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Abstract

Purpose The prevalence of deliberate self-harm (DSH) is high in young adults. However, few studies have examined risk
in this specific age group. We, therefore, examined the relative influence and interactive nature of a wide range of potential
sociodemographic and sick leave related risk factors in young adults, aged 18-35 years, using Norwegian register data.
Methods All subjects with at least one episode of hospital presentation for DSH registered in the Norwegian Patient Register
during the period 2008-2013 were compared with age, gender and date matched population controls using a nested case—
control design. The relative influence of factors and their interactions were assessed using conditional logistic regression
and recursive partitioning models.

Results 9 873 study cases were compared to 186 092 controls. Socioeconomic status, marital status, sick leave and several
demographic factors influenced risk for DSH. Specifically, low education (OR 7.44, 95% CI 6.82—-8.12), current sick leave
due to psychiatric disorders (OR 18.25, 95% CI 14.97-22.25) and being previously married (OR 3.83, 95% CI 3.37-4.36)
showed the highest effect sizes. Importantly, there was an interaction between education and sick leave, where those with
either low education and no sick leave (OR 13.33, 95% CI 11.66-15.23) or high education and sick leave (OR 18. 87, 95%
CI 17.41-24.21) were the subgroups at highest risk.

Conclusion DSH in young adults is associated with multiple sociodemographic and health disadvantages. Importantly, the
two high-risk subgroups imply different pathways of risk and a need for differentiated preventative efforts.

Keywords Deliberate self-harm - Young adult - Sociodemographic status - Sick leave - Population study

Introduction

Young adults are overrepresented among those who present
to clinical services after an episode of deliberate self-harm
(DSH) [1-3]. As DSH, regardless of underlying motivation
or intent, is associated with mental illness and an increased
risk for suicide [4], the high rates of DSH among young
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adults constitute a major public health problem. Preventative
efforts are needed and these should be built on a solid under-
standing of age-specific risk factors; however, few studies
on DSH have focused specifically on this age segment of
the population.

Young adulthood is characterized by the transition into
adult roles and responsibilities [5], where salient develop-
mental tasks include education, workforce entrance and
family formation. Failures in these tasks are major sources
of distress [6, 7] and can mediate negative effects of pre-
existing vulnerabilities [8]. However, most studies on DSH
in young adult populations have focused on the influence
of distal developmental factors and health problems, for
instance childhood adverse experiences, early onset mental
problems, educational difficulties and disability [8—13].
Proximal developmental factors have received less atten-
tion, despite being proven crucially important for the
achievement of adult well-being and mental health [6, 7].
Addressing how such transitions into adulthood influence
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DSH is, therefore, important to our understanding of risk
in the young adult population.

A key challenge when examining these transitional
tasks and their association with DSH is that both child-
hood onset- and emerging adult onset forms of DSH are
present in young adults [14]. Importantly, risk factors have
been found to differ between those who enter adulthood
with pre-existing trajectories of poor functioning, mental
health problems and prior DSH, and those who have adult
onset of DSH in context of good adolescent adjustment
such that distal risk factors, behavioral problems and psy-
chiatric co-morbidity are more common in earlier onset,
while reactions to major difficulties in adulthood in con-
text of good adolescent adjustment seems to characterize
later onset [15, 16]. This warrants a specific focus on the
heterogeneity of risk within young adults, as modelling
an average risk across such a diverse population could
fail to detect unique high-risk subgroups. An increased
knowledge of such subgroups may aid our understanding
of different pathways of risk and the development of more
targeted preventative efforts.

In this study, we aimed to use the unique source of data
from Norwegian national registers to gain more knowledge
about DSH among young adults aged 18-35 years. Our
specific objectives were: (1) to assess the relative impor-
tance of a wide range of sociodemographic and health
related variables on risk for DSH and (2) to explore risk
factor heterogeneity and specific high-risk subgroups with
recursive partitioning model, a method suited to detecting
specific high-risk subgroups and risk factor interactions
[17].

Methods
Data sources

Data were derived from four Norwegian national registers
that were interlinked by means of the personal identifica-
tion number given to all Norwegian residents at birth or
immigration. The Central Population Register contains key
demographic information including date of birth, sex, link
to parents, dating back to 1964. The Norwegian Patient Reg-
ister contains individual level administrative and medical
information on all treatments in Norwegian specialist health
care. Data from these registers became person identifiable
from 2008. Statistic Norway’s Event Database (FD-Trygd)
contains longitudinal information on demographic and soci-
oeconomic factors, including payments of social benefits,
dating back to 1992. The Cause of Death register contains
the date and cause of death of all Norwegian residents, dat-
ing back to 1951.
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Study population and the identification of index
episode of DSH

