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Background
Major depressive disorder (MDD) and insulin resistance-related
conditions are major contributors to global disability. Their
co-occurrence complicates clinical outcomes, increasing
mortality and symptom severity.

Aims
In this study, we investigated the association of insulin
resistance-related conditions and related polygenic scores
(PGSs) with MDD clinical profile and treatment outcomes, using
primary care records from UK Biobank.

Method
We identified MDD cases and insulin resistance-related con-
ditions, as well as measures of depression treatment outcomes
(e.g. resistance) from the records. Clinical-demographic varia-
bles were derived from self-reports, and insulin resistance-
related PGSs were calculated using PRS-CS. Univariable analyses
were conducted to compare sociodemographic and clinical
variables of MDD cases with (IR+) and without (IR−) lifetime
insulin resistance-related conditions. Multiple regressions were
performed to identify factors, including insulin resistance-related
PGSs, potentially associated with treatment outcomes, adjusting
for confounders.

Results
Among 30 919 MDD cases, 51.95% were IR+. These had more
antidepressant prescriptions and classes utilisation and longer
treatment duration than patients without insulin resistance-
related conditions (P < 0.001). IR+ participants showed
distinctive depressive profiles, characterised by concentration

issues, loneliness and inadequacy feelings, which varied
according to the timing of MDD diagnosis relative to insulin
resistance-related conditions. After adjusting for confounders,
insulin resistance-related conditions (i.e. cardiovascular
diseases, hypertension, non-alcoholic fatty liver disease,
obesity/overweight, prediabetes and type 2 diabetes mellitus)
were associated with antidepressant non-response/resis-
tance and longer treatment duration, particularly when MDD
preceded insulin resistance-related conditions. No significant
PGS associations were found with antidepressant treatment
outcomes.

Conclusions
Our findings support an integrated treatment approach,
prioritising both psychiatric and metabolic health, and public
health strategies aimed at early intervention and prevention of
insulin resistance in MDD.
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Major depressive disorder (MDD) and insulin resistance-related
conditions rank among the leading causes of disability worldwide,
and their incidence continues to grow to epidemic proportions.1

Insulin resistance, which is characterised by diminished cellular
response to insulin in muscles, fat and liver, is a common feature
underlying cardiometabolic conditions such as type 2 diabetes
mellitus (T2DM), obesity, dyslipidaemia and cardiovascular
diseases (CVDs).2 These conditions are increasingly recognised
as significant risk factors for psychiatric disorders, notably MDD.3

The epidemiological link between MDD and insulin resistance-
related conditions is well established.4,5 The risk for insulin
resistance-related conditions is higher among patients with MDD
and, in turn, people with T2DM and obesity have up to fourfold
higher risk for MDD.3 Comorbidity with insulin resistance-related
conditions in individuals with MDD adversely affects the clinical
trajectory of depression, resulting in increased severity, greater
chronicity, and higher mortality rates.3,6

Recent studies have identified shared genetics and pathophysi-
ological mechanisms between insulin resistance and MDD,
including dysregulation of the hypothalamic–pituitary–adrenal
(HPA) axis, chronic low-grade inflammation and alterations in the
gut microbiota and neurotransmitter systems, suggesting a
bidirectional relationship where each condition may influence
the onset of the other.3,6,7 In MDD, chronic stress induces HPA axis
hyperactivation, resulting in sustained cortisol elevation that
promotes gluconeogenesis, impairs insulin-mediated glucose
uptake in peripheral tissues and elevates circulating free fatty
acids, thereby contributing to insulin resistance.8 Concurrently,
MDD-associated inflammation can disrupt insulin receptor
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signalling and contribute to metabolic dysfunction.3,8 On the
other hand, insulin resistance within the central nervous system
impairs synaptic plasticity and affects mood-regulating neuro-
transmitter systems.3,8 These shared pathophysiological mecha-
nisms have also been linked to resistance to treatments.9,10 The
first exploration of insulin’s effects in psychiatric disorders was
unfortunately linked to insulin shock therapy, introduced in the
mid-20th century as a treatment for severe psychiatric conditions;
this approach was abandoned by the 1970s, due to the lack of
therapeutic rationale and risks of prolonged hypoglycaemia and
other side-effects.11 As discussed above, in recent years the study
of insulin resistance in psychiatric disorders has been based on
solid scientific evidence coming from both epidemiological and
neurobiological studies.

Traditional antidepressant drugs are a cornerstone of MDD
management; they address imbalances of distinct neurotransmitter
systems but display inconsistent treatment efficacy. Around 60% of
treated individuals, in fact, do not reach complete clinical remission
after a full course of treatment.12 This variability in response is
partly attributed to the high clinical and pathophysiological
heterogeneity of MDD, which is not restricted to monoamine
system abnormalities;13 one of the most studied MDD subgroups is
characterised by metabolic disturbances, and it has been named
immune-metabolic depression.14 The presence of insulin
resistance-related conditions in patients with MDD results in
significant clinical challenges. The altered inflammatory and
endocrine profile in these patients might reduce the effectiveness
of standard antidepressant therapies, contributing to treatment-
resistant depression (TRD).10 Therefore, understanding the influ-
ence of insulin resistance and related conditions on antidepressant
response is essential for developing personalised treatment
strategies, which is a key goal in precision psychiatry.15 Some
antidepressants, such as monoamine oxidase inhibitors (MAOIs)
and tricyclic antidepressants (TCAs), may exacerbate metabolic
disturbances, further complicating treatment.6 This necessitates a
careful balancing, to weight the expected benefits on mental health
against the potential metabolic risks.

