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ARTICLE INFO ABSTRACT

Keywords: Background: Stroke increases the risk of developing depression and anxiety. While psychological therapies are a

Depression recommended first-line treatment, outcomes vary between stroke survivors. Identifying those at risk of poorer

g\nmkety treatment outcomes could improve treatment selection and patient outcomes. This study aimed to identify
troke

classes of stroke survivors based on stroke-related clinical characteristics and examine their psychological
treatment outcomes.

Methods: NHS Talking Therapies for anxiety and depression (NHS TTad) data, linked to secondary care health
records, were used to identify stroke survivors referred to TTad services across England from 2012 to 2019 (N =
6349). Latent class analysis was used to identify patient subgroups based on stroke type, time from stroke
diagnosis to psychological treatment, presence of hemiplegia or paraplegia, and physical comorbidities. A distal
categorical outcome approach was used to assess treatment across classes. Logistic regression models were used
to examine outcomes by treatment intensity within each class.

Results: Four statistically distinct classes were identified, primarily differentiated by the type of stroke and time to
access psychological treatment. Reliable recovery rates varied from 50 to 55% across classes, with deterioration
rates ranging from 5 to 8%. High-intensity treatment was associated with reduced dropout rates in three classes.
Conclusion: There were limited differences in psychological treatment outcomes between classes of stroke sur-
vivors. Stroke-related variables used in this study appear insufficient on their own to meaningfully stratify stroke
survivors by psychological treatment prognosis. Future research should incorporate additional patient-level data,
such as measures of cognition and language, to develop more clinically informative subgrouping.

Latent class analysis

1. Introduction

Stroke survivors frequently experience common mental disorders.
Post-stroke depression affects 29% of survivors (Ayerbe et al., 2013),
with comparable rates observed in non-Western populations (Yang
et al., 2024). Similarly, approximately 30% experience anxiety disor-
ders within the first year (Rafsten et al., 2018). Despite this, over half of
stroke survivors report not receiving help for anxiety or depression, and
nearly two-thirds feel their emotional needs are neglected compared to
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their physical recovery (Stroke Association, 2013).

Evidence-based psychological therapies, such as those provided by
NHS Talking Therapies for anxiety and depression (NHS TTad) in En-
gland, are the first line treatment for post-stroke depression and post-
stroke anxiety (Intercollegiate Stroke Working Party, 2023). A recent
analysis of 7597 stroke survivors treated within NHS TTad found that,
although symptoms of depression and anxiety improved, stroke survi-
vors were less likely to achieve reliable recovery and more likely to
experience reliable deterioration compared to matched patients without
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a history of stroke. However, adjusting for physical comorbidity reduced
the strength of these associations (Suh et al., 2025). These findings
highlight the complex treatment needs of this population.

While psychological treatments show promise, they are not univer-
sally effective. Meta-analyses of randomised controlled trials (RCTs)
evaluating cognitive-behavioural therapy (CBT) for stroke survivors
have shown significant reductions in post-stroke anxiety and depression.
However, substantial heterogeneity was observed, likely reflecting
variation in patient characteristics (Ahrens et al., 2023; Wan et al.,
2024).

Some of this heterogeneity is likely due to stroke-specific factors.
Hemiplegia, a condition characterised by paralysis of the arm and leg on
one side of the body, can be used to assess stroke severity (Kogan et al.,
2020). Stroke severity consistently predicts post-stroke anxiety and
depression (Menlove et al., 2015; Hackett and Anderson, 2005; Yang
et al.,, 2024). Additionally, 71% of post-stroke depression cases
develop within the first three months post-stroke, underlining the need
for timely intervention (Liu et al., 2023). Supporting this, stroke survi-
vors who began NHS TTad treatment a year or more after stroke were
less likely to reliably recover from depression or anxiety compared to
those treated within six months (Suh et al., 2025). Physical comorbid-
ities, present in 75-99% of stroke survivors (Ruksakulpiwat et al., 2023),
significantly affect mental health outcomes (e.g., Huang et al., 2023;
Xiao et al., 2022). Despite these known associations, previous work has
not been adequately powered to provide detailed investigation into how
these factors interact to affect psychological outcomes. Given the unique
needs of stroke survivors and variability in outcomes, personalised ap-
proaches to treatment selection are needed to optimise care and treat-
ment outcomes (Deisenhofer et al., 2024).

