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Abstract 

Suicide is the leading cause of non-accidental death for Native American young people 

ages 15-24 years old. Concerningly, suicide rates have continued to rise over the past decade 

despite a myriad of prevention efforts. This shortcoming has urged some scholars to (re)examine 

key theoretical constructs to better direct suicide prevention efforts in tribal communities. Using 

Indigenous Wholistic Theory, an algorithmic approach was employed to identify a broader set of 

factors that may influence suicidal ideation among Native American high schoolers in California 

(n = 2,609). Lasso penalized regression was used to select the most accurate predictors of 

suicidal ideation. Ten out of the 17 input predictors were significant including: depressive 

symptoms; school-based victimization; sexual and gender minority status; lifetime use of 

alcohol, vapes, and cannabis; breakfast consumption; access to alcohol and other drugs; and 

parent education level. The study found that a combination of factors across individual, 

emotional-social, mental-political, and physical-economic domains could be used to predict the 

individualized risk of experiencing suicidal ideation. I argue that this multi-level wholistic model 

is more appropriate and useful, especially for Native American youth. The study highlights the 

need for a more comprehensive understanding of suicide-related behavior among Native 

American youth and points to new directions in suicide screening. 
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Introduction 

Death by suicide among Native American peoples is an alarming, racialized health 

disparity (Warne & Lajimodiere, 2015; Sarche & Spicer, 2008). According to the Office of 

Minority Health, Native Americans young people ages 15 to 24 years old die by suicide at a 

disproportionately higher rate compared to white youth of the same age (39.1 vs. 17.0 per 

100,000; 2021). Within California, suicide-related behavioral health outcomes for Native 

American youth are also worse than white youth. From 2017-2019, on average 20.0% of Native 

American high school students reported experiencing suicidal ideation compared to 17.6% of 

white youth (WestEd, 2020).  

Attempting to address this crisis, the US Department of Health and Human Services 

Substance Abuse and Mental Health Services Administration spent approximately 

$20,000,000.00 per year on tribal-specific suicide prevention efforts from 2018 to 2023 

(SAMHSA, 2023). Despite these efforts, suicide rates have continued to rise over the past decade 

perpetuating suicide as the leading cause of non-accidental death for Native American young 

people ages 15 to 24 years old (CDC, 2023; Curtin & Hedegaard, 2019). This shortcoming has 

urged some scholars to rethink Native American youth suicide by urging a (re)examination of 

key theoretical constructs to better direct suicide prevention efforts in tribal communities 

(Ansloos, 2017; 2018; Elliott-Groves, 2018; Wexler & Gone, 2016; White, 2017). These critics 

of mainstream suicidology argue that the domination of a psycho-centric conceptualization of 

suicide-related behavior overemphasizes the risk factors related to psychopathologies, 

maladaptive cognitive schema, and other mentally disordered characteristics (Ansloos, 2018; 

White, 2017). As such, the invitation to rethink Native American youth suicide emphasizes a 
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need to examine suicide and suicide-related behavior beyond this narrow psycho-centric focus to 

be more engaged with social, structural, and cultural dimensions of tribal health. 

This paper uses an Indigenous-based theoretical approach to guide a (re)examination of 

the multi-level, wholistic factors that may influence suicide-related behavior (i.e., suicidal 

ideation) among Native American young people in California. Indigenous Wholistic Theory 

constructs health as multifaceted, amalgamating spiritual, emotional, mental, and physical 

domains (Absolon, 2010). Aligned with tribal constructions of health and wellness, positive 

health outcomes occur when these domains align with responsive historical, social, political, and 

economic contexts (See Figure 1). Subsequently, maladaptive health outcomes—like the 

exhibition of suicidal ideation— can arise from dysfunction influenced by determinants across 

any of these domains and related contexts. In this paper, Indigenous Wholistic Theory provides a 

framework to introduce and situate a broader array of factors that may influence suicide-related 

behavior in a manner culturally relevant to the lived experienced of Native American youth. 
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Figure 1 – Indigenous Wholistic Theory Diagram (Absolon, 2010, p. 77) 

 

A computational, algorithmic approach is employed to understand how a more wholistic 

array of factors from various levels can predict the individualized presence of suicidal ideation 

among Native American youth in California (Breiman, 2001). This approach diverges from 

traditional regression methods that inquire about the statistical associations between risk factors 

and health outcomes at the population level. This paper incorporates prediction modeling 

techniques for three purposes relevant to Native American youth in California: 1) identify a 

model comprising a selection of factors that combine to best predict the individualized presence 

of suicidal ideation; 2) evaluate how the selected model can discriminate between the presence 

and absence of suicidal ideation; and 3) assess the agreement between the model’s predicted 
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outcomes with the actual outcomes of the input dataset (Brathwaite et al., 2021; Moons et al., 

2009). Additionally, this paper leverages a substantiation of the Indigenous Computational 

Approach to guide its inquiry (Sierra, 2023a). As such, this paper asks the following research 

question: which combination of factors can predict suicidal ideation among Native American 

high schoolers in California? 

