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Abstract 
 One of the greatest challenges to understanding, predicting, and preventing suicide is that 
we have never had the ability to observe and intervene upon them as they unfold in real-time. 
Recently developed real-time monitoring methods are creating new opportunities for scientific 
and clinical advances. For instance, recent real-time monitoring studies of suicidal thoughts show 
that they typically are episodic, with quick onset and short duration. Many known risk factors 
that predict changes in suicidal thoughts over months/years (e.g., hopelessness) do not predict 
changes over hours/days – highlighting the gap in our abilities for short-term prediction. Current 
and future studies using newer streams of data from smartphone sensors (e.g., GPS) and 
wearables (e.g., heart rate) are further expanding knowledge and clinical possibilities.  
 
  



Our understanding of suicide – and our ability to predict and prevent it – has been 
hindered by a lack of information about the basic nature of suicidal thoughts and behaviors 
(STBs). One reason for this lack of information has been a gap in studies that assess STBs as 
they occur in everyday life. Fewer than 1% of all prospective studies of STBs have a follow-up 
time of a month or shorter [1].  Moreover, most prior studies use wide retrospective periods (e.g., 
by asking “did you have suicidal thoughts in the past year?”). Although such work is important, 
it precludes the ability to understand the dynamic nature of how STBs operate as they actually 
occur. Recent advances in real-time monitoring technology (also called ecological momentary 
assessment or experience sampling) have made it possible to gain never-before-available 
information about the nature of STBs by observing them as they occur in a variety of settings [2]. 
Although real-time monitoring has existed since the 1980s [3], it has recently become more 
accessible than ever because new smartphone-based real-time monitoring applications allow data 
collection using hardware the participant already owns. Accordingly, this is an ideal time to 
explore the current state of real-time monitoring methodology and the literature that uses it to 
assess STBs. The goals of this paper are to: (1) review recent studies that have used real-time 
monitoring to better understand STBs, and (2) discuss future directions for this exciting line of 
work.  
Current studies 

It is notable that, to date, only ten studies across ten manuscripts (one manuscript 
reported two studies [4] and one study was reported in two manuscripts [5,6]) have used real-
time monitoring to assess STBs (Table 1). These studies primarily explore suicidal thoughts, not 
behaviors. Despite the small quantity and restricted focus, these studies contribute valuable new 
information about the feasibility of using real-time monitoring to study STBs, the basic nature of 
STBs, and short-term predictors of STBs.   

Feasibility of real-time monitoring. Real-time monitoring of STBs has proven to be 
feasible in a number of ways. First, participants are compliant with the demands of real-time 
monitoring. All studies we identified report compliance rates above 50% (meaning that they 
complete >50% of prompted assessments), many >75%. Participants appear to be equally 
compliant throughout the duration of the study [5], although compliance tends to be higher 
during the middle of the day compared to the morning or night [7]. One study found that recent 
attempters completed fewer responses than psychiatric controls and lifetime attempters [5]. Thus, 
there may be utility in examining whether patterns of missing responses are meaningful (e.g., 
suicidal patients might not complete assessments when they are very distressed). Second, 
although some factors (e.g., caloric intake) change as a result of being assessed repeatedly, this is 
not the case with suicidal ideation. Repeatedly asking about suicidal ideation does not reduce or 
trigger it [8]. Third, and most illustrative of the importance of using real-time monitoring to 
assess suicidal thinking, participants report higher levels of suicidal ideation during momentary 
assessments than on weekly retrospective assessments [7]. Although real-time monitoring is 
feasible, before future lines of research are pursued, however, we must address ethical concerns 
regarding when and how to respond to participants indicating imminent risk.  

Descriptive studies of suicidal ideation. Several recent studies have used real-time 
monitoring to provide information about several basic characteristics of suicidal thinking. First, 
the severity of suicidal ideation varies considerably over a short period of time. Two studies 
showed that there is nearly as much variability in reports of suicidal ideation from hour to hour 
as there is from person to person [4,9]. Second, episodes of suicidal ideation have a quick onset, 
with nearly one-third of all observations in one study differing by a standard deviation or more 



from the prior rating just a few hours earlier [4]. Third, episodes of suicidal ideation tend to be 
brief, with participants reporting most episodes are shorter than an hour [10]. Fourth, thoughts of 
suicide are distinct from thoughts of nonsuicidal self-injury (NSSI), and co-occur less than half 
the time, even among those who frequently engage in NSSI [10].     

