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Abstract

Purpose of Review Ecological momentary assessment (EMA) is a recently introduced approach to patient evaluation that consists of asking
patients questions in real time and in their usual habitat. This method seeks to contribute to suicide prevention by providing psychiatrists with
detailed information about suicidal thoughts and behavior, how these fluctuate over short periods of time, and the short-term risk factors
presented by patients. We conducted a systematic review of published research using EMA to study suicidal thoughts and behavior.
Recent Findings Several systematic reviews of EMA in mental health have been conducted to date, and the literature contains
numerous theoretical papers and compilations on EMA and suicide phenomena. To date, however, no systematic reviews have
explored the use of this tool to study suicidal thoughts and behavior.

Summary We performed a systematic review of five databases (i.e., PubMed, Embase, Scopus, Web of Science, and PsycINFO)
to identify studies on EMA and suicidal thoughts and behavior. An initial search revealed 544 articles. Following the study
selection process, 35 studies were included in the review. Almost three-quarters of the studies were published in the last 4 years.
The studies reviewed concluded that EMA was generally feasible and well accepted. EMA findings correlated well with the
results of a retrospective assessment, though tended to over-represent symptom severity. Our review points to important aspects
of suicidal thoughts and behavior, such as its wide fluctuation over short periods of time. Negative affect and disturbed sleep,
among others, emerged as short-term predictors of suicidal thoughts and behavior. Therefore, EMA is a potentially useful tool in
clinical practice, although not without drawbacks, such as participant fatigue with questionnaires and ethical concerns.
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Introduction

Suicide is the second leading cause of death worldwide among
people between the ages of 15 and 29 years and therefore a
major public health concern. While the global prevalence of
suicide is over 800,000 cases a year, the number of suicide
attempts (SA) is estimated to be at least 20 times this figure
[1]. Suicidal ideation (SI) is even more common: data from
World Mental Health Surveys shows that each year, roughly
2% of people actively think about killing themselves (active
SI) [2]. Moreover, a recent meta-analysis found that passive SI
(i.e., desire to be dead) ranges in prevalence from 5.8% in a
single year to 10.6% over a lifetime [3]. SA and SI (both active
and passive), collectively termed suicidal thoughts and behav-
ior (STB), are associated with death by suicide [3—5] and they
alone pose a significant burden of disease [6]. The direct and
indirect costs of STB amount to billions of dollars every year
[7, 8]. In 2013, the World Health Organization developed a
mental health action plan, which set a goal of decreasing the
incidence of death by suicide by 10% by the year 2020 [9].
We are still far from reaching this goal.

The search for reliable risk factors for STB is considered a
crucial step in suicide prevention. However, research in this area
has yielded disappointing results. The meta-analysis by Franklin
et al. showed that our ability to predict suicidal behavior has not
improved appreciably over the past 50 years, as none of the
numerous risk factors described in the study is more accurate in
predicting suicidal behavior than flipping a coin [10].

Another reported weakness of suicide research is the scar-
city of short-term risk factors [11]. Most studies focus on long-
term factors, which may not be as effective in preventing
suicidal behavior, sometimes fluctuate over time, and require
intensive monitoring in the short term. Also, traditional re-
search methods have some limitations, such as the risk of
recall bias, as participants’ recollection of past events varies
in accuracy [12].

Ecological momentary assessment (EMA) may help over-
come these shortcomings. EMA consists of asking participants
questions on a daily basis to be answered at the moment, that is,
with no interruption to their day-to-day routine. This provides
real-time, continuous assessment that respects the ecological con-
text of participants [13]. EMA is especially useful in exploring
short-term risk factors, as it can detect the immediate antecedents
of a given behavior [14]. Additionally, studying populations in
their usual surroundings makes it possible to measure the role of
contextual factors (or triggers) and the extent to which these may
vary [15]. Initially, EMA was performed using pencil and paper,
requiring participants to carry booklets around with them. With
the advent of new technologies, however, it became possible to
perform EMA using personal digital assistants (PDAs) or
smartphones.

