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Abstract

Background and Objective Suicidal ideation or behavior are core symptoms of major depressive disorder (MDD). This study
aimed to understand heterogeneity among patients with MDD and acute suicidal ideation or behavior.

Methods Adults with a diagnosis of MDD on the same day or 6 months before a claim for suicidal ideation or behavior
(index date) were identified in the MarketScan® Databases (10/01/2014-04/30/2019). A mathematical algorithm was used
to cluster patients on characteristics of care measured pre-index. Patient care pathways were described by cluster during the
12-month pre-index period and up to 12 months post-index.

Results Among 38,876 patients with MDD and acute suicidal ideation or behavior, three clusters were identified. Across
clusters, pre-index exposure to mental healthcare was revealed as a key differentiator: Cluster 1 (N = 16,025) was least
exposed, Cluster 2 (N = 5640) moderately exposed, and Cluster 3 (N = 17,211) most exposed. Patients whose MDD diag-
nosis was first observed during their index event comprised 86.0% and 72.8% of Clusters 1 and 2, respectively; in Cluster
3, all patients had an MDD diagnosis pre-index. Within 30 days post-index, in Clusters 1, 2, and 3, respectively, 79.3%,
85.2%, and 88.2% used mental health services, including outpatient visits for MDD. Within 12 months post-index, 61.5%,
91.5%, and 84.6% had one or more antidepressant claim, respectively. Per-patient index event costs averaged $5614, $6645,
and $5853, respectively.

Conclusions Patients with MDD and acute suicidal ideation or behavior least exposed to the healthcare system pre-index
similarly received the least care post-index. An opportunity exists to optimize treatment and follow-up with mental health
services.

1 Background prevalence of past-year suicidal ideation among US adults
with MDD was 31%, a proportion that increased from 26%

Major depressive disorder (MDD) affects 7.8% of adults in 11 2009 [5]. M'aJ:OI depres§ive dis.order. i_s among the most
the USA annually [1] and is a leading cause of disability prevalen.t conditions assoc1ate.d with suicide [6]. . .

worldwide [2, 3]. Major depressive disorder is a heterogene- Despite mental health parity laws, many patients with
ous disorder with symptoms varying in number, frequency mental health conditions face barriers in access to optimal
intensity, and impact on function over the course of illness. ~ Mental healthcare [7, 8]. Despite an extensive body of lit-

Recurrent thoughts of death or suicide attempts are among erature on MDD, little is known about the subset of patients
the core symptoms of MDD [4]. In 2017, the estimated with MDD and acute suicidal ideation or behavior (MDSI)

and the way these patients interact with the healthcare sys-
tem before and after the suicide-related event. To improve
the care for patients with MDSI, it is important to under-
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A data-driven process identified distinct clusters of
patients with major depressive disorder and acute
suicidal ideation or behavior.

Degree of exposure to the mental healthcare system
before the suicide-related event was the key differentiator
across clusters.

Clusters least exposed to the healthcare system before
the suicide-related event received the least care after it.

service use, pharmacotherapy use, healthcare resource uti-
lization, and costs) by cluster.

2 Methods
2.1 Data Source

The IBM® MarketScan® Commercial and Medicare Supple-
mental Databases (10/01/2014-04/30/2019) were used. The
data contain patient demographics (race unavailable) and
insurance eligibility information, medical and prescription
drug claims including paid amounts, and represent all US
census regions with concentration in the South and North
Central (Midwest). Data are de-identified and comply with
patient requirements of the Health Insurance Portability and
Accountability Act.

2.2 Study Design

This study had a retrospective longitudinal design. The study
period spanned from 10/01/2014 to 04/30/2019; the index
window began on 10/01/2015. Suicide-related events were
defined using recommendations from the Centers for Dis-
ease Control and Prevention [9]. The index date was the first
claim with either a suicidal ideation diagnosis (International
Classification of Diseases, Tenth Revision, Clinical Modi-
fication [ICD-10-CM]: R45.851), or a suicide attempt code
(ICD-10-CM: T14.91x), or an intentional self-harm code
likely due to a suicide attempt (see Table S1 of the Electronic
Supplementary Material [ESM]); any of the three had to be
accompanied on the same day or in the 6 months prior by a
claim with an MDD diagnosis (ICD-9-CM: 292.2x, 296.3x;
ICD-10-CM: F32.xx [excluding F32.8x], F33.xx [exclud-
ing F33.8x]), to select patients with a suicide-related event
likely associated with a recent major depressive episode. If
the index date was based on an intentional self-harm code,
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a suicidal ideation diagnosis was required on the same day
or within the next 30 days to increase the likelihood of the
intentional self-harm being related to a suicide attempt. The
index suicidal ideation or behavior claim defined the index
event, which was categorized by care setting (i.e., inpatient,
emergency room [ER], or outpatient). Index events were
considered inpatient if they occurred in an inpatient care
setting or in an outpatient setting but were preceded (e.g.,
possibility unrecorded diagnosis codes) or followed (e.g.,
possibility of an increase in symptom severity) by an inpa-
tient admission within 2 days. Additionally, index events in
an ER setting that were followed by an inpatient admission
within 3 days were considered as inpatient (e.g., possibility
of an increase in symptom severity or an imperfect capture
of timing of transfers between ER and inpatient settings in
claims data). The duration of outpatient or ER index events
was taken as 1 day, while the duration of inpatient index
events spanned admission (or index date if it occurred before
admission) to discharge. The pre-index period spanned the
12 months before the index event, and the post-index period
spanned the index date until the end of continuous insurance
eligibility or data for a maximum of 12 months.