The present study was based on all Norwegian residents
aged 18-35 years. From this population we identified all
episodes of DSH that received urgent somatic treatment
in hospitals and associated services and, therefore, were
recorded in The National Patient Register during the time
period 01.01.2008-31.12.2013. A detailed description of
this sampling procedure can be found in a recent publica-
tion [18]. In short, we first included all registered treat-
ment episodes, where a Norwegian resident was in contact
with specialist health care due to a diagnosis of injury or
poisoning according to the International Classification of
Diseases (ICD-10: S00-T98 and VOn-Y98). Indirect con-
tacts and planned treatments, fatal injuries and poisoning/
injuries that were clearly accidental, inflicted by others or
being secondary outcome of other medical conditions were
further excluded from our consideration as being ineligible
by definition of DSH incident. Due to an underreporting
of DSH and use of diagnostic codes for DSH in the Scan-
dinavian administrative health registers [2], we adopted a
broader approach to include episodes of probable DSH to
prevent detection bias. Based on previous register-based
research [19, 20] and our examination of data on inci-
dents which had received a diagnosis of DSH (ICD-code:
X6n), three additional steps were taken in a hierarchical
fashion to identify probable DSH episodes. The first step
was to include treatment contacts because of injuries with
a comorbid diagnosis of DSH (ICD-10: X6n, Y87). The
second step was to include treatment contacts that had a
diagnosis of poisoning (ICD-10: T4n, T50-T55, T57-T60,
T62, T62 and T65), open wounds (ICD-10: S10, S11, S15,
S17, S19, S21, S25-27, S31, S35-39, S41, S45, S50-51,
S54-56, S59, S61, S64-66, S69, S71, S88, TO1, T09, T11)
or suffocation/drowning or burning (ICD-10: T18, T19,
T27-28, T31, T68, T69, T71, T95) and had a comorbid
diagnosis of mental or behavioral problems (ICD-10:
FO-F9). The final step was to include treatment contacts
with poisoning (ICD-10 codes T4n and T50) that were eli-
gible contacts but not covered by the previous steps. After
these selection procedures, the first record of contacts by
a person was used as the index contact, resulting in a total
of 9 873 study cases by young adults of 18-35 years with
3398, 3222 and 3253 cases being derived from the above
described three steps, respectively.

Design

To investigate risk factors for having had a DSH hospi-
tal presentation we adopted a nested case—control design



Social Psychiatry and Psychiatric Epidemiology (2021) 56:153-164

155

[21] to establish a data set comprising all young adults
with such a presentation and the population controls for
comparison. Each study case was matched with up to 20
population controls randomly selected from a 25% repre-
sentative sample of the entire Norwegian population with
the same sex and birthdate as the case but with no record
of treatment contact because of DSH by the calendar time
for the index contact of the case in the National Patient
Register. With this sampling technique any selected con-
trol remains eligible for re-selection as a control and can
become a case at a later time if the person presents with
the outcome (i.e., DSH). As in many previously pub-
lished register-based studies on uncommon exposures, we
have used up to 20 controls per case to enhance statisti-
cal power. This yielded at total of 185 092 controls to be
matched for 9 873 cases of young adults at their index or
first-recorded episode of DSH.

Variables of interest

Variables were extracted from the registers by the date of the
index presentation of DSH or date of matching. Specifically,
socioeconomic factors (i.e., education and income), marital
status, sick leave and demographic variables (i.e., ethnic-
ity, area of residence and residential mobility) were derived
from the Statistic Norway’s Event Database at the year of
index episode or matching. Parental death due to external
causes was derived from the Cause of Death Registers.
Education was defined as the highest achieved education
at the month prior to the date of the index DSH episode or
matching, and classified as: ‘primary’, ‘secondary’, ‘tertiary’
(bachelor, masters or doctoral degree), and’not registered’
educational achievement. A majority of those with missing
education information were immigrants (92%). Income was
derived from taxable income reported in the year prior to the
index episode. Taxable income is recorded in the Norwegian
registers in units called the ‘basic amount’ or ‘G’ for short,
which are adjusted yearly based on changes in the general
income level [22]. During the study period, the basic amount
increased from 66 812 NOK to 82 122 NOK and the median
income for the adult population was between three and four
times the basic amount [23]. Based on this information,
income was categorized as: ‘>4G’, ‘3G’, ‘<3G’ and ‘not
registered’. Marital status was classified as: ‘married’, ‘never
married’, and ‘previously married’ (i.e., separated, divorced
and widowed). Sick leave from work was based on registered
paid sick leave, available since the year 1992, categorized as:
‘yes’ and ‘no’. According to the medical cause given in the
last sick leave, this variable was further constructed into the
following categories: ‘no registered sick leave’, ‘current sick
leave due to psychiatric disorders’, ‘current sick leave due to
other causes’, ‘prior sick leave due to psychiatric disorders’
and ‘prior sick leave due to other causes’. The classification

