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People with severe mental illness (SMI), including schizophrenia (SCZ) and bipolar disorder (BD), show elevated risk for somatic
conditions and premature mortality. Both genetic liability and modifiable lifestyle factors have been implicated in this comorbidity,
yet large-scale studies examining their independent and combined effects across multiple somatic conditions are lacking. We
therefore examined whether modifiable lifestyle factors (i.e. smoking, alcohol intake, diet, and exercise) and polygenic risk scores
(PRS) for SCZ and BD are associated with the risk of developing somatic illnesses. Data were drawn from 315,313 unrelated
individuals in the UK Biobank cohort, with a median follow up of 14 years. Cox proportional hazards models were used to estimate
the independent, joint, and interaction effects of PRS-SCZ and PRS-BD and lifestyle factors on the incidence of nine chronic somatic
illnesses. Healthy lifestyle was associated with lower risks of type 2 diabetes (T2D), cardiovascular disease (CVD), dementia,
rheumatoid arthritis, asthma, chronic liver disease (CLD), and cancer (HRs ranging from 0.43 to 0.80). In addition, higher PRS for SCZ
was associated with increased risks of asthma and dementia and lower risk of T2D, while higher PRS for BD was associated with
increased risk of T2D. Moreover, likelihood ratio tests confirmed that PRS-SCZ and PRS-BD each contribute independent information
to the joint Cox model for T2D, indicating that the opposing directions of their associations with T2D risk are not driven by shared
genetic variance between the two scores. Finally, individuals with a healthy lifestyle consistently showed lower risks of CLD, T2D,
CVD, and dementia across genetic risk strata; however, no significant additive interaction was observed between genetic risk and
lifestyle factors. In conclusion, these findings indicate that genetic liabilities for SCZ and BD show outcome-specific associations
with somatic illnesses, while a healthy lifestyle is associated with lower somatic illness risk regardless of genetic risk level.
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INTRODUCTION Evidence from longitudinal studies suggests a temporal

The comorbidity between severe mental illnesses (SMI) and
somatic disorders is well established [1-3]. However, despite
strong epidemiological evidence linking mental and somatic
ilinesses, the underlying factors remain largely unexplained. This
relationship appears to be bidirectional: the presence of SMI
increases the risk for physical disorders, while chronic somatic
conditions can, in turn, elevate the likelihood of developing or
exacerbating psychiatric conditions [4-6]. SMI may affect socio-
economic status, daily functioning, and lifestyle habits of the
individuals, which can mediate or moderate the risk of
developing somatic illness [7]. Additionally, people living
with psychiatric disorders often face disparities in healthcare
access, hindering timely diagnosis and treatment for physical
conditions [8].

sequence where the onset of a mental disorder often precedes
later development of medical conditions [9-11]. People with SMI,
such as bipolar disorders (BD) and schizophrenia (SCZ), experience
higher rates of comorbid medical conditions and lower life
expectancy compared to the general population [12-14]. More-
over, the odds of physical multimorbidity in individuals with SMI
are nearly double that of people without SMI [15]. These patterns
of comorbidities may complicate the clinical course of SMI and
worsen prognosis, partly due to higher mortality rates, which are
largely determined by cardiovascular, infectious, and metabolic
conditions [1]. The disparity in health outcomes between patients
with and without SMI represents a major public health concern,
with evidence indicating that the mortality gap driven by physical
illnesses in people living with SMI is on the rise [3, 16]. While much
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of this evidence derives from studies of clinically diagnosed SMI,
genetic liability for these disorders is distributed across the
general population, and individuals without a clinical diagnosis
may still carry elevated genetic risk that influences somatic health
outcomes.

Genetic factors are hypothesized to contribute significantly to
the overall pathogenesis of SMI and to partly explain the
comorbidity between SMI and somatic conditions [17-23].
Large-scale genome-wide association studies (GWAS) have
demonstrated that SMIs are highly polygenic, involving many
genetic variants, most of which have small individual effects
[24-26]. A polygenic risk score (PRS), a single per-individual score,
is calculated on the weighted sum of the number of risk alleles
and measures the individual genetic predisposition for developing
a certain trait or disease. PRS can be used as a proxy for disease
risk, offering a powerful approach to investigate the associations
between SMIs and somatic illnesses. Therefore, adding PRS to
existing disease risk prediction models provides insight into the
relative contribution of genetic and non-genetic factors, offering a
clearer understanding of individual risk profiles [27].

Previous research has shown that modifiable health behaviors
are associated with a wide range of adverse health outcomes,
including increased risks for somatic conditions and premature
mortality [28, 29]. Adhering to healthy lifestyle (healthy diet,
regular physical activity, and avoidance of smoking and of
excessive alcohol consumption) reduces risks of developing
several chronic conditions, such as cardiovascular disease (CVD)
[30], type 2 diabetes (T2D) [31], dementia [32], cancer [33], and
others. Beyond reducing risk, healthy lifestyle may also
attenuate disease severity and progression through interrelated
biological mechanisms, including modulation of chronic low-
grade inflammation, improved metabolic regulation, and
enhanced immune function [34-36]. Since these lifestyle
behaviors are largely modifiable, understanding their relative
contributions to somatic illness risk may help guide effective
prevention strategies.

Although advances have been made in understanding the links
between SMI and somatic diseases, knowledge about the scope
and magnitude of these associations remains limited. Studying the
associations between psychiatric disorders and somatic conditions
can be challenging due to various reasons, i.e. diagnostic
complexity of these disorders [37], treatment-related confounding
[38], and the relatively low prevalence of certain psychiatric
conditions in certain cohorts [39, 40]. As a result, most of the
existing evidence focuses on studying the links between specific
iliness dyads and is often derived from small-scale, cross-sectional
studies. We therefore set out to investigate the extent to which
modifiable lifestyle factors and genetic risk for SCZ and BD are
associated with risks of incident somatic illnesses. To assess the
possible risk reduction associated with healthy lifestyle factors, we
first examined whether a healthier lifestyle profile, assessed at
baseline, was linked to lower risks of developing somatic illnesses.
To evaluate the independent contributions of genetic liability for
SMI, we then investigated whether PRS for SCZ and BD were
associated with incidences of somatic illnesses. Finally, we
explored the joint effects and potential interactions between
genetic risks and lifestyle factors in relation to somatic illness risk,
aiming to examine whether lifestyle factors and genetic risk show
independent or combined associations with somatic illness
incidence.

METHODS AND MATERIALS

Study population

For this observational study, we used data from the UK Biobank (UKB)
cohort, a large population-based prospective study that recruited over
500,000 individuals aged 40-69 between 2006 and 2010 [41]. Details of the
study protocol have been published elsewhere [42]. Baseline data were
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collected at 22 assessment centers across the United Kingdom via
questionnaires, verbal interviews, physical examinations, and biological
samples, while follow-up information was gathered via linkage to
electronic medical records, including death and cancer registries and
hospital inpatient records. The study received ethical approval from the
North West Multi-center Research Ethics Committee (REC reference11:/NW/
03820). All participants provided written informed consent before
enrolment to the study.

To minimize the risk of population stratification incurring bias in the
statistical analyses, we restricted our sample to 315,313 participants of
White-British ancestry (Data-Field 21000). As standard genetic quality
control measures, we excluded individuals with outliers for heterozygosity
or missing genotype rates (Data-Field 22027); with sex chromosome
aneuploidy (Data-Field 22019); with mismatched reported and genetic sex
(Data-Fields 31 and 22001); and/or with close genetic kinship (Data-Field
22021) [41]. Participants with close genetic kinship were identified using
the KING kinship estimator with a threshold of >0.0442, corresponding to
third-degree relatives or closer. To focus exclusively on incident cases of
each somatic illness, we further refined our analysis by excluding
participants with pre-existing diagnoses of the respective conditions in
each statistical model (see Figure S1 in Supplementary Material). No
exclusions were made based on psychiatric diagnoses to preserve the full
spectrum of genetic liability. Individuals with missing data on any
outcome, exposure, or covariate were excluded from each model;
complete-case analysis was used as the primary analytical approach. The
present analyses were conducted under UK Biobank application
number 54176.

