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Abstract
Purpose  Suicide is a serious public health problem leading to premature mortality. The aim of the present study is to describe 
and analyze the trends of suicide rates in the Slovak Republic in 2011–2020.
Methods  Trends of age-standardized suicide rates were described and incidence rate ratios of suicide were analyzed by 
negative binomial regression. The age-standardized rates of death by the undetermined intent and its ratio to suicide rate 
were calculated.
Results  The overall suicide rate for the Slovak population was 7.58 per 100,000. Age-standardized suicide rate had a declin-
ing trend in the reported period, from 10.24 in 2011 to 6.65 per 100,000 in 2020. The highest suicide rate was in the oldest 
age groups. The male to female ratio was 6.09. The most common method of suicide in the Slovak population was hanging. 
The age-standardized rate of deaths by undetermined intent increased from 15.72 in 2011 to 18.46 per 100,000 in 2020.
Conclusion  We observed the overall declining annual suicide mortality trends in the Slovak Republic in 2011–2020. Further 
investigation is necessary to understand the exceptionally high undetermined intent mortality.
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Introduction

Suicide is an act of intentional self-harm leading to death, 
causing emotional burden in families that are left behind and 
contributing to premature mortality in the society. Deaths 
by suicide are to a large extent preventable. More than 60% 
of suicides are accounted for by mental illness [1]. There-
fore, early detection and treatment of commonly present 
underlying mental disorder can significantly reduce suicidal 
thoughts or behavior. However, the stigma surrounding men-
tal disorders is very often a barrier to seeking help [2].

Undoubtedly, many premature deaths would be avoided 
if suicide was prevented. Globally, 800,000 people die from 
suicide annually, which translates to one person intention-
ally ending their life every 40 s. Rates of suicide do not 
affect the whole population equally. The majority of sui-
cides occurs in low- and middle-income countries [3, 4], 

and in developed countries men have suicide rates three 
times that of women. Furthermore, suicides are the second 
leading manner of death in young people, preceded only by 
traffic accidents. However, according to the World Health 
Organization (WHO) 2019 global health estimates, the total 
number of suicides exceeded the number of deaths by traffic 
accidents, HIV, malaria or breast cancer every year [5–7].

Globally, the most common suicide methods include 
hanging, poisoning and the use of firearms with large 
regional differences in their respective prevalence [1, 7]. 
Understanding the method of suicide is likely to have impli-
cations for suicide prevention to tailor education and policy 
approaches.

Population groups at the highest risk of dying by suicide 
must be identified in order to develop effective prevention 
strategies, a process which requires accurate and recent data 
[8]. However, obtaining valid data remains challenging. 
Even though the WHO member states prepare the mortality 
statistics according to the WHO specifications, death cer-
tification practices vary over time and between countries 
and regions. Moreover, as suicide-related deaths are stigma-
tized in almost all cultures, miscoding, misclassification and 
underreporting of suicides likely occur, although the extent 
to which this happens is unknown [9].
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In cases of doubt, caused by the lack of information and 
the resulting uncertainty of the intention of death, the exam-
ining physician uses the “undetermined intent” code of the 
International Classification of Diseases, 10th revision (ICD-
10) [10]. A proportion of undetermined intent deaths may 
be misclassified suicide cases; suicide studies either include 
deaths by undetermined intent in suicide mortality [13] or 
they exclude them [14–16]. Therefore, a correction for the 
underreporting of suicides should be performed in scientific 
studies at least by looking at trends, while accounting for the 
undetermined intent codes [11, 12].

The Slovak Republic is a high-income country located 
in Central Europe. Suicide rate trends have previously been 
described for the period of 1993–2015, 1993 being the year 
the Slovak Republic declared its independence. Prior to 
1993, the Slovak Republic was part of Czechoslovakia, a 
state union formed with today’s Czech Republic [17, 18]. 
In the study period the overall suicide rate for the Slovak 
Republic declined, but the male to female ratio of suicides 
was much higher than the global average (5.9:1 versus 
1.8:1). This period also saw an increasing proportion of 
undetermined intent among all deaths caused by an exter-
nal cause.

