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Abstract 

Introduction:  The increase in the suicide mortality rate among middle-aged adults in the United States (US) has 
been well documented. Aside from a few studies from the United Kingdom, it is unclear whether the suicide mortal‑
ity rate trend in the US is also occurring in other developed countries. Accordingly, we aimed to compare the suicide 
mortality rate trends over the past 30 years in the US to a country in the European Union–Lithuania.

Methods:  Joinpoint regression analyses were performed to identify secular trends in the gender-specific age-stand‑
ardized suicide mortality rate among individuals 15 + years of age, as well as middle-aged adults (45–54 years of age), 
and suicide mortality rate ratio for men-to-women.

Results:  Age-standardized suicide mortality rates among middle-aged adults in the US increased annually, on aver‑
age, by 0.89% (95% CI: 0.66%, 1.12%) among men and 1.21% (95% CI: 0.75%, 1.66%) among women between 1990 
and 2019. In contrast to the US, there was an overall downward trend in the suicide mortality rates among middle-
aged adults in Lithuania across the study period. The average annual percent change in the suicide mortality rate ratio 
for men-to-women were not statistically significant for either country.

Conclusion:  The suicide mortality rate trend in the US does not appear to be an indicator of an upcoming global 
trend, but rather should be regarded as a cautionary example of what other countries should strive to avoid.
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Background
The suicide mortality rate in the United States (US) 
has been consistently increasing in recent years,[1, 2] 
with more than 48 thousand people dying by suicide in 
2019, for an age-standardized rate of 13.9 per 100,000 
people.2 Death by suicide has been categorized as 

one of the “deaths of despair” in the US and is partly 
responsible for the declining life expectancy.[3] Spe-
cifically, Case and Deaton [3, 4] have, famously, shown 
that the increasing suicide mortality rate, in combina-
tion with an increase in other specific causes of death 
(i.e., accidental poisonings [e.g., opioid overdoses], 
and alcohol-related liver disease), particularly among 
middle-aged white adults with a high school degree or 
less, has been driving life expectancy down. Recently 
it has been found that the increase in premature death 
(including death by suicide) is more widespread than 
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originally postulated (e.g., among middle-aged adults 
of all racial and ethnic groups) [5].

Countries in the UK have also experienced recent 
rises in middle-aged mortality,[6] for which the 
increasing number of deaths by suicide among this age 
group has been identified as a contributory factor.[7] 
However, it is unclear whether this is also happening 
in other parts of the world including countries of the 
European Union (EU). To the best of our knowledge, 
there has not been a study done to date using advanced 
statistical methods to compare the suicide mortality 
rate trend in the US with any country in the EU. Such 
a comparison could inform us whether or not there are 
similarities between countries in terms of the cohorts 
most at risk, which would be suggestive of similar 
root causes (e.g., underlying social and economic 
conditions).

As such, it would be interesting to compare the US 
suicide mortality rate trend over time to that of a coun-
try in the EU, such as Lithuania. The focus on the EU 
was chosen for better comparability, as all EU member 
states are classified as high income by The World Bank 
[8]. Yet Lithuania, as the US, is also considered to have 
high income inequality; [9] considerably higher than 
in the other EU states with strong social welfare sys-
tems such as Nordic countries. While having a gross 
domestic product purchasing power parity per capita 
(37,110 international $ in 2020) [8] that is lower than 
the US (60,138 international $ in 2020) [8], but higher 
than the majority of countries in Central and Eastern 
Europe such as Spain and Portugal, Lithuania has one 
of the highest suicide mortality rates in the world. For 
instance, in 2016, the age-standardized suicide mor-
tality rate in Lithuania (25.7 per 100,000 people) was 
more than double the global rate (10.5 per 100,000 
people) [10] and over 48% higher than in the EU as a 
whole. [11] Further, Lithuania had one of the highest 
suicide mortality rate ratios for men-to-women in the 
world, at 7.1 in 2016 [12].

Accordingly, the objective of the current study was 
to compare the suicide mortality rate trends among 
middle-aged adults (45–54  years of age) specifically, 
as well as among individuals 15 + years of age overall, 
over the past 30  years in the US to that in Lithuania, 
and to identify points of inflection. Identifying points 
in time when the trends in each country changed will, 
ideally, prompt hypotheses, as a starting point for fur-
ther investigation, on the potential factors driving the 
observed trends. Given the well-recognized universal 
gender gap in the suicide mortality rate, [13] all analy-
ses were gender-specific.

