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ABSTRACT

Background Chronic inflammation is associated

with psychiatric disorders. If inflammation is linked
mechanistically to mental health, people living with
chronic inflammatory conditions may experience mental
health issues at higher rates than others.

Objective To test this hypothesis, we analysed data
from 1 563 155 adults living in the UK within the
newly launched UK-wide Our Future Health research
cohort.

Methods Participants were split between two groups:
people with self-reported lifetime diagnoses of six
autoimmune conditions (n=37 808) and those without
these diagnoses (n=1 525 347).

Findings Lifetime prevalence (95% Cl) of self-
reported lifetime diagnoses of any affective disorder
(depression, bipolar disorder, anxiety) was significantly
higher (p<0.001) among people with autoimmune
conditions (28.8% (28.4% to 29.3%)) than in the
general population (17.9% (17.8% to 18.0%)),

with similar trends observed for individual affective
disorders. Prevalence of current depressive symptoms
(9-item Patient Health Questionnaire (PHQ-9) =10,
31.7% vs 23.4%) and current anxiety symptoms (7-
item Generalised Anxiety Disorder Scale (GAD-7) =8,
28.1% vs 21.6%) was also higher among people with
autoimmune conditions. Odds of experiencing affective
disorders, calculated using logistic regression models,
were significantly higher in this group compared with
the general population (OR (95% CI) = 1.86 (1.82 to
1.90), p<0.001), and these odds remained elevated
when adjusting for the effects of age, sex, ethnicity
(OR=1.75(1.71 to 1.79), p<0.001) and additionally, for

household income, parental history of affective disorders,

chronic pain status and frequency of social interactions
(OR=1.48 (1.44 t0 1.52), p<0.001).

Conclusions Overall, the risk of affective disorders
among people living with autoimmune conditions was
nearly twice that of the general population.

Clinical implications Although the observational
design of this study does not allow for direct inference
of causal mechanisms, this analysis of a large

national dataset suggests that chronic exposure to
systemic inflammation may be linked to a greater

risk for affective disorders. Future work should seek
to investigate potential causal mechanisms for these
associations.

, Duncan Swiffen, Christina Steyn,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Chronic inflammation is linked to an increased
risk for psychiatric disorders. In the absence
of direct measurements of inflammation, the
presence of an autoimmune condition may be
considered an indirect indicator of exposure to
chronic inflammation.

WHAT THIS STUDY ADDS

= Using a large research cohort representative
of the UK population, we find that the risk for
affective disorders (depression, bipolar disorder
and anxiety) is nearly twice among people
with autoimmune conditions compared with
the general population. The risk for affective
disorders is also greater in women than in men
with the same physical health conditions.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Regular screening for mental health conditions
may be integrated into clinical care for people
who are diagnosed with autoimmune diseases,
and especially women with these diagnoses, to
enable early detection of affective disorders and
delivery of tailored mental health interventions.

BACKGROUND

A growing body of evidence suggests that inflam-
mation may be linked to mental health outcomes.
For instance, increased concentrations of periph-
eral biomarkers of inflammation, such as C-reac-
tive protein (CRP) and interleukin-6 (IL-6), are
associated with future symptoms of depression, and
decrease with antidepressant treatment.' Inflamma-
tory biomarkers are also elevated in people with
bipolar disorder, but concentrations may fluctuate
across illness phase, with the highest concentrations
of CRP observed during the manic phase.” Simi-
larly, people with generalised anxiety disorder may
also have higher concentrations of inflammatory
biomarkers than healthy controls.® Differences in
other measures indicative of inflammation—such
as NLRP3 inflammasome activation in blood and
microglial activation in the brain—have also been
observed between people with and without psychi-
atric conditions.*’
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Evidence for a mechanistic relationship between inflammation
and psychiatric disorders has been found in some interventional
studies. As noted above, administration of standard pharmaco-
logical treatments for anxiety or depression is associated with
a decrease in concentrations of inflammatory biomarkers.®’
Conversely, administration of adjunctive anti-inflammatory ther-
apies results in modest, but significant, improvements in symp-
toms among people with mood disorders such as depression and
bipolar disorder.® Therefore, inflammation may play a role in
the pathogenesis of mental health conditions, including mood
and anxiety disorders.