We investigated the suicide trends in the Slovak Republic 
in the 10-year period of 2011–2020, a period that includes 
the first year of the COVID-19 pandemic. We also consid-
ered the methods of suicide and the development of the trend 
in the number of deaths being classified as undetermined 
intent. The main objective of this study was to present cur-
rent data on suicide mortality in the Slovak Republic and to 
explore the validity of data to provide an accurate picture.

Methods

Data source

Data used for this study were obtained from the cause of 
death database of the Statistical Office of the Slovak Repub-
lic (SO SR). All deaths in the Slovak Republic between the 
years 2011 and 2020 classified as suicide according to the 
ICD-10 (codes X60-84) and as undetermined intent (codes 
Y10-Y34, Y87.2) were selected. The data contained the 
information on the date of death, age at death, sex, cause of 
death and external cause of death.

The suicide-related deaths were categorized based on the 
method of suicide into the following categories: X600-699 
Poisoning, X700-709 Hanging, X710-719 Drowning, X720-
749 Firearm, X780-789 Sharp object, X800-819 Jumping— 
from a high place or in front of a moving object, Others. The 
category Others included deaths coded as X75, X76, X79, 
X82, X83, X84 — in each instance less than ten cases were 
recorded under each of these codes for the overall period.

Deaths with undetermined intent (codes Y10-34, Y87.2) 
were characterized using the ICD-10 as “[events] where 
available information is insufficient to enable a medical or 
legal authority to make a distinction between accident, self-
harm and assault” [10].

Data analysis

Yearly crude suicide rates per 100,000 population with 95% 
confidence intervals [95% CI] were calculated for the total 
population. Further, sex- and age-specific rates were calcu-
lated for males and females, for the age groups 0–9, 10–19, 
20–29, 30–39, 40–49, 50–59, 60–69, 70–79, 80–89, 90 + and 
also for broader age categories 0–19, 20–39, 40–59, 60–79 
and 80 + years. To assess the possible underreporting of 
suicides, the annual crude undetermined intent death rates 
per 100,000 population with 95% CI were calculated for the 
total population; sex- and age-specific rates were calculated 
for males and females and for the same age groups as the 
suicide rates.

The annual mid-year population estimates used for 
the calculation were provided by the SO SR. Direct age-
standardized mortality rates for suicides and undetermined 
intent deaths were calculated for the total population and 
separately for males and females using the revised European 
standard population [19].

To compare the male and female suicide and undeter-
mined intent death rates, incidence rate ratios (IRR) with 
95% confidence intervals were calculated by negative bino-
mial regression for individual age groups separately and in 
total.

Deaths according to specific methods of suicide catego-
ries were expressed as proportions for the overall reported 
period 2011–2020. Undetermined death rate to suicide death 
rate ratio was also calculated.

The level of statistical significance was set at alpha = 0.05. 
All statistical analyses were performed by software STATA 
version 16.1 (StataCorp LP, College Station, TX, USA).

Results

From 1st January 2011 to 31st December 2020, a total of 
4532 people died by suicide in the Slovak Republic, out 
of which 3865 (85.28%) were men and 667 (14.72%) were 
women. Almost 60% of the suicide deaths were in the 40–69 
years age group. Mean age at the time of suicide for females 
was 53.15 (SD 16.44) and for males 49.96 (SD 16.85).

The numbers, proportions and rates of suicide and unde-
termined intent deaths for the study period are shown by age 
group in Table 1. The highest suicide rates were observed 
in the 80–89 years age group, and the rate of undetermined 
intent increases with age. In the 10-year study period, 7923 
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deaths were classified as undetermined intent, 61.58% in 
men and 38.42% in women. Over 50% of deaths by undeter-
mined intent occurred among those aged 70 years and above.

Table 2 shows the incidence rate ratios (IRR) of sui-
cide and undetermined intent in men compared to women. 
Overall, the men have an IRR of 6.09 [95%CI 5.60–6.62]) 
for suicide. For the oldest age groups, the IRR is above 10 
(10.42 for 80–89 years age group and 14.66 for 90 + years 
age group). The IRR of undetermined intent deaths of men 
compared to women is 1.68 [95% CI 1.60–1.76] for the total 
population. The highest undetermined intent deaths IRR is 
for the age groups 30–39 and 40–49 years (5.84 [95% CI 
4.56–7.57] and 5.05 [95% CI 4.14–6.22], respectively).