of cause for sick leave was based on International Classifica-
tion of Primary Care codes (ICPC-2, codes PO1-P99 for psy-
chiatric disorders). Moreover, a variable indicating frequent
sick leave (>3 sick leave spells) was constructed for internal
comparison. Immigrant status was classified as: ‘native Nor-
wegian’ (having at least one Norwegian born parent) and
‘immigrant’ (both first- and second-generation immigrants).
Area of residence was classified according to centrality as
defined by Statistics Norway’s [24] into two exclusive cate-
gories: ‘central areas’ (the capital area and three largest other
cities, i.e., Bergen, Trondheim and Stavanger) and ‘other
areas’. Residential mobility was classified as: ‘< 2 lifetime
residential changes’, ‘3—4 lifetime residential changes’, and
‘> 5 lifetime residential changes’. Parental death due to
external causes was created by linking cases and controls to
their parents using the Central Population Register and then
deriving information about parental death and cause of death
from the Cause of Death register. Deaths due to external
causes were based on the ICD codes ES00-E999 from ICD-
6/7/8/9 and VO1-Y89 from ICD-10. Of the study subjects,
13.2% cases and 14.7% of controls did not have a link to a
parent available in the Central Population Register, mostly
for being 1st generation immigrants. This variable was then
classified into: ‘no’, ‘suicide’ (ICD-6/7: E963, E970-E979;
ICD-8/9: E950-E959; ICD-10: X60-X85, Y87.0), ‘other
external causes other than suicide’ and ‘no link to parents’.

Statistical analysis

Conditional logistic regression was used to estimate the
associations between DSH and included variables, expressed
as odds ratios and 95% confidence intervals. Due to the
matched nature of the data set, crude odds ratios were
adjusted for age, sex and calendar time. Adjusted odds ratios
were further adjusted for all study variables using simulta-
neous entry, allowing us to control for overlap and correla-
tion between variables. The association differences by sex
and age group were examined using the likelihood ratio test.
For each variable, a full model including age group or sex
interactions for all variables was compared to one, where the
interaction was removed for that specific variable.
Recursive partitioning was used to detect specific high-
risk subgroups and their risk factor configurations. This
multivariable analysis starts by splitting the entire data
set into two subgroups based on the strongest predictor of
case status. The splitting continues in an iterative manner,
selecting the strongest predictor at each new subgroup,
creating a set of binary classification rules that can be
graphically represented as a classification tree. Splitting
continues until no additional variables have been found to
improve prediction, creating a terminal node or subgroup.
This method is suited to search for higher order interac-
tions as it models risk as a combination of predictors. The
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most salient interactions detected by the classification tree
were then entered into a multivariate conditional logistic
regression model.

Two sensitivity analyses were performed to account for
potential systematic errors imparted by our sampling pro-
cedure. First, we restricted the primary analysis to study
cases that were sampled with a diagnosis of ICD-10 X6n
to assess possible deviations of findings due to case inclu-
sion. Second, we restricted the primary analysis only to
study cases included in the last year of our 6-year study
period to ensure that they had at least 5-year observation
time within the data coverage period and that their index
episode was more likely the first episode of DSH.

Retrieval of data from source registers and construction
of data set for analysis were conducted using SAS/STAT
software, version 9.4 of the SAS System for Windows
[25]. All statistical analyses were conducted with the R
statistical software, version 3.4.4 [26]. Specifically, the
software package “survival” version 2.38 [27] was used
to perform conditional logistic regression and “rpart” ver-
sion 4.1-15 [28] was used to model the classification tree.

Results
Sample characteristics

Of the 9873 study cases, 5367 (54.4%) were female and
4506 (45.6%) were male. The age distribution of study
cases is shown for females and males in Fig. 1. It is evi-
dent that females were overrepresented in the early part
of young adulthood and that the gender distribution was
about equal for the age group 25-35 years. This was also
reflected in the mean age being lower for female cases
(24.6, SD 5.1) than male cases (25.8, SD 5.1).

Fig. 1 Age distribution of study 600
cases by sex
500
400
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Risk factors for DSH

The distribution of study variables compared for study cases
and controls is shown in Table 1. The cases were signifi-
cantly more often disadvantaged in terms of socioeconomic
status, marital status, sick leave, residential mobility and
loss of parents compared to population controls. Results
from both univariate- and multivariate conditional logistic
regression, reported as crude and adjusted odds ratios, are
also shown in Table 1. All the variables were associated with
DSH in the univariate conditional logistic regression (crude
ORs). The magnitude of associations was generally attenu-
ated in the multivariate analysis (adjusted ORs); however,
all variables remained significantly associated with DSH.
Importantly, the highest odds ratios in the adjusted analysis
were found for low education, sick leave, marital dissolution
and low income.

