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Abstract

Psychological distress is influenced by genetic, environmental, and age-related factors.
Although cohort differences in psychological distress have been evidenced, it is
unclear whether these reflect genetic effects. We estimated the association between
polygenic scores (PGS) for psychological distress and observed distress across
adulthood in the 1958 National Child Development Study (1958c) and 1970 British
Cohort Study (1970c). Psychological distress was measured using the Malaise
Inventory between ages 23 and 50 across nine occasions. PGS were derived from a
genome-wide association study of depressive symptoms. Age-specific associations
were examined using linear regression, and cohort-stratified multilevel mixed-effects
models tested PGS interactions with age and sex. Distress scores were higher in the
1970c and in females. In both cohorts, PGS were positively associated with
psychological distress, with effect sizes increasing with age; incremental R? rose from
1.83% to 2.86% in the 1958c and from 1.44% to 2.16% in the 1970c. The 1958c
displayed a steeper age-related increase in genetic effects, while the 1970c showed
larger genetic effects in early adulthood (ages 26—30) that converged at older ages. A
PGS-by-sex interaction was identified in the 1958c only, with females showing
stronger genetic effects than males. Genetic liability to psychological distress exerts a
modest but increasing influence across adulthood. Cohort differences appear driven
more by environmental than genetic factors. The sex-specific genetic effect in the
1958c but not the 1970c suggests the interplay between genetic liability and sex varies
across historical contexts, highlighting the need for sex-specific and cohort-specific
approaches in future research.
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Introduction

Psychological distress, encompassing the symptoms of anxiety and depression,
poses a significant global public health concern [1]. The prevalence of psychological
distress has been increasing, with anxiety and depression are leading causes of
disease burden [2]. Psychological distress can vary in severity and symptom profiles
across different stages of adulthood [3, 4]. This trajectory of distress is thought to be
influenced by both genetic and environmental exposures, underscoring the
importance of considering both factors when examining psychological distress. Prior
studies have highlighted the complex interplay between genetic and environmental
factors (GxE) in shaping psychological distress phenotypes and severity, where
genetic contributions to distress can be amplified or attenuated by environmental
contexts [5], such as the economic and social conditions experienced [6].

Genetic factors, such as polygenic scores (PGS), have been consistently shown to
influence psychological distress, yet their utility in predicting distress is not uniform
across all ages [7]. Previous research suggests genetic contributions to psychological
traits, including distress, can vary with age, reflecting a dynamic interplay between
genes and age-related environmental exposures [8]. For example, studies have
observed that the heritability of depressive symptoms may increase in later adulthood.
This may result from the expression of genetic effects becoming more pronounced as
individuals age, experiencing fewer changes in their environments, and, therefore,
have more stable life circumstances [9]. Conversely, other studies propose that the
expression of genetic liability might be higher during periods of heightened life
transitions, such as early adulthood or middle age, when individuals are exposed to
significant life stressors (for example, employment changes, entry to parenthood,
chronic iliness onset, and care responsibilities) [8]. Existing research is limited in the
conclusions it can draw due to analyses of different individuals at different ages,
potentially conflating age and cohort effects.

Age-related manifestation of genetic risk for psychological distress is complex and
may vary depending on the population studied, the underlying genetic architecture and
environmental context throughout the lifespan. Environmental context moderates the
genetic influence on psychological distress [10]. Research has shown that the same
genetic predispositions can lead to different outcomes depending on the
environmental context [11]. The environmental context can include socioeconomic
status or life events at the personal level, and cultural norms at the societal level [12].

