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A B S T R A C T

Older Adults with Bipolar Disorder (OABD) represent a heterogeneous group, including those with early and late 
onset of the disorder. Recent evidence shows both groups have distinct clinical, cognitive, and medical features, 
tied to different neurobiological profiles. This study explored the link between polygenic risk scores (PRS) for 
bipolar disorder (PRS-BD), schizophrenia (PRS-SCZ), and major depressive disorder (PRS-MDD) with age of onset 
in OABD. PRS-SCZ, PRS-BD, and PRS-MDD among early vs late onset were calculated. PRS was used to infer 
posterior SNP effect sizes using a fully Bayesian approach. Demographic, clinical, and cognitive variables were 
also analyzed. Logistic regression analysis was used to estimate the amount of variation of each group explained 
by standardized PRS-SCZ, PRS-MDD, and PRS-BD. A total of 207 OABD subjects were included (144 EOBD; 63 
LOBD). EOBD showed higher PRS-BD compared to LOBD (p = 0.005), while no association was found between 
age of onset and PRS-SCZ or PRS-MDD. Compared to LOBD, EOBD individuals also showed a higher likelihood 
for suicide attempts (p = 0.01), higher presence of psychotic symptoms (p = 0.003), higher prevalence of BD-I (p 
= 0.002), higher rates of familiarity for any psychiatric disorder (p = 0.004), and lower processing speed 
measured with Trail-Making Test part A (p = 0.03). OABD subjects with an early onset showed a greater genetic 
burden for BD compared to subjects with a late onset. These findings contribute to the notion that EOBD and 
LOBD may represent different forms of OABD, particularly regarding the genetic predisposition to BD.

1. Introduction

Bipolar disorder (BD) is a severe mental illness, characterized by 
recurrent episodes of depression and hypomania or mania alternated 
with intervals of absent or reduced affective symptomatology. Older 
adults with BD (OABD) are defined as individuals with BD over the age 
of 50 according to the last consensus by the International Society for 
Bipolar Disorders Task Force (Sajatovic et al., 2015). Several evidence 
supports the idea of considering this subgroup of individuals as a 
differentiated population based on the significant differences observed 
in clinical, social, cognitive, and medical particularities when compared 
to younger patients (Almeida et al., 2022; Beunders et al., 2021; Dols 
and Sajatovic, 2024; Eyler et al., 2022; Sajatovic et al., 2021). Thus, the 
OABD population requires more specific clinical investigations and 
management (Sajatovic et al., 2019). OABD also represents a hetero-
geneous population, where age at onset is considered a potential 
differentiating factor. Within OABD, it can be distinguished between 
early onset BD (EOBD; i.e., individuals who have the first disorder’s 
episode under 50 years old), and late onset of BD (LOBD; i.e., individuals 
who have the first disorder’s episode at the age of 50 years old or older 
(Vasudev and Thomas, 2010).

There is a need to better understand the underlying factors 
explaining the differences between EOBD and LOBD. Differences in 
illness course, prognosis, severity, comorbidity, cognitive performance, 
neuroanatomic, and neuropathological factors based on the age at onset 
in later-life have been identified. For instance, it seems that EOBD rep-
resents a more severe form of the disorder, more psychotic symptoms, 
mixed episodes, and worse treatment response (Joslyn et al., 2016; 
Schürhoff et al., 2000). On the contrary, some reports indicate that 
LOBD shows a worse course of the disorder, higher cerebrovascular risk 
(Ramírez-Bermúdez et al., 2021; Subramaniam et al., 2007), and more 
cognitive impairment (Martino et al., 2013; Schouws et al., 2009). 
Likewise, age at onset has been associated with genetic disease burden in 
OABD (Thesing et al., 2015). Thus, while EOBD is strongly associated 
with a higher prevalence of family history of psychiatric disorders, 
especially mood disorders (Depp and Jeste, 2004; Thesing et al., 2015), 
LOBD is associated with a higher cerebrovascular risk (Subramaniam 
et al., 2007). These differences could suggest a higher genetic burden in 
those patients with an early onset. Altogether, these differences prompt 
the belief among many researchers that EOBD and LOBD might repre-
sent distinct forms of BD or even differentiated clinical entities with 

similar phenotypic expression (Schürhoff et al., 2000). Age at onset 
could be a potential differentiator of homogeneous subgroups of BD and 
these distinctions could be useful in the identification of genetic 
vulnerability factors and other pathogenic components (Leboyer et al., 
2005). The study of the potential association between genetic burden 
and age of onset in OABD may help to clarify whether the two groups 
constitute two different clinical and biological entities. Therefore, the 
main aim of the present study is to investigate the association between 
the genetic load of major psychiatric disorders and the age of onset in 
OABD.