Specifically, compared to those with the highest edu-
cation level, risk increased progressively with decreasing
education attainment from the secondary (OR 2.31, 95% CI
2.11-2.53, in the adjusted model) to the primary education
levels (OR 7.44, 95% CI 6.82-8.12). A pattern of progres-
sively increased risk with lower income was also evident,
although not as steep as for education (3G: OR 1.90, 95%
CI 1.76-2.05;>3G: OR 2.86, 95% CI 2.68-3.06). For sick
leave, a prior sick leave spell was a strong risk factor if it was
due to a psychiatric disorder (OR 3.77,95% CI 3.38-4.21).
Moreover, risk increased substantially for those who were
currently on sick leave, regardless of cause, but especially
if the sick leave was due to psychiatric disorders (current
psychiatric sick leave: 18.25, 95% CI 14.97-22.25; current
other cause: OR 3.90, 95% CI 3.57—4.26). There was a small
additional increase in risk for those who had had 3 or more
sick leave spells. Finally, there was an increased risk of
being single compared to being married, especially for those
who were separated, divorced or widowed (OR 3.83, 95%

m Male

B Female

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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Table 1 Distribution of study
variables and associated risks
for deliberate self-harm

CI 3.37-4.36). As for the remaining factors, it was evident
that loss of parents due to external causes of death, living in
urban compared to rural areas and high residential mobility

Distribution, N (%)

Risk factors for deliberate self-harm

Cases

1 (n=9873)

Controls

0 (n=185,092)

Unadjusted®
OR (95% CI)

Adjusted®
OR (95% CI)

Education level
Tertiary
Secondary
Primary

Unknown

Income level

> 4G

3G

<3G

Not registered
Marital status
Married

Never married
Previously married
Sick leave

No

Yes

Sick leave by cause
No record

Current psychiatric
Current other
Prior psychiatric
Prior other

Sick leave spells®

3 or more
Immigrant
Norwegian
Immigrant

Area of residence
Rural

Central
Residential mobility

< 2 residential changes
3-4 residential changes
>5 residential changes
Parental sudden death

No record
Suicide
Other causes
No link

675 (6.8)

2389 (24.2)

6342 (64.2)
467 (4.7)

1755 (17.8)

1515 (15.3)

6493 (65.8)
110 (1.1)

661 (6.7)
8670 (87.8)
542 (5.5)

5352 (54.2)
4521 (45.8)

5352 (54.2)
251 (2.5)
943 (9.6)
709 (7.2)

2618 (26.5)

2108 (21.4)

8534 (86.4)
1339 (13.6)

8316 (84.2)
1557 (15.8)

5301 (53.7)
2553 (25.9)
2019 (20.4)

8568 (86.8)
156 (1.6)
144 (1.5)

1005 (10.2)

47,240 (25.5)

70,197 (37.9)

57,788 (31.2)
9867 (5.3)

60,348 (32.6)

21,003 (11.3)

99,848 (53.9)
3893 (2.1)

28,259 (15.3)
153,303 (82.8)
3530 (1.9)

127,468 (68.9)
57,624 (31.1)

127,468 (68.9)
333(0.2)
6113 (3.3)
2947 (1.6)

48,231 (26.1)

21,326 (11.5)

152,867 (82.6)
32,225 (17.4)

158,008 (85.4)
27,084 (14.6)

132,274 (71.5)
38,414 (20.8)
14,404 (7.8)

157,904 (85.3)
925 (0.5)
1309 (0.7)

24,954 (13.5)

1.00 (Reference)
2.83 (2.59-3.09)
11.10 (10.22-12.07)
3.72 (3.304.20)

1.00 (Reference)
2.89 (2.69-3.11)
3.14 (2.95-3.34)
1.13 (0.93-1.38)

1.00 (Reference)
2.62 (2.41-2.85)
6.42 (5.70-7.23)

1.00 (Reference)
2.22(2.12-2.33)

1.00 (Reference)
0.74 (0.69-0.78)

1.00 (Reference)
1.09 (1.03-1.16)

1.00 (Reference)
1.72 (1.63-1.80)
3.65 (3.45-3.86)

1.00 (Reference)
3.10 (2.61-3.68)
2.04 (1.72-2.43)
0.73 (0.68-0.78)

1.00 (Reference)
2.31(2.11-2.53)
7.44 (6.82-8.12)
4.96 (4.30-5.71)

1.00 (Reference)
1.90 (1.76-2.05)
2.86 (2.68-3.06)
1.59 (1.29-1.97)

1.00 (Reference)
2.26 (2.06-2.47)
3.83 (3.37-4.36)

1.00 (Reference)
18.25 (14.97-22.25)
3.90 (3.57-4.26)
3.77 (3.38-4.21)
1.28 (1.21-1.36)

1.16 (1.08-1.24)

1.00 (Reference)
0.86 (0.78-0.94)

1.00 (Reference)
1.25 (1.18-1.32)

1.00 (Reference)
1.53 (1.46-1.61)
2.28 (2.15-2.42)

1.00 (Reference)
2.08 (1.72-2.52)
1.40 (1.16-1.69)
0.86 (0.77-0.96)

Crude ORs were adjusted for age, gender and calendar time through matching

®Adjusted ORs were further adjusted for all included variables

“Internal comparison, ORs representing added effect of respective variable for those with a registered sick

leave

were associated with increased risk of DSH. Being non-
Norwegians, however, was associated with a reduced risk
for DSH compared to being native-Norwegian counterparts.
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Age and gender differences in risk factors for DSH

Adjusted odds ratios and results from the interaction tests
are shown separately for the age group (18-24 years and
25-35 years) and sex stratified analyses in Table 2. Across
both stratifications, the direction of associations was the
same. However, the interaction tests indicate that age group
and sex influenced the magnitude of effect size in varying
degrees for most of the included variables.

