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ABSTRACT 

Background. Depression is commonly studied post stroke, while anxiety is less studied. This 
study presents prevalence of depression and anxiety at 1- and 12-months post ischemic stroke 
alongside three methods for examining within-subjects change over time. Methods. Participants 
were ischemic stroke patients of the Auckland Regional Community Stroke Study (ARCOS-V) 
with Hospital Anxiety and Depression Scale data at 1- (n = 343) and 12-months (n = 307). Change 
over time was examined using within-subjects repeated measures ANOVA, calculation of the 
Reliable Change Index, and a Sankey diagram of those meeting cut-off scores (>7) for caseness 
over time. Results. Using repeated measures ANOVA, depression scores didn’t change signifi
cantly over time, while anxiety symptoms decreased significantly. When reliable change was 
calculated, 4.2% of individuals had reliable decreases in anxiety symptoms, while 5.7% had reliable 
decreases in depression symptoms. Those who had a reliable decrease in one tended to have a 
reliable decrease in the other. In the Sankey, the proportion of those meeting the cut-off score 
for anxiety did not change over time (12.8 and 12.7% at 1- and 12-months), while those meeting the 
cut-off for depression increased slightly (3.7–4.5%) and those meeting cut-offs for both 
decreased from 10.4 to 8.1%. Conclusion. The three methods produced very different findings. 
Use of cut-off scores is common but has limitations. Calculation of clinically reliable change is 
recommended. Further work is needed to ensure depression and anxiety are monitored over 
time post-stroke, and both should be the subject of intervention efforts in both acute and late 
stages post-stroke.  

Keywords: anxiety, clinically reliable change, depression, ischemic stroke, Sankey diagram, 
within-subject ANOVA. 

Introduction 

The study of mood after stroke has tended to focus on depression, as it was thought to be 
the most common emotional consequence of stroke (Carod-Artal 2006; Paul et al. 2006;  
Dafer et al. 2008; Turner et al. 2012). One meta-analysis (61 cohorts; N = 24,488 
patients) reported that 31% of patients develop depression within 5-years post-stroke 
(Hackett and Pickles 2014). Other meta-analyses reported similar prevalences (pooled 
29%; 43 studies; N = 20,293; (Ayerbe et al. 2013) and 23.8%; six studies; N = 4648 
(Wu et al. 2019)). Those with post-stroke depression have more pronounced cognitive 
deficits, more long-term disability, higher mortality, lower quality of life and higher rates 
of suicidal ideation as compared to those without depression, indicating that early 
detection and treatment of depression is important (Wu et al. 2019). 

Anxiety is also common post-stroke, but is less studied, with longitudinal studies 
nearly absent (Angelelli et al. 2004; Barker-Collo 2007). Most studies report prevalence 
of post-stroke anxiety as similar to or slightly lower than depression (Barker-Collo 2007). 
However, one large study (N = 4079) reported probable anxiety post-stroke in 29% of 
patients, compared with a depression rate of 24% (Broomfield et al. 2014). A systematic 
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review (Knapp et al. 2020) of 97 studies (N = 22,262) 
published between 2009 and 2018 reported the proportion 
of individuals with any anxiety disorder to be 15.5% (95% 
CI, 6.3–24.7) within 1-month of stroke, 21.4% (95% CI, 
19.2–23.5%) from 1- to 5-months post-stroke, and 31.8% 
(95% CI, 17.8–45.7%) from 6- to 12-months post-stroke. 
The frequency of clinically significant symptoms of anxiety 
assessed using rating scales remained above 20% across all 
time points up to 12-months, though it did reduce from 
25.5% (95% CI, 18.6–32.3) within 1-month to 23.6% 
(95% CI, 18.9–28.2%) between 1- and 5-months and 
21.5% (95% CI, 15.3–27.8%) from 6- to 12-months post- 
stroke. 

We previously explored (Barker-Collo et al. 2017) sever
ity and rate of resolution of post-stroke anxiety and depres
sion in ischemic stroke patients (N = 365) at presentation, 
1-, 6- and 12-months post-stroke using the Hospital Anxiety 
and Depression Scale (HADS). Our study showed that mod
erate to severe symptoms of anxiety were about twice as 
likely (range 4.1–10.6%) compared with moderate to severe 
depression (range 2.5–5.0%) at each assessment. The great
est reduction in anxiety occurred in the first month post- 
stroke, while the greatest reduction in depression occurred 
1–6-months post-stroke. 