Not all studies in immunopsychiatry find a clear link between
inflammation and mental ill health.” Heterogeneity in findings
may at least partly be attributed to low statistical power, leading
to limited reproducibility of results. Only large samples (such as
n>1000) are sufficiently powered to detect associations between
inflammatory biomarkers and psychiatric outcomes, such as
depression symptom severity.'” However, carrying out inflam-
matory biomarker quantification for a large number of partici-
pants is typically not feasible due to high costs. Similarly, clinical
trials in immunopsychiatry tend to have smaller sample sizes due
to the time, finances and resources required to assess inflam-
matory biomarkers and mental health outcomes repeatedly.
Large, population-based, observational research cohorts may
help address some of these limitations by providing sufficient
statistical power to test for associations between inflammatory
exposures and psychiatric outcomes, even when biomarkers of
inflammation are not directly measured in these cohorts.

Our Future Health (OFH) is a recently established population-
wide prospective cohort in the UK, which aims to recruit a sample
of 5 million adults representative of the UK population. As of
early 2025, OFH had enrolled over 1.5 million adults for base-
line visits, making it the largest consented health-related research
cohort in the world.'" At baseline, participants completed an
online questionnaire asking about demographic information,
demographic and family history and self-reported health infor-
mation, and underwent physical health measurements (such as
height, weight, blood pressure and heart rate) at an in-person
clinic visit. The cohort has also collected bio-banked blood
samples from participants during the clinic visit, from which
genotype data are already available, and further biomarker data
may become available in future. Finally, linked health records
from the National Health Service (NHS) in England is also avail-
able for the majority of participants.

Autoimmune conditions are physical health conditions char-
acterised by self-reactive adaptive immune components (auto-
immunity) and clinical pathology.'* Chronic and pathogenic
immune activation—including the presence of autoantibodies,
autoreactive T cells and inflammatory biomarkers—is a hall-
mark of many autoimmune conditions.”® Treatments for these
conditions seek to suppress the (auto)inflammatory response,
such as by blocking the signalling pathways of key inflammatory
cytokines.' In the absence of direct measurements of inflam-
matory biomarkers, the presence of an autoimmune condition
may therefore be considered an indirect indicator of chronic
inflammation.

OBJECTIVE

In the current study, we sought to leverage the breadth and
depth of data available within OFH to explore associations
between chronic inflammation and mental health outcomes. Our
primary objectives were to evaluate the prevalence of affective
disorders (depression, bipolar disorder and anxiety disorder)

among people diagnosed with autoimmune conditions (as a
proxy for exposure to chronic inflammation) and to quantify
the excess risk of experiencing affective disorders in this group
compared with the general population. We hypothesised that the
prevalence of affective disorders would be significantly higher
among people with autoimmune conditions than in the general
population.

METHODS

Participants

Participants were adults (aged 18 years or older) living in the
UK who registered to join the OFH cohort. Participants were
recruited through open, volunteer-based recruitment beginning
in October 2022 in England only, and subsequently expanded to
Scotland in June 2024 and Wales in September 2024. Recruit-
ment was carried out primarily through postal invitations,
although eligible individuals could also volunteer to join through
the cohort website (www.ourfuturehealth.org.uk) without a
formal invitation.

Ethics approval

All participants provided electronic informed consent to take
part in the study, and all procedures involving human partici-
pants received ethical approval from the Cambridge East NHS
Research Ethics Committee (ref: 21/EE/0016).

Measures

Participants completed a baseline health questionnaire electroni-
cally to provide personal, sociodemographic, health and lifestyle
information. Demographic information collected from partici-
pants included sex, ethnicity and household income. The age
of participants at the time of completing the questionnaire was
calculated as the difference (in years) between the year of consent
and the year of birth. Self-reported ethnicity from the baseline
questionnaire was recoded as follows, to align with acceptable
terminology and facilitate comparisons between groups: Black
ethnicity subgroups (separated in OFH as African or Carib-
bean) were collapsed into a single ‘Black’ ethnicity group; White
ethnicity subgroups (separated in OFH as British, Irish, Polish
and other White) were collapsed into a single “White” ethnicity
group; South Asian ethnicity subgroups (separated in OFH as
Bangladeshi, Indian and Pakistani) were collapsed into a single
‘South Asian’ ethnicity group; various combinations of ethnic
identities offered as response choices were collapsed into a single
‘Mixed or Multiple Heritage’ ethnicity group; and all other
response choices (except ‘Prefer not to say’, which was recoded
as missing data) were collapsed into a single group labelled
‘Other’.

