
review

Investigating dynamics and predictors of suicidal behaviors using ambulatory assessment  1391 3

Der Übersichtsartikel soll 1) die aktuelle Studienlage 
bewerten und 2) relevante Befunde aus vorhandenen 
Studien zusammenfassen. Die eingeschlossenen Studien 
(N = 4) waren heterogen. Bis zu 74 % der Studienteilneh-
mer berichteten Suizidgedanken während des ambu-
lanten Assessments. Suizidgedanken wurden durch die 
Intensität und Instabilität negativer affektiver Zustände 
(z. B. Sorge, Traurigkeit) vorhergesagt. Studien, die diese 
vielversprechende Methode anwenden, könnten den 
dynamischen Verlauf von Suizidgedanken und seiner 
Risikofaktoren in klinisch relevanten Zeitfenstern (d.  h. 
in Echtzeit) abbilden.

Schlüsselwörter Suizidgedanken  · Risikofaktor  · Dyna-
mischer Verlauf · Echtzeit · Ambulantes Assessment

Introduction

Because of their prevalence and drastic outcomes, sui-
cide and suicidal behaviors (ranging from suicidal ide-
ation to suicide attempts) represent a major public health 
problem [1]. Epidemiological research has empirically 
established various socio-demographic and psychiat-
ric/psychological risk factors for suicidal behaviors (e.g., 
male sex, presence of a mental disorder, impulsivity, or 
critical life events) [2–4]. Most of these risk factors are 
associated with an increased risk for suicide or suicidal 
behavior in the long term, but their ability to predict 
imminent suicide risk is limited [5, 6]. Yet factors increas-
ing the risk in clinically relevant time frames of hours and 
days are of great importance for clinicians to assess and 
predict individual suicide risk [6]. For example, observ-
able behaviors and self-reported symptoms such as self-
harm, sudden changes in sleeping pattern or intensive 
and excessive thoughts about death serve as warning 
signs for an imminent suicidal crisis [6]. In addition, 
acute risk factors such as hopelessness, agitation, intense 

Summary Ambulatory assessment studies may provide 
important insights in the etiology of suicidal behaviors, 
because suicidal behaviors and their risk factors fluctu-
ate over time.

The review aims at (1) evaluating the current state 
of research and (2) summarizing main findings in this 
field. Reviewed studies (N = 4) were heterogeneous. Up 
to 74 % of participants reported suicidal ideation during 
ambulatory assessment sampling. Suicidal ideation was 
predicted by intensity and instability of negative affec-
tive states (e.g., worry, sadness). Ambulatory assess-
ment studies seem a promising approach to uncover the 
dynamic course of suicidal ideation and its risk factors in 
clinically relevant time frames (i.e., real-time).
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Dynamik und Prädiktoren suizidaler 
Verhaltensweisen: eine Übersicht zu Befunden 
aus Studien mit ambulanten Assessments

Zusammenfassung Studien mit ambulanten Assess-
ments können wichtige Einblicke in die Ätiologie suizi-
daler Verhaltensweisen ermöglichen, da Suizidalität und 
assoziierte Risikofaktoren zeitlich fluktuierend auftreten.
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cidal ideation during the observation period [13, 15]. One 
study explicitly focused on the feasibility and potential 
iatrogenic effects of ambulatory assessment in research 
on suicidal ideation.

Samples were different with regards to age, diagnosis 
and setting in all four studies included in the review. Yet 
the majority of participants had a history of suicidal or 
self-injurious behavior to increase the likelihood for the 
occurrence of suicidal ideation during the observation 
period. If reported, compliance rates (i.e., percentage 
of valid observations) ranged from 58.1 [13] up to 85.7 % 
in healthy controls [16]. In patients at high-risk (i.e., 
patients with recent or past suicide attempts) compli-
ance rates of 73.8 and 81.6 %, respectively were achieved 
[16]. It is noteworthy that two studies employing personal 
digital assistant and palm to realize ambulatory assess-
ments (i.e., electronic devices minimizing the possibility 
of delayed responding) demonstrated good compliance 
rates ranging from 73.8 to 83 % [15, 16]. All studies applied 
a single-item measure asking about the presence of sui-
cidal ideation. In one study, participants had to answer a 
gate question about the experience of negative thoughts. 
If they had positively answered this question they were 
asked about the presence of thoughts about suicide.

Main findings

Prevalence of suicidal ideation during the observation 
period varied from 7.7 % in a low-risk population (i.e., 
healthy controls) [16] up to 74.2 % in psychiatric inpa-
tients with major depression [14]. In participants with 
a current psychiatric diagnosis and/or a history of past 
suicide attempts, the prevalence of suicidal ideation was 
higher. Predictors for suicidal ideation were identified by 
three studies (i.e., negative affective states such as worry, 
sadness or boredom, mean negative mood intensity) 
[13–15]. Most importantly, the study by Husky et al. dem-
onstrated that repeated assessments of suicidal ideation 
did not lead to a reactive effect (i.e., day of study or time 
of day did not predict the occurrence of suicidal ideation) 
[16].

