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Introduction: There are few studies investigating genetic factors related to suicidal ideation or behavior in older adult populations. Our aim was to test associations between passive and active suicidal ideation and polygenic risk scores (PRSs) for suicidality and other traits of relevance for suicidality in old age (i.e. depression, neuroticism, loneliness, Alzheimer’s disease, cognitive performance, educational attainment, and several specified vascular diseases) in a population-based sample aged 70 years and older.

Methods: Participants in the prospective H70 study in Gothenburg, Sweden, took part in a psychiatric examination that included the Paykel questions on active and passive suicidal ideation. Genotyping was performed with the Neurochip (Illumina). After quality control of the genetic data the sample included 3467 participants. PRSs for suicidality and other related traits were calculated based on summary statistics from recent GWASs of relevance. Exclusion of persons with dementia or incomplete data on suicidal ideation yielded 3019 participants, age range 70–101 years. Associations between past year suicidal ideation (any level) and selected PRSs were analysed using general estimation equation (GEE) models, adjusted for sex and age.

Results: We observed associations between passive/active suicidal ideation and PRSs for depression (three versions), neuroticism, and general cognitive performance. After excluding individuals with current major depressive disorder (MDD), similar associations were seen with PRS for neuroticism, general cognitive performance and two PRSs for depression. No associations were found between suicidal ideation and PRSs for suicidality, loneliness, Alzheimer’s disease, educational attainment, or vascular disease.

Discussion: Our results could indicate which types of genetic susceptibility that are of importance for suicidality in old age, and these findings can help to shed light on potential mechanisms that may be involved in passive and active suicidal ideation in late-life, also in those with no current MDD. However, due to the limited sample size, the results need to be interpreted with caution until replicated in larger samples.
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1. Introduction

In most parts of the world, older adults have the highest suicide rates (1). The prevalence of past year passive and active suicidal ideation in individuals between the ages of 70 and 108 has been reported to be 11%, with a considerably higher percentage (37%) among people with depression (2). Suicidal ideation can signal the start of a suicidal process. Almost three quarters of older adults who died by suicide had reported some level of passive or active suicidal ideation to their next of kin during their last year of life (3).

Results from twin studies have provided evidence for a genetic component in suicidal ideation and behavior, with heredity estimates of around 30–55% (4). Candidate gene studies of suicidality have mainly focused on genes related to neurotransmitter signaling, but few findings have been consistent, and the highlighted genes have not been confirmed in genome-wide association studies (GWASs) (5). Overall, GWASs of suicidality have reported a very limited number of genetic markers reaching the stringent level of genome-wide significance (6–16). This might be explained by limited sample size, designs with other primary outcomes, and diagnostic heterogeneity. Moreover, many of these studies were performed within psychiatric samples with severe mental illness. Recent GWASs have identified some genome-wide significant associations with suicide attempt (17), as well as a broad suicidality phenotype (18). So far, studies investigating genetic factors related to suicidal behavior or ideation specifically in old populations are very sparse (19).

Suicidality in older adults is associated with a range of psychiatric and somatic factors, but also social situation. The most robust association is that with depressive disorder (20, 21), but also anxiety has been associated with suicidal passive/active ideation in older adults (22). Somatic factors associated with suicidality in older adults are, for example: functional disability (23), heart disease (24), and stroke (25). Regarding social factors, low educational level (26), interpersonal conflicts, and loneliness (27) have been highlighted. Other factors reported to be associated with suicidality in old age are personality [i.e., neuroticism (28)] and cognitive impairment (29). The heterogeneity of suicidality in old age has created problems for those who attempt to identify biological markers. One way forward is to study associations with genetic profiles (i.e., polygenic risk scores) of different traits of relevance for suicidal ideation and behavior. Although PRSs within psychiatry are not able to definitely predict a diagnosis, they can contribute to risk assessment in combination with information from clinical and lifestyle metrics (30). The aim of the present study was to test associations between polygenic risk scores (PRSs) for suicidality, but also for other traits of relevance for suicidality in old age (i.e., depression, neuroticism, loneliness, Alzheimer’s disease, cognitive performance, educational attainment, and vascular diseases), and passive and active suicidal ideation in a population-based sample aged 70 years and older. Summary statistics from recent GWASs highlighting genes involved in CNS development, synaptic structure and neurotransmission (18, 31–38), gene regulation and neurodegeneration (17, 33, 36, 39, 40), metabolic pathways (40), and vascular mechanisms (41) were used for construction of the PRSs.