Exposures

Polygenic risk scores. To evaluate the associations between genetic risk for
SMls and the incidence of somatic illnesses, we leveraged the standard PRS
for SCZ and BD provided by the UK Biobank PRS Release [43]. The Standard
PRS set was calculated for all individuals in the UKB, using a proprietary
algorithm developed by Genomics plc [43], trained exclusively on external
GWAS data with no UK Biobank overlap, and has been shown to
outperform a broad range of published PRSs [44]. Specifically, the SCZ PRS
was based on the GWAS by Trubetskoy et al. (2022) [26] and the BD PRS on
the GWAS by Mullins et al. (2021) [25]. For ease of interpretation and
visualization (not in our analyses), we classified PRS as low risk (lowest
quintile), intermediate risk (quintiles 2 to 4) and high risk (highest quintile),
as per previous studies [45, 46].

Healthy lifestyle factors. To examine associations between lifestyle factors
and the incidence of somatic illnesses, a composite lifestyle score
reflecting smoking status, alcohol consumption, physical activity, and diet
was constructed following the approach of Lourida et al (2019) [45]. These
modifiable lifestyle habits have been previously identified as key factors for
improving physical health in individuals with mental illness [3]. Here, the
standardized lifestyle score was categorized into “healthy” (3 or 4 healthy
lifestyle factors), “moderately healthy” (2 healthy lifestyle factors), and
“unhealthy” (0 or 1 healthy lifestyle factor) groups [45, 47]. The detailed
description of the calculation of the composite lifestyle scores is provided
in Table S1. We also examined associations of individual lifestyle factors
with the incidences of somatic illnesses, to capture the possible influence
of each lifestyle component on disease risk.

Outcomes. The outcome of interest for each model was the incidence of
the somatic illness during follow-up. For this analysis, we selected the
somatic illnesses carrying the highest prevalence in psychiatric disorders
and those associated with the highest mortality, i.e. asthma [48], CVD [49],
autoimmune disorders including rheumatoid arthritis and inflammatory
bowel disease (IBD) [50], T2D [51], dementia [10], cancer [52], Parkinson’s
disease [23], and chronic liver disease (CLD) [53]. In each disease-specific
analysis, we excluded prevalent cases of the respective illness to focus
solely on incident cases. Participants were classified as having prevalent
cases of somatic illnesses if they had a hospital-recorded diagnosis prior to
baseline or self-reported the illness at baseline. Self-reported cases
identified post-baseline without supporting hospital records were also
excluded to minimize the risk of follow-up bias. All primary outcomes,
defined as incident somatic illnesses classified according to the 10th
revision of the International Statistical Classification of Disease (ICD-10),
along with their corresponding ICD-10 codes and self-reported UKB field
codes, are listed in Table S2. A flowchart outlining the sample selection
process is provided in Figure S1.
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Follow-up time was calculated as the time from the baseline assessment
date to the earliest of the following: the date of the first recorded incident
event (i.e. the somatic illness recorded), the date of death, or the censoring
date of hospital inpatient records, whichever came first. Censoring dates
varied by region, corresponding to the last available follow-up: October 31,
2022, for England; August 31, 2022, for Scotland; and May 31, 2022, for
Wales. For participants with no recorded event or death, follow-up was
censored at the regional last follow-up date.

Statistical analysis

Multivariate Cox proportional hazards models were applied to examine
associations of genetic and lifestyle factors and the incidence of each
somatic illness individually. The models were fitted to estimate hazard ratios
(HR) and 95% confidence intervals (Cl) for the events of interest, i.e., the
incidence of somatic illnesses, with competing risks treated as censoring
events. The covariates for this study were selected based on prior research
[27, 54, 55] and availability at baseline: all models incorporated follow-up
time as the time-to-event component and were adjusted for key covariates,
i.e., age (Data-Field 21022), sex (Data-Field 31), education (Data-Field 6138),
and employment (Data-Field 6141), all retrieved from the UKB baseline
questionnaires. BMI was not included as a covariate as it is likely to act as a
mediator on the causal pathway between lifestyle behaviours and somatic
illness outcomes, and adjusting for it could introduce overadjustment bias
[56]. For the models including PRS (as independent variables), we
additionally adjusted for the first 10 genetic ancestry principal components
(Data-Field 22009) to correct for population stratification [47, 57]. To evaluate
the joint effects of genetic risk and lifestyle factors, interaction terms were
included in the models, and stratified analyses were conducted to explore
the differential impact of these factors across subgroups, i.e,, PRS and lifestyle
categories. The additive interaction analysis was conducted to determine
whether the combined effect of lifestyle and PRS exceeded the sum of their
individual effects. This was assessed using the relative excess risk due to
interaction (RERI) and the attributable proportion due to interaction (AP),
providing insights into potential synergistic or antagonistic effects. For this
analysis, we compared the most extreme exposure groups: participants with
low PRS and a healthy lifestyle versus those with high PRS and an unhealthy
lifestyle, the latter serving as the reference category (HR=1.0). To assess
possible multiplicative interaction between genetic risks and lifestyle factors,
we included an interaction term in the regression models (genetic risk x
lifestyle factor) and tested whether the combined effect of these exposures
on disease risk deviated from the product of their individual effects. The
interaction categories included high, intermediate, and low PRS groups, each
stratified by healthy, moderately healthy, and unhealthy lifestyles, with high
PRS & unhealthy lifestyle as the reference category (HR = 1.0).

We conducted sensitivity analyses to assess the robustness of our results.
Prior to analysis, the dataset was examined for missing values across key
predictors and covariates to assess the extent and patterns of missingness.
The proportion of missing data was reviewed to ensure that it did not
systematically affect specific subgroups or variables critical to the analysis.
Participants who selected “do not know” or “prefer not to answer” options
when filling out the questionnaires were recoded as missing or null. Missing
data were below 1% for predictors and covariates, except for lifestyle scores,
which exhibited 59% missingness across datasets for somatic illnesses. To
address potential biases, our first sensitivity analysis was conducted on the
imputed datasets for lifestyle models, generated through multiple imputa-
tions using the chained equations (MICE) technique [58]. Multiple imputation
produces less biased estimates and lower root mean square errors compared
to other imputation techniques, even at high levels of missing data ranging
from 10% to 80% [59]. However, while multiple imputation under the
missing at random (MAR) assumption produces less biased estimates than
complete-case analysis in many scenarios, its superiority cannot be assumed
a priori and depends on the underlying missing data mechanism [60]. We
generated 60 imputed datasets, a number chosen to be at least equal to the
percentage of missing data (59%), in line with current recommendations
[61]. Cox proportional hazards models were fitted separately within each
imputed dataset, and regression coefficients and standard errors were
combined using Rubin'’s rules to obtain pooled hazard ratios and confidence
intervals. The second sensitivity analysis was conducted using a continuous
total lifestyle score instead of composite lifestyle score, calculated as the sum
of individual healthy lifestyle factors, ranging from 0 (least healthy) to 4 (most
healthy). A third sensitivity analysis was conducted using a reclassified
employment variable distinguishing retired individuals from unemployed
individuals, given that retirement represents a voluntary transition distinct
from involuntary unemployment. A fourth sensitivity analysis excluded
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Table 1. Baseline Sociodemographic and Clinical Characteristics of the
Study Population (N=315,313).