The literature described above is limited to depicting 
group-level changes in prevalence or mean performance of 
samples on common measures of depression and/or anxiety. 
While such data are informative, it has been noted that 
without individual participant-level data, it remains unclear 
whether post-stroke anxiety and/or depression improve in 
some, while others develop new or worsening anxiety and/ 
or depression over time (Chun et al. 2022). Historically, the 
most common method of examining within-individual 
change over time is through repeated-measures within- 
subjects ANOVA (Grace-Martin 2022). The biggest advan
tage of this approach is its conceptual simplicity, while its 
greatest disadvantage is its need for balanced data, meaning 
that if an individual is missing data at one time-point, that 
individual is excluded from the analysis. In addition, 
as statistical analyses identify patterns within samples, a 
statistically derived indication of a particular trajectory 
may include patients whose level of change is below a 
clinically meaningful threshold (e.g. Stanton et al. 2015), 
making distress trajectories identified by such statistical 
methods difficult to interpret clinically. 

An alternative approach is the calculation of minimum 
clinically reliable change in an outcome. The concept of 
clinically reliable change acknowledges that a statistically 
non-significant outcome does not mean that a treatment has 
not been clinically effective, and conversely a statistically 
significant change might not reflect a clinically relevant 
change. This is particularly important as small sample 
sizes and measurement variability in this area of research 
can influence statistical results (Batterham and Hopkins 
2006). It has also been noted (Page 2014) that the absence 

of significant group-level change in clinical trials may reflect 
that the intervention was effective, but only in a sub-sample 
of those in a treatment group. Clinical interpretation of 
research using calculation of clinically reliable or clinically 
important change to describe treatment outcomes is impor
tant because it more directly translates into clinical 
decision-making, leading to the recommendation that 
authors provide results relative to clinically reliable change 
(Page 2014). However, as with ANOVA, one disadvantage is 
its exclusion of individuals who have missing data. 

A further way to examine change over time without the 
exclusion of those with missing data is through data visua
lisation. Sankey diagrams are a data visualisation technique 
or flow diagram that emphasise flow/movement/change 
from one state to another and/or from one time to another, 
in which the width of the arrows is proportional to the 
flow rate of the depicted property (Otto et al. 2022). This 
technique is commonly used in physics and engineering 
to display energy flow, and in economics and business to 
examine complex multi-step processes (Yu and Silva 2017), 
but remains limited in use in medical literature. In a review of 
the medical literature (Otto et al. 2022) conducted to iden
tify references to Sankey diagrams, only 13 articles were 
identified in which Sankey diagrams were used to visualise 
flow/transitions of medical conditions or symptoms over 
time, flow/transitions to specific events, and to demonstrate 
associations. Longitudinal studies that group patients into 
diagnostic/distress trajectories using clinical cut-offs across 
two time points typically result in four clinically meaningful 
trajectories of distress: (1) non-cases (not meeting clinical 
criteria at either time point), (2) recovered (meeting cut-off 
at the first timepoint only), (3) persistent (meeting cut-off at 
both time points), and (4) emerging (meeting cut-off at the 
second timepoint only). While missing data can affect the 
overall Sankey display, removal of those with missing data 
is only recommended if this affects a very small (i.e. <5%) 
proportion of the data (Otto et al. 2022), allowing visualisa
tion of the entire cohort at each display point and adding 
clinically meaningful information. 

One potential disadvantage of Sankey diagrams in exam
ining diagnostic/distress trajectories, is the use of categori
cal data. Reporting continuous data allows examination of 
an outcome free of any established structures or expecta
tions, while reporting categorically puts information in 
context based on existing priorities. For example, when 
using screening tools such as the Hospital Anxiety and 
Depression Scale (HADS), examining continuous data gives 
an indication of overall severity of anxiety or depression 
symptoms across the full range of scores (0–21), while the 
cut-off scores for ‘probably depression or anxiety’ (>7) 
(Zigmond and Snaith 1983), are commonly used in clinical 
practice to identify those whose scores place them in a range 
most likely to require further assessment. One disadvantage 
of data that has been categorised based on cut-off scores is 
that it is possible for an individual changing by a single point 
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to switch from above to below cut-offs. Despite changing 
categories, such a small change would not seem clinically 
meaningful and could reflect measurement error. Thus, 
while acknowledging this limitation, cut-off scores for 
screening tools such as the HADS do retain utility for the 
identification of those requiring more in-depth assessment 
in clinical settings. 