 Although suicidal ideation tends to be episodic, with quick onset and short duration, 
some people do experience persistent, low-level suicidal ideation. In some studies, >50% of 
random momentary assessments of suicidal ideation had a non-zero response [4,11,12]. This 
stands in contrast to studies that ask participants to actively report when they are suicidal and 
find only about one episode of suicidal ideation each week [10]. This discrepancy could be due 
to momentary reports picking up on low-level ideation that participants do not notice or would 
not consider worthy of reporting, or the low-level ideation on momentary reports might represent 
a baseline and participant-initiated reports might represent deviations from that baseline.  

This descriptive work aligns well with prior theory. A tenant of the Fluid Vulnerability 
Theory is that suicidal ideation fluctuates close to a baseline with episodic peaks representing 
suicidal crises [13,14]. The short-term fluctuations described above fit well with this model. This 
work is also in line with intensive retrospective studies using timeline-followback approaches 
that report nearly the same level of within-person variability as several of the real-time 
monitoring studies cited above [15].  

Predictors of short-term change. Several studies have examined predictors of short-
term change in suicidal ideation. One study found that suicidal ideation was associated with 
average daily affect intensity, but was unassociated with within-day variability or magnitude of 
change in affect [16]. Some affective states, like sadness, predict time-lagged changes in suicidal 
ideation (i.e., affect at T, predicting ideation at T+1, adjusting for ideation at T)[6,11]. Other 
affective states, like hopelessness and loneliness, correlate with momentary suicidal ideation and 
predict it a few hours later, but do not predict time-lagged changes [4,11]. This suggests that 
there is an important distinction between correlates of ideation, predictors of ideation, and 
predictors of change in ideation. Moreover, it highlights the importance of identifying factors 
that predict short-term change in ideation, given that these factors would be very important 
targets for treatment.   
Future directions  

Beyond echoing the call for more research using real-time monitoring [17,18], several 
specific areas of research are needed to “move the needle” on suicide research and prevention.  

Larger, longer studies. All but one study discussed here had a sample size under 100 
and no study was longer than four weeks. Although a benefit of repeated-measures data is 
needing fewer participants because each provides multiple data points, this benefit fades when 
examining between-persons (i.e., level-2) data, where there is only one measurement per person. 
Some caution the use of level-2 predictors at all with <50 participants [19]. Studies were smaller 
and shorter than needed because real-time monitoring previously required separate, expensive 
devices, making larger studies prohibitively expensive. Moreover, power analyses are 
complicated because commonly-used tools (e.g., G*Power) cannot produce estimates for studies 
using multi-level data. Recently, however, affordable smartphone-based real-time monitoring 
apps have become available. Moreover, several R packages are now available that can determine 
needed sample sizes and sampling frequency for real-time monitoring studies [20,21]. We also 
created a website for power analyses that does not require knowledge of R 
(https://goo.gl/5texAe). Thus, available technology now meets the need for larger studies over 
longer time periods. Larger studies can examine trait-level moderators of momentary responses 



(e.g., do people with poor emotion regulation respond to daily stress with more severe suicidal 
ideation?). Longer studies can tease apart whether constructs vary at the level of the person, day, 
or time period. For example, if someone reports high stress at every assessment during a 14-day 
study, it is unclear whether this person habitually reports high stress or if the study is picking up 
on a stressful period that might not be present during a 14-day period a few weeks later.  

Studies conducted during critical high-risk time periods. Although most studies 
discussed in this paper utilize participants at high-risk for suicide (e.g., those with a prior suicide 
attempt), with only one exception [6], there has been no exploration of specific time periods 
when these people are at the highest risk. For example, is well known that one of the highest-risk 
time periods for suicide is the month after discharge from inpatient psychiatric care [22]. Despite 
understanding that this period is so risky, it is not clear why it is so risky. Real-time monitoring 
is particularly well poised to explore this and other critical high-risk periods for suicide such as 
immediately after a job loss [23] or divorce [24] or within the first year after separation from the 
military [25].   

