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Abstract
Objective: Estimate the effects of age, period, and birth cohort on suicide mortality in Brazil and by major geographic region in the overall population and by
sex.

Methods: This was a time trend ecological study. National and regional suicide mortality data from 1981 to 2015 were analyzed for the overall population and
by sex. Age, period, and cohort effects were calculated with a Poisson regression model, using estimable functions with the Epi package of the R statistical
program, version 3.4.3.

Results: Except for the North of Brazil and the female population in the Central-West region, the model that best �ts the data was the complete model,
following by the age-period model in most of the analyses.

Conclusions: Suicide mortality rates have shown an upward trend with advancing age in the Brazilian population, in both men and women. However, the
behavior of the period effect and cohort has depended on the population analyzed and regional distribution.

Introduction
According to the World Health Organization (WHO), 703 thousand persons die from suicide per year and there are many more people who attempt suicide [1].
In 2019, Brazil had 13523 deaths by suicide, with a rate of 6.6 deaths per 100,000 inhabitants [2]. It is estimated an average of 24 deaths per day [3].

Brazil reported less signi�cant suicide rates than other countries for many years [4]. Starting in the latter half of the 20th century, the Brazilian population
underwent various changes, launching an important demographic transition. First, infant mortality declined, and life expectancy increased, while the birth rate
and fertility rate were still high. In the mid-1960s, the latter rates began to drop, a process that intensi�ed in the 1970s. Since then, the impact of infectious and
parasitic diseases has decreased among the causes of illness and death in the Brazilian population, while external causes and chronic noncommunicable
diseases have taken more victims [5]. In the wake of this phenomenon, the last �ve decades have witnessed a signi�cant increase (60%) in Brazil’s suicide
rates [6, 7]. Although the national suicide rates were considered low for many years, starting in 2001 until 2019 they reached 5.3 to 6.6 deaths per 100,000
inhabitants, already considered a moderately high level [2, 8].

These changes in suicide rates and in the age pro�le of individuals that commit suicide have raised new research questions. Preliminary studies have shown
directly or indirectly the effects of birth cohort, that is, generational differences in suicide risk [9]. A key objective in epidemiology is to identify in�uences on
different factors for illness and dying over time [10], and one approach for attempting to understand suicide behavior in a society has been age-period-cohort
(APC) modeling[9, 11–17].This modeling provides a descriptive tool for observing disease records and the temporal effect of an event’s occurrence [18–20],
highly useful for modeling incidence and mortality rates [21].

APC analysis has the unique capacity to moderately describe the entire complex of social, historical, and environmental factors that simultaneously affect
individuals and populations of individuals and is widely used to address questions of lasting importance for studies on social change, disease etiology, aging,
and population processes and dynamics [18]. APC modeling serves to separate the different effects of age (age effects), historical circumstances (period
effects), and generational succession (birth cohort effects) [9, 18]. However, the modeling is hindered by the redundancy of linear effects of age, period, and
cohort, since any two of the three dimensions �xes the third, a problem called identi�ability, a widely debated fact [9, 21].

This study aimed to model the data series on suicide for Brazil as a whole and its �ve major geographic regions, using the APC approach, in the overall
population and by sex.

Material And Methods
This was an ecological study on suicide mortality in Brazil from 1981 to 2015. Data were obtained from the death certi�cates recorded in the Mortality
Information System (SIM), and the populations estimates were from the Brazilian Institute of Geography and Statistics (IBGE), downloaded from the website
of the IT Department of the Uni�ed Health System (DATASUS).

There were 243,694 suicides recorded during the study period. The current study included suicide deaths of individuals 20 years or older and under 80 years of
age (due to the need for age brackets with regular intervals). Thus, 27,047 suicides in individuals that did not meet the eligibility criteria were removed from the
sample, resulting in 216,647 suicides eligible for the proposed modeling.

The data were compiled in the R software, version 3.4.3, and the modeling was done with the Epi package, ggplot2, and gridExtra.

Crude and adjusted mortality rates were calculated for each year, with crude rates calculated as the ratio between the number of suicide deaths in individuals
5 years or older and the population with the same age, in the same geographic region and period, multiplied by 100 thousand, and the adjusted rates
calculated by the direct method and using the standard population recommended by the WHO [22], to allow comparison of the rates by year.

