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Abstract

Background: High suicide intent, childhood trauma, and violent behavior are risk factors for suicide in suicide
attempters. The aim of this study was to investigate whether the combined assessment of suicide intent and
interpersonal violence would provide a better prediction of suicide risk than an assessment of only suicide intent or
interpersonal violence.

Methods: This is a cohort study involving 81 suicide attempters included in the study between 1993 and 1998.
Patients were assessed with both the Suicide Intent Scale (SIS) and the Karolinska Interpersonal Violence Scale (KIVS).
Through the unique personal identification number in Sweden, patients were linked to the Cause of Death Register
maintained by the Swedish National Board of Health and Welfare. Suicides were ascertained from the death certificates.

Results: Seven of 14 patients who had died before April 2013 had committed suicide. The positive predictive value for
the Suicide Intent Scale alone was 16.7 %, with a specificity of 52 % and an area under the curve of 0.74. A combined
assessment with the KIVS gave higher specificity (63 %) and a positive predictive value of 18.8 % with an AUC of 0.83.
Combined use of SIS and KIVS expressed interpersonal violence as an adult subscale gave a sensitivity of 83.3 %, a
specificity of 80.3 %, and a positive predictive value of 26 % with an AUC of 0.85. The correlation between KIVS and SIS
scores was not significant.

Conclusions: Using both the the SIS and the KIVS combined may be better for predicting completed suicide than
using them separately. The nonsignificant correlation between the scales indicates that they measure different
components of suicide risk.
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Background
A history of attempted suicide is the strongest known
clinical risk factor for suicide. The suicide risk assess-
ment is an important and difficult part of the manage-
ment of patients after a suicide attempt. Among
hospitalized male suicide attempters with bipolar/uni-
polar disorder and schizophrenia, almost 25 % commit-
ted suicide within the year following the suicide attempt
[1]. Furthermore, suicide attempters who had used a vio-
lent method showed a very high risk [2].

There is insufficient evidence concerning the predict-
ive value of structured suicide risk assessment scales.
Clinical guidelines such as NICE, recommend, when
assessing the risk of repetition of suicidal behavior, iden-
tification of the specific risks for the patient, taking into
account methods and frequency of current and past sui-
cidal behavior, current and past suicidal intent, depres-
sive symptoms or any psychiatric illness and their
relationship to self-harm, as well as the personal and
social context and any other specific factors preceding
self-harm [3]. They do not recommend the use of risk
assessment tools and scales to predict future suicide
or repetition of self-harm due to a lack of research
evidence [3]. They mention in an authors’ reply re-
garding the NICE guidelines that the ‘positive
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predictive value’ of scales that examined the risk of
suicide following self-harm ranged from 1 to 13 %
[4]. This means that 87 to 99 % of those rated as be-
ing at high risk in these studies did not go on to die
by suicide, thereby giving a low specificity in the pre-
diction of suicide in self-harm patients [4]. Complicat-
ing the assessment strategy even further is the fact
that most studies focus on single risk factors, leaving
clinicians and expert panels to estimate how risk fac-
tors interact to influence outcomes [4]. In a recent
review of practice in suicidal risk assessments, Fowler
stressed the importance of using risk assessment
scales with a multidimensional approach [5]. New
standardized measures for the assessment of suicidal
behavior and ideation have been designed to improve
identification and clinical management and have re-
cently been effectively disseminated, which may affect
recommendations in future guidelines [6].
A frequently studied instrument for assessing suicide

intent is the Beck Suicide Intent Scale (SIS) [7]. In a re-
view article, five out of 13 studies showed a positive rela-
tionship between high SIS scores and suicide with
follow-up periods ranging from 10 months to 20 years
[8]. We have recently reported that high suicide intent,
as well as high scores on the Planning subscale
assessed shortly after a suicide attempt, predicted
subsequent suicide [9].
Childhood trauma, adult violent behavior, and suicidal

behavior are all interlinked [10, 11]. We have reported
that high scores on exposure to violence as a child and
expressed violent behavior as an adult, measured with
the Karolinska Interpersonal Violence Scale (KIVS), pre-
dicted suicide in suicide attempters [12].
Earlier studies on structured suicide risk assessment

scales for predicting suicide have pointed out the need
for both a high sensitivity to detect the patients at risk
for suicide and a better specificity to reduce the number
of false positives. A combined or sequential screening
method using largely orthogonal or independent vari-
ables that address both traits and state-dependent risk
would be optimal for predicting suicide risk [13]. To the
best of our knowledge, no studies have compared the
combined use of two structured clinical instruments
with the use of only one clinical rating scale in assessing
suicide risk.

