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Background: Time trends are one of the most studied phenomena in suicide research;
however, evidence for time trends in the Dutch population remains understudied. Insight
into time trends can contribute to the development of effective suicide prevention
strategies.

Methods: Time trends in national daily and monthly data of 33,224 suicide events that
occurred in the Netherlands from 1995 to 2015 were examined, as well as the influence
of age, gender, and province, in a longitudinal population-based design with Poisson
regression analyses and Bayesian change point analyses.

Results: Suicide incidence among Dutch residents increased from 2007 until 2015
by 38%. Suicide rates peak in spring, up to 8% higher than in summer (p < 0.001).
Suicide incidence was 42% lower at Christmas, compared to the December-average
(IRR=0.580, p < 0.001). After Christmas, a substantial increase occurred on January 1,
which remained high during the first weeks of the new year. Suicide occurred more than
twice as often in men than in women. For both genders, the results indicated a spring
time peak in suicide incidence and a trough at Christmas. Suicide rates were highest in
the elderly (age group, 80+), and no evidence was found of a differential effect by season
in the age groups with regard to suicide incidence. No interaction effect was found
with regard to province of residence for both season and Christmas, indicating that no
evidence was found that these time trends had differential effects in the Dutch provinces
in terms of suicide incidence.

Conclusion: Evidence was found for time trends in suicide incidence in the Netherlands.
It is recommended to plan (mental) health care services to be available especially at
high-risk moments, at spring time, and in the beginning of January. Further research is
needed to explore the protective effect of Christmas in suicide incidence.

Keywords: suicide, time trends, seasonality, Christmas, Netherlands, gender, age, province
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INTRODUCTION

Worldwide, annual suicide rates are rising. Consequently
national and international suicide prevention strategies have
been developed, and there is also ample scientific attention to
this issue (1, 2). In 2015, almost 800,000 people lost their lives
due to suicide, which is equivalent to a suicide rate of 10.7 per
100,000 people (3). Suicide is now one of the leading causes of
death, especially among young people between the ages of 15 and
29 years (2, 4-6). In the Netherlands, the annual suicide number
has increased since 2007 from 1,353 to 1,871 in 2015: an increase
of 38% (7). The tragedy of suicide concerns not only the prema-
ture loss of a human life but also its impact on family members,
friends, bystanders, railway professionals, and communities (2, 6,
8,9). Due to increasing suicide rates and the large impact on the
individual and society, it is important to gain more knowledge on
predictive factors of suicide. Several risk factors of suicide have
already been identified. With regard to psychopathology, the risk
of suicide is almost 50 times higher in in-patients—and particu-
larly in persons with personality and affective disorders—than in
the general population (10). Furthermore, time trends in suicide
incidence have gained broad international consideration (11, 12).
Still, evidence remains understudied for the Dutch population,
and a better understanding of predictors of suicide is needed
for developing more appropriate suicide prevention strategies.
Insight into high-risk time frames in suicide might contribute to
the refining of these strategies, such as setting up help lines and
health care services available at the right moments. In this study,
we examined time trends in suicide incidence in the Netherlands
from 1995 to 2015. To this end, we will first give an overview of
what is already known and we will end by giving the objectives
of this study.

Evidence for daily and weekly patterns in suicide incidence
were found (13-19). Regarding seasonal patterns in suicide
incidence, Durkheim already suggested in the early 19th
century that suicide incidence shows seasonal variation (20),
and seasonality is now one of the most studied phenomenon in
suicide research (18, 21-28). However, studies show conflicting
evidence of seasonal patterns (15, 16, 29, 30). Several studies
indicated one single peak in spring or (early) summer (21-23,
25-27), while others described two peaks: one in spring and
another one in autumn (16, 18). Ajdacic-Gross and colleagues
assessed the long-term change of seasonality in suicide and
found that seasonality is about to fade away (31). With regards
to the Netherlands, one would expect to find seasonality in
suicide incidence, as the Netherlands is located at a latitude of
52°23' N and therefore has pronounced seasons. However, two
studies about seasonal patterns in suicide in Dutch residents
showed significant seasonal variation in suicide incidence, with
a peak in spring (32, 33), but this could not be replicated in a
more recent study on train suicides (13). Therefore, the litera-
ture on seasonal patterns in suicide rates in the Netherlands is
ambiguous in this respect.

