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Can routine Primary Care Records Help in Detecting
Suicide Risk? A Population-Based Case-Control Study
in Barcelona

Marc Fradera , Dan Ouchi, Oriol Prat, Rosa Morros, Carles Martin-Fumad�o,
Diego Palao , Narc�ıs Cardoner, Maria Teresa Campillo, V�ıctor P�erez-Sol�a, and
Caridad Pontes

ABSTRACT
Objectives: To characterize people who died by suicide after having
previous contacts with public health system using the data available
in a primary care setting.
Method: A retrospective, population-based case-control study identi-
fied through autopsy reports subjects who died from suicide
between 2010 and 2015 in Barcelona province. Those who had pre-
vious interaction with primary healthcare services were selected, and
20 controls per case with similar age, sex and residence area were
randomly sampled from a primary healthcare medical database; the
available medical data derived from routine primary care records
were anonymised and retrieved for analysis in all subjects.
Results: Of 2109 people deceased by suicide, 971 had previous pri-
mary healthcare interactions; 33.8% aged over 65 and 74% men. Of
those with previous contact, 33% died during the week after and
58.5% within one month. A multivariable analysis identified several
significant risk factors in the database, including previous suicide
attempts, psychiatric diagnosis, number of primary healthcare visits,
referrals to mental health, number of drugs prescribed, recent psy-
choactive drug prescriptions, and being on sick leave due to mental
conditions in the previous year.
Conclusions: Nearly half of suicide subjects contacted primary
healthcare before dying but remained either undetected or not
effectively managed for prevention. In cases who interacted, avail-
able data on risk factors included high frequentation and being on
sick leave due to mental health disorders, in addition to other well-
known factors. Routine electronic medical records represent an
opportunity to provide clinical-decision support tools that could be
implemented through automatized risk calculation.

HIGHLIGHTS

� Most of suicide patients had a recent interaction with the health-
care system

� Well known risk factors were available in the routine electronic
medical records

� Additional alerting tools could be implemented through autom-
atized risk calculation
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INTRODUCTION

Suicide happens in all regions of the world and throughout all stages of life. There were
approximately 800,000 suicide deaths worldwide in 2016, which indicates a rate of 10.5
per 100,000 population globally (World Health Organization, 2018). Its incidence is
high, so it has been said that every 40 seconds a suicide occurs somewhere in the world.
In addition, for every suicide there are more than 20 suicide attempts (World Health
Organization, 2014). It is remarkable that, in the young population between 15 and
29 years, suicide is the second cause of death worldwide (World Health Organization,
2014). Thus, suicide constitutes one of the most important problems of world public
health, and preventive strategies are needed (World Health Organization, 2013).
Detection of subjects at high risk is one of the key elements to implement prevent-
ive strategies.
Many risk factors have already been repeatedly described and reported as associated

with an increased risk of death by suicide in many settings, such as a history of previ-
ous suicide attempts or deliberate self-harm behavior, previous psychiatric disorders,
either previously diagnosed or ascertained through psychiatric autopsies, substance mis-
use, family history of suicide, physical diseases and recent hospital admission, chronic
pain, job or financial loss, or exposure to suicide, amongst others. Gender and older age
are also related to suicidal behavior, so that women have more suicide ideation and sui-
cide attempts, but men have higher rates of suicide deaths. The risk of suicide increases
proportionally to the number of concurrent risk factors, although some have a greater
specific weight than others, and may vary in different societies and cultures (Cavanagh,
Carson, Sharpe, & Lawrie, 2003; Turecki & Brent, 2016).
Up to 80% of subjects contact primary care services during the last year prior to sui-