The purpose of this study was to investigate changes in 
depression and anxiety across the first year following ische
mic stroke using three methods for examining within- 
subject changes over time. First, within-subjects ANOVA 
are presented as an indication of whether within-subject 
changes across the group using continuous data were statis
tically significant. Second, clinically reliable change in 
depression and anxiety were calculated to determine the 
proportion of individuals within the sample whose change 
in depression or anxiety met criteria for being a clinically 
reliable increase or decrease. Finally, a Sankey diagram is 
presented which allows visualisation of the proportion of 
individuals who met clinical cut-off sores for depression, 
anxiety, both, neither or who had missing data at 1- and/ 
or 12-months post-stroke. 

Methods 

This study was approved by the New Zealand Health and 
Disability Ethics Committee (ref#19/NTA/177) and con
ducted in accordance with the STROBE guideline for obser
vational studies. 

Participants 

Patients with ischemic stroke enrolled in the ARCOS-V study 
were eligible for inclusion. ARCOS-V is the latest in a series 
of prospective population-based studies of stroke incidence, 
prevalence and outcomes in Auckland, New Zealand 
(Krishnamurthi et al. 2014). Each study included all incident 
strokes in Auckland Region residents aged ≥16 years. 
Complete case ascertainment from 1 March 2020 to 31 
August 2021 (March–August 2020 during COVID, and the 
remaining non-COVID incidence used here) was assured by 
multiple overlapping sources of information on all new 
hospitalised or non-hospitalised cases (‘hot pursuit’ 
method). Daily searches were made of admissions data for 
all public hospitals, with weekly checks of hospital dis
charge and outpatient clinic data. Regular checks of private 
hospitals, rest homes and community health services were 
also conducted. New Zealand Ministry of Health data on all 
fatal and nonfatal stroke cases in the study population 
(‘cold-pursuit’ methods) were examined. Residents meeting 
inclusion criteria but with stroke that occurred outside the 
Auckland Region were also included. 

Stroke was defined using WHO classification (Aho et al. 
1980), and a diagnostic review committee composed of 

neurologists confirmed the diagnosis and classification 
using medical history, hospital discharge summaries, clini
cal and laboratory findings (including vascular and cardiac 
imaging), or necropsy results when available. Cases without 
imaging or pathological necropsy confirmation of subtype 
were classified as ‘undetermined’. 

The analyses described here included all ARCOS-V cases 
who: (1) had an ischemic stroke; (2) provided written 
informed consent; and (3) had HADS outcome data. Fig. 1 
shows selection of cases for the presented analyses. 

Each assessment took 1 h to complete and was conducted 
via telephone. Assessment data used here occurred 1- and 
12-months post-stroke (±2 weeks). 

Assessments 

The Hospital Anxiety and Depression Scale (HADS) 
(Zigmond and Snaith 1983) was used to assess the likeli
hood of problematic depression and anxiety. The HADS 
(Zigmond and Snaith 1983; Snaith 2003) is a brief, cost- 
effective screening tool for anxiety and depression. Designed 
for use in medical populations, the HADS omits items 
regarding somatic symptoms so that these do not interfere 
with or conflate reported levels of anxiety and depression. It 
is the most commonly used screening tool in medically ill 
patients (Meader et al. 2011). The HADS depression and 
anxiety subscales have been validated for use in stroke 
patients without communication problems (Aben et al. 
2002; Healey et al. 2008). The HADS contains 14 statements 
(e.g. ‘I have lost interest in things’). Half of these relate to 
anxiety and the remaining half to depression. Prior to com
pleting the scale, patients are asked to complete it to reflect 
how they ‘have been feeling during the past week’ (Zigmond 
and Snaith 1983). For each statement, the participant 

ARCOS-V incident
first ever strokes
N = 2061

ARCOS-V ischemic
stroke 
N = 1613

Ischemic stroke (IS)
consenting to be
approached for
assessments
N = 428

Not ischemic: 
– 329 intracerebral haemorrhage
– 110 subarachnoid haemorrhage
– 9 undetermined

1185 non-consenting

IS with mood data at
1-month N = 343

IS with mood data at
12-months N = 307

Fig. 1. Study recruitment summary.  
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chooses one of four responses (e.g. ‘definitely as much’, ‘not 
quite as much’, ‘only a little’, ‘hardly at all’). Scores for each 
subscale (anxiety and depression) range from 0 to 21. Scores 
can be categorised based on severity as follows: normal, 0–7; 
mild, 8–10; and moderate to severe, 11 and over (Zigmond 
and Snaith 1983). Alternatively, a cut-off score may be 
employed to identify those likely to have problematic depres
sion or anxiety. In the present study, cut-off scores were used 
rather than categorisations based on severity due to small 
sample size, which would have been further reduced by 
division into multiple categories, limiting interpretability. 