Cohort effects, where individuals born in the same period may experience shared
environmental exposures that shape psychological outcomes differently compared to
other cohorts [13]. Cohort effects differ from age effects, as they capture unique
influences that affect a specific generation due to the historical and social
circumstances they encounter [14]. The 1958 National Child Development Study
(1958c) and the 1970 British Cohort Study (1970c) provide a valuable opportunity to
explore these cohort effects [15, 16], the latter cohort experiencing higher levels of
adulthood distress and an earlier mid-life peak in distress symptoms [3]. These cohorts,
representing different socio-historical contexts in the UK, allow for a comparison of
how genetic liability for psychological distress interacts with environmental conditions
across generations [17, 18]. These cohorts' distinct socioeconomic landscapes and
varying life experiences offer a framework to examine whether the genetic influence
on distress differs by cohort.
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Sex differences may moderate the strength of the association between polygenic
scores and psychological distress by birth cohort [19]. However, Conley et al., tested
whether the association between genetic liability to depression and psychological
distress differed by sex across cohorts [9]. They found no significant sex differences
in this association, nor did it vary significantly across cohorts. However, the three-way
interaction used to test this may have been underpowered. Some evidence suggesting
a clear gene-environment interaction effect for distress and sex comes from the
candidate gene literature, though it is important to note that candidate gene findings
have largely failed to replicate and much of this literature is now considered unreliable.
The serotonin transporter gene (5-HTTLPR) showed gene-environment interaction
effects for depressive symptoms in females compared to males [20]. However, one
study found the 5-HTTLPR genotype interacted with county-level environmental
factors (e.g. deprivation) to influence depressive symptoms in adolescent males but
not females [21]. Given the well-documented replication failures in the candidate gene
literature, these findings should be interpreted with caution; nevertheless, they
illustrate the plausibility of sex-differentiated gene-environment interactions for
distress and underscore the need for more methodologically rigorous investigation
using polygenic approaches. In summary, while there are some contradictory findings,
some studies suggest sex-specific gene-environment interactions contribute to
psychological distress. Therefore, this study will further explore whether there are sex
differences in genetic liability to psychological distress.

The current study aims to explore how the association between polygenic scores for
psychological distress and observed psychological distress varies across adulthood in
two British birth cohorts—the 1958c and the 1970c. By analysing data from ages 23
to 50 across nine-time points, this study investigates whether the relationship between
polygenic score of psychological distress and observed psychological distress
manifests differently across ages and cohorts with distinct environmental exposures.
In addition, given well-established sex differences in the prevalence of psychological
distress across ages, we also investigate an interaction by sex across ages and
cohorts.

Materials and Methods

Participants

The 1958 National Child Development Study is a nationally representative longitudinal
birth cohort study following the lives of over 17,415 children born in a single week of
March 1958, with 9,100 individuals included in the latest wave (2013-14). Data was
collected at birth and from ages 7, 11, 16, 23, 33, 42, 44, 46, 50, 55 [15]. The 1970s
British Birth cohort is a nationally representative longitudinal birth cohort study of
children born in a single week in 1970 in England, Scotland, and Wales. Data collection
sweeps were conducted at birth, and then at ages 5, 10, 16, 26, 30, 34, 38, 42, 46,
and 50 between 1970 and 2022 [16]

Genetic data was collected in both cohorts. For the 1958c, a biomedical sweep
between 2002 and 2004 at ages 44-46 collected blood samples from 9,377 individuals.
The 1970c also collected blood samples at age 46 biomedical sweep from 8,581
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individuals. Full details on imputation and quality control of genetic variants are
provided in the Supplementary Information.

Sample

To be included in the analytic sample, participants must have contributed data at least
once for the malaise inventory score and provided genetic data. The present study
included 6,312 participants from 1958c and 5,423 from 1970c.

Measures

Outcome: Psychological distress was measured in both cohorts. The 24-item version
was used at ages 23, 33, and 42. The nine-item version of the Malaise Inventory was
collected at ages 23, 33, 42, and 50 in the 1958c and at ages 26, 30, 34, and 46 in the
1970c [22, 23]. To increase occasions, the nine-item was used to enable
harmonisation across cohorts. The Malaise Inventory ranges from 0 to 9, with higher
scores indicating greater psychological distress. Psychological distress captures
depression and anxiety symptoms [24]. Participants were asked items such as “Do
you often feel depressed?” with a yes/no response for reporting how they felt generally.
In both cohorts, the Malaise items were assessed via written self-completion. It has
been used in general population studies and in investigations of high-risk groups [25].
The Malaise Inventory was previously found to be reliable, with fair internal
consistency (Cronbach's alpha = 0.77 at age 23 and 0.80 at age 33 [26]; 0.70 to 0.80
is deemed good). The Malaise Inventory score has both configural and scalar
measurement invariance across ages within each cohort and between the two cohorts
[27]. This means the relationships between the latent construct of psychological
distress and the observed items remained stable across different cohorts and time
points. Therefore, the pattern in responses to items remained the same over time,
enabling mean score comparisons.