2.3 Patient Population

Patients were required to have a claim for suicidal ideation
or behavior accompanied by a recent MDD diagnosis (see
Sect. 2.2). In addition, patients were > 18 years old as of the
index date and had > 12 months of continuous insurance
eligibility before the index date. Patients with a diagnosis for
bipolar disorder, Cluster B personality disorders, dementia,
intellectual disability, schizophrenia and other non-mood
psychotic disorders, or substance-induced mood disorders
during the baseline or follow-up periods were excluded.

2.4 Patient Characteristics and Care Pathways

Patient characteristics described per-index event included,
among others, the timing of the first observed MDD diag-
nosis (any time before the index event vs during the index
event), diagnoses for selected co-occurring conditions (see
Tables S2 and S3 of the ESM), proportion of days covered
by antidepressants pre-index, and antidepressant use at the
time of the index date. Antidepressant use at the time of the
index date was defined as > 1 day of supply of monotherapy
or argumentation therapy (see definition below) within 14
days before the index date.

Care pathways described both pre-index and post-index
included specialized mental health service use, involvement
in outpatient care for MDD, antidepressant use, recurrence
(post-index only), and healthcare costs. Specialized mental
health service use included specialist visits (see Table S4
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of the ESM), as well as psychotherapy visits and mental
health evaluations (i.e., psychiatric diagnostic evaluations
and psychological and neuropsychological assessment and
testing) identified with procedure codes.

Involvement in outpatient mental health care for MDD
was categorized as predominantly specialized or primary.
Patients were classified as predominantly involved in spe-
cialized mental healthcare if > 50% of outpatient MDD
claims were from specialists (see Table S4 of the ESM); oth-
erwise, patients were classified as predominantly involved
in primary mental healthcare.

Antidepressant use (monotherapy and augmentation ther-
apy) was based on days of medication supply in pharmacy
claims. Antidepressant augmentation therapy was defined as
an overlap of > 60 consecutive days of medication supply
without gaps > 7 days between either two or more antide-
pressants or one or more augmentation agent (i.e., selected
anticonvulsants, mood stabilizers, non-benzodiazepine
gamma aminobutyric acid receptor modulators, psycho-
stimulants, second-generation antipsychotics, and thyroid
hormones) and one or more antidepressant. Patients with
antidepressant use and no evidence of augmentation therapy
were considered to be receiving monotherapy.

Recurrence was defined as a suicidal ideation or behavior
event occurring post-index in either an inpatient or ER set-
ting and without inpatient admissions within 2 days prior.
Healthcare costs during the pre-index and post-index peri-
ods, and during the index event, were adjusted for inflation
using the medical care component of the US Consumer Price
Index and reported from the private payer’s perspective (i.e.,
commercial insurance paid amounts) in 2019 USD.

2.5 Statistical Analysis
2.5.1 Clustering Approach

Hierarchical clustering is a data-driven algorithm that identi-
fies unique clusters with the objective of combining obser-
vations with similar characteristics while creating distinct
clusters that are different from each other [10, 11]. Fifteen
patient characteristics measured during the pre-index period
or during the index event were chosen to cluster patients
based on a clinical consensus and understanding of potential
sources of heterogeneity among patients; selected character-
istics were grouped into overlapping sets. Overall, 11 differ-
ent sets of characteristics were considered in the clustering
algorithm (see Table 1). For example, set 2 included the type
of care setting at the index event and the timing of the first
observed MDD diagnosis.

For each set of selected characteristics, hierarchical clus-
tering was performed iteratively using different linkage
methods to divide patients into every possible combination
of clusters, from 1 to the number of observations, based on

the distance between observations (see Sect. 5 of the ESM).
The distance metric used was Manhattan (or Taxicab) [12]
for categorical data (binary indicators were created for each
category) and Euclidean for continuous data [13]. After hier-
archical clustering was completed, silhouette width [14], a
measure of distance between observations within a cluster
relative to the distance to the next nearest cluster, was cal-
culated for 2-20 clusters, inclusively. The upper bound of
20 clusters was selected because a meaningful interpretation
of differences across clusters was deemed difficult beyond
that number. Monte Carlo simulations, in which reshuffling
created a new dataset with the same univariate distribution
of each characteristic but by construction only one cluster,
showed that the silhouette width displayed a bias towards a
larger number of clusters. Consequently, a novel approach
calculating a corrected measure of silhouette width as the
raw silhouette width minus the measure of bias obtained
from the simulations was implemented. For each set of char-
acteristics, the number of clusters maximizing corrected sil-
houette width was chosen.