Methods
Data sources
Yearly gender-specific suicide mortality and population 
data for ages 15 + years by 5-year age groups for the last 
30 years (1990 to 2019) were obtained from the Lithu-
anian Institute of Hygiene and Statistics Lithuania [14] 
for Lithuania, and the National Vital Statistics System 
[15] and the US Census Bureau, [16] respectively, for 
the US.

Measures
As per the US Centers for Disease Control and Preven-
tion (CDC), [17] suicide is death caused by injuring one-
self with the intent to die. As recommended by the CDC 
when tabulating suicide mortality statistics, the follow-
ing International Classification of Diseases, 9th revision 
(ICD-9) and 10th revision (ICD-10), codes were used to 
ascertain cases of death by suicide in the Lithuanian and 
US mortality statistics: 950.0–959.9, and X60-X84 and 
Y87.0, respectively. [18] However, due to coding prac-
tices, the ICD-10 code Y87.0 is not used in Lithuania.

Statistical analysis
For each country and year, the gender-specific number of 
deaths by suicide by age group was divided by the gender-
specific population for each respective age group. The 
gender- and age-specific yearly death rate, was then mul-
tiplied by 100,000 to calculate the suicide mortality rate 
as deaths per 100,000 people for middle-aged adults (45–
54 years of age) specifically, and for individuals 15 + years 
of age overall. To estimate the standard error (SE) for the 
gender- and age-specific suicide mortality rate, the fol-
lowing equation was used prior to age-standardization, 
assuming a Poisson distribution:

where n is the gender-specific number of deaths by 
suicide and N is the gender-specific population for each 
respective year. In order to ensure international com-
parability, age-standardized suicide mortality rates for 
individuals 15 + years of age were then computed using 
the World Health Organization (WHO) standard popu-
lation.[19] The annual suicide mortality rate ratio for 
men-to-women was then estimated by dividing the rate 
among men by the rate among women, and the SE was 
estimated as follows:
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In order to identify secular trends in the gender-
specific age-standardized suicide mortality rate among 
middle-aged adults (45–54  years of age) specifically, 
as well as among individuals 15 + years of age overall 
and suicide mortality rate ratio for men-to-women, as 
previously done for elsewhere, [20] joinpoint regres-
sion analyses were performed [21]. A joinpoint regres-
sion analysis is a data-driven statistical technique that 
identifies inflection points in the data and 95% confi-
dence intervals (CIs), based on a pre-specified number 
of joinpoints [21]. For the present analyses a maximum 
of five joinpoints was specified, as is standard for join-
point analyses of 30 or more data points [21]. Based on 
the maximum number of joinpoints, linear segments 
were fitted to the data. Using a Monte Carlo Permu-
tation method, the fewest number of linear segments 
such that an additional joinpoint does not add a statis-
tically significant linear trend is selected [21].

Lastly, the slope coefficient for each regression line was 
transformed to an annual percent change (APC), and the 
parametric method was used to estimate the 95% CI for 
the APC of each linear segment. Using a weighted aver-
age of the slope coefficients of the underlying joinpoint 
regression line with the weights equal to the length of 
each segment over the interval, the average APC (AAPC) 
over the total study period (1990–2019) was calculated, 
and the parametric method was used to estimate the 
respective 95% CI.

Calculations of mortality rates and mortality rate ratios 
were performed using R version 4.0.2., [22] and the join-
point regression analyses were conducted using the Join-
point Regression Program, version 4.8.0.1. [23] Statistical 
significance was determined using an α of 0.05.

Results
Overall, age-standardized suicide mortality rates among 
middle-aged adults in the US increased annually, on aver-
age, by 0.89% (95% CI: 0.66%, 1.12%) among men and 
1.21% (95% CI: 0.75%, 1.66%) among women between 
1990 and 2019. In contrast to the US, there was an over-
all downward trend in the suicide mortality rates among 
middle-aged adults across the total study period in Lithu-
ania, albeit the AAPC was not statistically significant 
(Table 1). The suicide mortality rate among middle-aged 
adults in the US reached its highest point in the mid-to-
late 2000s – in 2017 for men at 30.4 per 100,000 men and 
2015 for women at 10.7 per 100,000 women. Compared 
to the US, at its highest point (in 1996), the suicide mor-
tality rate among middle-aged adults in Lithuania was 
nearly six times higher for men and three times higher 
for women – at 176.7 per 100,000 men and 32.1 per 
100,000 women. However, when the US was experienc-
ing its highest suicide mortality rate in the last 30 years, 

Lithuania was, for the most part, experiencing its lowest 
rate. See Figs. 1 and 2 for the gender-specific age-stand-
ardized suicide mortality rates among middle-aged adults 
in the US and Lithuania, respectively, by year for the past 
30 years.