As for winter-holiday trends in suicide, legend has it that
suicide rates are increased at Christmas. The Annenberg Public
Policy Center of the University of Pennsylvania found that
many news stories in the past 17 years supported this belief

(34). People may indeed experience a worsened general mood
during the Christmas days because of family strains, loneliness,
or seasonal affective disorder, and increased alcohol use might
aggravate this (11, 35-37). On the other hand, two literature
reviews reported lower suicide rates at Christmas (11, 38),
and this was also reported in multiple retrospective database
studies (18, 19, 39-43). A remarkable finding in these studies
is that suicide rates seem to be higher on New Year’s Day and
January 2, suggesting that suicides may be delayed until after the
Christmas-holidays (18, 19, 40-43). Christmas is a Christian
holiday, and in countries with other predominant religions, one
would expect other trends. Indeed, in Turkey—where 99% of
the population is Muslim—fewer suicides were observed in the
Islamic holy month of Ramadan (44). However, Christians have
become a minority of about one-third of the Dutch population
due to secularization and the increase of immigrant religions in
the Netherlands (45). The Christmas festivities might still play
a protective role since Christmas is also a popular holiday in the
non-religious population. The association between Christmas
and suicide incidence in the Netherlands therefore yet remains
unclear.

Seasonal trends in suicide and the association with gender
report either no association (21, 23, 25) or a stronger associa-
tion in men (16, 22, 27, 46). Some studies indicate one single
peak in spring/summer for men and one peak in spring and
a second minor peak in autumn for women (24, 29, 46). This
“bimodal distribution” in suicide among women is, however,
not found by others (22, 26, 47). Findings regarding age and
seasonality are ambiguous as well, finding no association (23) or
a stronger association in younger age groups (16, 25) or in older
age groups (24). Evidence also suggests that the seasonal effect
on suicide incidence differs across specific regions, as it is has
been found that seasonality is more pronounced in rural settings
than in urban settings (20, 25, 46). Furthermore, especially rural
Catholic regions show seasonal patterns in suicide incidence as
urban Protestant regions showed a larger decline in suicide sea-
sonality over the last years (31). As far as the researchers know,
seasonality in suicide across the provinces in the Netherlands
has not yet been studied. Concerning Christmas trends,
gender differences remain unclear. One study found that only
men showed significant fewer suicides on Christmas day (19),
while others reported a greater reduction in women (40, 43).
Obviously, such data may depend on the degree to which the
region where the study is performed holds religions that have
Christmas celebrations. In the Netherlands, the Western and
Northern areas of the Netherlands are most secularized and the
percentage of immigrants is greater in the area “the Randstad,
so there is more religious plurality in this area (45). Therefore,
provinces in the Netherlands may differ in terms of religion-
related popularity of Christmas.

In conclusion, it remains unclear whether season and Christmas
are associated with suicide incidence in the Netherlands, and if
so, whether these associations differ for gender, age group, and
province of residence. More knowledge of time trends is essential
to refine suicide prevention strategies. These strategies are highly
needed as the annual suicide rate in the Netherlands keeps rising.
Therefore, this study examines time trends in suicide incidence
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in the Netherlands over the time period of 1995-2015. This study
has four objectives:

1. To examine annual suicide incidence over the study period.

2. To examine seasonal trends in suicide incidence.

3. To examine if suicide incidence at Christmas differs from
other days in December.

4. To explore if any associations differ in relation to gender, age,
and province of residence.

MATERIALS AND METHODS
Study Design

This is a retrospective longitudinal population-based study on the
national register of natural and unnatural deaths data, as regis-
tered by Statistics Netherlands, a Dutch governmental institution.
Statistics Netherlands receives all death certificates about injury
deaths from the police and coroners, i.e., medical doctors who
work in the municipal health service. In the Netherlands, a death
certificate after a suicide is certified based on strict guidelines
involving several professionals (48, 49). Daily and monthly data
about all suicide events between 1995 and 2015, as well as age,
gender, and province, were included.