Characteristic Category N (%)
Sex Female 169,335 (53.7)
Male 145,978 (46.3)
Age, mean (SD) 56.66
Education Higher 108,086 (34.6)
Lower Secondary 81,878 (26.2)
Upper Secondary 36,885 (11.8)
Vocational 19,640 (6.3)
Other 65,773 (21.1)
Employment Employed 183,696 (58.4)
Unemployed 120,073 (41.1)
Other 1,569 (0.5)
Lifestyle Score Healthy 77,284 (60.1)
Moderately Healthy 36,859 (28.7)
Unhealthy 14,366 (11.2)
PRS-SCZ Low 62,999 (20.0)
Intermediate 188,993 (60.0)
High 63,000 (20.0)

PRS-BD Low
Intermediate

62,999 (20.0)
188,994 (60.0)
High 62,999 (20.0)

SCZ schizophrenia, BD bipolar disorder, PRS polygenic risk score.

Lifestyle score categories are based on a composite of smoking, alcohol
intake, diet, and exercise. PRS categories are shown for descriptive purposes;
primary analyses used continuous PRS values.

participants with a diagnosis of SCZ or BD, given that these individuals may
exhibit distinct behavioral profiles that could influence the observed
associations. Given the heterogeneity of cancer as a diagnostic category,
we conducted additional analyses examining seven individual cancer
subtypes, i.e. breast, prostate, lung, colorectal, pancreatic, liver, and kidney
cancer, selected based on their high incidence or mortality, established
associations with modifiable lifestyle factors, and the availability of sufficient
incident case numbers in the UK Biobank.

Independent contributions of PRS-SCZ and PRS-BD were formally
assessed using likelihood ratio tests comparing the full joint model against
models with each PRS dropped in turn. To control for multiple
comparisons and reduce the likelihood of false-positive findings, we
applied the Benjamini-Hochberg False Discovery Rate (FDR) correction. The
resulting FDR-adjusted p-values, referred to throughout as g-values, were
considered statistically significant at a threshold of q < 0.05. FDR correction
was applied separately within each family of analyses. A total of 397 tests
were performed across all primary and sensitivity analyses.

All analyses were performed using R programming language [62].

RESULTS

Study population characteristics

The median follow-up period ranged from 13.5 to 13.6 years (IQR:
12.6-14.2), depending on the specific somatic illness under investiga-
tion. During this period, we observed a total of 116,072 incident cases
of somatic illnesses. Among the 315,313 participants, 4,816 (1.5%)
developed dementia, 7,157 (2.3%) developed asthma, 29,824 (9.5%)
developed CVD, 2,049 (0.7%) developed IBD, 6,740 (2.1%) developed
CLD, 18,931 (6%) developed T2D, 2,615 (0.8%) developed rheumatoid
arthritis, 2,024 (0.6%) developed Parkinson’s disease, and 41,916
(13.3%) developed cancer. The number of participants and incident
cases included in each complete-case analytic model (which differ
from these full-cohort counts owing to model-specific missing-data
and prevalent-case exclusions) are presented in Table S3.

SPRINGER NATURE
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Fig. 1

Lifestyle 4 Unhealthy

Moderately Healthy + Healthy

Associations between Lifestyle Categories and Risk of Somatic llinesses. Forest plots display hazard ratios and 95% confidence

intervals for moderately healthy and healthy lifestyle categories, using the unhealthy category as the reference (HR=1.0). All models were
adjusted for age, sex, education, and employment. Incident cases shown reflect the complete-case analytical sample. g-values shown are FDR-
corrected; * q < 0.05. IBD, inflammatory bowel disease; CVD, cardiovascular disease; CLD, chronic liver disease.

Baseline demographic and clinical characteristics of the study
population (N=315,313) are presented in Table 1, with full
characteristics including somatic illness distributions presented in
Table S4. The mean age of the total study population was
56.65 + 8.02 years, and 145,978 (46.3%) of participants were men.

Associations between lifestyle categories and incidence of
somatic illnesses

Associations between lifestyle factors and the incidence of somatic
illnesses are shown in Fig. 1. HRs, 95% Cl, and g-values were
calculated for the “Moderately Healthy” and “Healthy” lifestyle
categories, using the “Unhealthy” category as the reference
(HR = 1). We found significant negative associations between healthy
lifestyle and the incidences of several conditions: healthy lifestyle was
associated with a significantly lower risk of T2D (HR=0.58 [0.54 -
0.62], g = 0.0009), CVD (HR = 0.71 [0.67 - 0.76], g = 0.0013), dementia
(HR=0.78 [0.66 - 0.92], g = 0.0049), rheumatoid arthritis (HR = 0.73
[0.59 - 0.89], g = 0.0036), asthma (HR = 0.74 [0.66 - 0.83], g = 0.0006),
CLD (HR = 0.43 [0.39 - 0.48], g = 0.0006) and cancer (HR = 0.80 [0.76 -
0.84], g = 0.0012) (Table S5).

Associations between individual lifestyle factors and
incidence of somatic illnesses

Concerning the associations of individual lifestyle factors with
somatic ilinesses, we found several significant findings (Table S6).
Being a non-smoker and engaging in sufficient regular physical
activity was consistently associated with lower risk across multiple
conditions. Maintaining a healthy diet was significantly associated
with reduced risks for CLD (HR = 0.76 [0.70-0.83], q = 0.002), T2D
(HR=0.85 [0.80-0.89], g =0.002), and asthma (HR=0.86 [0.79-
0.93], gq=0.002). Although several associations for alcohol
consumption reached statistical significance, the hazard ratios

SPRINGER NATURE

remained close to 1.00, except for CLD, where a significantly
reduced risk was observed in individuals with moderate alcohol
intake (HR =0.79 [0.72-0.87], q = 0.002).

Associations between genetic risk for SMI and incidence of
somatic illnesses
Higher PRS for SCZ was significantly associated with increased risk
of asthma (HR=1.03 [1.00 - 1.06], q=0.048) and dementia
(HR=1.04[1.01 - 1.08], g = 0.048), whereas an inverse association
was observed for T2D (HR = 0.95 [0.94 - 0.97], g = 0.009) (Fig. 2A).
Higher genetic risk for BD was associated with increased risk of T2D
(HR=1.04 [1.02 - 1.05], g<0.001), with no other significant
associations detected across the remaining somatic illnesses (Fig.
2B). Detailed results for the associations between continuous PRS for
SCZ and BD and incident somatic illnesses are presented in Table 2.
Likelihood ratio tests confirmed that PRS-SCZ and PRS-BD each
contribute independent information to the joint Cox model for T2D
(x> = 40.30 and x> = 25.28, respectively, both g < 0.001), indicating
that the opposing directions of their associations with T2D risk are
not driven by shared genetic variance between the two scores. PRS-
SCZ also independently contributed to dementia risk (* = 7.03,
q = 0.048). Nominal independent contributions of PRS-SCZ to
asthma and rheumatoid arthritis (p = 0.028 and 0.022, respectively)
did not survive FDR correction. The Pearson correlation between
PRS-SCZ and PRS-BD across all participants with both scores
(n=276,475) was r =0.37 (95% Cl: 0.37-0.38) (Table S7).

Joint effects and interaction models between lifestyle factors
and genetic risk for SCZ and BD

Table S8 presents the additive interaction effects of PRS for BD
and SCZ with lifestyle factors across nine somatic illnesses,
measured using the Relative Excess Risk due to Interaction (RERI)

Translational Psychiatry (2026)16:532
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Fig. 2 Hazard Ratios for Associations Between PRS Categories for Schizophrenia. A Bipolar Disorder (B), and Somatic llinesses. Forest plots
display hazard ratios and 95% confidence intervals for combinations of PRS categories (high, intermediate, low) across nine somatic illnesses, with
the high PRS category as the reference group (HR=1.0). PRS categories are shown for visualization purposes only; primary analyses used
continuous PRS values, which retain greater statistical power to detect associations. Significant associations reported in the Results reflect
continuous PRS analyses. g-values are FDR-corrected; * q < 0.05. All models were adjusted for age, sex, education, employment, and first 10
principal components of ancestry. IBD, inflammatory bowel disease; CVD, cardiovascular disease; CLD, chronic liver disease.
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Table 2. Hazard Ratios for the Associations Between PRS for SCZ and BD and Risk of Incident Somatic llinesses.

