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Abstract

Background Mississippi youth are demographically unique compared to that of the nation. The purpose of this study is
to determine the prevalence and trend of suicide ideation, suicide plans, suicidal attempts, and suicidal injury among
high school students in Mississippi vs. in the United States (U.S.).

Method Summary statistics, prevalence ratio (PR), and trend analysis were generated and compared between Mississippi
high school students and their U.S. counterparts.

Results The 2021 prevalences for suicide plans, suicide attempts, and suicide injury are all significantly higher for Mis-
sissippi high school students compared to their national counterparts. From 2001 to 2021, on the national level, none
of the four suicide behaviors showed significant change, whereas, in Mississippi, suicide plans, suicide attempts, and
suicide injury all had an increasing trend.

Conclusions Our study reveals alarming increasing trends and significantly greater severity of suicidal burdens among
Mississippi high school students compared to the nation. Left unattended, these trends may continue quicker due to
a clustering effect. There is an urgent need for Mississippi to implement more and better intervention and prevention
measures to stop and reverse the increasing trend of suicidal behaviors among its 9-12 graders.
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1 Introduction

Adolescents’suicidal behaviors are serious public health challenges with long term ramifications for individuals, families,
and society. Despite efforts in research and prevention, the prevalence of adolescent suicide remains alarmingly high,
with various studies indicating an upward trend over the past decade [1-3]. Adolescents’ visits to hospital emergency
department due to suicidal attempts are increasing [4, 5]. Nationally, the suicide death rate increased from 6.8 per 100,000
people in 2007 to 11 per 100,000 in 2021 among the 10-24 years-olds [6, 7]. Center for Disease Control and Prevention
(CDCQ) reported that suicide is the second leading cause of death among youth 14-18 years old [2]. Furthermore, CDC
sources show the severity of the full scope of suicidal behaviors including suicidal ideation, planning, non-fetal suicide
attempts, and injurious suicide attempts. In 2021, approximately 22.2% of U.S. high school students seriously considered
attempting suicide, 17.6% made a suicide plan, 10.2% made a suicide attempt, and 2.9% sustained non-fatal injury caused
by attempted suicide that needed medical attention [8].
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The developmental period of adolescence involves important biological and psychological changes, which can impact
vulnerabilities and contribute to the risk of suicidal behavior. Psychological factors, such as sadness, depression, anxiety,
and mental health disorders are strong predictors of suicidal behavior among adolescents. Other key factors such as sub-
stance use, adverse peer relationships, being bullied, exposure to trauma of physical and/or sexual abuse all significantly
increase the risk of suicidal behavior. Family dynamics and access to means of suicide also play a crucial role. In addition,
the excessive social media consumption and cyberbullying is significantly associated with suicidal behavior [9-11].

Research demonstrates that many demographic factors such as age, sex, and racial composition should be considered.
Older adolescents exhibit higher suicide rates compared to younger adolescents [12]. Sex differences are pronounced,
as females show higher rates of suicidal ideation and attempts [13, 14]. Racial disparities are also evident. Studies with
national data suggest that both Black female and male students were more likely to report having attempted suicide
compared to their respective White counterpart in 2021 [15]. Furthermore, CDC recently reported that suicide rates
among persons age 10-24 years old showed a 36.6% significant increased during 2018 to 2021 among Black persons,
while no significant changes were found among other races of the same age group. However, due to population base
ratio, non-Hispanic White still makes up the majority of total suicide death in 2021 [16].

Mississippi is demographically and social-economically unique compared to the nation. Among other economic,
health, and populational characteristics, Mississippi has a distinctive racial composition: a much higher percentage of
Black residents, 37.8%, compared to the national average 13.7%. Approximately 58.7% of Mississippi’s population is White,
lower than the national average of around 75.3%. Hispanic make up 3.9% of Mississippi population, much lower com-
pared to the national average 19.5% [17]. Mississippi’s suicide rate in 2021 reached its highest level in 20 years [18]. For
youth specifically, suicide is the third leading cause of death for Mississippians aged 15-24 [18]. Curtin et al. reported that
in Mississippi, suicide death rates among persons aged 10-24 years increased 26.6% from 2007-2009 to 2016-2018 [6].

Although there are several studies on adolescent suicide trends at the national level for various time intervals, no such
work has been done for the Mississippi adolescent population. Differences in suicide trends between Mississippi and the
nation have also not been evaluated. This study aims to examine the difference in temporal trends for suicide ideation,
planning, attempt, and suicidal injury, and to determine the difference by sex and by race between Mississippi and the
U.S.in 2021.The underline assumption is that the suicide risk of Mississippi youth is significantly greater compared to that
of the nation, following similar unfortunate pattern that Mississippi ranks at the bottom in almost every leading health
outcome [19]. This study also seeks to monitor the current state of Mississippi adolescent suicide, thus contributing to
the development of effective prevention and intervention strategies that are tailored according to the Mississippi needs.