The final set of characteristics to cluster patients on was
selected to achieve two objectives: to maximize (1) the
number of characteristics included and (2) the fraction of
the variation in all included characteristics, combined and
individually, explained by clusters. Table 1 illustrates that
these are competing objectives: while the number of char-
acteristics used in clustering, generally, increases from left
to right, the fraction of variation in included characteristics
explained by clusters, generally, declines. The final set (set 5
in Table 1) was selected to find a balance between competing
objectives of clustering. It included five characteristics and
yielded three clusters, which explained 53.6% of the varia-
tion in included characteristics combined; individually, the
fraction of explained variation in each characteristic ranged
from 18.6% (psychotherapy use) to 84.7% (involvement in
outpatient care for MDD). The only other set of characteris-
tics, which resulted in clusters that explained a higher frac-
tion of variation in included characteristics, was set 1. As
this set included two characteristics and yielded four clusters
out of a possible six, the clustering was considered close to
simple cross-tabulation and was not further explored. The
final set included the following characteristics: timing of the
first MDD diagnosis, proportion of days covered by anti-
depressants pre-index, antidepressant use at index, psycho-
therapy use, and involvement in outpatient care for MDD.

2.5.2 Statistical Comparisons
Post-index, Cluster 1 was separately compared to Clusters 2
and 3, and Cluster 2 was compared to Cluster 3. Chi-square

tests were used to compare proportions. Univariate linear
models were used to estimate cost differences while 95%
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confidence intervals and p values were estimated using non-
parametric bootstrap procedures (N = 499).

3 Results
3.1 Study Population and Clusters

Among 38,876 patients (see Fig. S6 of the ESM for the
sample selection process) with MDSI (mean age 34.7 years,
57.4% female; Table 2), 18.8% were identified with suicidal
behavior and 81.2% with suicidal ideation at the index event.
The algorithm separated patients into three clusters: Cluster
1 (N =16,025), Cluster 2 (N = 5640), and Cluster 3 (N =
17,211). Patients in Cluster 1 were younger (mean age 31.5
years vs 38.7 and 36.3 years in Clusters 2 and 3; Table 2),
with equal sex distribution (patients in Clusters 2 and 3 pre-
dominantly women), and a lower prevalence of other mental
health (36.5% vs 71.7% and 79.3% in Clusters 2 and 3) and
physical health (27.7% vs 47.3% and 45.8% in Clusters 2 and
3) diagnoses pre-index.

In Cluster 1, few patients had an observed MDD diagno-
sis any time before the index date (14.0%; Fig. 1); in Cluster
2, approximately a quarter had an observed MDD diagnosis,
and in Cluster 3, all patients had it. Interestingly, the major-
ity of patients in Clusters 1 and 2 had no observed MDD
diagnoses before the index date despite the fact that nearly
all (82.1% and 97.5%, respectively, Table 2) had an all-cause
outpatient visit (i.e., a potential annual check-up) pre-index.
Furthermore, 71.7% of Cluster 2 received a diagnosis for
another mental health condition pre-index, with the most
common being an anxiety disorder (56.3%).

In Cluster 1, none of the patients were receiving anti-
depressant therapy at the time of the index event, while in
Clusters 2 and 3, all and two-thirds were on antidepressant
therapy, respectively. The mean duration of the post-index
period was similar across clusters: 8.4 months in Cluster
1, 8.5 months in Cluster 2, and 8.2 months in Cluster 3
(Table 2).

3.2 Specialized Mental Health Service Use
and Outpatient Care for MDD

In the 30 days pre-index, the proportion of patients with any
specialized mental health service use or an outpatient visit
for MDD varied across clusters, being the lowest in Cluster
1 (12.5%), followed by Cluster 2 (27.9%), and then Cluster 3
(73.0%; Fig. 2a). In the 30 days post-index, these proportions
increased, but were still lower in Cluster 1 (79.3%) relative
to Clusters 2 and 3 (85.2% and 88.2%, respectively; all p <
0.01) and in Cluster 2 relative to Cluster 3 (p < 0.01).