Exposure: A polygenic score (PGS) for psychological distress was constructed using
summary statistics from a large genome-wide association study (GWAS) of depressive
symptom measurement (Baselmans et al., 2019; N = 1,067,913) [28]. This GWAS
meta-analysis was conducted across cohorts that used depressive symptom
measurement scales such as the Patient Health Questionnaire, the General Health
Questionnaire, and the Centre for Epidemiologic Scale — Depression [29-31]. The
1958 National Child Development Study and the 1970 British Cohort Study were not
included in the discovery GWAS. Polygenic scores were generated using PRSice-2.
The primary exposure was a standardised PGS constructed at a p-value threshold of
0.005, consistent with prior work on related depressive symptom phenotypes [32]. To
ensure comparability across cohorts, the PGS was jointly standardised (mean = 0, SD
= 1), with higher scores indicating a greater polygenic propensity toward psychological
distress. More information on genetic data imputation, quality control and polygenic
score methods is in the Supplementary Materials.

Covariates: sex and 10 principal components (PCs) were adjusted for in all the non-
sex-stratified analyses. The PCs summarise the distribution of genetic variation across
geographical locations and ancestral backgrounds [33]. PCs are derived from genetic
data and capture patterns of genetic diversity in the population. These PCs are
included to control for residual genetic variation across geographical locations and
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ancestral backgrounds, helping maintain a homogeneous population in the analysis
(81).

Analytical Strategy

All analyses were performed in Stata version 17 and R v 4.3.2. Descriptive statistics
were summarised to give the mean and 95% confidence intervals of the Malaise
Inventory.

Cross-sectional age-specific associations

Cross-sectional linear regression analyses were performed to investigate the
relationship between the polygenic score for psychological distress and the Malaise
Inventory score at ages 23, 26, 30, 33, 34, 42, 46, and 50. Each model controlled for
10 principal components and sex as covariates. Effect sizes were compared visually
by plotting the coefficient and incremental R? estimates. Beta coefficients were used
to assess the strength of the association between polygenic scores and observed
psychological distress. Incremental R? were calculated by deducting the null model
without the PGS from the full model with the PGS at each age. This was used to
assess the proportion of variance in psychological distress attributable to PGS,
thereby representing PGS heritability. To account for multiple testing across time
points (15 thresholds x 9 occasions = 135 tests), p-values were adjusted using the
Benjamini-Hochberg false discovery rate (FDR) procedure, with an FDR threshold of
0.05 [34]. Confidence intervals were calculated using bootstrapping with 1,000
replications.

Multiple imputation was employed to handle missing data in the Malaise Inventory
score for the cross-sectional analyses. It was used under the assumption that data are
missing at random to improve estimation accuracy [35]. Multiple imputations utilised
auxiliary variables to address missingness. Auxiliary variables included sex, father’'s
social class, the polygenic score for psychological distress, crowding in childhood,
whether breastfed, whether parents divorced during participants’ childhood, family
difficulties due to mental illness, poor maternal mental health, low birth weight, well-
being alongside internalising and externalising behaviours during childhood [36-38].

Longitudinal age-patterns, cohort and sex differences

To examine age-related and cohort-specific patterns in PGS effects, a stepwise
analytical strategy was employed. Separate mixed-effects models were fitted for each
cohort to examine the interaction between the polygenic score and age. Age was
modelled as a linear term. This approach enables age-specific estimation of PGS
effects within each cohort over time, maximising the benefits of mixed-effects
modelling, including accounting for correlation in repeated measures and utilising all
available data points. Confidence intervals were bootstrapped. For each cohort,
marginal effects of the PGS were calculated at each age, with age being mean-centred,
within the follow-up range (e.g., ages 23 to 50). This step provides insights into how
the PGS effect varies by age within each cohort. For overlapping ages across cohorts,
the differences in marginal PGS effects at each age were calculated.

Following this age-cohort analysis, we tested for sex differences with mixed-effects
models in the separate cohorts and tested interactions between the polygenic score
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and sex while controlling for covariates. For each cohort, the marginal effects of PGS
and sex were calculated at each age, with age mean-centred within the follow-up
range (e.g., ages 23 to 50). This step provides insights into how the PGS effect varies
by sex across age within each cohort.

