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ARTICLE INFO ABSTRACT
Keywords: Objective: Coronavirus disease 2019 (COVID-19) has impacted mental health worldwide, and
SARS-CoV-2

suicide can be a serious outcome of this. Thus, suicide characteristics were examined before and
during the COVID-19 pandemic in Mexico City.

Methods: This is a retrospective study including all Mexico City residents who had a coroner’s
record with a cause of death of intentional self-harm (ICD-10) from January 2016 to December
2021.

Results: From 2016 to 2021, 3636 people committed suicide, of which 2869 were males (78.9%)
and 767 females (21.1%). From 2016 to 2019 the suicide rate remained constant (~6 per 100000)
and dramatically increased in 2020 (10.45 per 100,000), to return to the levels of the previous
year in 2021 (6.95 per 100000). The suicide rate in 2020 specifically increased from January to
June (COVID-19 outbreak) in all age groups. Moreover, every year young people (15-24 years)
have the maximum suicide rate and depression was the main suicide etiology.

Conclusion: The COVID-19 pandemic outbreak increased the suicide rate, regardless of age, but
suicide prevalence was higher in males and young people, regardless of the COVID-19 pandemic.
These findings confirm that suicide is a complex and multifactorial problem and will allow the
establishment of new guidelines for prevention and care strategies.

Sex

Coroners’ record
Mental health
Long COVID

1. Introduction

Since the first reports of a highly contagious and lethal virus, the severe acute respiratory syndrome-related coronavirus 2 (SARS-
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CoV-2), which compromised public health in China at the end of 2019, it was a matter of time before all the countries of the world
suffered a health contingency due to coronavirus disease 2019 (COVID-19) [1]. During the early stages of COVID-19, most of the efforts
to understand SARS-CoV-2 pathophysiology was focused on its pulmonary and gastrointestinal effects [2]. However, as clinical data
were collected, it was evident that SARS-CoV-2 has brain tropism because of the high prevalence of psychiatric and neurological
symptoms in patients with COVID-19 [3,4]. Together, brain infection susceptibility to SARS-CoV-2 [5] and stressful conditions due to
the COVID-19 pandemic [6] have affected the mental health of the worldwide population.

Suicide is closely related to mental health issues such as anxiety and depression, of which chronic stress is a major risk factor [7]. In
such a manner, an increase in deaths by suicide during the COVID-19 pandemic was expected [8]. Interestingly, an initial report by
Pirkis and colleagues [9], which analyzed 21 countries classified according to their socioeconomic status by the World Bank as high
and upper-middle-income countries, did not find differences in the suicide rate from January 1, 2019, to July 31, 2020 (period for the
first wave of the COVID-19 pandemic). Although this socioeconomic classification considered some relevant aspects of COVID-19
outcomes in the analyzed countries, they were not enough for the detailed analyses of the suicide rate during the pandemic. A spe-
cific case is Japan, which was included in the Pirkis et al. study [9], where an increase of 14% in the suicide rate during the COVID-19
pandemic was reported (February-June 2020) [10]. This study dissected some sociodemographic characteristics such as age groups
and occupation, and the increase in suicide in Japan was confirmed by a recent report by Yoshioka et al. [11]. Other reports with
similar considerations have reported an increase in deaths because of suicide in Nepal [12], South Korea [13], Poland [14], and the U.
S.A [15,16]. Moreover, in the U.K. it was documented that suicides rate doubled during October—-November 2020 [17]. Interestingly all
these studies reported several demographics, socioeconomic and clinical conditions which modify suicide rate, such as sex, race, and
base income, among others. It is important to note that more than 70% of worldwide suicide cases occur in low- and middle-income
countries [18,19], highlighting demographics and socioeconomic factors as robust modulators of suicide prevalence.

This study evaluated the suicide rate in Mexico City from 2016 to 2021, which includes 22 months of the COVID-19 pandemic.
Suicide was examined each year by month and per group of age, as well as by sex considering socioeconomic and clinical variables
including suicide method, etiology, marital status, education, and ethanol and substance consumption.

2. Methods
2.1. Study setting and data collection

This study included all Mexico City residents who had a coroner’s record with a cause of death of intentional self-harm, according to
X60-X84 codes of the International Classification of Diseases, 10th Revision (ICD-10). Data were collected from January 2016 to
December 2021. Complete records for suicide cases were obtained and analyzed at the Forensics Sciences Institute of Mexico City. This
institution has documented suicide cases in Mexico City since 1960 [20]. The records from the coroner’s office involving suicides
included demographic information, circumstances of the death, acute and chronic stressful life situations, autopsy and toxicology
reports, police investigation records, medical, and psychiatric reports from hospitals, and death certificates. This information, included
in the coroner’s records, was obtained through the victim’s families and witness testimonies. For confidentiality purposes, every case
received a specific code for each coroner’s records and personal data remained inaccessible throughout the study, and only three
researchers extracted information from these files, which was only consulted on site.

