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Abstract: Suicide is a public health problem influenced by a variety of biological, psychological, social, and
environmental factors. Recognizing the warning signs at each stage is crucial for prevention and helping those
at risk. In this context, body awareness, especially interoceptive body awareness, emerges as a potentially
relevant and underexplored factor. In this study, binary logistic regression and linear regression analyses were
used to examine the relationship between interoceptive body awareness and suicidal orientation in Colombian
university students. In addition, the bootstrap technique was used to resample and estimate the distribution of
the data. The results support the idea that greater interoceptive awareness may protect against suicidal
orientation by improving emotional regulation. An inverse relationship was found between interoceptive
awareness and suicidal ideation. These findings are consistent with previous literature on the importance of
body awareness for emotional well-being. Further longitudinal research is needed to explore this relationship
in depth.

Keywords: body awareness; interoception; suicide Prevention; attempted Suicide

1. Introduction

Suicide is a public health problem influenced by various biological, psychological, social, and
environmental factors. According to the three-stage theory, the stages include suicidal ideation,
planning, and attempt or execution. Recognizing warning signs at each stage is critical to prevention
and helping those at risk [1]. The WHO recognizes it as such, and in the Americas, it is the fourth
leading cause of death among people aged 15-19 years [2]. In Colombia, young people between the
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ages of 20 and 24, especially those between 18 and 19, have a high rate of suicide. Therefore,
understanding the protective factors is essential for prevention and treatment, especially among
university students [3].

In this context, body awareness, specifically interoceptive body awareness, emerges as a
potentially relevant and underexplored factor [4]. Interoceptive body awareness refers to the ability
to perceive and be aware of internal body sensations such as heartbeat, breathing, digestion, body
temperature, and other physiological signals. It is the ability to pay attention to and recognize the
body's internal sensations and processes, which includes the ability to sense and understand
emotions, bodily needs, and physical responses to various stimuli [4]. It has been suggested that
greater interoceptive body awareness may be associated with better mental health and psychological
well-being, which in turn may act as a protective factor against suicide risk [5].

The Multidimensional Assessment of Interoceptive Awareness (MAIA) is a questionnaire based
on the understanding of interoceptive and body awareness to multidimensionally assess internal
body sensations. It was designed to overcome previous limitations by distinguishing between
beneficial and maladaptive aspects of body awareness, allowing for a more detailed assessment [6].

The Multidimensional Assessment of Interoceptive Awareness (MAIA) assesses interoceptive
awareness along eight distinct dimensions [6]. These dimensions represent specific aspects of
interoceptive body awareness and provide a detailed assessment of the perception of internal body
sensations.

These dimensions provide a comprehensive assessment of interoceptive body awareness,
including aspects such as attention to bodily sensations, emotional regulation, trust in bodily cues,
and the relationship between bodily sensations and emotions. Assessment of these dimensions can
provide valuable information about the perception and interpretation of internal body sensations, as
well as the ability to use this information to regulate emotions and emotional well-being [6].

Embodied cognition theory postulates that the body and mind are intimately connected,
extending beyond the brain to include the entire body and its interaction with the environment. This
theory suggests that cognition is based on modality-specific sensory and motor representations.
Recently, there has been growing interest in exploring this idea, particularly in relation to
understanding concrete concepts of objects and actions. This exploration could serve as a key test to
validate the embodied cognition hypothesis in general. From this perspective, bodily awareness may
play a key role in emotional regulation and environmental perception, potentially influencing suicide
vulnerability [7].

However, despite increasing attention to the importance of mental health in university settings,
there is a lack of research that identifies conceptual and methodological challenges for health
promotion [8].

Therefore, the purpose of this study was to determine whether there is a predictive relationship
between interoceptive awareness and suicidal intent by assessing the ability of the variables to predict
the latter. We also explored how one variable might influence the other, and how to use methods
such as bootstrapping to obtain more accurate estimates of results when the data do not follow a
normal distribution.

2. Materials and Methods

An observational cross-sectional study was conducted with the aim of exploring body image
and suicidal orientation in Rehabilitation Science students at a Colombian university during the year
2023. The sample consisted of undergraduate students selected by convenience sampling and invited
to participate on a voluntary basis. The questionnaires were administered online through Google
Forms in three sessions, with the presence of a researcher to clarify doubts.