Sensitivity Analysis

Specification curve plots were used to assess the robustness of findings across 15 p-
value thresholds, ranging from p<5x1078 to p<0.5. As the optimal threshold for
capturing genetic liability to psychological distress is unknown a priori and may vary
across populations and developmental periods, examining consistency of findings
across thresholds strengthens confidence that results are not artefacts of arbitrary
threshold selection and enhances comparability with studies employing different
thresholding approaches.

Results
Descriptive Statistics

Mean psychological distress scores were consistently higher in the 1970 cohort than
the 1958 cohort across comparable ages, and females showed higher mean distress
than males in both cohorts at every time point (Figure 1; Supplementary Table 1). Both
cohorts displayed a dip in distress in early-to-mid adulthood, followed by an increase
in midlife, though this pattern was more pronounced in the 1958 cohort (Figure 1). The
1970 cohort showed greater variability in distress scores at each time point compared
to the 1958 cohort, and females showed greater variability than males consistently
across both cohorts and all ages (Supplementary Table 1)

Cross-sectional age-specific associations

Polygenic scores for psychological distress and observed distress levels (measured
by the Malaise Inventory) showed consistent, increasing associations in both the 1958
and 1970 cohorts (Figure 2). Beta coefficients ranged from 0.21 to 0.33, and effect
sizes increased with age in both cohorts (Table 1).

At the youngest ages (23 and 26), the association was = 0.21 [95% CI: 0.17, 0.25],
pFPR=1.12 x 10722 in the 1958¢, and B = 0.23 [95% CI: 0.17, 0.28], pFPR=1.31 x 107"°
inthe 1970c. Atage 30 in the 1970c, the association was 3 = 0.21 [95% CI: 0.16, 0.26],
pFPR=1.31 x 1075, At age 33 in the 1958c, the association was = 0.21 [95% CI: 0.17,
0.24], pFPR=5.15 x 10728, while at age 34 in the 1970c it was B = 0.26 [95% CI: 0.21,
0.32], pfPR=2.20 x 107'°. At the overlapping age of 42, effect sizes were similar across
cohorts (1958c: B = 0.27 [95% CI: 0.23, 0.32], pfPR=6.97 x 1073+; 1970c: B = 0.26 [95%
Cl: 0.21, 0.33], pfPR=2.20 x 107"°). At the oldest ages, the association strengthened
further (1958c at age 50: B = 0.33 [95% CI: 0.27, 0.37], p"PR=1.40 x 107%%; 1970c at
age 46: B = 0.31 [95% CI: 0.24, 0.36], pFPR=3.23 x 1072").

The proportion of variance in Malaise Inventory scores explained by polygenic scores
showed a modest contribution of genetic factors to psychological distress throughout
adulthood (Figure 2b). Incremental R-squared values ranged from 1.83% [95%CI:
1.11%-2.52%] at age 23 to 2.86% [95%CI: 1.94%-3.68%] at age 50 in the 1958c, and
from 1.80% [95%ClI: 1.09%-2.69%] at age 26 to 2.16% [95%CI: 1.39%-3.19%] at age
46 in the 1970c, with higher values generally observed at older ages. There was a
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cohort difference at the comparable age of 42 where 1970c had lower variance than
1958c: 1.85% [95%ClI: 1.08%-2.75%)] versus 2.46% [95%CI: 1.64%-3.22%].

Specification curve plots indicated that the choice of p-value threshold for the
polygenic score moderately influenced the explained variance in distress, with higher
thresholds including more SNPs and explaining more variance, albeit with the risk of
including variants related to other traits and only marginally associated with
psychological distress (Supplementary Figure 1).

Longitudinal age-patterns, cohort and sex differences

In both cohorts, the polygenic score was independently associated with psychological
distress (B19ssc= 0.24, [95%Cl: 0.23, 0.26], p=5.26 x 10-°; B1970c = 0.25, [95%CI: 0.23,
0.27], p=7.95 x 10%2) (Table 2). There was evidence of an interaction between
polygenic score and age in both cohorts (B1958c = 0.004, [95% CI: 0.003, 0.005], p=4.49
x 10°7; B1g7oc = 0.004, [95%CI: 0.001, 0.006], p=4.46 x 10-3) (Table 2). The predictive
margins plot (Figure 3) showed that the 1970 cohort had a higher marginal effect at
younger ages, but both cohorts converged at older age points. The 1958 cohort
showed a steeper age-related increase in genetic effects.