Somatic lliness PRS SCZ

HR (95% ClI) p-value
Asthma 1.03 (1.00-1.06) 0.0080
Parkinson’s 1.02 (0.97-1.07 0.5250
Dementia 1.04 (1.01-1.08) 0.0150
CcVD 0.99 (0.98-1.00) 0.2070
Type 2 Diabetes 0.95 (0.94-0.97) 0.0010
Rheumatoid Arthritis 1.05 (1.01-1.10) 0.0230
CLD 1.00 (0.97-1.02) 0.6480
IBD 1.01 (0.96-1.06) 0.5660
Cancer 1.00 (0.98-1.01) 0.3840

PRS BD
g-value HR (95% Cl) p-value g-value
0.0480 1.01 (0.98-1.03) 0.5640 0.7290
0.7290 1.03 (0.98-1.07) 0.2270 0.5100
0.0480 1.01 (0.98-1.04) 0.6160 0.7290
0.5100 1.01 (1.00-1.02) 0.3040 0.5100
0.0090 1.04 (1.02-1.05) 0.0010 0.0090
0.1008 1,00 (0.96-1.04) 0.8120 0.8600
0.8640 1.01 (0.98-1.03) 0.6280 0.7290
0.7290 1.04 (1.00-1.09) 0.0700 0.2100
0.6910 1.00 (0.99-1.01) 0.5660 0.7290

PRS polygenic risk score, CVD cardiovascular disease, CLD chronic liver disease, IBD inflammatory bowel disease, SCZ schizophrenia, BD bipolar disorder.
Hazard ratios reflect associations per unit increase in continuous PRS. All models were adjusted for age, sex, education, employment, and the first 10 principal
components of ancestry. Bold values indicate g < 0.05 after Benjamini-Hochberg FDR correction.

and Attributable Proportion (AP). No significant additive interac-
tion was observed after correction for multiple testing.

Figure 3a presents the multiplicative interaction effects of genetic
risk for SCZ and lifestyle on the incidence of somatic illnesses.
Compared to the high PRS x unhealthy lifestyle reference group,
individuals with low PRS and a healthy lifestyle showed significantly
lower risks of CLD (HR = 0.44 [0.35-0.55], q = 0.003), T2D (HR = 0.64
[0.55-0.75], g = 0.003), CVD (HR=10.71 [0.62-0.80], q = 0.002), and
dementia (HR = 0.57 [0.41-0.80], g = 0.004).

Figure 3b presents the joint effects of genetic risk for BD and
lifestyle. Compared to the high PRS x unhealthy lifestyle reference
group, significant multiplicative interactions were observed for
asthma (HR=0.70, [0.54-0.90], q=0.015), CLD (HR=0.40,
[0.32-0.51], g=0.001), T2D (HR=0.56, [0.47-0.66], q= 0.002),
cancer (HR=0.82, [0.74-0.91], q=0.001), CVD (HR=0.68,
[0.60-0.77], q=0.002), and rheumatoid arthritis (HR=0.53,
[0.36-0.79], g = 0.006) for the low PRS x healthy lifestyle group.
Full results of the multiplicative interaction analyses are provided
in Table S9 and Table S10.

Results from sensitivity analyses

We conducted several sensitivity analyses to corroborate the
robustness of our findings. The results of the sensitivity analysis
with the imputed lifestyle dataset confirmed the significant
associations found in the unimputed dataset, while also identify-
ing additional significant associations (Figure S2). The additional
analysis using a continuous total lifestyle score confirmed the
overall protective association of a healthier lifestyle with reduced
incidence of somatic illnesses. A dose-response relationship was
observed, with progressively lower hazard ratios as the health
score increased, particularly for asthma, CVD, T2D, rheumatoid
arthritis, CLD, and cancer (Table S11). Sensitivity analysis using a
reclassified employment variable distinguishing retired from
unemployed individuals vyielded lifestyle associations largely
consistent with the primary analysis, with all effect directions
replicated and hazard ratios differing by no more than 0.05. The
associations between PRS-BD and T2D and the inverse association
between PRS-SCZ and T2D were replicated. However, the
associations between PRS-SCZ and asthma and dementia did
not reach statistical significance after FDR correction in this
sensitivity analysis (Table S12). Sensitivity analysis excluding
participants with a diagnosis of SCZ or BD yielded virtually
identical lifestyle associations and fully replicated the PRS-BD and
PRS-SCZ associations with T2D. Consistent with the employment
reclassification sensitivity analysis, the associations between PRS-
SCZ and asthma and dementia did not reach statistical
significance after FDR correction (Table S13). Additional analyses
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examining seven individual cancer subtypes confirmed the
protective association of a healthy lifestyle with reduced risks of
the majority of cancer subtypes examined, with the exception of
prostate cancer, where a modest increased risk was observed. PRS
for BD and SCZ were not significantly associated with risk of any
individual cancer subtype after FDR correction (Table S14).

DISCUSSION
To our knowledge, this is the first study to examine both the
independent and joint associations of genetic liabilities for SCZ
and BD and lifestyle behaviors with the incidence of multiple
somatic illnesses. We show that a healthier lifestyle and lower
genetic risk for SMI are associated with reduced risks of several
somatic illnesses. An inverse association was observed between
SCZ genetic risk and T2D, whereby individuals at lower genetic
risk for SCZ showed a higher incidence of T2D. Joint analyses
further revealed that individuals with both a healthy lifestyle and
low genetic risk had the lowest risks of developing somatic
illnesses, though no significant additive interaction was observed.
The protective role of a healthy lifestyle in somatic health has
been widely recognized [63-67]. In our study those adhering to
healthier lifestyle consistently showed lower incidences of T2D,
CVD, CLD, asthma, dementia, cancer, and rheumatoid arthritis.
These associations, although modest in size, align with an
extensive body of research emphasizing the impact of modifiable
lifestyle behaviors - i.e. diet, physical activity, smoking, and
alcohol use - on a wide range of health outcomes [36, 64, 68, 69].
Here, we used a composite lifestyle score to capture the
cumulative impact of health-related behaviors. While individual
lifestyle behaviors have been thoroughly studied, their aggre-
gated effect may offer a more effective and accurate prediction of
disease risk [29, 69, 70]. This was supported by our results, which
showed a clear dose-response pattern; higher lifestyle scores were
associated with progressively lower hazard ratios. Rather than
acting in isolation, unhealthy lifestyle behaviors may amplify one
another through overlapping inflammatory and metabolic path-
ways. Biological mechanisms underlying these associations are
increasingly understood to involve chronic low-grade inflamma-
tion [36], mediated by microbiome dysregulation, oxidative stress,
epigenetic alterations, and metabolic disruption [35]. Subtype-
specific sensitivity analyses further supported these findings, with
the protective association of healthy lifestyle consistent across the
majority of individual cancer subtypes. A notable exception was
prostate cancer, where a modest increased risk was observed,
likely reflecting detection bias from higher rates of prostate-
specific antigen screening in healthier men [71].
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Fig. 3 Joint Associations of PRS and Lifestyle Categories with Somatic lliness Risk. Hazard ratios and 95% confidence intervals are shown for
combined PRS x lifestyle groups relative to the high PRS x unhealthy lifestyle reference group (HR = 1.0). All models were adjusted for age, sex,
education, and employment, and the first 10 principal components of ancestry. Exact g-values for all interaction terms are presented in Table S9
and Table S10. Results are shown separately for PRS-SCZ (A) and PRS-BD (B). IBD, inflammatory bowel disease; CVD, cardiovascular disease; CLD,