Genomic studies have highlighted the role of genetic
predisposition in the development of both MDD and insulin
resistance, hinting at their shared genetic aetiology.7 Polygenic
scores (PGSs) quantify the cumulative effect of genetic variants
associated with a particular trait or disease; they represent a
promising approach for studying the clinical/genetic heterogeneity
and treatment response in depression,13 heralding personalised
medicine approaches based on individual genetic profiles.

Despite growing evidence supporting a link between insulin
resistance and MDD, there is still a paucity of large-scale studies
comprehensively exploring the association between insulin
resistance-related conditions and treatment outcomes in
MDD.16,17 In particular, the temporal relationship between the
onset of insulin resistance-related conditions and MDD, and how
this sequence influences the clinical course of MDD and response to
treatment, are not well understood. This gap in knowledge hinders
possible considerations for the development of more well -tolerated
and effective treatment strategies for patients with MDD and
comorbid insulin resistance-related conditions.

The present study investigated whether insulin resistance-
related conditions and their PGSs are associated with the clinical
course of MDD or response to antidepressant treatment,
considering also which condition was diagnosed earlier. This study
leveraged data from the UK Biobank (UKB) cohort linked to
primary care records, providing the opportunity to examine these
relationships in a large population cohort.

Method

UKB cohort and linked primary care data

This study utilised data from the UKB, which is a large-scale,
prospective cohort study providing extensive genetic, lifestyle and
health data from approximately 500 000 individuals across the UK,
aged between 40 and 69 years at recruitment (2006–2010).18

Primary care data were available for ∼45% of the cohort
(230 096 participants), reflecting regional and provider variability.19

Missing or incomplete data were not imputed.
The UKB includes genotypes for 488 377 participants, who

were genotyped using the Applied Biosystems UK BiLEVE and
UKB Axiom Arrays (Thermo Fisher Scientific, Inc., Waltham, MA,
USA).18 Detailed methodologies for DNA extraction, genotyping,
quality control and imputation in UKB are reported elsewhere.19

As part of the UKB’s comprehensive data collection, primary
care data were obtained for 230 096 participants, forming the basis
of our study.19 This subset includes electronic health records
(EHRs) sourced from English, Scottish and Welsh general
practitioner practices, using various primary care information
systems (EMIS, Vision, TPP). These records include dates and
codes for primary care clinical events (e.g. consultations, diagnoses,
referrals to specialists or prescription events) coded using Read
version 2 (V2) and Clinical Terms Version 3 (CTV3 or V3), the
British National Formulary (BNF) and/or the Dictionary of
Medicines and Devices (dm+d).19 These codes were used to
identify MDD and insulin resistance-related conditions, the time at
first diagnosis and antidepressant prescriptions. In cases where
prescription or diagnosis dates were missing or implausible
(e.g. 01/01/1901, 07/07/2037), diagnostic codes were excluded
from temporal analyses but retained for non-temporal analyses to
maximise sample size, and prescription records were not consid-
ered for derivation of treatment outcome variables. Potential biases
arising from missing or incomplete primary care data are addressed
in the Discussion.

Ethics statement

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation, and with
the Helsinki Declaration of 1975 as revised in 2013. All procedures
involving human subjects/patients were approved by the Northwest
Multi-centre Research Ethics Committee (MREC), approval
no. 11/NW/0382.

Target population: MDD cases with or without insulin
resistance-related conditions

We focused on a subset of UKB participants having at least one
diagnostic record for a unipolar depressive disorder and at least one
prescription code for an antidepressant medication, excluding those
with bipolar, psychotic or substance use disorders. These data were
extracted according to the steps described in a previous work.20

Similarly, insulin resistance-related conditions were defined
based on diagnostic records. We considered the presence of at least
one primary care Read code for coronary artery disease (CAD),
cerebral ischaemia, CVDs, dyslipidaemia, polycystic ovary syn-
drome (PCOS), familiar dyslipidaemia, gestational diabetes,
hypertension, non-alcoholic fatty liver disease (NAFLD), obesity/
overweight, T2DM and Cushing’s disease. Read V2 and CTV3
codes used for the extraction of insulin resistance-related
conditions are reported in Supplementary Tables 1 and 2. These
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IR-related conditions were selected based on their established
contribution to, or pathogenic association with, metabolic
dysregulations commonly seen in IR.2,21,22

Outcomes of interest

The outcomes of interest were: (a) antidepressant non-response,
defined as ≥1 switch between different antidepressant drugs, with
each drug prescribed for at least 6 consecutive weeks, to avoid drug
switches due to side-effects; we considered a time interval between
consecutive prescriptions of no more than 14 weeks to ensure that
treatment had not been suspended, following another recent
study;20 (b) TRD, defined as ≥2 switches between different
antidepressant drugs, with each drug prescribed for at least 6
consecutive weeks, to ensure an adequate duration of treatment
before switching, and a time interval between prescriptions >14
weeks;20 and (c) overall treatment time, used as a proxy for MDD
chronicity and calculated as the sum of time windows between 2
consecutive antidepressant prescriptions (if the time interval
between 2 consecutive prescriptions was >14 weeks, otherwise it
was considered a time window free from antidepressants).