 

Methods 

Indigenous Computational Approach 

The Indigenous Computational Approach is a response to the inherent limitations of 

Western research methodologies that employ computational methods within the domain of social 

science research. By establishing a framework rooted in Indigenous ways of knowing and being, 

the Indigenous Computational Approach underscores the imperative of recognizing and valuing 

Indigenous knowledge systems that center tribal voices and perspectives. Integral to this 

approach is the development of an Indigenous Statistical Space (Walter & Andersen, 2013), 

which comprises three essential components: 1) standpoint, which encompasses the situated and 

reflexive positionality of the researcher within the context of the empirical work; 2) theoretical 

framework, which provides a conceptual lens through which to interpret and analyze data from 

an Indigenous perspective; and 3) data analysis technique, which for this approach leverages the 

use of computer-based algorithms, models, or techniques to analyze, process, and interpret data. 

Figure 2 is a visual representation of the Indigenous Statistical Space constructed for this paper, 

culminating in the Indigenous Computational Approach guiding the empirical investigation. The 

sequential components iteratively combine to foster a research framework that aligns with a 
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decolonial and Indigenous-centered approach relevant for suicide prevention research with 

Native American young people.  

 

 

Figure 2 – Indigenous Statistical Space Diagram adapted from Walter and Andersen (2013, p. 45) 

 

First, the standpoint adopted for this paper draws from the author's worldview as a 

Yoeme person. In particular, the cultural protocol of "en tui hiapsimake" translated as "with good 

heart" (Evers & Molina, 1987) guides the author's engagement with suicide prevention research, 

reflecting the assertion that advocating for the well-being and comprehensive development of 

Native American young people is fundamentally tied to the larger project of decolonialization. 

Advocating for the continuity of Indigenous life, rather than actively (or apathetically) upholding 

the forces fostering Indigenous death, challenges and aims to dismantle the persisting systems of 

colonial oppression and violence that continue marginalize Native American communities.  

Second, Indigenous Wholistic Theory, as previously mentioned, forms the underpinning 

theoretical framework. This theoretical framework provides a comprehensive lens through which 

to situate and analyze data, acknowledging the interconnectedness of various factors from 

multiple levels impacting the lives of Native American high schoolers in California. Third, this 

paper leverages machine learning to structure a computational, algorithmic analysis of the 

collected data. The data analysis technique is further described in this section. 
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Study Setting and Study Participants 

The California Healthy Kids Survey (CHKS) is a school-based, multi-modular survey 

administered annually to students across California (CA Dept. of Education, 2022; CalSCHLS, 

n.d.). The survey asks questions examining different aspects concerning youth health outcomes 

and school climate using a variety of different Likert-scaled, multiple-choice questions. CHKS is 

comprised of its “Core Module” which is administered to all participants. School districts have 

the option to opt-in to various other modules tailored to measure additional aspects and features. 

Data was drawn from self-identified Native American high schoolers in grades nine through 

twelve from the 2019-2020 school year. For analysis, participants who completed all questions 

from the “Core Module” were included (n = 2,609).  

Measure of Suicidal Ideation 

The presence of suicidal ideation was measured using a self-reported response. 

Participants were asked “During the last 12 months, did you ever seriously consider attempting 

suicide?” Responses were dichotomously coded (0 = No; 1 = Yes). The use of this self-reported 

measure mirrors other empirical inquiries on suicidal ideation among young people in California 

from the CHKS dataset (Cederbaum et al., 2014; Perez-Brumer et al., 2017).  

Predictors of Suicidal Ideation 

The selected predictors include factors previously associated with suicide-related 

behavior among Native American youth; most have been included in screening tools, but 

subsequent analyses rely on a singular, psychocentric conceptualization of suicide (Espel, 2015). 

These factors were motivated and (re)oriented by the integration of Indigenous Wholistic Theory 

across the following domains: 1) individual; 2) spiritual-historical; 3) emotional-social; 4) 



 
 

 

9 

mental-political; 5) physical-economic (See Table 1). For the individual domain, demographic 

factors included: gender (Borowsky et al., 1999); gender minority status and sexual minority 

status (The Trevor Project, 2020). For this same domain, behavioral factors included: academic 

performance (Bolton et al., 2014; Kaplan et al., 2013); and substance use stratified according to 

lifetime use of alcohol, tobaccos and vapes, cannabis and use of other drugs (Balis & Postolache, 

2010; Bolton et al., 2014; Cwik et al., 2015; Manzo et al., 2015; Pavkov et al., 2010; Yoder et 

al., 2006). 