For the age-period-cohort (APC) modeling, the number of deaths and the population at risk were grouped into 12 age brackets (20–24 years; 25–29 years; 30–
34 years; 35–39 years; 40–44 years; 45–49 years; 50–54 years; 55–59 years; 60–64 years; 65–69 years; 70–74 years; and 75–79 years), for 7 periods (1981–
1985; 1986–1990; 1991–1995; 1996–2000; 2001–2005; 2006–2010; 2011–2015) and 18 cohorts (1906–1910; 1911–1915; 1916–1920; 1921–1925; 1926–
1930; 1931–1935; 1936–1940; 1941–1945; 1946–1950; 1951–1955; 1956–1960; 1961–1965; 1966–1970; 1971–1975; 1976–1980; 1981–1985; 1986–
1990; 1991–1995). The cohorts were not furnished, since the selected function calculates the cohort based on period and age.
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Age, period, and cohort effects were modeled with natural splines for each of the terms and calculated via Poisson regression, expressed as:

ln E rij = ln
θij
Nij

= μ + αi + βj + γk

where the logarithm of the rate’s expected values is a linear function of the effect of age, period, and cohort; E rij  represents the expected mortality rate at

age i and period j; θijand Nij represent the number of deaths and the population at risk, respectively, at age i and in period j; µ represents the mean effect; αi,
the effect of age i; βj, the effect of period j; and γk, the effect of cohort k [23–27].

One limitation to this modeling is the problem of identi�ability. One of the resources used to mitigate this problem is the use of estimable functions in the
models. Since the model for the principal effect of age provides a better distinct �t than the models of the principal effect of period and cohort, age was
implemented as a mandatory component of preliminary two-factor models, and as a target factor for subsequent restrictions. Preliminary age-period (AP) and
age-cohort (AC) models served to develop a complete APC model [9]. Thus, estimable functions are limited to analyzing the linear combinations and
curvatures (or deviations from linearity) for age, period, and birth cohort. The curvatures can be estimated and remain constant regardless of the
parametrization employed in the analysis, while the linear combinations are divided into two distinct components, the linear effect of age and the drift effect
(corresponding to the linear effect of period and cohort combined). The �rst drift described in the model represents the linear trend of the logarithm for the
age-speci�c rates and is equal to the sum of the period and cohort slopes (βL + γL), where βL and γL are the linear period and cohort trends, respectively, while
the second drift represents the longitudinal age trend and is the sum of age and the period slope (αL + βL), where αL and βL are the linear age and period
trends, respectively [19, 24, 25].

The model’s �t was performed via deviance, de�ned as twice the logarithm of the complete model’s likelihood function in relation to the logarithm of the
estimated model’s likelihood function [23, 26]. The effects’ contribution was assessed by comparison of the model’s deviance with the speci�c effect in
relation to the complete model. Statistical signi�cance of the results was set at P < 0.05 [26]. The model with the lowest deviance has the best �t [23]. The
cohort adopted as the reference was 1946, and the reference period was the year 1998, since they were more centralized in the analysis. The measure of
association generated by the APC model is relative risk (RR) [26], which is calculated automatically by the apc.�t function of the Epi package, together with the
respective 95% con�dence intervals (95%CI) [26].

Results
From 1981 to 2015, there were 216,647 suicides in individuals 20 to 80 years of age in Brazil, of which 79.2% were committed by men. The region with the
largest share of suicide deaths was the Southeast (41.3%), followed by the South (27.1%), Northeast (18.5%), Central-West (8.2%), and North (5.0%) (data not
tabulated).

During the period, the Brazilian population showed a standardized mean suicide rate of 4.99 deaths per 100 thousand inhabitants (varying from 4.13 to 5.76),
while the mean rate in the male population was 8.08 deaths per 100 thousand inhabitants (6.43–9.35) and the mean rate in the female population was 2.14
deaths per 100 thousand inhabitants (1.76–2.54). For both the overall population and by sex, the highest rates were in the South (mean rate of 9.10, mean
male rate of 14.90, and mean female rate of 3.74 deaths per 100 thousand inhabitants) and Central-West (6.12; 9.55; and 2.73 deaths per 100 thousand
inhabitants). The suicide mortality rates in the Southeast, Northeast, and North regions were lower than the Brazilian rate (data not tabulated).