cide, and from 45% to 66% do so in the month prior, so that placing suicide prevention
strategies and interventions within the primary health care setting is important
(Andersen, Andersen, Rosholm, & Gram, 2000; Stene-Larsen & Reneflot, 2019; Turecki
& Brent, 2016; World Health Organization, 2013, 2014). A pilot study showed that less
than 40% of healthcare professionals assess suicide risk in these last contacts and all of
them fail to detect this risk despite the assessment (Draper, Snowdon, & Wyder, 2008).
One of the WHO proposed actions to improve global mental health considers to inte-
grate mental health into the routine health information system in order to improve pre-
vention strategies (World Health Organization, 2013). Many of the already known risk
factors (Cavanagh et al., 2003; Stene-Larsen & Reneflot, 2019; Turecki & Brent, 2016;
World Health Organization, 2013, 2014, 2018) may be already available in the patient’s
primary care routine medical records; also, other characteristics of patient’s interactions
with the healthcare system may be able to detect subjects at risk (Stene-Larsen &
Reneflot, 2019), and may be retrieved using data readily available in primary healthcare.

Aims of the Study

Our aim was to describe known and potential risk factors of death by suicide using a
data available in electronic medical routine records of primary care, applying a case-
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control approach, and to identify items that might be used to improve detection of high
risk patients in primary care.

MATERIALS AND METHODS

Study Design and Participants

A retrospective, population-based, case-control study was carried out. Cases were identi-
fied from the registry of the Institut de Medicina Legal i Ci�encies Forenses (IMLCF,
Institute of Legal Medicine and Forensic Sciences) of Catalonia of deceased subjects in
the province of Barcelona during the period from 2010 to 2015. IMLCF is the official
organization responsible of doing and registering all the legally required autopsies in
Catalonia. Subjects whose death certificate got any of the ICD 10 codes “Intentional
self-harm” codes (Supplementary Table 1) as cause of death were selected, and their
autopsy records were manually checked for confirmation of the cause of death.
Sistema d’Informaci�o per al Desenvolupament de la Investigaci�o en Atenci�o Prim�aria

(SIDIAP, Information System for the Development of Research in Primary Care) is a
database that includes the medical history electronic registries from Institut Catal�a de
Salut (ICS, Catalan Health Institute). This database contains longitudinal information
since 2006 from the e-CAP program, a computerized medical record system used at ICS
in primary care. Information is gathered from 287 primary healthcare centers, with an
assigned population of 5.605.293 inhabitants (76.3% of the Catalan population); in the
Barcelona province, the assigned population is 4.189.554 inhabitants (76.4% of the
Barcelona population) (SIDIAP, n.d.).
In the Catalan Health System, insured subjects are assigned a unique code, the

Personal Identification Code (PIC), an alphanumeric sequence built using 4 letters of
surnames, gender, date of birth and some additional items (Generalitat de Catalunya,
2015). The PIC univocally identifies a subject in many healthcare databases of
Catalonia, allowing provision of services and linking of information from a number of
sources, including SIDIAP. However, the PIC is not used by IMLCF. Since the two
databases did not share an identifier, the final selection of cases was carried out in a
three-phase process: Firstly, a PIC identifier in mortality database was created based on
surnames, gender and date of birth (or age if DOB wasn’t available) as present in the
autopsy records, or a proxy was built using best possible approach if data were missing.
The mortality PIC was then searched in SIDIAP by means of probabilistic models. For
each case in the mortality database, none, one or more than one possible candidates
were obtained. Secondly, a manual review was done blindly by a third person, an
administrative who did not know the purpose of the study, in order to select the most
probable candidate/s matching the code.
Cases who did not have any activity or records in the SIDIAP during the period of

the study, or who had clinical data recorded many days after the decease date, were
excluded (see supplementary materials). Also, 20 controls per case that were alive on
the index date were randomly sampled from SIDIAP database to obtain similar distribu-
tion of sex, age (±2 years) and residence area than the cases. Data on demographics
(age, sex, BMI, socioeconomic status according to area of residence, employment status,
use of social services), clinical data (structured data on BMI, use of toxics, co-
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morbidities (Charlson, Szatrowski, Peterson, & Gold, 1994), and ICD10 codes for previ-
ous and current health problems), type and number of health care interactions, and
drug dispensation data for public financed treatments (Supplementary Table 2) were
obtained from the SIDIAP database. All personal identification was permanently removed
from the data before release to the research team. The data extraction and anonymization
was done by personnel who were not part of the research team, so that no personal infor-
mation on cases or controls was available to the investigative team at any time.
No formal sample size calculation was done, because the number of cases was deter-