 

Potential Predictors 

included in the Model 

Categories and Coding for 

Categorical variables / 

Descriptions of continuous 

variables 

n (%) / [Range] 

Median (IQR)  

Individual (Demographic) 

1 Gender Male = 0 1,288 (49.31%) 

  Female =1 1,321 (50.63%) 

2 Gender Minority 

Status 

Cisgender = 0 2,532 (97.05%) 

  Transgender = 1 77 (2.95%) 

3 Sexual Minority 

Status 

Heterosexual = 0 2,166 (83.02%) 

  Non-Heterosexual = 1 443 (16.98%) 

Individual (Behavioral) 

4 Academic 

Performance 

Higher scores represent greater 

academic performance 

[-2.54 to 1.30]  

0.20 (-0.34, 0.75) 

5 Lifetime use of 

Alcohol 

Higher scores represent higher 

frequency of substance use 

[-0.52 to 2.46]  

-0.52 (-0.52, 0.67) 

6 Lifetime use of 

Cigarettes 

Higher scores represent higher 

frequency of substance use 

[-0.23 to 5.31]  

-0.23 (-0.23, -0.23) 

7 Lifetime use of 

Vapes 

Higher scores represent higher 

frequency of substance use 

[-0.46 to 2.70]  

-0.46 (-0.46, 0.17) 

8 Lifetime use of 

Cannabis 

Higher scores represent higher 

frequency of substance use 

[-0.49 to 2.42]  

-0.49 (-0.49, 0.10) 

9 Lifetime use of 

other Drugs 

Higher scores represent higher 

frequency of substance use 

[-0.26 to 6.47]  

-0.26 ( -0.26, -0.26) 

Emotional-Social 

10 Foster Care 

Placement 

No = 0 2,600 (99.66%) 

  Yes = 1 9 (0.34%) 

11 Parent Education 

Level 

Higher scores represent higher 

level of education 

[-1.25 to 1.30]  

-0.40 (-1.25, 1.30) 
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12 Positive 

Substance Use 

Education 

Higher scores represent higher 

level of internalized positive 

substance use education 

[-1.81 to 1.03]  

0.32 (-0.27, 0.91) 

13 School-Based 

Victimization 

Higher scores represent higher 

frequency of victimization 

[-0.64 to 4.48]  

-0.43 (-0.64, 0.17) 

14 Access to Drugs 

and Alcohol 

Higher score represents greater 

ease of access to drugs and/or 

alcohol 

[-2.24 to 1.00]  

0.19 (-0.35, 1.00) 

Mental-Political 

15 Depressive 

Symptoms 

No = 0 1,566 (60.02%) 

  Yes = 1 1,043 (39.98%) 

Physical-Economic 

16 Homeless No = 0 2,543 (97.47%) 

  Yes = 1 66 (2.53%) 

17 Breakfast 

Consumption 

No = 0 1,175 (45.04%) 

  Yes = 1 1,434 (54.96%) 

Table 1 - Distribution of Predictors in Sample 

 

For the spiritual-historical domain, no factors were included, because there were no 

suitable questions included in CHKS. For the emotional-social domain, factors included: foster 

care placement (Taussig et al., 2014) and school-based victimization (Pavkov et al., 2010). 

Additional factors for this domain included parent education level, internalization of positive 

substance use education, and access to alcohol and other drugs. For the mental-political domain, 

factors included depressive symptoms (e.g., feeling sad or hopeless) (Balis & Postolache, 2010; 

Cwik et al., 2015; Yoder et al., 2006). For the physical-economic, factors included: homelessness 

(Holleran & Poon, 2018) and breakfast consumption. 

The construction of the selected predictors was motivated by the Indigenous 

Computational Approach to construct an Indigenous statistical space better reflective of Native 

American conceptions of health and wellness (Sierra, 2023a). As previously mentioned, 

Indigenous Wholistic Theory guided this process. The Indigenous Computational Approach is 
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built on the understanding that Native American health outcomes can be better understood with 

an alignment linking Indigenous-centered theories with Indigenous research methodologies to 

guide purposeful data analysis. Please review supplemental materials (Appendix A) for a more 

detailed description concerning the construction of the selected predictors. 

Ethics and Data Transparency  

This study received an Institutional Review Board exemption from the University of 

California, Berkeley Office for the Protection of Human Subjects noting the study’s secondary 

use of data. Reproducible data documentation and code scripts can be found online (See: Sierra, 

2023b). 

Statistical Analysis 

The data analysis was performed using STATA version 17.0. Descriptive statistics were 

reported in terms of numbers and percentages to depict the sample characteristics and the 

distribution of categorical predictors. Continuous predictors were standardized to have a mean of 

zero and a standard deviation of one, and the analyses were reported using median and 

interquartile ranges. To select the optimal predictors of suicidal ideation, least absolute shrinkage 

and selection operator (lasso) penalized regression was employed. Lasso regression shrinks the 

coefficients of the least influential variables to zero, effectively removing them from the model 

to identify the best subset of predictors (Hastie et al., 2016). 