Figure 1 shows the age-specific suicide rates for males 
and females per 100,000 population in five age groups. We 
observe an overall downward trend in the rates for males 
from 19.92 per 100,000 in 2011 to 12.62 per 100,000 
population in 2020. The overall trend for females is sta-
ble, staying at 2 per 100,000 for the reported period. The 

Table 1   Suicides and 
undetermined intent deaths and 
rates by 10-year age groups in 
the Slovak Republic, 2011–
2020

CI confidence interval
* Rate per 100.000

Age group Suicides Undetermined intent

n (%) Rate* [95% CI] n (%) Rate* [95% CI]

0–9 1 (0.02) 0.02 [0.00–0.09] 40 (0.50) 0.64 [0.45–0.86]
10–19 110 (2.43) 1.79 [1.47–2.15] 89 (1.12) 1.44 [1.16–1.78]
20–29 463 (10.22) 5.70 [5.19–6.25] 307 (3.87) 3.78 [3.37–4.23]
30–39 680 (15.00) 7.04 [6.53–7.59] 530 (6.69) 5.49 [5.03–5.98]
40–49 830 (18.31) 9.53 [8.90–10.20] 721 (9.10) 8.28 [7.69–8.90]
50–59 1052 (23.21) 13.03 [12.25–13.84] 1073 (13.54) 13.29 [12.50–14.11]
60–69 754 (16.64) 10.80 [10.05–11.60] 1169 (14.75) 16.75 [15.80–17.74]
70–79 412 (9.09) 10.70 [9.69–11.78] 1210 (15.27) 31.42 [29.67–33.24]
80–89 205 (4.52) 12.40 [10.76–14.22] 1962 (24.76) 118.6 [113.50–124.00]
90 +  25 (0.55) 10.48 [6.79–15.48] 822 (10.37) 344.7 [321.60–369.10]
total 4532 (100.00) 7.58 [7.37–7.81] 7923 (100.00) 13.26 [12.97–13.56]

Table 2   Incidence rate ratios of suicides and undetermined intent 
deaths for men compared to women (male to female ratio), Slovak 
Republic, 2011–2020

IRR incidence rate ratio, UDI undetermined intent
*** p < 0.0001
** p < 0.01

Age group Suicides IRR [95% CI] UDI IRR [95% CI]

0–9 0 1.76 [0.89–3.66]
10–19 3.80*** [2.36–6.37] 3.50*** [2.08–6.15]
20–29 8.10*** [6.01–11.12] 4.81*** [3.55–6.63]
30–39 8.26*** [6.44–10.74] 5.84*** [4.56–7.57]
40–49 6.62*** [5.39–8.19] 5.05*** [4.14–6.22]
50–59 5.30*** [4.50–6.28] 4.81*** [4.11–5.66]
60–69 5.22*** [4.34–6.32] 4.35*** [3.78–5.03]
70–79 7.96*** [6.12–10.49] 2.39*** [2.13–2.69]
80–89 10.42*** [7.23–15.38] 1.25*** [1.14–1.37]
90 +  14.66*** [4.95–58.74] 1.07 [0.91–1.25]
total 6.09*** [5.60–6.62] 1.68** [1.60–1.76]

Fig. 1   Age-specific suicide rates for men (a) and women (b) in the Slovak Republic, 2011–2020
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suicide rate for men increases with age, the highest being 
in the oldest age group, 80 years and older. The peak male 
age-specific suicide rate of 53.97 per 100,000 population 
was observed in this age group in 2014. Rates of female 
suicide were highest among the 60–79 years age group, 
followed by the 80 + and 40–59 years age groups.

To account for a possible underreporting of suicides 
we have described the deaths classified as having unde-
termined intent. These rates are several times higher than 
suicide rates. The highest rates are in the oldest age group 
(80 + years), for both men and women (Fig. 2). Rates for 
men in this age group increased from 118.35 per 100,000 
population in 2011 to 210.74 per 100,000 population in 
2020. For women the rates increased from 128.63 in 2011 
to 150.42 per 100,000 population in 2020.

Figure 3 displays the methods of suicide for both men 
and women. The most common method was hanging; it 
was used in 69.47% of all male suicides and in 46.03% 
of all female suicides. The second most common method 
among men was firearms (10.22%), followed by jumping 
from high places or in front of a moving object (9.36%). 
For women, the second most common method was jump-
ing (21.89%), followed closely by poisoning (21.29%).