2. Methods

2.1. Participants

This is a cross-sectional study using data of the transdiagnostic 
PsyCourse Study that is a longitudinal, multicenter and deep- 
phenotyping study, conducted by a network of 20 clinical sites in Ger-
many and Austria. The design and other properties of the PsyCourse 
Study are well-described elsewhere (Budde et al., 2019). We used data 
from the baseline assessment (time point 1) for our analyses, with the 
exception of the Verbal Learning and Memory Test that was assessed at 
visit 2 (six months after baseline). Data were extracted from the Psy-
Course dataset Version 5.0 (https://data.ub.uni-muenchen.de/251/) 
(Heilbronner et al., 2021). The diagnosis of BD was made according to 
DSM-IV criteria using an adapted version of the German version of the 
Structured Clinical Interview for DSM-IV; Axis I Disorders (SCID-I) 
(Wittchen et al., 1997).

2.2. Assessment

Age, sex, history of psychotic symptoms, illness duration, number of 
episodes, diagnosis subtype, psychiatric family history, lifetime history 
of suicide attempts, and cognitive performance as sociodemographic 
and clinical variables were included in this study. Depressive symptoms 
were evaluated using the Inventory of Depressive Symptomatology scale 
(IDS-C30) (Rush et al., 1996). The Young Mania Rating Scale (YMRS) 
(Young et al., 1978) was used for assessing the presence of (hypo)manic 
symptoms, and the Global Assessment of Functioning Scale (GAF) 
(Endicott et al., 1976) assesses the psychosocial functioning. The 
IDS-C30, the YMRS, and the GAF all represent the state of symptoms and 
functioning at the time of the study interview. Participants were cate-
gorized according to their highest educational attainment based on the 
German educational system.1 Thomas G. Schulze and Carla Torrent should be considered senior authors.
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The neuropsychological battery includes measures that assess 
cognitive domains, including attention, processing speed, working 
memory, verbal memory, executive functions, and intelligence. Trail- 
Making Test (TMT) (Reitan, 1958) part A and the Digit-Symbol Test 
(DST) (Wechsler, 1997) assess processing speed. The forward verbal 
digit span assesses short-term memory, and the backward verbal digit 
span was used to measure working memory (Wechsler, 1997). TMT-B 
and TMT-AB interference calculations address executive functions. 
The values of TMT-A and TMT-B each represent the total time taken to 
finish the respective task. For the calculation of the estimation of the 
switching process (TMT-AB) the time taken to complete TMT-A was 
subtracted from the time taken to complete TMT-B. Learning and 
memory were assessed by the Verbal Learning and Memory Test 
(Deutsch: ”Verbaler Lern- und Merkfähigkeitstest”) (VLMT) 
(Helmstaedter et al., 2001). The measures we used for assessing verbal 
memory were: 1) Total recall: the sum of correctly recalled words across 
all five presentations of the main list (list 1); 2) Immediate loss: the 
difference between the number of words recalled of list 1 after the 
presentation of the interference list (list 2) and the number of words 
recalled in the last presentation of list 1; 3) Delayed loss: the difference 
between the number of words recalled in the last presentation of list 1 
and the number of words recalled after time interval (25–30 min.); 4) 
Recognition: the number of correct words of list 1 by presenting 50 
words (including word from list 1, list 2 and completely new words). 
Crystalized intelligence was measured by means of Multiple-Choice 
Vocabulary Intelligence Test (Deutsch: Mehrfach-
wahl–Wortschatz–Intelligenz: MWT-B) (Lehrl et al., 1995).

2.3. Genotyping and PRS calculation

For investigating the genetic burden among early vs late onset in 
OABD, we calculated the Schizophrenia-Polygenic Risk Score (PRS- 
SCZ), Major Depression PRS (PRS-MDD), and PRS-BD in a selected 
subsample of OABD defined as ≥ 50 years old (Sajatovic et al., 2015), 
from the entire sample of 511 BD patients with available genomic data. 
Early onset was defined as patients who develop the disorder before 50 
years old, and LOBD by those who had their first episode after 50 years 
old (Vasudev and Thomas, 2010).

In addition, as a secondary analysis to investigate differences in ge-
netic burden between young and older patients, we also performed a 
PRS analysis by including young and late-life patients establishing also 
the cut-off of 50 years old for the age at onset. As well, we also wanted to 
explore the genetic burden and age at onset in younger patients (< 50 
years old) establishing a cut-off of 30 for the age at onset.

DNA was extracted from venous blood samples. All individuals 
included in this study were genotyped using Illumina’s Global Screening 
Array (GSA) v3.0 at the Helmholtz Center in Munich, Germany. Quality 
Control steps were carried out as described in other studies (Boudriot 
et al., 2024). Genetic imputation was carried out in the Michigan 
Imputation Server using Minimac4 and individuals from the Haplotype 
Reference Consortium (HRC; Version r1.1) as the reference dataset. 
Genetic variants with MAF>0.01 were kept. The PRS-CS tool was used to 
infer posterior SNP effect sizes under continuous shrinkage priors and 
estimate the global shrinkage parameter (φ) using a fully Bayesian 
approach (Ge et al., 2019) using imputed genotypes based on their 
respective GWAS summary stats (Mullins et al., 2021; Trubetskoy et al., 
2022; Wray et al., 2018). PRS-SZ, PRS-MDD, and PRS-BD were scored 
with PLINK 1.90 (Chang et al., 2015) (www.cog-genomics.org/plink/ 
1.9). Ancestry principal components analyses showed all the samples 
overlapped with European reference population of the 1000 Genomes 
project.