Use of passive data from smartphones and wearables. Beyond self-report (or “active”) 
data, many real-time monitoring applications are able to collect streams of passive data from the 
smartphone’s sensors, including GPS, call logs, and app usage. These data are valuable because 
they assess participants’ actual behaviors without adding burden to the participant. Researchers 
have explored other areas (e.g., depression [26,27]) using passive data, but  no such work has 
been done on suicide. It is also possible to combine smartphone data with data from wearable 
devices. Although there are some research-grade wearables, movement, heart rate, and sleep can 
be reliably gleaned from consumer-grade wearables that are affordable and may already be 
owned by participants (e.g., Fitbits). These devices provide objective indicators of sleep 
(although accuracy is not as high as gold-standard devices [28,29]) and distress in ways not 
possible with a smartphone device [30]. The most promising use of these new streams of data is 
combining features from these streams of data (e.g., phone calls made, time asleep, amount of 
steps taken) in a digital phenotyping/footprinting [31,32] approach that uses classification 
methods like latent class/profile analysis to identify whether there are unique groups of 
individuals at risk for suicide [33].  
Conclusions 
 Real-time monitoring is a feasible way to better understand STBs by examining them as 
they occur in everyday life. The studies reviewed here provide at least two broad pieces of 
information about STBs that we could not glean from other methodologies. First, suicidal 
thoughts are episodic, with quick onset and short duration. Second, some factors that predict 
changes in suicidal ideation over weeks, months, and years do not predict changes over hours 
and days. Future studies will be able to further expand what we know about STBs by using 
streams of data from smartphones sensors and wearable devices.  
  



Acknowledgements 
 

The research was supported by the John D. and Catherine T. MacArthur Foundation (MKN).  

 
  



References 
 
1.  Franklin JC, Ribeiro JD, Fox KR, Bentley KH, Kleiman EM, Huang X, Musacchio KM, 

Jaroszewski AC, Chang BP, Nock MK: Risk factors for suicidal thoughts and behaviors: 
A meta-analysis of 50 years of research. Psychol. Bull. 2017, 143:187–232. 

2.  *Shiffman S, Stone AA, Hufford MR: Ecological momentary assessment. Annu. Rev. 
Clin. Psychol. 2008, 4:1–32. 

* Provides an introduction to modern real-time monitoring methodology.  
	
3.  Csikszentmihalyi M, Larson R: Validity and reliability of the Experience-Sampling 

Method. J. Nerv. Ment. Dis. 1987, 175:526–536. 

4.  **Kleiman EM, Turner BJ, Fedor S, Beale EE, Huffman JC, Nock MK: Examination of 
real-time fluctuations in suicidal ideation and its risk factors: Results from two 
ecological momentary assessment studies. J. Abnorm. Psychol. 2017, 
doi:10.1037/abn0000273. 

** Shows that suicidal ideation varies considerably over a short period of time and describes 
affective predictors of suicidal ideation.  
	
5.  **Husky M, Olié E, Guillaume S, Genty C, Swendsen J, Courtet P: Feasibility and 

validity of ecological momentary assessment in the investigation of suicide risk. 
Psychiatry Res. 2014, 220:564–570. 

** Shows that real-time monitoring is feasible in high-risk populations.  
	
6.  **Husky M, Swendsen J, Ionita A, Jaussent I, Genty C, Courtet P: Predictors of daily life 

suicidal ideation in adults recently discharged after a serious suicide attempt: A pilot 
study. Psychiatry Res. 2017, 256:79–84. 

** Describes social contexts where suicidal ideation is more likely.  
 
7.  **Torous J, Staples P, Shanahan M, Lin C, Peck P, Keshavan M, Onnela J-P: Utilizing a 

Personal Smartphone Custom App to Assess the Patient Health Questionnaire-9 
(PHQ-9) Depressive Symptoms in Patients With Major Depressive Disorder. JMIR 
Ment. Health 2015, 2:e8. 

** Describes how real-time monitoring can potentially provide more accurate assessment of 
suicidal thoughts and behaviors.  
 
8.  **Law MK, Furr RM, Arnold EM, Mneimne M, Jaquett C, Fleeson W: Does assessing 

suicidality frequently and repeatedly cause harm? A randomized control study. 
Psychol. Assess. 2015, 27:1171–1181. 

 



** Describes that asking about suicide on real-time monitoring studies does not have any 
iatrogenic effects.  
 
9.  **Hallensleben N, Spangenberg L, Forkmann T, Rath D, Hegerl U, Kersting A, Kallert 

TW, Glaesmer H: Investigating the dynamics of suicidal ideation: preliminary findings 
from a study using ecological momentary assessments in psychiatric inpatients. Crisis 
2017, doi:10.1027/0227-5910/a000464. 

** Shows that suicidal ideation varies considerably over a short period of time.  
 
10.  **Nock MK, Prinstein MJ, Sterba SK: Revealing the form and function of self-injurious 

thoughts and behaviors: A real-time ecological assessment study among adolescents 
and young adults. J. Abnorm. Psychol. 2009, 118:816–827. 