Variables

This study included four variables: (1) the occurrence of a
completed suicide, and the persons’ (2) gender, (3) age group,
and (4) province of residence. In this study, a completed suicide
was defined as an act performed by the person him/herself with
the specific purpose of taking his/her own life that indeed led
to death (48). Thus, euthanasia and non-fatal suicide attempts
were not included. Suicides are assigned in the StatLine regis-
trar according to the International Statistical Classification of
Diseases and Related Health Problems (ICD) of the World Health
Organization as “intentional self-harm” (codes X60-X84).
The 10th revision of the ICD is currently being used (48-50).
Three characteristics of people who have died by suicide, and
are related to suicide incidence, were also included as variables:
gender, age group at time of death, and province of residence at
time of death.

Data Sources/Measurements

The data comprise 33,224 suicide events over 21 years in a
population of 15.5 million in 1995 and 16.9 million in 2015. All
variables were obtained from Statistics Netherlands in an Excel
database and were transposed by the researchers to Statistical
Package for the Social Sciences (SPSS) and R. Daily and monthly
data about completed suicides that occurred in the time period of
1995 to 2015 were operationalized into seven variables: (1) total
numbers of suicide for each month of each year, (2) mean number
of suicide per day for each month of each year, (3) suicide rates
per 100,000 residents for each month of each year, (4) daily sui-
cide numbers by season, (5) total suicide number per day for all
21 years together, (6) daily suicide numbers at Christmas, and (7)
daily suicide numbers at all other days in December (excluding
Christmas). To form the total number of suicide variable, a total

number of suicides was calculated for each month in each year
(for example, January 1995). To form the mean number of suicides
per day variable, the total number of completed suicides for each
month per year was divided by the number of days in that specific
month (i.e., 31 for January, March, May, July, August, October and
December; 30 for April, June, September and November; and 28
or 29 for February and 29 in leap years; which were 1996, 2000,
2004, 2008, and 2012). To form the suicide rate variable, the total
number of suicides was divided by that years’ mean population,’
which was then multiplied by 100,000. A season variable was cre-
ated on all daily data according to the meteorological calendar of
the Northern Hemisphere in which winter includes December,
January, and February; spring includes March, April, and May;
summer includes June, July, and August; and autumn includes
September, October, and November. A daily total number for all
21 years taken together was created by summing all daily totals
per year (for example, all January 1 of all years together).

In the Netherlands, Christmas is celebrated on December 25
and 26. Therefore, to form the Christmas variable, the daily data
on December 25 and 26 were allocated to the Christmas variable
and daily data on all other days in December to the non-Christmas
variable. This minimizes potential seasonal variation bias when
the rest of the year would be used as a control period (42). In
addition to data about completed suicides, data about gender,
age group, and province of residence were received. Gender was
classified by Statistics Netherlands into two variables: male and
female. Statistics Netherlands classified age at the time of death
in the following age groups: 0-19, 20-29, 30-39, 40-49, 50-59,
60-69, 70-79, and 80+. Statistics Netherlands classified province
of residence into the 12 provinces of the Netherlands.

Bias

Since suicide is a sensitive issue, a challenge might be to obtain
true incidence statistics due to the possibility of underreporting
(2, 49, 51-54). The efforts that have been made to minimize
this potential bias are strict methodological death registration
procedures that are carried out by coroners and government
institutions in the Netherlands after injury deaths. This increases
the classification of suicides and decreases classification of unde-
termined deaths, which are the most common alternative verdicts
in case of a probable suicide (49, 54). Indeed, the Netherlands
belongs to the European countries with the lowest ratio of suicide
to “undetermined death” (49). Hence, this possible bias is deemed
to be low in this study.

Ethics

The anonymity of the people who died by suicide was of great
importance in this study. We only received and examined
anonymous data of Statistics Netherlands. Consequently, we
only analyzed monthly data for the age groups, as daily suicide
incidences were too low within age groups. As a result, we were
not able to analyze Christmas trends for age groups.

"Example how we calculated the mean population for 2015: the population at
January 1, 2015, and the population at January 1, 2016, were summed and then
divided by two.
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Statistical Methods

Data preparation and statistical analyses were performed in
SPSS and R. The Statement of the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) was used
to transparently and completely report about our observational
research study (55). Poisson regression analysis, Bayesian
change point analysis, Mann-Whitney U test, and Kruskal-
Wallis test were used to explore time trends in suicide incidence.
Independent variables were day, month, year, season, Christmas
days, and non-Christmas days. Dependent variables were the
number of completed suicides. Demographics examined were
gender, age group, and province. Gender and province were
examined for yearly, seasonal, and Christmas trends, and age
group was only examined for yearly and seasonal trends, as
discussed in the previous paragraph. The level of significance
was adjusted by Bonferroni correction. In this correction, the
alpha of 0.05 was divided by the number of tests (five tests to
main effects and five tests to interaction effects), resulting in an
alpha of 0.005.