Aims of the study
We hypothesized that combining two structured suicide
risk assessment scales with some evidence of predictive
ability for completed suicide, i.e., the Suicide Intent Scale
and the Karolinska Interpersonal Violence Scale, would
provide a better predictive value for case detection than
using only one of the scales. Furthermore, we hypothe-
sized that the scales measure different aspects of risk.

Method
Study setting
Patients being treated after a suicide attempt at the
Karolinska University Hospital were asked to take
part in a study on biological and psychological risk
factors for suicidal behavior. The Regional Ethical Re-
view Board in Stockholm approved the study protocol
(Dnr 93–211) and the written informed consent of
the participants was obtained.

Patients
Between 1993 and 1998, 81 suicide attempters (35
men and 46 women, mean age 37 years, SD = 12,
range 18–69 years) were included in the study from
emergency departments and inpatient wards. Inclusion
criteria were: a suicide attempt within 1 month of the
evaluation, a minimum age limit of 18 years and abil-
ity to communicate both verbally and in writing in
Swedish. Exclusion criteria were: schizophrenia
spectrum psychosis, dementia, mental retardation, and
intravenous drug abuse. This cohort is a part of the
larger study reporting on the impact of a family his-
tory of suicide and childhood adversity on suicide risk
[14]. As explained in our previous article [9], suicide
attempt was defined as any nonfatal, self-injurious be-
havior with some intent to cause a completed suicide.
A trained psychiatrist interviewed the participants
using the SCID I research version interview to estab-
lish a diagnosis according to DSM-III. The SCID II
interview was used to establish Axis II diagnoses. All
clinical assessments and ratings were performed
within 1 month of the suicide attempt.
The majority or, more precisely, 94 % of the suicide

attempters had at least one current Axis I psychiatric
diagnosis; 80 % satisfied the criteria for having a mood
disorder, 5 % for an adjustment disorder, and 4 % for
anxiety disorders; one patient had a substance-related
disorder, one had anorexia nervosa, and one an unspeci-
fied psychiatric disorder (not psychotic) as the main Axis
I diagnosis. The most usual comorbid substance-related
disorder was alcohol dependence; 21 % of the suicide
attempters had a substance-related disorder. Thirty-two
(39.5 %) of the suicide attempters satisfied the criteria
for a personality disorder; eight of them had a borderline
personality disorder. Fourteen patients (17 %) had used
a violent suicide attempt method. Forty-six patients
(57 %) had a history of suicide attempts, and 19 of them
(23 %) had attempted suicide three or more times before
inclusion in the study.

SIS and KIVS ratings
Beck’s Suicide Intent Scale (SIS) is a risk assessment in-
strument using 15-items designed to examine both sub-
jective and objective aspects of the suicide attempt, such
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as the circumstances at the time of the attempt and the
patient’s thoughts and feelings during the attempt [7].
We used item 18 of the SIS to categorize earlier suicide
attempts: (1) none, (2) one or two, and (3) three or more
earlier suicide attempts.
One patient’s SIS rating was incomplete and therefore

was not used in the statistical analysis.
The Karolinska Interpersonal Violence Scale (KIVS)

contains four rating scales assessing expressed violent
behavior and exposure to violence in childhood (defined
as 6–14 years of age) and during adult life (defined as
age 15 or older) [12]. The ratings are based on a struc-
tured interview with concrete examples of interpersonal
violence. The interrater reliability of the KIVS (and the
subscales) was high and the scale has been validated
with other clinical rating scales measuring aggression in
suicide attempters [12]. Interviews and ratings (0–5 for
each scale, total 20) were performed and assessed by
trained clinicians. Two patients were not assessed by
the KIVS.