While past studies in stroke have suggested an ideal cut- 
off for the HADS total score of 11, this does not differentiate 
anxiety from depression (Aben et al. 2002; Sagen et al. 
2009). A recent study which examined depression screening 
tools such as the HADS post-stroke (Turner et al. 2012) 
reported that an ideal cut-off for the HADS depression 
score, in terms of both sensitivity and specificity, was >5. 
Unfortunately, no similar cut-offs for the HADS anxiety 
score was presented, and the sample was heterogeneous, 
including those in post-acute inpatient and outpatient ser
vices, with any number or type of stroke, and with time 
since stroke ranging from 3-weeks to 540-months. Given the 
above, in this study a cut-off score of >7 (that provided by 
the test author, Zigmond and Snaith 1983) was used for 
identifying symptoms reporting outside the normal range 
(i.e. whether someone was classified positive for depression 
or anxiety caseness), as this is clinically the most commonly 
used cut-off and a systematic review identified this as hav
ing good specificity and sensitivity for both depression (0.79 
and 0.83, respectively) and anxiety (0.78 and 0.90) 
(Bjelland et al. 2002). 

Analyses 

Demographic information is presented for the ARCOS-V 
ischemic stroke cohort who did not consent to follow-up 
assessments and those who consented and had HADS data at 
1- or 12-months. Parametric and non-parametric tests were 
used as appropriate to compare these groups to determine 
potential sources of bias and reduced generalisability. 

Performance across HADS item and total scores at each 
time point are presented as means and standard deviations. 
Within subject change from 1- to 12-months post-stroke for 
each HADS item and anxiety and depression total scores were 
examined using within-subjects repeated-measures ANOVA. 

Clinically reliable change in anxiety and depression was 
then calculated for each participant in the sample using an 
updated Jacobson and Truax’s (1991) Reliable Change Index 
formula. Change was examined from 1- to 12-months post- 
stroke, calculated as: 

X X M M(( 2– 1)–( 2– 1))/SDD

where X1 and X2 are the individual’s observed 1- and 
12-month scores, M1 and M2 are the group mean scores at 

1- and 12-months, and SDD is the standard deviation of the 
difference between 1- and 12-month scores. Here, the SDD 
was calculated as the standard deviation of the individual 
difference scores for the present sample. 

These were calculated separately for anxiety and depres
sion for each participant in the sample. The correction for 
practice effects is the addition of the constant that is based 
on group level average change (Sveen et al. 2010). 
Participant scores that are ±1.96 indicate reliable improve
ment and reliable decline as a z-score of ±1.96 corresponds 
to the 97.5th and 2.5th percentile of a normal distribution; 
in other words, 95% of all z-standardised values in a normal 
distribution are smaller or equal to ±1.96. Following the 
convention of using 5% as the threshold for statistical 
significance, a Reliable Change Index score of greater than 
±1.96 is considered clinically significant. The proportion of 
individuals who met criteria for a significant increase, sig
nificant reduction, or no significant change on the HADS 
depression and/or anxiety scores is presented. 

The proportion meeting and not meeting the cut-off 
(a score >7) on the HADS anxiety and/or depression subscales 
was also presented as a Sankey diagram, which is a tech
nique used to visualise the flow of cases from one time to 
another, including those with missing data at a single time
point, and in which the width of the arrows is proportional 
to the flow rate. 

This study was conducted in accordance with the 
Helsinki Declaration. 

Results 

The total pool of people with first-ever stroke enrolled in the 
ARCOS-V study was 2061 (Fig. 1). Of these, 1613 (78.3%) 
had experienced ischemic stroke. Of those who experienced 
ischemic stroke, 428 (26.5%) individuals gave informed 
consent at 1-month and at that point agreed to be 
approached for follow-up assessments. Of these, 343 had 
mood data at 1-month and 307 had mood data at the 
12-month follow-up. 