RESULTS

National Suicide Incidence over the

Period 1995 to 2015

In the time period of 1995 to 2015, a total number of 33,224
residents of the Netherlands lost their lives due to suicide. The
relative mean annual suicide rate in the Netherlands for all years
together is 9.72 per 100,000 residents. The year with the lowest
suicide rate was 2007 (8.26), and the year with the highest suicide
rate was 2013 (11.05), which represents an increase of 37%. The
increase in absolute suicide numbers from 2007 till 2015 was
38%, as can be seen in Figure 1.

Seasonal Trends

A Poisson Regression Analysis on the 21-year study period taken
together indicated an effect by season on suicide incidence in
the population in general (y*(3) = 33.250, p < 0.001). The mean
number of suicides per day (M = 4.57, SD = 2.20) was 7-8%
higher in spring than in summer (M = 4.25, SD = 2.10), autumn
(M = 4.26, SD = 2.20), and winter (M = 4.25, SD = 2.16), as is
shown in Table 1.

Christmas Trends

An effect by Christmas was found in the population in general,
as indicated by Poisson regression analysis on the total study
period taken together (y*(1) = 27.876, IRR = 0.580, 95%
CI =0.474-0.710, p < 0.001). Suicide incidence was 42% lower at
Christmas (M = 2.33, SD = 1.39), in comparison to other days in
December (M = 4.02, SD = 2.02). This effect was also indicated
by Bayesian change point analysis on the daily distribution of
suicide for the 21-year study period taken together. Bayesian
change point analysis identified three large peaks in the pos-
terior probabilities (PPs) of change points. First, a peak in the
PP of change points on December 25 was found (PP = 0.608),
indicating a substantive decrease in mean daily suicides. Second,
a peak in the PP of change points on December 27 was found
(PP=0.600), indicating a substantive increase to the average daily
suicide incidence in December. Third, a peak in the PP change
points on January 1 was found (PP = 0.712), indicating a substan-
tive increase that remained high during the first weeks of the new
year, as can be seen in Figures 2 and 3.

Associations with Age, Gender, and Province
Associations of suicide incidence with gender, age group, and
province were examined. The results are provided in Tables 2-4
and discussed per demographic variable.
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FIGURE 1 | Mean suicide rates per 100,000 residents per year.
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TABLE 1 | Poisson regression analysis outcomes on seasonal trends in suicide.

2

x IRR 95% ClI for IRR P
Lower Upper
Spring-Summer 22.636 1.076 1.044 1.109 0.000
Spring-Autumn 21.101 1.073 1.041 1.106 0.000
Spring-Winter 21.365 1.074 1.042 1.107 0.000
Summer-Autumn 0.023 0.998 0.968 1.029 0.880
Summer-Winter 0.012 0.998 0.968 1.029 0.911
Autumn-Winter 0.001 1.001 0.970 1.032 0.969

IRR, incidence rate ratio.

Gender

First, over the 21 years together, men had significant higher mean
suicide rates (M = 13.37) than women (M = 6.16) (U = 0.000,
p < 0.001), as can be seen in Table 2. The subgroup effects of
season on suicide incidence by gender are presented in Table 3.
The interaction term, season by gender, was non-significant
(x*(3) = 6.634, p = 0.085), indicating that no evidence for a
differential effect of season in the two genders with regard to
suicide incidence was found. In Table 4, the subgroup effects
of Christmas on suicide incidence by gender are given. The
interaction term, Christmas by gender, was non-significant

Mean Daily Suicides
2 345 86
1
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FIGURE 2 | Mean numbers of suicide per day and posterior probabilities of Bayesian change point analysis (1995-2015).
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FIGURE 3 | Mean numbers of suicide per day and posterior probabilities of Bayesian change point analysis for December 13 to January 12 (1995-2015).
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TABLE 2 | Suicide incidence and significance levels by gender, age group, and (x*(1) = 0.100, p= 0.751), suggesting that-with regard to sui-
province-. cide incidence—there is no evidence for a differential effect of

Total numbers Mean rates® Test® Christmas in men and women.