All the procedures described were approved by the Bio-Ethical Committee for Human Research at the Forensic Science Institute of
Mexico City (Conbiética-09-CEI-022-20160823).

2.2. Statistical analysis

Suicide characteristics, as well as socioeconomic and clinical information, were reported based on frequencies and percentages. For
the comparisons by sex and year, Chi-square (y%) analyses for contingency tables were used. A p-value <0.05 was set as the statistical
threshold. Suicide mortality rates were calculated using the number of suicide deaths as the numerator and each year’s population by
age or sex as the denominator. The population of Mexico City for each year was obtained from the “Consejo Nacional de Poblacion”
(CONAPO) database [21], according to the Projections of the Population of the Municipalities of Mexico, 2015-2030, recorded by
groups of age and sex (Table 1). Mexican data for COVID-19 was obtained from the Secretary of Health database [22,23] and
worldwide data was obtained from the World Health Organization (WHO) Coronavirus (COVID-19) dashboard [24]. Data analysis was
performed with Graph Pad Prism 9.0.

3. Results
3.1. Suicide rate increased in 2020, during COVID-19 outbreak

Between January 1st, 2016, to December 31st, 2021, 3636 people committed suicide in Mexico City, of which 2869 were males
(78.9%) and 767 females (21.1%). The annual breakdown of the data is shown in Supplement I. Males consistently have a higher
number of deaths by suicide (Fig. 1A) and suicide rates each year compared to females (Fig. 1B).

From 2016 to 2018 (~5.42 per 100,000), the suicide rate remained constant and slightly increased in 2019 (6.60 per 100,000).
However, it dramatically increased in 2020 (10.45 per 10,000), to return to the levels of previous years in 2021 (6.95 per 100,000)
(Fig. 1B). In the monthly analysis of the suicide rate (Fig. 2A), it was detected that the general suicide rate for 2020 was due to the



Table 1

Suicide characteristics, socioeconomic and clinical analysis for 2016-2021, cases and (%). Bold text indicate statistical significance.

Females Males Total Statistic Females Males Total Statistic Females Males  Total Statistic
2016 2017 2018
97 (19.32) 405 490 (100) 97 (19.8) 393 (80.2) 490 (100) 106 373 479 (100)
(80.68) (22.13) (77.87)
Suicide methodsrowhead
Hanging 75 (77.32) 291 (71.85) 366 (72.91) ¥ = 73(75.26) 279 (70.99) 352 = 86 275 361 (75.37) x?=19.56,df =5,p =
10.05, (71.84) 10.64, (81.13) (73.73) 0.0015
Firearm 5(5.15) 59 (14.57) 64 (12.75) df=,p 7(7.22) 48 (12.21) 55(11.22) df=5, 6(5.66) 43 49 (10.23)
= p= (11.53)
Poisoning 5(5.15) 8(1.98) 13 (2.59) 0.0737 0 (0.00) 11 (2.80) 11 (2.24)  0.0591 1(0.94) 7 8 (1.67)
(1.88)
White arm 2 (2.06) 6 (1.48) 8 (1.59) 5 (5.15) 5(1.27) 10 (2.04) 6 (5.66) 2 8 (1.67)
(0.54)
Trauma 10 (10.31) 37 (9.14) 47 (9.36) 12(12.37) 49 (12.47) 61 (12.45) 7 (6.60) 43 50 (10.44)
(11.53)
Others 0 (0) 4 (0.99) 4 (1.00) 0 (0) 1 (0.25) 1 (0.20) 0 (0) 3 3(0.63)
(0.81)
Etiologyrowhead
Depression 62 (63.92) 264 (65.19) 326 (64.94) = 56 (57.73) 211 (53.69) 267 ¥ = 39 140 179 (37.37) x* = 6.873, df = 5, p = 0.2303
8.552, (54.49) 7.576, (36.79) (37.53)
Other psychiatric diagnoses 8 (8.25) 12 (2.96) 20 (3.98) df =5, 7(7.22) 29 (7.38) 36 (7.35) df =5, 12 20 32 (6.68)
p= p= (11.32) (5.36)
Family problems 0 (0) 2 (0.49) 2 (0.40) 0.1283 4 (4.12) 5(1.27) 9 (1.84) 0.1812 3(2.83) 13 16 (3.34)
(3.49)
Sentimental problems 6 (6.19) 16 (3.95) 22 (4.38) 2 (2.06) 16 (4.07) 18 (3.67) 7 (6.60) 21 28 (5.85)
(5.63)
Economic problems 0 (0) 1(0.25) 1 (0.20) 1(1.03) 4 (1.02) 5 (1.02) 0 (0) 7 7 (1.46)
(1.88)
Unknown 20 (20.62) 111 (27.41) 131 (26.10) 27 (27.84) 128 (32.57) 155 45 172 217 (45.3)
(31.63) (42.45) (46.11)
Marital statusrowhead
Single 32(32.99) 179 (44.20) 211 (42.03) ¥ = 38(39.18) 179 (45.55) 217 ¥ = 58 169 227 (47.39) x? = 4.328, df = 5 p = 0.5032
10.15, (44.29) 8.48,df (54.72) (45.31)
Married 22 (22.68) 103 (25.43) 125 (24.90) df =5, 15(15.46) 84 (21.37) 99 (20.20) =5,p 13 69 82 (17.12)
p= = (12.26) (18.50)
Free union 25 (25.77) 87 (21.48) 112 (22.31) 0.071 16 (16.49) 71 (18.07) 87 (17.76) 0.1317 17 70 87 (18.16)
(16.04) (18.77)
Divorced 7 (7.22) 13 (3.21) 20 (3.98) 5(5.15) 17 (4.33) 22 (4.49) 3(2.83) 14 17 (3.55)
(3.75)
Widower 4(4.12) 5(1.23) 9 (1.79) 5 (5.15) 12 (3.05) 17 (3.47) 3(2.83) 7 10 (2.09)
(1.88)
Unknown 7 (7.22) 27 (6.67) 34 (6.77) 2 (2.06) 46 (11.70) 48 (9.80) 12 44 56 (11.69)
(11.32) (11.80)
Educationrowhead
College 21 (21.65) 49 (12.10) 70 (13.94) %2 = 20(20.62) 66 (16.79) 86 (17.55) x>= 20 72 92 (19.21) %% = 9.020, df = 5, p = 0.1083
12.79, 4.223, (18.87) (19.30)
df =6, df =6,