The cause of ischemic stroke among consenting indivi
duals at 1-month who had HADS data comprised 46 (13.7%) 
due to large artery atherosclerosis, 76 (22.7%) due to 
cardioembolism, 157 (46.9%) due to small vessel occlusion, 
14 (4.2%) with ischemic stroke of other known etiology and 
42 (12.5%) with ischemic stroke of unknown etiology. For 
those who participated and provided mood data at 1 month, 
41.4% had facial weakness, 61.5% were experiencing limb 
weakness, 55% were experiencing sensory deficits, and 
51.7% were experiencing difficulties with speech when 
first presenting to hospital. 

To determine generalisability of the data to the wider 
population of those with ischemic stroke, demographic and 
stroke characteristics of non-consenting ischemic stroke (IS) 
patients and those with IS who consented and provided data 
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for these analyses at 1- and 12-months are presented in  
Table 1. 

Those who provided data at each time of assessment were 
significantly younger than those who did not consent; they 
were also more likely to be male, Caucasian, married, and to 
have experienced small vessel occlusion (Table 1). Given the 
lower-than-expected rates of anxiety and depression, and 
missing data at 12-months, those who provided data at 
only 1-month were compared to those who had data at 
both 1- and 12-months to determine if they differed in 
their 1-month HADS scores. There was no significant differ
ence in either 1-month anxiety or depression scores 
(both P > 0.05). 

Anxiety and depression scores over time 

Group means 
Using within-subjects repeated-measures ANOVA, overall 

depression scores did not change significantly. Three depres
sion items (which reflect feeling slowed down, feeling cheer
ful and enjoying things one used to enjoy) did improve 

between 1- and 12-month assessments (Table 2). The anxi
ety overall score improved significantly between assess
ments, with the most pronounced improvement seen for 
items reflecting feeling tense/wound up and having frigh
tened feelings. 

While group means and SDs are informative, of greater 
clinical interest is the proportion of individuals who met 
clinical cut-offs/criteria for being a case of probable depres
sion and/or anxiety, as well as those whose change in anxi
ety and/or depression was clinically reliable. 

Clinically reliable change 
A reliable change index was calculated for anxiety 

and depression for all those who had data at both 1- and 
12-months. In this sample, using Jacobson and Truax’s 
formula, the degree of change in HADS score required to 
meet criteria for a reliable change on the depression scale was 
5.3697 for a reliable increase and −4.9837 for a reliable 
decrease. For the anxiety scale, change of 6.3984 or more 
reflected a reliable increase, while change of −6.5784 or less 

Table 1. Demographic and stroke characteristics of non-consenting ischemic stroke patients and consenting ischemic stroke patients who had 
Hospital Anxiety Depression Scale (HADS) data at 1-month and 12-months assessments.              

Continuous 
variable 

Did not consent Consented and had HADS data  

1-month  12-months  

N = 1185 N = 343 t-test 
P value 

N = 307 t-test 
P value 

N Mean s.d. N Mean s.d.  N Mean s.d.    

Age (years) 1185 72.0 15.0 335 68.1 13.2 <0.0001 307 67.2 13.9 <0.0001           

Categorical variables N % N % Chi square 
P-value 

N % Chi square 
P-value   

Sex     0.0001   0.0016  

Female 590 49.7 127 37.9  126 39.3   

Male 595 50.2 208 62.1  195 60.7  

Ethnicity     <0.0001   0.0007  

Non-Caucasian 519 43.8 96 28.7  101 31.5   

Caucasian 666 56.2 239 71.3  220 68.5  

Current marital status     0.0003   0.0011  

Married, civil union, defacto 628 53.0 226 67.5  204 63.6   

Single 85 7.1 23 6.9  33 10.3   

Separated, divorced, widowed 398 33.6 70 20.9  69 21.5   

Missing 74 6.2 16 4.8  15 4.7  

TOAST criteria     0.0265   0.0097  

Large-artery atherosclerosis 160 13.5 46 13.7  40 12.5   

Cardioembolism 339 28.6 76 22.7  66 20.6   

Small-vessel occlusion 456 38.5 157 46.9  154 48   

Other determined aetiology 38 3.2 14 4.2  10 3.1   

Undetermined etiology 192 16.2 42 12.5  51 15.9    
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reflected a reliable decrease. For anxiety, 9 (4.2%) individuals 
had a reliable decrease in symptoms, only 2 (0.9%) had a 
reliable increase and the remaining 200 (94.9%) had no 
reliable change. For depression, 12 (5.7%) had a reliable 
decrease in symptoms, 2 (0.9%) had a reliable increase, and 
the remaining 197 (93.3%) had no reliable change. 