N % M Value P Ag e

Gender 0.000 0000  As shown in Table 2, a significant age difference in mean sui-
Males 22,609  68.05 13.37 cide rates was found (y*(7) = 133.295, p < 0.001). People in the
Females 10615 31.95 6.16 age group 0-19 years (M = 1.20) and people in the age group
Age group 133.295 0.000 20-29 (M -3 32) had the 1 ¢ icid t
019 o981 005 120 -29 years = 8. ad the lowest mean suicide rates.
20-29 3677 11.07 8.32 The age groups with the second highest mean suicide rates
30-39 5532  16.65 11.00 were 30-39 years (M = 11.00), 60-69 years (M = 12.24), and
40-49 7,802 22.58 14.47 70-79 years (M = 11.85). People in the age groups 40-49 years
28‘23 i’?:? fggg 1:'23 (M = 14.47), 50-59 years (M = 14.98), and older than 80 years
20-79 2655 799 1185 (M = 15.37) had the highest mean suicide rates. Subgroup effects
804 1.866 5.62 15.37 of season on suicide incidence by age groups are shown in
Province 89.730  0.000  Table 3. No interaction effect between season and age group was
Groningen 1,388 4.18 11.55 found (}*(21) = 29.883, p = 0.094), indicating that no evidence
Friesland 1,891 419 10.40 was found that season had a differential effect in the age groups
Drenthe 1,051 3.16 10.42 ith d cide incid
Overijssel 0157 6.49 9.99 with regard to suicide incidence.
Flevoland 551 1.66 7.36
Gelderland 3,905  11.75 9.46 Province
Utrecht 2179 6.56 8.88 As can be seen in Table 2, a significant difference in mean suicide
g&ztcgg:gind Z’Z?g 1;';2 12';3 rates across provinces was found (}*(11) = 89.730, p < 0.001).
Zeoland 297 940 10.06 Groningen was the province with the highest suicide rates
Noord-Brabant 5206  15.67 10.30 (M = 11.55) and Flevoland was the province with the lowest sui-
Limburg 2,481 7.47 10.45 cide rates (M = 7.36). In Table 3, the subgroup effects of season on
“Per 100,000 residents. suicide incidence by provinces are presented. No interaction effect
Mann-Whitney U test and Kruskal-Wallis test were executed on the rates. was found with regard to season and province (}*(33) = 25.391,

TABLE 3 | Mean numbers of suicide per day by season for gender, age group, and province.

Winter Spring Summer Autumn Poisson

M SD M SD M SD M SD P p
Gender
Males 2.90 1.78 3.10 1.77 2.93 1.75 2.86 1.76 21.098 0.000
Females 1.36 1.15 1.47 1.24 1.31 1.14 1.39 1.19 18.675 0.000
Age group?®
0-19 0.13 - 0.13 - 0.11 - 0.13 - 3.927 0.269
20-29 0.49 - 0.50 - 0.46 - 0.46 - 4.383 0.223
30-39 0.74 - 0.75 - 0.68 - 0.71 - 6.262 0.100
40-49 0.92 - 1.01 - 1.00 - 0.98 - 12.432 0.006
50-59 0.89 - 0.94 - 0.87 - 0.86 - 9.719 0.021
60-69 0.52 - 0.59 - 0.54 - 0.54 - 11.401 0.010
70-79 0.33 - 0.40 - 0.33 - 0.33 - 22.466 0.000
80+ 0.23 - 0.25 - 0.25 - 0.24 - 3.695 0.296
Province
Groningen 0.19 0.45 0.19 0.44 017 0.42 017 0.41 3.791 0.285
Friesland 0.18 0.41 0.19 0.44 0.19 0.43 0.17 0.42 1.596 0.660
Drenthe 0.13 0.37 0.15 0.39 0.13 0.37 0.13 0.37 5.270 0.153
Overijssel 0.27 0.53 0.30 0.54 0.27 0.52 0.28 0.52 2.857 0.414
Flevoland 0.07 0.27 0.07 0.27 0.07 0.26 0.08 0.28 2.872 0.412
Gelderland 0.52 0.71 0.53 0.71 0.51 0.71 0.49 0.70 3.351 0.341
Utrecht 0.27 0.53 0.30 0.55 0.27 0.51 0.30 0.54 6.500 0.090
Noord-Holland 0.72 0.88 0.78 0.90 0.75 0.88 0.73 0.87 5.040 0.169
Zuid-Holland 0.81 0.90 0.88 0.95 0.81 0.90 0.84 0.95 7.774 0.051
Zeeland 0.11 0.34 0.12 0.35 0.10 0.33 0.09 0.30 10.225 0.017
Noord-Brabant 0.67 0.82 0.72 0.84 0.66 0.81 0.66 0.84 6.393 0.094
Limburg 0.32 0.59 0.34 0.58 0.31 0.55 0.32 0.59 2.758 0.430