The selection of the tuning parameter lambda was accomplished using 10-fold cross-

validation (Hastie et al., 2016). This approach determines both the level of coefficient shrinkage 

and provides a reliable estimate of the predictive performance of the final model for new cases. 

The use of ten-fold cross-validation is preferred over split sample validation to avoid 
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overestimating the predictive performance in unseen cases (Steyerberg & Vergouwe, 2014). To 

evaluate the ability of the model to distinguish between the presence and absence of suicidal 

ideation, the area under the curve (AUC) was estimated within the discriminative quality 

thresholds ranging from 50% indicating an inability to discriminate between individuals with the 

outcome or not; 70% to 80% indicating acceptable; 80% to 90% indicating excellent; >90% 

indicating outstanding performance (Hosmer et al., 2013). Additionally, Bootstrapped Bias-

Corrected 95% Confidence Intervals (BC 95% CI) for the AUC were calculated.  

The agreement between the observed rates of suicidal ideation and the model predictions 

was assessed using a GiViTI calibration belt plot (Nattino et al., 2017). This allowed for the 

visual identification of deviations or miscalibrations in observed frequencies compared to 

expected probabilities at certain confidence levels. This included a calibration test to assess 

whether any deviations from the bisector were significant (Fenlon et al., 2018; Finazzi et al., 

2011). Finally, the overall performance of the model was assessed by estimating the Brier score, 

which is a measure of the discrepancy between the predicted and observed outcomes using the 

standard benchmark of 0 for no disagreement, 0.25 for predictions no better than chance (50/50), 

and 1 for complete disagreement (Brier, 1950). 

Sensitivity Analysis 

Two sensitivity analyses were performed to evaluate the clustered nature of the data, as 

well as to assess the impact of incomplete data on the model results. First, the AUC was re-

estimated using bootstrap-resampling to account for clustering by schools. Second, the 

expectation-maximization (EM) algorithm was employed to impute missing values and the 

predictive model was refitted to the imputed data using the same lasso method (Dempster et al., 
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1977; Little & Rubin, 2020). The performance of the model was then re-evaluated using AUC 

and calibration statistics as described above for the main model.  

 

Results 

Descriptive Statistics 

 The majority of the respondents reported being in 9th and 11th grade with 42.93% reported 

being in 9th grade, 6.32% in 10th grade, 45.00% in 11th grade, and 5.75% in 12th grade. For 

gender and sexuality, the majority of students reported being cisgender (97.05%) with 50.63% of 

respondents self-identified as female, and 16.98% self-identifying as non-heterosexual. For the 

additional categorical predictors, 0.34% of respondents reported being in foster care with 2.53% 

reported being homeless. For breakfast consumption, 45.04% of the respondents reported not 

eating breakfast the day they completed their respective survey. Additionally, 38.98% of 

respondents disclosed experiencing a depressive symptom in the past 12 months. 

Prevalence of Suicidal Ideation and Predictors Retained 

In the sample group, 16.79% of Native American high school students reported 

experiencing suicidal ideation in the past 12 months. Using lasso regression with a mean lambda 

of 0.0078412, the model identified that ten out of the 17 factors were significant in predicting 

which Native American high schoolers would report experiencing suicidal ideation (see Table 2). 

These predictors included: depressive symptoms; school-based victimization; sexual and gender 

minority status; lifetime use of alcohol, vapes, and cannabis; breakfast consumption; access to 

alcohol and other drugs; and parent education level. 
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Predictors Model 

derived 

using lasso 

regression 

Individual (Demographic) 

1 Gender   

  Male x 

Female x 

2 Gender Minority Status   

  Cisgender  -0.01 

Transgender x 

3 Sexual Minority Status   

  Heterosexual -0.34 

Non-Heterosexual x 

Individual (Behavioral) 

4 Academic Performance x 

5 Lifetime use of Alcohol 0.07 

6 Lifetime use of Cigarettes x 

7 Lifetime use of Vapes 0.10 

8 Lifetime use of Cannabis 0.02 

9 Lifetime use of other Drugs x 

Emotional-Social 

10 Foster Care Placement   

  No x 

Yes  x 

11 Parent Education Level 0.00 

12 Positive Substance Use 

Education 

x 

13 School-Based Victimization 0.35 

14 Access to Drugs and Alcohol 0.08 

Mental-Political 

15 Depressive Symptoms   

  No  -1.12 

Yes x 

Physical-Economic 

16 Homeless   

  No x 

Yes x 

17 Breakfast Consumption   

  No 0.09 

Yes x 

Intercept -2.28 

Total number of predictors 

retained from the 17 in the models 

10 

AUC (BC 95% CI) derived using 

10-fold cross-validation 

0.87 (0.84, 

0.88) 