Personalised medicine approaches are widely used across healthcare
to tailor treatment based on individual characteristics. In stroke care,
patient classification has been used to guide rehabilitation intensity
(Uchida et al., 2023). In mental health, similar approaches have been
used to identify classes of patients at greater risk of deterioration or
dropout from treatment (Saunders et al., 2016). One method for iden-
tifying such classes is latent class analysis (LCA), a statistical technique
that uncovers unobserved (latent) groups within a population based on
shared characteristics. For example, a study of over 16,000 patients used
LCA to identify four distinct classes linked to varying symptom trajec-
tories (Skelton et al., 2023). There is potential to apply LCA to stroke
survivors by incorporating stroke-specific clinical characteristics to
enhance mental health treatment selection and outcomes. Unlike pre-
vious studies focused on single predictors, LCA captures the inter-
sectionality of multiple factors within a single model (Singham et al.,
2022). It remains unclear whether stroke-related clinical characteris-
tics available in routine administrative data are sufficient to meaning-
fully stratify survivors by psychological treatment prognosis.

The present study applied LCA to a large dataset of stroke survivors
with depression and anxiety disorders receiving psychological treatment
from national psychological treatment services. The aim was to identify
distinct classes of patients based on stroke-related characteristics, such
as type of stroke and physical co-morbidities, and to investigate whether
treatment outcomes vary among these groups. The study also explored
whether therapy intensity (high-intensity vs. low-intensity) was associ-
ated with differences in outcomes across the identified classes.

2. Methods

This study was conducted in accordance with a pre-registered pro-
tocol and analysis plan https://osf.io/dtbh3. This study was reported in
accordance with the STROBE reporting guideline (Appendix 1).

2.1. Dataset and Services

This study conducted a secondary data analysis using the MODIFY
dataset (Stott et al., 2023). The complete dataset included all patients
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referred to NHS TTad services across all clinical commissioning group
(CCQG) areas in England from 2012 to 2019. Each NHS TTad referral
within the MODIFY dataset was linked to other routinely collected data
held in NHS datasets using a unique patient identification key provided
by NHS Digital. These datasets included Hospital Episode Statistics
(HES), the Mental Health Services Dataset (MHSDS), and HES-ONS
(Office of National Statistics) mortality data. A subset of the MODIFY
dataset was analysed, including only patients with a recorded stroke
diagnosis (International Classification of Diseases 10th Revision [ICD-
10] codes 160-164) identified in HES or MHSDS prior to their NHS
TTad assessment date.

NHS TTad services are primary care services offering evidence-based
low-intensity (LI) and high-intensity (HI) psychological therapies for
depression and anxiety disorders. LI therapies include computerised and
clinician-facilitated self-help interventions, primarily based on CBT ap-
proaches, designed for presentations with lower support needs (formerly
referred to as ‘mild-to-moderate’) for which there is a National Institute
of Health and Care Excellence (NICE) recommended LI intervention. HI
therapies are used for presentations with greater support needs
(formerly ‘moderate-to-severe’) or for disorders for which there is no
NICE recommended LI treatment (e.g., obsessive-compulsive disorder
[OCD], social anxiety disorder, health or illness anxiety disorder, and
posttraumatic stress disorder [PTSD]). HI therapies include clinician-led
CBT, counselling for depression (CfD), interpersonal psychotherapy
(IPT), behavioural couples' therapy (BCT), and eye movement desensi-
tisation and reprocessing (EMDR) among others. LI or HI treatment
allocation is determined based on clinical severity measures collected
during the initial assessment. Patients could also be stepped up from LI
to HI treatment based on clinical need. The services are free at the point
of access, and available across England through self or physician
referral. NHS TTad is supported through routine data submissions from
NHS service providers (e.g., NHS England, 2024b).