(continued on next page)

‘ID 39 $240]0(q-DIODD

0Z¥912 (£20T) 6 UOAOH



Table 1 (continued)

Females Males Total Statistic Females Males Total Statistic Females Males  Total Statistic
High school 26 (26.80) 112 (27.65) 138 (27.49) p= 25(25.77) 87 (22.14) 112 p= 27 90 117 (24.43)
0.0466 (22.86) 0.6465 (25.47) (24.13)
Secondary school 35 (36.08) 135(33.33) 170 (33.86) 33(34.02) 129 (32.82) 162 19 99 118 (24.63)
(33.06) (17.92) (26.54)
Elementary school 12 (12.37) 62 (15.31) 74 (14.74) 11(11.34) 60 (15.27) 71 (14.49) 10 48 58 (12.11)
(9.43) (12.87)
Incomplete elementary 1(1.03) 2 (0.49) 3 (0.60) 0 (0) 1 (0.25) 1 (0.20) 0 (0) 0 (0) 0 (0)
school
Without school education 0 (0) 3(0.74) 3 (0.60) 0 (0) 6 (1.53) 6 (1.22) 1(0.94) 4 5 (1.04)
(1.07)
Unknown 2(2.06) 49 (10.12) 70 (8.57) 8(8.25) 43 (10.94) 51 (10.41) 29 60 89 (18.58)
(27.36) (16.09)
Ethanolrowhead
Positive 7 (7.22) 100 (24.69) 107 (21.31) xz = 11(11.34) 57 (14.50) 68 (13.88) X2 = 10 64 74 (15.45) Xz =4.415,df =2, p =0.11
15.37, 0.7049, (9.43) (17.16)
Negative 52 (53.61) 158 (39.01) 210 (41.83) df =2, 39(40.21) 157 (39.95) 196 df =2, 50 175 225 (46.97)
p= (40.00) p= (47.17) (46.92)
Unknown 38 (39.18) 147 (36.30) 185 (36.85) 0.0005 47 (48.85) 179 (45.55) 226 0.703 46 134 180 (37.58)
(46.12) (43.40) (35.92)
Substancesrowhead
Positive 3(3.09) 46 (11.36) 49 (9.76) xz = 10(10.31) 32(8.14) 42 (8.57) x2 = 8(7.55) 37 45 (9.39) X2 =1.41, df = 2, p = 0.4942
6.166, 1.259, (9.92)
Negative 54 (55.67) 200 (49.38) 254 (50.60) df =2, 38(39.18) 177 (45.04) 215 df =2, 55 206 261 (54.49)
p= (43.88) p= (51.89) (55.23)
Unknown 40 (41.24) 159 (39.26) 199 (39.64) 0.0458 49(50.52) 184 (46.82) 233 0.5328 43 130 173 (36.12)
(47.55) (40.57) (34.85)
2019 2020 2021
118 (19.8) 478 (80.2) 596 (100) 208 (22.08) 734 942 (100) 140 486 626 (100)
(77.92) (22.36) (77.64)
Suicide methodsrowhead
Hanging 86 357 (74.69) 443 ¥>= 160 (76.92) 582 (79.29) 742 (78.77) = 108 365 473 ¥%=24.74,df =5,p =
(72.88) (74.33) 9.58, 27.01, (77.14) (75.10) (75.56) 0.0002
Firearm 7 (5.93) 62 (12.97) 69 (11.58) df=4, 8(3.85) 74 (10.08) 82 (8.70) df =5, 4(2.86) 45 49 (7.83)
p= p< (9.26)
Poisoning 2(1.69) 6 (1.26) 8 (1.34) 0.0481 1 (0.48) 14 (1.91) 15 (1.59) 0.0001 10 5 15 (2.40)
(7.14) (1.03)
White arm 5 (4.24) 10 (2.09) 15 (2.52) 6 (2.88) 7 (0.95) 13 (1.38) 0 (0) 7 7 (1.12)
(1.44)
Trauma 18 43 (9.00) 61 (10.23) 28 (13.46) 53 (7.22) 81 (8.60) 17 60 77 (12.30)
(15.25) (12.14) (12.35)
Others 0 (0) 0 (0) 0 (0) 5 (2.40) 4 (0.55) 9 (0.10) 1(0.71) 4 5 (0.80)
(0.82)
Etiologyrowhead
Depression 41 169 (35.36) 210 2= 83(39.90) 263 (35.83) 346 (36.73) = 45 169 214 x% =15.08, df =5, p = 0.01
(34.75) (35.23) 17.49, 15.56, (32.14) (34.77) (34.19)
Other psychiatric diagnoses 20 30 (6.28) 50 (8.39) df =5, 30(14.42) 53(7.22) 83 (8.81) df =5, 29 44 73 (11.66)
(16.95) (20.71) (9.05)
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Table 1 (continued)