EMA has been used in different areas of mental health for a
variety of purposes. There are several studies and subsequent
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systematic reviews on the use of EMA in depression [16, 17],
anxiety [18], psychotic disorders [19, 20], child psychiatry
[21], and substance use [22, 23]. However, until quite recent-
ly, EMA was an underutilized tool in suicide research [24];
this is despite its suitability for this purpose due to the pecu-
liarities of SI, such as fluctuation over time, the need to iden-
tify short-term risk factors, and the benefits of close monitor-
ing. Nowadays, there is increasing interest in EMA within
suicide research, as shown by the publication of six papers
on the topic so far this year [25, 26¢, 27, 28¢, 29, 30¢]. This
is a rapidly advancing area in which constant updating and
synthesis of the literature are needed.

One previous systematic review of EMA as a research meth-
od explored non-suicidal self-injury (NSSI) [31], an independent
but related area to STB. Five narrative reviews have been pub-
lished on the use of EMA in suicide research: three addressed
STB in general [24, 32, 33], one reviewed smartphone-based
EMA [34], and another focused on a particular aspect of STB,
that is, the presence of sleep disturbances during suicidal crises
[35]. To our knowledge, no systematic reviews have been carried
out on the use of EMA in STB.

The aim of this study is to systematically review the evi-
dence on the use of EMA in suicide research. Primary out-
comes of interest were the characteristics and correlates of
STB as explored through EMA. Secondary outcomes of inter-
est were the feasibility and validity of EMA compared to other
assessment methods.

Methods

This review followed the Preferred Reporting Items for
Systematic reviews and Meta-analysis (PRISMA) guidelines
[36].

Inclusion/Exclusion Criteria
The inclusion criteria were as follows:

i) Original studies published in peer-reviewed journals;

if)  Studies with a sample size of five participants or more;
and

iil)  Studies that employed EMA (also known as the expe-
rience sampling method, ESM) to explore the dynam-
ics of STB, phenotypes of STB, correlates of STB,
validity of EMA for STB assessment, and/or the feasi-
bility of EMA for STB assessment.

The following exclusion criteria were applied:
1) Proofs of concept, protocols for randomized clinical

trials, and other studies that did not provide measurable
outcomes;
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ii) Case reports, case series, and systematic and non-
systematic reviews; and

iii)  Studies that explored non-suicidal self-injury (NSSI)
instead of STB.

There were no restrictions regarding sociodemographic
characteristics, diagnosis, or the clinical setting of the partici-
pants. No restrictions were placed as regards publication date.
Publication language was limited to English or Spanish.

Search Strategy

We performed a systematic search of databases PubMed, Embase,
Scopus, Web of Science, and PsycINFO. The last search date was
July 2020. The search terms used were as follows: “(Experience
Sampling Method OR Ecological Momentary Assessment) AND
suicide”, adapted to the syntax requirement of each database. The
reference lists of eligible articles were manually reviewed to iden-
tify additional relevant publications.

Records identified through database searching
(n =544)

Study Selection and Data Extraction

Articles were stored and screened using the online tool Rayyan
QCRI [37]. To determine study eligibility, two researchers
(MLB and ASC) reviewed the papers independently. The
full-text version of potentially eligible studies was independent-
ly assessed by the two reviewers. Discrepancies between the
reviewers were discussed and resolved by consensus.

Using pre-made tables, the following information was ex-
tracted: author and year of publication; country; study design;
follow-up period and sample size and characteristics; aims of
the study; measures collected through EMA; modality of
EMA (paper and pencil; PDA; smartphone; other); app name
in the case of smartphone-based EMA; participation rate (i.e.,
response to recruitment); retention rate; compliance with
EMA questions; incentives; outcomes explored; EMA mea-
sures; frequency of EMA assessment; and main findings.
Extraction was performed independently by the two above-
mentioned researchers. Discrepancies were discussed and re-
solved by consensus.

=)
g (PubMed = 128; PsychINFO = 71; EMBASE =
5 oz ; ; _
L’% 223; Web of Science = 71; Scopus = 51) Additional records identified through other sources = 6
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=
Records after duplicates removed (n= 362)
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o eligibility < :
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= qualitative synthesis
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£

Fig. 1 Flow chart of the bibliographical search
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Results

The initial search yielded a total of 544 articles. Following
screening and full-text review, 35 publications were finally
included in the review, representing 21 unique samples.
Figure 1 shows the bibliographic search protocol.