The multilevel model revealed sex differences in psychological distress. Females
showed higher levels of observed psychological distress compared to males in both
cohorts (B1gssc = 0.66, [95%Cl: 0.60, 0.62], p=1.04 x 10-°"; B1g7oc = 0.53, [95%CI: 0.45,
0.62], p=1.42 x 10%) (Table 2). The PGS was predictive of observed distress
outcomes in both cohorts, with the 1970c having a marginally higher beta coefficient
0f 0.24 (95% C1[0.18, 0.30], p=1.82 x 10-'%) compared to a beta of 0.20 ([95% CI:0.16,
0.25], p=8.06 x 108 in the 1958c. There was some evidence of an interaction
between the polygenic score and sex in the 1958c (B19ssc = 0.09, [95% CI: 0.01, 0.11],
p=5.01 x 1073), indicating that the effect of genetic liability for psychological distress
was greater among females than males. However, there was no evidence of an
interaction in the 1970c (B1970c = 0.02, [95%CI: -0.06, 0.11], p=0.584). Marginal effect
estimates derived from the age-centred model confirmed these results and illustrate
the 1958c interaction more clearly (Figure 4a & 4b; Supplementary Figure 3).

Missingness

To examine potential sample bias in the 1958 and 1970 cohorts, we conducted multiple
logistic regressions to evaluate patterns of missingness.

First, we assessed whether missing data at the oldest time points (age 50 in the 1958
cohort and age 46 in the 1970 cohort) was associated with higher psychological
distress scores at the youngest time points (age 23 in 1958c and age 26 in 1970c).
Logistic regression analyses revealed that in both cohorts, higher distress at younger
ages significantly increased the odds of missingness at later ages, with a 57%
increase in the 1970 cohort (OR=1.57, [95%CI: 1.35-1.82], p=0.001) and a 67%
increase in the 1958 cohort (OR=1.67, [95%ClI: 1.42-1.95], p=0.001).

Second, we evaluated whether higher psychological distress scores were linked to
non-participation in genetic data collection in both cohorts. Higher distress scores were
associated with a 20% increase in the odds of not contributing genetic data in the 1958
cohort (OR=1.20, [95%CI: 1.03-1.41], p=0.024) and a 52% increase in the 1970 cohort
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(OR=1.52, [95%CI: 1.30-1.77], p=0.001). As PGS cannot be computed for non-
participants, the inverse question — whether genetic liability to distress predicts non-
participation — cannot be directly tested; however, these findings suggest the
genotyped samples may be selected toward lower distress and, by extension, lower
genetic liability, which should be considered when interpreting PGS associations.

In the 1958 cohort, 34% of participants (N=3,748) had dropped out by age 50. Those
missing at this age showed higher psychological distress at age 23 (Mean = 1.40, SD
= 1.72) compared to those who completed follow-up at age 50 (Mean = 1.24, SD =
1.58). Similarly, in the 1970 cohort, 41% of participants (N=2,312) had dropped out by
age 46, with higher distress at age 26 for those who were missing at age 46 (Mean =
1.92, SD = 2.27) compared to those who completed follow-up (Mean = 1.71, SD =
2.07).

Finally, we tested whether there was a sample bias due to sex. The polygenic scores
differed significantly by sex (p=0.001), whereby females had a higher mean PGS
(Mean=0.004 SD=1.00) compared to males (Mean=-0.01, SD=0.99).