During
46.0%
During
During 72.8%
86.0% Before
100.0%
Before
- .
Overall population Cluster 1 Cluster 2 Cluster 3
(N=38,876) (N=16,025) (N=5,640) (N=17.211)

Fig. 1 Timing of major depressive disorder (MDD) diagnosis (before
or during suicide-related event) among patients with major depres-
sive disorder with acute suicidal ideation or behavior (MDSI). SIB
suicidal ideation or behavior. “Based on claims over the entire study
period prior to the SIB (index) event and not restricted to claims in
the 12-month pre-index period

The use of services during the entire pre-index and post-
index periods appeared driven by care within 30 days pre-
index and post-index, especially for Cluster 1 (Fig. 3). Spe-
cifically, 60.2% in Cluster 1 had a specialist visit in the 30
days post-index and 64.4% over the entire post-index period.
Post-index, proportions of patients with outpatient visits for
MDD and specialized mental health service use were lower
in Cluster 1 vs Clusters 2 and 3 (Fig. 3; all p < 0.01), and
in Cluster 2 vs Cluster 3 (all p < 0.01 with the exception of
specialist visits, p = 0.12).

Across clusters, outpatient care for MDD during both the
pre-index and post-index periods was predominantly primary
care. Among patients with an outpatient visit for MDD pre-
index (Cluster 3 only), the proportion of patients involved
in specialized outpatient mental healthcare increased from
26.1% pre-index to 35.5% post-index (Fig. 3b).

3.3 Antidepressant Use

The proportion of patients using antidepressants varied
considerably across clusters (Fig. 4). Pre-index, in Cluster
1, 15.2% used antidepressants, while in Clusters 2 and 3
these proportions were 100.0% and 85.2%, respectively.
Post-index, the proportion of patients using antidepres-
sants increased in Cluster 1 (61.5%), but still was sig-
nificantly lower vs Clusters 2 and 3 (91.5% and 84.6%,
respectively; all p < 0.01); in Cluster 2, this proportion
was significantly higher than in Cluster 3 (p < 0.01). The
proportion of patients using antidepressant augmentation
therapy increased from pre-index to post-index in Clus-
ter 1 (1.6-11.5%), Cluster 2 (25.4-38.3%), and Cluster 3
(27.9-35.6%). Post-index, it was significantly lower in

A\ Adis



M. Zhdanava et al.

712

(T68) LS9V

(€vD) 19%C
(62S) 0016
(82€) 059

(L°6) €991
(6°'L1) 9L0€
(ST 1L8€

(8°SP) LL8L

(L€D) vLOY

(8'%2) L9T¥
(T9) SSO‘T1

(€'6L) 0S9°€T

(2'88) 981°C1
(6°L1) 880€
(18 €TIyl

(T°€1) 1522
(00g) 0L1S
(6'9S) 06L6

(€0 Ts
(6'+1) 85T
(191 sLLe
(T0g) 0615
(9°8€) 9€99

(S29) 65L°01
[Tzel €91 F €9¢

(0001) 0¥9S

v TIs
(9°68) 878Y
(OX

(9°6) 1¥S
(LS1) LS8
(860 €5p1

(€°L¥) 999C

(081) 9101

(L00) S9T1
(€'99) 8LIE

(L1L) 9¥01

(S¥8) S9LY
(€12 €0T1
(L'8L) LEVY

(8L
(r'87) ¥091
(L'€9) v6SE

(+'0) 0T
(661 9.8
(LenLiL

(T'L7) sest
(Tvv) Tove

(6'19) 16v€
[e'Lel €91 F L8¢

(TsD ovve

000
000
(0001) S20°91

('9) 0201
(S'6) TTS1
(82D ¥+0T

(L'LD) 9vpy

(1'6) TSP1

(9°S1) 96¥C
(¥"81) 0S6T

(§9€) 6686

(L09) LT18
(6'81) S€0€
(1'18) 066°C1

(0°8) €821
(Lze) oves
(€65) T0S6

(¥"0) 09
(8¥1D) vLET
(Lv1) 85€T
(8'97) 6T
(€°€¥) 8€69

(T'09) 8108
[Ovel v'v1 FS1€

(S'89) LeL'TT

('8) €LTE
(8°6€) 8T6°El
(8°6S) SL9°1C

potrad-axd Surmp
jua3e juessardoprjue 10 WIR[D | <

soposido Aderar
uonejuowdne juessardopnuy

Auo Aderayiouowr yuessardopnuy
sjuage Juessardopnue oN

5,JUIAI Xapul 9y} Jo duul) 9y} je asn aﬁﬂmm@.—&@ﬂﬁ—:<

(€8) vrTe
(Iv1) S8¥S
(0°61) 89¢L

(98€) 686°V1

(8'91) T¥S9

(+'02) 826L
(TyP) €81°LI

(9:09) 155°€T

(TTL) 8LO'8T
(8'81) 9T€L
(T'18) 05S°1€

(ToD 9L6€
(6°0€) ¥10°C1
(6'8S) 988°CC

(€0) zet
(6'v1) 808S
(0°S1) 058S

(€'87) 020°T1
(€'1%) 990°91

(r'LS) 86T°TC
[T'8T] 8'ST F LvE

BUIYISY

AnseqQ

uorsuairedAyg

suonIpuod yjeay [edrsiyd ¢ doj,

uonipuod yireay [eorsAyd 1 <
SIOPIOSIP JUaW

-)snlpe pue $SaNS 9I9AIS 0] UOTIORIY
I9pIOSIp

QATIOIPPE pUB PIJR[I-20uLISqNS

JIOpIOSIp AjoIXUyY

SuONIPUOd Yjreay [ejudw ¢ dogy,

uonIpuOd YI[eay [eIuswW | <

uonIpuod YIedy
[eo1sAyd 10 [ejuow SULLINDO0-0))

Ioraetoq [eplomg

uoneapl [eplomg

JUIAJ XIpul Je AJ[eproimns Jo 3dATJ,
juenyedinQ

wooI AouaSrowyg

juenjeduy

}UPAD XIPUI J0J IDIAIIS JO B
umouun)

ISBAYIION

1SOM.