There was an increase in the number of publications over
time. For the period spanning 2007 to 2016, we found nine
publications, whereas from 2017 to 2020, we found 26 publi-
cations. Figure 2 illustrates the number of EMA publications
by year of publication.

Characteristics of the Reviewed Studies

Tables 1 and 2 summarize the characteristics and main find-
ings of the reviewed studies.

Regarding the samples of the reviewed studies, six studies
(four samples) were conducted in adolescent populations [25,
29, 38-41], while the rest were carried out in adults. Two
studies were based on samples solely composed of women
[42, 43], while another used only men and was carried out
among prison inmates [44].

EMA assessment periods varied widely, ranging from 4
days [29] to 60 days [28¢]. Oquendo et al. assessed partici-
pants for a total of 42 non-consecutive days, repeating weekly
assessments at six timepoints over 2 years [26¢].

EMA was applied using four main formats. Seven studies,
representing five unique samples, employed paper-based
EMA along with an electronic device (such as a wristwatch)
to notify participants as to when they should complete the
assessments [44, 45, 46, 47¢, 48, 49, 50]. Five studies (four
unique samples) employed PDA-based EMA [38, 42, 51-53].
Four studies (two samples) used web-based EMA, prompting
participants via text message to complete the assessments
[39-41, 43]. The remaining 19 studies (ten unique samples)
employed smartphone-based EMA through a mobile applica-
tion [25, 26e, 27, 28¢, 29, 30e, 32, 54, 55+, 56-65]. One study

that did not meet the inclusion criteria because it was a case
series conducted EMA through daily phone calls [66].

The frequency of EMA prompts varied across studies,
ranging from one [39-41] to ten assessments per day [32,
61-65]. All studies scheduled the EMA prompts so as not to
interfere with sleep.

Four studies included some kind of passive collection of
information in addition to active EMA: Littlewood et al. and
Glenn et al. used wrist actigraphy to assess sleep [25, 49]
while Ben-Zeev et al. and Porras-Segovia et al. used native
smartphone sensors to collect data on aspects such as mobility
[28, 56].

Studies included in the review assessed different suicidal
phenomena: 19 assessed passive SI [26, 28, 30, 32,42, 44,47,
48, 50, 54, 55, 57-59, 61-65], thirty-one assessed active SI
[25-27, 29, 30, 32, 39-43, 45-49, 51-65], six assessed SA
[25, 3841, 53], and only three assessed suicide plans [38, 47,
48]. No study included death by suicide as an outcome.

Feasibility of EMA

Six studies specifically investigated the feasibility and accept-
ability of EMA [25, 28, 39, 51, 53, 55¢], while others provid-
ed information on feasibility as a secondary outcome.

Across all studies, retention rates ranged from 64.1% [26,
27,29, 38,41,42, 44,4649, 52, 54, 56,57, 59-61, 63, 65] to
100% [38, 44, 51, 52]. Compliance with EMA (i.e., percent-
age of EMA questions answered out of the total questions)
ranged from 52% [56] to 89.7% [32, 61-65]. Most studies
offered participants financial incentives that were proportional
to their degree of compliance or were given to all who reached
aminimum level of compliance [25, 29, 32,3841, 43, 54, 55,
57-65].

Glenn et al. explored the feasibility of EMA in adolescents
and developed a safety protocol to monitor suicide risk during
the study [25]. In the satisfaction survey, performed at the end
of the study, adolescents valued the overall experience with
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EMA (mean rating: 3/4). Thus, if EMA scores rated above a
pre-established threshold, participants were contacted. EMA
was scheduled outside school hours as not to interfere with
participants’ daily activities. Risk was also monitored similar-
ly to the study by Czyz et al., which also employed an ado-
lescent sample and also found good acceptability rates among
participants [39—41].