2.4. Statistical analysis

Descriptive analyses were conducted using independent t-tests for 
continuous variables and chi-square tests for categorical variables to 

examine differences in sociodemographic and clinical characteristics 
between EOBD and LOBD. Neuropsychological variables were log- 
transformed to normalize their distribution and reducing the impact of 
the outliers. Specific variables (i.e., TMT-A, TMT-B, VLMT immediate 
loss, and VLMT delayed loss) were multiplied by − 1 due to their inverse 
interpretation. To assess the impact of age at onset on neuropsycho-
logical outcomes, multiple linear regression analyses were conducted, 
adjusting for potential confounders, including age, sex, center, and ed-
ucation status. The distribution of residuals from the regression models 
was evaluated by inspecting Q-Q plots and performing the Shapiro-Wilk 
test to assess normality. If the residuals did not follow a normal distri-
bution, the neuropsychological variable in question was dichotomized at 
the median, and a logistic regression analysis was performed instead. 
Model fit and explanatory power were evaluated using R² for linear 
regression models and Nagelkerke R² for logistic regression models. 
Logistic regression analyses were used to estimate the amount of vari-
ation (EOBD vs LOBD) explained by z-standardized PRS-SCZ, PRS-MDD, 
and PRS-BD. Specifically, the amount of variance explained by the PRSs 
was estimated by calculating the incremental Nagelkerke’s pseudo-R2, 
which is the difference Nagelkerke’s pseudo-R2 between the full 
model and the baseline model (i.e., including all variables except the 
PRSs). This model was adjusted for sex, recruitment site, and the first 
two ancestry principal components. Statistical significance was set at p- 
value < 0.05. All the analyses were conducted with R, version 4.3.1. 
Statistical significance was set at p-value < 0.05.

3. Results

A total of 207 OABD subjects were included in this study. Of those, 
144 had EOBD and 63 had LOBD. Demographic data showed differences 
in age between EOBD and LOBD,), but not in sex distribution (p = 0.34). 
Regarding clinical variables, the presence of psychotic symptoms across 
the lifetime (67.2 % in EOBD and 38.9 % in LOBD; p < 0.001) and 
lifetime history of suicide attempts (42.6 % in EOBD and 22.4 % in 
LOBD; p = 0.01) were also significantly higher in EOBD compared with 
LOBD. A diagnosis of BD type I was more prevalent in EOBD (77.3 % of 
EOBD and 22.7 % in LOBD; p = 0.002). Finally, a significantly greater 
presence of a family history of psychiatric illness was found in EOBD 
(84.7 % vs 66.7 %; p = 0.004) (Table 1).

Concerning neuropsychological performance (Table 2), after cor-
recting by age, sex, center and educational level, we found significant 
differences only in processing speed assessed with the TMT-A (total 
time) in which the EOBD group had lower performance than LOBD (p <
0.001). No statistically significant differences between both groups were 
found in the other cognitive variables.

The logistic regression analyses for the associations of PRS-SCZ, PRS- 
BD, and PRS-MDD with the age at onset between EOBD and LOBD in the 
OABD group showed a strong association between PRS-BD and age at 
onset status (z-value = − 2.84; p = 0.0045), in which the amount of 
variance explained by the PRS-BD regarding early or late onset was 6.0 
% (Nagelkerke’s Pseudo R2). Specifically, EOBD had a higher genetic 
burden for BD with respect to LOBD. No association has been found 
between age at onset (EOBD vs LOBD) and PRS-SCZ (p = 0.27) and PRS- 
MDD (p = 0.66). Fig. 1 shows the polygenic load between early and late 
onset for the investigated psychiatric diagnoses.

In addition, the analysis on young and older patients to differentiate 
genetic burden based on age at onset (50 years old), showed significant 
(z-value= − 2.75; p = 0.006) higher polygenic load for BD in EOBD, after 
correcting for sex, center, and the first two ancestry principal compo-
nents. The percentage of variance explained by the PRS-BD regarding 
EOBD and LOBD was 3.0 %. Furthermore, we also conducted a PRS 
analysis including only the young sample (<50 years all, N = 258), 
defining the early and late onset by using the cut-off of 30 years old. In 
this analysis, no differences were found after correcting for sex, center, 
and the first two ancestry principal components (z-value= 0.535, p =
0.59).
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4. Discussion