The MAIA consists of 32 items divided into 8 dimensions that assess interoceptive awareness
using a Likert scale ranging from 0 (never) to 5 (always). The total score indicates the level of body
awareness, with questions 5, 6, 7, 8 and 9 scored backwards. The ISO-30 questionnaire, on the other
hand, consists of 30 suicidality questions answered on a four-point Likert scale. Its purpose is to
assess the presence and intensity of suicidal ideation over a 30-day period. The ISO-30 has 5
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dimensions, with scores ranging from 0 to 18 for each dimension, and a total score ranging from 0 to
90. It also includes critical factors for identifying individuals at risk. It is important to note that both
instruments have been previously validated in a Colombian university population [9,10].

JASP software was used for statistical analysis. The following procedures were carried out:

*  MAIA rating: based on the median 2.9 (top = best interoceptive awareness; bottom = worst). For
this, I divided the sample into quartiles 25, 50, 75%).

e ISO-30 score based on the median 34 (above or equal = more suicidal intent; below = less intent).
For this I divided the sample into quartiles 25, 50, 75%).

¢ Frequency of MAIA and ISO-30 variables based on ratings between males and females.

¢ Chi-square to check if there is a difference between the frequencies of men and women.

e Binary logistic regression to test whether the MAIA score is associated with the ISO-30 score.

®  Area under the curve, sensitivity, and specificity.

* Linear regression to test whether the total MAIA score explains the variation in the total ISO-30
score.

*  Bootstrap: resampling. This is an estimated resampling model. It is used to propose an increase
in sample size in the case of non-normally distributed data.

3. Results

Based on the division of the sample according to the MAIA and ISO-30 cut-off points defined by
the median, a higher frequency (51.8%) of students below the median in the MAIA percentile was
observed, indicating lower interoceptive awareness in this group. This categorization approach
allowed us to identify those with lower interoceptive body awareness. In addition, those who
presented an ISO-30 score above the median were categorized as having higher interoceptive
awareness. These findings are consistent with the data presented in Table 1.

Table 1. Descriptive Statistics.

Genero
MAIA percentile ISSO-30 percentile
Feminine Masculine Feminine Masculine
Valid 135 34 135 34
Missing 0 0 0 0
Frequencies for MAIA percentile
Genero MAIA percentile Frequency Percent Valid Percent Cumulative Percent
Below median 2,90 70 51.85 51.85 51.85
. Ator above median 65 48.15 48.15 100.00
Feminine 2,90
Missing 0 0.00
Total 135 100.00
Below median 2,90 15 44.12 44.12 44.12
. At or above 2,90 19 55.88 55.88 100.00
Masculine —
Missing 0 0.00
Total 34 100.00
Frequencies for ISSO-30 percentile
Genero ISSO-30 percentile Frequency Percent Valid Percent Cumulative Percent
Below median 34 65 48.15 48.15 48.15
. At or above median 34 70 51.85 51.85 100.00
Feminine .
Missing 0 0.00
Total 135 100.00
Below median 34 19 55.88 55.88 55.88
Masculine At or above median 34 15 44.12 44.12 100.00

Missing 0 0.00
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Total 34 100.00

The data, presented in Table 2, show the frequency distribution of participants by gender and
their classification into MAIA and ISSO-30 percentiles. However, chi-squared tests and log odds ratio
analyses demonstrate no significant association between gender and MAIA and ISSO-30 percentiles.
This suggests that gender is not significantly related to interoceptive awareness and suicidal intent
in this sample.

Table 2. Contingency Tables.

Contingency MAIA
Genero
MAIA percentile Feminine Masculine Total
Below median 2,90 70 15 85
At or above median 2,90 65 19 84
Total 135 34 169
Chi-Squared Tests
Value df p
X2 0.65 1 0.42
X2 continuity correction 0.38 1 0.54
N 169
Log Odds Ratio
95% Confidence Intervals
Log Odds Ratio  Lower Upper p
Odds ratio 0.31 -0.45 1.07
Fisher's exact test 0.31 -0.51 1.14 0.45
Contingency ISO-30
Genero
ISSO-30 percentile Feminine Masculine Total
Below median 34 65 19 84
At or above median 34 70 15 85
Total 135 34 169
Chi-Squared Tests
Value df °)
X2 0.65 1 0.42
X2 continuity correction 0.38 1 0.54
N 169
Log Odds Ratio
95% Confidence Intervals
Log Odds Ratio  Lower Upper p
Odds ratio -0.31 -1.07 0.45
Fisher's exact test -0.31 -1.14 0.51 0.45

The logistic regression model presented in Table 3 shows that between 16% and 21% of the
variation in the ISSO-30 percentile is explained by the MAIA percentile (Cox & Snell R? = 0.16;
Nagelkerke R? = 0.21; p < 0.01). Age does not show a statistically significant influence in this model
(confounding variable; p = 0.46). In addition, individuals with a MAIA score of 2.9 or higher have a
significantly lower likelihood of suicidal ideation, with an odds ratio of 0.17 (p =2.41e-7), representing
a protective factor of 83%.