Health information collected from participants included
self-reported diagnoses for a wide range of disorder categories,
including autoimmune and psychiatric disorders. For most cate-
gories, participants were asked the following question: “Have
you ever been diagnosed with any of the following (insert disorder
category) disorders by a doctor or other health professional?” For
psychiatric disorders, the question included a specific caveat to
ask about lifetime diagnosis: “Have you ever been diagnosed with
one or more of the following conditions by a professional, even if
you don’t have it currently?” Response options for this question
included broad diagnostic categories, including ‘Depression’,
‘Anxiety’ and ‘Bipolar disorder’. Participants were also asked the
same questions about lifetime diagnoses received by their biolog-
ical parents. Biological parents were classified as having a history
of affective disorders if they were reported as having received
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a diagnosis of at least one of: depression, bipolar disorder or
anxiety disorder. Participants were also asked about chronic pain
(“Have you ever experienced any of the following that interfered
with your usual activities regularly for more than 3 months?”)
with options listing type(s) of pain. These data were recoded
as a binary variable, ‘false’ if participants selected ‘none of the
above’ and ‘true’ if at least one type of pain was selected. Finally,
participants were asked how often they visit (or are visited by)
friends or family, and this data was recoded to an ordinal scale as
a measure of their degree of social isolation.

In the current study, we classified participants with self-
reported diagnoses of at least one of six autoimmune condi-
tions (rheumatoid arthritis, Graves’ syndrome, inflammatory
bowel disease, lupus, multiple sclerosis and psoriasis) as having
‘any autoimmune disorder’. Participants who responded to the
question about autoimmune diagnoses with ‘Other’, ‘Do not
know’, or ‘Prefer not to say’ were excluded. Participants who
selected Guillain-Barré syndrome as an autoimmune diagnosis
were also excluded, as this is not typically a chronic condition.
The remainder of participants (ie, those who selected ‘none of
the above’ for autoimmune diagnoses and those who did not
respond to the question about these diagnoses) were considered
to have no diagnoses of autoimmune disorders and included as
a reference group.

The main outcome of interest was self-reported diagnoses of
affective disorders, defined as depression, bipolar disorder, or
anxiety disorder. Participants who reported having received at
least one of these psychiatric diagnoses were classified as having
‘any affective disorder’. In addition to providing information
about lifetime diagnoses of health conditions, participants also
completed the nine-item Patient Health Questionnaire (PHQ-9)
and the seven-item Generalised Anxiety Disorder Scale (GAD-7)
within the baseline questionnaire as measures of current depres-
sive symptoms and current anxiety symptoms, respectively.
Participants with total score on the PHQ-9 =10 were classified
as having ‘current depression’, and those with total score on the
GAD-7=8 were classified as having ‘current anxiety’, based on
optimal cut-off scores identified in previous large-scale meta-
analyses.” 1

Detailed information on the full range of data collected in the
baseline health questionnaire is available on the OFH website
at this link. For the current study, we analysed data from Data
Release 10 (v10.0+ca347d7) of the OFH cohort, as part of the
approved study application OFHS 240114. In accordance with
OFH safe outputs policies, sample sizes in frequency outputs
for groups that included less than 10 individuals were redacted.
Responsibility for the interpretation of the information supplied
by OFH is the authors’ alone.

Statistical analysis

All analyses were conducted in R v.4.4.0 within the OFH Trusted
Research Environment supplied by DNAnexus. Sociodemo-
graphic characteristics were summarised using proportions (n
and %) for categorical variables, and mean and SD for contin-
uous variables. Group differences in sociodemographic char-
acteristics were assessed using Pearson’s X” test for categorical
variables and t tests for continuous variables.