Discussion

This study found that the association between polygenic scores for psychological
distress and observed distress levels increased in strength across adulthood. However,
the proportion of variance explained by polygenic scores remained modest, rising from
approximately 1.8% in early adulthood to 2.9% by age 50 in the 1958 cohort and 2.2%
by age 46 in the 1970 cohort. Both cohorts showed evidence of an interaction between
polygenic scores and age, with the 1970 cohort experiencing larger effects in early
adulthood (26-30y), which converged with 1958 at older ages. The 1958 showed a
steeper age-related increase in genetic effects on psychological distress. Sex
differences emerged, with females showing both higher levels of observed distress
and stronger genetic effects in the 1958 cohort, where a polygenic score-by-sex
interaction was identified. The relatively small genetic contribution points to the
potential role of changing societal conditions and environmental contexts in shaping
female psychological distress in younger cohorts

Age Differences

Our study found that the direction of association between polygenic scores for
psychological distress and observed distress levels is consistent across adulthood.
This finding aligns with previous research by Nivard et al. (2015), who reported that
genetic influences on internalising problems are present and relatively stable across
adulthood compared to childhood [39]. However, our findings are inconsistent with
Nivard’s decreasing additive genetic effects at older ages. We observed a trend of
increasing effect sizes with age in both cohorts. This observation is consistent with the
findings of Kendler et al. (2008), using data from the Swedish Twin Study of Child and
Adolescent Development, who reported that genetic factors became increasingly
important in explaining variance in depressive symptoms as individuals age [40].

One explanation for the increasing impact of genetic liability with age may be explained
by gene-environment interplay, with individuals increasingly being selected into or
choosing environments that align with their genetic predispositions as they age [41].
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For instance, individuals with a genetic predisposition to psychological distress may
be more likely to avoid stressful situations, thereby reinforcing their anxious tendencies
over time [18]. Another explanation could be specific genetic factors may only become
relevant or active later in life, contributing to the observed increase in genetic influence
with age [42]. A methodological explanation of the study’s finding might also reflect
using a GWAS predominantly derived from middle-aged samples [43]. This could
mean the SNPs identified are more relevant to mid-life psychological distress, as
different genes may be expressed at different life stages [44]. A further methodological
consideration is individuals with higher genetic liability who experience severe distress
early in life may be less likely to participate in studies at older ages. While this selective
dropout might reduce the variation, it does not necessarily explain why genetic effects
would become greater in magnitude on the absolute scale. Additionally, this could
affect the proportion of variance explained (R?) by genetic factors, as a more
homogeneous sample might make genetic influences appear more pronounced (37).

Our results indicate a modest contribution of genetic factors to psychological distress
throughout adulthood. The proportion of variance in Malaise Inventory scores
explained by polygenic scores (incremental R-squared values) ranged from 1.83% to
2.86% in the 1958 cohort, and from 1.44% to 2.16% in the 1970 cohort, with higher
values generally observed at older ages. These findings are consistent with previous
studies that have reported modest effect sizes for polygenic scores in predicting
psychological traits [45]. The increase in the variance explained by polygenic scores
over time may also reflect cumulative gene expression, overshadowing short-term
environmental influences or the activation of new genetic pathways later in life [46].
The modest explained variance underscores the complex aetiology of psychological
distress, suggesting that while genetic factors play a role, environmental and other
non-genetic factors still account for a substantial portion of the variability in distress
levels. Twin studies have decomposed these factors into additive genetic effects, the
non-shared environment and the shared environment [39, 47]. This highlights the
importance of considering both genetic and environmental factors in understanding
and addressing psychological distress.

Cohort Differences

Individuals born in the 1958 cohort showed lower psychological distress scores
compared to those born in the 1970 cohort. This aligns with previous research by
Gondek et al. (2021, 2022), who reported higher distress levels in more recent cohorts
[3, 4]. The relationship between genetic liability and psychological distress showed
similar patterns across cohorts. The 1970 cohort demonstrated marginally higher
genetic effects in early adulthood compared to the 1958 cohort, but these differences
converged at older ages. Both cohorts showed evidence of gene-age interactions, with
the 1958 cohort displaying a steeper increase in genetic effects across age. While the
1970 cohort experienced higher overall distress levels, particularly in early adulthood
(ages 26-30) the genetic contribution to these differences was modest. The
convergence of genetic effects at older ages, despite maintained cohort differences in
distress levels, suggests environmental factors may play a more substantial role in
cohort differences than genetic liability [48]. Even with increases in the predictive
ability of polygenic scores with larger sample sizes, a recent family-based GWAS
found shrinkage in direct genetic effect estimates on depression phenotype from ~20%
to ~2.5% [49]. These results align with research across multiple countries that have
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found increasing levels of psychopathology in more recent birth cohorts, attributing
these changes to societal shifts precipitating a depressogenic environment, rather
than genetic factors [1, 50-53]. Genes and the environment are contingently entangled,
so it may be through gene-environment correlations that the effect of genes is through
indirect pathways [54].