2.2. Participants

The study included patients aged 18 or over who were treated in NHS
TTad services across England between 2012 and 2019 and had a docu-
mented stroke diagnosis in hospital or secondary care mental health
records prior to their NHS TTad assessment. Eligibility required baseline
scores above clinical ‘caseness’ thresholds (indicating clinically signifi-
cant symptoms) for depression or anxiety, measured by the 9-item Pa-
tient Health Questionnaire (PHQ-9), Generalised Anxiety Disorder 7-
item scale (GAD-7), or an Anxiety Disorder Specific Measure (ADSM)
(Appendix 5). Patients must have attended at least two psychological
treatment sessions and have been discharged at the point data were
transferred to NHS Digital. This is how NHS Digital defines the
completion of a course of TTad treatment (NHS England, 2024a). Pa-
tients with incomplete outcome data or missing end-of-treatment dates
(indicating they were still in active treatment) were excluded. For in-
dividuals with multiple TTad treatment episodes following their stroke,
only the first episode was analysed. Exclusions made to the dataset are
detailed in Appendix 2 and missing data is outlined in Appendix 3.

2.3. Measures

NHS TTad services are mandated to routinely collect outcome mea-
sures of depression and anxiety at every clinical contact. Nationally,
there is approximately 99% coverage in pre and post treatment data for
these measures (Clark, 2018). Table 1 outlines the measures and addi-
tional data items that were included in the analyses, some of which are
self-reported in NHS TTad, while others are derived from HES and
MHSDS, as indicated in the ‘Data Source’ column.

2.3.1. Outcomes
The primary outcome was reliable recovery. Secondary outcomes
included reliable improvement, reliable deterioration, and dropout.
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Table 1
Available data and measures.
Data item Data Description
source
Demographic NHS TTad Includes self-reported gender, age, ethnicity
Information (based on UK ONS codes: Asian, Black,

Chinese, Mixed, Other, White), employment
status, and IMD deciles (1% = most
deprived; 10% = least deprived 10%).
Primary ICD-10 diagnosis targeted by TTad
treatment, although other conditions may
also be present. Categories include
depression, mixed anxiety & depression,
GAD, OCD, PTSD, phobic anxiety, panic,
and unspecified anxiety disorder.
Psychotropic medication status recorded at
every clinical contact: prescribed and not
taking, prescribed and taking, not
prescribed.

Comorbidities measured before therapy
began, selected largely based on the
Ischaemic Stroke adapted Charlson
Comorbidity Index (ISCCI) (Hall et al.,
2019). Comorbidities were categorised into:
heart disease, cancer, diabetes, and other.
Full ICD-10 code lists are provided in
Appendix 4.

Ischaemic stroke (ICD-10 code = 163) or
haemorrhagic stroke (ICD-10 codes 160-
162).

Hemiplegia (paralysis of one side of the
body), paraplegia (paralysis of both legs),
and other paralytic syndromes grouped
together to serve as a proxy for post-stroke
physical disability. Prevalence and ICD-10
codes are reported in Appendix 6.

Includes intensity (LI or HI) and type of
treatment received, number of sessions, time
from referral to assessment, time from
assessment to first treatment, and time from
stroke diagnosis to treatment initiation.
PHQ-9 is a self-administered 9-item
depression screening tool (Kroenke et al.,
2001). Caseness thresholds and reliable
change criteria for each measure are
provided in Appendix 5.

GAD-7 is used as the default measure where
no paired ADSM is available (Spitzer et al.,
2006). ADSMs are used for specific disorder
presentations. Caseness thresholds and
reliable change criteria for each measure are
provided in Appendix 5.