Prevalence estimates with 95% confidence intervals (Cls) for
affective disorders were calculated in each study group using the
epi.conf() function in the epiR package, separately for lifetime
prevalence (using self-reported diagnoses) and current preva-
lence (using PHQ-9 and GAD-7 scores). Prevalence estimates
were also calculated separately for male and female participants.

Differences in the prevalence of affective disorders between
study groups and sexes were assessed using X* tests, for which
we report the % statistic with df and sample size.

Finally, to quantify the excess risk of affective disorders in
people with autoimmune disorders, logistic regression models
were used to calculate the odds ratios (OR) with 95% CI for the
associations between lifetime diagnoses of autoimmune condi-
tions and lifetime or current prevalence of affective disorders.
Models were sequentially adjusted for relevant sociodemo-
graphic covariates: model 1 estimated the unadjusted OR; model
2 estimated the OR when controlling for participants’ age, sex
and ethnicity; model 3 estimated the OR when controlling for
participants’ age, sex, ethnicity, household income, parental
history of affective disorders, chronic pain experience (true/
false) and degree of social isolation. Pairwise deletion was used
to exclude any observations with missing data for variables
involved in each model. The number of complete observations
thus used for each model is available in the online supplemental
tables. All p values (except those from comparison of sociode-
mographic characteristics between study groups) were corrected
for multiple comparisons using the False Discovery Rate method
(R function p.adjust with method = FDR) to yield corrected g
values.

FINDINGS

Participant characteristics

A total of n=1 563 155 adults were included in this study
(table 1), with a mean (SD) age of 53.2 (15.9) years. Just over
half (56.9%) of participants self-identified as female, and the
majority (90.2%) self-identified as White. Participants were split
across two mutually exclusive groups: people with autoimmune
conditions (n=37 808) and a reference group of people with
no autoimmune conditions (n=1 525 347). Sociodemographic
characteristics differed significantly between these study groups,
such that participants with autoimmune conditions were more
likely to be female (74.4% vs 56.5%, p<0.001). The propor-
tion of participants self-identifying as White was slightly higher
among those with autoimmune conditions than those in the
reference group (92.5% vs 90.1%, p<0.001). Participants with
autoimmune conditions were also more likely to report lifetime
diagnoses of affective disorders for their biological father (7.6%
vs 5.4%, p<0.001) and mother (15.5% vs 10.6%, p<0.001).

Lifetime prevalence of affective disorders

Lifetime prevalence (95% CI) of self-reported diagnoses of any
affective disorder was significantly higher among people with
any autoimmune disorder (28.8% (28.4% to 29.3%)) compared
with the general population (17.9% (17.8% to 18.0%), 4* (1, 1
563 155) = 2975.58, g<0.001).

Similar trends were observed for individual affective disorders
(figure 1). Lifetime prevalence of depression among people with
any autoimmune disorder (25.5% (25.0% to 25.9%)) was signifi-
cantly higher than in the general population (15.2% (15.2% to
15.3%), x* (1, 1 563 155) = 2958.99, g<0.001). Lifetime prev-
alence of anxiety among people with any autoimmune disorder
(21.2% (20.8% to 21.6%)) was significantly higher than in the
general population (12.5% (12.5% to 12.6%), ¥* (1, 1 563 155)
= 2475.31, g<0.001). Lifetime prevalence of bipolar disorder
was substantially lower than other affective disorders. Never-
theless, prevalence of bipolar disorder among people with any
autoimmune disorder (0.9% (0.8% to 1.0%)) was significantly
higher than in the general population (0.5% (0.4% to 0.5%), x*
(1,1 563 155) = 148.74, g<0.001).
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Table 1 Participant characteristics

Autoimmune conditions,

No autoimmune conditions,

Characteristic Statistic Overall, n=1563 155 n=37 808 n=1525 347 P value
Age (years) Mean (SD) 53.2 (15.9) 53.9 (14.4) 53.2 (15.9) <0.001
Sex N (%) <0.001

Female 889 658 (56.9%) 28 148 (74.4%) 861510 (56.5%)