** The first study to use real-time monitoring to assess suicidal thoughts and behaviors. Provides 
important information regarding the frequency of suicide episodes.  
 
11.  **Ben-Zeev D, Young MA, Depp CA: Real-time predictors of suicidal ideation: Mobile 

assessment of hospitalized depressed patients. Psychiatry Res. 2012, 197:55–59. 

** Provides information regarding affective states that predict suicidal ideation.  
 
12.  Ben-Zeev D, Scherer EA, Brian RM, Mistler LA, Campbell AT, Wang R: Use of 

multimodal technology to identify digital correlates of violence among inpatients with 
serious mental illness: A pilot study. Psychiatr. Serv. 2017, 
doi:10.1176/appi.ps.201700077. 

13.  Rudd DM: Fluid vulnerability theory: A cognitive approach to understanding the 
process of acute and chronic suicide risk. In Cognition and suicide: Theory, research, 
and therapy. Edited by Ellis TE. American Psychological Association; 2006:355–368. 

14.  Bryan CJ, Grove JL, Kimbrel NA: Theory-driven models of self-directed violence 
among individuals with PTSD. Curr. Opin. Psychol. 2017, 14:12–17. 

15.  Bagge CL, Littlefield AK, Glenn CR: Trajectories of affective response as warning signs 
for suicide attempts: An examination of the 48 hours prior to a recent suicide attempt. 
Clin. Psychol. Sci. 2017, doi:10.1177/2167702616681628. 

16.  **Links PS, Eynan R, Heisel MJ, Barr A, Korzekwa M, McMain S, Bail JS: Affective 
instability and suicidal ideation and behavior in patients with borderline personality 
disorder. J. Personal. Disord. 2007, 21:72–86. 

** Provides information regarding daily-level mood factors that are associated with daily levels 
of suicidal ideation.  
	
17.  Davidson CL, Anestis MD, Gutierrez PM: Ecological momentary assessment is a 

neglected methodology in suicidology. Arch. Suicide Res. 2017, 21:1–11. 



18.  Nock MK: Recent and needed advances in the understanding, prediction, and 
prevention of suicidal behavior. Depress. Anxiety 2016, 33:460–463. 

19.  Maas CJM, Hox JJ: Sufficient sample sizes for multilevel modeling. Methodology 2005, 
1:86–92. 

20.  Revelle W: Psych: Procedures for psychological, psychometric, and personality research 
[Internet]. Northwestern University; 2017. 

21.  Kleiman EM: EMAtools: Data management tools for real-time monitoring/ecological 
momentary assessment data [Internet]. 2017. 

22.  Chung DT, Ryan CJ, Hadzi-Pavlovic D, Singh SP, Stanton C, Large MM: Suicide rates 
after discharge from psychiatric facilities: A systematic review and meta-analysis 
[Internet]. JAMA Psychiatry 2017, doi:10.1001/jamapsychiatry.2017.1044. 

23.  Coope C, Donovan J, Wilson C, Barnes M, Metcalfe C, Hollingworth W, Kapur N, Hawton 
K, Gunnell D: Characteristics of people dying by suicide after job loss, financial 
difficulties and other economic stressors during a period of recession (2010–2011): A 
review of coroners׳ records. J. Affect. Disord. 2015, 183:98–105. 

24.  Stack S, Scourfield J: Recency of divorce, depression, and suicide risk. J. Fam. Issues 
2015, 36:695–715. 

25.  Shen Y-C, Cunha JM, Williams TV: Time-varying associations of suicide with 
deployments, mental health conditions, and stressful life events among current and 
former US military personnel: A retrospective multivariate analysis. Lancet Psychiatry 
2016, 3:1039–1048. 

26.  Saeb S, Zhang M, Karr CJ, Schueller SM, Corden ME, Kording KP, Mohr DC: Mobile 
Phone Sensor Correlates of Depressive Symptom Severity in Daily-Life Behavior: An 
Exploratory Study. J. Med. Internet Res. 2015, 17:e175. 

27.  Reece AG, Danforth CM: Instagram photos reveal predictive markers of depression 
[Internet]. ArXiv160803282 Phys. 2016, [no volume]. 

28.  Meltzer LJ, Hiruma LS, Avis K, Montgomery-Downs H, Valentin J: Comparison of a 
Commercial Accelerometer with Polysomnography and Actigraphy in Children and 
Adolescents. Sleep 2015, 38:1323–1330. 