chronic liver disease.
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Our genetic analyses provide novel insights into the associa-
tions between genetic liability for SMI and somatic health. The
association between PRS-SCZ and dementia aligns with previous
studies [72-75], suggesting a shared genetic basis involving
neurodegeneration and accelerated aging, with additional risk
attributable to metabolic burden resulting from poor lifestyle and
antipsychotic-induced  dysregulation [76]. The association
between PRS-SCZ and asthma also supports prior research
reporting increased risk of autoimmune and inflammatory
conditions among individuals with SCZ [77-79]. However, both
associations were borderline significant in the primary analysis
and did not consistently replicate across sensitivity analyses,
suggesting sensitivity to model specification and warranting
cautious interpretation. The inverse association between PRS-
SCZ and incident T2D is in contrast with some of the previous
epidemiological [80] and genetic [51, 81] evidence. Overall,
previous literature on the relationship between SCZ and T2D is
inconsistent, with several studies aligning with our results [82-88].
Most importantly, two Mendelian randomization studies found
evidence of a weak negative genetic correlation and no evidence
of a causal relationship between the two conditions in diverse
populations [84, 87]. Another UK Biobank study found a significant
negative association between PRS-SCZ and T2D, although the
findings are based on a partially overlapping sample [85].
Furthermore, Cai et al. [88], employed a series of genomic analysis
approaches to explore the genetic association between SCZ and
T2D and found a significant negative genetic correlation between
T2D and SCZ in a European population. This body of evidence
suggests that the relationship between T2D and SCZ may be
driven by opposing genetic mechanisms, such as SCZ-associated
alleles that correlate with lower BMI, a major genetic risk factor for
T2D [89], or by differences in how common versus rare variants
contribute to shared genetic architecture [83, 84]. In support of
this, likelihood ratio tests confirmed that PRS-SCZ and PRS-BD
each contributed independently to T2D risk (both q<0.001),
indicating that these opposing associations reflect distinct genetic
signals rather than artefacts of score construction. Conversely, the
observed positive association between genetic liability for BD and
T2D in this study is mostly consistent with prior epidemiological
findings [90, 91]. This comorbidity may be explained by several
interconnected mechanisms, including chronic low-grade inflam-
mation [92], HPA axis dysregulation, mitochondrial dysfunction,
increased insulin resistance [93], oxidative stress, and adverse
metabolic effects of psychotropic medications [94-96].

Our multiplicative interaction analyses identified significant
interaction terms for the majority of outcomes for both PRS-SCZ
and PRS-BD. However, no significant additive interaction was
observed after FDR correction across any outcome. This distinction
is noteworthy, as multiplicative interactions can arise from the
mathematical properties of the scale rather than reflecting a true
biological synergy, whereas additive interaction is generally
considered the more relevant scale for public health inference
[97]. These findings suggest that lifestyle-based prevention
strategies are broadly beneficial regardless of genetic risk level,
rather than being specifically more effective in individuals at high
genetic risk for SMI. Furthermore, the hazard ratios across PRS
levels within the same lifestyle category were relatively consistent
for the majority of outcomes, suggesting that lifestyle was the
primary driver of the observed risk reductions, with genetic risk
level contributing relatively little further distinction within lifestyle
categories. Although we cannot directly infer effects of lifestyle
modifications from a single baseline assessment, these findings
highlight the potential of population-wide lifestyle-based preven-
tion for reducing somatic illness risk.

This work has several strengths. It constitutes a comprehensive
assessment of the independent and joint effects of polygenic risk
for SMI and modifiable lifestyle behaviors, using data from a large,
well-characterized cohort with deep phenotyping and rich data on
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both genetic and behavioral risk profiles. In addition, stratified
analyses and multiple sensitivity checks enhance the robustness
and reliability of our findings. Nonetheless, several limitations
must be acknowledged. First, the study sample was restricted to
individuals of White British ancestry from the UKB, imposing
uncertainty on the generalizability of the results to ethnically and
geographically different populations. Second, lifestyle factors were
based on self-reported data and only assessed at baseline, which
may introduce recall bias and fail to capture behavioral changes
over time. Furthermore, lifestyle scores exhibited 59% missing-
ness; however, the consistency between our complete-case and
multiply imputed results across all outcomes provides direct
evidence that this did not materially bias our findings, supporting
the robustness of the observed associations regardless of
analytical approach. Third, although we adjusted for key socio-
demographic variables, residual confounding cannot be entirely
ruled out. Follow-up work may include other potentially modifi-
able factors, such as sleep, body mass index (BMI), social and
psychological well-being, to improve predictive accuracy and
public health relevance. Finally, a key limitation inherent in most
PRS-informed analyses, is the modest variance explained in SCZ
and BD liability. To enhance predictive accuracy and better
capture the polygenic and pleiotropic nature of mental and
somatic comorbidities, future studies could adopt multi-PRS
approaches [98, 99].

In conclusion, the present study highlights the role of
modifiable lifestyle behaviors and the genomic architecture of
complex psychiatric phenotypes in determining susceptibility to
somatic illness. These findings underscore the importance of
investigating lifestyle-based prevention strategies as broadly
applicable approaches to reducing somatic illness burden in
those at genetic risk for SMI.

DATA AVAILABILITY
Data utilised in this study are available from the UK Biobank by submitting a data
request proposal (https://www.ukbiobank.ac.uk).

CODE AVAILABILITY

Codes are available from the corresponding author upon request.

REFERENCES

1. Momen NC, Plana-Ripoll O, Agerbo E, Benros ME, Bgrglum AD, Christensen MK,
et al. Association between mental disorders and subsequent medical conditions.
New England Journal of Medicine. 2020;382:1721-31.

2. Scott KM, Lim C, Al-Hamzawi A, Alonso J, Bruffaerts R, Caldas-de-Almeida JM, et al.
Association of mental disorders with subsequent chronic physical conditions: world
mental health surveys from 17 countries. JAMA Psychiatry. 2016;73:150-8.

3. Firth J, Siddiqi N, Koyanagi A, Siskind D, Rosenbaum S, Galletly C, et al. The lancet
psychiatry commission: a blueprint for protecting physical health in people with
mental iliness. The Lancet Psychiatry. 2019;6:675-712.

4. Grassi L, Riba M. Cancer and severe mental illness: Bi-directional problems and
potential solutions. Psycho-Oncology. 2020;29:1445-51.

5. Jang S. Temporal and bidirectional association of depression and physical ill-
nesses: analyzing the pooled data from independently conducted cross-sectional
national surveys at three distinct time points. J Psychosom Res. 2024;179:111614.

6. Wang L-Y, Chen S-F, Chiang J-H, Hsu C-Y, Shen Y-C. Autoimmune diseases are
associated with an increased risk of schizophrenia: A nationwide population-
based cohort study. Schizophr Res. 2018;202:297-302.

7. De Hert M, Correll CU, Bobes J, Cetkovich-Bakmas M, Cohen D, Asai |, et al.
Physical illness in patients with severe mental disorders. I. prevalence, impact of
medications and disparities in health care. World Psychiatry. 2011;10:52-77.

8. De Hert M, Cohen D, Bobes J, Cetkovich-Bakmas M, Leucht S, Ndetei DM, et al.
Physical illness in patients with severe mental disorders. Il. Barriers to care,
monitoring and treatment guidelines, plus recommendations at the system and
individual level. World Psychiatry. 2011;10:138-51.

9. Chen C, Chang Z, Kuja-Halkola R, D'Onofrio BM, Larsson H, Andell P, et al.
Associations between general and specific mental health conditions in young
adulthood and cardiometabolic complications in middle adulthood: A 40-year

Translational Psychiatry (2026)16:532


https://www.ukbiobank.ac.uk

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

longitudinal familial coaggregation study of 672 823 Swedish individuals. Eur
Psychiatry. 2023;66:567-S68.

. Richmond-Rakerd LS, D'Souza S, Milne BJ, Caspi A, Moffitt TE. Longitudinal

associations of mental disorders with dementia: 30-year analysis of 1.7 million
New Zealand citizens. JAMA Psychiatry. 2022;79:333-40.