(Missing) 863 (0.1%) 12 (0%) 851 (0.1%)
Ethnicity N (%) <0.001

Arab 3712 (0.2%) 67 (0.2%) 3645 (0.2%)

Black 19957 (1.3%) 285 (0.8%) 19672 (1.3%)

Chinese 16 624 (1.1%) 181 (0.5%) 16 443 (1.1%)

South Asian 52 684 (3.4%) 1002 (2.7%) 51682 (3.4%)

White 1409 228 (90.2%) 34962 (92.5%) 1374 266 (90.1%)

Mixed or multiple heritage 18 382 (1.2%) 463 (1.2%) 17919 (1.2%)

Other 39540 (2.5%) 787 (2.1%) 38753 (2.5%)

(Missing) 3028 (0.2%) 61 (0.2%) 2967 (0.2%)
Household income N (%) <0.001

Less than £18 000 147 439 (9.4%) 4610 (12.2%) 142 829 (9.4%)

£18 000 to £30 999 238 663 (15.3%) 6012 (15.9%) 232 651 (15.3%)

£31 000 to £51 999 321 977 (20.6%) 7886 (20.9%) 314091 (20.6%)

£52 000 to £100 000 407 118 (26%) 9202 (24.3%) 397 916 (26.1%)

Greater than £100 000 197 009 (12.6%) 4368 (11.6%) 192 641 (12.6%)

(Missing) 250 949 (16.1%) 5730 (15.2%) 245 219 (16.1%)
Father psychiatric history (true) N (%) 85 502 (5.5%) 2876 (7.6%) 82 626 (5.4%) <0.001
Mother psychiatric history (true) N (%) 166 784 (10.7%) 5847 (15.5%) 160 937 (10.6%) <0.001
PHQ-9 Score Mean (SD) 3.7(4.7) 5.3(5.7) 3.6 (4.7) <0.001
GAD-7 Score Mean (SD) 3.2 (4.4) 4.4(5.1) 3.2 (4.4) <0.001

Comparisons of sociodemographic characteristics across study groups, indicated by p values, were made using Pearson’s X tests for categorical variables and t tests for
continuous variables. Parental psychiatric history was defined as true if participants reported that their biological parent had ever received a diagnosis of depression, bipolar

disorder or anxiety.

GAD-7, 7-item Generalised Anxiety Disorder Scale; PHQ-9, 9-item Patient Health Questionnaire.

Prevalence of affective disorders separately for each of six
autoimmune conditions followed the same trends, with life-
time prevalence of depression, anxiety, bipolar disorder and
any affective disorder being significantly higher in each auto-
immune condition group compared with the general population
(figure 1). Prevalence estimates and outputs of X” tests of group
differences for all autoimmune conditions and affective disor-
ders are available in online supplemental tables 1 and 2.

Prevalence of current depressive and anxiety symptoms
Prevalence (95% CI) of current depression, defined as PHQ-9
=10, was significantly higher among people with any autoim-
mune disorder (31.7% (31.3% to 32.2%)) than in the general
population (23.4% (23.3% to 23.4%), x* (1, 1 563 155) =
1432.57, g<0.001) (figure 1). Similarly, prevalence (95% CI)
of current anxiety, defined as GAD-7 =8, was significantly
higher among people with any autoimmune disorder (28.1%
(27.7% to 28.6%)) compared with the general population
(21.6% (21.5% 21.7%), * (1,1 563 155) = 920.55, 9<0.001).
Finally, prevalence of current depression and current anxiety
separately among people with each autoimmune condition
was significantly higher than in the general population (online
supplemental tables 1 and 2).