Females Males Total Statistic Females Males Total Statistic Females Males  Total Statistic
Family problems 7 (5.93) 22 (4.60) 29 (487) p= 12 (5.77) 36 (4.90) 48 (5.10) p= 7 (5.00) 29 36 (5.75)
0.0037 0.0082 (5.97)
Sentimental problems 7 (5.93) 29 (6.07) 36 (6.04) 13 (6.25) 67 (9.13) 80 (8.49) 10 33 43 (6.87)
(7.14)  (6.79)
Economic problems 0 (0) 10 (2.09) 10 (1.68) 2 (0.96) 11 (1.50) 13 (1.38) 3(214) 10 13 (2.08)
(2.06)
Unknown 43 218 (45.61) 261 68 (32.69) 304 (41.42) 372 (39.49) 46 201 247
(36.44) (43.79) (32.86) (41.36) (39.46)
Marital statusrowhead
Single 64 216 (45.19) 280 y2= 104 (50.00) 350 (47.68) 454 (48.20) = 52 204 256 ¥? = 7.275, df = 5, p = 0.201
(54.24) (46.98) 20.65, 24.12, (37.14) (41.98) (40.89)
Married 7 (5.93) 105 (21.97) 112 df =5, 33(15.87) 144 (19.62) 177 (18.79) df =5, 28 86 114
(18.79) p= p= (20.00) (17.70) (18.21)
Free union 30 101 (21.13) 131 0.0009 42 (20.19) 117 (15.94) 159 (16.88) 0.0002 26 93 119
(25.42) (21.98) (18.57) (19.14) (19.01)
Divorced 3(2.54) 18 (3.77) 21 (3.52) 7 (3.37) 40 (5.45) 47 (4.99) 4(2.86) 28 32 (5.11)
(5.76)
Widower 5 (4.24) 14 (2.93) 19 (3.19) 4(1.92) 14 (1.91) 18 (1.91) 1(0.71) 9 10 (1.60)
(1.85)
Unknown 2 (1.69) 31 (6.49) 33 (5.54) 2 (0.96) 85(11.58) 87 (9.24) 29 66 95 (15.17)
(20.71) (13.58)
Educationrowhead
College 57 59 (12.34) 116 2= 44(21.15) 125 (17.03) 169 (17.94) = 37 73 110 x%=19.79, df = 6, p = 0.003
(48.31) (19.46) 61.33, 16.48, (26.43) (15.02) (17.57)
High school 38 124 (25.94) 162 df =6, 69(33.17) 205 (27.93) 274 (29.09) df =6, 44 146 190
(32.20) (27.18) p< = (31.43) (30.04) (30.35)
Secondary school 27 152 (31.80) 179 0.0001 67 (32.21) 236 (32.15) 303 (32.17) 0.0114 38 143 181
(22.88) (30.03) (27.14) (29.42) (28.91)
Elementary school 9 (7.63) 71 (14.85) 80 (13.42) 18 (8.65) 113 (15.40) 131 (13.91) 15 76 91 (14.54)
(10.71) (15.64)
Incomplete elementary school 0 (0) 1(0.21) 1(0.17) 2 (0.96) 1(0.14) 3(0.32) 2(1.43) 1 3(0.48)
(0.21)
Without school education 0 (0) 4 (0.84) 4 (0.67) 2 (0.96) 4 (0.54) 6 (0.64) 0 (0) 2 2 (0.32)
(0.41)
Unknown 7 (5.93) 46 (9.62) 53 (8.89) 6 (2.88) 50 (6.81) 56 (5.94) 4(2.86) 45 49 (7.83)
(9.26)
Ethanolrowhead
Positive 26 128 (26.78) 154 X’ = 44 (21.15) 230 (31.34) 274 (29.09) = 15 91 106 x?=7.95,df = 2, p = 0.0188
(22.03) (25.84) 1.112, 9.371, (10.71) (18.72) (16.93)
Negative 76 289 (60.46) 365 df =2, 143 (68.75) 422 (57.49) 565 (59.98) df =2, 80 219 299
(64.41) (61.24) p= p= (57.14) (45.06) (47.76)
Unknown 16 61 (12.76) 77 (12.92) 0.5736 21 (10.10) 82(11.17) 103 (10.93) 0.0092 45 176 221
(13.56) (32.14) (36.21) (35.30)
Substancesrowhead
Positive 11 (9.32) 42 (8.79) 53(8.89) x*= 16 (7.69) 60 (8.17) 76 (8.07) v = 6(4.29) 26 32(5.11)  ¥*>=1.232,df = 2, p = 0.5401
0.1, df 0.0955, (5.35)
Negative 92 379 (79.29) 471 =2,p 170(81.73) 593 (80.79) 763 (81.00) df =2, 89 284 373
(77.97) (79.03) = p= (63.57) (58.44) (59.58)
Unknown 15 57 (11.92) 72 (12.08) 0.9512 22 (10.58) 81 (11.04) 103 (10.93) 0.9533 45 176 221
(12.71) (32.14) (36.21) (35.30)
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increase in the months from January to June. From 2016 to 2018 peaks were observed in August 2016, April, October, and December
2017, April 2019, and May, September, and November 2019 (Fig. 2A). The analysis of a group of ages revealed that suicide was highest
in the 15-19-year-old age group in 2018, in the rest of the years suicide was highest in the 20-24-year-old age group (Fig. 2B). Also,
suicide rates in 2020 were higher than in any other year in all the age groups (Fig. 2B). Interestingly, in 2019, suicide rates increased in
the 15-44-year-old age group in comparison to the previous years studied (Fig. 2B).