In the study period, we see a decline in suicide death 
rates overall, but an increase in the rate of deaths classi-
fied as undetermined intent for the total population (Fig. 4). 
The rate of age-standardized deaths by undetermined 
intent increased from 15.72 per 100,000 in 2011 to 18.46 
per 100,000 in 2020. The age-standardized suicide rate 
decreased from 10.24 in 2011 to 6.65 in 2020.

The rate ratio of undetermined intent death rate to suicide 
rate was 1.53 in 2011 and 2.77 in 2020.

Discussion

In our study, we have observed a decline in overall suicide 
mortality in the Slovak Republic in the 10-year period of 
2011–2020. The highest suicide mortality rates were in the 
oldest male group. The same observation was made by the 
systematic analysis of suicides for the Global Burden of 
Disease Study 2016 (GBD 2016) across all regions and 195 
participating countries. The age-standardized suicide mor-
tality rates of the Central Europe region reported in GBD 
2016 (13.0, 22.60 and 4.20 per 100,000, for total population, 

Fig. 2   Age-specific undetermined intent death rates for men (a) and women (b) in the Slovak Republic, 2011–2020
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males and females, respectively) are higher than the age-
standardized rates observed in Slovakia in 2016 (7.21, 
13.32 and 2.09 per 100,000, for total population, males and 
females, respectively). The rates reported in Eastern Euro-
pean countries are even higher (27.50, 50.0, 8.30 for total 
population, males and females, respectively) [14]. Just as in 
other countries of Eastern and Central Europe, our results 
also show comparatively high rates for adults of working 
age. For example, the suicide rate reported for men aged 
45–54 years old in Lithuania in 2019 was 50.07 per 100,000 
[20]; in Slovakia for males of the same age group in 2019, it 
was 13.28 per 100,000 (data not shown in the article). The 
suicide mortality trend in Slovakia has a similar pattern to 
that of other Central and Eastern European countries, but the 
age-specific rates are much lower.

The exception to the overall downward trend in suicide 
mortality in the observed period was among men in the old-
est age group during 2019 and 2020, where rates increased. 
This increase cannot be attributed to the COVID-19 pan-
demic as that started in the Slovak Republic in March 2020. 
There has been an overall decline in rates of suicide globally 
in recent decades. Still, the Slovak Republic belongs to the 
countries where suicide is among the top 10 leading man-
ners of death [14]. Suicide mortality rate increases with age; 
however, among Slovak women, the rate of 40- to 79-year-
olds exceeded the rate of the oldest age group 80 years and 
older during the period 2014–2017.

Higher suicide rates among older age groups can be 
attributed to several factors: social isolation, financial prob-
lems, psychiatric disorders (most commonly depression), 
physical illness, chronic pain and cognitive decline. These 
factors often accumulate with age and interact. Older men 
have significantly higher suicide rates across Europe, as well 
as in the USA (in particular, older white men) and Australia, 
compared to women [21].

Differences in suicide mortality by sex vary greatly across 
the world, with overall rates among men more than dou-
ble those of women. The vast difference between male and 
female suicide rates is driven in part by social norms and 
attitudes regarding appropriate roles and responsibilities for 
men. Men who lose independence, social connectedness, or 
the ability to provide for themselves and their families are 
at greater risk of suicide than women, which is compounded 
by the fact that they are less likely to reach out for help 
[22]. Other contributing factors for high male suicide rates 
are higher rates of excessive alcohol consumption and the 
choice of more lethal methods for ending life, as compared 
to women [23].

The male to female incidence rate ratio for the whole pop-
ulation of Slovakia is 6.09 and increases with age; the great-
est difference is in the oldest age group of 90 years and older, 
14.66. The male to female ratios in the countries of Western 
Europe range from two to three, while in the post-communist 

countries the range is from five to seven [24]. Globally, the 
male to female ratio is the smallest in several developing 
countries, such as Liberia (where female suicide exceeds 
the rate of male suicide), Pakistan and Morocco (where the 
suicide rates of males and females are almost equal) [14].