Sex-based differences in prevalence of affective disorders

Prevalence (95% CI) of affective disorders was significantly
and consistently higher among women than among men with
the same physical health conditions (figure 2). For instance, the
lifetime prevalence of any affective disorder was considerably

higher among women with any autoimmune disorder (31.6%
(31.1% to 32.2%) vs 20.7% (19.9% to 21.5%), 1* (1, 37 796)
= 419.92, g<0.001) and women in the general population
(21.9% (21.8%, 22.0%) vs 12.7% (12.6%, 12.7%), * (1, 1 524
488) = 21 808.22, g<0.001). These sex-based differences were
also observed in the lifetime prevalence of depression, bipolar
disorder and anxiety separately. Similarly, prevalence of current
depression and current anxiety was also higher in women than in
men within each group. Exceptions to these trends included the
lifetime prevalence of depression in people with lupus (g=0.070)
and of bipolar disorder in people with rheumatoid arthritis
(9=0.186), which did not differ significantly between women
and men. The full output, comprising prevalence estimates, 95%
CI and group comparisons between men and women for all
study groups, is available in online supplemental tables 3 and 4.

Excess risk of affective disorders in people with autoimmune
conditions

Unadjusted odds (model 1) of lifetime experience of any affec-
tive disorder were significantly higher among people with any
autoimmune disorder (OR (95% CI) = 1.86 (1.82 to 1.90),
q<0.001) compared with the general population. These odds
remained elevated among people with any autoimmune disorder
when controlling for age, sex and ethnicity (model 2: aOR (95%
Cl) = 1.75 (1.71 to 1.79), g<0.001) and further controlling
for household income, parental history of psychiatric illness,
chronic pain experience and degree of social isolation (model
3: aOR (95% CI) = 1.48 (1.44 to 1.52), g<0.001). Similar
trends were observed for lifetime experiences of individual
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Figure 1  Prevalence with 95% confidence intervals (CI) of self-
reported lifetime diagnoses of any affective disorder, of each of these
disorders separately, and of current depression (PHQ-9 score =10) and
current anxiety (GAD-7 score =8). Prevalence estimates are shown

for participants with at least one of six autoimmune conditions (any
autoimmune), those with each of these six autoimmune conditions
separately, and those with no autoimmune conditions (none)
representing the general population. Horizontal dashed lines mark the
prevalence of each affective disorder in the any autoimmune (blue lines)
and none (red lines) groups for ease of comparison with other groups.
GAD-7, 7-item Generalised Anxiety Disorder Scale; IBD, inflammatory
bowel disease; PHQ-9 9-item Patient Health Questionnaire.
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Figure 2 Prevalence with 95% confidence intervals (CI) of self-
reported lifetime diagnoses of affective disorders and of current
depression (PHQ-9 score >10) and current anxiety (GAD-7 score

=8), separately for participants self-identifying as male and female.
Prevalence estimates are shown for participants with at least one of
six autoimmune conditions (any autoimmue), those with each of these
six autoimmune conditions separately, and those with no autoimmune
conditions (none) representing the general population. GAD-7, 7-item
Generalised Anxiety Disorder Scale; IBD, inflammatory bowel disease;
PHQ-9 9-item, 9-item Patient Health Questionnaire.
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Figure 3  OR with 95% confidence intervals (Cl) for experiencing
affective disorders among people with any autoimmune disorder
compared with the general population. ORs for any affective disorder,
depression, bipolar disorder and anxiety were calculated using self-
reported lifetime diagnoses, whereas ORs for current depression and
current anxiety were calculated using total scores on the PHQ-9 and
GAD-7, respectively. Model 1 estimated the unadjusted OR, model 2
was adjusted for age, sex and ethnicity, and model 3 was adjusted for
age, sex, ethnicity, household income, parental history of psychiatric
illness, chronic pain experience (true/false) and frequency of social
interactions. Horizontal dashed line represents OR=1.00. GAD-7, 7-item
Generalised Anxiety Disorder Scale; PHQ-9 9-item, 9-item Patient Health
Questionnaire.

affective disorders (figure 3), and for current depression (OR
(95% CI) = 1.95 (1.90 to 2.01), g<0.001) and current anxiety
(OR (95% CI) = 1.67 (1.62 to 1.72), g<0.001). Notably, the
fully adjusted model 3 revealed comparably elevated odds of
any affective disorder (aOR (95% CI) = 1.48 (1.44 to 1.42),
g<0.001), lifetime depression (aOR (95% CI) = 1.49 (1.45
to 1.53), ¢<0.001), lifetime bipolar disorder (aOR (95% CI)
= 1.49 (1.32 to 1.68), ¢<0.001), lifetime anxiety (aOR (95%
CI) = 1.49 (1.44 to 1.53), g<0.001) and current anxiety (aOR
(95% CI) = 1.42 (1.37 to 1.46), 9<0.001) among people with
any autoimmune disorder, whereas odds for current depression
(@OR (95% CI) = 1.67 (1.62 to 1.72), g<0.001) were higher
than for the other outcomes. Outputs from the logistic regres-
sion models, including exact OR estimates with 95% CI for all
three models across each psychiatric outcome, are available in
online supplemental table 5.