Baseline Mental NHS TTad

Health Diagnosis

Medications NHS TTad

HES and
MHSDS

Physical
Comorbidities

HES and
MHSDS

Type of Stroke

HES and
MHSDS

Diagnosis of Hemi/
Paraplegia

NHS TTad

Treatment Factors

NHS TTad

Depression Measure

Anxiety Measure NHS TTad

Note. GAD-7 = Generalised Anxiety Disorder 7-item scale; HES = Hospital
Episode Statistics; HI = high-intensity; ICD-10 = International Classification of
Diseases, 10th Revision; IMD = Index of Multiple Deprivation; LI = low-in-
tensity; MHSDS = Mental Health Services Dataset; NHS TTad = NHS Talking
Therapies for anxiety and depression; OCD = obsessive-compulsive disorder;
ONS = Office for National Statistics; PHQ-9 = Patient Health Questionnaire-9;
PTSD = post-traumatic stress disorder.

A patient was classified as having reliably recovered if their symp-
toms met criteria for both recovery and reliable improvement. Recovery
required scores above the caseness threshold at the start of treatment
and below it on both depression (PHQ-9) and anxiety (GAD-7 or ADSM)
measures at the end of treatment (NHS England, 2024a).

Reliable improvement was indicated if scores on the depression and/
or anxiety measure decreased by a psychometrically reliable amount
(the reliable change threshold) pre-to-post treatment, with no reliable
increase in either measure. Reliable deterioration was indicated if scores
increased by a psychometrically reliable amount, with no reliable
decrease on either measure. Where reliable improvement occurred on
one measure and deterioration on the other, this was classified as “no
reliable change” (NHS England, 2024a). Reliable change thresholds for
each measure are specified in Appendix 5.
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Dropout was recorded where a patient discontinued or declined
further treatment after attending at least two sessions. This is recorded
by the clinician via the mandatory “reason for ending the care episode”
field in NHS TTad at the point of discharge.

2.4. Plan of analysis

2.4.1. Latent class analysis (LCA)

LCA was performed using four pre-treatment characteristics: type of
stroke (ischaemic or haemorrhagic, each as binary indicator variables),
time from stroke diagnosis to psychological treatment initiation, diag-
nosis of hemiplegia/paraplegia, and physical comorbidities. Physical
comorbidities were included as separate variables, with binary in-
dicators for heart disease, cancer, diabetes, and a grouped category of
other conditions (Appendix 4). Established stroke-related factors such as
cognitive impairment and language deficits were not available in the
MODIFY dataset as LCA indicators.

Supplementary variables not directly modelled but used to provide
additional context for the analysis included age, ethnicity, gender, local
area deprivation, baseline PHQ-9 and GAD-7 scores, employment status,
benefit status (whether the patient was receiving government benefits)
and medication status. Full Information Maximum Likelihood estima-
tion was used to handle missing data, allowing all observations with at
least one latent class indicator available to be included in the analysis.
Analyses were conducted using Mplus version 8.2 (L. K. Muthén and
Muthén, 1998).

Model fit was evaluated using the Vuong-Lo-Mendell-Rubin Likeli-
hood Ratio Test (VLMR-LRT) (Lo et al., 2001), Bootstrap Likelihood
Ratio Test (B-LRT), Akaike Information Criterion (AIC), Bayesian In-
formation Criterion (BIC), average posterior probabilities, and entropy
values. In addition, we adopted the restriction that at least 5% of the
sample were required to make up each class, to ensure solutions were
clinically meaningful (Smyth et al., 2022; Spinhoven et al., 2016). The
analysis began with a two-class model, progressively adding more
classes while considering all fit indices. The VLMR-LRT and B-LRT
compares each K-class model with its K-1 counterpart; if the results of
these tests are no longer significant, that indicates that adding more
classes does not improve model fit (Geiser, 2013; Muthén and
Asparouhov, 2012). Lower AIC/BIC values signify improved model fit,
while higher entropy values indicate greater classification accuracy (B.
Muthén and Muthén, 2000; Nylund et al., 2007). Average posterior
probabilities of at least 0.80 were considered acceptable for adequate
classification accuracy (Weller et al., 2020).

