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Abstract

Background

Oral health is a less-recognized correlate of overall and mental wellbeing. This study aimed

to assess the relationship between suicidal behavior (ideation and attempt) and oral health

practices and status, and to determine the effect of sex on these associations among Nige-

rian adolescents.

Methods

Household survey data were collected from 10 to 19-year-old adolescents in southwestern

Nigeria. Dependent variables were daily tooth brushing, daily consumption of refined carbo-

hydrates between meals, and oral hygiene status (measured by plaque index). The inde-

pendent variable was lifetime suicidal ideation/attempt, dichotomized into ‘yes’ and ‘never’.

‘Daily tooth brushing’ and ‘daily consumption of refined carbohydrates between meals’ were

included in two separate logistic regression models, and ‘oral hygiene status’ was included

in a linear regression model. The models were adjusted for sex, age, and socioeconomic

status. The linear regression model was also adjusted for frequency of daily tooth-brushing

and of consumption of refined carbohydrates between meals. Interactions between sex and

suicidal ideation/suicide attempt in association with dependent variables were assessed.

Significance was set at 5%.

Results

We recruited 1,472 participants with mean age (standard deviation) of 14.6 (2.6) years. The

mean plaque index was 0.84 (0.56), and 66 (4.5%) adolescents reported ever having sui-

cidal ideation/attempt. Suicidal ideation/attempt was associated with significantly lower
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likelihood of tooth brushing (OR = 0.48, 95% CI: 0.26, 0.91), higher likelihood of consuming

refined carbohydrates between meals (OR = 2.30, 95% CI: 1.29, 4.10), and having poor oral

hygiene (B = 0.18, 95% CI: 0.05, 0.32). Among males, suicidal ideation/attempt was associ-

ated with less likelihood of eating refined carbohydrates between meals (OR = 0.96, 95%

CI: 0.35, 2.61). Conversely, it was associated with a significantly higher likelihood of this out-

come (OR = 4.85, 95% CI: 2.23, 10.55) among females.

Conclusion

The study findings suggest that poor tooth brushing habits and poor oral hygiene are indica-

tors for risk of suicidal behavior for adolescents in Nigeria, while high sugar consumption

may be an additional risk factor for adolescent females. These findings support the role of

dental practitioners as members of healthcare teams responsible for screening, identifying

and referring patients at risk for suicidal ideation/attempt.

Introduction

Suicide was the second leading cause of death in 2017 among adolescents age 15 to 19 years

globally [1]. Known risk factors include a family history of suicidal behavior; childhood and

family adversity; mental disorders (untreated depression, substance use and psychotic disor-

ders); exposure to stressors and adverse circumstances; sexual or gender minority status; previ-

ous suicide attempt; history of suicidal ideation [2–4].

A history of suicidal ideation/suicide attempt is associated with sugar addiction in adoles-

cence [5]. While high sugar consumption has been associated with diminished cognitive func-

tion among the elderly [6], animal studies suggest that excessive consumption in adolescence

is associated with overstimulation of the reward pathways [7], which may have negative effects

on cognitive and emotion processing similar to the effects of substances of abuse [8]. High

sugar consumption may result from neuroadaptations associated with depression [9,10],

which is associated with increased risk for suicidal ideation/attempt and completed suicide

[11]. High sugar consumption is also a risk factor for plaque accumulation and poor oral

hygiene, which are risk factors for several oral and general health problems [12]. Depression

leads to reductions in energy and self-esteem, which may lead to poor oral hygiene behaviors

and health status [13,14]. Poor oral health is also a risk factor for depression [15]. Depression

may therefore be a mediating factor between suicidal ideation/attempt and poor oral hygiene.

Studies have demonstrated associations between poor oral health, stress, depression, sub-

stance use disorders, and psychotic disorders [16]. The associations have been behavior-

linked: mental health disorders are associated with poor self-care, including poor oral health

care [17]. Few studies have examined the association between oral health and suicidal ideation:

a study of Korean adults demonstrated no significant association [18], whereas a study of

Aboriginal Australian young adults demonstrated an association [15].The disparate findings

may indicate age, genetic, and/or social/environmental differences.

There are currently no studies on the relationship between suicidal behaviors and oral

health status/behavior from African countries. In sub-Saharan Africa especially, adolescents

are highly exposed to stressors and adverse childhood and family circumstances [19], and have

a high prevalence of depression and other mental health problems [20,21], which are risk fac-

tors for suicidal ideation. Suicidal ideation/behavior is also common in the region: Nigeria has
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a 12.4% to 17% prevalence of suicidal ideation and 7.8% for suicide attempts among adoles-

cents [22,23]. These figures are higher than the reported 3.2% for suicidal ideation across sev-

eral African countries: 1.0% for planned suicide, and 0.7% for attempted suicide [24]. Caries

and poor oral hygiene, which are both consequences of high sugar consumption [25], are

highly prevalent among adolescents across Africa [26] and in Nigeria [27].