mined by availability of reliable data since 2010 and mortality due to suicide. The num-
ber of 20 controls per case was chosen to enhance the chance of observing exposures to
risk factors of low prevalence in the control group.

Statistical Methods

Qualitative variables were described by the number of valid values and the frequency
and percentage of each category. Quantitative variables were described by measures of
central tendency and dispersion and were categorized applying commonly used criteria
(age, BMI, Chalson index, polimedication) or by applying clinical criteria (number of
previous visits in last year). Where required, a category including missing values was
used in the analysis; no missing data imputation was done. Odds ratios and their confi-
dent intervals were calculated by comparing cases versus controls in each of the differ-
ent categories using the mid-p method (Rothman, Greenland, & Associate, 2008). In
polytomous variables, ratios are shown with respect to an assigned reference level.
A multivariable analysis was performed to identify the potential risk factors of sui-

cide. For feature selection, we used a random forest algorithm to previously select up to
15 variables that classify better between cases and controls based on their Gini index
(Breiman, 2001). Then, with this set of variables, a logistic regression model was fitted
choosing the final model by AIC in a stepwise algorithm. The goodness-of-fit of the
final model was evaluated by means of ROC curves.
All analyses were performed using the R statistical package (R. D. C. Team, 2011)

with a significance level of 0.05.

Ethics

The authors assert that all procedures contributing to this work comply with the ethical
standards of the relevant national and institutional committees on human experimenta-
tion and with the Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human subjects/patients were approved by the Independent Ethics Committee
of IDIAP Jordi Gol (approval number P16/010), and was communicated to the Agencia
Espa~nola de Medicamentos y Productos Sanitarios (Spanish Agency of Medicines and
Medical Devices) in compliance with local regulations. Because population-based med-
ical records were used for epidemiological purposes and only anonymised data were
used, a waiver for informed consent was issued by the Ethics Committee.
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RESULTS

During the study period (2010–2015), a total of 2,109 deaths were registered as due to
suicide in the province of Barcelona. Using the total number of people living in
Barcelona (Instituto Nacional de Estad�ıstica, 2016) as denominator, we may extrapolate
that an average of 6.36 deaths by suicide per 100,000 people in the province of
Barcelona have happened during the study period (9.70 for men and 3.14 for women).
These data are roughly consistent with previously published estimations (Supplementary
Figure 2) (Generalitat de Catalunya, 2018). After excluding unidentifiable subjects,
duplicate records, subjects not affiliated to healthcare in Barcelona and subjects lacking
medical records in the public health system, 1,281 subjects (60.7%) were searched in
SIDIAP, of which 971 (75.8%) had clinical data available in the database resulting from
affiliation to ICS in Barcelona and previous healthcare interactions (Supplementary
Figure 1). The age distribution of all deceased subjects and of those with previous pri-
mary healthcare interactions are shown in Figure 1A,B, respectively; those with previous
primary care interactions were slightly older than the full set of cases, and the
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FIGURE 1. Age and sex of cases. (A) All identified cases of death by suicide. (B) Cases of death by sui-
cide with previous primary care interactions. �Total number of cases 2109, missing values for age in
92 cases.
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proportion of women aged 65–74 years was 21.4% as compared with 16.3% in the full
set of cases.
The main characteristics of the identified cases and of those with previous