Assessment of mortality
All patients were followed up for mortality and cause of
death. All deaths that occurred between enrollment in
the study and April, 2013, were included. The patients
who died during the follow-up period were identified
and the causes of death were obtained from Statistics
Sweden, which keeps the National Swedish Cause of
Death Register for the Swedish National Board of Health
and Welfare (http://www.socialstyrelsen.se). Seven sui-
cides were ascertained from the death certificates.

Data analysis
The population was characterized using the mean, me-
dian, and range for quantitative variables. The Shapiro-
Wilks test was used to test whether the data were nor-
mally distributed. Parametric statistics (t test, one-tailed)
was used for between-group comparisons, suicide vic-
tims vs. survivors, or first attempters vs. repeaters if the
data were distributed normally. If the data were skewed,
a nonparametric Wilcoxon test in continuous variables
was applied for comparisons between groups. Fisher’s
exact test (2-sided) was used in certain SIS and KIVS
comparisons. Similarly to our previous SIS study [9], an
ad hoc receiver-operating characteristic (ROC) analysis
was used to find optimal thresholds for SIS and KIVS
ratings to predict suicide. ROC tables and curves were
created to establish the optimal cut-off values for com-
pleted suicide for both scales. ROC areas under the
curves (AUCs) were determined as a measure of the
diagnostic execution. They were then evaluated accord-
ing to the methods of Hanley and McNeil. The chosen
cut-off point for each scale was the one that both opti-
mized the proportion of suicide victims correctly

identified and the proportion of survivors correctly iden-
tified. We defined a positive result of the combined test
(equivalent to high suicide risk) as when both instru-
ments had scores over the thresholds established from
ROC curves. A standard logistic regression analysis was
performed using SIS and KIVS scores as predictors of
suicide. Tests of non-parametric or parametric correla-
tions were performed using Spearman’s rho or Pearson’s
r. Statistical analyses were performed using the JMP
9.0.3 software from SAS Institute Inc., Cary, NC, USA.
Confidence intervals for the AUCs were calculated with
the SPSS statistical software package (IBM, SPSSTM, ver-
sion 22). This article follows STROBE guidelines (see
STROBE Checklist under Additional file 1).

Results
Suicides
Fourteen patients had died during the follow-up. Seven
suicides (8.6 %), by three women and four men, were
ascertained from the death certificates. Five suicide vic-
tims fulfilled the criteria for major depression, one for
adjustment disorder, one suicide victim did not fulfill the
criteria for an Axis 1 diagnosis at the inclusion to the
study. Two of seven suicide completers had a comorbid
alcohol abuse diagnosis and two had a comorbid person-
ality disorder NOS diagnosis. There was no age differ-
ence between suicide victims and survivors. Five patients
committed suicide within 6 years and two patients had
died of suicide 11 years after entering the study
(time to suicide: median 4 years, mean 6 years,
range 1.7–12.8 years). The follow-up period ranged
between 15 and 20 years. The proportion with suicide as
the cause of death in the cohort was 50 % (7/14).
Table 1 shows the mean and median SIS and KIVS rat-

ings for suicide victims and survivors. As reported earl-
ier, both SIS and KIVS total scores were significantly
higher in suicide victims than in survivors. One of the
suicide victims had not been assessed by KIVS. Correla-
tions between KIVS and SIS and the SIS planning sub-
scale were not significant (Table 2). Figure 1 shows SIS
and KIVS total scores for surviving suicide attempters
and suicide victims.

Repeated suicide attempts
Suicide attempters who reported earlier suicide at-
tempts had significantly higher KIVS total scores
compared with suicide attempters debuting with
suicidal behavior at inclusion in the study (Z = −2.8,
p = 0.0044). Repeaters scored higher on three out of
four KIVS subscales: Exposure to interpersonal vio-
lence as a child (Z = −2.1, p = 0.034) and as an adult
(Z = −2.6, p = 0.011), as well as Expressed violence
as an adult (Z = −2.4, p = 0.014). There were no sig-
nificant differences in SIS scores between repeaters
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and nonrepeaters (p = 0.86). There was no signifi-
cant difference in suicide risk between repeaters
and nonrepeaters (p = 0.98)