2 Method
2.1 Participants

2001 to 2021 National and Mississippi Youth Risk Behavior Survey (YRBS) data are obtained from CDC public domain
(https://www.cdc.gov/yrbs/data/index.html) for this study. Participants for the national level survey is a representative
sample of high school students from both United States private and public schools, whereas participants of the Missis-
sippi YRBS include a random sample of students from public high schools.

2.2 Instrumentation

The four data points of interest for this study are: —1) “During the past 12 months, did you Ever seriously consider attempt-
ing suicide” (Q26)? -2) “During the past 12 months, did you make a plan about how you would attempt suicide” (Q27)?
-3)“During the past 12 months, how many times did you attempt suicide” (Q28)? —and, 4) “If you attempted suicide dur-
ing the past 12 months, did any attempt result in an injury, poisoning, or overdose that had to be treated by a doctor or
nurse” (Q29)? Student’s responses to these questions were recoded dichotomously (Yes, No).

In this study sex and race/ethnicity variables are also used. Sex has self-reported responses of two values (Male,
Female). As for race/ethnicity, YRBS data has two variables: “race4” has four values—"White”, “Black or African American’,
“Hispanic/Latino”and “All other races”; “race7” has seven values—“Non-Hispanic American Indian or Alaska Native”,“Non-
Hispanic Asian’,"Non-Hispanic Black”,“Hispanic’, “Non-Hispanic Native Hawaiian or Other Pacific Islander’,“Non-Hispanic
White” and “Non-Hispanic Multiple races” [20, 21]. We elected to use “race4” for this study due to consideration of small

sample size. Sample size for some race/ethnicity group in Mississippi YRBS data is as low as being single digit.
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2.3 Procedure

YRBS is a complex sample survey [22, 23]. Every other year YRBS collects high school student’s health risk behaviors in
six categories. CDC conducts national-level survey by administering survey questionnaires to both private and public
school students in 50 U.S. states plus the District of Columbia. Mississippi YRBS is administrated by the collaboration of
State Departments of Health and of Education. The three-stage complex sample design of YRBSS ensures that representa-
tive samples are collected. First, primary sampling unit is designed at the county level. Then based on characteristics of
racial composition and metropolitan urbanity, primary sampling unites are further classified into strata. Then secondary
sampling unit is specified at the school level. The sampling proportions correspond to school enrollment size. The final
stage is to randomly sample Tor 2 classrooms in each grade 9-12 of the selected schools.

2.4 Data analysis

We calculated and compared the prevalence ratios with confidence 95% intervals (Cl) between US and Mississippi high
scholars using year 2021YRBS data. Following other researchers [24, 25], we declare statistical significance in rare cases
when the p value being less than 0.05 but the 95% confidence interval equals 1.

In order to detect linear or non-linear trends, we adopted CDC's methods for trend analysis [26] by including linear,
quadratic and cubic time variables in the logistic regression models where log odds ratios were estimated. Linear trends
were tested by using a model that contains only a linear time variable plus variables controlling for sex, race and grade;
Quadratic trends were tested by re-running the model with both linear and quadratic time variables; likewise cubic trends
were tested. When only a linear year-contrast term is found to be significant, the related beta with its p-value are used
to establish the direction and significance of the trend [26, 27]. If non-linear changes are detected, we calculate the sex,
race, and grade adjusted prevalence and standard error for each survey years 2001 through 2021. These adjusted annual
prevalences were used as input for further joinpoint regression analysis. Also known as segmented regression, joinpoint
regression has been recognized as a valuable modeling procedure for studying changes in trends over time [28-30].
Based on assumption that data can be divided into subsets and each subset has its own linear trend [31], joinpoint
regression establishes critical values, or joinpoints, between adjacent linear segments and subsequently determines
Annual Percent Change (APC) for each resulting segments, as well as the Average Annual Percent Change (AAPC) for the
whole study time frame [32], in our case, from 2001 to 2021. We employed permutation test technique to determine the
number of joinpoints and we applied a parametric method to calculate the confidence intervals for the APCs and AAPCs.

The survey package of statistical software R (version 4.4.0) was used for data analysis. Along with SUDAAN, SAS, Stata,
SPSS and Epi Info, R is recommended by the CDC YRBS trend analyses due its capability to account for the complex sam-
pling design of YRBS data [33]. With permission from the National Cancer Institute, we downloaded Joinpoint software
(version 5.1.0) for joinpoint regression analysis.