This study examined the genetic burden related to age at onset in a 
sample of OABD. We analysed the association of PRS-SCZ, PRS-BD, and 
PRS-MDD with EOBD and LOBD. To our knowledge, this is the first study 

to investigate the relationship between age at onset and PRS for psy-
chiatric disorders in an OABD sample. As the main result, we identified a 
higher genetic burden of BD in the sample of EOBD compared with 
LOBD group while no significant associations have been found with PRS- 
SCZ and PRS-MDD. As mentioned before, an earlier age at onset in OABD 
has been associated with a higher family history of psychiatric di-
agnoses, but this association had not been demonstrated using bio-
markers of genetic burden for psychiatric disorders until now. In 
contrast, other factors such as negative life stressors or cerebrovascular 
conditions would represent a main role in the expression of LOBD (Alves 
et al., 2018; Chu et al., 2010; Subramaniam et al., 2007; Thesing et al., 
2015). Thus, EOBD appears to be more strongly influenced by genetic 
predispositions, while LOBD may involve interactions with environ-
mental factors or age-related neurodegenerative changes. Our findings 
show that early and late onset are characterized by different genetic 
loads, with EOBD probands presenting a higher genetic burden for BD as 
measured by PRS-BD. This supports the notion that EOBD and LOBD 
may represent distinct subgroups, at least in terms of genetic compo-
nent. In middle-aged BD patients, a family history of psychiatric disor-
ders has been related to an earlier onset (Post et al., 2016), a relationship 
further supported by the significant association between PRS-BD and an 
earlier age at onset found in other studies (Park et al., 2020). However, 
some research has failed to identify the association between the genetic 
factors and earlier onset, suggesting that the genetic variable may not 
contribute to differentiating between early and late-onset presentations 
(Kennedy et al., 2015). Nonetheless, although PRS provides valuable 
insights into genetic predispositions, gene-environment interactions 
play a central role in disease onset and progression of psychiatric dis-
orders. Factors such as lifestyle, environmental exposures, and psycho-
social stressors significantly influence the observed differences between 
EOBD and LOBD. For instance, early exposure to adverse environmental 
conditions or traumatic experiences may exacerbate genetic vulnera-
bilities, leading to an earlier onset, suggesting that genetic predisposi-
tion to mental illness, as measured by polygenic scores, may be less 
significant in the presence of such severe environmental risk factors 
(Anand et al., 2015; Lake et al., 2024). In contrast, maintaining healthy 
lifestyle habits may help mitigate the disease’s progression or reduce the 
risk of developing BD (Li et al., 2024; Simjanoski et al., 2023). Moreover, 
PRS developed in one population may not be fully generalizable due to 
differences in genetic architecture and environmental exposures across 
populations (culture, lifestyle factors, climate environment, etc.) 
(Martin et al., 2019; Radua et al., 2024).

Building on our results, the weak association observed between ge-
netic load and age of onset in younger BD patients (<50 years old), could 
support the hypothesis of greater genetic differentiation as the age of 
onset is delayed, especially in OABD. This aligns with the idea that 
OABD is a differentiated population with unique characteristics. 
Furthermore, PRS-BD does not appear to distinguish between earlier age 
at onset such as the cut-off of 18 years (Kalman et al., 2019).

Regarding cognitive performance, we found significantly lower 
performance of EOBD group in one measure of processing speed, TMT-A, 
while no differences were found in the other measure of processing 
speed (DST) or in other cognitive domains. On the one hand, the fact 
that we only found differences in one test (TMT-A) may be attributed to 
the specific characteristics of the population studied, such as their de-
mographic or clinical profiles, which might not be fully accounted for by 
the other variables. Additionally, the high cognitive heterogeneity 
frequently observed in BD (Ehrlich et al., 2022; Lima et al., 2019) and 
also in OABD (Montejo et al., 2022a), in terms of severity and specific 
cognitive domains, could also explain this finding. It is also possible that 
TMT- A may be a more sensitive factor for identifying differences based 
in age at onset in OABD, while other factors remain largely comparable 
(Luperdi et al., 2021; Montejo et al., 2022b). Moreover, processing speed 
is particularly susceptible to the effects of greater clinical severity which 
might explain its prominence in differentiating our EOBD group 
(Cardoso et al., 2015; Ko et al., 2022). Contrary to our findings, previous 

Table 1 
Demographic and clinical comparisons between EOBD and LOBD groups.

EOBD (n =
144)

LOBD (n =
63)

​ Mean (SD)/ 
N(%)

Mean (SD)/ 
N(%)

t-test/ 
X2

p

Sex (males) 72 (50 %) 36 (57.1 %) 0.89 0.34
Educational level ​ ​ 3.02 0.221
General secondary 
school

29 (14.3 %) 14 (6.9 %) ​ ​

Graduation after 10 years 
of school

36 (17.7 %) 21 (10.3 %) ​ ​

University entrance 
qualification

78 (38.4 %) 25 (12.3 %) ​ ​

Age 57.02 (5.75) 60.54 (6.54) 3.77 <0.001
IDS-C30 11.98 

(10.03)
12.62 
(11.43)

0.66 0.51

YMRS 3.52 (5.42) 3.79 (5.34) 0.27 0.79
GAF 60.67 

(11.44)
63.75 
(12.03)

1.65 0.10

Age at onset 33.18 (9.45) 55.98 (5.90) 21.06 <0.001
Psychotic symptoms 
(yes)