[enua) YMoN

ymnog

uo133a [edryderdoan

Jrewd|

(sxeak) ,d)ep xapul Je I8y

TITLI=N
pasodxa 1SO]N
€ 1918N])

098 =N
pasodxa A[ore1apoIN
A Nile)

STO91 =N
pasodxa isea]
1 19380D

9L8'8E =N

ISAN i syuaned [Ty

(%) u 1o [uerpowr] S F UBSIN

9ep xoput ay) 03 Jorid porrad yuow-g | 9yl ur sonsLIIoRIRYD Juaned pajoo[as pue somyderSowaq g d|qeL

A\ Adis



713

Care Pathways in Major Depressive Disorder with Suicidal Ideation/Behavior
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(a) Any specialized mental health visit or
outpatient visit for MDD

Cluster 3
(N=17,211)

Cluster 2
(N=5,640)

Cluster 1
(N=16,025)

Overall population
(N=38,876)

(c) Specialist visit

Cluster 2
(N=5,640)

Cluster 3
(N=17,211)

Cluster 1
(N=16,025)

Overall population
(N=38,376)

(b) Outpatient visit for MDD

21.7%
0.0% 0.0%
Overall population ~ Cluster 1 Cluster 2 Cluster 3
(N=38,876) (N=16,025) (N=5,640) (N=17,211)

(d) Psychotherapy visit

Cluster 3
(N=17,211)

Cluster 2
(N=5,640)

Cluster 1
(N=16,025)

Overall population
(N=38,876)

(e) Mental health evaluation visit

2.0%
Overall population  Cluster 1
(N=38,876) (N=16,025)

Fig.2 Proportion of patients with major depressive disorder with
acute suicidal ideation or behavior (MDSI) and a visit 30 days before
and after suicide-related event for a any specialized mental health
visit, b outpatient visit for major depressive disorder (MDD), ¢ spe-
cialist, d psychotherapy, and e mental health evaluation. *Any special-
ized mental health visit includes outpatient care for MDD, specialist
visits, psychotherapy visits, and mental health evaluations. *Outpa-
tient visit for MDD was identified based on outpatient claims with
an MDD diagnosis. “Specialist visits were identified based on claims
with a provider type, place of service, or revenue code for the follow-

Cluster 1 vs other clusters (all p < 0.01), and higher in Clus-
ter 2 vs 3 (p < 0.01).

The 38.5% of patients in Cluster 1 without antidepressant
use post-index appeared only slightly younger than Cluster 1
overall (mean age 30.7 vs 31.5 years), with a slightly higher
proportion of men (52.9% vs 49.8%). In this subset, 30.6%
neither had outpatient visits for MDD nor used specialized
mental health services compared with 16.2% in Cluster 1
overall.

A\ Adis

Cluster 2
(N=5,640)

Cluster 3
(N=17,211)

ing: inpatient psychiatric care/facility, intensive outpatient psychiatric
program, intensive psychiatric care, mental health facility, psychiatric
clinic, psychiatric facility partial hospitalization, psychiatric nurse,
psychiatric residential treatment center, psychiatrist, or psychologist.
dpsychotherapy visits were identified among all patients based on
claims with the corresponding procedure codes. “Mental health evalu-
ations (i.e., psychiatric diagnostic evaluations and psychological and
neuropsychological assessment and testing) were identified among all
patients (not only patients with a specialist visit) based on claims with
the corresponding procedure codes

3.4 Recurrence

The proportion of patients with a coded subsequent suicidal
ideation or behavior event post-index was lower in Cluster
1 (5.4%) vs Clusters 2 and 3 (7.8% and 8.4%, respectively;
all p < 0.01), and lower in Cluster 2 vs Cluster 3 (p = 0.02).