Receiver-operating characteristic analysis
To estimate which cut-off level of SIS and KIVS scores
optimally predicts suicide, we analyzed the ROC curves
and tables. A SIS cut-off of 16 gave a sensitivity of 100 %
and a specificity of 52 %. The positive predictive value
(PPV) for SIS alone was 16.7 %, with an area under the
curve (AUC) of 0.74. The KIVS total score cut-off of 6
gave a sensitivity of 100 % and a specificity of 40 %. The
PPV for KIVS alone was 12.2 %, with an AUC of 0.75.
A combined assessment of both scales gave a sensitiv-

ity of 100 % and a specificity of 63 %. The PPV after
combining both scales was 18.8 % with an AUC of 0.83
(Table 3).
Table 4 shows suicide risk assessments on combining

SIS and two predictive KIVS subscales: Expressed inter-
personal violence as an adult and Exposure to interper-
sonal violence as a child. Combined use of SIS and KIVS
expressed interpersonal violence as an adult gave a sen-
sitivity of 83.3 %, a specificity of 80.3 %, and a higher
positive predictive value of 26 % with an AUC of 0.85.

Regression analysis
A standard logistic regression analysis was conducted
with SIS and KIVS scores as predictors of suicide. The
regression model was significant: chi square = 8.2, DF =
2, p = 0.017. Both SIS (chi square = 3.9, p = 0.049) and
KIVS (chi square = 5.2, p = 0.022) ratings were statisti-
cally significant predictors of suicide in the regression
model. After adding earlier repeated suicide attempt as a
potential confounder, the model remained significant,

chi square = 8.3, DF = 3, p = 0.041, with two significant
predictors: SIS (chi square = 3.8, p < 0.050) and KIVS
(chi square = 4.9, p = 0.026) scores, while the repeater
status was not a significant predictor of subsequent sui-
cide (chi square = 0.06, p = 0.80).

Discussion
In this follow-up study of suicide attempters, we found
that by combining the assessments for suicide intent and
interpersonal violence in suicide attempters, we in-
creased both the positive predictive value and the area
under the curve. Combined use of both scales led to a
higher specificity. Using both scales, the number of
false-positives was reduced by nine patients compared to
using SIS alone (26 vs. 35 false-positives) and by 17 pa-
tients compared to using KIVS alone (26 vs. 43 false-
positives), leading to a specificity of 63 %. In other
words, 11–21 % of suicide attempters in this cohort,
classified as false-positive high suicide risk patients,
could be reclassified as patients with a lower suicide risk
after combining both scales in the suicide risk assess-
ment. Using the optimal cut-offs of the rating scales, the
suicide victims were clustered, having high ratings in
both scales. In this study, the mean time to suicide after
attempted suicide was 6 years. High scores on SIS or
KIVS predicted suicide in the long term, indicating that
the combined use may detect suicide attempters with a
high risk of subsequent suicide from a long-term per-
spective. Interestingly, high scores on the KIVS subscale
expressed interpersonal violence as an adult when com-
bined with SIS gave a higher positive predictive value of
26.3 %, thereby improving the specificity while still
showing quite a high sensitivity.

Table 1 The ratings of suicide intent and interpersonal violence in suicide victims and survivors

Suicide victims Survivors

Rating Mean Median SD Range Mean Median SD Range Statistic

SIS 20.1 20 3.2 16–26 15.7 15 5.8 0–27 t ratio = 2.0 p = 0.026

SIS planning 10.1 10 2.5 7–15 7.3 7 3.8 0–15 Z = 2.0 p < 0.045

KIVS total 9.5 9 3.1 6–14 6.5 6 3.4 0–15 t ratio = 2.1 p = 0.018

Expressed violent behavior during childhood 1 1 0.9 0–2 0.8 1 0.8 0–5 Z = 0.8 p < 0.44

Expressed violent behavior as adult 2.5 2.5 1.0 0–4 1.4 2 1.1 0–5 Z = 2.3 p < 0.023

Exposure to violence during childhood 3.2 3.5 1.0 2–4 2.2 2 1.3 0–5 Z = 1.8 p < 0.073