Suicide mortality rates have shown an upward pattern in the Brazilian population with increasing age and were considerably higher at 70 years and older, with
the oldest cohorts showing the highest rates. The age brackets from 50 to 70 years have not shown a speci�c pattern, while the younger age brackets (from 20
to 50 years) have shown an upward pattern in the rates (Fig. 1a). In the North, suicide mortality rates among younger individuals have increased more than in
the other age brackets. The pattern for the age brackets from 20 and 34 years have been largely upward, while from 35 to 69 years they have declined slightly
in the last 5 years. The age brackets from 70 to 74 and from 75 to 79 years showed a distinct pattern from the others, alternating periods of decline with
subsequent increases. The cohorts with the highest rates were 1991 to 1995, 1936 to 1940, and 1986 to 1990 (Fig. 1b). In Northeast Brazil, most of the rates
were largely upward, except for the bracket from 30 to 59 years, which showed a slight decline at the end of the period. The cohorts with the highest rates were
between 1930 and 1960 (Fig. 1c). In the Central-West region, the age brackets from 70 years upward have shown higher rates than the others. In the last 10
years of the follow-up period, the rates showed an overall decline. The highest cohorts were from 1921 to 1925 and 1931 to 1935 (Fig. 1d). In the South, with
Brazil’s highest rates, the pattern has been largely downward both for the period and for age brackets, with the oldest cohorts (1906 to 1930) displaying higher
rates than the others (Fig. 1e). In the Southeast, the cohorts with the highest rates were from 1906 to 1925. The age brackets from 20 to 45 years displayed an
upward pattern in recent periods, while the group of individuals 70 years and older increased again after an intense decline in rates (Fig. 1f).

Analysis of the likelihood ratio showed that nearly all of the analyses performed in the complete APC model displayed a better �t to the data (p < 0.001) that
the other models, except when considering the North of Brazil, in which the best �t was with the age-drift* model (non-linear age effect) for the overall
population and for men, while the best �t for the female population was the age-cohort model, and the same was true for the female population in the Central-
West region. For Brazil as a whole, the study found a cohort effect with a better �t, since the second-best model was the age-cohort model for the overall
population, but when analyzing by sex, the period effect was better at explaining the rates’ behavior, since the second-best model was age-period. According to
regions of Brazil, the Northeast displayed a period effect with a better �t to the target situations, and the same was true for the overall population and the male
population in the Central-West and South and for the female population in the Southeast, while the cohort effects prevailed in the overall and male
populations in the Southeast and the female population in the South (Table 1).

( [ ] ) ( )
[ ]
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Table 1
Fit parameters for APC model of suicide data in Brazil and major geographic regions, 1981 to 2015, in the overall population and by sex.

Model Brazil North Northeast Central-West South Southeast

df RD p df RD p Df RD p df RD p df RD p df RD p

Overall
Population

                                   

Age 79 1936.7   79 476.3   79 3881.7   79 413.5   79 481.0   79 736.7  

Age-drift* 78 606.3 < 
0.001

78 94.5 < 
0.001

78 360.4 < 
0.001

78 289.7 < 
0.001

78 446.4 < 
0.001

78 564.8 < 
0.0

Age-
Cohort

75 499.1 < 
0.001

75 92.8 0.637 75 321.5 < 
0.001

75 274.4 0.002 75 368.0 < 
0.001

75 446.9 < 
0.0

Age-
Period-
Cohort

72 417.9 < 
0.001

72 89.3 0.314 72 166.6 < 
0.001

72 116.4 < 
0.001

72 170.0 < 
0.001

72 389.3 < 
0.0

Age-Period 75 535.6 < 
0.001

75 91.8 0.471 75 189.9 < 
0.001

75 122.7 0.099 75 263.5 < 
0.001

75 503.7 < 
0.0

Age-drift** 78 606.3 < 
0.001

78 94.5 0.435 78 360.4 < 
0.001

78 289.7 < 
0.001

78 446.4 < 
0.001

78 564.8 < 
0.0

Male
Population

                                   

Age 79 2153.0   79 500.7   79 3358.1   79 444.7   79 501.8   79 683.3  

Age-drift* 78 669.2 < 
0.001

78 95.2 < 
0.001

78 328.2 < 
0.001

78 284.1 < 
0.001

78 497.6 0.038 78 446.9 < 
0.0

Age-
Cohort

75 629.0 < 
0.001

75 92.9 0.152 75 264.6 < 
0.001

75 271.9 0.007 75 468.9 < 
0.001

75 360.5 < 
0.0

Age-
Period-
Cohort

72 393.7 < 
0.001

72 90.3 0.282 72 148.3 < 
0.001

72 101.4 < 
0.001

72 163.7 < 
0.001

72 329.6 < 
0.0

Age-Period 75 453.8 < 
0.001

75 97.1 0.080 75 184.3 < 
0.001

75 109.3 0.048 75 207.0 < 
0.001

75 417.6 < 
0.0

Age-drift** 78 669.2 < 
0.001

78 98.2 0.588 78 328.2 < 
0.001

78 284.1 < 
0.001

78 497.6 < 
0.001

78 446.9 < 
0.0

Female
Population

                                   