Sex Differences

Our study identified an interaction between the polygenic score and sex only in the
1958c. Previous research has shown sex differences in the genetic architecture of
depression and anxiety disorders, which corroborates the 1958c as the data used in
these studies was collected at a similar time point, meaning the sample may share the
same cohort [19]. However, measurement errors may undermine PGS accuracy, as
most European-ancestry GWAS studies have historically had a female bias in
sampling, and the current study may also exhibit a potential sample bias towards
females. However, there is a lack of evidence of sexual interaction in the 1970c
females, even though they have higher mean levels of distress and more variability in
distress scores. Therefore, another explanation could be certain environmental
stressors may have more of an effect on females, which may reflect broader societal
or environmental influences that exacerbate distress in females more than in males
for the 1970c [55]. The lack of evidence for an interaction in the 1970c suggests no
consistent trend in sex differences in genetic effects.

Strengths and Limitations

Strengths include the use of data from two nationally representative longitudinal
cohorts with consistent measures of genetic exposure and psychological distress. The
study employed a polygenic score derived from a genome-wide association study
(GWAS) of depressive symptoms. This score served as an effective proxy for
psychological distress, as the GWAS phenotype closely aligned with the Malaise
Inventory score through comparable depressive symptom measurement scales. The
phenotypic similarity between the two measures strengthened the validity of using the
polygenic score in this context. This design allows for a direct comparison of age and
cohort effects within the same framework, addressing a gap in previous research that
often relied on cross-sectional data or single-cohort longitudinal studies. A further
strength is the use of specification curve analysis across 15 p-value thresholds.
Psychological traits are highly polygenic, with heritability potentially residing in
common variants with small individual effects that fall below genome-wide significance
thresholds. Stricter thresholds capture only variants with robust GWAS associations,
while more liberal thresholds incorporate variants with small effects that may
collectively better predict phenotypic variance. Demonstrating consistency of findings
across this range supports the robustness of the observed PGS-distress associations
and reduces concern that results reflect arbitrary analytical decisions.

Although we used consistent measures across cohorts, there may be subtle
differences in how distress is experienced or reported across generations that are not
captured by our instruments. However, the malaise inventory score showed configural
and scalar measurement invariance in both cohorts, enabling mean-difference
comparisons across ages [27]. The polygenic scores used in this study assume that
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genetic liability factors for depressive symptoms are stable over time, based on the
premise that SNPs do not vary significantly across cohorts. Therefore, this GWAS
approach may not isolate cohort-specific genetic signals due to the inclusion of
multiple generations in the sample, which may prevent the detection of cohort
differences. The present study uses birth year as an exogenous variable, allowing for
the estimation of gene-cohort interactions and addressing concerns of environmental
endogeneity. Several sources of sample bias warrant consideration when interpreting
these findings. Genetic data were obtained from a subset of the total study participants.
This sampling approach may introduce bias into the estimates, potentially leading to
underestimation of the true effects. The reason for this is the 'healthy survivor'
phenomenon: individuals experiencing higher levels of distress are more likely to drop
out in later waves of cohort studies. This attrition issue is a persistent challenge in
longitudinal research [36, 38]. Participants with higher psychological distress were
more likely to be missing at follow-up and less likely to contribute genetic data,
suggesting the analytic samples are selected toward lower distress and potentially
lower genetic liability. Additionally, the observed sex differences in polygenic score
distributions are unexpected, given that the PGS was derived from autosomal
chromosomes and should theoretically be balanced across sexes in a representative
sample, suggesting further potential selection bias in who contributed genetic data.
Together, these patterns suggest that effect sizes for PGS associations with distress
may be underestimated, and that sex-stratified findings should be interpreted with
caution. Lastly, the study focused on a predominantly white British population, as
these cohorts preceded the increase in migration in the latter half of the 20" century
[56]. Future research should investigate whether these genetic associations hold
across different ancestral backgrounds and ages, as genetic influences vary across
populations [57].