Porras-Segovia et al. explored the feasibility of two EMA
smartphone applications over a 2-month follow-up period: the
MEmind, which administered an EMA questionnaire, and
eB2, which gathered participants’ data through the
smartphone’s native sensors, a concept also known as passive
EMA. The study compared the use of these two applications
in three populations: patients with a history of STB, patients
without a history of STB, and student controls. Patients re-
ceived no incentives, while student controls received academ-
ic credits. For passive EMA, the retention rate was significant-
ly higher in patients with a history of STB. For active EMA,
there were no significant differences between groups.
Compliance with active EMA was significantly higher among
student controls [28°].

One study explored whether asking about suicide through
EMA had a harmful effect on patients with borderline

personality disorder (BPD). The study authors compared a
group of patients who underwent a 2-week EMA assessment
with another group that was not assessed. The group assessed
through EMA did not experience an increase in STB, although
they reported a slight negative impact on other BPD-related
symptoms [53].

Figure 3 shows a comparison of follow-up periods, reten-
tion rates, use of incentives, and EMA compliance across
studies.

Validity of EMA

Four studies compared EMA to traditional assessments of
STB [30e, 45, 55, 62].

Ben-Zeev et al. compared EMA against retrospective recall
of depressive symptoms in depressed inpatients and healthy
controls. Discrepancies were found between EMA and retro-
spective recalls in both groups. In depressed patients, discrep-
ancies consisted of an exaggerated number of symptoms—
including suicidality—in the retrospective recall, while in con-
trols, discrepancies occurred in both directions [45].

In the study by Gratch et al., 51 people with major depres-
sive disorder were prospectively followed using EMA for 1

50% compliance rate  100%

|
l— B
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B 0BT 053073 5@ 3 B85 T R N
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Ben-Zeev et al. (2010), Ben-Zeev et al. (2012), Kleiman et al. (2017), Hallensleben et al. (2017),

Kleiman et al., (2018a), Kleiman et al., (2018b), Coppersmith et al., (2018), Mou et al., (2018), and Rizk et al., (2019) did not

report Retention rates. Oquendo et al. (2020) reported retention rates for the first week of EMA, not for subsequent non-
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* Papers included in the same bar used the same sample
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@[ = Personal Digital Assistant (PDA)

D = Smartphone

Fig. 3 Follow-up, retention rates, use of incentives, and EMA compliance across studies
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week and were later retrospectively assessed. Sixty percent of
the participants who reported SI during the 1-week EMA later
denied having experienced any SI that week [30¢]. Similarly,
Torous et al. found that EMA-based PHQ-9 scores were sig-
nificantly higher than paper-based scores [55¢].

Characterization of STB

Six studies focused on the dynamics of STB over time [32, 40,
50, 57, 58, 64].

Hallensleben et al. explored fluctuation and correlates of
active and passive Sl in 74 inpatients with MDD through a 1-
week EMA protocol. SI showed a wide within-person vari-
ability over time [64]. STB-related constructs, such as suicide
capability, also exhibited substantial fluctuation over short
periods of time [32].

Using paper-based EMA, Crowe et al. explored the within-
day dynamics of passive SI, along with other symptoms, in
depressed patients vs. controls. They found that depressed
patients exhibited a higher variability in most symptoms, in-
cluding SI [50].

Kleiman et al. explored active SI in two samples—
outpatients and inpatients—using a 28-day, smartphone-
based EMA program [57]. They examined real-time fluctua-
tions in SI and its risk factors and found that SI could vary
widely over a few hours. Using these two samples, Kleiman
et al. employed latent profile analysis to reveal distinct phe-
notypes of suicidal thoughts depending on their intensity and
variability. There were five distinct phenotypes of SI.
Phenotype number 4, characterized by severe and persistent
SI, was associated with a higher probability of recent SA in
outpatients, but not in inpatients [58].

Correlates of STB

Twenty of the reviewed studies explored different potential
risk factors of STB [26e, 27, 29, 38e, 41, 42, 44, 46, 47+, 48,
49, 52, 54, 56, 57, 59-61, 63, 65].