This study is based on theories of hopelessness [28], which link suicidal ideation/attempts

with psychopathological constructs such as depressive symptoms and hopelessness with their

negative impact on agency thinking [29–31]. The hopelessness-low self-esteem-depression

link is also associated with poor self-care [17], which includes oral health practices.

The study attempts to bridge a wide and longstanding gap in knowledge on interactions

between oral health and mental health in Nigeria, the African region, and globally. The aim

was to assess for associations between suicidal ideation/attempt and oral health practices/

hygiene status, and to determine whether sex modified these associations. We hypothesized

that there would be a negative association between suicidal ideation/attempt and oral health

practices/oral hygiene status, whereby poor oral hygiene would be associated with higher-level

risks of suicidal behavior, with sex likely modifying the association between these variables.

Materials and methods

Study design and study population

This is a secondary analysis of primary data collected to determine the association between the

oral, mental, sexual, and reproductive health of adolescents’ resident in Ife Central Local Gov-

ernment Area of Osun, State Ile-Ife, a semi-urban community in southwestern Nigeria. The

data were collected through a household survey conducted during December 2018 and Janu-

ary 2019. Adolescents age 10–19 years old from whom parental consent/assent/individual

informed consent was appropriately obtained were eligible to participate in the study. Adoles-

cents who were critically ill and could not give independent responses to the study survey were

excluded from study participation.

Sample size and sampling technique

The minimum sample size for the study was calculated with the formula proposed by Araoye

[32]. With a caries prevalence (proxy for oral hygiene status) of 13.9% among adolescents in

the study community [33], a margin of error of 5%, and a confidence level of 95%, the mini-

mum sample size was 1,323 adolescents. Adolescents were recruited with a multi-stage sam-

pling technique. First, 70 of the 700 enumeration areas in Ife Central Local Government Area

were sampled with the simple-random sampling technique. Next, every other household in the

selected enumeration areas was identified as an eligible household. Finally, in each household,

one adolescent who met the inclusion criteria was recruited for study participation. Whenever

a household declined to participate, the next eligible household was substituted. Recruitment

of participants continued until the minimum sample size for the study was reached.

Data collection

Data were collected through personal interview with a structured questionnaire that had been

used in previous studies on oral health in Nigeria (S1 File) [41]. The instrument was adminis-

tered by trained field workers who were themselves young people with experience in collecting

data for national surveys. The field workers and clinicians were trained on the study protocol,

the use of the data collection tools, sample selection (including household listing and selec-

tion), and all other aspects of clinical and fieldwork. Data collected for each adolescent were
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age, sex, and socioeconomic status. Age was determined in years as age at last birthday, while

sex was determined as assigned sex at birth (male or female). Socio-economic status was mea-

sured with a proxy question that asked about average number of daily meals in the preceding

month; the responses were categorized as ‘cannot guarantee one meal per day’, ‘one meal per

day’, ‘two meals per day’, or ‘three meals per day’ [34].

Oral health practices. Information was generated on the frequency of tooth brushing and

consumption of refined carbohydrate between meals. Respondents were also asked to indicate

the frequency of tooth brushing using the following response options–‘irregularly or never’,

‘once a week’, ‘a few (2–3) times a week’, ‘once a day’, and ‘more than once a day’. Responses

were further dichotomized into ‘once a day or greater’ and ‘less than once a day’.

Respondents were also asked to indicate the frequency of consuming sugar-containing

snacks or drinks between main meals according to the following options–‘about three times a

day or more’, ‘about twice a day’, ‘about once a day’, ‘occasionally’, ‘not every day’, ‘rarely’, or

‘never between meals’. Responses were dichotomized into ‘three times a day or more’ and ‘less

than three times a day’.

Suicidal behavior assessment. Study participants’ suicidal behavior was assessed with the

Suicide Behaviour Questionnaire–Revised (SBQ-R). This is an easily administered 4-item tool

that evaluates the frequency of past and likelihood of future suicidal thoughts and behaviors

with responses scored on 3-7-point Likert scales [35,36]. The total scores were derived and

used for analyses. The tool has adequate internal consistency in a population of patients with

mental disorders in an outpatient setting (Cronbach’s alpha 0.75) [37]. It has also been vali-

dated for use among undergraduate students in Nigeria (Cronbach’s alpha 0.80) [38].