Age 79 448.5   79 93.0   79 635.9   79 116.2   79 281.8   79 437.2  

Age-drift* 78 418.5 < 
0.001

78 740 < 
0.001

78 165.6 < 
0.001

78 113.4 0.095 78 218.8 < 
0.001

78 436.6 0.4

Age-
Cohort

75 303.8 < 
0.001

75 66.0 0.045 75 156.6 0.029 75 93.315 < 
0.001

75 138.2 < 
0.001

75 352.6 < 
0.0

Age-
Period-
Cohort

72 169.4 < 
0.001

72 62.4 0.313 72 111.7 < 
0.001

72 87.481 0.119 72 115.7 < 
0.001

72 150.1 < 
0.0

Age-Period 75 299.6 < 
0.001

75 70.8 0.039 75 122.7 0.011 75 102.9 0.001 75 1937 < 
0.001

75 259.0 < 
0.0

Age-drift** 78 418.5 < 
0.001

78 74.0 0.353 78 165.6 < 
0.001

78 113.4 0.015 78 218.8 < 
0.001

78 436.6 < 
0.0

df = degrees of freedom; RD = residual deviance; * linear trend for period and cohort; ** longitudinal trend for age

In the overall population, the age model-adjusted suicide mortality rates showed an upward pattern for Brazil as a whole and especially for the Central-West,
Northeast, and North. In the South of Brazil, the pattern showed that the rates increased rapidly starting in the third decade of life, with the increase slowing
down in the sixth decade of life. Meanwhile, the Southeast displayed less variation in suicide mortality rates over the course of life, stabilizing from the �fth
decade of life onward (Fig. 2a). The mortality risk ratio (expressed as RR) according to cohort in the Brazilian population increased starting with the 1946
cohort (reference), and the most recent cohort showed the highest associated risk, 1.54 (95%CI 1.50; 1.58), while the oldest cohort showed the lowest
associated risk, 0.88 (95%CI 0.84;0.91). This phenomenon was also true for the North of Brazil (1991–1995 cohort, RR = 2.53, 95%CI 2.26;2.83; 1906–1910
cohort, RR = 0.46, 95%CI 0.38;0.55), Northeast (1991–1995 cohort, RR = 4.22, 95%CI 3.93;4.52; 1906–1910 cohort, RR = 0.24, 95%CI 0.22;0.27); and Central-
West (1991–1995 cohort, RR = 1.59, 95%CI 1.45;1.74; 1906–1910 cohort, RR = 0.62, 95%CI 0.53;0.72). The majority of the cohorts in the South and Southeast
had higher RR than the reference cohort. The RR was only less than or equal to 1 in individuals born from 1951 to 1965 and from 1991 to 1995 (the youngest
cohort studied) in the South of Brazil and among those born from 1941 to 1945 in the Southeast. However, whereas in the South the more recent cohorts
displayed lower suicide risk than the older cohorts, the distribution was the opposite in the Southeast (higher RR in the more recent cohorts), reaching 1.30 in
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the 1991–1995 cohort (95%CI 1.24;1.35) (Fig. 2b). As for period effect, the Brazilian population showed the highest risk in 2001–2005 (RR = 1.01, 95%CI
1.00;1.02), which also happened in the Northeast (RR = 1.12, 95%CI 1.09;1.15) and South (RR = 1.004; 95%CI 0.99; 1.01). The other periods presented a lower
risk than the reference period (1996–2000) for Brazil as a whole and the South. In the North and Central-West regions, all the periods showed lower risk than
the reference period, while in the Northeast in 1981–1985 and 2006–2010 the risks were higher than in the reference period. In the Southeast, the periods prior
to the reference period and the latest interval studied displayed higher risk of suicide; however, interestingly, the risk began increasing again from 2011 to 2015
(RR = 1.05; 95%CI 1.03;1.07) (Fig. 2c).