PGS computation

PGSs were estimated in the UKB using PRS-CS-auto, a Bayesian
method that applies continuous shrinkage priors on single-
nucleotide polymorphism (SNP) effect size, bypassing the need
to preselect a Genome-Wide Association Study (GWAS)
P-threshold for SNP inclusion.23 GWAS summary statistics used
for the construction of PGSs were those for body mass index (BMI),
CAD, T2DM, fasting plasma glucose (FPG), glucose levels 2 h
following oral glucose challenge (2hGlu), glycated haemoglobin
(HbA1c), high-density lipoproteins (HDL), homeostatic model
assessment of insulin resistance, low-density lipoproteins (LDL)
and triglycerides (TGL). GWAS summary statistics were selected
based on the largest GWAS sample size available, excluding UKB,
to avoid sample overlap between input and target samples
(Supplementary Table 3).

Statistical analysis

We compared individuals with MDD having or not having insulin
resistance-related comorbidities, while also considering stratifica-
tion of individuals based on the temporal sequence of MDD-first
diagnosis relative to insulin resistance-related condition-first
diagnosis, according to primary care records.

Univariable analyses were conducted using two-sample
Student’s t-test and Pearson’s χ² test, as appropriate, to examine
differences in demographic, socioeconomic, clinical and lifestyle
factors among individuals affected by MDD with and without
insulin resistance-related conditions. The variables assessed
included the age at MDD onset, follow-up duration, mean age
during follow-up, patterns of antidepressant prescription, psycho-
logical symptoms and treatment outcomes (see Supplementary
Table 4 for information on variables and their coding).
A subsequent one-way analysis of variance (ANOVA) was used
to compare these variables across three defined groups of
individuals: MDD without insulin resistance-related conditions
(IR–), MDD following diagnosis of an insulin resistance-related
condition (MDD-after-IR) and MDD diagnosis preceding insulin
resistance-related conditions (MDD-before-IR). Post hoc analyses,
employing Tukey’s honestly significant difference (HSD) test, were
conducted to identify differences between group pairs.

To examine the association of insulin resistance-related
conditions and their PGSs with treatment outcomes, we used
either multivariable linear or logistic regression models. These

analyses were adjusted for assessment centre, mean age during
follow-up, follow-up duration, sex, smoking status, Townsend
Deprivation Index and population principal components (the latter
only for PGS analyses). PGS analyses were carried out for European
individuals only (identified as in Fabbri et al20).

We quantified the variance explained in treatment non-
response or resistance using Nagelkerke’s pseudo-R2. For models
with overall treatment time as a continuous outcome, variance was
quantified using R2. The Hosmer–Lemeshow χ2 test was employed
to evaluate the goodness of fit of logistic regression models, with
P ≥ 0.05 indicating no significant difference between observed and
predicted values, suggesting an adequate model fit. While pseudo-
R2 in this study was anticipated to be low due to the multifactorial
nature of depression treatment outcomes and insulin resistance-
related traits, goodness-of-fit metrics of the Hosmer–Lemeshow
test can ensure that the predictions are reliable within the
observed data.

This study was hypothesis driven, building on prior evidence
and well established biological links between MDD and insulin
resistance-related conditions. Although not preregistered, both the
analysis plan and selection of variables analysed were informed by
previous literature.3,20,24 To minimise the risk of type I errors due to
multiple testing, a stringent Bonferroni correction was applied (α=

0.0006), accounting for 27 predictors and 3 treatment outcomes.
All analyses were performed in R version 4.3.2 (2023-10-31) for

Linux (R Foundation for Statistical Computing, Vienna, Austria;
see https://cran.r-project.org/), with data cleaning and manipula-
tion streamlined by the R package tidyverse 2.0 for Linux (Posit,
PBC, Boston, MA, USA; see https://tidyverse.tidyverse.org/).

Results

Sociodemographic characteristics of the sample

Our study included 30 919 individuals with MDD, of whom 16 063
(51.95%) had a lifetime history of insulin resistance-related
conditions (Supplementary Table 5). The mean age during
follow-up was 56.12 years (s.d.= 8.35), with males comprising
31.8% of the cohort. A predominant majority (n= 29 581, 95.67%)
were of European descent. The most prevalent insulin resistance-
related conditions included hypertension (n= 9499, 30.74%),
obesity/overweight (n= 5243, 16.97%), CVDs (n= 3650,
11.81%), T2DM (n= 3092, 10.01%) and CAD (n= 2450, 7.92%)
(Supplementary Table 5). Of the cohort, 6357 individuals (20.56%)
received their first MDD diagnosis following an insulin resistance-
related diagnosis; conversely, 9483 (30.67%) had MDD before any
insulin resistance-related condition and 14 856 (48.05%) had no
history of insulin resistance-related conditions (Supplementary
Table 5).

Univariable analyses revealed significant sociodemographic
differences among patients with MDD when stratified by the
presence or absence of lifetime insulin resistance-related conditions
(Table 1). Patients with lifetime insulin resistance-related con-
ditions were older and more frequently male compared with those
without (Table 1). The former also reported lower levels of
education and lower socioeconomic status, as indicated by the
Townsend Deprivation Index and household income (Table 1).
Stratification by insulin resistance-related diagnosis timing relative
to MDD onset confirmed these findings (Supplementary Tables 7
and 8).