. Momen NC, @stergaard SD, Heide-Jorgensen U, Serensen HT, McGrath JJ, Plana-

Ripoll O. Associations between physical diseases and subsequent mental dis-
orders: a longitudinal study in a population-based cohort. World Psychiatry.
2024;23:421-31.

. Hjorthgj C, Sturup AE, McGrath JJ, Nordentoft M. Years of potential life lost and

life expectancy in schizophrenia: a systematic review and meta-analysis. The
Lancet Psychiatry. 2017;4:295-301.

. Olfson M, Gerhard T, Huang C, Crystal S, Stroup TS. Premature mortality among

adults with schizophrenia in the United States. JAMA psychiatry. 2015;72:
1172-81.

. Walker ER, McGee RE, Druss BG. Mortality in mental disorders and global disease

burden implications: a systematic review and meta-analysis. JAMA psychiatry.
2015;72:334-41.

. Pizzol D, Trott M, Butler L, Barnett Y, Ford T, Neufeld SAS, et al. Relationship

between severe mental iliness and physical multimorbidity: a meta-analysis and
call for action. BMJ Ment Health. 2023;26:€300870.

. Laursen TM, Plana-Ripoll O, Andersen PK, McGrath JJ, Toender A, Nordentoft M,

et al. Cause-specific life years lost among persons diagnosed with schizophrenia:
Is it getting better or worse?. Schizophr Res. 2019;206:284-90.

. Cremaschi L, Kardell M, Johansson V, Isgren A, Sellgren CM, Altamura AC, et al.

Prevalences of autoimmune diseases in schizophrenia, bipolar | and Il disorder,
and controls. Psychiatry Res. 2017;258:9-14.

. Gao Y-H, Zhao H-S, Zhang F-R, Gao Y, Shen P, Chen R-C, et al. The relationship

between depression and asthma: a meta-analysis of prospective studies. PLoS
ONE. 2015;10:0132424.

. Glanville KP, Coleman JRI, O'Reilly PF, Galloway J, Lewis CM. Investigating

pleiotropy between depression and autoimmune diseases using the UK biobank.
Biological Psychiatry Global Open Science. 2021;1:48-58.

Kim K, Kim S, Myung W, Shim |, Lee H, Kim B, et al. Shared genetic background
between parkinson’s disease and schizophrenia: a two-sample mendelian ran-
domization study. Brain Sci. 2021;11:1042.

Kim S, Kim K, Myung W, Lee H, Kim H, Kim DK, et al. Two-sample mendelian
randomization study for schizophrenia and breast cancer. Precision and Future
Medicine. 2020;4:21-30.

Lu Y, Wang Z, Georgakis MK, Lin H, Zheng L. Genetic liability to depression and
risk of coronary artery disease, myocardial infarction, and other cardiovascular
outcomes. Journal of the American Heart Association. 2021;10:e017986.

Wang S, Mao S, Xiang D, Fang C. Association between depression and the sub-
sequent risk of Parkinson’s disease: a meta-analysis. Progress in Neuro-
Psychopharmacology and Biological Psychiatry. 2018;86:186-92.

Wray NR, Ripke S, Mattheisen M, Trzaskowski M, Byrne EM, Abdellaoui A, et al.
Genome-wide association analyses identify 44 risk variants and refine the genetic
architecture of major depression. Nat Genet. 2018;50:668-81.

Mullins N, Forstner AJ, O’Connell KS, Coombes B, Coleman JRI, Qiao Z, et al.
Genome-wide association study of more than 40,000 bipolar disorder cases
provides new insights into the underlying biology. Nat Genet. 2021;53:
817-29.

Trubetskoy V, Pardifias AF, Qi T, Panagiotaropoulou G, Awasthi S, Bigdeli TB, et al.
Mapping genomic loci implicates genes and synaptic biology in schizophrenia.
Nature. 2022;604:502-8. https://doi.org/10.1038/541586-022-04434-5.

Collister JA, Liu X, Clifton L. Calculating polygenic risk scores (PRS) in UK biobank:
a practical guide for epidemiologists. Front Genet. 2022;13:818574.

Kvaavik E, Batty GD, Ursin G, Huxley R, Gale CR. Influence of individual and
combined health behaviors on total and cause-specific mortality in men and
women: the United Kingdom health and lifestyle survey. Arch Intern Med.
2010;170:711-8.

Loef M, Walach H. The combined effects of healthy lifestyle behaviors on all cause
mortality: A systematic review and meta-analysis. Prev Med. 2012;55:163-70.
Colpani V, Baena CP, Jaspers L, van Dijk GM, Farajzadegan Z, Dhana K, et al.
Lifestyle factors, cardiovascular disease and all-cause mortality in middle-aged
and elderly women: a systematic review and meta-analysis. Eur J Epidemiol.
2018;33:831-45.

Kolb H, Martin S. Environmental/lifestyle factors in the pathogenesis and pre-
vention of type 2 diabetes. BMC Med. 2017;15:131.

Kivipelto M, Mangialasche F, Ngandu T. Lifestyle interventions to prevent cog-
nitive impairment, dementia and Alzheimer disease. Nat Rev Neurol.
2018;14:653-66.

Kerr J, Anderson C, Lippman SM. Physical activity, sedentary behaviour, diet, and
cancer: an update and emerging new evidence. Lancet Oncol. 2017;18:
e457-e471.

Translational Psychiatry (2026)16:532

U. Isayeva et al.

34,

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Zhang N, Liu X, Wang L, Zhang Y, Xiang Y, Cai J, et al. Lifestyle factors and their
relative contributions to longitudinal progression of cardio-renal-metabolic
multimorbidity: a prospective cohort study. Cardiovasc Diabetol. 2024;23:265.
Vodovotz Y, Barnard N, Hu FB, Jakicic J, Lianov L, Loveland D, et al. Prioritized
research for the prevention, treatment, and reversal of chronic disease: recom-
mendations from the lifestyle medicine research summit. Front Med.
2020;7:585744.

Huston P. A sedentary and unhealthy lifestyle fuels chronic disease progression
by changing interstitial cell behaviour: a network analysis. Front Physiol.
2022;13:904107.

Sullivan PF, Geschwind DH. Defining the genetic, genomic, cellular, and diag-
nostic architectures of psychiatric disorders. Cell. 2019;177:162-83.

Mazereel V, Detraux J, Vancampfort D, van Winkel R, De Hert M. Impact of
psychotropic medication effects on obesity and the metabolic syndrome in
people with serious mental illness. Front Endocrinol. 2020;11:573479.
Moreno-Kustner B, Martin C, Pastor L. Prevalence of psychotic disorders and its
association with methodological issues. A systematic review and meta-analyses.
PLoS ONE. 2018;13:e0195687.

Charlson FJ, Ferrari AJ, Santomauro DF, Diminic S, Stockings E, Scott JG, et al.
Global epidemiology and burden of schizophrenia: findings from the global
burden of disease study 2016. Schizophr Bull. 2018;44:1195-203.

Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, et al. The UK biobank
resource with deep phenotyping and genomic data. Nature. 2018;562:203-9.
Collins R. UK biobank: protocol for a large-scale prospective epidemiological
resource.  2007.  https://www.ukbiobank.ac.uk/media/3sbeknnz/ukbiobank_
protocol.pdf.

Thompson DJ, Wells D, Selzam S, Peneva |, Moore R, Sharp K, et al. UK Biobank
release and systematic evaluation of optimised polygenic risk scores for 53 dis-
eases and quantitative traits. MedRxiv. 2022:2022-06.

Thompson DJ, Wells D, Selzam S, Peneva |, Moore R, Sharp K, et al. A systematic
evaluation of the performance and properties of the UK Biobank polygenic risk
score (PRS) release. PLoS ONE. 2024;19:e0307270.