Exposure to violence as an adult 2.8 3 1.0 1–4 2.1 2 1.4 0–5 Z = 1.3 p < 0.19

Table 2 The correlations (Spearman’s rho or Pearson’s r) between KIVS subscales and SIS and the SIS planning subscale

Expressed violent behavior during
childhood

Exposure to violence during
childhood

Expressed violent behavior as
an adult

Exposure to violence as
an adult

KIVS
total

SIS −0.08 0.08 0.01 −0.04 −0.04

SIS
planning

−0.06 −0.01 −0.13 −0.14 −0.11
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Theoretically, an optimal prediction model for sui-
cide needs to have high sensitivity to detect all pa-
tients at risk for suicide and, if possible, also high
specificity to reduce the number of false-positives; the
latter being important due to the limited clinical re-
sources [13]. Low specificity and a high number of
false-positives have often been pointed out as a weak-
ness when discussing the clinical utility of structured
suicide risk assessment scales. A recent review
pointed out that translating an elevated risk to the
single individual falters because specific predictors are
found among many individuals who are not suicidal
(resulting in a high false-positive prediction) [5].

When assessing the suicide risk of self-harm patients,
one must remember that results with low specificity are
to be assumed in this population due to the wide range
of the suicide intent and the actual degree of seriousness
in the attempt. This is the reason why many clinical
decision-making rules in, for example, emergency set-
tings show low specificity in predicting repetition of self-
harm in unselected self-harm populations [15]. Suicide
is a rare outcome and is therefore, according to some re-
searchers, impossible to predict with a degree of accur-
acy that is clinically meaningful [16, 17]. However, more
well-designed follow-up studies focusing on the useful-
ness of structured suicide risk assessment scales in high-

Fig. 1 Correlation between SIS and KIVS total scores (r = −0.04, p = 0.74). * = completed suicides, dotted lines = cut-offs from ROC, SIS cut-off = 16.
KIVS cut-off = 6

Table 3 The positive predictive value and area under the curve when combining KIVS and SIS

Test Cut-off Suicide + Suicide − Sensitivity Specificity Positive predictive value AUC 95 % CI p value

SIS >16 7 35 100 % 52 % 16.7 % 0.74

N = 80 (7/7) (38/73) (7/42) 0.62–0.86

0.037

<16 0 38

KIVS >6 6 43 100 % 40 % 12.2 % 0.75

N = 78 (6/6) (29/72) (6/49) 0.58–0.92

0.043

<6 0 29

SIS + KIVS 6 26 100 % 63 % 18.8 % 0.83

(6/6) (45/71) (6/32) 0.70–0.95

0.017

Combined N = 77 0 45
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risk clinical groups are needed. A recent study iden-
tified the most discriminative items from a collection
of scales usually employed in the assessment of sui-
cidal behavior to compare suicide attempters with
psychiatric inpatients without suicide attempts and
healthy controls [18]. In this study, the participants
were not followed up for repetition of attempted or
completed suicide. In the future, the combined use
of validated rating scales may be targeted on these
groups, e.g., suicide attempters with high intent/vio-
lent methods and severe psychiatric disease, if stud-
ies with large clinical samples show further evidence
of their predictive value.
Interestingly, there was a lack of significant positive

correlation between the SIS and the KIVS, indicating
that they are relatively independent and measure differ-
ent components of suicide risk. Mann and coworkers
have proposed that, given the multifactorial nature of
suicidal behavior, a model that would incorporate sev-
eral, largely independent, predictors would have greater
predictive power [13]. The Beck SIS measures the degree
of planning, lethal intent, preparation of the suicide
attempt, communication, and precautions against
intervention [7]. These aspects have been shown to
be predictive of suicide in several studies [8]. The
KIVS is a structured clinical instrument assessing ex-
posure to violence and expressed violent behavior
during the life cycle [12].
Childhood trauma has been shown to be a risk factor