Intra-oral examination. All participants had an oral examination conducted in their

homes to determine the oral hygiene status. Each participant was examined sitting, under nat-

ural light, with sterile dental mirrors by trained dentists. The teeth were examined wet. Plaque

Index [39] was used to determine the oral hygiene status. The Plaque Index score was based on

six numerical determinations representing the amount of debris found on the surfaces of

index permanent teeth 12, 16, 24, 32, 36, and 44. The mesial, distal, buccal, and lingual gingival

areas of the index teeth are scored from 0 (no plaques) to 3 (abundance of soft matter within

the gingival pocket and/or on the tooth and gingival margin). The mean score for each tooth is

obtained and the mean score for the individual is obtained by adding the indices for each

tooth and dividing by the number of teeth examined.

Standardization of examiners. Clinical investigators were qualified dentists undergoing

postgraduate residency training as pedodontists, who were calibrated on the study protocol

and the clinical examination. Training was followed by practice on patients: each clinician

examined and scored the adolescents for oral hygiene status as prescribed in the study proto-

col. Results were subjected to a Cohen’s weighted kappa score analysis to determine intra- and

inter-examiner variability. The intra- and inter-examiner Cohen’s weighted kappa scores for

the three dentists were all greater than 0.95.

Data analysis

Descriptive statistics were calculated as means and standard deviations or frequencies and per-

centages. There were three separate dependent variables: brushing at least once daily (yes, no),

consumption of refined carbohydrates between meals three times a day or more daily (yes,

no), and oral hygiene status (mean plaque index). The first two dependent variables were

included in two separate logistic regression models, and the third dependent variable was

included in a linear regression model. The independent variable was lifetime suicidal ideation/

attempt dichotomized into ‘yes’ and ‘never’. The models were adjusted for sex, age, and
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socioeconomic status (measured using a proxy question that asked about average number of

daily meals in the preceding month). These factors are associated with oral hygiene status and

suicidal ideation/attempts in Nigeria [40,41]. The linear regression model, where oral hygiene

status was a dependent variable, also adjusted for daily brushing and consumption of refined

carbohydrates between meals. Interactions between sex and suicidal ideation/attempt in asso-

ciation with each of the three dependent variables were assessed. The p values for interaction

were computed, and separate regression estimates were calculated for males and females.

Odds rations/regression estimates and 95% confidence intervals (CI) were calculated. SPSS

version 23.0 was used for statistical analysis. Significance was set at 5%.

Ethical considerations

Ethical approval was obtained from the Health Research Ethics Committee of the Institute of

Public Health at Obafemi Awolowo University in Ile-Ife, Nigeria. Written parental consent

was obtained for all adolescents less than 18 years old per national ethics guidelines [42]. Writ-

ten assent was additionally obtained for those 12 to 17 years of age. Adolescents aged 18 to 19

years provided written individual consent. Only adolescents that assented to study participa-

tion in addition to parental consent were enrolled in the study. All study participants received

a gift of valued at approximately $1.00.

Results

A total of 1,472 study participants were recruited (Table 1); age range of this cohort was 10 to

19 years. The mean age (standard deviation was 14.6 (2.6) years. There were 846 (57.5%) male

participants, and 1,245 (84.6%) participants reported access to three meals a day in the preced-

ing month. Most respondents (88.7%) reported brushing at least once daily, and 251 (17.1%)

consumed refined carbohydrates between meals three or more time daily. The mean plaque

index was 0.84 (0.56), and 202 (13.8%), 940 (64.0%), 310 (21.1%) and 17 (1.2%) participants

had scores of 0, 1, 2, and 3 respectively. A total of 66 (4.5%) adolescents reported ever having

suicidal ideation/attempts, 42 (2.8%) experienced suicidal ideation/attempts over the last 12

months, 20 (1.4%) reported they previously threatened to commit suicide, and 18 (1.2%)

reported a likelihood of suicidal behavior in the future.

Table 2 lists the association between preventive oral health practices, oral hygiene status

and suicidal ideation/attempt in the Nigerian adolescents. Being able to afford three meals a

day was associated with significantly higher frequency of tooth brushing at least once a day

(OR = 2.57, 95% CI: 1.74, 3.79), eating sugars (OR = 1.59, 95% CI: 1.02, 2.49), and better oral

hygiene status (B = -0.10, 95%CI: -0.18, -0.01). Suicidal ideation/attempt was associated with

significantly lower likelihood of tooth brushing (OR = 0.48, 95% CI: 0.26, 0.91) and signifi-

cantly higher likelihood of consuming refined carbohydrates between meals daily (OR = 2.30,

95% CI: 1.29, 4.10) and poorer oral hygiene status (B = 0.18, 95% CI: 0.05, 0.32).