MDD clinical profile and insulin resistance

Individuals in the MDD IR+ group had a higher mean age at first
diagnosis of depression and longer duration of follow-up (Table 1).
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Table 1 Differences in sociodemographic and clinical characteristics between patients with major depressive disorder (MDD) not having a lifetime history of any insulin resistance (IR)-related condition (IR−) and those with
MDD having a history of any IR-related condition (IR+). Student’s two-sample t-tests and Pearson’s χ² tests were used for continuous and categorical variables, as appropriate

Variable IR− IR+ Test statistic P-value

Alcohol intake frequency, N (%) Daily or almost daily, 2593 (0.16)
Three or four times per week, 3107 (0.19)
Once or twice per week, 3991 (0.25)
One to three times per month/special occasions

only, 3896 (0.24)
Never, 1236 (0.07)

Daily or almost daily, 2502 (0.16)
Three or four times per week, 2752 (0.17)
Once or twice per week, 3875 (0.24)
One to three times a month/special occasions only, 4943 (0.31)
Never, 1941 (0.12)

χ2= 259.77 5.10 × 10−55

Average household income (£), N (%) >52 000, 2751 (0.17)
31 000–51 999, 3481 (0.22)
18 000–30 999, 3283 (0.20)
<18 000, 3316 (0.21)

>52 000, 1777 (0.11)
31 000–51 999, 2775 (0.17)
18 000–30 999, 3701 (0.23)
<18 000, 5080 (0.32)

χ2= 675.44 4.45 × 10−146

BMI (kg/m2), mean (s.d.) 26.21 (4.16) 30.15 (5.73) t=−69.34 <5.0 × 10−324

Age at first depression diagnosis (years), mean (s.d.) 46.29 (11.13) 49.47 (11.91) t=−24.27 6.19 × 10−129

Educational qualifications, N (%) College/university, 4603 (0.29)
A/AS-levels, 1821 (0.11)
O-levels/GCSEs/CSEs, 4444 (0.28)
NVQ/HND/
HNC/other professional qualifications, 1631 (0.10)
None of the above, 2192 (0.14)

College/university, 3554 (0.22)
A/AS-levels, 1530 (0.10)
O-levels/GCSEs/CSEs, 4323 (0.27)
NVQ/HND/
HNC/other professional qualifications, 2151 (0.13)
None of the above, 4254 (0.26)

χ2= 852.9 2.66 × 10−183

Ever had SARI prescription, prop. yes/no 0.06/0.94 0.07/0.93 χ2= 21.215 4.11 × 10−6

Ever had SNRI prescription, prop. yes/no 0.13/0.87 0.15/0.85 χ2= 32.455 1.22 × 10−8

Ever had SSRI prescription, prop. yes/no 0.86/0.14 0.84/0.16 χ2= 27.322 1.72 × 10−7

Ever had TCA prescription, prop. yes/no 0.5/0.5 0.58/0.42 χ2= 207.327 5.26 × 10−47

Ever had tetracyclic antidepressant prescription, prop. yes/no 0.13/0.87 0.16/0.84 χ2= 34.637 3.97 × 10−9

Fed-up feelings, prop. yes/no 0.64/0.36 0.67/0.33 χ2= 22.973 1.64 × 10−6

Follow-up duration (years), mean (s.d.) 38.34 (13.11) 40.85 (13.79) t=−16.37 5.22 × 10−60

Loneliness, prop. yes/no 0.35/0.65 0.38/0.62 χ2= 24.745 6.54 × 10−7

Long-standing illness, disability or infirmity, prop. yes/no 0.35/0.65 0.56/0.44 χ2= 1339.24 3.36 × 10−293

Mean age during follow-up (years), mean (s.d.) 53.54 (8.21) 58.51 (7.74) t=−54.57 <5 × 10−324

No. of antidepressant classes ever used, mean (s.d.) 1.71 (0.88) 1.84 (0.95) t=−12.01 3.64 × 10−33

No. of antidepressant prescription records, mean (s.d.) 41.86 (59.28) 56.24 (71.64) t=−19.29 1.94 × 10−82

No. of antidepressant prescription records/follow-up years, mean (s.d.) 1.26 (1.92) 1.59 (2.3) t=−14.05 1.05 × 10−44

No. of antidepressant switches, mean (s.d.) 1.77 (2.36) 2.07 (2.66) t=−10.49 1.06 × 10−25

No. of days/week of moderate physical activity, mean (s.d.) 3.6 (2.37) 3.45 (2.43) t= 5.2 1.99 × 10−7

No. of depression diagnostic records/follow-up years, mean (s.d.) 0.11 (0.23) 0.1 (0.16) t= 6.46 1.08 × 10−10

No. of SNRI prescriptions, mean (s.d.) 3.4 (21.44) 4.8 (23.99) t=−5.43 5.61 × 10−8

No. of SSRI prescriptions, mean (s.d.) 26.41 (39.23) 31.82 (46.19) t=−11.13 9.79 × 10−29

No. of TCA prescriptions, mean (s.d.) 8.79 (26.29) 14.69 (37.47) t=−16.12 3.08 × 10−58

No. of tetracyclic antidepressant prescriptions, mean (s.d.) 1.91 (12.79) 3.07 (16.21) t=−7.01 2.40 × 10−12