2No SD is provided since we only had monthly data for age groups.
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TABLE 4 | Mean numbers of suicide per day by Christmas for gender and

province.
Christmas days Non-Christmas days Poisson
M sSD M SD % P

Gender

Males 1.55 1.17 2.73 1.73 20.084  0.000
Females 0.79 0.90 1.29 1.08 7.841  0.005
Province

Groningen 0.05 0.22 0.19 0.44 3.635 0.057
Friesland 0.19 0.40 0.15 0.37 0.360 0.549
Drenthe 0.10 0.30 0.14 0.38 0.524  0.469
Overijssel 0.10 0.30 0.23 0.47 2.921 0.087
Flevoland 0.02 0.15 0.06 0.26 0.904 0.342
Gelderland 0.40 0.77 0.54 0.69 1.319  0.251
Utrecht 0.07 0.26 0.27 0.52 5.237  0.022
Noord-Holland ~ 0.36 0.53 0.65 0.86 5.145 0.023
Zuid-Holland 0.43 0.63 0.73 0.83 4.841 0.028
Zeeland 0.14 0.35 0.09 0.30 1.052  0.305
Noord-Brabant  0.26 0.45 0.68 0.81 9.849 0.002
Limburg 0.21 0.47 0.29 0.59 0.856 0.355

p =0.825), suggesting that no evidence was found that season had
a differential effect in the provinces in terms of suicide incidence.
Subgroup effects of Christmas by province are given in Table 4.
The interaction term, Christmas by province, was non-significant
(y*(11) = 16.253, p = 0.132), indicating that no evidence was
found for a differential effect by Christmas in the provinces with
regard to suicide incidence.

DISCUSSION
Key Findings

In this study, time trends in suicide incidence in the Netherlands
in 1995-2015 were examined. The first objective is to examine
national suicide incidence over the total study period. The results
indicated that suicide incidence among Dutch residents increased
since 2007. These findings are in line with existing literature (2, 7).
As suicide is associated with lower socioeconomic status, unem-
ployment, evictions, and indebtedness, the increase in suicide
rates is possibly associated with the global economic crisis, which
started in 2007 (56-58). Psychiatric disorders—and in particular
major depression—increases the risk of suicide and might, also
during economic crisis, mediate the relationship between suicide
and economic situation (56, 59). However, a relationship between
economic crisis, psychiatric disorders, and suicide remains partly
unexplained due to conflicting evidence. The loss of a job might,
for example, lead to depression, which might lead to suicide, but it
is also possible that people with certain mental illnesses are more
prone for suicide and also for losing their job (56). Moreover,
some studies fail to find an association between suicide rates and
the economic crisis (56).

The second objective is to examine seasonal trends in suicide
incidence. The results indicated seasonal trends in suicide inci-
dence in the Netherlands with a peak in spring. Therefore, we
conclude that seasonality in suicide has not (yet) faded away in
the Netherlands. Compared to summer, autumn, and winter, in
spring, there is one suicide almost every 3 days. This spring-peak s

also found in studies in other countries (18,21-27, 33). However,
the study of van Houwelingen to seasonal trends in train suicides
did not find any seasonal effects in the Dutch population (13).
This may indicate that train suicides do not follow a seasonal
pattern, but suicides in general do.