DISCUSSION

In this study involving over 1.5 million adults in the UK popu-
lation, we found that the prevalence of self-reported lifetime
diagnoses of depression, bipolar disorder and anxiety was
significantly higher among people with autoimmune conditions
than in the general population. The risk for each of these affec-
tive disorders was nearly two times higher (OR range: 1.87-
1.97) in people with autoimmune conditions, and remained
elevated when controlling for the effects of sociodemographic
variables. The prevalence of current depression and anxiety, esti-
mated from scores on screening tools for depressive (PHQ-9)
and anxiety (GAD-7) symptoms, was also higher among people
with autoimmune conditions. Together, these results support the
hypothesis that exposure to chronic inflammation may be asso-
ciated with a greater risk for affective disorders.

These findings are aligned with recent research which has
reported Dbidirectional associations between autoimmune
diseases and mental health conditions. The prevalence of affec-
tive disorders is consistently higher among people with autoim-
mune conditions such as rheumatoid arthritis,'” psoriasis'® and
inflammatory bowel disease.!” Conversely, people with mental
health conditions are also found to have higher risk for devel-
oping autoimmune conditions.”’ Effect size estimates of the
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association between affective disorders and autoimmune condi-
tions observed in our study are comparable to those in previous
studies. For instance, a recent meta-analysis, focusing on people
with systemic lupus erythematosus, reported a high prevalence of
depressive (22.4%), anxiety (12.5%) and bipolar (1.6%) disor-
ders, largely consistent with those observed in the current study
(26.1%, 20.3% and 0.9%, respectively).”! Similarly, the odds
for depression (OR=1.66)** and bipolar disorder (OR=1.54)*
among people with autoimmune conditions reported in previous
studies are comparable to those in our study. A particular strength
of our study in the context of previous research is the very large
sample size of the OFH cohort, which enabled us to quantify
these associations with unprecedented precision.

Autoimmune conditions and affective disorders are well-
recognised to be more prevalent among women than men.?* %
Our results confirm these trends in a large population-based
cohort and demonstrate that the risk for mental health condi-
tions remains consistently higher for women compared with
men across a wide range of chronic autoimmune conditions.
Although the mechanisms underlying the higher prevalence of
autoimmune conditions in women have not yet been resolved,
theories suggest that sex hormones, chromosomal factors and
differences in circulating antibodies may partly explain these sex
differences.”® Associations between inflammatory biomarkers
and mental health outcomes may also differ based on sex; for
instance, women (but not men) with depression exhibit increased
concentrations of circulating cytokines and acute phase reactants
compared with non-depressed counterparts.”’” It is therefore
possible that women may experience the compounding chal-
lenges of increased occurrence of autoimmunity and stronger
effects of immune responses on mental health, resulting in the
substantially higher prevalence of affective disorders observed
in this study.

When adjusting for sociodemographic factors, we found that
the risk for depression, bipolar disorder and anxiety in people
with autoimmune conditions was identical (aOR=1.49 for
each). This novel finding suggests that experiencing an autoim-
mune condition may result in a non-specific increase in the risk
for affective conditions, which warrants further exploration.
Additionally, we observed that people with autoimmune condi-
tions were more likely to report that their biological parents had
received diagnoses of affective disorders. Previous studies have
shown that maternal autoimmune diagnoses are associated with
an increased risk for mental illness in children,?® and conversely,
maternal mental illness is associated with increased risk for auto-
immune conditions in children.”” We observed that parental
diagnoses of affective disorders were more frequent among
people with autoimmune conditions for both biological parents,
and these associations should be investigated further.