healthcare interactions in primary care were similar, and have been summarized in
Supplementary Table 3. The most frequent mechanisms of suicide included hanging/suf-
focating, jumping from height and self-poisoning, with differences between men and
women (Supplementary Table 4) and similar for subjects with previous interactions
with primary healthcare and in the full set (Supplementary Table 3).
The proportion of subjects who had healthcare interactions at any time before death

was 46%; overall, 36% contacted within three months before suicide, 27% did it within
one month and 15% during the week before suicide (Table 1).
A total of 19,420 controls with previous healthcare interactions in primary care were

selected with similar age, sex and residence area, resulting in a database with a total of
20,391 subjects (Supplementary Figure 1). Table 2 summarizes the main characteristics
of the case and control cohorts. Overall, 74% of subjects were male, and the mean age
was 56.37 (18.9) years [57.27 (18.75) years for women and 56.02 (18.94) years for men].
Most subjects lived in urban areas. There were no differences in BMI between cases and
controls; most of the subjects had overweight or were obese (63.2%). The antecedent of
“having smoked” (obtained from a specific clinical record and also ICD-10 codes) was
affirmative in 54% of cases and 39% of controls.
Cases and controls significantly differed in the proportion of subjects with previous

history of autolytic attempt (5.66% of cases and 0.1% of controls), and in the proportion
of subjects with at least one record of sick leave in the year before suicide and who
were on sick leave at the index date; sick leave related to mental health disorders was
also more frequent amongst cases (Table 2). Cases also used more frequently the pri-
mary care health services and the public social services than controls. The prevalence of
exposure to any drug was higher among cases, specifically the exposure to at least one
psychoactive drug. Significantly more cases had a Charlson Index of high comorbidity,
as compared to controls, and psychiatric disorders were more prevalent in cases
(Table 2).
The most prevalent psychiatric lifetime diagnoses recorded in the database for cases

were substance use disorders, anxiety disorders and mood (affective) disorders (40.5,
36.3, and 32.8%, respectively) (Table 3). The multivariable analysis model identified a
number of significant risk factors (Figure 2 and Supplementary Table 5). Those with
stronger associations included a previous suicide attempt, and several psychiatric disor-
ders (schizophrenia, mania and bipolar disorders, personality and behavior disorders,

TABLE 1. Period of time since the last contact to primary care on suicide patients.
Period Frequency Percent Cumulative percent

1 weeka 319 32.85 32.85
1 week � 1 monthb 249 25.64 58.49
1 month � 3 monthsc 189 19.46 77.95
More than 3 monthsd 214 22.04 99.99
Total 971 100.00
a<¼7 days before death.
b>7 and <¼30 days before death.
c>30 and <¼90 days before death.
d>90 days before death.
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TABLE 2. Description of characteristics of cases and controls (univariate model).
Suicide cases
(N¼ 971)

Controls
(N¼ 19,420)

pa Odds ratio (95%CI)an (%) n (%)

Gender
Female 252 (26.0) 5,040 (26.0) – –
Male 719 (74.0) 14,380 (74.0) – –

Age (years)
<25 42 (4.3) 817 (4.2) REF 1
25–44 259 (26.7) 5,262 (27.1) 0.79 0.95 (0.69–1.35)
45–65 342 (35.2) 6,835 (35.2) 0.86 0.97 (0.71–1.37)
>65 328 (33.8) 6,506 (33.5) 0.89 0.98 (0.71–1.38)

BMIb

18–25 136 (30.6) 2,977 (29.8) REF 1
<18 3 (0.7) 83 (0.8) 0.75 0.83 (0.20–2.26)
26–35 281 (63.2) 6,325 (63.3) 0.79 0.97 (0.79–1.20)
>35 25 (5.6) 604 (6.1) 0.67 0.91 (0.58–1.38)
Missing 526 (54.2) 9431 (48.6) 0.04 1.22 (1.01–1.48

Geographic areac

Rural 134 (13.8) 3,010 (15.5) REF 1
Urban 837 (86.2) 16,387 (84.5) 0.15 1.15 (0.95–1.39)