2.4.2. Associations between latent classes and psychological treatment
outcomes

Differences in psychological treatment outcomes between latent
classes were examined using the distal categorical outcome (DCAT)
method in MPlus (L. K. Muthén and Muthén, 1998). This approach ac-
counts for classification uncertainty by incorporating posterior class
membership probabilities rather than relying on modal class assign-
ment. Differences in outcome probabilities between classes were eval-
uated using chi-square tests, with pairwise comparisons conducted
between all classes.

2.4.3. Treatment outcomes by intensity of intervention

Treatment outcomes were compared between individuals receiving
LI and HI psychological interventions, adjusting for baseline differences
in PHQ-9 and GAD-7. Only patients treated exclusively with one inter-
vention intensity were included; those stepped-up during treatment or
with missing intensity data were excluded. Logistic regression analyses
were used to calculate odds ratios and 95% confidence intervals ‘OR
(95% CI)’ for reliable recovery, improvement, deterioration, and
dropout between LI and HI interventions within each class. Treatment
outcomes were compared between the two intensities for each latent
class, with the intensity of intervention serving as the independent
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variable.

2.5. Ethical approvals

Ethical approval for MODIFY was granted by the UCL Clinical,
Educational, and Health Psychology Departmental Research Ethics
Committee (REC) (Approval number: CEHP/2023/592B).

3. Results
3.1. Latent class analysis

The study sample included 6349 patients diagnosed with stroke
before the start of therapy. 99% of patients received the diagnosis before
the date of referral to NHS TTad. The characteristics of these patients are
detailed in the first column of Table 2.

In the LCA, the VLMR-LRT and B-LRT yielded significant p-values (p
< 0.05) when comparing models with two to five classes, and AIC and

Table 2
Latent classes and associated patient characteristics.
Full LC1 LC2 LC3 LC4
sample
Count — n (%) 6349 703 3349 1260 1037
(100) (11.1) (52.7) (19.8) (16.3)
Demographics
Mean age (SD) 58.1 63.3 58.5 53.6 58.4
(14.3) (13.3) (13.9) (14.3) (14.7)
Females — n (%) 3321 321 1690 765 545
(52.3) (45.7) (50.5) (60.7) (52.6)
Ethnicity
White — n (%) 5238 567 2782 1023 866
(82.5) (80.7) (83.1) (81.2) (83.7)
Asian - n (%) 240 29 (4.1) 105 70 (5.6) 36 (3.5)
(3.8) 3.1
Black — n (%) 175 24 (3.4) 81 (2.4) 46 (3.7) 24 (2.3)
(2.8)
Mixed - n (%) 71 (1.1) 7 (1.0) 34 (1.0) 15 (1.2) 15 (1.4)
Other— n (%) 52(0.8) 5(0.7) 25(0.7) 14 (1.1) 8(0.8)
Chinese — n (%) 8(0.1) 2(0.3) 3(0.1) 3(0.2) 0 (0)
Employed — n (%) 4169 454 2275 800 640
(65.7) (64.6) (67.9) (63.5) (61.7)
No benefits — n (%) 4350 472 2363 841 674
(68.5) (67.1) (70.6) (66.7) (65.0)
Mean baseline 15.8 16.6 15.6 15.3 16.2
PHQO score (SD) (5.5) (5.4) (5.5) (5.4) (5.6)
Mean end PHQ9 8.7 9.3 5.6 8.6 9.0 (6.7)
score (SD) (6.5) (6.8) (6.5) (6.4)
Mean baseline 13.4 13.4 13.4 13.4 13.3
GAD?7 score (SD) (4.9) (5.0) (4.8) 4.7) (5.0)
Mean end GAD7 7.4 7.6 7.3 7.7 7.3(5.8)
score (SD) (5.7) (5.9 (5.7) (5.7)
Clinical characteristics included in LCA model
Ischaemic stroke—n 4385 623 3066 0(0) 696
(%) (69.1) (88.6) (91.5) (67.1)
Haemorrhagic 1765 67 (9.5) 150 1260 288
stroke — n (%) (27.8) (4.5) (100) (27.8)
Hemiplegia 685 278 227 76 (6.0) 104
/paraplegia — n (%)* (10.8) (39.5) (6.8) (10.0)
Heart disease — n 653 366 144 46 (3.7) 97 (9.4)
(%) (10.3) (52.1) (4.3)
Diabetes — n (%) 653 294 167 57 (4.5) 135
(10.3) (41.8) (5.0) (13.0)
Cancer — n (%) 311 137 80 (2.4) 41 (3.3) 53(5.1)
(4.9) (19.5)
Other co-morbidity 1585 603 465 234 283
-n (%) (25.0) (85.8) (13.9) (18.6) (27.3)
Mean days from 586.1 446.1 385.7 441.4 1504.2
stroke diagnosis to (508.0) (316.2) (294.2) (320.1) (311.7)