A good number of studies focused on the association be-
tween STB and different subdomains of affect [42-44, 47e,
48, 52]. For instance, in the study by Victor et al., suicide
urges were associated with both internalizing and externaliz-
ing negative affect [43], while in the study by Kleiman et al.,
hopelessness and loneliness were associated with concurrent,
but not subsequent, active SI [57].

The only study exploring the association between sleep and
active SI was the one by Littlewood et al., who found a uni-
directional association by which poor sleep quality and short
sleep duration predicted more severe SI the next day [49].

Some studies used EMA to investigate the environmental
triggers of SI [38, 52]. Husky et al. found that participants
were more likely to experience active SI in contexts such as
solitude and feelings of sadness or anxiousness, or during

family events [52]. Nock et al. found that in over 40% of
cases, active SI appeared while the patient was alone [38].

Discussion

In this systematic review, we found a considerable number of
studies that used EMA to explore STB, especially among
those published in recent years. In fact, almost three-quarters
of the studies included in our review were published over the
last 4 years.

Comparison With Previous Reviews

This review supports the findings of other systematic reviews
in related areas, which show that EMA is a promising meth-
odology in suicidology. In their 2018 review, Rodriguez-
Blanco et al. found 23 studies exploring the use of EMA in
NSSI research. As in our review, most studies had a short
follow-up period, in most cases no longer than 2 weeks.
Rodriguez-Blanco et al. argued that studies should aim for
longer follow-up periods [31]. Kleiman and Nock’s 2018 nar-
rative review highlighted the usefulness of EMA for studying
STB in real time, stressing the potential of EMA to improve
short-term prediction. The authors also highlighted the need
for studies with longer follow-up times and larger sample sizes
[33]. As for Chaib et al.’s narrative review, which focused on
the presence of sleep disturbances during suicidal crises, they
only found two publications assessing the topic (only one met
our inclusion criteria) and stressed the scarcity of studies ex-
ploring this topic, despite the potential of sleep as a clinical
marker for STB [35].

Evolution of EMA

Study designs using EMA for data collection have changed
over time. In the early days of EMA development, assess-
ments were conducted using pencil and paper. This is an ac-
cessible and easy-to-use option that involves little expense.
Howeyver, this method has several limitations: there is a risk
of data collection errors, there is no reliable way of knowing if
the participant has filled in the data at the right time, and it is
inconvenient for patients to carry evaluation materials around
with them [67].

With the arrival of PDAs, some of the drawbacks of pen
and paper were solved, but soon smartphones took over. In
2019, over 5 billion people owned a mobile device, and over
half of these connections were smartphones [68]. The increas-
ing ownership and sophistication of smartphones is leading to
increased use of these devices in studies, particularly as these
devices are small in size and users tend to have them on their
person at all times, and smartphones allow real-time
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uploading of data and can be used for purposes such as these
at no additional expense, etc.

The Potential of EMA to Study STB

The articles reviewed have employed EMA in different ways
to study the particularities of STB. Each of these approaches
may in turn have important implications for clinical practice.
Thus, studies that examined the dynamics of SI show us the
great variability of SI over short periods of time, with changes
occurring in a matter of a few hours. EMA offers us the pos-
sibility to record these changes and opens the door to real-time
clinical monitoring of suicidal risk.

EMA also offers new perspectives on suicide risk assessment.
Most studies that explored the validity of EMA found important
differences between EMA and the comparison test. Ben-Zeev
et al. found that depressed patients tended to exaggerate symp-
toms on retrospective assessment [45]. In contrast, the study by
Torous et al. recorded more instances of SI by measuring it with
real-time EMA as compared to subsequent retrospective assess-
ment of the same periods[55¢]. This was also the case in the
studies by Czyz et al. and Gratch et al. Are these non-specific
issues of imprecision motivated by recall bias, or is there diffi-
culty in reporting SI in face-to-face assessments?

Some research shows that patients may feel uncomfortable
talking about their SI [69], or may have difficulties articulating
their thoughts on this issue [70, 71]. This is part of the ratio-
nale behind the D/S Implicit Association Test (IAT), devel-
oped by Nock et al., which relies on patients’ unconscious
feelings about death and is showing promising results in sui-
cide prediction [72, 73]. Though not a substitute for traditional
assessments, non-face-to-face assessments and other novel
methods of suicide risk assessment could represent a useful
complementary tool.