When comparing the two age groups, a higher risk asso-
ciated with low education (Test of interaction: x> =82.87,
p<0.001) and sick leave (x> =47.62, p <0.001) were seen
in the young aged 18-24 years than seen in those aged
25-35 years. Low income was also a stronger risk factors
among those aged 25-35 years (x*=83.43, p <0.001). When
looking into sex differences, it was evident that both meas-
ures of socioeconomic disadvantage were associated with
a higher risk of DSH in men than that in women (Educa-
tion level: x>=39.10, p <0.001; Income level: x*=47.55,
p<0.001), while status as immigrant seemed to be more
protective against DSH for men than for women (x> =39.98,
p<0.001). Sex also significantly differentiated the effect
estimate of sick leave (x>=40.93, p <0.001), with a stronger
effect of sick leave due to psychiatric disorders in women
and a stronger effect of sick leave due to other causes in men.

High-risk subgroups

The classification tree produced by recursive partitioning
model can be seen in Fig. 2. Of all the variables included
in the model, the classification tree analysis found educa-
tion to be the most important predictor of case status with
primary education as the high-risk cutoff. In the primary
education subgroups, no additional factors were found to
improve prediction. Further splits were, however, found in
the subgroup containing those with secondary, tertiary or
unknown education. Specifically, two high-risk subgroups
were found in this higher educated population: those with a
history of sick leave spell(s) due to a psychiatric disorder;
and those with a current sick leave due to a non-psychiatric
disorder were found to be two high-risk groups.

Based on these findings, we included the interaction
between sick leave and education in a conditional logistic
regression analysis. For this analysis, the sick leave vari-
able was collapsed to ensure sufficient statistical power,
into: no sick leave (reference); sick leave due to a psychiat-
ric disorder and sick leave due to other causes. Results of
this analysis, adjusted for all the other factors, are shown in
Table 3. Here we see that the risk associated with having
had a sick leave spell increased with higher education. This
was especially evident for sick leave due to a psychiatric
disorder (Primary: OR 3.37, 95% CI 2.98-3.80; Secondary:
OR 9.25, 95% CI 7.94-10.77; Tertiary: OR 18.87, 95% CI

@ Springer

17.41-24.21). In addition, the effect size of primary educa-
tion increased substantially when this interaction term was
entered into the model (OR 13.33,95% CI 11.66-15.23).

Sensitivity analyses

Results were almost identical with the main analysis when
we restricted the analysis to both study cases with a reg-
istered diagnosis of ICD-10 X6n and study cases with
a 5-year observation period prior to the index event (see
Online Resource 1). The magnitude of effect sizes varied
slightly, especially for the relatively uncommon categories
of sick leave and immigrant status, which could possibly be
the result of reduced sample sizes.

Discussion

The present study used Norwegian national register data to
gain insights into young adults who presented to hospitals
and associated services for somatic treatment because of
DSH. The study is to our awareness the first to combine
conditional logistic regression and recursive partitioning to
illustrate the relative influence and interactive effects of a
wide range of sociodemographic and health factors on risk
for DSH. It demonstrated the influence of multiple risk fac-
tors that have previously been established in adolescents
and all adults, including socioeconomic status [29], marital
status [30], sick leave [31], being native Norwegian [32], liv-
ing in urban areas [33], residential mobility [34] and loss of
parents due to external deaths [35]. Of these, low education
attainment, a history of sick leave due to psychiatric disor-
ders, a current sick leave spell and being previously married
revealed the highest effect sizes in the adjusted analyses,
implying that these characteristics constitute especially sali-
ent indicators of risk for DSH in this age band. Importantly,
education served as an effect modifier for the risk associated
with sick leave, alluding to two unique high-risk subgroups.

The high risks associated with socioeconomic disadvan-
tage in general and education in particular add further sup-
port to the strong socioeconomic gradient in DSH among
young people [12, 29]. Similarly, the more pronounced
risk associated with socioeconomic disadvantage in men
than in women is also in line with findings from previous
studies [36]. This association could be due to fewer cop-
ing skills and less resources available for help in times of
crisis among those with lower education [37]. Low educa-
tion could also make it more to enter the workforce, com-
pete for jobs and achieve financial independence, crucial
developmental tasks for young adults in western societies
[6, 37]. Importantly, the strong effect size of the lowest
education level on DSH may reflect the confounding from
distal factors, as educational problems in adolescence are



159

Social Psychiatry and Psychiatric Epidemiology (2021) 56:153-164

QA®Q[ JOIS JO AI0ISTY YITM 3SOY) JOJ d[qeLIeA dATIOAdSAT JO J09x0 pappe o) Sunuesaidar s ‘uosLredwod [euIuy,

10°0 > onyea d 1$9) UOTIOBINU 45 ‘G()'() > ONJeA d 153} UOT)ORIAIU],

xos pue dnoig oSe yym uonoeIUI JULOYIUSIS OU 0) NP S[qE) U PIPN[OUI JOU ST SISNED [BUISIXS 0) NP YILap [BIUAILJ, PUB ,QOUIPISAI JO BIAIY