Overall treatment time (weeks), mean (s.d.) 184.05 (229.77) 235.98 (262.19) t=−18.55 1.97 × 10−76

Recent trouble concentrating on things, prop. yes/no 0.36/0.64 0.4/0.6 χ2= 11.784 5.97 × 10−4

Sex (M/F, prop.) 0.26/0.74 0.37/0.63 χ2= 393.075 1.77 × 10−87

Smoking status, prop. yes/no 0.47/0.53 0.53/0.47 χ2= 94.106 2.99 × 10−22

Townsend Deprivation Index, mean (s.d.) −1.27 (3.03) −0.74 (3.23) t=−14.79 2.46 × 10−49

Treatment non-response, prop. yes/no 0.2/0.8 0.25/0.75 χ2= 98.393 3.43 × 10−23

Treatment resistance, prop. yes/no 0.08/0.92 0.12/0.88 χ2= 104.245 1.79 × 10−24

Only statistically significant differences following Bonferroni correction are reported; non-significant differences are detailed in Supplementary Table 6.
Prop., proportion; BMI, body mass index; SARI, serotonin antagonist and reuptake inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant. UK educational qualifications include: College/university
degree, which covers undergraduate (Bachelor’s degrees) and postgraduate degrees (Master’s and Doctoral degrees); A/AS levels (Advanced/Advanced Subsidiary levels), qualifications typically pursued by students aged 16 to 18 as a preparatory step for university or
vocational training; GCSEs (General Certificate of Secondary Education), the primary set of examinations taken by students at the end of compulsory education around age 16, replacing the historical O-levels (Ordinary levels) and CSEs (Certificate of Secondary Education, a non-
academic track phased out in 1988 alongside O-levels); NVQ (National Vocational Qualifications), HND (Higher National Diploma) and HNC (Higher National Certificate), which are vocational qualifications offered post-secondary education to provide practical skills and training in
various fields.

Fanelliet
al

4
https://doi.org/10.1192/bjp.2025.82 Published online by Cam

bridge U
niversity Press

https://doi.org/10.1192/bjp.2025.82
https://doi.org/10.1192/bjp.2025.82


This group exhibited more frequently characteristics suggestive of
an unhealthy lifestyle, including higher rates of smoking and lower
levels of moderate physical activity, but also lower alcohol intake
frequency compared with the IR− group (Table 1). The IR+ group
also showed higher prevalence of long-term illnesses and disability,
as well as higher BMI (Table 1). BMI was highest in the MDD-after-
IR group, followed by the MDD-before-IR group (Supplementary
Table 9).

Depressive symptoms and traits also varied between groups.
The IR+ group reported more feelings of loneliness and being fed-
up, but reduced rumination over embarrassing situations, the latter
especially in the MDD-after-IR group (Table 1 and Supplementary
Tables 7 and 8). Patients in the IR+MDD-after-IR subgroup were
characterised by reduced feelings of nervousness, worry/anxiety,
guilt and sensitivity to hurt, but increased feelings of inadequacy
and concentration difficulties when compared with IR− individuals
(Supplementary Table 8). In contrast, those with pre-existing
MDD exhibited higher levels of neuroticism compared with
IR− individuals (Supplementary Table 7).

Prescription patterns

IR+ individuals had a higher rate of antidepressant prescriptions
per follow-up year, used more drug classes and had more frequent
antidepressant switches than those without any lifetime insulin
resistance-related condition (Table 1). There were also differences
in the prevalence of prescribed antidepressant classes between the
groups. Specifically, individuals prescribed serotonin antagonist
and reuptake inhibitors (SARIs, nefazodone and trazodone),
serotonin-norepinephrine reuptake inhibitors (SNRIs, duloxetine
and venlafaxine), tetracyclic antidepressants (mirtazapine) and
TCAs were more numerous in the IR+ group, while the opposite
was found for selective serotonin reuptake inhibitors (SSRIs);
however, the number of prescriptions of individual antidepressants,
including SSRIs, was higher in the IR+ group (Table 1). After
stratifying the sample based on the timing of the first diagnosis of
insulin resistance-related conditions in relation to the first MDD
diagnosis, the higher antidepressant prescription level and use of
more different antidepressant classes was particularly evident in
individuals having MDD onset before insulin resistance-related
conditions (Supplementary Tables 7 and 8). A higher number of
antidepressant switches and prescriptions of SARIs and SNRIs was
found in patients with MDD preceding insulin resistance-related
diagnoses versus the IR– group, but not in those with later MDD
diagnosis (Supplementary Tables 7 and 8). Among individuals
diagnosed with MDD following, but not preceding, an insulin
resistance-related condition, a higher proportion was prescribed
SSRIs compared with IR– individuals (Supplementary Tables 7 and
8). No differences were observed in antipsychotic use as adjunct
treatments or other antidepressant classes among the groups.