Two classical theories about the seasonal patterns in suicide
exist. First, Durkheim had a sociological explanation. According
to him, suicide incidence is higher in spring and summer
because social and occupational activities—that mostly takes
place at daytime—increases in spring and summer as the days
grow longer (20). Indeed, suicide incidence is higher at daytime
(13-17), and peaks in suicide incidence shift throughout the year
in the same way as the change in timing of sunrise and sunset
does (13, 16). For example, the morning peak in suicide incidence
happens 3 h earlier in summer than in winter whilst the evening
peak in summer happens 3 h later than in winter (16). According
to Gabennesch, however, a psychological interpretation might
underlie the spring-peak: people have expectations for feeling
better at times that might promise a new beginning, such as spring,
weekends, or holidays. If, however, these expectations for feeling
better promise more than they deliver, it can have a negative effect
on subjective well-being, which might become even worse than
it previously was. This might result in an increased risk of suicide
after the promising event (60).

Currently, seasonality is a well-studied phenomenon in
suicide research. Multiple risk factors of suicide were found to
be related to seasonal patterns in suicide incidence, however, evi-
dence remains partly inconsistent. Suicide method, occupation,
geographic location, allergens, allergy related asthma, rhinitis,
and atopic dermatitis are risk factors of suicide that were found
to be related to seasonality in suicide (61). For example, with
regards to suicide method, suicide rates by violent methods were
found to peak in spring and early summer months, and a trough
was found in the winter months, which is the same seasonal
pattern as suicide incidence (62). More research is needed to the
(potential) association of mental disorders, bioclimatic factors
(such as sunshine, temperature and rainfall), viruses, pollutants,
and month of birth in seasonality of suicide, to better understand
the underlying mechanisms of this phenomenon (61).

The third objective is to examine if the incidence of suicide
at Christmas differed from other days in December. Our
results indicated that nationally, suicide incidence was nearly
two times lower at Christmas compared to other days in
December. This is in line with international research (11, 18,
19, 38-43). It has been suggested in earlier research that people
experience lowered emotional well-being and life satisfaction
before Christmas, and alcohol use and psychopathology are
increased at Christmas (11, 63), which are all risk factors for
suicide; however, this is not confirmed in our study. It is strik-
ing that, although several risk factors for suicide are increased
at Christmas, the overall utilization of psychiatric emergency
services and admissions, the number of self-harm presenta-
tions, non-fatal suicide attempts, and completed suicides are all
decreased (11, 64).

The broken promise theory of Gabennesch, as already dis-
cussed in the previous paragraph, might also be an explanation for
this finding (60). Christmas is a holiday that can generate feelings
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of hope for feeling better in individuals, which might have a pro-
tective effect on suicide. However, if Christmas promises more
than it actually delivers, the suicide risk might shift from before
Christmas, to after (60). This study, in line with previous research,
showed an increase in suicide incidence on New Year’s Day and
January 2, suggesting that suicides might indeed be delayed until
after the Christmas-holidays (18, 19, 40-43).

A second explanation can be that clinicians, family, and
friends anticipate that Christmas might be a difficult time for
some, which leads to a greater awareness and availability. This
increased connectedness and social support might have a protec-
tive effect as well (11, 37).

Objective four is to explore if any associations differed in
relation to gender, age, and province. In this study, multiple
associations between suicide incidence and gender, age, and
province were found. With regard to gender, suicide among
men occurs more than twice as often than in women. It is well
documented that men have higher suicide rates than women (2)
and the fact that men are more likely to use violent means and
are less likely to seek help than women might be an explanation
(65). We found no evidence for a differential effect of season
across genders in suicide incidence, which is in line with other
studies that found seasonal patterns in suicide incidence in
both men and women (21, 23, 25). Yet, some studies found
seasonality only or greater present in men (16, 22, 27, 46).
Furthermore, the results of this study are in line with previous
studies that also failed to find a second minor peak in suicide
incidence among women (22, 26, 47), but is in contrast with
research that did find a “bimodal distribution” among women
(24, 29, 46). Regarding Christmas trends, no evidence for a
differential effect of Christmas was found in men and women
with regard to suicide incidence. Our finding is in contrast with
previous research that did find any gender differences in suicide
incidence at Christmas, as other studies found that only men
showed significant fewer suicides on Christmas day (19) or
reported a greater reduction in women (40, 43).