86 (67.2 %) 21 (38.9 %) 12.55 <0.001

Suicide attempts (yes) 58 (42.6 %) 13 (22.4 %) 7.17 0.01
Illness duration (years) 23.82 

(11.46)
4.64 (5.06) 12.23 <0.001

Number of episodes 12.99 
(16.97)

8.83 (14.81) 1.79 0.07

Diagnosis (BD I) 120 (77.3 %) 47 (22.7 %) 9.83 0.002
Psychiatric family 
history (yes)

116 (84.7 %) 40 (66.7 %) 8.20 0.004

GAF: Global Assessment of Functioning; IDS-C30C30: Inventory of Depressive 
Symptomatology; YMRS: Young Mania Rating Scale.

Table 2 
Multivariate regression analyses using neuropsychological measures as depen-
dent variables.

EOBD (n 
= 144)

LOBD (n 
= 63)

​ Mean 
(SD)

Mean 
(SD)

b R2 Pseudo 
R2

p- 
value

TMT-A * 44.83 
(22.18)

43.08 
(12.60)

− 0.13 0.22 0.02 0.03

TMT-B * 102.96 
(46.17)

105.54 
(41.71)

− 0.08 0.2 0.01 0.25

DGT-SP-FRW 
*

9.13 
(2.09)

9.41 
(2.25)

− 0.05 0.053 0.01 0.18

DGT-SP-BCK 
*

6.02 
(2.16)

5.73 
(1.81)

0.00 0.068 0.00 0.95

VLMT total 
recall *

44.00 
(10.71)

42.37 
(9.83)

− 0.06 0.254 0.01 0.22

TMT-AB 58.98 
(34.18)

63.52 
(36.84)

0.50 0.11 0.01 0.17

DST 54.12 
(16.16)

51.40 
(13.45)

− 0.53 0.24 0.01 0.17

MWT-B 30.39 
(4.75)

29.65 
(4.46)

0.72 0.29 0.02 0.09

VLMT loss 
immediate

1.72 
(2.07)

2.47 
(2.00)

0.57 0.06 0.02 0.19

VLMT loss 
delayed

2.11 
(2.17)

2.78 
(2.10)

0.51 0.05 0.02 0.24

VLMT 
recognition

10.56 
(4.02)

9.31 
(3.93)

0.48 0.11 0.01 0.30

DGT-SP-BCK: Verbal digit span backward; DGT-SP-FRW Verbal digit span for-
ward; DST: Digit Symbol Test; MWT: Multiple-Choice Vocabulary Intelligence 
Test; TMT: Trail Making Test; VLMT: Verbal Learning and Memory Test.
*These variables were normally distributed.
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studies have reported poorer cognitive function in LOBD across several 
cognitive domains including verbal memory, executive functions, 
working memory and attention (Martino et al., 2013; Samamé et al., 
2013; Schouws et al., 2009). In this context, although later onset has 
sometimes been related to more severe cognitive impairment, other 
reports have not identified such differences. For instance, differences in 
cognitive performance may not be attributable to the higher cerebro-
vascular risk typically associated with LOBD as some studies have found 
no differences in cognitive function (Subramaniam et al., 2007). 
Conversely, it is possible that EOBD patients have been more exposed to 
neuroprogression (Vieta, 2024; Yatham et al., 2024). Other efforts made 
to distinguish both groups found no differences across cognitive do-
mains, with higher levels of homocysteine emerging as better predictors 
of cognitive function in OABD rather than the age of onset (Chen et al., 
2019). The age of onset has significant clinical implications on the 
course and prognosis of BD. Earlier onset is often associated with a 
greater illness burden and a more severe form of the disease, potentially 
leading to different clinical trajectories (Kalman et al., 2021; Propper 
et al., 2015). In our study, EOBD was represented by higher rates of BD 
type I, a greater likelihood of suicide attempts, and a higher prevalence 
of psychotic symptoms. This aligns with findings that an earlier onset is 
frequently associated with a more severe long-term impact of the dis-
order (Joslyn et al., 2016). The worse clinical profile associated with 
EOBD patients, combined with a higher genetic load could contribute to 
the manifestation of a more severe form of the disease. Similarly, the 
more severe form of the disease in EOBD could potentially lead to a 
greater number of suicide attempts due to a more significant long-term 
negative impact, in addition to a higher probability of psychotic symp-
toms and BD type I (Kalman et al., 2021). Furthermore, later onset has 
been described as a protective factor against suicide attempts (Su et al., 
2022). The higher presence of psychotic symptoms in our EOBD sample 
could be explained by the higher representation of BD type I. Similar to 
our results, it has been reported that patients with a family history of 
affective disorder exhibit an earlier onset and a worse clinical profile, 
defined as an increased number of episodes, more severe depressive 
symptoms, higher suicide attempts, and a lower overall quality of life 
(Antypa and Serretti, 2014; Berutti et al., 2014).