Treatment outcomes

IR+ patients had overall longer treatment duration and poorer
outcomes, including higher rates of TRD and non-response, than their
IR– counterparts (Table 1). After adjusting for confounders, specific
insulin resistance-related conditions (i.e. CVDs, CAD, hypertension,
NAFLD, obesity/overweight, prediabetes and T2DM) were associated
with increased odds of TRD and antidepressant non-response
(Fig. 1(a) and (b) and Supplementary Table 10(a) and (b)). This
pattern was consistent in both the overall sample and the subgroup of
patients who developed MDD prior to each specific insulin resistance-
related condition, but not in those who developed MDD after insulin
resistance-related conditions (Supplementary Table 11). Regarding the
chronicity of MDD, proxied by overall treatment time, a similar result
was observed. The presence of insulin resistance-related conditions

was associated with longer overall treatment time in the entire sample
(Fig. 1(c) and Supplementary Table 10(c)), especially in individuals
diagnosed with MDD before the insulin resistance-related condition
(Supplementary Table 11). Conversely, in patients who developed
MDD following insulin resistance diagnosis, a general association of
poorer treatment outcomes and overall treatment time with the
presence of any insulin resistance-related condition, rather than with
specific insulin resistance-related conditions, was observed
(Supplementary Table 12).

We did not identify any association between the PGSs of insulin
resistance-related diseases/traits and treatment outcomes or
overall treatment time; we found nominal associations (P <

0.05) with the PGS of CAD, triglycerides and BMI in certain
subgroups defined by diagnosis timing (Supplementary Tables
13–15). The R2/Nagelkerke’s pseudo-R2 values for models
predicting treatment outcomes ranged from 1.3 to 3.9%, reflecting
the multifactorial nature of depression treatment outcomes and
insulin resistance-related conditions. Despite this, the Hosmer–
Lemeshow χ2 test indicated an acceptable fit for most models
(Supplementary Tables 10–15), supporting the validity of the
observed associations.

Discussion

Overview of main findings

This study, leveraging primary care-linked data from UKB,
investigated the associations between insulin resistance-related
conditions and treatment outcomes, prescription patterns and
clinical profiles of patients with MDD. Our analyses revealed a high
prevalence of insulin resistance-related conditions among individ-
uals with a history of MDD, emphasising the need to integrate
metabolic health into psychiatric care. Those with insulin
resistance-related comorbidities showed a later age at first MDD
diagnosis, were less often female and exhibited more unhealthy
lifestyle factors. Our study is the first to utilise a large, real-world
primary care sample with EHRs and genetic information,
demonstrating the increased complexity involved in managing
depression in this population. This complexity is evidenced by a
higher number of antidepressant prescriptions, switches and
number of classes ever used among those with insulin resistance-
related comorbidities. Most notably, the presence of insulin
resistance-related conditions was associated with a higher likeli-
hood of TRD, antidepressant non-response and prolonged
treatment duration, particularly when MDD preceded the onset
of insulin resistance-related conditions.

Prevalence of insulin resistance conditions in
depression: mechanisms and unhealthy lifestyle

The high prevalence of hypertension, obesity/overweight, CVDs
and T2DM within our MDD sample aligns with existing research,
underscoring the influence of these comorbidities on mental
health.3,4,17,25 Metabolic dysregulation and MDD share overlapping
pathophysiological mechanisms, including chronic inflammation,
impaired insulin signalling, neuroendocrine dysfunction and
oxidative stress (e.g. Milaneschi et al14). These disturbances
contribute to depressive symptomatology by disrupting neural
circuits related to reward, verbal/numerical reasoning and
processing speed,26,27 thereby exacerbating core depressive symp-
toms such as anhedonia and cognitive dysfunction and hindering
treatment response.28 Furthermore, behavioural and affective
symptoms of depression may foster an unhealthy lifestyle,
predisposing individuals to insulin resistance-related conditions.
This underscores the necessity of integrated treatment approaches.
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Fig. 1 Associations between insulin resistance (IR)-related conditions and treatment outcomes in major depressive disorder (MDD). These forest
plots illustrate the associations of IR-related conditions with (a) treatment-resistant depression, (b) antidepressant non-response and (c) overall
treatment time in patients with a lifetime history ofMDD. Odds ratios (ORs), alongwith their 95% CIs, or betas and standard errors, are depicted for
each IR-related condition for binary or continuous outcome, respectively. Statistical significance is represented using different symbols: stars (★)
for statistically significant results (P < 0.0006), triangles (▴) for nominally significant results (P < 0.05) and crosses (⤬) for non-significant results
(P≥ 0.05). The findings are arranged in a gradient based on significance, with themost statistically significant results at the top and non-significant
results at the bottom of the plot. CAD, coronary artery disease; CVDs, cardiovascular diseases; PCOS, polycystic ovary syndrome; MetS, metabolic
syndrome; NAFLD, non-alcoholic fatty liver disease; T2DM, type 2 diabetes mellitus.
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The higher prevalence of unhealthy behaviours, such as
smoking and reduced physical activity, in the IR+ group resonates
with existing evidence linking lifestyle factors to both depression
and metabolic disturbances.29 This observation, coupled with the
evidence indicating poorer treatment outcomes in the same group,
highlights the potential benefits of incorporating lifestyle inter-
ventions in MDD management.29 However, lower alcohol intake
frequency was noted, which aligns with certain clinical character-
istics of the IR+ group. Given the comorbidities and more complex
medication regimens in this group, it is likely that they had
prudently reduced alcohol intake for medical reasons (as a form of
tertiary prevention and to avoid possible pharmacokinetic
interactions with their medications30). The link between chronic
health conditions, such as MDD and insulin resistance and lower
socioeconomic status (SES), is probably bidirectional. The risk of
chronic diseases is increased in groups with lower SES31 but, at the
same time, these conditions negatively impact well-being and
social/work functioning, escalating medical expenses.32