AUC (BC 95% CI) derived using 

10-fold cross-validation which 

adjusted for clustering by school 

0.87 (0.84, 

0.88) 

Brier score 0.10 
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Table 2–- Unstandardized Penalized Regression Coefficients of Predictors Retained in the Lasso Model to Predict Suicidal 
Ideation 
Predictors Excluded from the Final Prediction Model: The symbol "x" indicates predictors that were excluded from the final 
prediction model after lasso regression reduced their coefficients to zero, signifying their non-significance in predicting suicidal 
ideation as the outcome.  
Predictors Included in the Final Prediction Model: The absolute values of the coefficients serve as indicators of predictive 
strength, with larger numbers suggesting a stronger influence on determining the outcome of suicidal ideation.  

Discrimination and Distribution of Risk Scores 

After conducting a 10-fold cross-validation to evaluate internal validation, the final 

model (as shown in Figure 3) achieved a cross-validated mean AUC of 87.36 (BC 95% CI: 84.48 

to 88.34). This indicates that if a Native American high school student were chosen at random, 

there would be an 87% chance that the model would accurately assign a higher risk score to a 

student experiencing suicidal ideation compared to one not experiencing ideation. The model's 

predicted risk scores ranged from 1.92% to 93.63%, with the median predicted risk score among 

the sample being 4.83% (IQR: 2.64 to 26.84). The Brier score was calculated to be 0.10 

signifying no disagreement between the predicted and observed outcomes using the standard 

benchmark. 

 

Figure 3 - Model discrimination: Receiver Operator Characteristic (ROC) Curve Showing Mean Cross-Validated Area Under the 
Curve (AUC)  
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Calibration 

The calibration belt plot indicated that there were some ranges of miscalibration at the 

95% and 99% confidence levels (Figure 4). In logistic regression, miscalibration refers to a 

situation where the predicted probabilities of a model do not correspond well with the observed 

outcomes. In other words, the model may predict a higher probability of an event occurring than 

the actual probability, or vice versa. This is a form of bias in the model and can lead to 

inaccurate predictions. For the 95% confidence level, miscalibration occurred under the bisector 

for predicted values ranging from 0.02 to 0.06 as seen with the inner belt (light gray area). For 

the 99% confidence level, miscalibration also occurred under the bisector for predicted values 

ranging from 0.02 to 0.04 as seen with the outer belt (dark gray area). The corresponding p-value 

was significant (test statistic = 9.49; p = 0.002) further indicating the evidence of miscalibration. 

For low-risk students, both belts are under the bisector where the observed presence of suicidal 

ideation is lower than expected indicating a potential for type 1 errors or false positives. For the 

purposes of preventing suicide, false positives are preferred to the alternative as students who are 

experiencing any degree of risk, but may not experiencing suicidal ideation, can still be 

identified and connected to the appropriate services. 
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Figure 4 - Calibration Belt Showing Deviations from the Bisector (45% line of Perfect Fit) at the 95% (Inner Belt: Light Grey Area) 
and 99% (Outer Belt: Dark Grey Area) Confidence Levels 

 

Sensitivity Analysis 

Overall, the model discriminations did not show much difference when AUCs were 

derived using bootstrap-resampling to account for clustering by schools (See Table 2). This 

indicates that the clustered nature of the data did not have a significant impact on the predictive 

accuracy of the model (AUC = 87.08.4; BC 95% CI [84.22, 88.14]). In the model that imputed 

missing values, the AUC was consistent with the previous models (AUC = 88.02; BC 95% CI 

[87.83, 88.34]), however there was more evidence of miscalibration (See Appendix B). In the 

sensitivity analysis accounting for missing data, the ten previously identified predictors 

(depressive symptoms, school-based victimization, sexual and gender minority status, lifetime 

use of alcohol, vapes, and cannabis, breakfast consumption, access to alcohol and other drugs, 
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and parent education level) were retained as important for predicting suicidal ideation among 

Native American high schoolers. However, in the sensitivity analysis that accounted for 

clustering by schools, only nine of the ten predictors were retained— in this case, the predictor of 

lifetime cannabis was omitted. This suggests that when controlling for the variance within 

individual schools, the importance of lifetime cannabis use as a predictor for suicidal ideation 

can be challenged. Nevertheless, for the final model, lifetime use of cannabis was retained as a 

predictor due to the strong predictive ability in the original model as designated by the AUC. 