Table 3 illustrates the modifying effect of sex on the association between oral practices and

suicidal ideation/attempt. Sex was significantly moderated the association between suicidal

ideation/attempt and eating refined carbohydrates between meals daily (P = 0.01) but not the

associations of suicidal ideation/attempt with tooth brushing (P = 0.72) or oral hygiene

(P = 0.23). Among males, suicidal ideation/attempt was associated with a lower likelihood of

eating refined carbohydrates between meals daily although this was not statistically significant

(OR = 0.96, 95% CI: 0.35, 2.61); whereas, in females, suicidal ideation/attempt was associated

with significantly higher likelihood of eating refined carbohydrates between meals daily

(OR = 4.85, 95% CI: 2.23, 10.55).
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Discussion

The study findings indicate that suicidal behaviors were associated with poor oral health prac-

tices and oral hygiene status. Suicidal behaviors were also associated with less positive oral

Table 2. Associations between brushing, sugar consumption, plaque accumulation, and suicidal ideation or

attempt among Nigerian adolescents [N = 1472].

Variables Brushing at least once daily OR

(95% CI)

Eating sugars daily OR

(95% CI)

Oral hygiene status B

(95% CI)

Sex Male vs

female

0.87 (0.61, 1.22) 1.05 (0.79, 1.41) 0.04 (-0.02, 0.10)

Age 0.99 (0.93, 1.06) 0.96 (0.90, 1.01) -0.01 (-0.02, 0.004)

Afford three

meals a day

2.57 (1.74, 3.79)� 1.59 (1.02, 2.49)� -0.10 (-0.18, -0.01)�

Brushing at least

once daily

- - -0.06 (-0.15, 0.03)

Eating refined

carbohydrates in-

between-meals

daily

-0.06 (-0.13, 0.02)

Suicidal ideation

or attempt

0.48 (0.26, 0.91)� 2.30 (1.29, 4.10)� 0.18 (0.05, 0.32)�

OR: Odds ratio; B: Regression coefficient; CI: Confidence interval;
�: Statistically significant at P< 0.05.

https://doi.org/10.1371/journal.pone.0247073.t002

Table 1. Profiles, oral health practices and suicidal behaviors among Nigerian adolescents [N = 1,472].

Factors Variables Statistics

Sex Male: n (%) 846 (57.5)

Female: n (%) 626 (42.5)

Age Mean (SD) 14.6 (2.6)

Can afford three meals a day Yes n (%) 1245

(84.6)

No n (%) 227 (15.4)

Brush at least once a daily Yes: n (%) 1305

(88.7)

No: n (%) 167 (11.3)

Frequency of consumption of refined carbohydrates in-between-

meals daily

three times a day or more n (%) 251 (17.1)

Less than that three times a day n

(%)

1221

(82.9)

Plaque index Mean (SD) 0.84 (0.56)

Suicidal ideation or attempt Had thought n (%) 66 (4.5)

Never n (%) 1406

(95.5)

Frequency of suicidal ideation over past 12 months Had thought n (%) 42 (2.8)

Never n (%) 1430

(97.2)

Threat of suicide attempt Had thought n (%) 20 (1.4)

Never n (%) 1452

(98.6)

Self-reported likelihood of suicidal behavior in the future Had thought n (%) 18 (1.2)

Never n (%) 1454

(98.8)

https://doi.org/10.1371/journal.pone.0247073.t001
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health practices such as insufficient tooth brushing, more negative practices such as daily

between-meals consumption of refined carbohydrate, and with poor oral hygiene. In addition,

there was sex difference in how suicidal ideation/attempt was associated with daily between-

meal consumption of refined carbohydrates. A strong association was observed between sui-

cidal ideation/attempt and daily consumption of refined carbohydrates between meals among

female adolescents who had higher frequency of consumption of refined carbohydrate

between meals and suicidal behaviors. Among males, in contrast, suicidal ideation/attempt

was not significantly associated with any oral health behaviors. The study hypotheses were

therefore validated.