Distinct clinical and emotional profiles

Our study also suggests that individuals with a lifetime history of both
MDD and insulin resistance-related conditions exhibit a distinct
clinical profile of depression. The higher mean age at MDD first
diagnosis in the IR+ group could possibly have resulted from an
intersection of age-related reduction in insulin sensitivity, lifestyle and
psychosocial stressors inherent to ageing, such as social isolation. Age-
related factors, including chronic health challenges, retirement and
shifts in social roles, may contribute to the simultaneous emergence of
depression and insulin resistance-related conditions.33 The prevalent
feelings of loneliness and being fed-up in the MDD IR+ group
resonate with the heightened susceptibility to perceived social isolation
associated with atypical depression.34 This subtype of depression,

frequently connected with inflammatory and metabolic disturbances,
may also be reflected in the elevated BMI observed in the same group,
consistent with the weight gain characteristic of atypical depression.34

The distinctive emotional profiles observed in relation to the timing of
MDD onset versus insulin resistance-related diagnoses provide
potential hints for targeted preventive interventions. Higher neuroti-
cism in individuals with pre-existing MDD suggests that these patients
might have personality characteristics that could predispose not only
to depression but also to metabolic changes. Neuroticism, charac-
terised by a tendency towards anxiety, depression and emotional
instability, is a well established risk factor for developing both mood
disorders and cardiometabolic conditions.35 Conversely, the reduced
presence of classical anxiety-related symptoms, coupled with increased
feelings of inadequacy and difficulty concentrating in the MDD-after-
IR subgroup, could reflect the negative psychological impact of
experiencing a chronic cardiometabolic condition prior to depression.
Living with a chronic insulin resistance-related condition may lead to
adaptation to some emotional responses, shifting from anxiety and
worry to feelings of inadequacy and difficulty concentrating. This
could be attributed to the constant coping and management demands
of a chronic physical illness, which may lead to a sense of cognitive
overload and being overwhelmed.

Prescription patterns and insulin resistance-related
comorbidities

An increased frequency of prescriptions of SSRIs, SARIs, SNRIs
and tetracyclic and tricyclic antidepressants in the IR+ group was
found, suggesting a more challenging treatment course. This is
confirmed by the higher frequency of antidepressant switches and
the use of a wider array of antidepressant classes, particularly in
patients with MDD preceding insulin resistance-related diagno-
ses. The metabolic side-effect profiles of these antidepressant
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Fig. 1 (Continued).
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classes warrant careful consideration. SSRIs are typically preferred
for their relatively favourable side-effect profile, especially in
patients with comorbid medical conditions.36 SSRIs have been
shown to improve glycaemic control in adults with comorbid
MDD and T2DM in short-term studies, and have no long-term
deleterious effects on glycaemic homeostasis.3 Conversely, SNRIs
and tetracyclic and tricyclic antidepressants, despite their efficacy,
are associated with significant cardiometabolic side-effects,
including hypertension, weight gain and dyslipidaemia,36,37

posing potential exacerbation risks in the presence of underlying
insulin resistance predisposition. The use of TCAs in these
patients, often a choice of last resort due to their lower tolerability,
suggests a clinical pivot towards more pharmacodynamically
complex treatment options when first-line treatments fail.
Conversely, a less frequent use of some antidepressant classes
in the MDD-after-IR group probably reflects clinicians’ attention
to the metabolic side-effects of certain antidepressants and,
consequently, a more conservative approach. Overall, these
findings emphasise the importance of a personalised treatment
strategy for MDD, especially for individuals with a personal or
familiar history of insulin resistance-related conditions.
Antidepressant selection must carefully weigh the risk:benefit
ratio, prioritising patient safety and overall health in the context of
pre-existing or heightened risk of insulin resistance.

Insulin resistance-related conditions and treatment
outcomes in depression

The association between insulin resistance-related conditions and
higher odds of poorer treatment outcomes and overall treatment
duration supports the hypothesis that metabolic dysregulation may
be linked with difficult-to-treat depression. The association with
poorer treatment outcomes was particularly evident when MDD
diagnosis preceded insulin resistance-related conditions. This
trajectory may suggest that the neurobiological and behavioural
effects of depression, including stress-related hormonal imbalances
and reduced physical activity, may predispose individuals to
metabolic disturbances that probably worsen treatment
response.14,27,38 Chronic inflammation and oxidative stress, which
are associated with insulin resistance, can impair serotonin signalling
and synaptic plasticity, processes involved in antidepressant
response.14,39,40 Notably, the observed higher prescription of
antidepressants and diverse pharmacological classes in IR+
individuals raises questions about the potential of pharmacotherapy
in triggering or worsening insulin resistance-related conditions;
indeed, patients with difficult-to-treat MDDmay be more frequently
exposed to medications with metabolic side-effects.37 On the other
hand, the observation in our sample that a broad phenotype of
insulin resistance pathology – defined by the presence of any insulin
resistance-related condition rather than specific ones – is linked to
worse treatment outcomes when insulin resistance precedes MDD
andmay support a direct influence of metabolic health on psychiatric
treatment effectiveness. Of note, the larger sample size of the
cumulative insulin resistance phenotype probably increased the
statistical power of this analysis, thus revealing associations not
apparent in more narrowly defined groups. However, future research
is needed to clarify whether insulin resistance-related conditions
primarily aggravate depressive symptoms through metabolic
dysregulation or directly impair antidepressant efficacy, because
the current study design does not establish causality.