Notwithstanding, other authors suggest that categorizing OABD 
based on its age of onset has limited clinical implications, as few 

differences have been evidenced, which can be attributed to other 
clinical factors (Almeida and Fenner, 2002; Chu et al., 2010; Depp et al., 
2004). A recent study using a large dataset of patients similarly found no 
differences in clinical manifestations, functionality, or comorbid phys-
ical conditions, further supporting the hypothesis that LOBD may 
manifest similar phenotype as EOBD (Lavin et al., 2022). Despite the 
waning strength of distinguishing OABD based on age of onset in past 
decades, as most results do not show substantial evidence for distinct 
clinical presentations (Vasudev and Thomas, 2010), this study does 
contribute to the differentiation between both groups, particularly 
regarding the genetic predisposition to BD.

This study is not exempt from limitations. Firstly, the interpretation 
of these findings should be approached with caution given the limited 
sample size (De Prisco and Vieta, 2024). So that, we cannot rule out an 
overestimation of the effects due to the limited statistical power. These 
results need to be replicated in independent and larger samples to ensure 
the robustness, interpretation, and generalizability of the conclusions. 
Further research is required to include a greater number of individuals 
aged 50 years and older to gain more knowledge about potential etio-
logical variables and processes that impact health outcomes of late-life 
BD, helping to corroborate the validity of EOBD and LOBD as distinct 
subtypes. Furthermore, considering other criteria that are sometimes 
included in the literature for the age of onset cut-off (e.g., 40 years) 
could have modified our results. Moreover, many of the subjects were 
medicated, and this might have influenced the results (Ilzarbe and Vieta, 
2023). Finally, the high variability in depressive symptom scores and the 
absence of a standardized battery for assessing BD may have impacted 
the cognitive outcomes, thereby limiting the robustness of the findings 
in this area.

To conclude, our findings offer valuable insights into the genetic 
architecture of OABD in both EOBD and LOBD subpopulations high-
lighting potential etiological variables and processes that differentiate 
these groups. Validating LOBD and EOBD as distinct subtypes is crucial 
for enhancing our knowledge of the disorder and refining clinical and 
treatment approaches. By delineating the unique features and risk fac-
tors associated with each subtype, clinicians can tailor interventions and 
care strategies to better address the specific needs and challenges faced 
by individuals according to their age at onset. This will not only deepen 
our understanding of the disorder but also provide valuable guidance for 

Fig. 1. Polygenic risk scores for psychiatric diagnoses between early and late onset.
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clinical practice, ultimately improving the quality of life for individuals 
affected by this condition.
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Martínez, V., 2021. Is processing speed a valid neurocognitive endophenotype in 
bipolar disorder? Evidence from a longitudinal, family study. J. Psychiatr. Res. 141, 
241–247. https://doi.org/10.1016/J.JPSYCHIRES.2021.07.008.

Martin, A.R., Kanai, M., Kamatani, Y., Okada, Y., Neale, B.M., Daly, M.J., 2019. Current 
clinical use of polygenic scores will risk exacerbating health disparities. Nat. Genet. 
51, 584. https://doi.org/10.1038/S41588-019-0379-X.

Martino, D.J., Strejilevich, S.A., Manes, F., 2013. Neurocognitive functioning in early- 
onset and late-onset older patients with euthymic bipolar disorder. Int. J. Geriatr. 
Psychiatry 28, 142–148. https://doi.org/10.1002/gps.3801.
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Papiol, S., Pardiñas, A.F., Perry, A., Pfennig, A., Porichi, E., Potash, J.B., Quested, D., 
Raj, T., Rapaport, M.H., DePaulo, J.R., Regeer, E.J., Rice, J.P., Rivas, F., Rivera, M., 
Roth, J., Roussos, P., Ruderfer, D.M., Sánchez-Mora, C., Schulte, E.C., Senner, F., 
Sharp, S., Shilling, P.D., Sigurdsson, E., Sirignano, L., Slaney, C., Smeland, O.B., 
Smith, D.J., Sobell, J.L., Søholm Hansen, C., Soler Artigas, M., Spijker, A.T., Stein, D. 
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Nievergelt, C.M., Nordentoft, M., Nöthen, M.M., O’Donovan, M.C., Oedegaard, K.J., 
Olsson, T., Owen, M.J., Paciga, S.A., Pantelis, C., Pato, C., Pato, M.T., Patrinos, G.P., 
Perlis, R.H., Posthuma, D., Ramos-Quiroga, J.A., Reif, A., Reininghaus, E.Z., 
Ribasés, M., Rietschel, M., Ripke, S., Rouleau, G.A., Saito, T., Schall, U., 
Schalling, M., Schofield, P.R., Schulze, T.G., Scott, L.J., Scott, R.J., Serretti, A., 
Shannon Weickert, C., Smoller, J.W., Stefansson, H., Stefansson, K., Stordal, E., 
Streit, F., Sullivan, P.F., Turecki, G., Vaaler, A.E., Vieta, E., Vincent, J.B., 
Waldman, I.D., Weickert, T.W., Werge, T., Wray, N.R., Zwart, J.A., Biernacka, J.M., 
Nurnberger, J.I., Cichon, S., Edenberg, H.J., Stahl, E.A., McQuillin, A., Di Florio, A., 
Ophoff, R.A., Andreassen, O.A., 2021. Genome-wide association study of more than 
40,000 bipolar disorder cases provides new insights into the underlying biology. Nat. 
Genet. 53, 817–829. https://doi.org/10.1038/S41588-021-00857-4.