Of the 12 individuals who had a reliable decrease in 
depression symptoms, seven also had a reliable decrease in 
anxiety symptoms, while the remainder had no reliable 
change. Similarly, of the nine who had significant decreases 
in anxiety, six also had significant reductions in depressive 
symptoms. For the two individuals who had clinically reli
able increases in depressive symptoms, there was no reliable 
change in anxiety. Similarly, for the two individuals who 
had a reliable increase in anxiety symptoms, there was no 
reliable change in depression. 

Sankey diagram 
In regards to the proportion of individuals who met 

clinical cut-offs for probable depression and/or anxiety,  
Fig. 2 presents the number of individuals who met cut-off 
scores for depression only, anxiety only, both depression 
and anxiety, neither depression nor anxiety and those miss
ing data at 1- and 12-months post-stroke. At 1-month, 12.8, 

3.7 and 10.4% of participants expressed symptoms that met 
criteria for anxiety only, depression only or comorbid anxi
ety and depression. At 12-months, these figures were 12.7, 
4.5 and 8.1%, respectively. Most individuals did not experi
ence depression or anxiety at either assessment. Of those 
with anxiety or depression at 1-month, the majority had 
neither depression nor anxiety at 12-months (n = 9), 
followed closely by those who still had both at 12-months 
(n = 8). Only one individual who had both anxiety and 
depression at 1-month had depression at 12-months, while 
two had anxiety at 12-months. 

Fig. 2 shows that the largest proportion of those who had 
depression at 12-months either had no 1-month data or had 
neither depression nor anxiety at 1-month. Only one person 
who met the cut-off for depression at 1-month still met that 
cut-off at 12-months, while eight who met criteria for both 
depression and anxiety continued to do so over time. As 
with depression, the Sankey diagram tells a different story 
for anxiety, with the greatest number of individuals with 
anxiety at 1-month either not having data or having neither 
depression nor anxiety at 12-months. The next greatest 
proportion of those with anxiety at 1-month had anxiety 
at 12-months. Conversely, the largest proportion of those 
with anxiety at 12-months had either missing data or neither 
depression nor anxiety at 1-month. 

Table 2. Performance on HADS items at each assessment and significance of within-subject change between assessments at 1- and 12-months 
post ischemic stroke.      

HADS item 1-month 12-months Within-subject 
change (DF1 = 1, 

DF2 = 208) 
N = 343 N = 307 

Mean (s.d.) Mean (s.d.)   

No interest in appearance 0.17 (0.51) 0.24 (0.62) F = 1.052, P = 0.306 

Look forward/enjoyment 0.28 (0.55) 0.37 (0.67) F = 0.00 P = 1.000 

Enjoy things I used to 0.56 (0.72) 0.52 (0.75) F = 4.378, P = 0.038 

Laugh/see funny side 0.18 (0.48) 0.21 (0.49) F = 0.016, P = 0.900 

I feel cheerful 0.41 (0.65) 0.34 (0.61) F = 4.229, P = 0.041 

Feel slowed down 1.46 (0.97) 1.33 (0.93) F = 5.721, P = 0.018 

Enjoy good book 0.18 (0.51) 0.22 (0.60) F = 1.332, P = 0.250 

Depression total 3.24 (2.8) 3.23 (2.95) F = 2.935, P = 0.088 

Butterflies in stomach 0.35 (0.59) 0.40 (0.70) F = 0.123, P = 0.727 

Feel restless 0.71 (0.86) 0.60 (0.79) F = 3.416, P = 0.066 

Sudden panic 0.36 (0.62) 0.41 (0.68) F = 0.209 P = 0.648 

Feel tense/wound up 0.68 (0.78) 0.65 (0.81) F = 8.294, P = 0.004 

Frightened feeling 0.63 (0.80) 0.54 (0.75) F = 7.301, P = 0.007 

Worrying thoughts 0.61 (0.84) 0.60 (0.85) F = 0.509, P = 0.476 

Sit at ease/relaxed 0.39 (0.66) 0.39 (0.70) F = 2.197, P = 0.140 

Anxiety total 3.74 (3.54) 3.56 (3.71) F = 7.352, P = 0.007 

Note: individual item ratings range from 0 to 3; anxiety and depression totals range from 0 to 21. Higher scores indicate poorer outcomes. Bold text indicates items 
for which within-subject change was statistically significant.  
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Discussion 