3 Results
3.1 Demographic characteristics of 2021 YRBS data

The 2021 YRBS sample sizes for Mississippi and the U.S. are 1747 and 17,232, respectively. Proportion of female and
male students are nearly equal in the Mississippi sample—49.2% female and 49.5% male, while the national data shows
slightly a higher male percentage: 47.3% female and 51.2% male. Significant difference is observed between the racial
proportions of the two samples. The U.S. YRBS sample consists of 53.1% White, 18.8% Hispanic, 13.5% Black, and 12.1%
Other races. In contract, Mississippi YRBS sample consists of 47.1% Black, 33.8% White, 8.9% Hispanic, and 5.8% Other
races. Compared to the U.S. sample, the Mississippi data includes more 9th graders (36.1% vs. 27.0%) and fewer 12th
graders (17.5% vs. 22.3%), while the percentages for 10th and 11th graders are similar.
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Table 1 Prevalence Risk behavior Mississippi (%) U.S. (%) PR* (95% CI) p
comparison of suicidal
behaviors: Mississippi vs. U.S.,  syicide ideation 216 222 1.0(0.9,1.1) 0.58
YRBS 2021 .
Suicide plan 19.7 17.6 1.1(1.0,1.3) <0.05
Suicide attempt 16.2 10.2 16(1.4,1.9) <0.001
Suicide injury 5.1 29 1.7(1.3,23) <0.001

PR* Prevalence ratio

Table2 Prevalence

comparison of suicidal
behaviors: Mississippi vs. U.S. Suicide ideation
by sex, YRBS 2021

Risk behavior Mississippi (%) U.S. (%) PR* (95% Cl) p

Female 27.1 30.0 0.9(0.8,1.0) 0.09

Male 153 143 1.1(0.9,1.3) 0.48
Suicide plan

Female 25.0 23.6 1.1(0.9,1.2) 0.45

Male 14.3 11.6 1.2(1.0,1.5) 0.07
Suicide attempt

Female 17.3 133 1.3(1.1,1.6) <0.05

Male 13.9 6.6 2.1(1.6,2.7) <0.001
Suicide injury

Female 6.0 39 1.5(1.1,2.2) <0.05

Male 4.0 1.7 2.4(1.6,3.5) <0.001

PR* Prevalence ratio

3.2 prevalence comparison: Mississippi vs. U.S.
3.2.1 Overall prevalence

Table 1 shows that suicide ideation prevalence is similar for Mississippi and the U.S.: 21.6% vs. 22.2% (p =0.58). Sui-
cide plan prevalence is 10% higher in Mississippi than that of the U.S. (p < 0.05); Suicide attempt is 60% higher in
Mississippi than that of the U.S. (p <0.001); Suicide injury is 70% higher in Mississippi than that of the U.S. (p <0.001).

3.2.2 Prevalence by sex

Table 2 shows that suicide ideation and suicide plan do not have a significant difference between Mississippi students and
those in the U.S. by sex. However, Mississippi female students are 30% more likely to attempt suicide (p <0.05), and 50%
more likely to incur suicide caused injury (p <0.05), while Mississippi male students were 2.1 times more likely to attempt
suicide (p <0.001) and 2.4 times more likely to incur suicide caused injury (p <0.001), compared to their U.S. counterpart.

3.2.3 Prevalence by race

Table 3 shows that no difference in suicide ideation was observed between Mississippi and the U.S. students by race.
However, compared to the U.S., Mississippi White students are 30% more likely to make a suicide plan (p < 0.05), 40%
more likely to attempt suicide (p <0.05) and 90% more likely to incur suicide related injury (p < 0.05); Mississippi His-
panic students are 40% more likely to make a suicide plan (p < 0.05), and 90% more likely to attempt suicide (p <0.01);
Mississippi other race students are 60% more likely to make suicide plan (p <0.05), 90% more likely to attempt suicide
(p<0.05) and 3 times more likely to incur suicide-related injury (p < 0.05). Mississippi Black students, however, did
not show a significant difference in the suicide plan, suicide attempt, or suicide injury from those of the U.S.
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Table 3 Prevalence Risk behavior Mississippi (%) U.S. (%) PR* (95% CI) p
comparison of suicidal
behaviors: Mississippi vs. U.S. Suicide ideation
by race, YRBS 2021 White 236 227 1.0(09,1.2) 0.57
Black 18.2 21.6 0.8(0.7,1.0) 0.14
Hispanic 24.6 22 1.1(0.9,1.4) 0.40
Other 32.2 21.5 1.5(1.0,2.3) 0.12
Suicide plan
White 21.7 16.9 1.3(1.1,1.6) <0.05
Black 16.4 17.7 0.9(0.7,1.1) 0.48
Hispanic 26.3 18.7 1.4(1.0,1.9) <0.05
Other 29.5 18.9 1.6(1.1,2.3) <0.05
Suicide attempt
White 13.0 9.0 1.4(1.1,1.9) <0.05
Black 17.8 14.5 1.2(1.0,1.6) 0.08
Hispanic 20.0 10.7 1.9(1.3,2.7) <0.01
Other 18.8 9.7 1.9(1.1,3.4) <0.05
Suicide injury
White 4.6 24 1.9(1.1,3.3) <0.05
Black 5.0 4.4 1.1(0.7,1.8) 0.60
Hispanic 5.7 3.8 1.5(0.8,2.8) 0.20
Other 7.0 23 3.0(1.2,7.9) <0.05