Considering the male population (the principal victims of death by suicide), the suicide-adjusted mortality rates presented an upward pattern with increasing
age for Brazil as a whole and all �ve geographic regions, with the largest increase in the Northeast (Fig. 3a). As with the overall population, the RR for the male
population increased starting with the 1946 cohort (reference), and the highest risk was in the most recent cohort, or 1.67 (95%CI 1.62;1.72), while the lowest
risk was in the oldest cohort, with 0.79 (95%CI 0.75;0.82), and the same was true for the North (1991–1995 cohort, RR = 3.02, 95%CI 2.66;3.43; 1906–1910
cohort, RR = 0.44, 95%CI 0.35;0.54), Northeast (1991–1995 cohort, RR = 4.35, 95%CI 4.02;4.70; 1906–1910 cohort, RR = 0.20, 95%CI 0.18;0.23); Central-West
(1991–1995 cohort, RR = 1.86, 95%CI 1.67;2.07; 1906–1910 cohort, RR = 0.55, 95%CI 0.46;0.65); and Southeast (1991–1995 cohort, RR = 1.42, 95%CI
1.36;1.49; 1906–1910 cohort, RR = 1.06, 95%CI 0.99;1.14). There was another reversal in the risk behavior of individuals born in the South of Brazil, with RR of
1.06 (95%CI 1.00;1.12) for the cohort from 1991 to 1995, while the older cohorts showed RR = 1.27 (95%CI 1.17;1.38) (Fig. 3b). As for period effect, the male
population presented the highest risk in 2001–2005 (RR = 1.01, 95%CI 0.99;1.02), as well as in the Northeast (RR = 1.07, 95%CI 1.05;1.09) and South (RR = 
1.008; 95%CI 0.99; 1.02). The other periods showed lower risk than the reference period (1995–2000) for Brazil as a whole and the South. In the North, Central-
West, and Southeast, all the periods showed lower risk than the reference period, while in the Northeast, the risks were only higher than the reference period in
2006–2010 (Fig. 3c).

For the female population in Brazil as a whole and in the Northeast, suicide-adjusted mortality rates continued to increase with age. The North showed an
atypical pattern: the highest rate was from 20 to 24 years, with a decrease in the following age group and a slow increase over the course of the subsequent
ages. In the Central-West, South, and Southeast, the highest rates were between 45 and 69 years of age, decreasing near the end of life (Fig. 4a). The RR for
cohort in the Brazilian population was 1.07 (95%CI 0.98;1.16) in the 1906–1910 cohorts followed by decreasing risk until the reference cohort and then an
increase until the 1966–1970 cohort (RR = 1.23, 95%CI 1.19; 1.28), after which there was another decrease. In the North, the risk increased over the course of
the cohorts, with a peak in the 1981–1985 cohort (RR = 1.58, 95%CI 1.32;1.89), with the same behavior in the Central-West, where the peak risk was in women
born from 1971 to 1975 (RR = 1.18; 95%CI 1.04; 1.33) and in the Northeast among those born from 1991 to 1995 (RR = 3.26; 95%CI 2.84;3.73). Among women
in the South and Southeast, the more recent cohorts have shown lower risk in the follow-up (0.77, 95%CI 0.69; 0.87; 0.91; 95%CI 0.83; 0.99, respectively)
(Fig. 4b). As for period effect, the Brazilian female population had the highest risk in 1981–1985 (RR = 1.19; 95%CI 1.15;1.23) and 2011–2015 (RR = 1.13,
95%CI 1.11;1.16), with the same happening in the North (RR = 1.00; 95%CI 0.83;1.21 and RR = 1.03, 95%CI 0.93;1.15), South (RR = 1.07; 95%CI 1.01;1.14 and
RR = 1.08, 95%CI 1.03;1.14), and Southeast (RR = 1.36; 95%CI 1.30;1.42 e RR = 1.29, 95%CI 1.25;1.34). In the Northeast and Central-West regions, the period
with the highest risk was 2001–2005 (RR = 1.19, 95%CI 1.13;1.26 and RR = 1.04; 95%CI 0.96;1.12, respectively) (Fig. 4c).

Discussion
The study’s main �ndings evidenced the magnitude of the suicide problem in Brazilian society. Suicide has taken more lives in Brazil with each passing year
and is frequent in all adult age brackets (starting at 20 years), but the rates have grown at particularly alarming rates in the elderly population. And although
the suicide rates in women were four times lower than in men, younger Brazilian women have nevertheless increasingly died by suicide. There are also
differences in the regional suicide mortality rates: while for many years the South of Brazil had the most cases and highest rates [28–31], it has shown a
downward pattern in rates in the period studied and in the relative risk in the more recent cohorts. Meanwhile, Northeast Brazil has displayed alarming growth
in suicide rates and the Southeast has witnessed an increasing risk of suicide in the most recent years analyzed.

This study aimed to estimate suicide trends over time in Brazilian society. The �ndings reinforce questions that had already been raised in other studies and
shed light on possible suicide prevention strategies.