Discussion 

Suicidal ideation among Native American youth is a complex and multifaceted issue that 

requires a comprehensive understanding of the risk factors that contribute to suicide-related 

behavior. Unfortunately, traditional psycho-centric models of suicide have been inadequate in 

explaining the nuanced experiences of Native American youth, who often face unique cultural, 

historical, and social challenges that can exacerbate their risk for suicide. Therefore, this study 

represents an important preliminary step in identifying factors that are relevant in 

(re)conceptualizing suicide-related behavior among Native American youth and moving from a 

psycho-centric model to a multi-level wholistic model. By identifying potentially relevant 

predictors and their relative predictive value, this study can help inform future research 

directions that seek to better understand the individualized risk of suicidal ideation across 

theoretical, conceptual, and practical areas. This research can eventually lead to better 

assessment of risk and more effective prevention. 

The study found that a combination of factors, including: individual (such as sexual 

and gender minority status, lifetime use of alcohol, vapes, and cannabis); emotional-social 



 
 

 

19 

(school-based victimization, access to alcohol and other drugs, and parent education level); 

mental-political (depressive symptoms); and physical-economic (breakfast consumption) 

domains, could be used to predict the individualized risk of experiencing suicidal ideation among 

Native American high schools in California. The multiplicity of these domains disrupts the 

domination of a psycho-centric conceptualization of suicide by substantiating a complex network 

of factors relevant for predicting suicidal ideation beyond a singular psychological conception. 

Despite some evidence of miscalibration, the final model had a good overall performance with 

the 95% CI (84.48 to 88.34) indicating that the true discriminative ability, or AUC, of the model 

is acceptable. Therefore, the analysis offers a promising approach as a modeling tool to 

determine the individualized risk of suicidal ideation among Native American high schoolers in 

California. 

While population-level analyses are important for understanding trends and differences 

among sub-groups, gaining a culturally relevant understanding of suicidal ideation among Native 

American high school students requires a (re)examination of factors that are relevant to their 

lived experiences. By identifying the adolescents who are at risk for suicide before its fatal 

outcome can occur, practitioners in the mental health, education, and social work fields can 

intervene early and prevent suicide. The resulting individualized risk score from the model can 

help practitioners identify those with the highest predicted risk and connect them with 

appropriate suicide prevention efforts. These efforts can be culturally relevant and may include 

programs such as Honoring the Children-Mending the Circle trauma-focused cognitive 

behavioral therapy (BigFoot & Schmidt, 2010), American Indian Life Skills (LaFromboise & 

Howard-Pitney, 1994; 1995), and Gathering of Native Americans (Kraus et al., 2017). 
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This study aimed to examine a set of predictors for suicide-related behavior among 

Native American youth using available data. However, the findings of this study should be 

interpreted with caution given its limitations. One major limitation of this study is that it relied 

on non-validated self-report instruments, which may have limited construct validity and 

generalizability. Non-validated self-report instruments may not accurately measure the construct 

of interest, leading to inaccurate conclusions about the variables being studied. Moreover, results 

from studies that use non-validated self-report instruments may not be generalizable to other 

populations since the instruments have not been validated across different groups of people. To 

address these limitations, future studies should incorporate validated, evidence-based instruments 

to measure suicide risk, such as the Suicide Probability Scale (Cull & Gill, 1982; Hill et al., 

2020) or the Suicide Inventory Questionnaire (Keane et al., 1996; LaFromboise & Howard-

Pitney, 1994; 1995; Reynolds, 1988), which have been cross-culturally validated for use in 

Native American contexts (Matsumoto, 2008). Validated, evidence-based instruments to measure 

the selected predictors should also be incorporated. 

Another limitation of this study is the need for further expansion and validation work 

to optimize its accuracy before deploying it in a clinical setting to improve clinical decisions. For 

example, the model's transportability to Native American youth in different settings outside of 

California should be evaluated via external validation. The model's development sample 

comprised participants from a non-randomized study, which may not be generalizable to Native 

American young people not in a public high school setting. Future studies may also benefit from 

incorporating a longitudinal design of the data to substantiate temporal precedence beyond the 

single academic year evaluated in this study.  
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Furthermore, a limitation of the study is that it relied on existing data from a survey 

whose questions may not fully capture the relevant factors. Further research should investigate 

whether the model's predictive value could be improved by adding other factors such as 

predictors in the spiritual-historical domain, which is absent from CHKS. One example includes 

the Historical Loss Scale (Whitbeck et al., 2004), which is a validated instrument designed to 

measure historical trauma. 

Before using the risk scores in practice, the clinical utility of the model and its 

feasibility and acceptability need to be measured. Although a factor may be statistically 

significantly associated with suicidal ideation, as seen in previous research, it may not 

necessarily have predictive power (Shmueli, 2010) and not contribute to predicting suicidal 

ideation in new cases as indicated by the subset of predictors excluded after lasso regression. As 

such, even though foster care placement was not retained as a predictor in the final model, future 

studies should still consider this risk factor in (re)conceptualizing suicide-related behavior. 