Great global variability of suicide rates has many drivers. 
Studies indicate that those most frequently associated with 
suicide are economic crises; sociodemographic, sociocul-
tural and religious factors; economic development; expo-
sure to alcohol and drugs; family history of mental illness; 
and access to suicide means [25]. There is also considerable 
international variability in the methods of suicide. Hanging 
or strangulation is universally available, which makes it the 
most common method of suicide in many countries, includ-
ing the Slovak Republic. It was used as a means of death 
by 69.47% of men and 46.03% of women. Self-poisoning 
ranked as the second highest suicide method for both males 
and females in European countries [26, 27]. The second 
most common method observed in our study was jumping 
from a high place or in front of a moving object. Self-poi-
soning was the third most common means of suicide for 
Slovak women (21.29%) and the fourth for men (5.12%). 
The third most common method for men was death by fire-
arm (10.22%).

The validity of suicide statistics is greatly affected by the 
cause of death ascertainment procedures that vary across 
countries. At the same time, stigma related to suicide deaths 
prevails globally. Some states still list attempted suicide as 
a crime in their criminal statutes. All these factors contribute 
to a certain degree of misclassification of suicide. Suicide 
researchers hypothesize that a proportion of suicides is hid-
den within the undetermined intent category; however, the 
extent is very difficult to quantify [28].

The finding that suicide rates in the Slovak Republic are 
lower than in other countries in Central Europe needs to be 
interpreted with caution. In the reported period, we have 
observed an increasing trend in the undetermined intent 
mortality in the Slovak Republic, with a rate 13.26 per 
100,000 in 2020. This is consistent with the trend observed 
in our previous study, where we described suicide and 
undetermined mortality since the establishment of the 
independent Slovak Republic in 1993 [13]. The highest 
rate of deaths by undetermined intent was observed in the 
oldest age group (80 years old and older) and it is simi-
lar for both men and women. Half of all deaths classified 
as undetermined intent were among people 70 years of 
age and above. This is the population subgroup that has 
the most deaths classified as undetermined intent. Värnik 
et al. reported an average undetermined death (UD) rate 
for 15 countries of European Union (EU-15) of 1.97 per 
100,000 (the Slovak Republic exceeds this by almost seven 
times), and the ratio of UD rate to suicide rate of 0.19 [29]. 
According to our study, the age-standardized UD rate/
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suicide rate ratio in the Slovak Republic in 2012 was about 
1.54 and in 2020 increased to 2.78. To our knowledge, 
in no other country in Europe does the UD rate exceeds 
the suicide rate. Värnik et al. proposed a benchmark of 
UD rate/suicide rate ratio of 0.2 (20%) for Europe. Such 
a benchmark would help in evaluating the quality of sui-
cide statistics. Another indicator proposed in the same 
study is 2.0 UD cases per 100,000. The Slovak Republic 
massively exceeds these proposed benchmarks.

Undetermined intent as the manner of death is given by 
the physicians completing death certificates and by foren-
sic pathologists when they lack information about the case 
circumstances. We currently have no information on the 
reasons for such a high rate of undetermined intent mor-
tality in the Slovak Republic. Reasons for such classifica-
tion may include insufficient information provided by the 
police from the case investigation or insufficient training 
and performance of examining physicians in death certifi-
cate completion. The cause of death reporting procedure 
in the Slovak Republic follows international guidelines set 
by the World Health Organization. The reasons for high 
rate of undetermined intent mortality in Slovakia need to 
be studied in detail.

A strength of this study is the delivery of current infor-
mation on the distribution of suicide mortality in the popu-
lation of the Slovak Republic, a current gap.

The main limitation of the study is an unclear valid-
ity of suicide statistics. Some of the deaths classified as 
undetermined intent may be caused by suicide, however, 
the extent of possible misclassification is unknown.

The main implication of this study is the need for a 
detailed investigation of the cause of death ascertainment 
procedures in the Slovak Republic, with a special emphasis 
on the classification of the death as having undetermined 
intent. The finding of the highest and increasing suicide 
mortality rate among older males provides information, 
on which targeted suicide prevention in this population 
group can be based.

Conclusion

We have investigated the trends of suicide mortality, meth-
ods of suicide and mortality by undetermined intent in 
the Slovak Republic in the period 2011–2020. Despite the 
overall declining annual suicide mortality trends, further 
investigation is needed to understand the exceptionally 
high numbers of deaths being classified as undetermined 
intent.
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