The monthly suicide rate by sex analysis was assessed for each year (Fig. 2C). In 2016, the maximum suicide rate was in August
(0.64 per 100,000) for the total population and males (1.09 per 100,000), and in June (0.25 per 100,000) for females. In 2017, the total
population maximum suicide rate (0.59 per 100,000) was detected in December, while October and December were the highest suicide
rates (0.97 per 100,000) for males, and July for females (0.25 per 100,000). In 2018, the maximum suicide rate was in December (0.54
per 100,000) for the total population and for males (0.95 per 100,000), and in April and October (0.3 per 100,000) for females. In
2019, the suicide rate for the total population (0.71 per 100,000), females (0.3 per 100,000), and males (1.16 per 100,000) was highest
in May. In 2020, the highest suicide rate was detected in the first semester, compared with previous years and the second semester of
2020, in both females and males with values above 0.5 and 1.5 and even 2.0 per 100,000 respectively. Finally, in 2021, March was the
month with the highest suicide rate in total and for the male population (0.82 and 1.44 per 100,000 respectively) and February for
females (0.32 per 100,000).

3.2. Young people have higher suicide rate regardless of the COVID-19 pandemic

Also, the suicide rate for age groups was estimated for each year (Fig. 2D). In every year included in this study, the suicide rate in
males was higher for all the groups of age (except <9 and 10-14 years) in comparison to females and the total population. In 2016, the
suicide rate was highest in the 20-24-year-old age group for females (4.08 per 100,000), males (17.76 per 100,000), and the total
population (11 per 100,000). Then, the suicide rate decreased to 49 years and increased in the 50-59-year-old age group. Interestingly,
opposite trends were detected by sex, while in males the suicide rate decreased at 45-49 and 59-64 years, it increased in females. In
2017, the highest suicide rate was the 20-24-year-old age group for females (5.26 per 100,000), males (15.1 per 100,000), and the total
population (10.25 per 100,000). Two other peaks were detected in the male suicide rate in the 35-39 (14.2 per 100,000) and 45-49
-year-old age group (13.21 per 100,000), while in females in the 30-34, 45-49, 55-59, and >65-year-old age group were significantly
lower (<0.8 per 100,000). In 2018, the total population suicide rate was highest at 15-19 years (10.02 per 100,000), in coherence with
the female population (8.01 per 100,000) but not with males, in which the highest suicide rate was for the 20-24-year-old age group
(16.23 per 100,000). Suicide rates for 2018 decreased after the peak. In 2019, the maximum suicide rate for the total population and
for males was in the 20-24-year-old age group (11.95 and 18.54 per 100,000 respectively), and for females in the 15-19-year-old age
group (7.52 per 100,000). Total and male suicide rates remained above 8 and 14 per 100,000 respectively from the 15-44-year-old age
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group, decreased from the 45-64-year-old age group, and increased at >65 years old. In 2020, the highest suicide rate for the total
population and males was in the 20-24-year-old age group (18.87 and 26.95 per 100,000 respectively), and for females in the 15-19-
year-old age group (11.47 per 100,000). After the peak, suicide rates decreased, but always with values above the rest of the studied
years. Finally, in 2021 the maximum suicide rate for the total population and males was in the 20-24-year-old age group (13.31 and
19.29 per 100,000 respectively), and for females in the 15-19-year-old age group (8.43 per 100,000).