Smoking status
Never smoker 445 (45.8) 11,856 (61.1) REF 1
Having smoked 526 (54.2) 7564 (38.9) <0.01 1.85 (1.63–2.11)

Charlson Index
0–1 756 (77.9) 15,883 (81.8) REF 1
2 111 (11.4) 1,775 (9,1) 0.01 1.32 (1.07–1.61)
>2 104 (10.7) 1,762 (9.1) 0.05 1.24 (1.00–1.53)

Previous suicide attempt
No 916 (94.3) 19,406 (99.9) REF 1
Yes 55 (5.7) 14 (0.1) <0.01 82.5 (46.95–155.38)

Sick leave
Subjects with at least 1 record of
sick leave

397 (40.9) 7,099 (36.6) 0.01 1.20 (1.05–1.37)

Subjects on sick leave on
preceding year

123 (12.7) 1,800 (9.3) <0.01 1.42 (1.16–1.72)

Subjects on sick leave on index date 28 (2.9) 247 (1.3) <0.01 2.32 (1.52–3.38)
Subjects on sick leave due to
diagnosis of interest on
preceding yeard

67 (6.9) 146 (0.75) <0.01 9.79 (7.24� 13.13)

Total sick leave related to diagnosis
of interestd

369 (25.6) 1,496 (7.2) <0.01 4.43 (3.89–5.04)

Primary care visits on preceding year
<3 243 (25.0) 9,027 (46.5) REF 1
3–10 466 (48.0) 8,378 (43.1) <0.01 2.07 (1.77–2.42)
>10 262 (27.0) 2,015 (10.4) <0.01 4.83 (4.03–5.79)

Any social work visit on preceding year
No 859 (88.5) 18,637 (96.2) REF 1
Yes 112 (11.5) 747 (3.9) <0.01 3.26 (2.63–4.01)

Number of drugs taken
0 233 (24.0) 8,193 (42.2) REF 1
1–3 206 (21.2) 4,970 (25.6) <0.01 1.46 (1.20–1.76)
4–8 321 (33.1) 4,257 (21.9) <0.01 2.65 (2.23–3.15)
>8 211 (21.7) 2,000 (10.3) <0.01 3.71 (3.06–4.50)

Any exposure to psychoactive drugse

No 339 (34.9) 14,907 (76.8) REF
Yes 632 (65.1) 4,513 (23.2) <0.01 6.16 (5.38–7.06)

aFor a difference between the suicide cases and the controls (logistic regression) compared from a reference group indi-
cated by REF. NA: not applicable.

bBased on 445 cases and 9,989 controls because of missing responses.
cBased on 971 cases and 19,397 controls because of missing responses.
dDiagnostic of interest included any ICD10 code related to mental health disorders.
eWas defined as at least some dispensation of any psychoactive drug within the year prior to the index date.
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depression, alcohol use disorders and anxiety disorders) already available in the medical
records. Also, in univariate models we observed significant associations for increased
risk of suicide for some non-psychiatric conditions, in descending order for fibromyal-
gia, epilepsy, vestibular disorders, migraine and osteoarthritis. While vestibular disor-
ders, osteoarthritis and migraine had Gini scores above 7 and were included in the
multivariable model, these variables did not remain significant in final adjusted analysis.
Any mental health specialist derivation by GP, having smoked, being or having been on
sick leave due to diagnoses related to mental health, and the number of drugs taken
were also identified as risk factors.