Table 3. Model Summary - ISSO-30 percentile.
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Model Deviance AIC BIC d X2 McFadden Nagelkerke Tjur Cox &

R2 R2 R2 Snell R2
H, 234.28 236.28 23941 168
H; 204.73 210.73 220.12 166 2955 3.83e-7 0.13 0.21 0.17 0.16
Coefficients
p : ;
Wald Test 95% Conﬁde?lce interval
(odds ratio scale)
. Standard Odds Wald
Estimate Error Ratio z Statistic df P Lower bound Upper bound
(Intercept) 1.40 0.77 4.08 1.83 3.36 1 0.07 091 18.29
Age -0.02 0.03 098 -0.73 0.53 1 0.46 0.91 1.04
MAIA
percentile (At /5 034 017 -516 2667 1 2.41e-7 0.09 0.34
or above
median 2,90)

Note. ISSO-30 percentile level ' At or above median 34' coded as class 1.

These performance metrics, shown in Table 4, indicate the effectiveness of the model in
predicting suicidal intent as a function of ISO-30 percentile. The AUC (area under the curve) value of
0.69 indicates moderate discriminative power of the model. Sensitivity, which measures the
proportion of true positives correctly identified by the model, is 0.71, indicating that the model
correctly identifies suicidal individuals 71% of the time. Specificity, which measures the proportion
of true negatives correctly identified by the model, is 0.70, indicating that the model correctly
identifies non-suicidal individuals 70% of the time. Accuracy, also known as positive predictive
value, is 0.71, indicating the proportion of true positive predictions out of all positive predictions
made by the model. Overall, these metrics suggest moderate performance of the model in predicting
suicidal intent.

The data Model Summary - ISO30_puntaje_total indicate that the linear regression model
applied to the ISO-30 Total Score has a coefficient of determination (R?) of 31% in its fitted form,
meaning that the model explains approximately 31% of the variability in the ISO-30 Total Score. This
indicates that the model has a moderate ability to predict the ISO-30 total score.

These data correspond to an Analysis of Variance (ANOVA) applied to the regression model.
The table shows that the regression is significant, with an F-value of 74.06 and an extremely low p-
value (5.37e-15), indicating that the regression model is statistically significant. This indicates that at
least one of the independent variables included in the model has a significant effect on the dependent
variable (ISO30_total_score).

Table 4. Evaluation of model performance.

Performance metrics

Value
AUC 0.69
Sensitivity 0.71
Specificity 0.70
Precision 0.71

Model Summary - ISO30_puntaje_total

Model R R? Ad]gfted RMSE
H, 0.00 0.00 0.00 17.00
H, 0.55 031 0.30 14.19

ANOVA
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6
Sum of
Model df Mean Square F p
Squares
H; Regression 14920.36 1 14920.36 7406  5.37e-15
Residual 33643.51 167 201.46
Total 48563.87 168

Note. The intercept model is omitted, as no meaningful information can be shown.

In this analysis (Tables 5-7, and Figure 1) there is an inverse relationship between MAIA score
and ISO-30. As the MAIA score increases, the ISO-30 score decreases (B Unstandardized = -15.95; p =
5.37e-15 --> p < 0.000000000000005). Furthermore, it was confirmed that there is no multicollinearity
as the tolerance values are greater than 0.25 and the variance inflation factors (VIF) are less than 4. By
replicating the sample 1000 times (169,000 data) it was observed that this relationship holds (B
Unstandardized = -16) and the confidence interval remains significant (-19.57, -11.60). This supports
the consistency and robustness of the relationship found between MAIA and ISO-30 score.