29.  Toon E, Davey MJ, Hollis SL, Nixon GM, Horne RSC, Biggs SN: Comparison of 
commercial wrist-based and smartphone accelerometers, actigraphy, and PSG in a 
clinical cohort of children and adolescents. J. Clin. Sleep Med.. 2016, 12:343–350. 

30.  Kleiman EM, Nock MK: Advances in scientific possibilities offered by real-time 
monitoring technology. Psychiatry Interpers. Biol. Process. 2017, 
doi:10.1080/00332747.2017.1325661. 



31.  Bidargaddi N, Musiat P, Makinen V-P, Ermes M, Schrader G, Licinio J: Digital footprints: 
Facilitating large-scale environmental psychiatric research in naturalistic settings 
through data from everyday technologies. Mol. Psychiatry 2017, 22:164–169. 

* Along with Onnela & Rauch [32], provides a roadmap for integrating multiple streams of data 
to predict human behavior.  
	
32.  Onnela J-P, Rauch SL: Harnessing smartphone-based digital phenotyping to enhance 

behavioral and mental health. Neuropsychopharmacology 2016, 41:1691–1696. 

* Along with Bidargaddi et al. [32], provides a roadmap for integrating multiple streams of data 
to predict human behavior.  
	
33.  Bernanke JA, Stanley BH, Oquendo MA: Toward fine-grained phenotyping of suicidal 

behavior: The role of suicidal subtypes [Internet]. Mol. Psychiatry 2017, 
doi:10.1038/mp.2017.123. 

 



Table 1. Summary of real-time monitoring studies of suicidal thoughts and behaviors  
Citation Sample Length in 

days 
Monitoring type Compliance rate Main findings  

Ben-Zeev, et al. 
[12] 

Inpatients w/serious 
mental illness (n=27) 

6 Smartphone 
(6x/day) 

Not reported SI co-occurs with violent behavior.   

Ben-Zeev, Young, 
& Depp [11]  

Depressed inpatients 
(n=30) 

7  Pager + paper 
diary (~6x/day) 

Not reported  Boredom, tension, sadness predict time-
lagged SI.   

Hallensleben et al. 
[9] 

Suicidal or depressed 
inpatients (n=20) 
 

6  Smartphone 
(10x/day) 

>80% SI fluctuates considerably over time.   

Husky et al. [5] Recent attempters 
(n=42), lifetime 
attempters (n=20), 
affective (n=21). 
healthy (n=13) 
controls 

7  PalmPilot 
(5x/day) 

73.8% (recent 
attempters), 
81.1%-85.7% 
(others)  

Recent attempters completed fewest 
responses. Compliance did not decline 
during study.   

Husky et al. [6] Follow-up of 42 
recent attempters [5] 
 

7  PalmPilot 
(5x/day) 

73.8%  SI more likely when people were alone. 
Sadness, anxiety, and happiness predict 
time-lagged SI.  
 

Kleiman et al. [4] Adults w/recent SA 
(Study 1; n=54), 
Suicidal inpatients 
(study 2; n=36)  
 

28 (Study 1) 
Length of 
treatment 
(Study 2) 

Smartphone 
(4x/day) 

62.75% (Study 1) 
62.0% (Study 2) 

SI fluctuates considerably over time. 
Hopelessness and loneliness correlate 
with SI but do not predict time-lagged SI.    

Law et al. [8] Adults w/BPD (129 
received SI 
assessment, 129 did 
not)  
 

14  PalmPilot 
(5x/day) 

62.9% Those who received assessment of SI did 
not differ from those who did not in odds 
of SI/SA at end of study.  



Links et al. [16] Adults w/BPD (n=82) 21  Pager + paper 
diary (6x/day) 

58.1% Daily negative mood intensity was 
associated with daily SI.   
 

Nock, Prinstein, & 
Sterba [10] 

Self-injurious 
adolescents (n=30) 

14+ PalmPilot 
(2x/day) 

83.3% completed 
>28 responses 

Participants reported 1.1 episode of SI per 
week. 73.1% of episodes lasted <1 hour. 
SI and NSSI thoughts do not often co-
occur.  
 

Torous et al [7] Outpatients (n=30) 30  Smartphone 
(3x/day) 

77.8% (overall), 
75.5% (morning), 
84.2% 
(afternoon), 
75.5% (evening) 

Momentary SI was significantly higher 
than SI assessed retrospectively at end of 
study.  

 
Note. SI = suicidal ideation, SA = suicide attempt, BPD = Borderline Personality Disorder, NSSI = Non-suicidal self-injury.  
 
 
 