treatment (SD)

Note. PHQ-9 = 9-item Patient Health Questionnaire; GAD-7 = Generalised
Anxiety Disorder 7-item scale.
 Prevalences of hemiplegia and paraplegia reported in Appendix 6.
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BIC values decreased with additional classes. However, the five-class
model included one class representing fewer than 5% of the sample
(n = 285), raising concerns about model stability and interpretability.
Therefore, the four-class solution was selected.

Model fit statistics and classification accuracy values are provided in
Appendix 7. The entropy value for the four-class solution was 0.788, and
average posterior probabilities ranged from 0.805 to 0.956, indicating
adequate accuracy (Weller et al., 2020). Descriptive statistics for each
class are presented in Table 2.

LC1, the smallest group (11%), had a high prevalence of ischaemic
stroke (89%) and the highest rates of hemiplegia/paraplegia (40%) and
comorbidity (52% heart disease, 42% diabetes, 20% cancer, 86% other).
The mean time to treatment was similar to that of LC3 (approximately
15 months; 446 days).

LC2 represented the largest group, comprising 53% of the sample.
This class was characterised by a predominance of ischaemic stroke
(92%), a low prevalence of hemiplegia/paraplegia (7%), and minimal
physical comorbidity (4% heart disease, 5% diabetes, 2% cancer, 14%
other). Compared with other classes, LC2 had the highest rate of
ischaemic stroke, the lowest rates of hemiplegia/paraplegia, cancer, and
‘other’ comorbidity, and the shortest mean average time from stroke
diagnosis to treatment (approximately 13 months; 386 days).

The next largest class, LC3 (20% of the sample), was exclusively
associated with haemorrhagic stroke (100%) and had a similarly low
prevalence of hemiplegia/paraplegia (6%) and comorbidity (4% heart
disease, 5% diabetes, 3% cancer, 19% other) as LC2. The mean average
time to treatment was approximately 15 months (441 days).

LC4 included 16% of patients, predominantly with ischaemic stroke
(67%). This group showed slightly higher rates of hemiplegia/para-
plegia (10%) and comorbidity (9% heart disease, 13% diabetes, 5%
cancer, 27% other) and experienced the longest mean average time from
stroke diagnosis to treatment (approximately 4 years; 1504 days).

3.2. Treatment outcomes across classes

The association between class membership and treatment outcomes
was assessed. Table 3 shows the observed outcome rates for each latent
class. Odds ratios from DCAT analyses are presented in Appendix 8.

Reliable recovery rates were above the national average for all TTad
cases (approximately 50%; NHS England, 2024a) across all classes, with
LC2 having the highest recovery rate (55%). In contrast, LC1 had the
lowest recovery rate (50%). DCAT analyses revealed that LC1 had
significantly lower odds of reliable recovery compared to LC2 (2 (1) =
12.85, p < 0 0.001), LC3 (3% (1) = 5.59, p < 0.05), and LC4 (3% (1) =
4.10, p < 0.05).

Reliable improvement rates were also high across classes, with LC2
demonstrating the highest improvement rate (75%). LC1 had signifi-
cantly lower odds of reliable improvement compared to LC2 (X2 1) =
4.29, p < 0.05). No other pairwise comparison reached statistical
significance.

