichlin, Peter Zuckerman, Patrick Lefebvre, Paul E.

Greenberg.

Methodology: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin, Peter Zucker-

man, Patrick Lefebvre, Paul E. Greenberg.

Burden of treatment-resistant depression in Medicare

PLOS ONE | https://doi.org/10.1371/journal.pone.0223255 October 10, 2019 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223255.s005
https://doi.org/10.1371/journal.pone.0223255


Project administration: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin, Pat-

rick Lefebvre, Paul E. Greenberg.

Resources: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin, Peter Zuckerman,

Patrick Lefebvre, Paul E. Greenberg.

Supervision: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin, Patrick Lefebvre,

Paul E. Greenberg.

Visualization: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin, Peter Zucker-

man, Patrick Lefebvre, Paul E. Greenberg.

Writing – original draft: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin,

Peter Zuckerman, Patrick Lefebvre, Paul E. Greenberg.

Writing – review & editing: Dominic Pilon, Kruti Joshi, John J. Sheehan, Miriam L. Zichlin,

Peter Zuckerman, Patrick Lefebvre, Paul E. Greenberg.

References
1. National Institute of Mental Health (NIMH). Major Depression 2017 [Available from: https://www.nimh.

nih.gov/health/statistics/major-depression.shtml.

2. Centers for Medicare & Medicaid Services. CMS Fast Facts 2019 [Available from: Available from:

https://www.cms.gov/fastfacts/.

3. Greenberg PE, Fournier AA, Sisitsky T, Pike CT, Kessler RC. The economic burden of adults with

major depressive disorder in the United States (2005 and 2010). J Clin Psychiatry. 2015; 76(2):155–62.

https://doi.org/10.4088/JCP.14m09298 PMID: 25742202

4. Susbtance Abuse and Mental Health Services Administration. Prohections of National Expenditures for

Treatment of Mental and Susbtance Use Disorders, 2010–2020 Rockville, MD [Available from: Avail-

able from: https://store.samhsa.gov/system/files/sma14-4883.pdf.

5. Work Group on Major Depressive Disorder. Practice Guidelines For the Treatment of Patients With

Major Depressive Disorder— Third Edition: American Psychiatric Association; 2010 [Available from:

Available from: http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.

pdf.

6. Mrazek DA, Hornberger JC, Altar CA, Degtiar I. A review of the clinical, economic, and societal burden

of treatment-resistant depression: 1996–2013. Psychiatric services. 2014; 65(8):977–87. https://doi.

org/10.1176/appi.ps.201300059 PMID: 24789696

7. Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, Warden D et al. Acute and longer-

term outcomes in depressed outpatients requiring one or several treatment steps: a STAR* D report.

American Journal of Psychiatry. 2006; 163(11):1905–17. https://doi.org/10.1176/ajp.2006.163.11.1905

PMID: 17074942

8. Mihanovic M, Restek-Petrovic B, Bodor D, Molnar S, Oreskovic A, Presecki P. Suicidality and side

effects of antidepressants and antipsychotics. Psychiatr Danub. 2010; 22(1):79–84. PMID: 20305596

9. Peet M. Induction of mania with selective serotonin re-uptake inhibitors and tricyclic antidepressants. Br

J Psychiatry. 1994; 164(4):549–50. https://doi.org/10.1192/bjp.164.4.549 PMID: 8038948

10. Gaynes B, Asher G, Gartlehner G, Hoffman V, Green J, Boland J et al. Definition of Treatment-Resis-

tant Depression in the Medicare Population. Rockville, MD: Agency for Healthcare Research and Qual-

ity; 2018.

11. Conway CR, George MS, Sackeim HA. Toward an Evidence-Based, Operational Definition of Treat-

ment-Resistant Depression: When Enough Is Enough. JAMA Psychiatry. 2017; 74(1):9–10. https://doi.

org/10.1001/jamapsychiatry.2016.2586 PMID: 27784055

12. Amos TB, Tandon N, Lefebvre P, Pilon D, Kamstra RL, Pivneva I et al. Direct and Indirect Cost Burden

and Change of Employment Status in Treatment-Resistant Depression: A Matched-Cohort Study Using

a US Commercial Claims Database. J Clin Psychiatry. 2018; 79(2).

13. Cepeda MS, Reps J, Fife D, Blacketer C, Stang P, Ryan P. Finding treatment-resistant depression in

real-world data: How a data-driven approach compares with expert-based heuristics. Depress Anxiety.

2018; 35(3):220–8. https://doi.org/10.1002/da.22705 PMID: 29244906

14. Cepeda MS, Reps J, Ryan P. Finding factors that predict treatment-resistant depression: Results of a

cohort study. Depress Anxiety. 2018.