Age has always been aired as related to illness and death, and its effects have always been related to relevant health outcomes [20, 32], due to physiological
changes, accumulated social experience, social role, changes in status, or a combination of the above. These changes thus re�ect the biological and social
process of individuals’ internal aging and represent changes in life-course development [10]. Age is considered one of the main risk factors for suicide [33, 34],
with the extreme age groups – the youngest adults [30, 33, 35–38] and the elderly [30, 34, 38–43] – as those most affected. Our study revealed a clear
relationship between the increase in suicide rates over the course of life in practically all of the subsets tested. Only women 20–24 years of age in the North
showed higher suicide rates than all the other age brackets.

We opted not to include individuals under 20 years of age, realizing that the impact on younger people (children and adolescents) has been small compared to
the other age rates and that the inclusion of very extreme rates would hinder the analysis of the proposed modeling. However, women have died of suicide
earlier than men, and this should be considered in any strategy to confront the problem. Suicide in young people is closely related to the life phase in which
they are making choices that determine their fates and life projects [44] and that create intense economic impacts. Various factors have been listed as
potential causes of suicide among young people and adolescents: unemployment, economic di�culties, family breakdown, and changes in society, such as
decreased religiousness, new gender roles, increasing competition in school, increasing female presence in universities, and the shift from traditional rural
society to an urban and industrialized structure [37]. From 1980 to 2000, Brazil experienced an alarming 1,900% increase in suicide rates in the young
population [30], corroborating our �ndings, although the South of Brazil showed a clear decrease in the rates in this same age bracket.
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The increase in suicide rates among the elderly, as evidenced in this study, is consistent with �ndings in other countries and raises a serious concern, since the
world population’s life expectancy is increasing, and along with it, the proportion of the elderly population in societies’ composition [14]. In addition, the
method used most frequently in this age group has been self-poisoning either with pesticides or medicines, and access to the latter is easier in this age bracket
due to various clinical conditions that are more frequent in the elderly. Clearly, more elderly persons have shown greater risk due to two factors, age and
generation. As for age, the reasons for developing suicidal ideation include the impossibility of coping with life as previously, loss of life companions, and
disabilities resulting from illnesses or aging itself [45]. The reality of many elderly people is rife with chronic illnesses, which can often cause emotional
changes and decreased functional capacity. In addition, retiring from the world of work, loss of contact with coworkers, and the death of loved ones result in
the lack of a social place and exacerbate the impacts of chronic illness [46].

This study showed that gender and age were the most important factors for explaining suicide rates in Brazil, as in the only other study with APC modeling in
Brazil [16] and in other countries [9, 11–14].

The generation effect is even more serious but has received little attention. The cohort or generation effect is the change in groups’ experience in an initial
event such as birth in the same year or ranges of years [20] and that undergo different exposures to socioeconomic, behavioral, and environmental risk factors
in various life cycles [10]. Brazilian society is undergoing an accelerated demographic transition in which personal relations have changed greatly: fertility has
decreased, even as childbearing age has started earlier (with earlier sexual maturity) and has lasted longer due to medical technology that maintains
biological viability of pregnancies in older women, as well as procedures that have extended men’s sexual life with medications; the nuclear family no longer
has a perpetual con�guration, marriage is no longer indissoluble, and relationships are quicker and less bureaucratic, without maintaining the patriarchal
hierarchy of the last century; and despite social networks and the modern world’s dynamics, individuals feel increasingly isolated and removed from personal
relations. This process of social change together with an older population (more physically, economically, and technologically limited) aggravates processes
of isolation and depression, leading to suicidal ideation much more often than in other age groups. Our �ndings show that for practically all the regions and
for Brazil as a whole, the more recent cohorts (1991 to 1995) evidenced higher risk when evaluating the overall population. The South was the only region of
Brazil with higher suicide risk in the oldest cohort (1906 a 1910).

Other studies have largely pointed to greater importance of these effects on suicide rates, especially in relation to cohorts. In Switzerland, the cohort effects
were similar for the male and female populations, although in the latter the effects were less pronounced, but were determinant for understanding the behavior
of suicide rates in that country [9]. A study in Spain found a period effect for the female population, while the cohort effect was more evident in the male
population [12]. In South Korea, cohort effects were determinant in the changes in rates from 1984 to 2013 [14]. A study conducted in Hong Kong and Taiwan
found that the age effects for both regions in both sexes were quite similar and suicide rates increased with increasing age. Regarding period effects, Hong
Kong had one peak (1999–2003) and Taiwan had two peaks (1979–1983 and 2004–2008). As for cohort effects, in both Hong Kong and Taiwan, younger
male cohorts showed high suicide risk; while younger female cohorts, however, showed relatively low risk [11]. In the state of Rio de Janeiro, Brazil, from 1979
to 1998, the age-adjusted rates increased, more in men than in women, while a weak period effect was seen in the increasing rates in 1983–1984 and the
cohort effect showed a decrease in the rates between the oldest cohorts and the youngest [16]. However, in our study, the period effect was larger than the
cohort effect on suicide rates for most of the situations analyzed. The cohort effect was only stronger for the overall Brazilian population, the overall and male
populations in the Southeast, and the female populations in the North, Central-West, and South.