This study found that post-stroke anxiety occurred three 
times more frequently than post-stroke depression at 
1-month and more than twice as often at 12-months after 
stroke onset. This is in contrast to our previous study of 
similar methodology (Barker-Collo et al. 2017) where anxi
ety was about twice as likely as depression across the first 
year post ischemic stroke. Age, ethnicity and education 
levels of those who provided mood data in both studies 
were similar; however, the present sample had more males 
(62.1 and 60.7% at 1- and 12-months, compared to 53.2%). 
It is therefore possible that reduced reporting of depressive 
symptoms in the present sample was due to known sex 
differences in depression, with women being almost twice 
as likely to have depression as men across the lifespan 
(Brody et al. 2018). It is also possible that the increase in 
those meeting cut-offs for anxiety reflects the impact of the 
COVID-19 pandemic. Initially scheduled to begin in March 
2020, incidence and outcomes data collection was delayed 
until late 2021 due to the COVID-19 pandemic and associ
ated lockdowns. An increase in anxiety scores and in the 
proportion of individuals showing anxiety levels equal to or 
greater than cut-off scores for anxiety have been reported in 
older adult populations in a number of countries during the 
pandemic (Parlapani et al. 2020; Qiu et al. 2020; Gosselin 
et al. 2022). 

Prevalence of caseness within this sample (anxiety, 
depression and both were 12.8, 3.7 and 10.4% at 1-month 
and 12.7, 4.5 and 8.1% at 12-months) are comparable to 
those of our previous study (anxiety range 4.1–10.6%; 
depression range 2.5–5.0%). These are in contrast to the 

literature, where much higher rates of anxiety and depres
sion (29% anxiety and 21–24% depression) are reported 
(Broomfield et al. 2014), though these were a mixed stroke 
and Transient Ishemic Attack (TIA) sample. It is possible 
that the lower rates found here could reflect bias in the 
sample in which those who consented and provided mood 
data were more likely to be male, Caucasian, and to be 
married compared to those who did not consent. 
Broomfield et al. (2014) in particular found that females 
report more depression and anxiety symptoms. 

Perhaps the greatest contribution of the findings is the 
differing picture offered by the three methods of examining 
change. Within-subjects ANOVA revealed that improvement 
over time was significant for anxiety but not depression. 
This is consistent with a recent meta-analysis which showed 
that stroke survivors with early-onset depression (within 
3-months post-stroke) make up two-thirds of those who are 
depressed 1-year post-stroke (Liu et al. 2023). However, this 
contrasts with examination of the proportion of individuals 
who experienced clinically reliable change, with slightly 
fewer individuals having reliable decreases in anxiety symp
toms compared to depressive symptoms (4.2% versus 5.7%). 
Those who experienced a reliable decrease in one tended to 
also experience a reliable decrease in the other. The discrep
ancy between the two methods suggests that while more 
people in the sample may have experienced reduced symp
toms of anxiety (contributing to statistical significance), the 
degree of change experienced did not as frequently meet 
criteria to be considered a clinically reliable change. An 
additional method to consider is the calculation of minimal 
clinically important difference (MCID), which, unlike clini
cally reliable change, reflects the smallest difference in a 
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Fig. 2. Sankey diagram showing flow of cases from 1- to 12-months for depression and/or anxiety post ischemic 
stroke.   
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score that a patient perceives as meaningful/beneficial. The 
calculation of MCID has been criticised on two fronts. First, 
it is noted that MCID ‘sets a low bar’, seeking the minimal 
amount of change required (Rossi et al. 2023). Second, it has 
been noted that there is no standard way in which to calcu
late these, and the various methods of doing so can yield 
varying results (Hajiro and Nishimura 2002; Cook 2008). 
Further work is needed to standardise such methods. 

The Sankey diagram presents yet another picture, at least 
in part due to its retention of those who had missing data at 
either 1- or 12-months. The Sankey suggests that monitoring 
for anxiety occur in both those with and without initial 
anxiety, as the greatest number of those with anxiety at 
12-months had neither anxiety nor depression at 1-month. 
The visualisation also suggests that those with comorbid 
anxiety and depression or just anxiety at 1-month were 
the most likely to still meet cut-offs for caseness at 
12-months and should therefore be the focus of intervention 
efforts. The literature suggests that interventions for both 
anxiety and depression can be effective at both acute 
(Hoffmann et al. 2015) and post-acute (Fang et al. 2017) 
stages of stroke recovery. 