Burden of treatment-resistant depression in Medicare

PLOS ONE | https://doi.org/10.1371/journal.pone.0223255 October 10, 2019 15 / 16

https://www.nimh.nih.gov/health/statistics/major-depression.shtml
https://www.nimh.nih.gov/health/statistics/major-depression.shtml
https://www.cms.gov/fastfacts/
https://doi.org/10.4088/JCP.14m09298
http://www.ncbi.nlm.nih.gov/pubmed/25742202
https://store.samhsa.gov/system/files/sma14-4883.pdf
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
https://doi.org/10.1176/appi.ps.201300059
https://doi.org/10.1176/appi.ps.201300059
http://www.ncbi.nlm.nih.gov/pubmed/24789696
https://doi.org/10.1176/ajp.2006.163.11.1905
http://www.ncbi.nlm.nih.gov/pubmed/17074942
http://www.ncbi.nlm.nih.gov/pubmed/20305596
https://doi.org/10.1192/bjp.164.4.549
http://www.ncbi.nlm.nih.gov/pubmed/8038948
https://doi.org/10.1001/jamapsychiatry.2016.2586
https://doi.org/10.1001/jamapsychiatry.2016.2586
http://www.ncbi.nlm.nih.gov/pubmed/27784055
https://doi.org/10.1002/da.22705
http://www.ncbi.nlm.nih.gov/pubmed/29244906
https://doi.org/10.1371/journal.pone.0223255


15. Corey-Lisle PK, Birnbaum HG, Greenberg PE, Marynchenko MB, Claxton AJ. Identification of a claims

data "signature" and economic consequences for treatment-resistant depression. J Clin Psychiatry.

2002; 63(8):717–26. https://doi.org/10.4088/jcp.v63n0810 PMID: 12197453

16. Ivanova JI, Birnbaum HG, Kidolezi Y, Subramanian G, Khan SA, Stensland MD. Direct and indirect

costs of employees with treatment-resistant and non-treatment-resistant major depressive disorder.

Curr Med Res Opin. 2010; 26(10):2475–84. https://doi.org/10.1185/03007995.2010.517716 PMID:

20825269

17. Olfson M, Amos TB, Benson C, McRae J, Marcus SC. Prospective Service Use and Health Care Costs

of Medicaid Beneficiaries with Treatment-Resistant Depression. J Manag Care Spec Pharm. 2018; 24

(3):226–36. https://doi.org/10.18553/jmcp.2018.24.3.226 PMID: 29485948

18. Pilon D, Sheehan JJ, Szukis H, Singer D, Jacques P, Lejeune D et al. Medicaid spending burden

among beneficiaries with treatment-resistant depression. J Comp Eff Res. 2019; 8(6):381–92. https://

doi.org/10.2217/cer-2018-0140 PMID: 30734581

19. Joshi K, Zhdanava M, Pilon D, Lefebvre P, Sheehan JJ. Health Care Use and Associated Cost Among

Patients With Treatment-resistant Depression Across US Payers: A Comprehensive Analysis. Acad-

emy of Managed Care Pharmacy 2019 meeting; San Diego, CA2019.

20. Olchanski N, McInnis Myers M, Halseth M, Cyr PL, Bockstedt L, Gross TF et al. The economic burden

of treatment-resistant depression. Clin Ther. 2013; 35(4):512–22. https://doi.org/10.1016/j.clinthera.

2012.09.001 PMID: 23490291

21. Benson C, Huang A, Amos T, Wang L, Baser O. Economic Burden of Illness Among US Veterans With

Treatment-Resistant Depression Psych Congress 2018; 2018; Orlando, FL.

22. U.S. Department of Health and Human Services. Who is eligible for Medicare? 2019 [Available from:

Available from: https://www.hhs.gov/answers/medicare-and-medicaid/who-is-elibible-for-medicare/

index.html.

23. Hasin DS, Sarvet AL, Meyers JL, Stinson FS, Grant BF. Epidemiology of adult DSM-5 major depressive

disorder and its specifiers in the United States. JAMA psychiatry. 2018; 75(4):336–46. https://doi.org/

10.1001/jamapsychiatry.2017.4602 PMID: 29450462

24. Fiske A, Wetherell JL, Gatz M. Depression in older adults. Annu Rev Clin Psychol. 2009; 5:363–89.

https://doi.org/10.1146/annurev.clinpsy.032408.153621 PMID: 19327033

25. SAMHSA—Substance Abuse and Mental Health Services Administration. National Survey on Drug

Use and Health 2016—Table 8.56B [Available from: Available from: https://www.samhsa.gov/data/

sites/default/files/cbhsq-reports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.htm#tab8-56A.