@rT-S17)8TT (#9'T-0T0) 1¥'C SOv8/CITL 6665/L06 TIT-08DS6T (S8'7-8€'7) 09°'C £906/0811 I4€5/6€8  sA3urYd [eNUapIsal ¢ L
19 1-9%'D €6°1 (SLT1-0SD 29T YOV IT/TLET  0S691/1811 (SF1-6TD SE'T (08'1-95°1) 89°1 99T'€T/OEET  8PICI/ETTI  SOBURYD [ENUAPISAI p—¢
€€ (e0ua1959y) 00' 1 (e0ua1959y) 00' 1 €81°0L/€88T  160°T9/81+C x:0€°6C  (90UAIIY) 00'[ (e0ua1959Y) 00' 1 6LT'8S/STET  S66'CL/986T  SIBURYD [ENUSPISAI T S
Kupqowt ppruapisay
(#6'0-8L°0) 98°0 (69°0-150) 650 96T LI/FS8  6T6'71/S8T (¥8°0-19°0) TL'0 (90'1-8°0) +6°0 669°61/9€L  9TS'TI/E09 JuesSruruy
#x86'6€ (90u10)oy) 00T (90u10)ay) 00T 9GLTY/EISY  TTI°0L/TTOY #x06'L (90ua10)23) 00'T (90u10Joy) 00T 606°0L/680%  8S6°18/St ueISomION
snpis N:wi%ws:x\
#x81°6C T 1-80'D 9I'1 (85 1-8T D TH'1 6¥9°€1/2801 LL9LI9TOT 19°0 CET+I'D¥T1 e T1-10'D 91'T 0TI'61/1SLT 90TT/LSE a10W 10 ¢
mhﬁ@&n m;@mN «Q.NMA
9 1-171) 8T'1 WS 1-6TD 1#'1 CLT'LTIOPEL  8S6°0T/8LTI 9TT-L0DII'T OF1-L1'D 8T'T SS6°9E/LIST  9LT'T1/108 a0 Jorig
(ITr-8€¢) LL'E (T6'€-S8°D) vE'E £791/95€ YTET/ESE 0S' €L 0L'E (E1'6-S0°S) 6L9 0LLT/STY LLT/¥8 onenyAsd rotig
(9TF-LSE) 06'E (LO'9-19) 6T°S €ITr/SIS 0061/82¥ (IL'€-L8T) LTE (€8'7-9L°€) 9T+ 85T/00S SS81/EY 1970 JUSIIND
(STTT-L6WD) ST8T  (€0°61-C6'6) PL'ET TIT/Est 121/86 L9rI-006) 6711 (TO'OL-SL'TE) ST'LY 162/671 /01 sneryoAsd juarmn)
#x£6'0F (90u10)ay) 00T (90u10)ay) 00T 1€L°99/€00€  LEL'09/6VET xxC9’Ly  (90URIJY) 00'T (90u10Jay) 001 PECOVIVELT  PETT8/B19E p10231 ON
2SN AQ u;BMN v\Q.NW
(9¢-LE€) €8°¢ SEP-ILD ev'e 01€T/8LE 0TTI/H91 WLYT90) vI'y (Tr'$—$T0) 0S¢ L9EE/T0S €91/0% patLrew K[snoradig
L¥r'T-907) 97T (68'T-607) 9¥'CT 801°18/61SF  S61°TL/ISIY (6S'T-TIDvET (90T-T€D ST 86V 19/6SLE  SO8'16/1161 PoLLIEU IOAIN]
#01°L (e0uR1959y) 00' 1 (e0uR1959y) 00'1 PE9OL/OLY  STO'TI/161 %808 (90ua13§9Y) 00' [ (e0uR1959Y) 00' 1 €PLSTYIS 91ST/L6 POLLIEIA
snpis PIUD A
(L6'T-6T'1) 6S°1 (€ST-1€ D) 8’1 S¥0T/S9 8781/St (€€T9¢D8LT @ 1-2L0) 101 ¥7CT/99 6¥91/71 PIISISaI JON
(90°€-89'7) 98°C (68°€+C€) SS°¢ 087 19/LLIE  89E'8E/ITST (€8°€-8T°€) ¥5°€ (0095 DIL'T 60€'¥T/T8ET  6ES'SL/TTTY og¢ >
(S0T9L D 06T (LS'T900) 0£°C 86G°T1/0S8 S¥18/599 (8T°T-06'1) 80°C (€S TH1'D TET TL9'T1/886 1€€8/LTS ¢
#x9S'LY (e0ua19)9y) 00'1 (90u19)9y) 00'1 696°CT/SLL  6LE'9E/086 x:EP€8  (9OUAIIRY) 00'[ (e0uR1959y) 00' €8¢ 15/68€1 $968/99¢ oy <
uoduy
(IL'S-0€7) 96+ (S#'01-159) §T'8 0£05/9S¢T LESP/TIT 9S'761°¢) 18°€ (€L°01-6€9) §T'8 T109/%LT S68¢/E61 umouyun
(T1'8-78'9) 'L (FOTI-IL'®) ¥TOT  TTY0L/881E  99I'LTMHSIE (18'9-65°S) L1'9 (S#'€1-66'8) 00'TT  TTY'LL/SYIT  991°0t/769¢ Arewrig
(€ST-11D 1€T (S¥'e-9¥'7) T6'C 88L°GE/61¥1 60%'7€/0L6 (89'C-81'0) 1¥'C (L¥'€-0£7) T8'C I8T°0€/LEET  910°0%/2SO01 Krepuoosag
#x01°6€ (eoua10)ay) 00'1 (eou10)ay) 00'1 TI98T/H0S  8TY'SI/ILI xxL87C8  (90URIJY) 00" (e0ua10)ay) 00'1 €6L°9€/99S  L¥FO1/601 Kreniag,
ﬁQ.ﬁBUENum
uonorIU] rewd SR [ewo| S[RIN  uonoeIdU[ s1eak Ge—G7 s1eak $7—81 sIedk GE—G7 s1eak $7—81
(ID %$6) Soner sppQ paisnlpy (fonuoo/esed) N (ID %$6) soner sppo paysnlpy (jonuos/esed) N
X3s £q sIsAeuy dnoi3 a3e Aq sisAeuy