Reliable deterioration ranged from 5% in LC4 to 8% in LC1. LC1 had
significantly higher odds of deterioration compared to LC2 (y? (1) =
7.06, p < 0 0.01) and LC4 (¥ (1) = 5.02, p < 0.05).

Dropout rates were relatively consistent, ranging from 26.5% in LC2
to 28% in LC4, with no statistically significant differences across the
classes.

3.3. Outcomes by treatment intensity

Finally, the analysis examined whether outcomes differed between
patients referred to LI or HI pathways for each latent class, adjusting for
baseline differences in depression and anxiety (Appendix 9). After
applying the exclusion criteria, the new sample size was 5517. Appendix
10 shows the ORs for treatment outcomes in the HI group compared to
the LI group within each latent class.

Across latent classes, higher treatment intensity was generally not
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Table 3
The rates of psychological treatment outcomes in each latent class.
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Reliable Improvement — n (%)

Reliable Deterioration — n (%) Dropout — n (%)

Class Reliable Recovery — n (%)

Full sample 3397 (53.5) 4756 (74.9)
1 352 (50.1) 519 (73.8)
2 1833 (54.7) 2522 (75.3)
3 669 (53.1) 939 (74.5)
4 543 (52.4) 776 (74.8)

381 (6.0) 1717 (27.0)
56 (8.0) 196 (27.9)
188 (5.6) 888 (26.5)
81 (6.4) 339 (26.9)
56 (5.4) 294 (28.4)

significantly associated with reliable recovery, improvement, or dete-
rioration. However, it was associated with lower odds of dropout in
several classes. In LC2, patients receiving HI treatment had 23% lower
odds of dropping out compared to those receiving LI treatment (OR =
0.77, 95% CI [0.65, 0.92], p < 0.01). Similarly, in LC3 and LC4, HI
treatment was associated with 38% lower odds (OR = 0.62, 95% CI
[0.47, 0.82], p < 0.01) and 35% lower odds (OR = 0.65, 95% CI [0.49,
0.87], p < 0.01), respectively. For LC1, treatment intensity did not
significantly affect any outcomes, including dropout.

4. Discussion

Using LCA, we identified four statistically distinct classes of stroke
survivors receiving psychological therapies from a sample of over 6000
patients. Treatment outcomes were similar broadly across these classes,
suggesting that the stroke-related variables available in routine admin-
istrative records may be insufficient on their own to meaningfully
stratify stroke survivors by psychological treatment prognosis.

LC1 was predominantly defined by ischaemic stroke but with a high
incidence of hemiplegia/paraplegia and comorbid conditions such as
heart disease and diabetes. Patients in LC1 had significantly lower odds
of recovery compared to all other classes, lower odds of reliable
improvement compared to LC2, and higher odds of reliable deteriora-
tion compared to LC2 and LC4. Higher treatment intensity was not
associated with better outcomes for LC1. These findings may reflect the
higher incidence of physical comorbidity in LC1, which is known to
negatively impact mental health outcomes (Huang et al., 2023; Xiao
et al.,, 2022). However, these findings are exploratory and further
research is needed to identify which patients are less likely to benefit
from psychological treatment, particularly given that this remains a
challenge in clinical practice (Hannan et al., 2005).

LC2 was defined primarily by individuals with ischaemic stroke and
a low prevalence of hemi/paraplegia and physical comorbidity. LC2
demonstrated better psychological therapy outcomes compared to the
full sample and other classes. This group also had the shortest time be-
tween stroke diagnosis and initiation of psychological treatment (13
months), possibly reflecting their lower levels of stroke-related disability
and comorbidity, rather than representing an independent predictor of
outcomes. However, this pattern is consistent with evidence that earlier
access to treatment is associated with better outcomes in stroke survi-
vors (Suh et al., 2025).

Dropout in the present study (27-28%) was slightly lower than the
reported average across NHS TTad services (31%; Furlong-Silva, 2020),
though dropout is consistently linked to poorer outcomes (Cahill et al.,
2003; Zieve et al., 2019). HI treatment was associated with reduced
dropout risk across LC2-LC4. However, as treatment intensity in NHS
TTad is clinically determined, this association should not be interpreted
causally; patients allocated to HI treatment may differ from LI patients
beyond baseline symptom severity. Nonetheless, this finding is consis-
tent with evidence that increased session frequency is associated with
lower dropout and better outcomes in adults with depression (Bruijniks
et al., 2020).