Discussion

So far, ambulatory assessment research related to suicidal 
behaviors is still in its infancy, and only four studies have 
been identified following such an approach. Because of 
the great heterogeneity of those studies, comparing and 
summarizing results is somewhat difficult. However, 
findings underline that suicidal ideation fluctuates over 
time (i.e., occurs and disappears within hours or days) 
and negative affective states play a significant role in the 
prediction of suicidal ideation (i.e., momentary ratings 
of affective states predict suicidal ideation). The assump-
tion that suicidal ideation and its predictors show a 
dynamic course is supported. This is in line with current 
debates suggesting that suicidality is a fluctuating phe-

anxiety, loneliness, sleep disturbances, and intense 
negative affect (e.g., rage, self-hatred, guilt) indicate an 
increased risk for the emergence of suicidal behavior in 
the short term [2, 7, 8]. Despite their relevance, empiri-
cal knowledge regarding short-term risk factors is still 
limited due to their episodic and transient nature that 
makes them difficult to study [2, 6]. Suicidal behavior and 
related risk factors fluctuate over time. However, only few 
studies so far addressed this issue [2, 9]. Studies using 
ambulatory assessment (i.e., multiple self-assessments 
per individual over time) adequately address these needs 
and may provide important insights in the etiology of 
suicidal behaviors and their treatment [10, 11]. Beyond 
that, ambulatory assessment overcomes shortcomings 
of traditional self-report data (e.g., retrospective bias in 
self-report questionnaires) and offers additional advan-
tages (e.g., high ecological validity, simultaneous cap-
ture of context variables) [12]. The present paper reviews 
available studies in this field in order to (1) evaluate the 
current state of research and to (2) summarize main find-
ings with regards to the assumed fluctuation of suicidal 
behaviors and its risk factors.

Methods

To find relevant ambulatory assessment studies on sui-
cidal behaviors, we conducted a literature search (Web 
of Science, PubMed). Keywords were ambulatory assess-
ment, experience sampling method, ecological momen-
tary assessment, real-time assessment, diary, suicidal 
behavior, suicidality, suicidal ideation and suicidal desire. 
Additionally, reference lists of identified studies were 
screened. Abstracts were screened and studies employ-
ing ambulatory assessment to assess suicidal behaviors 
were included. All studies were published in English up 
to June 2014.

Results

Only four studies were identified that used ambulatory 
assessment to assess suicidal behaviors [13–16]. Table 1 
displays characteristics and main results of these studies.

Current state of research and methodology of 
reviewed studies

Suicidal ideation was either the main outcome or among 
the main variables under study in the reviewed studies. 
No study investigated the occurrence of other suicidal 
behaviors (e.g., suicide attempts or suicide). In terms 
of sample and methodology, the reviewed studies were 
very heterogeneous, complicating comparisons between 
them (see Table 1). Ambulatory assessment was realized 
in different settings such as everyday life or in a psychi-
atric hospital. The majority of studies (N = 3) investigated 
variables predicting the occurrence or intensity of sui-
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suicidal behavior [19]. However, the role that therapeu-
tic relationships may play for suicidal behavior was not 
addressed by any of the studies.

These results appear promising and further support 
the use of ambulatory assessment in the investigation of 
suicidal behavior. Yet it is among the limitations of this 
review that the search strategy did not include databases 
such as PsycINFO or PSYNDEX. Moreover, only few and 
highly heterogeneous studies are available and on this 
basis it is difficult to derive clear guidelines for the devel-
opment of studies in this field. Designing such studies 
remains challenging and some aspects causing specific 
difficulties need to be mentioned.

First of all, general limitations and methodological 
challenges related to ambulatory assessment meth-
ods (e.g., intrusiveness and participant burden, data 
security and privacy issues [12], data analysis [20], or 
item development [21]) apply to ambulatory assess-

nomenon [17, 18]. For clinicians, these findings under-
line the importance of repeated assessments of current 
mood or presence of suicidal ideation of their patients. 
Yet the available evidence is not sufficient to give clear 
recommendations for clinical routine care with regards 
to the assessment of suicidal behaviors or its short-term 
risk factors.