3.3. Depression is the main suicide etiology regardless of the COVID-19 pandemic and in 2020 ethanol-positive suicide cases increased,
mainly in males

Table 1 contains the sociodemographic analysis of suicide for each year by sex. In every studied year hanging was the main suicide
method (above 70%) and depression was the main etiology (above 32%) regardless of sex. In 2016 (Table 1) suicide was higher in
females with a college education (21.65% vs 12.10%). In 2017 (Table 1), no differences were detected. In 2018 (Table 1), only dif-
ferences among suicide methods by sex were detected, since more males used firearms and traumatic injuries for suicide (11.53% vs
5.66% and 6.60% respectively). In 2019, 2020, and 2021 (Table 1), more sociodemographic factors varied by sex in comparison with
previous years. Regarding suicide methods, in these 3 years, suicide by firearm injury was higher in males (2019: 12.97% vs 5.93%,
2020: 10.08% vs 3.85%, 2021: 9.26% vs 2.86%), and in 2019 and 2020 deaths by jumping from heights and the consequently
traumatic injuries were higher in females (2019: 15.25% vs 9.0%, 2020: 13.46% vs 7.22%). Moreover, from 2019 to 2021 suicide was
higher in females with another psychiatric condition other than depression (2019: 16.95% vs 6.28%, 2020: 14.42% vs 7.22, 2021:
20.71% vs 9.05). Interestingly, 2020 (COVID-19 outbreak year) was not the year with the highest proportion of depression-related
suicides (36.73%), it was 2016 (64.94%). In 2019, suicide was higher in married males (21.97% vs 5.93%). Also, during
2019-2021, the proportion of females with college studies who died by suicide was higher than males (2019: 48.31% vs 12.34%, 2020:
21.15% vs 17.03%, 2021: 26.43% vs 15.02%) who died by suicide was higher than males. Finally, in 2020 and 2021 more males who
died by suicide tested positive for ethanol (2020: 31.34% vs 21.15%, 2021: 18.72% vs 10.71%), and 2020 was the year with the largest
proportion of ethanol-positive suicides (29.09%).
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Fig. 3. Temporal profile sociodemographic and clinical characteristics of suicide by sex. Suicide methods (A), etiology (B), marital status (C),
scholarity (D), ethanol test (E), and substance test (F). Abbreviations: C, college; D, divorced; EP, economic problems; ES, elementary school; FP,
family problems; FU, free union; HS, high school; IES, incomplete elementary school; M, married; OPD, other psychiatric diagnoses; S, single; SC,
secondary school; SP, sentimental problems; W, widower; WOE, without school education.
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Additionally, comparisons for suicide methods (females: X2 =48.97, df = 25, p = 0.0029; males: X2 = 38.8, df = 25, p = 0.0386),
etiology (females: x2 =60.95, df = 25, p < 0.0001; males: X2 =178.6, df = 25, p < 0.0001), marital status (females: X2 =94.24, df = 25,
p < 0.0001; males: Xz = 46.5, df = 25, p = 0.0056), education (females: Xz =137.3, df = 30, p < 0.0001; males: X2 =48.77,df =30, p
< 0.0001), ethanol consumption (females: Xz =92.61, df = 10, p < 0.0001; males: X2 = 278.5, df = 10, p < 0.0001), and substance
consumption (females: 2 = 95.27, df = 10, p < 0.0001; males: > = 312, df = 10, p < 0.0001) by year resulted in statistical significance
differences for all cases. For visualization proposes, these data are presented in Fig. 3.

Regarding suicide methods (Fig. 3A), the use of firearms tended to decrease in the total population and poisoning substantially
increase only in females by 2021. A robust decrease in suicide by trauma in females and males occurred in 2018, and after reaching a
maximum in 2018, suicides by white arm consistently decreased by 2021. Regarding suicide etiology (Fig. 3B), depression-related
cases decreased from their maximum in 2016 until 2018 and remained constant by 2021 in the total population. However, suicides
related to other psychiatric diagnoses increased by 2021, the year in which reached its maximum level, and this was more evident in
females. Data on marital status (Fig. 3C) revealed that suicide in married females decreased by 2021 after its maximum level in 2018.
Education level analysis (Fig. 3D) revealed that in 2019 suicide drastically increased in females with college studies. Finally, suicides
cases in which ethanol (Fig. 3E) and substance consumption (Fig. 3F) were positive reached minimum levels in 2019 and 2021, but
substantially increased in 2021.