x3s £q pue dnoi3 a3e £q paynens ‘wIey-J[os Je1aqIap Joj SYSLI PAJRIOOSSE pue SI[qeLIeA Apnis Jo uonnquusiq ¢ a|qeL

pringer

a's



160

Social Psychiatry and Psychiatric Epidemiology (2021) 56:153-164

N=64130
9.8% DSH

N=195965
5% DSH

o | Secondary, tertiary or unknown
g education

Fig.2 Classification tree

Table 3 Interactive influence between education and sick leave

Distribution Risk for deliberate self-harm
N (cases/controls) Adjusted OR* (95% CI)

Education

Tertiary 251/31,451 1.00 (Reference)
Secondary 944/45,755 2.73 (2.37-3.15)
Primary 3884/41,637 13.33 (11.66-15.23)
Not registered 323/8625 6.65 (5.54-7.98)

Sick leave due to psychiatric disorder,
by education®

Tertiary 106/778 18.87 (17.41-24.21)
Secondary 297/1336 9.25 (7.94-10.77)
Primary 541/1132 3.37 (2.98-3.80)
Not registered 16/34 8.83 (4.37-16.05)

Sick leave due to other causes, by
education®

Tertiary 318/15,011 3.45(2.91-4.10)
Secondary 1148/23,106 2.59 (2.36-2.85)
Primary 1967/15,019 1.18 (1.11-1.26)
Not registered 128/1208 3.14 (2.51-3.93)

#Adjusted for age, gender, calendar time, income, marital status, eth-
nicity, area of residence, residential mobility and parental death due
to external causes

Log-likelihood ratio test of interaction: x>=416.77, p <0.001

known proxies for cognitive abilities [37, 38] and child-
hood mental health problems [39]. While our study cannot
delineate the exact mechanisms in which education influ-
ence the risk for DSH, an interplay between both distal and
proximal developmental factors is likely present, where
early life difficulties create pathways of cascading devel-
opmental failures [40, 41].

@ Springer
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As for the strong influence of sick leave, the most obvious
explanation could be the underlying health problems that
lead to the sick leave spell, with mental illness especially
common among young patients with DSH [42]. Interest-
ingly, we found that sick leave due to a psychiatric disorder
constituted a stronger risk factor for DSH in the age group of
18-24 years than for the group of 25-35 years. In Norway, it
is common form young people aged 18-24 years to under-
take education, vocational training or to be at an early stage
of establishing their career. Sick leave at this age, therefore,
implies a risk of a delay or discontinuation of these impor-
tant tasks, which in turn can increase the likelihood of dis-
ability, social isolation and socioeconomic marginalization
[43, 44].

Results from the classification tree analysis lend further
support to the importance of education and sick leave, as these
were the two factors selected as predictors of DSH. Impor-
tantly, our results suggest that the risk associated with sick
leave increased substantially for young adults with higher edu-
cation. This was evident for both past and ongoing sick leave
due to psychiatric and ongoing sick leave due to other disor-
ders. Differences in risk factors for DSH between education
subgroups have been documented [45, 46] and, specifically, an
interaction between education and sick leave on risk for suicide
have been documented with Norwegian register data [47]. One
explanation for this interaction could be that loss of ability due
to health problems, regardless of disorder, represent a greater
stressor for the highest educated due to greater career aspira-
tions and demands. Interestingly, we also found an increased
risk of DSH associated with having primary education in the
context of no history of sick leave. As employment is a require-
ment for paid sick leave in Norway, the high risk seen for those
with lower education in context of no registered sick leave
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could represent confounding by psychiatric disorders associ-
ated with a high degree of self-selection into low qualifications
and unemployment, such as early onset substance abuse, psy-
chosis and personality disorders. This group could, therefore,
be conceptualized with a continuation of poor adaptation from
adolescence to adulthood, while those with higher education
presumably have negotiated many of the developmental chal-
lenges of adolescence and early adulthood, including entering
the workforce. Key differences between the two pathways may,
therefore, center on differences in age of onset of psychiatric
disorders and the degree of self-selection [41, 46]. However,
an important commonality is that both pathways include occu-
pational difficulties in some form. In turn, this highlights the
importance of difficulties or failures in the domain of work
accomplishments on risk for DSH in this young population.