2. Methods


2.1. Study population

Participants in the study were recruited in connection with two population-based epidemiological studies in Gothenburg, the Prospective Population Study of Women (PPSW) and the Gothenburg Birth Cohort Studies (H70, H85 and 95+), described in detail previously (42–45).

Genetic data were available for a total of 3,612 individuals. After quality control of the genetic data (for description of the quality control see section below about genotyping), 3,467 out of these 3,612 remained. Exclusion of persons with dementia at the time of their first examination (n = 282) or incomplete data on suicidal ideation (n = 185) yielded a total of 3,019 participants for the current study (Figure 1), age range 70–101 years.

[image: Figure 1]

FIGURE 1
 Flow diagram of the study population.


The study was approved by the Regional Ethical Review Boards in Gothenburg. Informed consent was obtained from all participants and/or their relatives in cases of dementia.



2.2. Examinations and diagnoses

The interview included the Paykel questions on passive and active suicidal ideation and behavior (46). These questions, originally dubbed “suicidal feelings,” have been applied in numerous population-based studies involving older adults [see (2) for an overview]. Four items cover ideation of increasing intensity; a fifth involves an actual suicide attempt: (1) “Have you ever felt that life was not worth living?” (2), “Have you ever wished you were dead?,” (3) Have you ever thought of taking your life, even if you would not really do it?” (4) “Have you ever reached the point where you seriously considered taking your life, or perhaps made plans how you would go about doing it?,” and (5) “Have you ever made an attempt to take your life?.” As previously reported, inter-rater reliability ranged 0.96 (life-weariness) to 0.74 (seriously considered taking life) (2). Participants with affirmative responses were asked to report the most recent occurrence of these feelings, and within the current study individuals who reported “yes” on any Paykel question, with the occurrence “past year,” were considered as “cases.”

Dementia and major depressive disorder (MDD) were diagnosed by geriatric psychiatrists. A computerized algorithm based on The Comprehensive Psychopathological Rating Scale (CPRS) items was employed to establish whether participants met diagnostic criteria for MDD (47). The algorithm was designed to follow the definition of major depressive episode in the Diagnostic and Statistical Manual for Mental Disorders, Fifth Edition (DSM-5) (48) as closely as possible: At least five of the nine depressive symptoms or signs listed in DSM-5 had to be present, at least one of which had to be either depressed mood or loss of interest. Exclusion criteria for depression could not be applied due to the difficulty of making etiological judgments in an epidemiological study. Dementia was diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders 3rd Edition Revised (DSM-III-R) (49).



2.3. Genotyping

Genotyping was performed with the NeuroChip (Illumina) (50). Quality control (QC), described previously (51, 52), included the removal of individuals due to any of the following: per-individual call rate < 98%, sex mismatch, and excessive heterozygosity (FHET outside +/−0.2). Further, individuals were defined as non-European ancestral outliers, and removed, if their first two PCs exceeded 6 standard deviations from the mean values of the European samples in the 1,000 Genome global reference population. Closely related individuals were removed based on pairwise PI_HAT (i.e., proportion of the genome that is in identity-by-descent; calculated using genome option in PLINK) > =0.2. Genetic variants were excluded due to: per-SNP call rate < 98%, minor allele frequency (MAF) <0.01, and Hardy–Weinberg disequilibrium (p < 1e-6). The Sanger imputation service (53) was used to impute post-QC, using the reference panel of Haplotype Reference Consortium data (HRC1.1).