DISCUSSION

In our setting, roughly half of subjects who died by suicide had previous interactions in
primary care. We summarized their main risk factors, as retrieved from already avail-
able information in the routine electronic primary care medical records. The compari-
son with controls allowed to confirm that well known factors, as well as some other
characteristics related to the use of medical and social services, were associated to

TABLE 3. Psychiatric and non-psychiatric comorbidity (univariate model).
Suicide cases (N¼ 971) Controls (N¼ 19,420)

pa Odds ratio (95%CI)an (%) n (%)

Psychiatric
Schizophrenia 84 (8.7) 159 (0.8) <0.01 11.48 (8.70–15.04)
Eating disorders 7 (0.7) 42 (0.2) 0.01 3.41 (1.39–7.17)
Anxiety disorders 352 (36.3) 2,738 (14.1) <0.01 3.47 (3.02–3.97)
Mania and bipolar disorders 42 (4.3) 65 (0.33) <0.01 13.48 (9.02–19.91)
Depression 288 (29.66) 1,464 (7.54) <0.01 5.17 (4.46–5.99)
Personality and behavior disorders 61 (6.3) 99 (0.5) <0.01 13.09 (9.40–18.08)
Nonorganic sleep disorders 103 (10.6) 816 (4.2) <0.01 2.71 (2.17–3.35)
Alzheimer 11 (1.1) 215 (1.1) 0.91 1.04 (0.53–1.82)
Unspecified dementia 15 (1.5) 182 (0.9) 0.08 1.67 (0.94–2.75)
Substance use disordersb 174 (17.92) 881 (4.54) <0.01 4.60 (3.84–5.48)
Alcohol use disorders 151 (15.6) 786 (4.1) <0.01 4.37 (3.61–5.26)
Cannabinoids 14 (1.4) 50 (0.26) <0.01 5.71 (3.02–10.10)
Cocaine 20 (2.1) 62 (0.3) <0.01 6.60 (3.87–10.79)
Opioids 10 (1.0) 24 (0.12) <0.01 8.49 (3.84–17.38)
Sedatives or hypnotics 7 (0.7) 17 (0.1) <0.01 8.40 (3.20–19.66)

Non-psychiatric
Osteoarthritis 155 (16.0) 2,626 (13.5) 0.03 1.22 (1.02–1.45)
Intervertebral disk displacement 23 (2.4) 364 (1.9) 0.28 1.28 (0.81–1.91)
Fibromyalgia 21 (2.2) 145 (0.8) <0.01 2.96 (1.81–4.59)
Dorsalgia 26 (2.7) 516 (1.9) 0.95 1.01 (0.66–1.48)
Cerebrovascular diseases 41 (4.2) 724 (3.7) 0.43 1.14 (0.82–1.56)
Hypertension 313 (32.2) 6,191 (31.9) 0.81 1.02 (0.88–1.17)
Asthma 37 (3.8) 802 (4.1) 0.64 0.92 (0.65–1.27)
COPD 61 (6.3) 1,067 (5.5) 0.3 1.16 (0.88–1.50)
Hypercholesterolemia 299 (30.8) 5,507 (28.4) 0.1 1.12 (0.98–1.29)
Disorders of vestibular function 125 (12.9) 1,735 (8.9) <0.01 1.51 (1.24–1.82)
Epilepsy 23 (2.4) 187 (1.0) <0.01 2.51 (1.58–3.81)
Migraine 30 (3.1) 411 (2.1) 0.05 1.48 (1.00–2.12)
Diabetes mellitus 135 (13.9) 2,562 (13.2) 0.52 1.06 (0.88–1.28)
Cancer 95 (9.8) 1,707 (8.8) 0.29 1.13 (0.90–1.39)

aStandardized by sex, age and residence area.
bSubstance use disorders as a group, including use of any substance except tobacco, that has been
described separately.
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increased risk, so that high risk was associated to previous suicide attempts, a previous
lifetime diagnosis of several mental disorders, increased number of medications and use
of psychoactive medications, previous derivation to mental health specialists, frequent
use of primary care health services and being on sick leave on the year before.
Previous studies reporting risk factors either focused on suicidal behavior in specific con-

ditions or in given populations, or used clinical coding from medical or administrative data-
bases to identify cases, which have previously been questioned as unreliable due to under or
over reporting (Morgan et al., 2018). We have been able to exhaustively identify confirmed
cases through coroners’ reports because a single institution, IMLCF, does all autopsies for
our province.
The population studied was chosen based on availability of exhaustive data from judi-

cial autopsies done in the Barcelona province for the study period. Judicial autopsies are
mandatory for a number of circumstances where medical care does not allow to clearly
establish the cause of death, or whenever self-harm, violent or criminal causes cannot
be excluded (Bolet�ın Oficial del Estado, 1882). Whether the sample is exhaustive cannot
be ensured, since the thoroughness of the data collected in the Mortality Registry on