Park, Y.M., Shekhtman, T., Kelsoe, J.R., 2020. Interaction between adverse childhood 
experiences and polygenic risk in patients with bipolar disorder. Transl Psychiatry 
10. https://doi.org/10.1038/S41398-020-01010-1.

Post, R.M., Altshuler, L.L., Kupka, R., McElroy, S.L., Frye, M.A., Rowe, M., Grunze, H., 
Suppes, T., Keck, P.E., Leverich, G.S., Nolen, W.A., 2016. Age at onset of bipolar 
disorder related to parental and grandparental illness burden. J. Clin. Psychiatry 77, 
e1309–e1315. https://doi.org/10.4088/JCP.15M09811.

Propper, L., Ortiz, A., Slaney, C., Garnham, J., Ruzickova, M., Calkin, C.V., 
O’Donovan, C., Hajek, T., Alda, M., 2015. Early-onset and very-early-onset bipolar 
disorder: distinct or similar clinical conditions? Bipolar Disord. 17, 814–820. 
https://doi.org/10.1111/BDI.12346.

Radua, J., De Prisco, M., Oliva, V., Fico, G., Vieta, E., Fusar-Poli, P., 2024. Impact of air 
pollution and climate change on mental health outcomes: an umbrella review of 
global evidence. World Psychiatry 23, 244–256. https://doi.org/10.1002/ 
WPS.21219.

Ramírez-Bermúdez, J., Marrufo-Melendez, O., Berlanga-Flores, C., Guadamuz, A., 
Atriano, C., Carrillo-Mezo, R., Alvarado, P., Favila, R., Taboada, J., Rios, C., Yoldi- 
Negrete, M., Ruiz-Garcia, R., Tohen, M., 2021. White matter abnormalities in late 
onset first episode mania: a diffusion tensor imaging study. Am. J. Geriatr. 
Psychiatry. https://doi.org/10.1016/j.jagp.2021.03.007.

Reitan, R., 1958. Validity of the trail making test as a indication of organic brain damage. 
Percept. Mot. Skills 8, 271–276.

Rush, A.J., Gullion, C.M., Basco, M.R., Jarrett, R.B., Trivedi, M.H., 1996. The Inventory 
of Depressive Symptomatology (IDS): psychometric properties. Psychol. Med. 26, 
477–486. https://doi.org/10.1017/S0033291700035558.

Sajatovic, M., Dols, A., Rej, S., Almeida, O.P., Beunders, A.J.M., Blumberg, H.P., 
Briggs, F.B.S., Forester, B.P., Patrick, R.E., Forlenza, O.V., Gildengers, A., 
Jimenez, E., Vieta, E., Mulsant, B., Schouws, S., Paans, N., Strejilevich, S., 
Sutherland, A., Tsai, S., Wilson, B., Eyler, L.T., 2021. Bipolar symptoms, somatic 
burden, and functioning in older-age bipolar disorder: analyses from the Global 
Aging & Geriatric Experiments in Bipolar Disorder Database project. Bipolar Disord. 
1–12. https://doi.org/10.1111/bdi.13119.

Sajatovic, M., Eyler, L.T., Rej, S., Almeida, O.P., Blumberg, H.P., Forester, B.P., 
Forlenza, O.V., Gildengers, A., Mulsant, B.H., Strejilevich, S., Tsai, S., Vieta, E., 
Young, R.C., Dols, A., 2019. The Global Aging & Geriatric Experiments in Bipolar 
Disorder Database (GAGE-BD) project: understanding older-age bipolar disorder by 
combining multiple datasets. Bipolar Disord. 1–8. https://doi.org/10.1111/ 
bdi.12795.