Despite these limitations, the study's main analyses comprised 438 participants with 

the outcome (people who reported suicidal ideation) and 10 potential predictors, which conforms 

to the minimum of 10 events per predictor variable required for reliable prediction modeling 

(Harrell, 2001; Steyerberg et al., 2001). Moreover, a robust 10-fold cross-validation was utilized 

for internal validation, which produces less biased estimates than split-sample validation, 

resulting in more confident predictions (Steyerberg & Vergouwe, 2014).  

Conclusion 

In conclusion, the study represents an important preliminary step in identifying a 

broader set of factors that are relevant in (re)conceptualizing suicide-related behavior among 
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Native American youth beyond a psycho-centric model. The multiplicity of significant factors 

found in this study disrupts the domination of a psycho-centric conceptualization of suicide and 

highlights the need for a culturally relevant understanding of suicidal ideation among Native 

American high school students. While this study has some limitations, it offers a promising 

approach as a modeling tool to determine the individualized risk of suicidal ideation among 

Native American high schoolers in California. By identifying those at risk, practitioners can 

intervene early and prevent suicide through culture-based programs. Further validation work and 

clinical utility testing are necessary before deploying the model in a clinical setting. Ultimately, 

the study highlights the need for a more comprehensive understanding of suicide-related 

behavior among Native American youth and the importance of developing evidence-based 

suicide prevention strategies that incorporate culture-based theoretical perspectives. 
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Appendix A: Construction of Predictor Variables 

● Gender (Binary): This variable represents the gender of each respondent. The variable 

was constructed from question a4 (What is your gender?) of the Core Module. Raw data 

was dichotomously coded (0 = Male; 1 = Female). 

● Gender Minority Status (Binary): This variable represents the gender minority status of 

each respondent. Gender minority status describes individuals whose gender identity is 

different from the sex they were assigned at birth. The variable was constructed from 

question a5 (Some people describe themselves as transgender when how they think or 

feel about their gender is different from the sex they were assigned at birth. Are you 

transgender?) of the Core Module. Responses were categorically coded (1 - No, I am not 

transgender; 2 - Yes, I am transgender; 3 - I am not sure if I am transgender; 4 - Decline 

to respond). Raw data was recoded to create a binary variable, with raw data value 1 

being recoded as 0 = cisgender (No), and the raw data values 2 - 4 were recoded as 1 = 

transgender (Yes). 

● Sexual Minority Status (Binary): This variable represents the sexual minority status of 

each respondent. Sexual minority status described individuals who identify as lesbian, 

gay, bisexual, queer, or additional non-heterosexual identity. The variable was 

constructed from question a18 of the Core Module. Responses were categorically coded 

(1 - Straight [not gay]; 2 - Gay or Lesbian; 3 – Bisexual; 4 - I am not sure yet; 5 - 

Something else; 6 - Decline to respond). Raw data was recoded to create a binary 

variable, with raw data value of 1 being recoded as 0 = heterosexual (No), and the raw 

data values 2 - 6 were recoded as 1= non-heterosexual (Yes). 

● Academic Performance (Continuous): This variable represents the degree of academic 

performance among each respondent. The variable was constructed from the a20 question 

(During the past 12 months, how would you describe the grades you mostly received in 

school?) from the Core Module. This variable was then standardized so the variable has a 

mean of zero and a standard deviation of one. Scores ranged from -2.54 to 1.30 with a 

high score signifying a higher degree of academic performance. 

● Lifetime Use of Alcohol (Continuous): This variable represents the frequency a 

respondent consumes alcohol. The variable was constructed from the a51_a52 question 

from the substance use component of the Core Module designed to assess the extent to 

which participants consumes mind altering substances. The raw data was then 

standardized so the variable had a mean of zero and a standard deviation of one. Scores 

ranged from -0.52 to 2.46 with a higher score signifying a higher frequency of substance 

use. 

● Lifetime Use of Cigarettes (Continuous): This variable represents the frequency a 

respondent engages in smoking cigarettes. The variable was constructed from the 

a48_a49 question from the substance use component of the Core Module. The raw data 

was then standardized so the variable had a mean of zero and a standard deviation of one. 

Scores ranged from -0.23 to 5.31with a higher score signifying a higher frequency of 

substance use. 

● Lifetime Use of Vapes (Continuous): This variable represents the frequency a respondent 

engages in smoking via a vaporizer or vape product. The variable was constructed from 

the a50_a51 question from the substance use component of the Core Module. The raw 
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data was then standardized so the variable had a mean of zero and a standard deviation of 

one. Scores ranged from -0.46 to 2.70 with a higher score signifying a higher frequency 

of substance use. 

● Lifetime Use of Cannabis (Continuous): This variable represents the frequency a 

respondent consumes cannabis. The variable was constructed from the a52_a53 question 

from the substance use component of the Core Module. The raw data was then 

standardized so the variable had a mean of zero and a standard deviation of one. Scores 

ranged from -0.49 to 2.42 with a higher score signifying a higher frequency of substance 

use. 