Lourida I, Hannon E, Littlejohns TJ, Langa KM, Hyppdnen E, Kuzma E, et al.
Association of lifestyle and genetic risk with incidence of dementia. JAMA.
2019;322:430.

Cao Z, Yang H, Ye Y, Zhang Y, Li S, Zhao H, et al. Polygenic risk score, healthy
lifestyles, and risk of incident depression. Transl Psychiatry. 2021;11:1-9.
Rutten-Jacobs LC, Larsson SC, Malik R, Rannikmae K, MEGASTROKE Consortium,
International Stroke Genetics Consortium, et al. Genetic risk, incident stroke, and
the benefits of adhering to a healthy lifestyle: cohort study of 306 473 UK Bio-
bank participants. BMJ. 2018;363:k4168.

Wu M-K, Wang HY, Chen YW, Lin PY, Wu CK, Tseng PT. Significantly higher
prevalence rate of asthma and bipolar disorder co-morbidity: a meta-analysis and
review under PRISMA guidelines. Medicine. 2016;95:3217.

Correll CU, Solmi M, Veronese N, Bortolato B, Rosson S, Santonastaso P, et al.
Prevalence, incidence and mortality from cardiovascular disease in patients with
pooled and specific severe mental illness: a large-scale meta-analysis of 3,211,768
patients and 113,383,368 controls. World Psychiatry. 2017;16:163-80.

Jeppesen R, Benros ME. Autoimmune diseases and psychotic disorders. Front
Psychiatry. 2019;10:131.

Hackinger S, Prins B, Mamakou V, Zengini E, Marouli E, Br¢i¢ L, et al. Evidence for
genetic contribution to the increased risk of type 2 diabetes in schizophrenia.
Transl Psychiatry. 2018;8:1-10.

Jia Y, Li F, Liu YF, Zhao JP, Leng MM, Chen L. Depression and cancer risk: a
systematic review and meta-analysis. Public Health. 2017;149:138-48.

Hsu J-H, Chien I-C, Lin C-H. Increased risk of chronic liver disease in patients with
bipolar disorder: A population-based study. Gen Hosp Psychiatry. 2016;42:54-59.
Mutz J, Roscoe CJ, Lewis CM. Exploring health in the UK Biobank: associations
with sociodemographic characteristics, psychosocial factors, lifestyle and envir-
onmental exposures. BMC Med. 2021;19:240.

Allen NE, Lacey B, Lawlor DA, Pell JP, Gallacher J, Smeeth L, et al. Prospective
study design and data analysis in UK Biobank. Sci. Transl. Med. 2024;16:eadf4428.
Schisterman EF, Cole SR, Platt RW. Overadjustment bias and unnecessary
adjustment in epidemiologic studies. Epidemiology. 2009;20:488.

Livingstone KM, Abbott G, Ward J, Bowe SJ. Unhealthy lifestyle, genetics and risk
of cardiovascular disease and mortality in 76,958 individuals from the UK biobank
cohort study. Nutrients. 2021;13:4283.

Rubin DB, Schenker N. Multiple imputation in health-are databases: An overview
and some applications. Stat Med. 1991;10:585-98.

Lee JH, Huber JC Jr. Evaluation of multiple imputation with large proportions of
missing data: how much is too much?. Iran J Public Health. 2021;50:1372.
White IR, Carlin JB. Bias and efficiency of multiple imputation compared with
complete-case analysis for missing covariate values. Stat Med. 2010;29:2920-31.
White IR, Royston P, Wood AM. Multiple imputation using chained equations:
issues and guidance for practice. Stat Med. 2011;30:377-99.

SPRINGER NATURE


https://doi.org/10.1038/s41586-022-04434-5
https://www.ukbiobank.ac.uk/media/3sbeknnz/ukbiobank_protocol.pdf
https://www.ukbiobank.ac.uk/media/3sbeknnz/ukbiobank_protocol.pdf

U. Isayeva et al.

10

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

. R Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing. 2024. https://www.r-project.org/.

Chan KH, Wright N, Xiao D, Guo Y, Chen Y, Du H, et al. Tobacco smoking and risks
of more than 470 diseases in China: a prospective cohort study. The Lancet Public
Health. 2022;7:e1014-e1026.

Dibben GO, Gardiner L, Young HML, Wells V, Evans RA, Ahmed Z, et al. Evidence
for exercise-based interventions across 45 different long-term conditions: an
overview of systematic reviews. eClinicalMedicine. 2024;72:102599.

Fukushima N, Kikuchi H, Sato H, Sasai H, Kiyohara K, Sawada SS, et al. Dose-
response relationship of physical activity with all-cause mortality among older
adults: an umbrella review. J Am Med Dir Assoc. 2024;25:417-30.

Thompson AS, Tresserra-Rimbau A, Karavasiloglou N, Jennings A, Cantwell M, Hill
C, et al. Association of healthful plant-based diet adherence with risk of mortality
and major chronic diseases among adults in the UK. JAMA Netw Open.
2023;6:234714.

Smyth A, Teo KK, Rangarajan S, O'Donnell M, Zhang X, Rana P, et al. Alcohol
consumption and cardiovascular disease, cancer, injury, admission to hospital,
and mortality: a prospective cohort study. The Lancet. 2015;386:1945-54.

Lee SN, Yun J-S, Ko S-H, Ahn Y-B, Yoo K-D, Her S-H, et al. Impacts of gender and
lifestyle on the association between depressive symptoms and cardiovascular
disease risk in the UK Biobank. Sci Rep. 2023;13:10758.

Zhang Y-B, Pan X-F, Chen J, Cao A, Zhang Y-G, Xia L, et al. Combined lifestyle
factors, incident cancer, and cancer mortality: a systematic review and meta-
analysis of prospective cohort studies. Br J Cancer. 2020;122:1085-93.

Deng Y, Yang Q, Hao C, Wang HH, Ma T, Chen X, et al. Combined lifestyle factors
and metabolic syndrome risk: a systematic review and meta-analysis. Int J Obes.
2025;49:226-36.

Littlejohns TJ, Travis RC, Key TJ, Allen NE. Lifestyle factors and prostate-specific
antigen (PSA) testing in UK biobank: implications for epidemiological research.
Cancer Epidemiol. 2016;45:40-46.

Ku H, Lee E-K, Lee K-U, Lee M-Y, Kwon J-W. Higher prevalence of dementia in
patients with schizophrenia: A nationwide population-based study. Asia-Pacific
Psychiatry. 2016;8:145-53.

Tao F, Deng S, Zhuo B, Liu J, Liang X, Shi J, et al. Causal relationship between
schizophrenia and five types of dementia: A bidirectional two-sample Mendelian
randomization study. PLoS ONE. 2025;20:€0322752.

Li C, Pang D, Lin J, Yang T, Shang H. Shared genetic links between frontotemporal
dementia and psychiatric disorders. BMC Med. 2022;20:131.

Stroup TS, Olfson M, Huang C, Wall MM, Goldberg T, Devanand DP, et al. Age-
Specific Prevalence and Incidence of Dementia Diagnoses Among Older US
Adults With Schizophrenia. JAMA Psychiatry. 2021;78:632-41.

Cai L, Huang J. Schizophrenia and risk of dementia: a meta-analysis study. NDT.
2018;14:2047-55.

Benros, ME & Mortensen, PB Role of Infection, Autoimmunity, Atopic Disorders,
and the Immune System in Schizophrenia: Evidence from Epidemiological and
Genetic Studies. in Neuroinflammation and Schizophrenia (eds Khandaker, GM,
Meyer, U & Jones, PB) 141-59 (Springer International Publishing, Cham, 2020).
https://doi.org/10.1007/7854_2019_93.

Pedersen MS, Benros ME, Agerbo E, Barglum AD, Mortensen PB. Schizophrenia in
patients with atopic disorders with particular emphasis on asthma: a danish
population-based study. Schizophr Res. 2012;138:58-62.