PR* Prevalence ratio

3.3 2001 to 2021 temporal trends comparison using APC and AAPC: Mississippi vs. U.S.

3.3.1 Suicide ideation

As shown in Table 4 and Fig. 1, Joinpoint regression models identified a significant increasing trend of suicide ideation
prevalence from 2001 to 2021 among Mississippi high school students (AAPC=2.2%, p <0.001). For the U.S., a decreas-
ing—increasing pattern was observed with 2009 being the joinpoint: 2001 to 2009 (APC=-3.1%, p=0.08); 2009 to 2021
(APC=3.2%, p <0.01), but the overall change from 2001 to 2021 was not significant (AAPC=0.6%, p=0.40).

Table 4 Trends of suicidal behaviors among Mississippi and U.S. Adolescents, YRBS 2001—2021

YRBS Questions AAPC* p Segment 1 APC** p Segment 2 APC p
(95% Cl), % (95% Cl), % (95% Cl), %
Suicide ideation
Mississippi 2.2(1.3,3.1) <0.001 NA NA NA NA NA NA
u.s 0.6 (—0.7,2.0) 0.4 2001-2009  —3.1(-6.6,0.6) 0.08 2009-2021 3.2(1.7,4.7) <0.01
Suicide plan
Mississippi 24(-3.1,8.2) 0.4 2001-2007 —-2.5(-24.3,-256) 0.80 2007-2021 4.6(2.2,6.9) <0.01
u.s 0.7 (-0.6,1.9) 0.30 2001-2009 -3.3(-6.2,-0.2) <0.05  2009-2021 3.4(1.8,5.0) <0.01
Suicide attempt
Mississippi 4.5(3.6,5.3) <0.001 NA NA NA NA NA NA
u.s 02(-1.2,1.7) 0.75 2001-2009 -3.4(-6.7,0.0) <0.05 2009-2021 2.7 (0.9,4.6) <0.001
Suicide injury
Mississippi 43(1.5,7.2) <0.01 NA NA NA NA NA NA
u.s -0.2(-25,2.1) 0.86 NA NA NA NA NA NA

AAPC* Average annual percent change, APC** Annual percent change
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@ Discover

2018

2020

2022



Discover Psychology (2024) 4:200 | https://doi.org/10.1007/544202-024-00312-5 Research

3.3.2 Suicide plan

As shown in Table 4 and Fig. 2, suicide plan prevalence did not demonstrate a significant overall change from 2001
to 2021 for either Mississippi (AAPC=2.2%, p=0.40) or the U.S. (AAPC being 0.7%, p=0.3). For Mississippi, Joinpoint
regression models identified two segments with 2007 being the joinpoint: from 2001 to 2007 no significant change
(APC=-2.5%, p=0.8); from 2007 to 2021 there was a significant increase trend (APC=4.6%, p <0.01). For the US., a
decreasing-increasing pattern was observed with 2009 being the joinpoint: 2001 to 2009 (APC=-3.3%, p < 0.05); 2009
102021 (APC=3.4%, p<0.01).

3.3.3 Suicide attempt

As shown in Table 4 and Fig. 3, there was a significant increasing trend of suicide attempt prevalence from 2001 to 2021
in Mississippi high school students (AAPC=4.5%, p <0.001). For the U.S., a decreasing-increasing pattern was observed
with 2009 being the joinpoint: 2001 to 2009 (APC=-3.4%, p <0.05); 2009 to 2021 (APC=2.7%, p <0.01). However, the
overall change from 2001 to 2021 was not significant (AAPC=0.2, p=0.75).