3.5 Care Setting for Index Event and Related Costs

Across clusters, 56.9% (Cluster 3) to 63.7% (Cluster 2)
received care during the index event in an inpatient setting,
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(a) Any specialized mental health visit or
outpatient visit for MDD

Pre
55.8%

Cluster 1
(N=16,025)

Cluster 2
(N=5,640)

Cluster 3
(N=17,211)

Overall population
(N=38,876)

(¢) Specialist visits

69.9%)

27.1%

Cluster 3
(N=17,211)

Cluster 2
(N=5,640)

Cluster 1
(N=16,025)

Overall population
(N=38,876)

(b) Outpatient visit for MDD

100.0%

0,
69.5% 66.4%
56.4%
44.3%
PC
PC
PC
MH

0.0%

Cluster 3
(N=17,211)

Cluster 2
(N=5,640)

Cluster 1
(N=16,025)

Overall population
(N=38,876)

(d) Psychotherapy visit

Cluster 3
(N=17,211)

Cluster 2
(N=5,640)

Cluster 1
(N=16,025)

Overall population
(N=38,876)

(e) Mental health evaluation visit

Overall population
(N=38,876)

Fig.3 Proportion of patients with major depressive disorder with
acute suicidal ideation or behavior (MDSI) and a visit during pre-
index and post-index periods for a any specialized mental health visit,
b outpatient visit for major depressive disorder (MDD), ¢ specialist,
d psychotherapy, and e mental health evaluation. PC predominantly
involved in primary mental healthcare. *Pre-index period is the
12-month period pre-index event. The mean duration of post-index
period is 8.3 months for the overall population, 8.4 months for clus-
ter 1, 8.5 months for clusters 2, and 8.2 months for cluster 3. bAny
specialized mental health visit includes outpatient care for MDD,
specialist visits, psychotherapy visits, and mental health evaluations.
“Outpatient visit for MDD was characterized as follows: PC if > 50%
of outpatient claims with an MDD diagnosis were with specialists, or

28.4% (Cluster 2) to 32.7% (Cluster 1) presented at an ER
and did not receive inpatient services, and 8.0% (Cluster 1)
to 13.1% (Cluster 3) were cared for at an outpatient setting
(Table 2). Mean costs of care for index events in inpatient

Cluster 1
(N=16,025)

Cluster 3
(N=17,211)

Cluster 2
(N=5,640)

PC if <50% of outpatient claims with an MDD diagnosis were with
specialists. Specialist visits were identified based on claims with a
provider type, place of service, or revenue code for the following:
inpatient psychiatric care/facility, intensive outpatient psychiatric
program, intensive psychiatric care, mental health facility, psychiat-
ric clinic, psychiatric facility partial hospitalization, psychiatric nurse,
psychiatric residential treatment center, psychiatrist, or psychologist.
*Psychotherapy visits were identified among all patients based on
claims with the corresponding procedure codes. Mental health evalu-
ations (i.e., psychiatric diagnostic evaluations and psychological and
neuropsychological assessment and testing) were identified among all
patients (not only patients with a specialist visit) based on claims with
the corresponding procedure codes

and ER settings exceeded mean monthly costs of care for
pre-index and post-index periods (Fig. 5). Mean index
event costs, driven by the proportion of patients cared for
in an inpatient setting, were significantly lower in Cluster 1

A\ Adis
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23.9%
None 38.5%
41.5%
None
84.8%
50.0%
AD
Mono
41.8%

1.6%

Cluster 1 (N=16,025)

Overall Population (N=38,876)

Fig.4 Proportion of patients with major depressive disorder with
acute suicidal ideation or behavior (MDSI) using antidepressant
therapy during pre- and post-index periods. AD aug antidepressant
augmentation therapy, AD mono antidepressant monotherapy. *An-
tidepressant augmentation therapy was defined as an overlapping
coverage for > 60 consecutive days with no gaps > 7 days of either
>2 antidepressant agents, or > 1 augmentation agent and >1 antide-

($5614) relative to Clusters 2 and 3, and in Cluster 3 ($5853)
relative to Cluster 2 ($6645; all p < 0.01; Fig. 6). In the post-
index relative to the pre-index period, mean monthly costs
remained on a higher trend in all clusters and were lower
in Cluster 1 ($966) relative to Clusters 2 and 3 ($1627 and
$1706; all p < 0.01), but similar in Clusters 2 and 3 (p =
0.30).

4 Discussion

A data-driven approach clustered patients with MDSI to
identify different patient sub-types and understand their
care pathways before and after the suicide-related event. The
degree of pre-index exposure to the healthcare system was a
key differentiator across clusters: patients in Cluster 1 were
least exposed, patients in Cluster 2 were moderately exposed,
and patients in Cluster 3 were most exposed. Involvement in
care after the suicide-related event increased in all clusters,
yet patients least exposed to the healthcare system before the
event continued to receive the least amount of care after it.