4.1. Limitations

This study used UK-specific healthcare data, limiting generalisability

to other healthcare systems with differing demographics, healthcare
delivery, and socio-economic contexts. However, stroke severity and
functional impairment have been identified as predictors of post-stroke
depression in non-Western settings, suggesting some consistency in risk
factors (Yang et al., 2024).

This study only included stroke survivors referred to NHS TTad,
potentially excluding individuals in need who were not referred.
Although NHS TTad accepts self-referrals and professional referrals,
referral biases may exist. As engagement in structured psychological
therapy is required in NHS TTad, those with cognitive or communication
difficulties may be under-represented.

A key limitation is that direct measures of cognitive impairment and
language deficits were unavailable in the dataset and could not be
included in the LCA, despite their plausible association with engagement
and outcomes (Fridriksson and Hillis, 2021; Kapoor et al., 2019).
Hemiplegia and paraplegia were included as a proxy for stroke severity,
which correlates with cognitive impairment (Kogan et al., 2020).
However, the heterogeneity of stroke presentations means this is an
imperfect proxy. For example, language impairment is more common
with right-sided hemiplegia and less frequently co-occurs with left-sided
hemiplegia (Anderlini et al., 2019), and anterior communicating artery
strokes frequently lead to frontal-executive deficits without motor
impairment (Martinaud et al., 2009). Therefore, stroke survivors with
potentially severe cognitive or language difficulties but without hemi/
paraplegia, may be poorly represented by the identified classes. Future
research incorporating measures of language and cognition — for
example through linkage to neuropsychological assessment records —
could produce classes with greater clinical differentiation.

While the PHQ-9 is validated for stroke survivors (Williams et al.,
2005), the GAD-7 has not been specifically validated in this popula-
tion. It is possible that the GAD-7 systematically under- or overestimates
anxiety symptom change in stroke survivors, which may affect the ac-
curacy of findings. More stroke-specific tools, such as the Stroke Aphasia
Anxiety and Mood Screen, may be more suitable, particularly for in-
dividuals with communication difficulties (Murphy et al., 2024).

The treatment intensity analysis has several limitations. Data on
treatment fidelity or adaptations were not available, limiting insights
into which specific aspects of treatment were effective. The broad cat-
egorisation of treatment into LI and HI also means the study cannot
determine which specific therapy types were most effective for each
class. Additionally, patients stepped up from LI to HI treatment were
excluded. These patients may represent a clinically distinct subgroup,
and so findings may not generalise to this group.

Finally, the large number of comparisons increases the possibility of
Type I error. However, no corrections for multiple comparisons were
applied, consistent with recommendations for exploratory research
(Rothman, 1990). Findings are presented irrespective of statistical sig-
nificance, reducing the risk of p-hacking while acknowledging that some
Type I errors may remain (Head et al., 2015).

5. Conclusions

LCA was used to identify four distinct classes of stroke survivors in
treatment for depression and anxiety, based on stroke type, time from
stroke diagnosis to treatment, hemiplegia/paraplegia, and physical
comorbidities. There were limited differences in psychological
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treatment outcomes across classes. These findings suggest that stroke-
related variables available in routine administrative health records
may be insufficient on their own to meaningfully stratify stroke survi-
vors by treatment prognosis. Nonetheless, these findings challenge
therapeutic nihilism within services, particularly among therapists and
service commissioners. No class fell below anticipated recovery rates
(NHS England, 2024a), suggesting that psychological interventions in
NHS TTad can be beneficial even for those perceived as higher risk.
Additional patient-level data, such as measures of cognitive function and
language impairment, may be necessary to develop more clinically
informative subgrouping. Future research incorporating such variables
could advance personalised approaches to mental health care for stroke
survivors.
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