4. Discussion

In this study, we found that the number of suicides and suicide rates increased in 2019 and substantially increased in 2020 in
comparison with 2016 to 2018 data in Mexico City. The 2020 suicide rate increase was specifically in the first six months of the year,
which corresponds to the outbreak of the COVID-19 pandemic. However, suicide rates increased in all age groups during 2020, in
comparison with 2016-2019 and 2021. Monthly analysis of suicide data revealed that the suicide rate is higher in males. The analysis
by age groups showed that the ages with the highest suicide rate are in the 20 to 24-year-old age group, followed by the 15 to 19-year-
old age group.

Suicide is a public health problem not only because of its complex epidemiology which includes demographic, genetic, clinical, and
environmental variables, but also because of the stigma about suicide [25]. Recent studies have shed light on suicide neurobiology,
which points to diverse neuroendocrine (i.e. hypothalamic—pituitary—-adrenal axis alterations) and neurotransmitter (i.e. serotonin and
dopamine) disfunction [26]. However, this neurobiological mechanism must interact with environmental stimuli to set suicide
behavior, and a myriad of environmental aspects have been associated with suicide, including sociodemographic and economic
features [25]. Thus, suicide has regional characteristics which must be analyzed to design and implement successful public health
strategies to control it.

In Mexico City, considering the total population, the number of suicides and suicide rates per 100,000 remained constant from 2016
to 2018 (Fig. 1), and 2018 was the year with a lowest suicide rate during this period (Table 1). In 2019, the suicide rate increased by
22.77%, compared with the mean suicide rate of 2016-2018 (5.42 per 100,000). However, in 2020, the suicide rate increased by
58.3% in comparison with 2019. The main factor attributed to this boost in the suicide rate is the COVID-19 pandemic.

The context of COVID-19 pandemic in Mexico City is the following [22,23], the first COVID-19 cases and deaths were confirmed on
February 27th and on March 22nd’ 2020. On March 23rd, national preventive infection strategies without restrictive measures were
implemented, and on April 1st a national health emergency phase was declared, implementing restrictive measures, including lock-
down. Then, two infection peaks were detected in May 2020 (~1100 daily cases) and January 2021 (~7400 daily cases). Regarding
COVID-19-related daily deaths, the first peak was reached in May 2020 (~170). From the end of July to the first week of November
2020, daily deaths remained around 50 and then increased until they reached their peak in January 2021 (~270), which was the
maximum number of deaths registered in the pandemic (until June 2022). Finally, the national vaccination campaign against
COVID-19 started on December 24th, 2020.

Despite a higher suicide rate in 2020 in comparison with previous years, this increase was only in the first semester of the year, from
January to June (Fig. 2A). Thus, the increase in suicide rate in 2020 corresponded with the increase in deaths from the COVID-19
outbreak.

There are several reports of people suffering anxiety and depression during the COVID-19 pandemic [27]. Moreover, some studies
reported that adolescents and young adults were vulnerable to this, which is congruent with our findings, since despite an increased
suicide rate in all the age groups in 2020, it was higher in the groups from 15 to 29 years old (Fig. 2B). Various reports from different
countries revealed that young people, around 18-34 years old, were vulnerable to stress, anxiety, and depression during the COVID-19
pandemic [28-34], including Mexico [35,36].

Also, it was reported that social isolation was a main factor for mental health and school problems during COVID-19 outbreak in the
student population (6-18 years old) in Mexico City. This is mainly due to the lack of quality internet services and computer access,
which compromise the academic performance of the students [37]. These problems could even be more severe in communities with
less telecommunication infrastructure than Mexico City, which is the capital of the country, as documented in some indigenous
communities [38]. Also, social isolation during the COVID-19 pandemic affected sleep quality and caused anxiety and
depression-related symptoms in people from 18 to 40 years old [39].

Moreover, ethanol consumption has been associated with an increased suicide risk in vulnerable people, such as patients with
psychiatric diagnoses, people living in high COVID-19 prevalence areas, etc. [8]. Thus, it can be interpreted that stress, anxiety, and
depression due to COVID-19, together with ethanol consumption, may be risk factors that could increase suicide rates.

Here we found that suicide increased during the COVID-19 pandemic, together with the reports from other countries, as mentioned
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in the introduction (Section 1). However, suicide rates were modified by diverse economic, demographic, and social factors [15,40,
41]. In Poland, a study performed on the university student population (18-24 years) detected an increase in the suicide rate only in
males during the first 2 months of the COVID-19 pandemic [14]. In Japan, the 20-29-year-old age group had the largest increase in rate
change in suicide and estimated number of cumulative excess deaths by suicide during the COVID-19 pandemic [11]. Here we report
that the suicide rate substantially increased in age groups from 18 to 24 years old during 2020, and the highest suicide rate was in age
groups in the other analyzed years. Previous studies of our group in the Mexico City population suggest an HPA dysfunction in young
suicide completers, since hypertrophy and oxidative stress in the adenohypophysis were detected in postmortem tissue [42]. Also,
young-adult suicide attempters have increased cortisol blood levels in comparison with a control group [43]. This supports the hy-
pothesis that young people are a vulnerable group to suicide apart from the COVID-19 pandemic.