● Lifetime Use of other Drugs (Continuous): This variable represents the frequency a 

respondent consumes substances not previously mentioned. The variable was constructed 

by merging responses from 11 questions from the substance use component of the Core 

Module. A continuous variable was constructed by summing the responses to the 11 

questions. The raw data was then divided by the number of responses and standardized so 

the variable had a mean of zero and a standard deviation of one. Scores ranged from -0.26 

to 6.47 with a higher score signifying a higher frequency of substance use. 

● Foster Care Placement (Binary): This variable represents if a respondent is currently in a 

foster care placement. The variable was constructed from question a9 (What best 

describes where you live?) of the Core Module. Responses were categorically coded (1- 

A home with one or more parents/guardian; 2 - Other relative's home; 3- A home with 

more than one family; 4 - Friend's home; 5 - Foster home, group care, or waiting place; 6 

- Hotel or motel; 7 - Shelter, car, campground, or other temporary housing; 8 - Other 

living arrangement). Raw data was recoded to create a binary variable, with raw data 

values 1 – 3, and 5 – 8 being recoded as 0 – No, and the raw data value of 4 recoded as 1- 

Yes. 

● Parent Education Level (Continuous): This variable represents the degree of education 

for each respondents’ parents or guardians. The variable was constructed from the a10 

question (What is the highest level of |education your parents or guardians completed?) 

from the Core Module. The raw data was then standardized so the variable had a mean of 

zero and a standard deviation of one. Scores ranged from -2.54 to 1.30 with a higher 

score signifying a higher level of parental education. 

● Positive Substance Use Education (Continuous): This variable represents the degree a 

respondent has received and internalized positive substance use education. The variable 

was constructed by merging responses from eight questions from the Core Module. A 

continuous variable was constructed by summing the responses to the eight questions. 

The raw data was then divided by the number of responses and standardized so the 

variable had a mean of zero and a standard deviation of one. Scores ranged from -1.81 to 

1.03 with a higher score signifying a higher level of internalized education. 

● School-Based Victimization (Continuous): This variable represents the frequency a 

respondent has experienced instances of victimization including bullying, physical or 

sexual violence, or other processes where an individual is harmed. The variable was 

constructed by merging responses from 24 questions from the Core Module. A 

continuous variable was constructed by summing the responses to the 24 questions. The 

raw data was then divided by the number of responses and standardized so the variable 

had a mean of zero and a standard deviation of one. Scores ranged from -0.64 to 4.48 

with a higher score signifying a higher frequency of experiences of victimization. 
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● Access to Drugs and Alcohol (Continuous): This variable represents the degree of ease of 

access a respondent has to obtain drugs and/or alcohol. The variable was constructed by 

merging responses from four questions from the Core Module. A continuous variable was 

constructed by summing the responses to the four questions. The raw data was then 

divided by the number of responses and standardized so the variable had a mean of zero 

and a standard deviation of one. Scores ranged from -2.24 to 1.00 with a higher score 

signifying an easier degree of access to obtaining drugs and/or alcohol. 

● Depressive Symptoms (Binary): This variable represents the presence of depressive 

systems for each respondent. The variable was constructed from question a130_a118 

(During the past 12 months, did you ever feel so sad or hopeless almost every day for two 

weeks or more that you stopped doing some usual activities?) of the Core Module. Raw 

data was dichotomously coded (0 = No; 1 = Yes). 

● Homelessness (Binary): This variable represents if a respondent reported experiencing 

homelessness or housing insecurity. The variable was constructed from question a9 

(What best describes where you live?) of the Core Module. Responses were categorically 

coded (1- A home with one or more parents/guardian; 2 - Other relative's home; 3- A 

home with more than one family; 4 - Friend's home; 5 - Foster home, group care, or 

waiting place; 6 - Hotel or motel; 7 - Shelter, car, campground, or other temporary 

housing; 8 - Other living arrangement). Raw data was recoded to create a binary variable, 

with raw data values 1 – 5 recoded as 0 = No, and the raw data values of 6 - 8 recoded as 

1 = Yes. 

● Breakfast Consumption (Binary): This variable represents if a respondent consumed 

breakfast the day the survey was administered. The variable was constructed from 

question a132_a120 (Did you eat breakfast today?) of the Core Module. Raw data was 

dichotomously coded (0 = No; 1 = Yes). 
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Appendix B: Sensitivity Analysis 

 

Figure 5 - ROC curve showing mean cross-validated area under the curve (AUC) when accounting for clustering by schools 

 

Figure 6 - Calibration belt showing deviations from the bisector (45% line of perfect fit) at the 95% (inner belt: light grey area) 
and 99% (outer belt: dark grey area) confidence levels when accounting for clustering by schools 
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