2.4. Construction of polygenic risk scores

PRSs were constructed based on summary statistics from previous GWASs, available through the IEU GWAS database (54) and the GWAS central database (55); for further details see Supplementary Table 1. SNPs with MAF ≥5% were used for selection by linkage disequilibrium (LD)-clumping. The European ancestry samples from the 1,000-genomes project were used as a reference panel to remove variants in LD; all variants 250 kb upstream and downstream of top signal were removed (R2 < 0.001). All PRSs were calculated as the sum of the β-coefficient multiplied with the number of effect alleles of each genetic variant, and then standardized. We created PRSs including variants based on the GWAS p-value thresholds p < 5e−8 and p < 1e−5 (referred to as 5e−8 PRS and 1e−5 PRS) if the summary statistics were retrieved from the IEU GWAS database, and on the p < 5e−8 level if the summary statistics came from the GWAS central database. The PRS for Alzheimer’s disease (AD-PRS) (on the p < 5e−8 and p < 1e−5 thresholds) was based on GWAS summary statistics in the IGAP (56), and PRSs for suicidality and suicide attempt (on the p < 5e−8 and p < 1e−6 thresholds, respectively) were based on summary statistics presented within the GWASs by Erlangsen et al. (17) and Strawbridge et al. (18). The suicidality phenotype used in the study by Strawbridge et al. (18) is a measure of suicidality based on the categories “no suicidality,” “thoughts that life was not worth living,” “ever contemplated self-harm or suicide,” “acts of deliberate self-harm not including attempted suicide,” and “attempted suicide.”



2.5. Statistical analyses

Sample characteristics were compared using Fisher’s exact test (categorical variables) or t-test (continuous variables). Associations between PRSs and past year passive/active suicidal ideation were investigated using general estimation equation (GEE) adjusted for age, sex, and 10 principal components (PCs) to correct for population stratification. The use of GEE analyses enables repeated measurements to be taken into account, and data based on examinations when individuals fulfilled the criteria for a dementia diagnosis were excluded. All analyses were then repeated after also excluding data based on examinations when individuals were diagnosed with MDD. Further, sensitivity analyses were performed based on passive suicidal ideation only (Paykel questions 1 and 2). Correction for multiple testing was performed using the Bonferroni method. Due to overlap between many of the PRSs, all tests performed could not be considered independent of each other, and we therefore corrected for the number of domains included, i.e., psychiatric conditions (depression and suicidality), personality (neuroticism), cognitive function/performance (general cognitive performance, Alzheimer’s disease, educational attainment), loneliness, and vascular disease (stroke, hypertension, atherosclerotic heart disease, and angina), generating a corrected p-value threshold of p = 0.01. The statistical analyses were performed in IBM SPSS Statistics v28.




3. Results

Characteristics of the study sample are presented in Table 1. Individuals who had ever answered with an affirmative response on any of the Paykel questions on past year passive/active suicidal ideation (33% of the total sample) were more often women, and more often fulfilled the criteria for dementia and MDD. They were also significantly older at their first examination and had participated in more examinations than those who never answered yes.



TABLE 1 Sample characteristics.
[image: Table1]

Associations were observed between past year active/passive suicidal ideation and three versions of PRSs for MDD. We also found association with a broad depression phenotype defined as “self-reported past help-seeking for problems with ‘nerves, anxiety, tension or depression’.” In addition, passive/active suicidal ideation was associated with PRSs for neuroticism (two versions based on different GWASs), and general cognitive performance/ability (higher score on the PRS for general cognitive performance was associated with decreased risk for ideation; Table 2 and Supplementary Figure 1). Associations remained after Bonferroni correction for multiple testing for all but two PRSs (one PRS for MDD and one for neuroticism). After excluding individuals with current MDD, similar associations were seen with PRSs for neuroticism, general cognitive performance, and three PRSs for MDD (Table 2 and Supplementary Figure 1). After correction for multiple testing associations with two depression-PRSs, one neuroticism-PRS, and the PRS for cognitive performance remained.



TABLE 2 Associations between polygenic risk scores and suicidal feelings in a population-based sample of older adults (n = 3,019).
[image: Table2]

No associations were found in relation to PRSs for neither suicide attempts nor the broad suicidality phenotype that included passive ideation. Further, no associations were found for PRSs for loneliness, Alzheimer’s disease, educational attainment, and vascular diseases (stroke, hypertension, atherosclerotic heart disease, and angina; Table 2 and Supplementary Figure 1).