During the COVID-19 outbreak, worldwide healthcare professionals were a vulnerable group due to problems related to mental
health [44-46]. In Mexico City healthcare workers under 40 years old, depression, insomnia, and posttraumatic stress disorder (PTSD)
were reported as the main mental health consequences related to the COVID-19 pandemic [47,48]. In the present study we were unable
to analyze the occupation of the suicide completers and we discuss this point in the limitations of the study (Section 5).

However, suicide did not increase across the board worldwide due to COVID-19 [49,50]. In Canada, a reduction in the suicide rate
was reported due to a national strategy for prevention [51]. This is interesting, since we detected an increase in the suicide rate during
specific months of the COVID-19 pandemic (2020), from January to June, and October. In the rest of 2020 suicide was equal to or even
lower than reported in previous years. Fear of suffering from COVID-19 was the main factor for the increase in anxiety and cases of
depression in India [52], and a factor contributing to suicide in India [53], and Pakistan [41]. This neuropsychological factor was
evident in the first stages of the pandemic when there was a lot of uncertainty about health and economical COVID-19-related out-
comes. Thus, something similar could explain the sudden increase in the suicide rate in the Mexico City population. Interestingly, a
national study that evaluated depression (Depression Anxiety and Stress Scale 21: DASS 21) and resilience (14-item Resilience Scale:
RS-14) through an online questionnaire from May to June 2020 revealed lower levels of anxiety and depression, and high resilience in
the Mexican population in comparison with the Turkish and Chinese populations [54]. Although this was a national study, this data
suggest that the first months of the COVID-19 outbreak were critical for mental health and might be associated with the increase in the
suicide rate in the first semester of 2020, then resilience might be associated with the decrease in the suicide rate for the second
semester of 2020.

In Mexico City, it was detected a reduction in depression-related suicide during the COVID-19 pandemic years. A similar trend was
detected in South Korea [50], however, in this population, the number of suicides decreased during the pandemic. Interestingly, in
Mexico City, suicide cases related to other psychiatric diagnoses, not including depression, increased during the pandemic, the increase
being greater in the female population. This is congruent with a systematic review conducted on the Mexican population which
detected young females as the most vulnerable population for mental health outcomes of the COVID-19 pandemic [36].

Beyond the context of the COVID-19 pandemic, suicide prevalence is higher in young people (<30 years old), but also in low- and
middle-income countries [18] (Mexico is classified as a middle-income country [55]). For these countries, economic problems are
commonly associated with suicide, around 10% of the yearly cases [56,57]. In this report, we found that economic problems never
exceed 2.5% of the cases, suggesting that other factors may be contributing to suicide in Mexico City. Additionally, our data confirm
some results about suicide in Mexico City from 2014 to 2015 [58]. First, males have a higher suicide rate than females. Second,
hanging is the most common method of suicide. Furthermore, during 2016, 2017, and 2019 (in which was most evident), a suicide rate
increase at >65 years was detected.

With adequate strategies and interventions, suicide can be prevented. Ultimately these data can contribute to developing suicide
prevention strategies, which can be both at population levels, focusing on suicide methods and socioeconomic factors, and individual
interventions, targeting psychopathology related to the etiology of suicide. Also, since suicide prevalence is higher in the young
population, the implementation of suicide prevention strategies in schools may be critical for the attenuation of this problem [18,59].

5. Limitations

As previously pointed out [58], due to the lack of information from the coroners’ records, it was not possible to carry out a more
detailed analysis of some specific factors related to suicide and COVID-19. For example, regarding occupation, a couple of reports
suggest a mental health problems vulnerability in Mexico City health professionals during the pandemic [47,48]. Moreover, there is a
debate about the impact of the pandemic on people with mental diseases, as some reports suggested that mental disease diagnosis
increased the risk for worse COVID-19 outcomes [60-62], and other reports do not [63-67]. Moreover, differences in COVID-19
prevalence in Mexican people with mental diseases has been reported [68]. Thus, it would have been interesting to explore the
relationship between diagnosing suicide and mental diseases during the COVID-19 pandemic.

6. Conclusions

The outbreak of the COVID-19 pandemic (January to June 2020) increased the suicide rate, regardless of age, in Mexico City.
Suicide prevalence was higher in males and young people (15-24 years), beyond the COVID-19 pandemic. Ethanol-positive cases in
suicide completers were the highest in 2020, which may be related to the increase in suicide during the COVID-19 pandemic.
Moreover, in 2020-2021 more males who died by suicide tested positive for ethanol. These findings confirm that suicide is a complex
and multifactorial problem and will allow for the establishment of new guidelines for the development and implementation of pre-
vention and care strategies.
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