FIGURE 2. Results of multivariable analysis. ���p< 0.001; �p< 0.05.
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deaths due to external causes may be suboptimal (Gotsens et al., 2011), and an underre-
porting may occur. We cannot discard that, some coded deaths attributed to accidental
or natural causes such as traumatic injuries not specified (X59) or unspecified obstruc-
tion of breathing (W48) respectively, can be actually due to undetected suicide
(Puigdef�abregas et al., 2013). We decided to include only data from unequivocal cases
of suicide; however, other alternative approaches that also include potential cases of sui-
cide are also a consistent approach. We have checked how many subjects could have
been included in our study if we had considered codes Y10-Y34, and according to the
national statistics the maximum number of additional subjects, assuming all of them
were actually deaths due to suicide, would have been 36 (Instituto Nacional de
Estad�ıstica, 2016).
Only 46% of the cases had previous interactions with primary care, which can be

considered lower than the average reported in a recent systematic review (Stene-Larsen
& Reneflot, 2019), although similar to that reported in some countries such as Canada
(37%) (Vasiliadis, Ngamini-Ngui, & Lesage, 2015) or Scotland (46.4%) (Stark, Vaughan,
Huc, & O’Neill, 2012) which have similar statistics on suicidality to those of Spain
(Instituto Nacional de Estad�ıstica, 2016; World Health Organization, 2014). Considering
that the rates of suicide derived from our case identification are consistent with the
expected number of cases in Spain (Supplementary Figure 2), this low percentage may
be interpreted in a number of ways; it may mean either that the access to primary med-
ical care is more difficult in our setting, that seeking of medical help in our setting is
culturally different, or that, the effectivity of detection and management of cases in our
primary care system is associated to a lower lethality rate (the Spanish rate of death by
suicide is in the low boundary of those reported globally) (Instituto Nacional de
Estad�ıstica, 2016; World Health Organization, 2014, 2018). In any case, in our cohort
the system for detection and prevention failed for 46% of subjects.
Regarding the timing of healthcare contacts, data in the literature reports that the

percentage of patients that contacted healthcare within 3months was in average 41%
(range 17–50%), within 1month it was 44% (range 17–73%), and one week prior to sui-
cide the rate was 16% (range 12–21%) (Stene-Larsen & Reneflot, 2019). Our data shows
consistent percentages of interactions with healthcare, although in the lower bound of
those reported, with 15% of all suicidal subjects contacting primary care in the week
before, 27% in the month before and 36% within 3months of death. While in absolute
terms this represents 757 subjects for whom an intervention could had been tried if
detected, low rates of healthcare interaction by subjects at high risk may be regarded as
an area for improvement in our setting.
The 971 cases known to the system as compared to the full set of identified cases by

autopsy showed a higher proportion of women aged 65–74 amongst those with previous
interactions as compared to those without contacts. Contrarily, younger age groups
were slightly more represented in the complete set of cases. This is consistent with pre-
vious reports (Stene-Larsen & Reneflot, 2019) and may reflect a general trend in the use
of healthcare systems (Wang, Hunt, Nazareth, Freemantle, & Petersen, 2013).
Regarding suicidal methods, in our sample we observed a higher proportion of sub-