While it was evident that education and work accomplish-
ments were strongly associated with risk for DSH, the influ-
ence of relational factors were more uncertain. In line with
the previous studies on all adults we found that not being
married, especially after marital dissolution, was associated
with increased risk in our sample [30, 48]. However, there
are several caveats regarding marital status in this popula-
tion that needs to be taken into account when interpreting
these findings. First, there were relatively few married in
the youngest age group. Second, due to limited informa-
tion in our data source, cohabitation status was included
as single category in the analysis. Since cohabitation is a
common family form in Norway and has the same protective
effect as marriage [48, 49], this could bias the effect size of
being single towards the null. Overall, while marriage has a
protective effect in our analysis, our results suggest that its
contribution to risk for DSH in young adults seem to be less
important compared to the middle aged, which conforms to
previous findings [50].

Finally, we found that immigrant status was associated
with reduced risk of DSH, which aligns well with a recent
study on suicide among immigrants in Norway [32]. Two
possible explanations for this association include that immi-
grants from countries with lower rates of DSH and suicide
maintain this lower rate after immigration to Norway [51]
and that immigrants may represent a relatively healthy part
of the population in the country of origin [52]. It should
be noted that our immigration variable was crude and may,
therefore, mask subgroup differences in risk for DSH among
immigrants.

Strengths and limitations

Several limitations should be taken into account when inter-
preting the results from this study. First, index episodes of
DSH were not necessarily the first DSH episode in the study
population as individual level data from the Norwegian

Patient Register were only available from 01.01.2008. Sec-
ond, the episodes of DSH identified through our algorithm
included both diagnosed and probable episodes of DSH.
This was done on the basis of considerable underreporting of
DSH in the administrative registers [2]. Including probable
episodes of DSH may introduce a source of detection bias,
as a proportion of these injuries can be unintentional. How-
ever, in line with previous studies using register data [2, 53],
underreporting of DSH was deemed a more serious threat to
the validity of our results [18]. Moreover, register data are
collected for an administrative purpose, which is limiting the
type of information available. Well-established risk factors
such as mental illness, adverse childhood experiences, recent
stressful life events and relational factors other than marital
status [4] could not be included in the analysis, hence, these
can act as residual confounders. This will consequently lead
to a bias towards overestimating the effect sizes.

With the above limitations in mind, the study also has
important strengths. Data from national registers allow for
large sample sizes, making it possible to examine the asso-
ciation between rare outcomes and many variables simulta-
neously with strong statistical power. In addition, as there
is no need to actively recruit participants which eliminates
the risk for selection bias. Information in the registers is
collected longitudinally and systematically for the entire
national population, reducing the risk of differential mis-
classification bias. In addition, the inclusion of recursive
partitioning as a method to elucidate possible interactions
and etiological differences is an important strength. Com-
pared to other data-driven methods of interaction detection,
such as stepwise regression, recursive partitioning offers a
transparent, graphic and easy to understand description of
interactive structures in the data set that is similar to the
way clinicians think about risk and less susceptible to loss
of power and collinearity [55].

Conclusions and implications

Our study added to existing literature by quantifying the
relative influence and interactive nature of a wide range of
risk factors on DSH in a large and representative sample of
young adults. Importantly, our results give added support to
developmental subtypes of risk and highlights the need for
an increased focus on the interactive nature of risk factors,
which to date have received less attention [56].

As for clinical implications, our study indicates that edu-
cation plays a crucial role as a risk factor for hospital pre-
sented DSH in this young adult population. Moreover, the
two distinct risk profiles found could have implications for
when and to whom preventative efforts should be targeted.
The most common of these pathways was characterized by
low education. Early school based efforts to detect mental
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health problems interfering with educational attainment
may, therefore, be an appropriate preventative strategy to
address negative trajectories of socioeconomic disadvantage
and potentially also DSH in young adults. Moreover, this
could be an especially important when targeting DSH in
males. The sociodemographic factors were less discriminant
in the higher educated, where sick leave seems to delineate
high-risk groups best. This implies the occurrence of differ-
ent pathways towards DSH that might be more difficult to
detect and target with early preventative efforts from a pub-
lic health perspective. For this group, ensuring that general
practitioners consider symptoms of mental illness and the
need for mental health treatment as part of awarding sick
leave spells in this young population could be an appropri-
ate strategy to ensure that at-risk young adults are detected.
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