Sajatovic, M., Strejilevich, S.A., Gildengers, A.G., Dols, A., Al Jurdi, R.K., Forester, B.P., 
Kessing, L.V., Beyer, J., Manes, F., Rej, S., Rosa, A.R., Schouws, S.N.T.M., Tsai, S.Y., 
Young, R.C., Shulman, K.I., 2015. A report on older-age bipolar disorder from the 
International Society for Bipolar Disorders Task Force. Bipolar Disord. https://doi. 
org/10.1111/bdi.12331.
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Faraone, S.V., Fiorentino, A., Forstner, A., Frank, J., Freimer, N.B., Fromer, M., 
Frustaci, A., Gadelha, A., Genovese, G., Gershon, E.S., Giannitelli, M., Giegling, I., 
Giusti-Rodríguez, P., Godard, S., Goldstein, J.I., González Peñas, J., González- 
Pinto, A., Gopal, S., Gratten, J., Green, M.F., Greenwood, T.A., Guillin, O., 
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Bertolino, A., Black, D.W., Bray, N.J., Breen, G., Buccola, N.G., Byerley, W.F., 
Chen, W.J., Cloninger, C.R., Crespo-Facorro, B., Donohoe, G., Freedman, R., 
Galletly, C., Gandal, M.J., Gennarelli, M., Hougaard, D.M., Hwu, H.G., Jablensky, A. 
V., McCarroll, S.A., Moran, J.L., Mors, O., Mortensen, P.B., Müller-Myhsok, B., 
Neil, A.L., Nordentoft, M., Pato, M.T., Petryshen, T.L., Pirinen, M., Pulver, A.E., 
Schulze, T.G., Silverman, J.M., Smoller, J.W., Stahl, E.A., Tsuang, D.W., Vilella, E., 
Wang, S.H., Xu, S., Dai, N., Wenwen, Q., Wildenauer, D.B., Agiananda, F., Amir, N., 
Antoni, R., Arsianti, T., Asmarahadi, A., Diatri, H., Djatmiko, P., Irmansyah, I., 
Khalimah, S., Kusumadewi, I., Kusumaningrum, P., Lukman, P.R., Nasrun, M.W., 
Safyuni, N.S., Prasetyawan, P., Semen, G., Siste, K., Tobing, H., Widiasih, N., 
Wiguna, T., Wulandari, D., Evalina, N., Hananto, A.J., Ismoyo, J.H., Marini, T.M., 
Henuhili, S., Reza, M., Yusnadewi, S., Abyzov, A., Akbarian, S., Ashley-Koch, A., van 
Bakel, H., Breen, M., Brown, M., Bryois, J., Carlyle, B., Charney, A., Coetzee, G., 
Crawford, G., Dracheva, S., Emani, P., Farnham, P., Galeev, T., Gandal, M., 
Gerstein, M., Giase, G., Girdhar, K., Goes, F., Grennan, K., Gu, M., Guerra, B., 
Gursoy, G., Hoffman, G., Hyde, T., Jaffe, A., Jiang, S., Jiang, Y., Kefi, A., Kim, Y., 

L. Montejo et al.                                                                                                                                                                                                                                European Neuropsychopharmacology 92 (2025) 29–37 

36 

https://doi.org/10.1038/S41588-021-00857-4
https://doi.org/10.1038/S41398-020-01010-1
https://doi.org/10.4088/JCP.15M09811
https://doi.org/10.1111/BDI.12346
https://doi.org/10.1002/WPS.21219
https://doi.org/10.1002/WPS.21219
https://doi.org/10.1016/j.jagp.2021.03.007
http://refhub.elsevier.com/S0924-977X(24)00789-2/sbref0046
http://refhub.elsevier.com/S0924-977X(24)00789-2/sbref0046
https://doi.org/10.1017/S0033291700035558
https://doi.org/10.1111/bdi.13119
https://doi.org/10.1111/bdi.12795
https://doi.org/10.1111/bdi.12795
https://doi.org/10.1111/bdi.12331
https://doi.org/10.1111/bdi.12331
https://doi.org/10.1111/bdi.12077
https://doi.org/10.1097/JGP.0b013e31819e2d50
https://doi.org/10.1097/JGP.0b013e31819e2d50
https://doi.org/10.1016/s0165-0327(99)00111-1
https://doi.org/10.1016/s0165-0327(99)00111-1
https://doi.org/10.1016/J.RPSM.2023.04.001
https://doi.org/10.1016/J.RPSM.2023.04.001
https://doi.org/10.1016/J.JPSYCHIRES.2022.10.034
https://doi.org/10.1002/gps.1730
https://doi.org/10.1002/gps.1730
https://doi.org/10.1016/J.JAD.2015.05.066


Kitchen, R., Knowles, J.A., Lay, F., Lee, D., Li, Mingfeng, Liu, C., Liu, S., Mattei, E., 
Navarro, F., Pan, X., Peters, M.A., Pinto, D., Pochareddy, S., Polioudakis, D., 
Purcaro, M., Purcell, S., Pratt, H., Reddy, T., Rhie, S., Roussos, Panagiotis, 
Rozowsky, J., Sanders, S., Sestan, N., Sethi, A., Shi, X., Shieh, A., Swarup, V., 
Szekely, A., Wang, D., Warrell, J., Weissman, S., Weng, Z., White, K., Wiseman, J., 
Witt, H., Won, H., Wood, S., Wu, F., Xu, X., Yao, L., Zandi, P., Arranz, M.J., 
Bakker, S., Bender, S., Bramon, E., Collier, D.A., Crepo-Facorro, B., Hall, J., 
Iyegbe, C., Lawrie, S., Lewis, C., Lin, K., Linszen, D.H., Mata, I., Murray, R.M., van 
Os, J., Rujescu, D., Walshe, M., Weisbrod, M., Achsel, T., Andres-Alonso, M., 
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