jects who died by suicide by jumping on a moving object, jumping from height or by
self-poisoning, with lower rates of suicide by hanging, firearms or drowning as
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compared with methods referred for the Spanish population (Instituto Nacional de
Estad�ıstica, 2016). Differences may be explained by the proportion of population living
in rural areas (20.3% in Spain (Goerlich Gisbert & Cantarino Mart�ı, 2015) and 13.8% in
our cohort, respectively). The availability of train and underground in urban areas may
be a strong influence; contrarily, access to firearms, mainly weapons used for hunting,
might be higher in rural areas of Spain. Access to firearms is a known influence on
methods of suicide; our sample shows a similar profile to other European countries
where weapons are tightly controlled, and different from United States, where easier
access is accompanied by use of firearms in up to 50% of suicides (Mann &
Michel, 2016).
There were no substantial differences in the general characteristics (age, sex, year of

decease and the main method of suicide) of those subjects with and without previous
contact with primary care, although an inherent limitation of the study is the scarcity of
information on subjects that were unknown to the healthcare system at the time of
decease, which precludes to compare the full characteristics of these subjects to those
with previous medical records.
Strengths of using routine electronic medical records for retrospective assessment of

risk include the fact that the variables used are already existing records, and as such are
not subject to recall bias. However, only those variables present in administrative and
clinical structured records are available for adjustment, and thus may be incomplete to
reflect other clinically relevant risk factors. In particular, our data lacked detailed infor-
mation on hospitalization and use of specialized mental health care, which in Catalonia
is offered by a number of different health services providers and yet cannot be directly
linked to primary care databases. Also, when considering drug exposure, we used
invoicing information, but we cannot ensure that all dispensed medication had actually
been taken. Despite these limitations, we consider that our approach to the study of
risks factors for suicide based on clinical and administrative information is appropriate,
since the use of databases has been able to capture information on enough number of
relevant risk factors.
Most of our results confirmed previous reports from the literature regarding

increased risks associated to previous suicide attempt, a diagnosis of schizophrenia,
mania and bipolar disorders, personality and behavior disorders, depression, alcohol use
disorder, anxiety disorders and having smoked. Similar to other series, our cohort of
people who died by suicide included mainly senior male (Cavanagh et al., 2003; Morgan
et al., 2018; Turecki & Brent, 2016).
We have been able to retrieve relevant medical and administrative information avail-

able at the primary care level that allows to obtain information on well described risk
factors, as well as to identify other readily available information associated to increased
risk in our sample. We observed that the number of psychiatry referrals, the number of
drugs taken and being on sick leave related to psychiatric conditions were all associated
to higher risk. Also, the number of interactions with healthcare in the year previous to
suicide was higher in cases, and in particular the interactions in the primary care set-
ting. The fact that people dying by suicide were more likely to have been followed by a
primary care provider has been previously described in our setting (Parra Uribe et al.,
2013). Our observations confirms once again that often suicide patients contact the
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healthcare system, but remain either undetected for high risk of suicide, or not effect-
ively managed for prevention (Turecki & Brent, 2016). In this prospect, the availability
through the electronic medical records of data on many risk factors may represent an
opportunity for intervention (Bright et al., 2012; Horrocks, Michail, Aubeeluck, Wright,
& Morriss, 2018). The use of available information on risk factors may allow producing
clinical decision support systems assisting healthcare professionals, I ex: by prompting
specific diagnostic tools in subjects with several high-risk factors. Because a unique
identification public healthcare code is available for all subjects in Catalonia (Generalitat
de Catalunya, 2015), currently missing information on relevant risk factors, such as data
on previous hospitalization and mental healthcare interactions of subjects, may be
retrieved if interoperability of data is prioritized at the healthcare system level.
In conclusion, nearly half of suicide subjects contacted primary healthcare before

dying and one third of those contacting died during the week after; thus they remained
either undetected or not effectively managed for prevention. It is noteworthy that, for
cases that interacted with primary care, well known risk factors were available in the
routine electronic medical records. This circumstance represents an opportunity to pro-
vide additional alerting tools that could be implemented through automatized risk
calculation.
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