Conclusion

This study confirms that polygenic scores for psychological distress have an
increasing influence across adulthood psychological distress, but similar across
generations. Genetic liability does not fully explain the higher distress levels observed
in younger cohorts, highlighting the importance of considering both genetic and
environmental factors in understanding psychological distress across generations.
Future research should explore specific environmental stressors or mechanisms and
include more diverse cohorts for comprehensive analysis. The observed sex
differences in genetic influence underscore the need for sex-specific approaches when
addressing psychological distress across the lifespan.
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Tables

Table 1: Linear regression associations between polygenic score for psychological distress with overlapping SNPs and
9-item Malaise Inventory Score at ages 23-50 in 1958c and 1970c (PGS Threshold=0.005, 1958c N=6,312; 1970c N=5,423)

Year Age Cohort Mean(SD) R? R?95% CI Beta  Beta 95%CI P-value FDR p-value
Bootstrapped Bootstrapped
1981 23 1958c 1.15(1.50) 1.83% (1.11%-2.52%) 021  (0.17-0.25) 1.12x 102 1.12x 102
1996 26 1970c  1.63(1.65) 1.80% (1.09%-2.69%) 0.23 (0.17-0.28) 1.05x 1015 1.31 x 101
2000 30 1970c 1.43(1.65) 1.44% (0.82%-2.27%) 021  (0.16-0.26)  1.16 x 104 1.16 x 104
1991 33 1958c 0.94 (1.46) 2.02% (1.25%-2.70%) 0.21 (0.17-0.24) 3.86 x 10-%6 5.15 x 10-%6
2004 34 1970c  1.52 (1.77) 210% (1.32%-3.12%) 0.26 (0.21-0.32) 8.78 x 1020 2.20 x 10'°
2012 42 1970c 174 (1.89) 1.85% (1.08%-2.75%) 0.26 (0.21-0.33) 1.78 x 1017 2.97 x 107
2000 42 1958c 1.49(1.74) 2.46% (1.64%-3.22%) 0.27 (0.23-0.32) 3.49 x 10-3 6.98 x 1034
2016 46 1970c 1.68(2,06) 2.16% (1.39%-3.19%) 0.31  (0.24-0.36)  6.46 x 1022 3.22 x 102
2008 50 1958c 1.68 (2.06) 2.86% (1.94%-3.68%) 0.33 (0.27-0.37) 3.49 x 1036 1.40 x 103

R?: amount of variance explained by the PGS. Analyses were adjusted for sex and the first 10 principal components of ancestry.

NB: blue indicates the 1958c, and red indicates the 1970c
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Table 2: Results from the separate multilevel mixed effects model interacting
polygenic score with age and then by sex for 1958c and 1970c (N1958c=6,312;

N1970c=5,423)

Beta Coefficient Bootstrapped 95% CI p-value
Cohort
1958 Model
PGS 0.24 0.23-0.26 5.26 x 10-0
Age 0.01 0.01-0.02 2.03 x 10°¢7
PGS*Age 0.004 0.003-0.005 4.49 x 10”7
1970 Model
PGS 0.25 0.23-0.27 7.95 x 10-32
Age 0.007 0.005-0.01 1.10 x 10708
PGS*Age 0.004 0.001- 0.006 4.46 x 1073
Sex
1958 Model
Male (ref)
Female 0.66 0.60-0.71 1.04 x 1091
PGS 0.20 0.16-0.25 8.06 x 10-18
PGS*Female 0.09 0.01-0.11 5.01 x 103
1970 Model
Male (ref)
Female 0.53 0.45-0.62 1.42 x 10-35
PGS 0.24 0.18-0.30 1.82 x 1015
PGS*Female 0.02 -0.06 - 0.11 0.584
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Figure 1: Mean and 95% confidence intervals of the malaise inventory score in a)
both 1958c and 1970c, and b) by sex in both cohorts
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Figure 2: a) Beta coefficients and b) incremental adjusted r-squared from linear
regression estimates of the association between the z-score polygenic score for

psychological distress with overlapping SNPs at 0.005 p-value threshold and the 9-

item Malaise Inventory score in 1958c and 1970c¢ (N1958c=6,312; N1970:=5,423)
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Figure 4: a) Predictive margins of psychological distress for males versus females
across the polygenic score in 1958 and b) 1970 cohort
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