Joinpoint regression analyses resulted in two points of 
inflection for the age-standardized suicide mortality rate 
among both middle-aged men and women in the US, 
with a significant decrease in the first period followed by 
a significant increase in the second period for men and 
a significant increase in the second period for women 
(Table  1 and Fig.  1). Specifically, following a significant 
decrease from 1990 to1999 (APC = -0.60%; 95% CI: 
-1.05%, -0.17%), the suicide mortality rate among middle-
aged men in the US significantly increased from 1999 to 
2010 (APC = 2.92%; 95% CI: 2.54%, 3.30%) and thereaf-
ter remained relatively unchanged. The suicide mortality 
rate trend among middle-aged women was similar to that 
among men. The rate increased significantly from 1999 
to 2014 (APC = 3.06%; 95% CI: 2.65%, 3.46%), following a 
period of relatively little change, and thereafter stabilized.

Among middle-aged adults in Lithuania, joinpoint 
regression analyses resulted in four inflection points for 
the age-standardized suicide mortality rate among men 
and one point of inflection among women (Table 1 and 
Fig. 2). Among middle-aged men in Lithuania, there was 
a significant increase (APC = 16.59%; 95% CI: 8.97%, 
24.74%) in the first period (1990 to 1994) and a signifi-
cant decrease (APC = -9.52%; 95% CI: -12.54%, -6.40%) 
in the fifth period (2013 to 2019); between the first and 
fifth periods, there was relatively long period of instabil-
ity (as indicated by three periods with non-significant 
APCs, varying in direction). The suicide mortality rate 
trend among middle-aged women in Lithuania was much 
less dynamic, with a significant increase (APC = 16.19%; 
95% CI: 3.93%, 29.90%) in the first period (1990 to 1995) 
followed by a significant decrease (APC = -4.26%; 95% 
CI: -5.15%, -3.36%) in the second period (1995 to 2019). 
Despite large fluctuations in the suicide mortality rate 
ratio for men-to-women in Lithuania, which ranged 
from 4.85 (in 1992) to 7.44 (2016), no inflection points 
were identified and the average annual percent decrease 
was not statistically significant (Fig. 3 and Table 1). Com-
pared to Lithuania, the US had a lower suicide mortality 
rate ratio for men-to-women consistently over the past 
30 years (ranging from 3.43 [in 2015] to 4.64 [in 1995]). 
Despite the joinpoint analysis resulting in four inflec-
tion points for the rate ratio in the US, none of the linear 
segments had a statistically significant APC, nor was the 
AAPC significant (-0.29%; 95% CI: -1.53%, 0.97%).

The suicide mortality rate trends among individuals 
15 + years of age are presented in the Appendix. Despite 
middle-aged adults having higher suicide mortality rates 
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than individuals 15 + years of age in both the US and 
Lithuania, the suicide mortality rate trends among indi-
viduals 15 + years of age are comparable to the trends 
among middle-aged adults.

Discussion
The current findings suggest that the suicide mortal-
ity rate trend in the US is not necessarily an indicator 
of an upcoming global trend and may in fact be atypi-
cal, as Case and Deaton [3] and others [24] have pos-
tulated with respect to the so-called deaths of despair 
in general. Even though a similar trend could be occur-
ring elsewhere (for example, see [7]), it appears to be 
restricted to certain countries. Generally speaking, we 
found that in the US, gender-specific suicide mortal-
ity rates are increasing, while in Lithuania the rates are 
decreasing. The suicide mortality rate in the US has 
received a lot of attention in recent years, with much of 
the focus being on middle-aged adults since the publi-
cation of Case and Deaton’s work [3, 4]. However, when 
compared to a country such as Lithuania, where despite 
substantial progress since the mid-2000s, the suicide 
mortality rates remain among the highest in the world, 
the rates do not seem as alarming as they do in the US-
centric literature. Yet the increasing suicide mortality 

rate trend among men and women in the US, in con-
trast to systematic reduction in Lithuania, should be a 
matter of concern.

The finding of country-specific suicide mortality trends 
and inflection points suggests that there have been 
country-specific shifts in cultural, political, social and/or 
economic factors and/or specific individual-level risk fac-
tors that are acting differentially on certain populations, 
whether it is a change in their prevalence or in the risk 
relationship over time. As indicated, the overall focus of 
the current study was to determine whether the US is a 
bellwether with respect to death by suicide. The next 
step, however, is a difficult endeavor – determining what 
factors are influencing the observed trends and how to 
counter them, which is where the inflection points identi-
fied should prove to be useful. Accordingly, the current 
study is intended to evoke hypotheses and spark further 
investigation into socio-cultural factors and their impact 
on suicide mortality risk, as well as gender-specific risk 
relationships for suicide mortality and how they have 
changed over time.