The data presented show the coefficients and collinearity diagnostics for the H; model.
According to the coefficients, there is a significant negative relationship between MAIA total score
and ISO-30 total score (B =-16.00, p <0.000000000000005), indicating that as interoceptive awareness
increases, suicidality decreases. Furthermore, collinearity diagnostics show that there are no serious

collinearity problems between the variables in the model, which strengthens the reliability of the
results obtained.

Table 5. Coefficients.

95% CI Collir‘lea}rity
Statistics
., Standard .
Model Unstandardized Error Standardized t p Lower Upper Tolerance VIF
1.05e -
Hy (Intercept) 35.14 1.31 26.87 2 3255  37.72
1.21e-
H;  (Intercept) 80.47 5.38 14.96 0 69.85  91.09
MAIA _total 37e -
—on -15.95 1.85 -0.55 861 27T qo61 1229 100 100
score 15
Table 6. Bootstrap Coefficients.
95% bca* CI
Model Unstandardize Bias Standard Lower Upper
d Error
Ho (Intercept) 35.13 -0.05 1.27 32.57 37.61
H, (Intercept) 80.40 -0.20 5.89 68.08 91.80
MAIA total -16.00 0.07 2.00 -19.57 -11.60
score

* Bias corrected accelerated
Note. Bootstrapping based on 1000 replicates.
Note. Coefficient estimate is based on the median of the bootstrap distribution.

Table 7. Collinearity Diagnostics.

Variance Proportions
Condition (Intercept) MAIA total
Index score
H; 1 1.98 1.00 0.01 0.01

0.02 9.75 0.99 0.99

Model Dimension Eigenvalue
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Note. The intercept model is omitted, as no meaningful information can be shown.
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Figure 1. ISO30_puntaje_total vs. MAIA_total score.

4. Discussion

The results of this study provide an overview of the relationship between interoceptive
awareness and suicidal orientation in a sample of Colombian university students. First, when the
sample was divided according to cut-off points defined by the median on the MAIA and ISO-30, a
higher prevalence of students with low interoceptive awareness, indicated by a MAIA score below
the median, was observed. This suggests that a significant proportion of participants have limited
internal body awareness, which may be a relevant factor to consider when assessing suicidal
orientation.

This finding is consistent with previous literature highlighting the critical role of body awareness
in mental health and emotional well-being. One interpretation of this finding may be that an
enhanced ability to perceive and understand internal bodily sensations may provide greater
protection against suicidal orientation [8]. Concepts of interoception are central to understanding the
relationship between body awareness and mental health; people who are more aware of bodily
responses may experience emotions with greater intensity, suggesting a link between interoception
and emotional experiences relevant to mental health and emotional well-being [9-12]. Interoceptive
accuracy refers to the objective ability to detect internal sensations, while interoceptive sensitivity
refers to the perceived willingness to be internally focused. Interoceptive awareness, on the other
hand, involves a metacognitive understanding of interoceptive accuracy. These concepts are critical
to understanding how we perceive and relate to internal bodily sensations, and how these
perceptions can influence cognitive, emotional, and clinical aspects of our lives [12].

In our study, the logistic regression model revealed that 16% to 21% of the variance in the ISO-
30 percentile was explained by the MAIA percentile, suggesting that interoceptive awareness may
play an important role in predicting suicidal orientation. This finding was supported by model
performance analysis, which showed a moderate ability to predict suicidal orientation based on the
ISO-30 percentile. Linear regression analysis also revealed a significant inverse relationship between
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MAIA score and ISO-30 score, suggesting that as interoceptive awareness increases, suicidal ideation
decreases. This relationship remained consistent across multiple replications of the sample,
suggesting a robust and reliable relationship between interoceptive awareness and suicidal
orientation.

Similar studies have been found to support the importance of addressing interoceptive body
awareness, such as a study of 319 adults with eating disorders in specialized treatment, mostly
Caucasian females with a mean age of 21.8 years, most with anorexia nervosa, 59.7% reported current
suicidal ideation, and 38.4% had made at least one suicide attempt. Analysis revealed that low body
confidence was associated with greater severity of suicidal ideation, with agitation partially
mediating this relationship. These findings highlight the importance of considering these factors in
the assessment and treatment of suicidal ideation in people with eating disorders [13].