Certain limitations of the current study are noted. The obser-
vational and cross-sectional design of the study limits any infer-
ences of causal mechanisms. No data on the time or duration
of illness were available in OFH; thus, we cannot determine
whether diagnoses of autoimmune conditions preceded, co-oc-
curred with, or followed diagnoses of affective disorders. No
direct measurements of inflammation are currently available in
OFH, and as a result, it was not possible to establish the pres-
ence, nature, chronicity or severity of inflammation among
people who reported receiving diagnoses of autoimmune condi-
tions. Although some of the autoimmune conditions included in
this group are characterised by severe and chronic inflammation
resulting in clinical presentation, it is possible that participants
with other conditions (eg, psoriasis) might have experienced
milder or more short-lived inflammation. Additionally, findings

for autoimmune conditions considered together may be influ-
enced by clinical and immunological heterogeneity across auto-
immune disorders, although we observed consistent trends
across individual disorders as well.

Moreover, although autoimmune conditions are characterised
by inflammation, other aspects of living with an autoimmune
condition (for instance, chronic pain, stigma, medication use
and functional impairment) may also be linked to an increased
risk for affective disorders. Other limitations of the current
study include the set of covariates included in logistic regression
models, which were chosen for being notable sociodemographic
determinants of risk for affective disorders but do not represent
an exhaustive set. Additionally, since the diagnoses of physical
and mental health conditions in the OFH questionnaire were
self-reported, these findings may be affected by a degree of self-
report bias. Finally, a gold standard diagnosis of lifetime affec-
tive disorder can only be achieved using a structured diagnostic
interview, but such an assessment was unfortunately not prac-
tical within OFH due to time and cost implications.

We sought to mitigate some of these limitations through our
analytical approach. The lack of a gold standard diagnosis of
affective disorders was partly mitigated by calculating preva-
lence estimates of current depression and anxiety from screening
tools, in addition to self-reported lifetime diagnoses of affective
disorders, which showed comparable trends in group differences
between people with and without autoimmune conditions. To
account for other possible aspects of living with an autoimmune
condition that may influence the risk for affective disorders,
relevant covariates, such as the experience of chronic pain and
degree of social isolation, were included in logistic regression
models. Risk for affective disorders remained elevated among
people with autoimmune conditions after inclusion of these
covariates, suggesting that this association is robust to these
factors. Our study also benefits from a large sample size resulting
in high statistical power and highly precise estimates of preva-
lence and ORs. Through intentional recruitment strategies, the
OFH programme has also ensured that the cohort is represen-
tative of the UK population—for instance with regards to sex
and ethnicity distributions. This strengthens the generalisability
of these results within the UK, although caution is needed when
extending findings to the global population.

Clinical implications

Overall, we found that the risk for affective disorders was nearly
twofold among people with autoimmune conditions compared
with the general population. This risk was also consistently
higher among women than among men. Future studies should
seek to determine whether putative biological, psychological
and social factors—for example, chronic pain, fatigue, sleep or
circadian disruptions and social isolation—may represent poten-
tially modifiable mechanisms linking autoimmune conditions
and affective disorders. Longitudinal studies may also help to
establish whether exposure to chronic inflammation precedes
the development of affective disorders, or vice versa. Addition-
ally, quantifying peripheral inflammatory biomarkers in this
cohort may help to extend the findings from the current study
by (1) confirming that people with autoimmune conditions
indeed exhibit increased concentrations of peripheral inflam-
matory biomarkers, and (2) determining whether the degree of
inflammation in people with autoimmune conditions may be
proportional to their risk of developing affective disorders. If
large panels of inflammatory biomarkers cannot be quantified
owing to resource limitations, these insights may also be gained
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by analysing biomarkers measured regularly in clinical practice,
such as CRP. When combined with evidence from future longitu-
dinal and experimental studies, findings from the current study
may have important implications for clinical practice. Regular
screening for mental health conditions may be integrated into
clinical care for people who are diagnosed with autoimmune
diseases, and especially women with these diagnoses, to enable
early detection of affective disorders and delivery of tailored
mental health interventions, including (but not limited to) adju-
vant anti-inflammatory therapies.
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