Whether patients in Cluster 1 received less care pre-
index, and especially post-index owing to being generally
healthier or because of barriers in access to care is chal-
lenging to identify with claims data. Prior studies named
certain clinical or sociodemographic characteristics, stigma,
or availability of resources as barriers hindering access to

A\ Adis

None
14.8%

15.4%

Cluster 2 (N=5,640) Cluster 3 (N=17,211)

pressant agent. Antidepressant monotherapy was defined as patients
with > 1 claim for an antidepressant agent who did not meet the cri-
teria for antidepressant augmentation therapy. °Pre-index period is the
12-month period pre-index event. The mean duration of post-index
period is 8.3 months for the overall population, 8.4 months for cluster
1, 8.5 months for cluster 2, and 8.2 months for cluster 3

adequate mental healthcare [7, 8, 15-20]. Being younger,
with a lower prevalence of other mental and physical health
conditions, patients in Cluster 1 might appear healthier and
thus might receive less attention during all-cause outpatient
visits pre-index, which the vast majority in this cluster had.
Young men in particular are less likely to receive emotional
health screening compared with young women [21], and the
proportion of men was higher in Cluster 1 relative to other
clusters. This may explain why Cluster 1 remained largely
undiagnosed with MDD pre-index. Post-index, Cluster 1 had
the lowest rate of suicidal ideation or behavior recurrence,
suggesting this cluster might be less severe than others; this
may reflect factors evident during evaluation and treatment
but unobserved in claims. However, the relationship between
the amount of care and the prevalence of coded recurrence
post-index must be interpreted with caution, as few contacts
with the healthcare system may reduce the likelihood of hav-
ing a diagnosis for a recurrent event.

In the current study, pre-index, Cluster 2 was more
exposed to mental healthcare than Cluster 1 and more
exposed to antidepressant therapy then Clusters 1 and 3
but for the most part not diagnosed with MDD before the
suicide-related event. For at least some of these patients,
MDD might have been present but not diagnosed. As the
majority in Cluster 2 pre-index had other mental health diag-
noses and all patients used antidepressants, this cluster may
also represent patients whose main diagnosis is not MDD,
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$8,972

Before (12-months pre-index)c

During (index event)?

After (post-index, mean = 8.3 months)e

$1,028

$896
$998

~
o
S
—
»

Inpatient (N=22,886)

$391
s

Outpatient (N=3,976) Emergency room

(N=12,014)

Fig.5 Distribution of care setting at index event and mean total
healthcare costs, by care setting among patients with major depres-
sive disorder with acute suicidal ideation or behavior (MDSI) [N =
38,876]. “Total healthcare costs were reported in 2019 USD from the
private payer’s perspective and included medical and pharmacy costs.
®Among patients with an inpatient place of service, the index event
was defined as the duration of the inpatient stay. Among patients with
an emergency room or outpatient visit, the index event was defined
as the date of the visit. “Costs during the 12-month pre-index period
were reported per-patient-per-month, and excluded costs associated
with the index event. Among patients with an emergency room or
outpatient place of service for the index event, costs represent total
healthcare costs on the day of the visit. Among patients with an inpa-
tient place of service for the index event, costs represent total health-
care costs associated with the admission. *Costs during the post-index
period were reported per-patient per-month and excluded costs asso-
ciated with the index event

but who experience some symptoms consistent with MDD
or have a primary diagnosis, for which antidepressants are
still a mainstay of care (e.g., anxiety disorders). A decrease
in the proportion of patients receiving antidepressants in
this cluster after the suicide-related event may support this
hypothesis, as the increased involvement with care may have
led to a reconsideration of treatment plans for the underly-
ing illness. However, other explanations may include a lack
of antidepressant efficacy, issues related to tolerability, or
problems with access to care providers. Patterns observed
in Cluster 2 may highlight the need for careful patient evalu-
ation and periodic revaluation to ensure critical symptoms
are identified and treated in a timely manner, regardless of
overarching diagnoses.

In all clusters, outpatient care for MDD was predomi-
nantly provided in a primary, rather than specialized
care setting. Populations that have demonstrated acute,

life-threatening mental health symptoms might receive
greatest benefit from specialized care; however, this care is
clearly not always offered or available.

After a suicide-related event, care continuity is critical.
Suicide death rates following an initial psychiatric hospitali-
zation were reported to be 300 times higher in the first week
and 200 times higher in the first month compared with the
global suicide rate [22]. Among those with a suicide-related
event treated in an inpatient setting (56.9-63.7% across clus-
ters in the current study), the suicide risk remains high up
to 3 months following the discharge [23]. The current study
revealed that although more patients in all clusters received
mental health services after the suicide-related event, some
did not. Across clusters, 11.8% (Cluster 3) to 20.7% (Cluster
1) had neither an MDD-related outpatient visits nor a visit
for any specialized mental healthcare during the 30 days
after the suicide-related event. Between 30.5% (Cluster 3)
and 54.2% (Cluster 1) had no MDD-related outpatient visits
during the same time. Notably, outpatient follow-up within
30 days of discharge after inpatient treatment for mental ill-
nesses or intentional self-harm is a quality-of-care measure
in the Healthcare Effectiveness Data and Information Set,
a widely used performance improvement tool in the US
healthcare system [24].