This is the first study showing a relationship between oral health practices and suicidal idea-

tion/attempt in a population of African adolescents. A strength of the study is the large sample

size. Also, the household-based approach for sample recruitment renders the study findings

generalizable to the study environment, and potentially possible to extrapolate the finding to

other environments with similar population profiles. We however caution on extrapolation of

findings to other cultures due to known influences of culture on mental health [43]. The study

was conducted in a setting that was predominantly Yoruba, an ethnic group known to have

very strong family orientation which is patho-protective [44]. The SBQ-R tool used to measure

suicidal ideation/attempt had been validated among undergraduate students in the same study

community. This strengthens the validity of study findings, as our study Cronbach’s alpha was

similar to that reported in the prior studies. Similarly, the instrument used to measure the oral

hygiene behavior had been used in prior studies involving undergraduates [45], and preschool

children [46] in the same study community.

The study is, however, limited by its cross-sectional design; thus, it can only suggest an asso-

ciation and not a cause-effect relationship. Also, there might be social desirability and recall

bias for the self-reported items, which may lead to under-estimation of variables such as num-

ber of missed meals per day and over-estimation of factors such as frequency of tooth brush-

ing. In addition, other mental problems, substance use issues and use of medication may

confound the association between the observed variables and should be addressed in future

studies. Despite this limitation, the study highlights important findings that should be explored

further.

First, the association between suicidal tendencies and poor tooth brushing habits may not

be associated with the experience of low self-esteem, which acts as an early entry into the sui-

cidal process [47–49]. A prior study in India found an association between suicidal ideation/

attempt and poor oral hygiene status, but not with tooth brushing frequency or tooth brushing

duration [50]. The authors however reported an association between suicidal ideation/attempt

and frequency of change of toothbrush: fewer individuals with suicidal ideation/attempt

changed their toothbrush at least once in six months [50]. We found an association between

suicidal tendencies and poor tooth brushing habits measured by frequency of tooth brushing.

Low self-esteem is a strong predictor of poor tooth brushing habits [51], and may therefore be

Table 3. Modifying effect of sex on the association between tooth brushing, sugar consumption, plaque accumulation, and suicidal ideation/attempt [N = 1472].

Association between suicidal ideation/attempt and: Male Female P for interaction

Brushing at least once daily a: OR (95% CI) 0.45 (0.19, 1.05) 0.56 (0.22, 1.47) 0.72

Eating refined carbohydrates in-between-meals daily a: OR (95% CI) 0.96 (0.35, 2.61) 4.85 (2.23, 10.55) 0.01

Plaque index b: B (95% CI) -0.10 (-0.29, 0.09) -0.24 (-0.44, -0.04) 0.23

a: Controlling for age and affording three meals a day.

b: Controlling for age, affording three meals a day, brushing at least once daily, and eating refined carbohydrates between meals daily.

https://doi.org/10.1371/journal.pone.0247073.t003
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the mediating factor between suicidal ideation/attempt and poor tooth brushing habits. This

needs to be studied further.

Second, the association between suicidal tendencies and high daily between-meals con-

sumption of refined carbohydrate may provide evidence to further substantiate prior findings

on the association between sugar addiction and suicidal ideation/attempt [5], although there

are multiple longitudinal studies showing an association of sugar consumption with an

increased risk of depression [52–54]. Of concern is the risk for dental caries resulting from the

high free-sugar consumption. Suicidal behavior is associated with poor treatment of dental

caries [15], leading to pain, deteriorating quality of life, and risk for completed suicide [55,56].

Third, is the sex modifying role of the association between suicidal ideation/attempt and

the daily consumption of refined carbohydrate between meals. This association, which was

only found in females, is an important finding, as no prior study had highlighted the impact of

sex on the sugar addiction and suicidal ideation/attempt relationship. The higher suicidal idea-

tion/attempt for females has been associated with the higher risk of major depression in

females, which is a predictive factor for more than half of all suicides [57]. The studies in Nige-

ria have consistently shown a female predilection for suicidal ideation/attempt [58,59]. Thus,

considering the positive association between suicidal behaviors and depressive symptoms,

which are higher among females, it is possible that the association between suicidality and

high sugar consumption is mediated by depressive symptoms; however, future studies are

needed to test this hypothesis. This finding may also point to the complexity of a sex relation-

ship with suicidal ideation/attempt, as there are also suggestions of an underlying mechanism

to sex difference in food choice and preferences including sweet tastes [58]. The possible role

of culture in framing the relationship of sex and suicidal ideation/attempt [60] and moderating

sex differences in taste preferences [61,62] needs to be explored further to explain the observed

associations.

Conclusion

Our findings suggest that poor tooth brushing habits and poor oral hygiene are indicators for

the risk of suicidal behaviors for adolescents, and high sugar consumption may be an addi-

tional risk factor for adolescent females. These findings highlight the importance of dental

practitioners as members of healthcare teams responsible for screening, identifying and refer-

ring at-risk adolescents in timely fashion.
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