Period effect is the variation in the time period that affects all the groups simultaneously, representing the rate’s change in successive time periods [20, 33],
summarizing a complex set of historical events and environmental factors, such as world wars, economic booms and recessions, famine, infectious disease
pandemics, public health interventions, and technological discoveries [10]. The literature includes reports on the association between suicide and economic
crises that resulted in economic recession and unemployment in various regions of the world [14, 47, 48].

The speci�c Brazilian case has shown that the rates have grown over the years [42, 49–51], raising the possibility that economic status has been a strong
factor for the problem, together with the trends in personal and social relations addressed above in this article. The Brazilian economy has alternated short
growth cycles with economic slowdowns, generally abrupt, since the 1980s when the dictatorship came to an end and the country began its process of re-
democratization. This growth pattern persisted over the early 2000s. In the year 2000, Brazil’s per capita Gross Domestic Product grew 4.3%, but in the
following years (2001 to 2003) the economic slowdown had a heavy impact, and the GDP grew by only 1.7% per year. This economic scenario was followed
by years of abundance and growth until mid-2014, except for a short period in 2009, when Brazil suffered the impact of the global crisis [52]. Our �ndings
showed that an increase in suicide risk in the period from 2001 to 2005 in the overall population of Brazil and in some regions suggested that this period of
economic and social transition with changes in the political pro�le resulting in conditions of emotional instabilities that provided fertile ground for self-
destructive behavior. This analysis is important, because the Brazilian economy entered another heavy and prolonged recession starting in 2015, starting with
crises in the industrial and services sectors and still showing no signs of recovery [52]. One can thus infer that the suicide rates since 2015 may have been
in�uenced by this panorama and that feasible strategies need to be designed to minimize the harms from the economic impact on the Brazilian population’s
mental health.

This �nding on the period effect with the study in Spain showed that socioeconomic and structural changes were responsible for the increase in depression,
alcoholism, and suicidal ideation in the 1980s [12]. Likewise, in Switzerland, the two World Wars and economic problems were the factors impacting suicide
rates in both sexes [9]. In Russia, the Cold War, Mikail Gorbatchev’s plans, and the breakup of the Soviet Union were the backdrop for the increase in suicide
rates among Russians [13]. The concern with this effect’s impact is due mainly to doubts as to the repercussions of this scenario on future suicide rates, since
Brazil is suffering the effects of the global economic crisis and globalization of consumption, leading to cheaper costs for importation than for domestic
production, alongside the unfavorable political scenario stemming from the discovery of corruption schemes in large state-owned companies, drastic
government changes, and dwindling investments in social programs. This combination of factors tends to aggravate the changes in society and predict an
increase in psychological suffering, depression, and other mental disorders that can trigger suicides.
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Except for the North and for women in the Central-West region, the model that best �ts the data is the complete model (age-period-cohort). Table 1 shows that
cohort effect had a stronger in�uence than period effect for the overall population of Brazil and the Central-West and Southeast, the male population of the
Southeast, and the female population in the South. The period effect had a stronger in�uence in all the other cases.

A question that cannot be overlooked is that this increase in the absolute number of suicides and in the rates may result from improvement in the quality of
mortality data. Confronting the idea of death mobilizes our own sense of �nitude, an aspect that increases exponentially in the case of suicide [53]. Suicide is
still permeated by persistent taboos and prejudices, hindering the search for help in the presence of ideation, even though the problem is debated more widely
today. Thus, part of the logical reasoning is to assume that underreporting can occur, although the o�cial data on suicide are believed to be improving.
However, admitting that a suicide has touched the individual’s family, the community, or society is still not a routine and demysti�ed step. Admitting the
suicide often means admitting that the psychological suffering existed and was not adequately treated to avoid resulting in the act, and that preventive
policies have been insu�cient. Still, admitting the fact is actually the �rst step towards changing the situation, as con�rmed by the change experienced in the
South of Brazil. Although the South of Brazil still has high suicide rates, our study showed that the younger cohorts have lower suicide risk and that the rates
have decreased over time. This change has not appeared out of nowhere: it is the result of various studies [28–31] that reported higher suicidal behavior in
this population, based on which, adequate suicide prevention policies were demanded that produced these new results over time.