Studies of "non-suicidal self-injury" (NSSI) have examined how difficulties in body perception
might be related to this behavior. Researchers found that people who engage in this type of self-injury
have difficulty interpreting cues from their bodies and show poor appraisal of internal sensations
[14]. These findings suggest that difficulties in body perception may predispose to NSSI, which in
turn may be used as a mechanism to cope with emotional and bodily uncertainty. These findings
provide new insights into the processes underlying NSSI and suggest potential areas for clinical
intervention. [15,16].

Another study developed an online training program to improve interoceptive awareness and
reduce suicidal ideation. Participants showed significant improvements in interoception and body
awareness after completing specific exercises. The intervention also showed promise in improving
emotional awareness and self-regulation. Although more research is needed to fully understand the
results, the program was associated with improvements in suicidal ideation, eating disorders, and
general psychological symptoms. [5].

Another study compared body and pain thresholds between people with and without a history
of repetitive self-injury. Thirty-four participants with a history of self-injury and 32 in the control
group were recruited by purposive sampling. Self-injury and aspects of body perception were
assessed using questionnaires and pain sensitivity tests. The results showed greater dysfunction of
the bodily self in those with a history of self-injury, especially in sensation perception and emotional
regulation. In terms of pain sensitivity, women with self-injury had higher thresholds, whereas a
reverse pattern was observed in men, although this result should be interpreted with caution due to
the small size of the male sample [17].

Research also examined the relationship between interoceptive dysfunction and suicidal
behavior in participants with a history of suicide attempts. It was found that those with a history of
suicide attempts had higher concentrations of exhaled carbon dioxide after breath-holding tests and
lower brain activity in areas associated with interoception and body awareness during attention to
heart sensations. These findings suggest that interoceptive dysfunction, particularly related to cardiac
perception, may play an important role in suicidal behavior by influencing how people process and
respond to internal signals from their bodies. In summary, these findings highlight the importance
of further investigating the relationship between internal body perception and mental health [18].

Finally, a study was found that evaluated the impact of the Biological Movement (BM) program,
based on mindful movement, on the psychological well-being and interoceptive awareness of
participants. An 8-week training program was implemented for kinesiology students at the
University of Perugia, Italy. Results showed significant improvements in interoceptive awareness
and positive mental health. The MB program improved participants' psychological well-being and
the connection between physical and emotional sensations [19].

Our study suggests that improved perception and understanding of internal bodily sensations
may protect against suicidal ideation by improving emotional regulation and stress response.

Interventions to promote interoceptive awareness may be effective in preventing suicide and
promoting psychological well-being [20,21]. This is also supported by findings from a systematic
review where dysfunctional interoception is associated with mental health disorders and suicide. We
reviewed studies on the association between interoception and suicidality. Evidence of reduced
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interoceptive accuracy was found in those who attempted suicide. There is also evidence of
interoceptive sensitivity disturbances at all stages of suicide, such as lack of trust in one's own bodily
sensations. Additionally, problems in the cognitive and emotional evaluation of interoceptive
sensations were observed, especially in those who attempted suicide. These findings suggest that
interoceptive issues may be important indicators of suicide risk. However, further research is needed
to fully understand their role and how other variables such as depression and emotional regulation
come into play [22].

However, it is important to keep in mind the limitations of this study. The cross-sectional nature
of the research design precludes the establishment of definitive causal relationships between
interoceptive awareness and suicidality. In addition, the sample was limited to Colombian university
students, which limits the generalizability of the results to other populations.

5. Conclusions

This study provides insight into the relationship between interoceptive awareness and suicidal
orientation in Colombian university students. It reveals a significant prevalence of students with low
interoceptive awareness, highlighting the importance of this factor in the assessment of suicidal
orientation. The results support the notion that a greater ability to perceive and understand internal
bodily sensations may provide greater protection against suicidal ideation by improving emotional
regulation and stress response.

Logistic regression analysis revealed a significant relationship between interoceptive awareness
and suicidality, suggesting its crucial role in predicting the latter. In addition, an inverse relationship
was observed between MAIA and ISO-30 scores, suggesting that an increase in interoceptive
awareness is associated with a decrease in suicidality.

These findings are consistent with previous literature highlighting the importance of body
awareness in mental health and emotional well-being. The concepts of interoceptive accuracy and
interoceptive sensitivity are fundamental to understanding how we perceive and relate to internal
bodily sensations, which may have implications for cognitive, emotional, and clinical aspects of our
lives.

Future research with longitudinal designs and in diverse populations is needed to further
explore this relationship between interoceptive accuracy and interoceptive sensitivity.
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