Suetani S, Honarparvar F, Siskind D, Hindley G, Veronese N, Vancampfort D, et al.
Increased rates of respiratory disease in schizophrenia: A systematic review and
meta-analysis including 619,214 individuals with schizophrenia and 52,159,551
controls. Schizophr Res. 2021;237:131-40.

Ward M, Druss B. The epidemiology of diabetes in psychotic disorders. The
Lancet Psychiatry. 2015;2:431-51.

Perry B, Jones HJ, Richardson TG, Zammit S, Wareham NJ, Lewis G, et al. Com-
mon mechanisms for type 2 diabetes and psychosis: Findings from a prospective
birth cohort. Schizophr Res. 2020;223:227-35.

Bergstedt J, Kéiv K, Jangmo A, Haram M, Jaholkowski PP, Treur JL, et al. Asso-
ciation of polygenic risk for psychiatric disorders with cardiometabolic disease.
2025. Preprint at https://doi.org/10.1101/2025.03.11.25323757.

Perry Bl, Bowker N, Burgess S, Wareham NJ, Upthegrove R, Jones PB, et al. Evi-
dence for shared genetic aetiology between schizophrenia, cardiometabolic, and
inflammation-related traits: genetic correlation and colocalization analyses.
Schizophr Bull Open. 2022;3:5gac001.

Arruda AL, Khandaker GM, Morris AP, Smith GD, Huckins LM, Zeggini E. Genomic
insights into the comorbidity between type 2 diabetes and schizophrenia.
Schizophr. 2024;10:1-12.

Zhang R, Sjolander A, Ploner A, Lu D, Bulik CM, Bergen SE. Novel disease asso-
ciations with schizophrenia genetic risk revealed in ~400,000 UK biobank parti-
cipants. Mol Psychiatry. 2022;27:1448-54.

Kappel DB, Smart SE, Owen MJ, O'Donovan MC, Pardinas AF, Walters JT. Asso-
ciation between genetic liability to physical health conditions and comorbidities

SPRINGER NATURE

in individuals with severe mental illness: an analysis of two cross-sectional
observational studies in the UK. The Lancet Psychiatry. 2025;12:447-56.

87. Li Z, Chen P, Chen J, Xu Y, Wang Q, Li X, et al. Glucose and insulin-related traits,
type 2 diabetes and risk of schizophrenia: a mendelian randomization study.
EBioMedicine. 2018;34:182-8.

88. Cai L, Sun Y, Liu Y, Chen W, He L, Wei DQ. Evidence that the pituitary gland
connects type 2 diabetes mellitus and schizophrenia based on large-scale trans-
ethnic genetic analyses. J Trans| Med. 2022;20:501.

89. Zhang Q, Wu K-H, He J-Y, Zeng Y, Greenbaum J, Xia X, et al. Novel common
variants associated with obesity and type 2 diabetes detected using a cFDR
method. Sci Rep. 2017;7:16397.

90. Calkin CV, Gardner DM, Ransom T, Alda M. The relationship between bipolar
disorder and type 2 diabetes: more than just co-morbid disorders. Ann Med.
2013;45:171-81.

91. Kittel-Schneider S, Bury D, Leopold K, Haack S, Bauer M, Pfeiffer S, et al. Pre-
valence of prediabetes and diabetes mellitus type Il in bipolar disorder. Front
Psychiatry. 2020;11:314.

92. Sharma AN, Bauer IE, Sanches M, Galvez JF, Zunta-Soares GB, Quevedo J, et al.
Common biological mechanisms between bipolar disorder and type 2 diabetes:
focus on inflammation. Prog Neuropsychopharmacol Biol Psychiatry.
2014;54:289-98.

93. Miola A, Alvarez-Villalobos NA, Ruiz-Hernandez FG, De Filippis E, Veldic M, Prieto
ML, et al. Insulin resistance in bipolar disorder: A systematic review of illness
course and clinical correlates. J Affect Disord. 2023;334:1-11.

94. Galling B, Roldan A, Nielsen RE, Nielsen J, Gerhard T, Carbon M, et al. Type 2
diabetes mellitus in youth exposed to antipsychotics: a systematic review and
meta-analysis. JAMA Psychiatry. 2016;73:247-59.

95. Pillinger T, McCutcheon RA, Vano L, Mizuno Y, Arumuham A, Hindley G, et al.
Comparative effects of 18 antipsychotics on metabolic function in patients with
schizophrenia, predictors of metabolic dysregulation, and association with psy-
chopathology: a systematic review and network meta-analysis. The Lancet Psy-
chiatry. 2020;7:64-77.

96. Charles EF, Lambert CG, Kerner B. Bipolar disorder and diabetes mellitus: evi-
dence for disease-modifying effects and treatment implications. Int J Bipolar
Disord. 2016;4:13.

97. VanderWeele TJ, Knol MJ. A tutorial on interaction. Epidemiologic methods.
2014;3:33-72.

98. Krapohl E, Patel H, Newhouse S, Curtis CJ, von Stumm S, Dale PS, et al. Multi-
polygenic score approach to trait prediction. Mol Psychiatry. 2018;23:1368.

99. Neumann A, Jolicoeur-Martineau A, Szekely E, Sallis HM, O'Donnel K, Greenwood
CMT, et al. Combined polygenic risk scores of different psychiatric traits predict
general and specific psychopathology in childhood. Journal of Child Psychology
and Psychiatry. 2022;63:636-45.

ACKNOWLEDGEMENTS

This research analysed data provided by the UK Biobank via application 54176. We
thank the UK Biobank team and participants for making this valuable resource
possible. We appreciate the resources and the platform provided by the High-
Performance Computing system of University Medical Center Utrecht.

AUTHOR CONTRIBUTIONS
Ul, JL, and MM conceived and designed the study. Ul performed the data preparation,
data analysis, and interpretation, and drafted the manuscript. BL and NDB
contributed to parts of the analysis code. SG, NDB, BR, and DL provided critical
revisions of the manuscript. JL and MM supervised the study. All authors reviewed
and approved the final manuscript.

FUNDING

This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors. Dr B. D Lin is supported in part by 2025 NARSAD
Young Investigator Grant (34044) from Brain and Behavior Research Foundation.

COMPETING INTERESTS

The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The North West Multi-centre Research Ethics Committee provided ethical approval
for the UK Biobank project (REC reference: 11/NW/03820). All participants provided
written informed consent before recruitment. The present analyses were conducted

Translational Psychiatry (2026)16:532


https://www.r-project.org/
https://doi.org/10.1007/7854_2019_93
https://doi.org/10.1101/2025.03.11.25323757

using the UK Biobank resource under application number 54176. The study complied
with the Declaration of Helsinki.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541398-026-04332-8.

Correspondence and requests for materials should be addressed to Ulker Isayeva or
Jurjen J. Luykx.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Translational Psychiatry (2026)16:532

U. Isayeva et al.

@@@@ Open Access This article is licensed under a Creative Commons
e Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if you modified
the licensed material. You do not have permission under this licence to share adapted
material derived from this article or parts of it. The images or other third party material in
this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by-nc-nd/4.0/.

© The Author(s) 2026

SPRINGER NATURE

11


https://doi.org/10.1038/s41398-026-04332-8
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Associations between lifestyle, genetic liability for severe mental illness and risk of incident somatic illnesses
	Introduction
	Methods and materials
	Study population
	Exposures
	Polygenic risk scores
	Healthy lifestyle factors
	Outcomes

	Statistical analysis

	Results
	Study population characteristics
	Associations between lifestyle categories and incidence of somatic illnesses
	Associations between individual lifestyle factors and incidence of somatic illnesses
	Associations between genetic risk for SMI and incidence of somatic illnesses
	Joint effects and interaction models between lifestyle factors and genetic risk for SCZ and BD
	Results from sensitivity analyses

	Discussion
	Data availability
	Code availability
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ACKNOWLEDGMENTS
	ADDITIONAL INFORMATION