Most importantly, the few available studies indicate 
that assessing suicidal ideation by ambulatory assess-
ment might be a theoretically as well as practically useful 
approach. To date, the research in this field is, however, 
inconclusive and future studies need to give further evi-
dence for this claim. Good compliance rates and the 
absence of reactive effects further demonstrate that the 
repeated assessment of suicidal ideation does not lead to 
an increased burden or danger for participating patients 
[16]. This is in line with other studies investigating the 
potential iatrogenic effect of repeated questions about 

Table 1 Overview of reviewed papers in terms of study participants and methodology

Sample Nock et al. [15] Links et al. [13] Ben-Zeev et al. [14] Husky et al. [16]

N 30 82 31 42 recent suicide attempters (RSA)

20 past suicide attempters (PSA)

Comparison group No No No 21 affective controls (AC)

13 healthy controls (HC)

Age M = 17.3 (SD = 1.3) M = 33.5 (SD = 11.5) M = 39.3 (SD = 11.0) MRSA = 37.9 (SD = 12.8), MPSA = 39.9 (10.3)

Setting Everyday life Everyday life (outpa-
tient treatment)

Psychiatric hospital 
(inpatient treatment)

Everyday life

Inclusion criteria History of self-injurious behavior Borderline disorder Major depression RSA: hospitalization due to suicide attempt

Self-injurious thoughts during 
the weeks before the study

History of suicidal 
behavior (≥ 2 suicide 
attempts)

History of suicidal 
behavior (58 % of par-
ticipants ≥ 1 suicide 
attempt)

PSA: history of ≥ 1 suicide attempt, lifetime 
history of mood disorder, little or no pharmaco-
logical treatment (benzodiazepines, sedatives)

Excluded: affective, 
psychotic or substance 
abuse disorders

Excluded: comorbid 
psychiatric disorders

AC: lifetime history of mood disorder, no history 
of suicide attempt

HC: no DSM-IV axis 1 disorder, no history of 
suicide attempt

Excluded: schizophrenia, history of drug or 
alcohol abuse in the previous 12 months

Ambulatory assessment

Duration in days/
observations per day

14/2 21/6 7/6 7/5

Sampling strategy Mixed (signal- and event-
contingent)

Signal-contingent Signal-contingent Signal-contigent

Assessed by Personal digital assistant (PDA) Pager & paper-pencil Pager & paper-pencil Palm

Compliance (valid 
observations)

83 % 58,1 % Not reported 73.8 (RSA), 81.6 (PSA), 81.1 % (AC), 85.7 % 
(HC)

Measure of suicidal 
ideation

1 item (“thoughts about 
suicide”)

Visual analogue scale 
(“suicidal ideation”)

1 item (“thoughts 
about killing yourself”)

1 item (“thoughts of suicide or self-harm since 
the last assessment”)

Main results

Presence of suicidal 
ideation during obser-
vation period

In 33 % of participants Not reported in the 
paper

In 74.2 % of partici-
pants

In 33.3 % (RSA), 10 % (PSA), 14 % (AC), and 
7.7 % (HC) of participants

Predictors of suicidal 
ideation

Negative affective states (Worry, 
bad memory, feeling pres-
sure, having an argument with 
someone)

Depression at baseline Negative affective 
states (sadness, ten-
sion, boredom)

No effect for time of day or day of study

Mean negative mood 
intensity
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ment research on suicidal behavior as well. Discussing 
these aspects in detail is beyond the scope of the pres-
ent paper. The investigation of suicide behavior using 
ambulatory assessment provides specific challenges 
that will be briefly described in the following section. 
The relatively low prevalence of suicidal behavior 
leads to specific demands in the selection of an appro-
priate study sample and sample size. In populations 
with low base rates of suicidal behavior (e.g., general 
population [22, 23], large samples need to be exam-
ined to perform statistical analysis and identify risk 
factors predicting the occurrence of suicidal behavior 
[16]. However, in samples at high risk for suicide (i.e., 
persons with a history of suicide attempts or current 
psychiatric condition (e.g., major depression [24]) a 
relevant proportion of participants reported suicidal 
ideation in the reviewed studies. Moreover, it is not 
clear if the repeated assessments (i.e., asking about 
mood, affect, etc.) include an interventional effect 
on the frequency of suicidal ideation (i.e., increase 
or decrease the experience of suicidal behavior). This 
eventually leads to serious confounding of results and 
somewhat limits their ecological validity. Besides, it is 
possible that participants at risk receive psychothera-
peutic or pharmaceutic interventions from their envi-
ronment (e.g., if psychiatric inpatients are assessed). 
Because of ethical considerations, suicidal behavior 
needs to be closely monitored in patients at high risk, 
and in case of increased suicidality, interventions 
need to be administered.

Conclusion

Ambulatory assessment research about suicidal 
behaviors does not currently allow general conclu-
sions about the temporal dynamics and predictors 
of suicidal behaviors in different populations. While 
the importance of real-time studies identifying acute 
risk factors has already been acknowledged for clini-
cal settings, several aspects need to be further investi-
gated. Future studies should address suicidal behavior 
and its predictors in real-time, extending the assess-
ment to suicidal behaviors beyond suicidal ideation 
(i.e., including suicidal desire, suicide plans, suicide 
attempts) [2]. Additionally, analyzing context and set-
ting factors (e.g., interpersonal events, daytime) influ-
encing the occurrence and disappearance of suicidal 
behavior in detail, is of great interest for research and 
practice. In conclusion, findings from ambulatory 
assessment studies targeting suicidal behaviors might 
play a significant role in the development of interven-
tion and monitoring concepts and, consequently help 
to understand and prevent suicidal behaviors [25].
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