One of the contributions of this study is the quantification
of costs among patients with MDD and a suicide-related
event at various time periods, care settings for the suicide-
related event, and in distinct clusters of patients. This infor-
mation is limited in the literature and will be of value for
payers and policy makers. Costs incurred after the suicide
event remained on a higher trend compared with costs before
the event, potentially indicating a persisting clinical worsen-
ing of symptoms following the suicide event or reflecting
increased exposure to mental health services. Substantial
costs of suicide-related events in inpatient or emergency
room settings relative to costs of, predominantly, outpatient
care before and after the event support the idea of early inter-
ventions with therapy to address the underlying psychiatric
condition associated with suicidal behavior in at-risk indi-
viduals in an outpatient setting. This may result in improved
clinical outcomes and economic gains if clinical worsening
of MDD symptoms is avoided or mitigated.

Clusters in this study were obtained via hierarchical
clustering. The utility of this approach for understanding
heterogeneity in depressive disorders has been previously
demonstrated [25, 26]. Prior studies similarly relied on pre-
specified criteria to identify distinct clusters without making
assumptions about the number of clusters present in the data.
This study further contributes to the literature revealing the
potential in data-driven mental health research.

In this study, before using the data-driven approach,
authors attempted to cluster patients based on a clinical
consensus only. Three characteristics were chosen to define

A\ Adis
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Before (12-months pre-index)®

During (index event)°

After (post-index, mean = 8.3 months)d

o
) <
o0 —
v o
@ v
@
j=] Nel
= — 0
A 2 A
Nl
All Cluster 1
(N=38,876) (N=16,025)

Fig.6 Mean total healthcare costs, by cluster among patients with
major depressive disorder with acute suicidal ideation or behavior
(MDSI). “Total healthcare costs were reported in 2019 USD from
the private payer’s perspective and included medical and pharmacy
costs. PCosts during the 12-month pre-index period were reported
per-patient per-month, and excluded costs associated with the index
event. “Among patients with an emergency room or outpatient place
of service for the index event, costs represent total healthcare costs

subgroups: care setting at the index event (inpatient/ER/
outpatient), timing of the first observed MDD diagnosis
(at index/within 30 days pre-index/more than 30 days pre-
index), and antidepressant use at index (none/monotherapy/
augmentation therapy). Identifying similarities and differ-
ences across the resultant 27 unique combinations (clusters)
was challenging, and distinct patterns were not apparent.
Nonetheless, one interesting finding emerged from this exer-
cise: patients who received care for the suicide-related event
in different care settings (i.e., inpatient, ER, outpatient) gen-
erally appeared similar. This finding was confirmed by the
data-driven approach. The data-driven approach to cluster-
ing revealed other distinct patterns of care pathways and thus
provides an example of how the use of such methods may aid
in exploring heterogeneity in patient populations.

4.1 Limitations

This study clustered patients based on administrative claims
data; information on patient-reported or clinician-reported
measures of severity or social determinants of health was
unavailable. Suicide attempts and intentional self-harm in
claims data may be underreported because of physician or
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on the day of the visit. Among patients with an inpatient place of ser-
vice for the index event, costs represent total healthcare costs asso-
ciated with the admission. %Costs during the post-index period were
reported per-patient per-month and excluded costs associated with the
index event. The mean duration of pre-index period is 8.3 months for
the overall population, 8.4 months for cluster 1, 8.5 months for cluster
2, and 8.2 months for cluster 3

patient concerns over stigma or liability or misclassification.
As codes related to intentional self-harm do not distinguish
between events intended to be fatal and events in which
self-harm was intentional without the intent to die, patients
identified using these codes required a confirmatory suicidal
ideation diagnosis within 30 days. As such, results in this
patient subset may not be generalizable to patients lost to
follow-up early on.

Suicidal behavior may result in mortality. If patients lost
to follow-up after the index event were more severe than
those who continued to be observed, trends in resource use
and costs post-index may be biased, and the direction of this
bias may not be possible to predict. Nonetheless, the dura-
tion of follow-up was similar across clusters, which suggests
that all clusters were similarly affected by this.

Antidepressant use may be misestimated as prescription
fills do not account for medication dispensed being taken as
prescribed, and out-of-pocket payment for some antidepres-
sants is possible. Moreover, out-of-pocket payment is also a
common practice for psychiatrist and psychotherapist visits
in the USA [27], and these might be underreported. Finally,
results might not be generalizable to the uninsured or those
covered by plans other than commercial.
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5 Conclusions

A data-driven approach revealed the heterogeneity in the
level of involvement of patients with MDSI in mental health-
care before and after the suicide-related event. Patients least
exposed to the healthcare system before the suicide event
continued to receive less mental healthcare following the
event. Continuity and quality of care among patients with
MDSI must be ensured to mitigate the risk of poor outcomes.
Future research should evaluate why some populations may
be less engaged with mental healthcare and should exam-
ine the efficacy of interventions aimed to increase patients’
access and ability to receive mental health treatment.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40273-021-01042-5.
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