for suicidal behavior. Copeland et al. have recently

concluded that the worst psychiatric effects of bullying
can be seen in patients who were both victims and bul-
lies [19]. The Adverse Childhood Experiences Study
showed the strong relationship between adverse child-
hood experiences and the risk of attempted suicide
[20]. Similarly, Klomek and colleagues conclude that
suicides among girls could be reduced by 10 % if fre-
quent victimization was eliminated [21]. Our results
show the importance of using a structured interview,
such as the KIVS, for retrieving information on previ-
ous victim and bully behavior in suicidal risk assess-
ments. It is particularly important to detect the more
vulnerable patients who have been exposed to vio-
lence in childhood and used violence as adults [12].
These two subscales of the KIVS had the highest pre-
dictive value for completed suicide [12] and showed
an ability to distinguish patients at risk when com-
bined with the SIS also in this study.
Impulsive and aggressive behaviors seem to underlie

suicidal risk factors in major depression [22]. Suicide
attempters had a higher risk of violent behavior than sui-
cide ideators, making violent behavior one of the key dif-
ferences between attempters and ideators [23]. In a
long-term population based study of 167 Swedish homi-
cide offenders followed up for 26 years, over 17 % of the
homicide offenders committed suicide [24]. Further-
more, Lambert et al. observed in an American study of
473 participants that exposure to community violence
was associated with increased aggressive behavior, which
in turn was associated with suicide attempts [25].

Table 4 Positive predictive value and area under the curve on combining SIS and KIVS subscales

Test Cut-off Suicide + Suicide − Sensitivity Specificity Positive predictive value AUC 95 % CI
p value

KIVS violence as an adult >3 3 8 50 % 89 % 27.3 % 0.77

(3/6) (64/72) (3/11) 0.58–0.96

0.031

N = 78 <3 3 64

SIS and KIVS violence as an adult combined 5 14 83.3 % 80.3 % 26.3 % 0.85

(5/6) (57/71) (5/19) 0.72–0.99

0.009

N = 77 1 57

KIVS exposure to violence as a child >4 3 12 50 % 83.3 % 20 % 0.72

(3/6) (60/72) (3/15) 0.53–0–90

0.080

N = 78 <4 3 60

SIS and KIVS exposure to violence as a child combined 6 30 100 % 58 % 17 % 0.77

(6/6) (41/71) (6/36) 0.60–0.93

0.04

N = 77 0 41
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Stenbacka et al. reported that violent offending and be-
ing victimized was associated with excess mortality and
a risk of dying of suicide or of an alcohol or drug-related
cause [26].
Both scales used in this clinical study have been studied

in relation to underlying neurobiological vulnerability to
suicidal behavior. Both high exposure to interpersonal vio-
lence as a child and accentuated aggression dyscontrol
measured with the KIVS were associated with low levels
of the serotonin metabolite 5-hydroxyindolacetic acid in
the cerebrospinal fluid (CSF) of suicide attempters [27],
whereas high suicide intent measured with the SIS was as-
sociated with low CSF oxytocin [28]. Furthermore, KIVS
measures both the distal risk in the form of early life ad-
versity and the developmental factor, impulsive aggression,
while SIS may also capture more precipitating aspects of
the suicidal crisis.

Strengths and limitations
In this clinical high-risk group of suicide attempters
followed up for between 15 and 20 years, seven patients
committed suicide. Focusing on the high-risk patient
group with a long follow-up time, we were able to study
completed suicide as an outcome. The major strengths
of this study are the simultaneous assessment of both
the suicide intent and interpersonal violence, a careful
diagnostic procedure, and the possibility of following up
all patients in the nationwide registries for mortality. All
causes of death were ascertained from the death
certificates.
Some limitations should also be pointed out. We

did not have structured information on nonsuicidal
self-injury or which treatment or case management
the patients received. Exact information on eligible
patients during the study period was lacking. The
small number of patients and completed suicides in
this study is a limitation and conclusions should be
taken with caution before replication in larger sam-
ples. Furthermore, there is a possibility of the change
in predictivity being influenced by missing data since
one of the suicide victims did not have a KIVS as-
sessment at inclusion. The study was conducted in
Sweden and there may be clinical traditions concern-
ing which scales are used in different countries.

Conclusion
We found that measuring both suicide intent and
interpersonal violence together may be better for pre-
dicting suicide in suicide attempters with mood disor-
ders and a high degree of comorbidity since the two
instruments assess different aspects of the suicide
risk. If replicated in large clinical studies, the results
may influence clinical practice in the future.
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