Analyses based on passive suicidal ideation only (i.e., life not worth living, death wishes) generated results similar to those based on all five Paykel questions, with some exceptions. Some minor differences were found regarding PRSs surviving correction for multiple testing, as well as a weak association, not surviving correction, with PRS for angina in the analysis excluding individuals with current MDD (Supplementary Table 2).



4. Discussion

To the best of our knowledge, this is the first study to investigate polygenic risk scores for suicidality, and traits of potential relevance for suicidality in old age, in relation to passive and active suicidal ideation in a population-based sample of older adults. Associations were found with PRSs for depression, neuroticism, and cognitive performance, while no associations were seen with PRS for suicidality, loneliness, educational attainment, Alzheimer’s disease, and several specified vascular diseases.

Among the genetic risk profiles included in this study, PRS for depression was highly expected to be associated with passive/active suicidal ideation due to the robust association between depression and suicidality in old age (20, 21). Suicidal ideation is one of the nine criteria for MDD (DSM-5) (48). In total, relationships with six PRSs for depression were examined, and associations were found with four of these (three after correction for multiple testing). Although there is an overlap among PRSs, this indicates a stable association between genetic risk for depression and passive/active suicidal ideation in our cohort of older individuals. After excluding individuals with current MDD, associations with three of the PRSs (those for MDD) still remained (two after correction for multiple testing). Our result expands on findings from a previous study on younger individuals, showing an association between a PRS for MDD and suicide attempt (10). That study was however performed within a psychiatric sample, including individuals with MDD, bipolar disorder, and schizophrenia. Considering the whole genome, the strongest genetic correlation between suicidality and major psychiatric disorders in a population-based sample of individuals aged 37–73 was seen with MDD in the study that applied the phenotype that included passive ideation (18).

In our study, we also found associations between passive/active suicidal ideation in later life and two of three included PRSs for neuroticism. Similar to the case with MDD, genetic correlation between suicidality and neuroticism has been demonstrated in younger age groups (18). The association between suicidal ideation and one of the PRSs for neuroticism remained also after excluding individuals with MDD. This contrasts somewhat with our clinical cohort study in which the association between neuroticism and suicide attempt disappeared after adjusting for MDD (28). Previous studies have shown a genetic overlap between MDD and neuroticism (31, 33), but the overlap between specific SNPs in the PRSs for MDD and neuroticism used in our study was limited.

We also found an association between PRS for general cognitive performance and passive/active suicidal ideation. This parallels a finding reported in a Mendelian randomization study of the genetic influence of cognitive performance and educational attainment on suicidal attempt risk (57). However, an association was also observed with educational attainment in that study, which was not the case in ours. Further, educational attainment was found to drive the association between cognitive performance and suicide attempt risk. The PRSs for cognitive performance and educational attainment used in our study were based on GWAS summary statistics from studies on cohorts with a mean year of birth between 1936 and 1979 (37). It is possible that the PRS for educational attainment is not as representative for a sample born 1901–1944, as the PRS for cognitive performance. Moreover, compromised cognitive performance in older adults is different from compromised cognitive decline in younger persons, as it may be the result of cognitive decline rather than a marker for lower educational level.

Given recent findings of cognitive deficits (29, 58, 59), as well as risk of subsequent dementia (60) in suicidal older adults, we anticipated an association with the AD-PRS. Moreover, a previous study of relationships between suicidal ideation and biopsychosocial predictors in old age reported a trend toward an association with carriership of the genetic AD risk factor APOE ε4 (19). This genetic risk factor is a strong contributor within the AD-PRS used in our study. However, no association with the AD-PRS was seen. One explanation could be that individuals with dementia (i.e., including those with highest level of the AD-PRS) were excluded from the study. However, individuals with high risk of dementia were not completely left out, since several individuals within the continuum of MCI to “just below the threshold of a dementia diagnosis” were included (61). Further, although we found an association with PRS for cognitive performance, this PRS shows very limited overlap with the AD-PRS, and the scores have been reported to associate differently with cognitive decline in normal aging (62).