With regard to age, the results pointed out that suicide rates
in the Netherlands are highest in the elderly (aged 80 years and
above), which was already well documented (2). An explanation
for these high rates in this group may be that older people are
increasingly at risk for psychical disabilities, severe pain, depres-
sion, loneliness, and social isolation; which are all risk factors for
suicide (66, 67). An earlier study in the Netherlands indicated that
the median peak in suicide rates among age groups has shifted
since 2007 from younger adults to older adults (68). Several fac-
tors are known to have a protective effect on suicidal behavior in
older people, such as religiosity, life satisfaction, and marriage.
Protective factors differ for the old versus the very old population
(aged 80 years and above), as it has been found that marriage had
no longer a protective effect in people older than 80 years (66). As
the Dutch population of 80 years and older is growing since 1995
from 3.1% of the total population to 4.3% in 2015 (69), this might
play a role in the rise of suicide rates in the elderly. Furthermore,
we found no evidence for a differential effect of season across age
groups with regard to suicide incidence. This finding is in line
with a previous study from South Africa that also found seasonal
variation of suicide in all age groups (23). However, this result is

conflicting with multiple other studies that did find associations
of age on seasonality in suicide (61).

Regarding provinces, the highest suicide rates were found in
Groningen. Groningen was in 2015 the province with the highest
unemployment rates (8.5%), which was even 1.6% higher than
the national mean (6.9%) (70). Unemployment is a well-known
risk factor for suicide (2) and therefore might explain the high
suicide rates in this province. However, Zuid-Holland (7.8%) and
Flevoland (7.7%) rate second and third, respectively, in 2015 in
terms of unemployment rates, but showed the lowest and second-
lowest suicide rates (70). We did not find evidence for a differ-
ential effect of season in suicide incidence between provinces.
These findings were against expectations, since previous research
did report differential effects (20, 25, 31, 46). However, previous
research mainly focused on urban versus rural areas, whereas
this study examined provinces without a distinction in level of
urbanization. Therefore, it can be concluded that the seasonal
effects on suicide incidence show the same effects in all provinces
in the Netherlands. An explanation of this finding might be that
the provinces in the Netherlands have too little climatic variation
to show differences in seasonal patterns in suicide incidence.
Furthermore, no evidence for a differential Christmas effect on
suicide incidence between provinces was found. This was against
expectation, because Christmas is a Christian holiday and
provinces in the Netherlands differ with regards to the size of the
Christian-community. An explanation might be that Christmas
is also a popular holiday in the non-religious population. As a
result, religious trends, such as secularization and the rise of
immigrant religions, might have less influence on the extent to
which Christmas is celebrated. Therefore, Christmas might be
celebrated throughout the country in about the same degree.

Strengths and Limitations

A strength of this study was the large data set covering all suicides
that happened in Dutch residents in 1995-2015, including the
demographics gender, age, and province. Since there were no
exclusion criteria and drop out was not applicable, this study had
no missing data, which is a strength. A limitation of this study is
that no daily data were available for age groups; these data were
not available to prevent loss of anonymity.

Implications for Suicide Prevention

Several suicide prevention strategies exist; in creating awareness
and education for the general public and professionals, screening
tools for at risk individuals, treatment of psychiatric disorders,
restricted access to lethal means and responsible media reporting
of suicide (1). This study contributes to the first strategy: creat-
ing knowledge and awareness about high-risk time frames. The
high-risk time frames identified take place in the spring-season
and in the beginning of the new year. Although we found a
decline in December, and specifically at Christmas, this does not
mean that one should be less aware for signals at low-incidence
periods, such as Christmas. Suicides do happen at Christmas.
Therefore, there must always be awareness for signals. However,
we would recommend planning (mental) health care services to
be available especially at high-risk moments, which is in spring
and in January.
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Implications for Scientific Research

This study has contributed to scientific research by updating
and deepening knowledge on time trends in suicide incidence.
It also makes corrections possible for naturally occurring time
trends in suicide incidence over the year, which is useful when
examining the effect of a suicide prevention intervention. In
this study, evidence is found that time trends (still) exist in the
Netherlands. More research is needed to better understand the
underlying mechanisms of time trends in suicide incidence.
For example, more research is needed to examine religiousness,
urbanization, and method of suicide in relation to time trends. In
addition, research is needed to better understand why the effect of
Christmas is greater in some provinces and which combination of
factors may be more or less favorable in relation to suicide rates.
Moreover, we would recommend to examine the effectiveness of
certain suicide prevention strategies at these high-risk moments.
Multilevel suicide prevention intervention in particular seems
to be promising in suicide prevention (71); however, further
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