The APC method also allowed detecting the differential magnitude of suicide’s impact between men and women. Not surprisingly, males predominated in the
suicide pro�le, a fact that has been documented in other studies in Brazil [2, 4, 7, 8, 29, 30, 36, 49, 50, 54, 55] and elsewhere in the world [43, 56–61]. However,
female suicide patterns call stand out, since women have tended to die of suicide at younger ages. Attempted suicide should also be considered, since it is
more frequent in women [62–64]. The pattern may still be disguised by women’s choice of less effective and less violent methods [65]. According to another
theory, men generally tend to have more schooling than women, and women would thus display lower suicide rates. This difference in education has
decreased over the years, but women have continued to be protected by having lower prevalence of alcohol abuse, greater religiousness, and �exibility in
social skills and roles throughout life, while recognizing risk signs for depression earlier, participating more in social support networks [66–69], and seeking
help for mental disorders earlier. Our �ndings evidenced that Brazilian women have displayed an upward pattern in suicide rates throughout adulthood, until
around 50 years, when the rates decreased, except in the Northeast and Southeast regions, where they continued to increase.

Limitations

Possible limitations are the type of data used (death certi�cate records) and uncertainty concerning this data’s quality. In addition, the study design
(ecological) does not allow individualization of the �ndings, making it di�cult to correlate the suicide event with the occurrence of depression and mental
disorders in the Brazilian population and thus address possible causes of this problem.

On the issue of the method used here, APC modeling is not routine or simple to analyze. In other studies that use APC analysis of suicide data, there was no
consensus on the best way to analyze the data [11–17]. The current study shares the limitations common to APC analysis. On the one hand, they are
constrained by the lack of de�nitive real-world models, such that some ambiguity in the results cannot be ruled out. On the other, the effects of APC represent
formal dimensions related to time and age, which are insigni�cant per se, but which provide useful tools for examining real-world variables. The analysis was
also limited to the principal effects and leaves some room for more complex models, such as non-linear models or models including interaction effects.

Despite these possible limitations, age-period-cohort modeling is capable of describing suicide trends more accurately than other approaches. It obviously
does not rule out the need for other epidemiological studies, but it focuses the attention where it has proven most urgent and where the interventions should
begin.

Conclusions
Suicide mortality rates have shown an upward pattern with increasing age in the Brazilian population, independently of gender. However, the behavior of
period effect and cohort effect has depended on the population analyzed and its regional distribution. According to our �ndings, the majority of Brazil’s
regions were more in�uenced by a period effect, and �uctuations in the patterns were consistent with periods of economic growth versus recession. This
suggests a guideline that can be followed to promote an effective public policy in mental health.

Today, suicide prevention in Brazil is still a low-priority public policy. “Yellow September” has been celebrated in recent years as part of the prevention strategy,
but precarious mental healthcare at the local level (in Brazil’s municipalities) is still an obstacle to accessing this type of service. More services and more
healthcare professionals are needed to treat all aspects of psychological distress, ranging from primary care to Centers for Psychosocial Support and referral
hospitals for psychiatric care. It is important to eliminate deeply rooted taboos and prejudices and to understand that the process of suffering that leads from
ideation to death by suicide can be interrupted, thus avoiding early loss of lives and sequelae from suicide attempts.
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Figures

Figure 1

Suicide mortality rates by age bracket and birth cohort, Brazil and Regions, 1981 to 2015. Figure 1a: Brazil. Figure 1b: North. Figure 1c: Northeast. Figure 1d:
Central-West. Figure 1e: South. Figure 1f.

 

Figure 2

Models adjusted by age, period, and cohort for suicide mortality in the overall population, Brazil and regions, 1981 to 2015. Figure 2a: Age effect. Figure 2b:
Period effect. Figure 2c: Cohort effect.

Figure 3
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Models adjusted by age, period, and cohort for suicide mortality in the male population, Brazil and regions, 1981 to 2015. Figure 3a: Age effect. Figure 3b:
Period effect. Figure 3c: Cohort effect

Figure 4

Models adjusted by age, period, and cohort for suicide mortality in the female population, Brazil and regions, 1981 to 2015. Figure 4a: Age effect. Figure 4b:
Period effect. Figure 4c: Cohort effect.