PGSs and future directions

Our study did not identify significant associations between PGSs
for insulin resistance-related conditions and treatment outcomes,
although nominal associations were observed with PGS for CAD,

triglycerides and BMI in certain subgroups. The multifactorial
nature of treatment outcomes, with a relatively modest contribution
of common genetic variants,41 and methodological limitations, may
have impacted on the possibility of reaching statistical significance
for these results. For example, the PGS approach used was not
biologically informed, i.e. it did not prioritise SNPs based on their
known or predicted functional impact, which may have improved
PGS prediction accuracy.42 Consistent with our findings, previous
studies reported limited explanatory power of PGSs for insulin
resistance-related conditions in antidepressant treatment out-
comes. For instance, PGSs for CAD and BMI explained only 1.3
and 0.8% of SSRI treatment response variance, respectively, with
notable cohort-specific and quartile-dependent differences in effect
size.43 In one cohort, associations were evident only among
individuals in the highest PGS quartile, while intermediate quartiles
showed stronger effects in another.43 Similarly, research on PGS for
T2DM and depression has shown that significant associations were
particularly evident in early-onset cases, or only nominally
significant across ancestrally diverse cohorts.8

In addition to lifestyle modifications, addressing inflammatory-
metabolic dysfunctions of MDD with new pharmacological
interventions offers promising opportunities. Anti-inflammatory
agents, such as anti-interleukin-6 antibodies and tumor necrosis
factor-α inhibitors, have shown potential in alleviating depressive
symptoms, particularly in individuals with elevated inflammatory
biomarkers.8,44 Similarly, glucagon-like peptide-1 receptor agonists
(GLP-1 RAs), such as liraglutide, offer dual benefits by improving
glycaemic control and reducing systemic inflammation, with
preliminary evidence of antidepressant effects.3,8 Integrating these
pharmacological interventions with precision psychiatry tools, such
as multivariable models incorporating more advanced PGS
approaches, could optimise treatment personalisation.

Strengths and limitations

This study should be viewed in the context of its strengths and
limitations. Its strengths lie in its large sample size and the use of a
comprehensive data-set from UKB. The inclusion of primary care
data enriched the findings, providing a real-world perspective on
the management of MDD in relation to insulin resistance-related
conditions. However, its observational nature precludes causal
inferences, and generalisability of the findings may be limited to
similar healthcare settings. While the results demonstrate a strong
association between insulin resistance-related conditions and
poorer treatment outcomes in MDD, they cannot determine
whether insulin resistance-related conditions primarily aggravate
MDD, directly contribute to resistance or result from prolonged
treatment resistance and pharmacological burden. Future longitu-
dinal and experimental studies are required to disentangle the
temporal and causal dynamics between insulin-resistance con-
ditions, MDD severity and treatment outcomes. The demographic
composition of UKB, predominantly consisting of females, older
individuals and those of higher SES, does not mirror the general UK
population.45 Additionally, our analysis relied on proxy measures
such as antidepressant switches for treatment non-response/
resistance. While these proxies are well established in the
literature,46,47 they depend on the completeness of EHRs and are
not direct measures of treatment response. The interpretation of
our results should consider potential biases introduced by missing
data, such as gaps in prescription or diagnosis dates. Furthermore,
our analysis did not consider prescription dosages, nor did it
differentiate based on symptom severity or MDD phase (acute
versus non-acute). Regarding PGS calculation, to prevent results
inflation we could not use some of the larger GWAS sample,
which was overlapping with our target UKB sample. While our
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findings demonstrate statistically significant associations between
various insulin resistance-related conditions and treatment
outcomes in depression, the predictive impact of these associa-
tions, as indicated by Nagelkerke’s pseudo-R2 and R2 values, was
limited. This aligns with expectations for complex, multifactorial
conditions such as MDD and insulin resistance-related traits,
where a substantial portion of variance arises from unmeasured
genetic, environmental and clinical factors. Nonetheless, the
Hosmer–Lemeshow test results (P > 0.05 in most models)
indicated acceptable model fit, supporting the validity of the
observed associations. Future research should incorporate other
variables and advanced modelling approaches to better capture
the full complexity of biopsychosocial factors that contribute to
depression treatment outcomes.

Discussion

In conclusion, this study highlights a substantial prevalence of
insulin resistance-related conditions among individuals with a
history of MDD, highlighting a demographic profile characterised
by later age of MDD onset, a propensity towards unhealthy
lifestyle and a distinct clinical profile. Notably, the presence of
insulin resistance-related conditions was found to be associated
with heightened complexity in managing depression, as evidenced
by an increase in antidepressant prescriptions, treatment non-
response/resistance and prolonged treatment duration, particu-
larly when MDD diagnosis preceded that of insulin resistance.
These results advocate for careful antidepressant selection,
mindful of potential metabolic adverse effects. Overall, these
insights endorse the implementation of a holistic care model that
surpasses traditional psychiatric management, incorporating
metabolic assessments and lifestyle interventions to improve
outcomes in patients with MDD. It is important for healthcare
providers to regularly monitor metabolic health in patients with
MDD, because early detection/treatment of insulin resistance-
related conditions holds the potential to enhance psychiatric and
physical outcomes, particularly in patients with persistent or
treatment-resistant MDD.
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