We found no association between PRSs for suicidality and passive/active suicidal ideation in old age. Two different PRSs for suicidality, based on the most recent GWASs, were tested; one for suicide attempts (17) and one for a broad suicidality phenotype (18). Neither PRS can be considered to measure suicidality exactly as it is defined in the present study, and genetics behind different suicidal phenomena (i.e., ideation, attempt, and suicide) might differ to some extent. For example, a PRSs for suicide attempt (based on GWASs using lifetime data on suicide attempts during depressive episodes) did not predict suicidal ideation in a previous study (16), which is in line with epidemiological studies, showing that suicidal ideators/attempters/completers differ in sociodemographic characteristics (63, 64). In the current study, results for passive suicidal ideation did not differ from findings of the analyses that included both passive and active ideation. However, it must be stressed that our study is population-based and very few participants reported past year suicide attempts.

We found no associations with PRSs for loneliness and several vascular diseases, indicating that genetic factors behind these traits are not a major driving force when it comes to genetic susceptibility for passive/active suicidal ideation in later life. It might be that either the influences of these PRSs on such ideation are too small to be detected in our sample, or the relations between loneliness, vascular disease, and suicidal passive/active ideation are explained primarily by environmental and lifestyle factor components of these traits. Still, some SNPs in the PRSs for loneliness overlap with the PRSs for neuroticism found to be associated with suicidal ideation in our study and increasing the sample size might be a way to detect an association between PRS for loneliness and suicidal ideation.

Strengths with this study are the well-characterized participants, the relative homogeneity of the sample, and the population-based setting that is systematically selected in order to be representative for older individuals in the general population (42).

There are however some limitations of the study. The population-based setting means that few participants had active suicidal ideation. Further, the sample is relatively small for a genetic study, which prevents sub-group analyses based on sex and age, or age of ideation onset. The latter is of interest considering the possibility of differential etiologies of early and late onset suicidal behavior in older adults (58, 65). The small sample size also means that although the power to detect genetic findings can to some extent be increased by combining genetic signals into PRSs, the current study can still be underpowered to detect associations. This applies above all to the PRSs that are based on summary statistics from very large discovery samples, since the SNPs originating from such samples often contributes with very small effects or might be too rare to contribute with any impact in our study. The findings in our study remained similar after excluding individual’s examination times with current MDD. However, a stricter exclusion, based on for instance life time expression, might have changed the results. Due to the limited sample size and limited information about life time depression, these types of analyses were not possible to perform within the frame of our study.

Since full summary statistics were not always available, the PRSs used in the study were selected based on pre-defined p-value thresholds, and in some cases a more optimal p-value threshold might have strengthened the result. In addition, novel GWASs are published continuously, probably increasing the predictive value of PRSs for the different traits used in this study. Since novel GWASs often are larger than their predecessors, they will very likely generate additional SNPs to include in PRSs. Moreover, the discovery cohorts used in the GWASs that were bases for the PRSs do overlap (e.g., samples from the UK Biobank), but importantly, there is no overlap between the discovery and target samples, which might otherwise have caused overfitting due to non-independency of the discovery and target data. Finally, most participants were of Scandinavian descent and although sample homogeneity is a strength in genetic association studies, the results are not generalizable to other ethnic groups.

In conclusion, this study reports PRSs for depression, neuroticism, and cognitive performance to be associated with passive/active suicidal ideation among older individuals in a population-based sample, both before and after excluding current MDD. There were however no associations seen when analyzing PRSs for suicidality, loneliness, educational attainment, Alzheimer’s disease, and vascular disease. Our results could indicate which types of genetic susceptibility that are of importance for suicidality in old age, and these findings can help to shed light on potential mechanisms that may be involved in passive and active suicidal ideation in late-life, also in those with no current MDD. Considering the type of study, the sample size is somewhat limited, and results must be interpreted with caution until replicated in larger samples.
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