3.3.4 Suicide injury

As shown in Table 4 and Fig. 4, there was a significant increasing trend of suicide injury prevalence from 2001 to 2021 in
Mississippi high school students (AAPC=4.3%, p <0.01). For the U.S., overall change from 2001 to 2021 was not significant
(AAPC=-0.2%, p=0.86).

4 Discussion

Based on the literature review, this epidemiologic study of suicide prevalence and trend comparisons between Mis-

sissippi youth and their U.S. counterparts is the first of its kind. Our findings are alarming. In 2021, Mississippi youth
had a significantly greater prevalence for three of the four YRBS suicide risk behaviors: suicide plan, suicide attempt,

* US. -1 Joinpoint 2009.0-2021.0 APC = 2.74* 2001.0-2021.0 APC =4.46*
2001.0-2009.0 APC =-3.42* Mississippi - 0 Joinpoints

16

15

14
S
Py
E 12
-
';" 1"
=
e 10
?’ L3
= 9
-] .
2 s '\‘\

-~

.- Joinpoint 1/1: 2009

5
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Year

Fig. 3 Joinpoint regression showing trends of suicide attempt from 2001 to 2021, Mississippi vs. U.S
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Fig.4 Joinpoint regression showing trends of suicide injury from 2001 to 2021, Mississippi vs. U.S

and suicide injury. Furthermore, suicide attempt and suicide injury prevalence for Mississippi male students both
more than doubled that of their U.S. counterparts, while Mississippi female students also have a 30% and 50% greater
prevalence for suicide attempt and suicide injury. In addition, we found that compared to their U.S. counterparts,
Mississippi whites, Hispanic, and other races have greater prevalences for suicide plans, suicide attempts, and sui-
cide injuries. From 2001 to 2021, while no significant changes were observed in U.S. youth in all four YRBS suicide
behaviors, Mississippi youth had a troubling increase trend in suicide ideation, suicide attempt and suicide injury,
as well as substantial suicide plan increase trend for segment 2007 to 2021.

Adolescent suicide remains a serious issue for both Mississippi and the U.S., and it continues to increase in Missis-
sippi. For the U.S., a V-shaped decrease-increase pattern was observed for suicide ideation, suicide plan, and suicide
attempt—all have a joinpoint in 2009. From 2009 to 2021, there were significant increase trends for the above three
outcomes. As reported by various studies, these trends correlate with increased emergency department visits [34, 351.

For Mississippi, there were substantial increase trends in all four suicidal behaviors, which correlates to the Mis-
sissippi teen suicide death trend reported by the United Health Foundation [36]. The largest APC/AAPC is suicide
plan at 4.6%, followed by suicide attempt at 4.5%, suicide injury at 4.3%, and suicide ideation at 2.2%. These linear
trends of increases are very concerning. Left unattended, these trends may continue to expand due to a clustering
effect [37, 38].

It is worth noticing that in 2021 while Mississippi White, Hispanic and Other races students showed significantly
higher rates for suicide attempt, Mississippi Black students showed comparable rate compared to the nation.

Adolescent suicide is a complex issue that demands a comprehensive approach. The findings of this study help
to promote awareness of the severity of adolescent suicide behavior in Mississippi. This study serves as an urgent
call for more and improved interventions at the family, community, school, and government levels. Parents can be
educated to recognize the early signs of suicidal behavior; tailored interventions addressing specific cultural contexts
that involve community leaders can boost the effectiveness of community actions; and school based programs such
as mental health and anti-bullying programs can be instrumental in reducing suicide attempts and suicide rates.
Governments should allocate more funding for adolescent mental health and suicide prevention services and should
bring this need into the policy-making and legislation process.
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5 Conclusions

We found that Mississippi adolescent suicide behaviors are on the rise, which underscores the pressing need for Mis-
sissippi to take concerted action to battle adolescent suicide. We found that Mississippi male students are two times
more likely to attempt suicide and two times more likely to incur suicidal injury compared to their U.S. counterparts.
Male-specific risk factors such as greater access to firearms at home and being more reluctant to seek help [10, 39]
need to be taken into consideration when prevention programs are developed. The results of this research can guide
educators, healthcare providers, local community leaders, and policymakers in the development of comprehensive
suicide prevention initiatives.

6 Limitations

This study had data limitations. Mississippi YRBS only surveys students from public high schools, the data does not
represent all high school students in that it excludes students from private schools, homeschools, and those not in
school. In addition, data bias may exist because of the self-reporting nature of the survey. Furthermore, this study
is limited by its main focus on the trends comparison between Mississippi and the U.S.. The “why” for such trends
divergence warrants future studies that dig into social economical determinants and youth risk behavior factors that
might be unique to the Mississippi youth population.
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