26. Mitchell AJ, Subramaniam H. Prognosis of depression in old age compared to middle age: a systematic

review of comparative studies. Am J Psychiatry. 2005; 162(9):1588–601. https://doi.org/10.1176/appi.

ajp.162.9.1588 PMID: 16135616

27. US Census Bureau. Census Regions and Divisions of the United States [Available from: http://www2.

census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf.

28. Quan H, Sundararajan V, Halfon P et al. Coding algorithms for defining comorbidities in ICD-9-CM and

ICD-10 administrative data. Medical care. 2005:1130–9. https://doi.org/10.1097/01.mlr.0000182534.

19832.83 PMID: 16224307

29. Elixhauser A, Steiner C, Kruzikas D. HCUP Methods Series Report # 2004–1—Comorbidity Software

Documentation Rockville, MD, USA 2004 [Available from: http://www.hcup-us.ahrq.gov/reports/

ComorbiditySoftwareDocumentationFinal.pdf.

30. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-5®):

American Psychiatric Pub; 2013.

31. Bradley B, Backus D, Gray E. Depression in the older adult: What should be considered? Ment Health

Clin. 2016; 6(5):222–8. https://doi.org/10.9740/mhc.2016.09.222 PMID: 29955474

32. Papakostas GI, Petersen T, Sonawalla SB et al. Serum cholesterol in treatment-resistant depression.

Neuropsychobiology. 2003; 47(3):146–51. https://doi.org/10.1159/000070584 PMID: 12759558

33. Sonawalla SB, Papakostas GI, Petersen TJ, Yeung AS, Smith MM, Sickinger AH et al. Elevated choles-

terol levels associated with nonresponse to fluoxetine treatment in major depressive disorder. Psycho-

somatics. 2002; 43(4):310–6. https://doi.org/10.1176/appi.psy.43.4.310 PMID: 12189257

Burden of treatment-resistant depression in Medicare

PLOS ONE | https://doi.org/10.1371/journal.pone.0223255 October 10, 2019 16 / 16

https://doi.org/10.4088/jcp.v63n0810
http://www.ncbi.nlm.nih.gov/pubmed/12197453
https://doi.org/10.1185/03007995.2010.517716
http://www.ncbi.nlm.nih.gov/pubmed/20825269
https://doi.org/10.18553/jmcp.2018.24.3.226
http://www.ncbi.nlm.nih.gov/pubmed/29485948
https://doi.org/10.2217/cer-2018-0140
https://doi.org/10.2217/cer-2018-0140
http://www.ncbi.nlm.nih.gov/pubmed/30734581
https://doi.org/10.1016/j.clinthera.2012.09.001
https://doi.org/10.1016/j.clinthera.2012.09.001
http://www.ncbi.nlm.nih.gov/pubmed/23490291
https://www.hhs.gov/answers/medicare-and-medicaid/who-is-elibible-for-medicare/index.html
https://www.hhs.gov/answers/medicare-and-medicaid/who-is-elibible-for-medicare/index.html
https://doi.org/10.1001/jamapsychiatry.2017.4602
https://doi.org/10.1001/jamapsychiatry.2017.4602
http://www.ncbi.nlm.nih.gov/pubmed/29450462
https://doi.org/10.1146/annurev.clinpsy.032408.153621
http://www.ncbi.nlm.nih.gov/pubmed/19327033
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.htm#tab8-56A
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.htm#tab8-56A
https://doi.org/10.1176/appi.ajp.162.9.1588
https://doi.org/10.1176/appi.ajp.162.9.1588
http://www.ncbi.nlm.nih.gov/pubmed/16135616
http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1097/01.mlr.0000182534.19832.83
http://www.ncbi.nlm.nih.gov/pubmed/16224307
http://www.hcup-us.ahrq.gov/reports/ComorbiditySoftwareDocumentationFinal.pdf
http://www.hcup-us.ahrq.gov/reports/ComorbiditySoftwareDocumentationFinal.pdf
https://doi.org/10.9740/mhc.2016.09.222
http://www.ncbi.nlm.nih.gov/pubmed/29955474
https://doi.org/10.1159/000070584
http://www.ncbi.nlm.nih.gov/pubmed/12759558
https://doi.org/10.1176/appi.psy.43.4.310
http://www.ncbi.nlm.nih.gov/pubmed/12189257
https://doi.org/10.1371/journal.pone.0223255