The greatest limitation of this study was sample size. 
While the initial incidence sample of first-ever strokes was 
large, very few consented to participate in the study and 
provided HADS data during the follow-ups, leaving a small 
sample with mood data. While this is a relatively large 
sample when compared to other published studies in this 
area, those included in the analyses differed significantly 
from those excluded. Thus, any generalisation of the find
ings must be cautious. This is particularly true for mood data 
given that characteristics of the sample (e.g. gender) are 
associated with fewer mood symptoms, particularly in rela
tion to depression. Therefore, these data might represent an 
underestimate. 

A related issue is the small number of individuals who 
met criteria for caseness for depression and/or anxiety at 
each time point, reducing confidence in generalising the 
findings. In addition, the amount of missing data for the 
12-month assessment further reduced sample size and could 
impact generalisability. The possibility of imputation of 
missing 12-month data was considered. Imputation works 
well for data missing in the independent variable, and works 
best applied when the purpose is prediction, and standard 
error needs to be reduced. The focus of this paper was on 
change in the dependent variables (depression and anxiety) 
over time, rather than prediction. Thus, rather than using 
imputation, those who provided data at only 1-month were 
compared to those who had data at both 1- and 12-months 
to determine if their 1-month HADS scores differed. There 
was no significant difference in either 1-month anxiety or 
depression scores (both P > 0.05). 

Further, depression and anxiety were assessed using the 
self-report HADS. The greatest pitfall of self-report measures 
is their reliance on accurate reporting, which can be 

negatively impacted by factors such as participant under
standing of the items, ability to introspect, image manage
ment, and response bias. The primary reason for selecting a 
self-report measure of depression and anxiety for this study 
was practicality. With an incidence sample of >2000 first- 
ever strokes with assessment potentially occurring twice for 
each individual, it was not possible to fund administration of 
structured diagnostic interviews. Also considered was poten
tial burden of completing a 14-item questionnaire when 
compared to a lengthy structured interview. However, the 
measure has good indications for both reliability and valid
ity which increases confidence in their use. Also relevant 
here is that while the most frequently used self-report mea
sure of depression and anxiety in medical populations is the 
HADS, there has been debate regarding optimal cut-off 
values (Annunziata et al. 2020; Turner et al. 2012), with 
some indication that lower cut-offs should be applied, at 
least in the case of post-stroke depression (Turner et al. 
2012). This highlights the need for foundational research 
to establish valid cut-offs specific to stroke for both depres
sion and anxiety. 

Finally, the decision was taken in this manuscript not to 
employ imputation of missing values. HADS scores did not 
differ between those with complete and incomplete data at 
1-month, suggesting imputation was an option due to the 
likely missing-at-random nature of the HADS data. Indeed, 
Little’s missing completely at random (MCAR) test using 
each of the HADS items from 1- and 12-months was not 
significant (X2(26) = 12.231, P = 0.509), suggesting data 
were indeed missing at random. Table 1 demonstrates 
demographic differences between those with and without 
12-month data, suggesting there was bias in the study 
results. Multiple imputation has been used in longitudinal 
cohorts with self-reported data (e.g. Biering et al. 2015;  
Mainzer et al. 2021) Thus, the decision not to conduct 
imputation but to retain missing data in the analyses is a 
limitation. 

Conclusions 

The three methods of examining change over time in anxiety 
and depression over time post ischemic stroke yielded very 
different pictures for this sample. Within-subjects ANOVA 
findings indicated that depression did not change, while 
anxiety scores improved significantly. This contrasts with 
examination of the proportion of individuals who experi
enced clinically reliable change, with 4.2% having reliable 
decreases in anxiety symptoms and 5.7% having reliable 
decreases in depressive symptoms. Furthermore, those 
who experienced a reliable decrease in one tended to also 
experience a reliable decrease in the other. These are both in 
contrast to the visualisation of cut-off scores, wherein the 
vast majority of individuals did not meet cut-offs at either 
time point. For those meeting cut-offs, anxiety was about 
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three times more common than depression at both time 
points, with comorbid depression and anxiety 1-month 
post-stroke tending to remain as comorbid depression and 
anxiety or shifting to only anxiety at 12-months. 

The findings suggest that further work needs to be done 
to ensure that both depression and anxiety are monitored 
over time post-stroke, with a high likelihood of these being 
comorbid. Furthermore, the proportion of individuals meet
ing criteria for possible caseness didn’t change substantially 
over time, suggesting that there is a need for psychological 
interventions for depression and anxiety both in acute and 
late stages post-stroke. 
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