Feasibility of EMA

As shown by the articles reviewed, EMA is generally well
accepted by patients, with relatively high rates of retention
and compliance. Although EMA appears to be a feasible meth-
od for the study of STB, it also has some drawbacks.
Repeatedly assessing participants can lead to fatigue, which
may influence compliance and retention. The meta-analysis
by Vachon et al. found that average compliance in EMA studies
was 78.7% and that this rate was affected by several factors. For
instance, compliance was higher when assessments were more
sparse, when there were fewer assessments per day, and when
the incentives given to patients were greater [74].

In our review, we have observed different strategies for de-
creasing the repetitiveness of EMA. For instance, studies tend to
have short follow-up periods, many lasting no more than 1 week
[29, 30e, 32, 42, 44-46, 49-51, 61-65]. Also, assessments were
scheduled so that they did not interfere with patients’ rest or daily

@ Springer

activities. Another strategy is to introduce variation by rotating
the questions, asking a few each day from a pool of several
questions [28¢, 55¢]. Other researchers chose to send reminders
to participants when their compliance started to decline [25] or to
give users compliance-related feedback [62].

Another strategy that complicates efforts to empirically de-
termine the feasibility of EMA is the use of incentives, which
were employed by a good number of the articles reviewed.
Incentives make it difficult to draw conclusions about feasi-
bility and for some authors they pose ethical conflicts [75-77].
Moreover, some studies have been conducted in inpatient set-
tings [27, 32, 45, 46, 56-58, 60—65], whereas the interest of
EMA lies in being used in real environment.

Future Lines of Research

One of the most promising lines of future research in
EMA is passive monitoring of information, that is, with-
out active collaboration of the user. Smartphones open
up this possibility thanks to the native sensors included
in the device. This concept, known as passive EMA, is
beginning to be explored in a small number of studies
in suicide research [28e, 56] and has been explored
more widely in other areas of mental healthcare
[78-80]. Passive EMA does not allow direct assessment
of STB, but it does make it possible to collect variables
that could serve as clinical proxies of suicide risk fac-
tors, such as mobility, sleep, or smartphone use.
Additionally, it may be useful for studying the context
in which suicide ideation arises. The amount of infor-
mation that can be collected through these systems in-
creases as mobile technology advances and as passive
EMA systems are complemented by wearable devices.
Given the large amount of potentially sensitive informa-
tion collected through this method, special care must be
taken to protect personal data so as to ensure the priva-
cy of participants. There are ethical concerns involved
when developing digital tools for mental healthcare, and
a proper balance must be reached between safeguarding
patients’ health and respecting their privacy [81, 82].
Another important line of related research is ecological mo-
mentary intervention (EMI), a modality of EMA with therapeu-
tic intent that seeks to provide remote psychological support
with 24/7 availability. EMI is already beginning to be explored
in other areas of mental health, such as depression [16].
Although EMI is a promising area, more clinical trials are need-
ed to test the long-term effectiveness of these interventions
before they can be implemented in clinical practice [83].

Strengths and Limitations

To our knowledge, this is the first systematic review of the use of
EMA for studying STB. Among the limitations of our review, it
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is worth noting the great heterogeneity of the studies (with dif-
ferent study populations, aims, and modalities of EMA), which
has prevented a quantitative synthesis of the results.

Conclusions

EMA can reveal unknown features of STB by analyzing this
complex phenomenon at a high level of detail. This method-
ology may facilitate the search for short-term predictors of
STB and ultimately contribute to suicide prevention.

EMA may become a very useful tool in clinical practice,
and we should begin to test this approach in conditions as
close as possible to real life. However, there are also ethical
issues to be resolved, such as the strategy to follow when
EMA detects that a patient has a high SI, adequate protection
of patient privacy, or the regulation of mobile health within
healthcare systems.

Future studies will have to address these challenges over
the coming years and integrate advances in new technologies
to optimize the use of the EMA.
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