Death by suicide is a complex phenomenon like all 
mental health outcomes, arising from many factors (e.g., 
demographic, economic, neighbourhood, environmen-
tal events, and social and cultural), both on the proximal 

Fig. 1  Observed age-standardizeda suicide mortality rate (per 100,000 people) and joinpoint trend among middle-aged (45–54 years of age) men 
and women in the United States, 1990–2019, Note. P-values are presented for the annual percent change of each linear segment aStandardized to the 
WHO standard population [19]  by 5-year age groups.
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Fig. 2  Observed age-standardizeda suicide mortality rate (per 100,000 people) and joinpoint trend among middle-aged (45–54 years of age) men 
and women in Lithuania, 1990–2019, Note. P-values are presented for the annual percent change of each linear segment.aStandardized to the WHO 
standard population [19] by 5-year age groups.

Fig. 3  Observed age-standardizeda suicide mortality rate ratio for men-to-women and joinpoint trend among middle-aged adults (45–54 years of 
age) in the United States and Lithuania, 1990–2019, Note. P-values are presented for the annual percent change of each linear segment 
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and distal levels. [25] A review of potential factors that 
could impact suicide and strategies/interventions to pre-
vent suicide mortality is beyond the scope of this paper 
(for a review see [26]). However, we will describe one 
example, problematic substance use, to illustrate how 
a risk factor and public policy could influence temporal 
trends. Problematic substance use has been identified as 
an important behavioural risk factor for death by suicide 
that is strongly influenced by social and cultural factors. 
At the macro-level effective public health policies target-
ing substance use could reduce the suicide mortality rate 
in the respective country [27] For example, in Lithuania 
several alcohol control policies have been implemented 
since 2008, one of which was a major increase in taxa-
tion in 2017. This increase in taxation, which lead to a 
decrease in alcohol affordability, was found to have sig-
nificantly reduced the suicide mortality rate among men 
(the suicide mortality rate for women was not signifi-
cantly impacted). [28] In comparison, although alcohol 
control policies have been implemented in the US within 
the past 30-years at the state level, the lack of national-
level implementation [29] could partly account for the 
increasing suicide mortality rate.

To our knowledge, this is the first study to use joinpoint 
regression analyses to identify specific points of inflec-
tion and the linear trend in-between for the gender-spe-
cific suicide mortality rate for the past 30 years in the US 
and to draw comparisons with a high-income European 
country. Among the strengths of the current study is the 
long time period (1990–2019) covered. Further, the ana-
lytical method of choice – joinpoint regression analysis – 
allowed us to test whether a multi-segmented line best fit 
the data, as compared to a straight line, which provides a 
much more detailed overview of what has been happen-
ing with respect to suicide mortality rates over time than 
a single summary trend statistic, for example. However, 
there are a few limitations that should be acknowledged. 
First, joinpoint regression analysis fits linear segments to 
data, which may or may not be linear. Even though the 
identified points of inflection provide a useful approxima-
tion of the year in which the gender-specific suicide mor-
tality rate trend changed significantly, they represent a 
simplification of the observed secular trend. They should 
therefore be interpreted with a certain degree of uncer-
tainty. Second, while postulated that trends in “deaths 
of despair” vary by level of education, [4] it was not pos-
sible to pull in such individual-level data in the current 
investigation. Third, it should be acknowledged that there 
is the potential of misclassifying suicides as drug over-
doses, which would result in an underestimate of the sui-
cide mortality rate (for example, see [30]). The number of 
misclassified cases may be heightened during the current 

opioid epidemic in the US, which overlaps with the cur-
rent study period. Lastly, although it has been reported 
elsewhere that gender-specific suicide mortality rates 
are on the rise among middle-aged adults in the US, we 
found that since 2010 for men and 2014 for women, the 
rates have remained relatively stagnant. This could be due 
to using the WHO standard population to produce age-
standardized estimates, a prerequisite for international 
comparisons, rather than the US population.

Conclusion
Prevention of death by suicide has been recognized at 
both the national [31] and international [32, 33] level; 
however, little progress has been made in the US. Con-
sidering the trend differences in suicide mortality rates 
between men and women, highlighted by the current 
study, prevention and intervention strategies should be 
tailored to target gender-specific aspects. Such strategies 
should be culturally relevant, as it is evident that gender-
specific suicide mortality trends can drastically differ 
from one country to the next.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.
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